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I ABSTRACT 

I 

Several series of fire tests have been carried out in order to 
evaluate the medium scale fire test method that is proposed for 
use within the ISO and CEN standards for low expansion foam 
concentrates. The test method involves extinguishing fires of 
heptane within a circular 4.5m2 tray using forceful and gentle 
foam application methods. 

I The fire test methods used are described and the performance of 
the foam concentrates tested are presented. The results from the 
standard f ire tests are compared with the results from tests 
which employed different fuels, methods and equipment. From 
these comparisons, it is apparent that there are some very 
serious weaknesses in the proposed ISO and CEN medium scale fire 
test. In particular, the test method is unable to distinguish 
between different qualities of the same foam product; the test 
method is unfairly biased towards AFFF and AFFF-AR foam types; 
and heptane is an unrealistic test fuel. 
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Por the past few years, members of the Fire Experimental Unit 
(FEU) of the Home Office Fire Research and Development Group 
(FROG) have been involved in the formulation of European (CEN) 
and International (ISO) standards for firefighting foam 
concentrates. Standards for low, medium and high expansion foams 
are due to be issued shortly. 

FEU has focused on the formulation of standards for low expansion 
foam concentrates for use on water immiscible fuels because it 
is these foam concentrates that are most commonly used by the OK 
fire service. The pool fire tests contained within the standards 
have been under particular scrutiny because they are intended to 
be the main means of classifying foam concentrate performance. 
These pool fire tests are referred to in this report as medium 
scale fires. 

Several series of fire tests have been carried out in order to 
evaluate the draft ISO and CEN medium scale fire test methods. 
These fire tests are described within this report along with 
results and conclusions regarding both the performance of the 
foam concentrates used and of the test methods. 

180 and CRN Fire Te.t Method 

The medium scale fire test method is essentially the same in both 
the ISO and CEN draft standards. The test consists of applying 
foam at 11.4 litres per minute through a standard branchpipe into 
a circular 4.5 m2 fire tray. The tray contains 144 litres of 
burning heptane floating on a water base. For each test, foam 
application commences one minute after ignition of the fuel. The 
water base, heptane, ambient air and foam solution temperatures 
must all be within closely defined limits. 

TWo foam application methods are used, the first involves 
plunging the foam stream directly into the burning heptane for 
three minutes; the second involves applying the foam gently on 
to the surface of the burning fuel for five minutes via a 
backplate. Once the fire has been extinguished, a burnback test 
is performed by placing a steel pot containing heptane in the 
fire tray. This heptane is ignited 5 minutes after the cessation 
of foam application. 

Foam concentrate. 

The fire tests employed at least two manufacturers' versions o~ 
each of the following foam types: aqueous film forming foam 
(AFFF) , alcohol resistant AFFF (AFFF-AR) , film forming 
fluoroprotein foam (FFFP), alcohol resistant FFFP (FFFP-AR), 
fluoroprotein (FP), protein (P) and synthetio (S). 

All of the foam concentrates were used at the manufacturers' 
recommended concentration for hydrocarbon fuel fires which was 
normally 3%. In addition, the film forming foam concentrates 
were tested at concentrations below those recommended by the 



manufacturers, at 2\ and 1.5\, to investigate the level of 
discrimination provided by the fire test. 

other Medium Scale Fire Te.t. 

Some further fire tests, mostly employing the standard medium 
scale fire test equipment and methods, were also carried out 
using various petrol formulations. These tests were performed 
in order to provide results for fuels likely to be encountered 
operationally by brigades. A further set of tests were also 
carried out using a bigger 5.8m~ fire tray in order to assess the 
effects that reducing the foam application rate has on the 
performance of foam concentrates. 

Re.ult. 

The ISO and CEN standards are currently only in draft form and 
so are liable to further change. Consequently, the results of 
the tests have not been interpreted using the criteria for 
firefighting performance contained within these draft standards. 
However, in order to enable a quick and easy comparison to be 
made of the test results in the report, a simple grading system 
was used. 

The grading system was applied to foam concentrate performance 
in the areas of knockdown, extinction, burnback resistance and 
flare resistance. 

The grading results from the standard fire tests were compared 
with the results from tests which employed different fuels, 
methods and equipment. From these comparisons, it became 
apparent that there were some very serious weaknesses in the 
proposed ISO and CEN medium scale fire test. 

Conclusions 

The fire tests described in the report were relatively small in 
size, they were performed indoo~s, under controlled conditions 
and used a laboratory type foam branchpipe. Consequently, care 
must be taken in applying these conclusions to other 
circumstances. 

The majority of the medium scale fire tests carried out during 
this work employed the equipment and methods contained within the 
draft CEN and ISO standards for low expansion foam concentrates. 
Although these standards are liable to further change, it is 
unlikely that there will be any changes to these fire test 
methods or the equipment used. 

Analysis of the results from these fire tests have highlighted 
the following serious weaknesses in the proposed ISO and CEN 
standard fire tests: 

1. 	 The fire tests do not adequately distinguish between the 
performance of foam concentrates when used at either full 



or haLf of their recommended concentration. Even 
increasing the area of the fire tray by over 25t, and hence 
reducing the foam application rate, did not significantly 
improve the discrimination provided by these fire tests. 

2. 	 The gentle application fire test is unfairly biased against
FFFP and FFFP-AR foam concentrates. AFPF and APFP-AR foam 
concentrates achieved quick extinctions while the FFFP and 
FFFP-AR extinction times were significantly slower due to 
flame flicker. FFPP and FFFP-AR foam concentrates 
performed as we~l as AFFF and AFFF-AR during the forceful 
application fire tests and during fires involving petrol. 

3. 	 The fuel used during the fire tests, heptane, is 
considerably easier than petrol to extinguish. Fire tests 
involving petrol were only occasionally extinguished by
foams during this work. Heptane was easily extinguished by 
1II0st foams, even when some of them were used at half of 
their recommended concentration. Consequently, the 
performance of foam concentrates during the proposed ISO 
and CEN standard fire tests cannot be relied upon to 
predict performance against fuels likely to be encountered 
by the fire service. 

A further report will be issued once the ISO and CEN standards 
have been issued. It is intended that this further report will 
compare the firefighting performance of foams during these mediUll\ 
scale fire tests with their performance during large scale fire 
tests. It is hoped that advice can then be given on how the OK 
Fire Service should interpret the ISO and CEN standards in order 
to ensure that they continue to purchase good quality foam 
concentrates. 
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1. INTRODUCTION 

For the past few years, members of the Fire Experimental unit 
(FEU) of the Home Office Fire Research and Development Group 
(FROG) have been involved in the formulation of European (CEN) 
and International (ISO) standards for firefighting foam 
concentrates. Standards for low, medium and high expansion foams 
are due to be issued shortly. 

Throughout this work, one of the main aims of the Fire 
Experimental unit (FEU) has been to ensure that the quality of 
the foam concentrates currently being used by the UK fire service 
is not adversely affected by the introduction of these foam 
standards. 

FEU has focused on the formulation of standards for low expansion 
foam concentrates for use on water immiscible fuels (References 
1 and 2) because it is these foam concentrates that are most 
commonly used by the UK fire service. The pool fire tests 
contained within the standards have been under particular 
scrutiny because they are intended to be the main means of 
classifying foam concentrate performance. These pool fire tests 
are referred to by FEU within this FROG report as medium scale 
fires. 

The medium scale fire test method is essentially the same in both 
the ISO and CEN draft standards. The test consists of applying 
foam at 11.4 litres per minute through a standard branchpipe into 
a circular 4.5 m2 f ire tray. The tray contains 144 1 i tres of 
burning heptane floating on a water base. For each test, foam 
application commences one minute after ignition of the fuel. The 
water base, heptane, ambient air and foam solution temperatures 
must all be within closely defined limits. 

Two application methods are used, the first involves plunging the 
foam stream directly into the burning heptane for three minutes; 
the second involves applying the foam gently on to the surface 
of the burning fuel for five minutes via a backplate. Once the 
fire has been extinguished, a burnback test is performed by 
placing a steel pot containing heptane in the fire tray. This 
heptane is ignited 5 minutes after the cessation of foam 
application . 

FEU has carried out 90 of these standard medium scale fire tests 
under a purpose built fire test hood at the FEU still Air 
Faci 1 i ty . The tests involved at least two manufacturers' 
versions of each of the following foam types: aqueous film 
forming foam (AFFF), alcohol resistant AFFF (AFFF-AR), film 
forming fluoroprotein foam (FFFP), alcohol resistant FFFP (FFFP
AR), fluoroprotein (FP), protein (P) and synthetic (S). All of 
these foam concentrates were used at the manufacturers' 
recommended concentration for hydrocarbon fuel fires which was 
normally 3%. In addition, the film forming foam concentrates 
were tested at concentrations below those recommended by the 
manufacturers, at 2% and 1.5%, to investigate the level of 
discrimination provided by the fire test. 

1 
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Some further fire tests, mostly employing the standard medium 
scale fire test equipment and methods, were also carried out 
using various petrol formulations in order to provide results for 
fuels likely to be encountered operationally by brigades. A 
further set of tests were also carried out using a bigger 5.Bm2 

fire tray in order to assess the effects that reducing the foam 
application rate has on the performance of foam concentrates. 

This report details all of the medium scale fire tests that have 
been carried out by FEU and provides results and conclusions on 
the performance of the various foam concentrates tested. 

The ISO and CEN standards are currently only in draft form and 
so are liable to further change. Consequently, the results of 
the tests reported here have not been interpreted using the 
criteria for firefighting performance contained within these 
draft standards. 

A further report will be issued once the firefighting performance 
criteria has been confirmed and the ISO and CEN standards have 
been issued. It is intended that this further report will 
compare the firefighting performance of foams during the medium 
scale fire tests with their performance during large scale fire 
tests (Reference 3). It is hoped that advice can then be given 
on how the UK Fire Service should interpret the ISO and CEN 
performance criteria in order to ensure that they continue to 
purchase good quality foam concentrates. 

2 




2. TEST APPARATUS AND METHODS 

2.1 General 

The fire test methods of the ISO and CEN foam standards (see 
References 1 and 2) are identical and have been followed during 
the vast majority of tests reported here. 

As with many standards, some of the requirements contained within 
these test methods are open to interpretation. The following 
sections detail the fire test apparatus and methods used by FEU 
and consequently provide one interpretation of the requirements 
of these standards. 

Where variations were made to the test methods or equipment in 
order to carry out non-standard fire tests with petrol or a 
bigger fire tray, these are also described below. 

2.2 Test site Location 

All tests were performed under a fire test hood within the wind
free conditions of the Fire Experimental Unit's still Air 
Facility, Hangar 97, RAF Little Rissington (Figure 1). This fire 
test hood requires only natural ventilation in order to extract 
the products of combustion. Consequently the wind speed in the 
vicinity of the tray during a fire test is virtually zero. The 
ISO and CEN draft standards require that the maximum wind speed 
should not exceed 3ms· ' in the proximity of the fire test tray. 

2.3 Temperatures 

Except where indicated in the results, all of the fire tests were 
conducted under the following temperature conditions ' 

Air Temperature 15 ± 5°C 

Fuel Temperature 17.5 ± 2.5°C 

Water Temperature 17.5 ± 2.5°C 

Foam Solution Temperature 17.5 ± 2.5°C 


These are as specified in the ISO and CEN draft standards. 

2.4 Fire Trays 

The fire tray used for the 4. 5m2 medium scale f ire tests was 
circular and made from mi Id steel. Its dimensions were as 
follows:

Diameter at rim: 2400mm 

Depth : 200mm 

Thickness of steel wall 2.5mm 
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This tray is as specified in the draft ISO and CEN draft 
standards (References 1 and 2) and is also designated as a size 
144B fire tray in Reference 4. 

The tray had several supports welded to its base in order to 
prevent distortion. 

For fire tests, the fire tray was placed within a larger tray 
(Figure 2). Prior to each test, enough water was poured into the 
large outer tray such that it just touched the whole of the base 
of the test tray. This gave a water depth in the outer tray of 
approximately 25mm. This was done to simulate placing the tray 
directly on the ground as required in the ISO and CEN draft 
standards. This arrangement also ensured that the tray was level 
before putting in the water base and fuel. Both trays were 
situated centrally under the fire test hood. 

A 5.8m2 surface area fire test tray was used during twenty four 
fire tests. This tray had the following dimensions:

Diameter at rim: 2710mm 

Depth : 200mm 

Thickness of steel wall : 2.5mm 


This tray is designated as a size 183B fire tray in Reference 4. 

The 5.8m2 tray had several supports welded to its base to prevent 
distortion. However, problems were experienced with the rigidity 
of this tray due to it being constructed with a steel wall 
thickness of 2.5mm. 

This tray was placed directly on the floor and centrally under 
the fire test hood. The gap between the base of the tray and the 
floor was filled with bricks in order to simulate the tray base 
being positioned directly on the ground. I 
2.5 Foam Application 

The CEN and ISO draft standards specify two ways of applying foam 
during the fire tests, these are:

Gentle application 

Foam is applied indirectly to the surface of the liquid 
fuel via a backplate (Figure 3). Foam is applied to the 
test fire for 5 minutes. 

I 
Forceful application 

Foam is applied directly on to the surface of the fuel 
(Figure 4). Foam is applied to the test fire for 3 
minutes. 
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For the gentle application fire tests, a metre square backplate 
was used. The backplate incorporated legs to enable it to be 
quickly positioned in the 4. Sm2 test tray (Figure S). The 
backplate was supported horizontally within the tray with its 
bottom edge Smm from the base of the fire tray. This ensured 
that any foam flowing down the backplate flowed directly on to 
the fuel surface. Earlier versions of the backplate employed 
2.Smm thick steel, however this became severely distorted after 
just three tests and so a Smm thick backplate was used during the 
majority of the tests. 

Gentle application fire tests could not be performed with the 
S.8m2 fire tray because the throw of the branch was not 
sufficient for the foam to strike the backplate at the rear of 
the tray. 

For gentle application with the 4.Sm2 tray, the foam branch was 
set up horizontally 1 ± O.OS metres above the fuel level in the 
tray. The branch was positioned so that the central part of the 
foam discharge struck the central axis of the backplate O.S ± 0.1 
metre above the fuel level (Figure 6). 

For forceful application with both the 4.Sm2 and S.8m2 fire 
trays, the foam branch was set up horizontally 1 ± O.OS metres 
above the fuel level in the tray. The branch was positioned so 
that the central part of the discharge fell directly on to the 
fuel surface at a point 1 ± 0.1 metre from the edge of the tray 
furthest from the nozzle (Figure 7). 

During several petrol fire tests, gentle application of the foam 
to the fuel was made via a front plate. This frontplate was 
attached directly to the branch trolley and was inclined at 30° 
from the horizontal. The frontplate was constructed of 3mm thick 
mild steel with angle iron edging and was 1000mm long and 300mm 
wide. The bottom edge of the frontplate cleared the top of the 
fire tray side by approximately 10mm. When in position, the 
bottom edge of the front plate was allowed to protrude 
approximately SOmm into the tray. 

2.6 Fuels 

2.6.1 General 

Several fuels were used during these fire tests. These were:-

Heptane 
Four star petrol 
Lead-free petrol involving the following formulations:

FEU 1. With no oxygenates 
FEU 2. containing 3% Methanol and 2% Tertiary Butyl 

Alcohol (TBA) 
FEU 3. containing lS% Methyl Tertiary Butyl Ether (MTBE) 

Lead-free petrol with no oxygenates (burnback-only tests) 

S 




The ISO and CEN draft standards require heptane to be used as the 
fuel. The tests involving the 5.8m2 fire tray also used heptane. 

In order that fuel could be heated to, and maintained at, the 
required temperature (see Section 2.3), FEU installed a heated 
flammable liquid store external to its still Air Facility at 
Little Rissington (Figure 8). This store was capable of holding 
up to 16 barrels of fuel (each containing 200 litres). The 
ambient air temperature within the store was maintained with the 
use of programmable thermostats. It took approximately 24 hours 
(depending on external ambient air temperature and initial liquid 
temperatures) for all of the fuel within the store to reach the 
required 15-20°C temperature range. 

2.6.2 Heptane 

All of the fire tests employing the complete ISO and CEN draft 
standards methods used 144 litres of heptane 1 (superscripts 
refer to the notes on page 47) floating on a 90 litre water base. 
The base of a fire tray can quickly become distorted with use, 
consequently the water base is necessary to ensure a level 
surface for the fuel . 

The heptane used by FEU was to the following specification as 
given in the ISO and CEN draft standards (References 1 and 2):

"Use of an aliphatic hydrocarbon mixture having physical 
properties according to the following specification:

Distillation range 84-105°C 
Maximum difference between initial 
and final boiling points 10°C 
Maximum aromatic content : 1% 
Density at 15°C : 700 ± 2.5 kg 1m3 

"Typical fuels meeting this specification are n-heptane and 
certain solvent fractions sometimes referred to as commercial 
heptane." 

2.6.3 Four Star Petrol 

Some fire tests were performed using four star leaded petrol. 
This petrol was transferred from a single storage tank at the 
Fire Service College, Moreton-in-Marsh to 200 litre metal drums 
in a single dispensing session. These drums were sealed and 
stored at the FEU still Air Facility flammable liquid store until 
the petrol was required for testing. 

Most of the tests performed with this fuel used 144 litres of 
petrol floating on a 90 litre water base. However, several tests 
were used to experiment with different fuel and water depth 
combinations. 
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2.6.4 Lead-Free Petrol 

The same fuels as used during the large scale petroleum fires 
involving 	lead-free petrol (Reference 5) were used during some 
tests. 

These fuels were collected in 200 litre metal drums during the 
large scale trials, sealed and stored at the FEU still Air 
Facility flammable liquid store until needed. The formulations 
of these lead-free petrols were as follows:

FEU 1 : 	 Lead-free petrol with no oxygenates. This was 95 
octane premium unleaded petrol. 

FEU 2 	 Lead-free petrol with moderate oxygenate level, 
using an alcohol component of 3% Methanol and 2% 
Tertiary Butyl Alcohol (TBA). This gives a total 
oxygen content of 1.93% which approaches the 
British standard (Reference 6) maximum of 2.5%. 

FEU 3 	 Lead-free petrol with 15% Methyl Tertiary Butyl 
Ether (MTBE). This is the maximum allowed under 
the EEC Directive (Reference 7) and is greater 
than that allowed in the British standard for use 
in the UK. 

It was not possible to use a water base during these tests 
because the additives within the petrol were water soluble. Due 
to distortion of the base of the fire tray and the requirement 
for a fuel depth of at least 30mm over the whole of the tray, 215

I litres of fuel were used per test. 

2.6.5 Lead-Free Petrol with No Oxygenates (Burnback-Only Tests) 

The same lead-free petrol as used during the large scale 
petroleum fires carried out during May 1992 to compare the 
performances of various foam concentrates (Reference 3) was used 
during some tests. This petrol was collected in 200 litre metal 
drums during the large scale trials, sealed and stored at the FEU 
still Air Facility flammable liquid store until needed. 

Burnback-only tests were carried out with this fuel (see section 
2.8.2). For each test 113 litres of petrol floating on a 113 
litre water base was used. This gave fuel and water base depths 
of 25mm each, the same depths as used during the large scale 
burnback-only tests. 

2.7 Preburn 

During all of the tests, except for the burnback-only tests, a 
preburn time of 1 minute was allowed from ignition to the start 
of foam application. This was sufficient to allow the fire 
column to obtain equilibrium and for the burning rate to steady. 
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2.8 Burnback 

2.8.1 Medium Scale Fire Tests 

A circular burnback pot with a wire handle was used during all 
of the medium scale burnback tests. This pot was manufactured 
from mild steel and had the following dimensions :

Diameter at rim : 300mm 

Depth : 250mm 

Nominal thickness of steel wall: 2.5mm 


This burnback pot meets the requirements of the ISO and CEN draft 
standards. 

Burnback tests were carried out after both gentle and forceful 
application tests. A requirement of the ISO and CEN draft 
standards is that the burnback test should commence 5 minutes 
after the end of foam application. 

During the FEU tests, the burnback pot, containing 2 litres of 
the fuel involved in the test, was placed centrally within the 
fire tray approximately 2 minutes before the commencement of the 
burnback test. The burnback test commenced with the ignition of 
the fuel in the burnback pot 5 minutes after the end of foam 
application using a flaming lance (Figures 9 and 10). Generally, 
the burnback pot was not placed within the fire tray if the test 
fire was still burning (not all of the foams tested extinguished 
the fire during the foam application period) and consequently 
some burnback tests commenced later than scheduled. 

2.8.2 Burnback-Only Tests 

The large scale fire tests previously carried out by FEU (see 
References 3, 5 and 8) involved a burnback test that required the 
use of a propane torch that was applied to the surface of the 
foam blanket at a set time after 100% extinction. During these 
large scale fire tests, foam was applied until 30 seconds after 
100% extinction had been achieved. Unfortunately, due to the 
varying extinction performances of the foam concentrate types 
available, 100% extinction times and consequently foam blanket 
depth can vary considerably from one foam type to another, and 
from one test to another, dur ing this type of large outdoor 
trial. This foam blanket depth can greatly influence the results 
from this type of burnback test. 

It was therefore suggested that a different burnback test could 
be tried during large scale fire tests which would involve foam 
being applied to a fuel surface which had not been previously 
ignited. By controlling the foam solution flowrate and the time 
of foam application, a layer of foam could be built up which 
would be dependant on the foam characteristics and not influenced 
by the extinction performance. 
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To briefly assess this new burnback test, four 'burnback-only' 
tests were carried out during a large scale fire test trial 
(Reference 3). For each of these tests, foam was gently applied 
to unignited petrol within the fire tray for either one or two 
minutes. After a five minute waiting period, the burnback flame 
was applied to the foam blanket and the fire was left ·to develop. 

In order to assess this burnback-only test on a smaller scale, 
12 burnback-only tests were carried out using the ISO and CEN 
draft standards equipment and methods with a few modifications. 
The same fuel as used during the large scale tests was used 
(lead-free petrol, see section 2.6.4). The test method was the 
same as used during the large scale tests and involved forceful 
foam application for 1 or 2 minutes and then a five minute 
wai ting period. However, for these medium scale tests, the 
burnback pot was used (see Section 2.8.1) instead of a propane 
torch, with the fuel within the pot being ignited 5 minutes after 
the end of foam application. The fire was then allowed to 
develop normally. 

2.9 Foam Making Branchpipe 

A UNI86 2 foam making branchpipe was used for all tests (Figure 
11) . During the medium scale fire tests, the branchpipe was 
operated at a flow rate of 11.4 litres per minute to give a foam 
application rate of 2.5 litres per minute per square metre. 

During each test, the branch was operated for 2 minutes before 
application of foam to the fire commenced. This ensured that 
steady branch operating conditions had been reached before foam 
was applied to the fire. 

The ISO and CEN standards state that the output of the branch 
should be 11.4 litres per minute within an operating range of 6.3 
± D.3 bar. Unfortunately, these fire test methods provide no 
information concerning where the pressure measurement should be 
made. FEU measured branch pressure just upstream from the 
branch, via a piezometer tUbe3 and a pressure transducer'·s. 
The piezometer tube was connected directly to the branch with 
standard 'c' type couplings' (see section 2.14.2 for more 
details of the hydraulic arrangement). When used in this 
configuration, the branch operated at 11.4 litres per minute with 
a pressure generally between 6.4 and 6.9 bar' . 

The FEU UNI86 branch was mounted horizontally on to a trolley 
(Figure 12) at the required height of 1±D.D5m above the fuel 
surface. 

In order to ensure that the foam stream struck the correct area 
of the tray (forceful application) or of the backplate (gentle 
application) (see section 2.5), the following setup procedure was 
carried out prior to each fire test. 
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Thirty litres of a premix of the foam concentrate under tests was 
made up and the branch was operated at 11.4 litres per minute. 
The trolley was then moved so that the foam stream struck the 
correct area of the tray or backplate. An object was placed 
within the tray to represent the liquid surface, this saved the 
time and effort involved in filling and emptying the .tray. The 
distance of the branch from the tray was then measured and 
recorded. The fire tray and surrounding area were then cleaned 
and the branch was thoroughly flushed through with potable water. 

On most occasions, branch alignment was carried out away from the 
fire tray to reduce the time and effort required to clean the 
tray. Objects were placed on the test area floor to simulate the 
edges of the tray and the fuel level . Foam was directed at these 
and the relative position of the branch from 'the tray' was 
recorded. Once this position had been determined, the trolley 
was moved and the branch was thoroughly flushed through with 
potable water . 

During forceful application fire tests, the branch and trolley 
needed to be positioned at least 2 metres away from the fire tray 
to enable the foam stream to strike the required area of the 
fuel. This allowed the trolley to be left in position during the 
preburn without damage due to radiated heat or flame. However, 
for the gentle application tests, the branch and trolley had to 
be as close as 0.2 metres from the tray edge to enable the foam 
stream to strike the correct area of the backplate. 
Consequently, the trolley was moved into position during the 
preburn to prevent heat or flame damage. 

In order to allow the branch to be operated before and during the 
preburn, but without foam being applied to the fire, a deflector 
shield was built onto the branch trolley. This deflector shield 
directed the output from the branch nozzle to the floor and was 
lifted by a remote lever at the commencement of foam application 
to the test fire. 

When foam was gently applied via the frontplate (see section 
2.5), the deflector shield was used to direct foam onto the front 
plate. consequently, the deflector shield was left down for the 
duration of foam production during these tests. 

The hydraulic arrangement was thoroughly washed through with 
potable water after each use with foam solution to prevent any 
contamination. Where a fire test involved a change of foam 
concentrate, the pump and hydraulic system were flushed through 
with a solution of the new foam concentrate prior to the fire 
test. The hydraulic system was then again flushed through with 
potable water . 

For the tests that involved the 5.8m2 tray, the branch was again 
operated at 11.4 litres per minute, this gave an application rate 
of just under 2 litres per square metre for this size of tray. 
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2.10 Foam Concentrates 

The ISO and CEN draft low expansion foam standards are intended 
to be used for all existing types of low expansion foam 
concentrate. FEU decided to test only those foam concentrate 
types that were currently in use with UK fire brigades. 

The following foam types were chosen : 

AFFF Aqueous Film Forming Foam 
AFFF-AR Alcohol Resistant AFFF 
P Protein 
FP Fluoroprotein 
FFFP Film Forming FP 
FFFP-AR Alcohol Resistant FFFP 
S Synthetic 

All of these foam types, except for synthetic, are sold in large 
quantities to UK fire brigades for use at low expansion on Class 
B hydrocarbon fuels. Synthetic is used in the UK for the 
production of medium and high expansion foam and it is also used 
extensively abroad to produce low, medium and high expansion 
foam. 

Protein foam concentrates, although stored in bulk by several 
brigades, are not generally recommended for use because of their 
inferior firefighting properties. 

At least two manufacturers' versions of each of the above foam 
types were used during these tests to enable comparisons to be 
made of possible variations within foam types. Further details 
of the foam concentrates used are given in Table 1. 

All of these concentrates were used at the manufacturers' 
recommended solution strength for use against hydrocarbon liquid 
fuel fires - generally J %. Also, in order to investigate how 
discriminating the ISO and CEN fire test methods were, the film
forming foam concentrates were used at reduced concentrations of 
2% and 1.5% as well. 

2.11 Premix 

Foam concentrates were premixed with potable water before use to 
ensure precise proportioning . Two premix containers were used. 
One container was constructed out of GRP and could contain up to 
100 litres of premix, the other container was made of high 
density plastic and could contain up to 200 litres of premix. 

In order to ensure adequate foam solution supplies for the 
duration of each fire test (including run-up, fire test foam 
application and foam property measurements) the following volumes 
were used:

5 minute foam applications 150 Litres 
J minute foam applications 100 Litres 
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A large wall-mounted water heater provided hot water which 
enabled the required foam solution temperature of 17.5 ± 2.5°C to 
be achieved. 

The premix solutions were mixed immediately prior to each fire 
test. Usually, mixing took place as the water base and fuel were 
being added to the fire tray. 

At the end of each test, the premix container used was thoroughly 
washed out with potable water. 

2.12 Foam property Measurements 

Foam was collected from the UNI86 branch by using a sheet 
aluminium foam collector (Figure 13) to direct foam into a 1600ml 
brass collecting vessel. Details of these are given in the ISO 
and CEN draft standards. For each foam collection, the front of 
the nozzle was positioned 3 metres away from the top edge of the 
foam collector. Foam was collected and measurements were then 
made of the expansion ratio, 25% drainage time and temperature 
of the foam (Figure 14). 

The ISO and CEN draft standards state that foam measurements 
should be made immediately before each fire test to ensure that 
the expected values for drainage time and expansion ratio are 
achieved. It also says that "preferably" the measurements should 
be made with the same premix batch as used for the fire test. 

For convenience, FEU carried out these foam measurements 
immediately after foam application to the fire tray had ceased. 

2.13 Potable water 

Potable water was used for premixing the foam concentrates, 
providing a water base in the fire test tray and for thoroughly 
cleaning the hydraulic system, the fire tray, the premix tank and 
the fire test area after each test. 

Water for the water base was preheated in a large wall mounted 
water heater. Immediately prior to each test, the preheated 
water was poured into a 200 litre capacity steel drum where it 
was mixed with cold water to obtain the required quantity for the 
water base at a temperature of 17.5 ± 2.5 °C 

2.14 Instrumentation 

2.14.1 Radiometers 

The signals from four radiometers· were recorded during each 
test. The positions of these during the tests involving the 
4.5m2 fire tray are given in Figure 15. For both the 4.5m2 and 
5.8m2 fire trays, the radiometers were employed at a height of 
1.5 metres above the top edge of the fire tray and with their 
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sensing faces depressed by 10 degrees from the vertical. The 
distance between the sensing face of each radiometer and the tray 
edge was twice the diameter of the f ire tray. Each of the 
radiometers was cooled by recirculating water, at a temperature 
between 20°C and 40°C, from a tank using an electric pump. 

Radiometers 1 and 3 were perpendicular to the direction of throw 
of the foam branch; these are the positions recommended in the 
informative parts of the ISO and CEN draft standards. 
Radiometers 2 and 4 were offset from these and were used by FEU 
as a check on the first set of radiometers. They also allowed 
for experimentation with different radiometer sensitivities. 

The radiometer signals were recorded once every second on an 
orion data logger. As a backup to this data logger, a chart 
recorder was also used to continuously record the signals. 

2.14.2 Flowmeter and Associated Equipment 

The hydraulic arrangement used during these tests is shown in 
Figure 16. 

An electrically powered gear pump' was used to pump the foam 
solution from the open premix container to the branch. The gear 
pump was provided with an electrical variable speed drive 
control. The foam solution was passed through an electromagnetic 
flowmeter 10 and then through one 18.3 metre length of 19mm bore 
hosell to the piezometer tube and on to the UNI86 foam 
branchpipe. 

The piezometer tube housed a pressure tapping which was connected 
to a pressure transducer via a 20 metre length of pressure 
tubing. The pressure transducer and the flowmeter were connected 
to digital indicators that could be easily seen by the gear pump 
operator. Both the pressure and flow were monitored throughout 
each test and the pump was adjusted if necessary to maintain the 
required flow of 11.4 litres per minute. 

All temperatures were measured by using either mercury in glass 
thermometers, thermocouple with digital readout l2 or a platinum 
resistance thermometer with digital readout". 

2.14.3 Timing 

A large digital clock", displaying minutes and seconds, was 
sited near the fire test area, and was visible to all personnel 
engaged in the conduct of the trial. 

The clock was preset to 97:00 (min:sec) and was started when all 
of the fuel had been poured into the fire tray. The time on this 
clock is referred to as test time throughout this document. 
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Generally, during the fire tests, events happened at the 
following test times:

97:00 All fuel poured into fire test tray 
99:00 Gear pump started, foam produced 
00:00 Fuel ignited 
01:00 Foam application commenced 
04:00 Foam application stopped - forceful application 
06:00 Foam application stopped - gentle application 
09:00 Burnback pot ignited - forceful application 
11:00 Burnback pot ignited - gentle application 

The foam application periods during the petrol tests varied. See 
section 4.4 for more details. 

On some occasions, for both Heptane and Petrol tests, the 
commencement of the burnback test was delayed due to the late 
extinction of the fire. 

2.14.4 Video 

Each test was recorded by two video cameras's. The cameras were 
positioned to view opposite sides of the fire tray and were at 
90° to the foam branch. The signals from these cameras were 
routed via video number generators/timers to two video recorders. 
The video number generators/timers were set up to indicate test 
time on the recorded video. 

2.15 safety 

A safety procedure was followed for each test. This included 
firefighting cover during all fuel transfer operations and 
throughout the fire tests. Appendix A contains a copy of the 
safety instructions produced for these fire tests. 
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3. EXPERIMENTAL PROCEDURE 

3.1 Branch and Fire Tray preparation 

Prior to each test, a small quantity of the foam solution under 
test was mixed, foam was produced through the branch at a 
flowrate of 11.4 litres per minute and the position of the branch 
for the fire test was determined (see section 2.9). The fire 
tray (if used for the alignment) and surrounding area were then 
cleaned and the branch was flushed through using potable water. 

The fire tray was placed centrally in the outer tray and water 
was poured into the outer tray until it reached the base of the 
fire tray. water was sprayed onto the concrete floor around the 
trays to prevent damage to the floor. 

The branch trolley was pushed into position and the direction of 
throw of the nozzle was checked and adjusted as required. If a 
forceful application test was to take place then the branch 
trolley was left in position, if a gentle application test was 
to take place, the trolley was rolled 3 metres backwards (see 
section 2.9). 

3.2 Fire Tests 

3.2.1 General Procedure 

This is the general procedure used throughout the FEU medium 
scale fire tests. 

Before the transfer of fuel to the tray, all equipment was 
operated to check correct functioning. 

whilst this was happening, 90 litres of water (for . the water 
base) at the required temperature were prepared in a 200 litre 
drum. 144 litres of heptane, at the required temperature, were 
pumped into a different 200 litre drum. Both of the drums were 
mounted on to trolleys and these were positioned near to the fire 
test tray. 

Water was measured into the premix container and the required 
quantity of the foam concentrate under test was poured into 
measuring cylinders. Care was taken to ensure that the 
temperature of the premix water was within the required 
temperature range. 

The drum containing the water base was lifted into position and 
its contents were poured into the fire test tray (Figure 17). 
The temperature of this water base was measured and recorded. 

The drum containing the fuel was then carefully lifted into 
position and the fuel was poured into the fire test tray (Figure 
18). During this process, the pump operator mixed the foam 
concentrate into the water contained within the premix container. 
The temperature of the premix was measured and recorded. 

15 



The datalogger, chart recorders and video recorders were all set 
to record. 

Once all of the fuel had been poured into the fire tray, the test 
clock was started (from indicated time 97 min : 00 sec) and the 
fuel and ambient air temperatures were measured and recorded. 

At indicated test time of 99 min : 00 sec, foam solution was 
pumped to the branch. At this stage, the foam issuing from the 
branch was deflected downwards to the floor to prevent it 
entering the fire tray. The pump operator monitored the flow 
rate throughout the test and adjusted when necessary. 

At indicated test time of 99 min 30 secs the lance was 
transferred to the test area and ignited. Thirty seconds later, 
at zero indicated time, the fuel in the test tray was ignited. 

At indicated test time 00 min 40 secs, the branch was moved into 
position (gentle application only, for forceful application the 
branch was already in its correct position). At 01 min 00 secs 
the foam deflector shield was lifted and foam was applied to the 
fire . 

During foam application, two observers noted times to 90%, 99% 
and 100% extinction. Observer timing commenced from the start 
of foam application. 

Foam was applied until test time 04 min 00 secs for a forceful 
application test and until test time 06 min 00 sec for a gentle 
application test. At the end of foam application, the deflector 
shield was replaced and the branch trolley moved to an area away 
from the fire tray. The deflector shield was then again lifted 
and the foam stream was aimed at the foam catcher. Foam was 
collected and measurements were made of foam temperature, 
expansion ratio and 25% drainage time. 

A burnback test was performed at test time 09 min 00 secs for a 
forceful foam application test or test time 11 min 00 secs for 
a gentle foam application test. In both cases, three minutes 
after foam application had ceased, the burnback pot, containing 
2 litres of heptane, was placed in the centre of the fire tray. 

Five minutes after foam application had ceased, the fuel in the 
burnback pot was ignited using a flaming lance. 

During the burnback tests, observers noted times to 25%, 50% and 
100% burnback. Timing commenced from the ignition of the fuel 
in the burnback pot. 

For those tests where the fire continued for a long period after 
foam application had ceased, the burnback tests were performed 
at various times depending on the final extinction time. 

Once 100% burnback had been achieved, all of the instrumentation 
was switched off and the fire was allowed to burn out. The fire 
tray, branchpipe, hydraulic system and all other associated 
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equipment and foam contaminated areas were thoroughly cleaned 
with potable water. 

3.2.2 variations Used 

Twenty four tests were carried out using 183 litres of heptane 
and a 113 litre water base in a fire tray of size 5.8m2 

• 

However, the procedure as outlined above was followed. 

For the fire tests involving petrol, the above procedures were 
generally followed except that fuel and water base quantities 
were varied as were the foam application times. 

For the burnback-only tests, no firefighting took place although 
foam was applied to the fuel surface at zero indicated time for 
either one or two minutes. Three minutes after foam application 
had ceased, the burnback pot, containing 2 litres of un leaded 
petrol, was placed in the centre of the fire tray. After a 
further two minutes, the fuel in the burnback pot was ignited 
using a flaming lance and the burnback was allowed to develop 
normally. 

3.3 Data Reduction of Radiometer Results 

After the tests, the data recorded on the data logger was 
transferred into a spreadsheet software package. The data was 
processed following the procedure given in the informative 
section of the ISO and CEN draft standards to calculate the times 
for 90% extinction, 25 % burnback and 100% burnback as well as 
other intermediate times. 

I Figure 19 shows an example of a radiometer record with the 90% 
extinction time and the 25% and 100% burnback times marked. 

I 

I 
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4. RESULTS 

4.1 Presentation of Results 

4.1.1 General 

The results of the fire tests are tabulated as follows, each 
table includes extinction and burnback times:

Table 2 : Results, in chronological order, of fire tests 
involving a 4.5m2 fire tray and using heptane as 
the fuel - includes temperature and foam quality 
measurements. 

Table 3 Results, by foam concentrate type, of forceful 
application tests using a 4. 5m2 fire tray and 
heptane as the fuel - includes flare-up results 
(see section 4.1.2). 

Table 4 Results, by foam concentrate type, of gentle 
appl ication tests using a 4. 5m2 f ire tray and 
heptane as the fuel - includes flicker results 
(see section 4.1.3). 

Table 5 Results, in chronological order, of forceful 
application tests involving a 5.8m2 fire tray and 
using heptane as the fuel - includes temperature 
and foam quality measurements. 

Table 6 Results, by foam concentrate type, of forceful 
application tests using a 5.8m2 fire tray and 
heptane as the fuel - includes flare-up results 
(see section 4.1.2). 

Table 7 Results, in chronological order, of fire tests 
involving a 4.5m2 fire tray and using four star 
petrol as the fuel - includes temperature and 
foam quality measurements. 

Table 8 Results, in chronological order, of fire tests 
involving a 4.5m2 fire tray and using lead-free 
petrol as the fuel - includes temperature and 
foam quality measurements. 

Table 9 Results, in chronological order, of burnback-only 
fire tests involving a 4.5m2 fire tray and using 
four star petrol as the fuel includes 
temperature and foam quality measurements. 
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The sources of the 90%, 99% and 100% extinction and 25% burnback 
times quoted in the above tables are as follows:

90% extinction times 	 Radiometer measurements and visual 
observations 

99% extinction times : 	 Visual observations 

100% extinction times: 	Visual observations 

25% burnback times 	 Radiometer measurements and visual 
observations 

The visual observation results were compiled from the analysis 
of observers notes and video records of the tests. 

Times were measured from the first application of foam to the 
tray until 90%, 99% and 100% extinction. Burnback times '6 were 
measured from the ignition of the fuel in the burnback pot. 

4.1.2 Flare-ups 

For the gentle application fire tests, the burnback flames tended 
to develop progressively from around the burnback pot and only 
involved visible areas of fuel where the foam had disintegrated. 

However, during many of the burnback tests that were performed 
after the forceful application fire tests, 'flare-ups' occurred. 

These flare-ups only involved the foam surface and generally did 
not involve or directly result in areas of fuel being revealed. 
Flare-ups generally escalated quickly to very intense fires and 
then died down leaving the foam blanket intact. They were 
probably due to the ignition of contaminated foam within the foam 
blankets. 

The flare-up results in the results tables record the times at 
which flare-ups involved 25% of the area of the tray and the time 
of occurrence, and the area involved, at maximum flare-up. The 
resul ts from radiometer readings and visual observations are 
recorded in each instance. 

4.1.3 Flickers 

During the gentle application fire tests, some foams were unable 
to completely extinguish the test fire due to flames persisting 
along the edge of the fire tray furthest away from the backplate. 
In this report, these small flames are referred to as 'flickers'. 

The flicker results in the results tables record the area of fuel 
covered by the foam blanket and the size of any remaining flames 
at the end of foam application. Any increases in flame intensity 
prior to the burnback tests are also recorded. 
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4.1.4 	 Performance Grades - Fire Tests Using Heptane with 4.5m2 

and 5.8m2 Fire Trays Only 

(i) 	 General 

Due to the large number of fire tests carried out- involving 
heptane in the 4.5m2 and 5.8m2 fire trays, a performance grading 
system has been introduced to enable a quick and easy comparison 
to be made of the results of these tests. 

The system has been used to grade the performance of foam 
concentrates in the following areas:

1-	 Knockdown 
2. Extinction 

3 • Burnback resistance 

4 . 	 Flare resistance (forceful application fire tests only 

- see section 4.1.2) 

In general, a difference in performance of one grade is not 
regarded as significant due to the tight cut off points between 
grades. However, where there is a difference in performance of 
two or more grades, the difference can be regarded as significant 
(see 	section 5.1 . 3). 

The grading system is explained in detail in the following 
sections. 

( i i) Knockdown 

The grades for knockdown are based on the 90 % extinction times 
and are as follows:

GRADE 90% EXTINCTION TIME 

Forceful and Gentle Application Tests 

More than 
(Min:See) 

Less than or equal to 
(Min:see) 

00000 1 min 

0000 1 min 1 min 30 Bee 

ccc 1 min 30 Bee 2 min 

cc 2 min 3 min 

c 3 min 
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( Hi) Extinction 

The grades for extinction are based on 100% extinction times and 
are as follows:

I 


GRADE 100\ EXTINCTION TIME 

Forceful Application Gentle Application 

More than 

(Min:Sec) 

Less than 
or 

equal to 
(Min:Sec) 

More than 

(Min:Sec) 

Less than 
or 

equal to 
(Min:Sec) 

••••• 1 min 30 Bec 2 min 

•••• 1 min 30 Bec 3 min 2 min 3 min 30 sec 

••• 3 min 4 min 3 min 30 Bec 5 min 

•• 4 min 12 min 5 min 10 min 

• Not Extinguished 10 min 
(or Not 

Extinguished) 

I (iv) Burnback 

The assessment of the burnback resistance of the foam blankets 
is based on the 25% burnback time. 

The performance grades for the 25% burnback times achieved by 
each of the foam concentrates used during these tests are as 
follows (the higher the 25% burnback time the better the 
performance) :

GRADE 

..... 

.... ... .. 
• 

25\ BURJIBACK TIME 

Forceful Application Gentle Application 

More than Less than Mare than Lese than 
or or 

equal to equal to 
(Min:Sec) (Min:Sec) (Min:Sec) (Min:Sec) 

15 min 25 min 

12 min 30 sec 15 min 20 min 25 min 

10 mi n 12 rnin 30 sec 15 min 20 min 

7 min 30 sec 10 min 10 min 15 min 

7 min 30 sec 10 min 

Burnback performance grades have not been given to those foams 
that did not extinguish the fire or control the fire well enough 
to enable burnback tests to be performed. 

Flare-ups have not been taken into consideration for any of these 
burnback results. See Section (v) below. 
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(v) Flare Resistance - Forceful Application Only 

The flare resistance grades are based on the largest area of the 
foam blanket involved in a flare-up during the burnback tests 
carried out after forceful application fire tests. A flare-up 
involves the foam blanket surface in flames which quickly 
escalate and then die down leaving the foam blanket intact. 
Flare-ups are probably due to the ignition of contaminated foam 
within the foam blankets. 

Performance grades for flare resistance are as follows (the 
smaller the area of the tray involved in flame the better the 
performance):

GRADE AREA 01' TRAY INVOLVED IN 
LARGE I'LARE !'LAME 

Forceful Application Only 

More than or equal to 
(%) 

Less than 
(%) 

00000 1% 

0000 1% 5% 

000 5% 15% 

00 15% 25% 

0 25% 

(vi) Tests Used For Performance Grading 

All of the fire tests which involved the 4.5m2 fire tray and 
heptane are graded except for those that were performed in 
conditions outside of the temperature limits specified in section 
2.3 or where there were equipment problems during the tests. 

Consequently, tests 55, 56, 57, 58 and 59 have not been graded 
due to air, fuel and water base temperatures being lower than 
required. Also, tests 50 and 53 have not been graded due to 
equipment failure during these tests . 

All of the twenty four 5.8m2 tray fire tests carried out have 
been graded. Unfortunately, the required air temperature range 
of 15 ± 5 °c could not be achieved during test numbers 91, 92 and 
93 (AFFF(1), FFFP(1) and FFFP-AR(3) all at 3%) due to inclement 
weather conditions. However, when compared with the results from 
similar tests, this does not appear to have significantly 
affected the grading results for these. 

I 
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(vii) 	 Grade Results For Fire Test Involving Heptane and 4.5m2 

Fire Tray 

The performance grades applied to the results of the fire tests 
involving heptane and a 4. 5m2 fire tray are presented in the 
following tables:

Table 10: 	 Performance grade results for all concentrations of 
foam concentrates when used during the forceful 
application fire tests. 

Table 11: 	 Performance grade results for foam concentrates when 
used at the concentrations recommended by the 
manufacturers during the forceful application fire 
tests. 

Table 12: 	Performance grade results for all concentrations of 
foam concentrates when used during the gentle 
application fire tests . 

Table 13: 	 Performance grade results for foam concentrates when 
used at the concentrations recommended by the 
manufacturers during the gentle application fire 
tests. 

(viii) 	 Grade Results For Fire Tests Involving Heptane and 

5.8m2 Fire Tray 


The performance gradings applied to the results of the fire tests 
involving heptane in a 5. 8m2 f ire tray are presented in the 
following tables:

Table 14: 	Performance grade results for all concentrations of 
foam concentrates when used during the forceful 
application fire tests. 

Table 15: 	 Performance grade results for foam concentrates when 
used at the concentrations recommended by the 
manufacturers during the forceful application fire 
tests. 

4.2 Results of Fire Tests using Heptane and 4.5m2 Fire Tray 

4.2.1 Forceful Application Fire Tests 

(i) Knockdown Performance 

At full strength, 5(1), 5(2) and all of the film forming foam 
concentrates (AFFF, FFFP, AFFF-AR and FFFP-AR) gave quick 
knockdown performances during these tests. FP(2) and P(2) gave 
slow knockdowns with FP(l) and P(l) even slower still. FP(3) 
gave the slowest knockdown performance. 
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The knockdown performances of all of the film forming foam 
concentrates did not significantly degrade when reducing the foam 
concentration from 3 % to 2%. However, in almost all cases, 
knockdown times were longer . 

When the usage concentration was reduced from 3% to. 1.5%, the 
knockdown performances of AFFF(l), AFFF(2), AFFF-AR(l), FFFP(l), 
FFFP (2), FFFP-AR (1) and FFFP-AR (3) did not significantly degrade. 
However, the knockdown performances of AFFF-AR(2) and FFFP-AR(2) 
began to degrade significantly. In all but one test, the 
knockdown times were longer when the foam concentrates were used 
at 1.5% than when they were used at 3%. 

(ii) Extinction Performance 

At full strength, all of the film forming foam concentrates, with 
the exception of FFFP-AR(l), gave quick extinction performances 
dur ing these tests. The extinction performance of FFFP-AR (1) was 
significantly slower than all of the other film formers and was 
similar to the performance achieved by FP(2), neither of these 
managed to extinguish the test fire during the three minute foam 
application period. The extinction performances of FP(l) and 
P(l) were much slower than FP(2) and all of the film forming foam 
concentrates. FP(3), P(2), S(l) and S(2) all failed to 
extinguish the forceful application test fire. 

Reducing the usage concentration from 3% to 2% did not affect the 
extinction grades achieved by AFFF(2), AFFF-AR(l), FFFP(2) and 
FFFP-AR(l). However, the extinction performances of all of the 
other film forming foam concentrates began to show signs of 
degradation. When used at 2% concentration, FFFP(l), FFFP-AR(l) 
and FFFP-AR(2) were unable to extinguish the test fire within the 
three minute foam application period. In all cases, the 
extinction times of the foam concentrates at 3% were faster than 
those achieved at 2%. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 1.5%, the extinction grades of AFFF(2) and 
FFFP-AR(l) were not affected. However, all of the other film 
formers showed signs of degradation. At 1.5% concentration, 
AFFF-AR(2) was unable to extinguish the forceful application test 
fire. 

When the film formers were used at 1.5% concentration, the 
performances of AFFF(l) and AFFF(2) were significantly better 
than all of the others. At this concentration, these two foam 
concentrates were the only ones that extinguished the forceful 
application fire test during the three minute foam application 
period. In almost all cases, the extinction times of the foam 
concentrates at 3% were faster than those achieved at 1.5%. 
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(iii) Burnback Performance 

When used at full strength, AFFF-AR(2) gave the best burnback 
performance closely followed by AFFF-AR(l), FFFP(2) and FFFP
AR(3). FFFP(l), FFFP-AR(2), FP(l), FP(2) and P(l) gave slightly 
shorter times than these. AFFF(l), AFFF(2) and FFFP-AR(l) all 
gave poor burnback performances. For FP(3), P(2), 5(1) and 5(2), 
the test fires were not extinguished or controlled well enough 
to enable burnback tests to be performed. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 2%, there were no significant differences in 
the burnback performances of AFFF(l), AFFF-AR(l), AFFF-AR(2) and 
FFFP-AR(l). However, the performance of AFFF(2) improved 
slightly and the performances of FFFP(l) and FFFP-AR(2) degraded 
slightly. The burnback performance of FFFP(2) was significantly 
shorter when used at 2% compared with its performance at 3%. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 1.5% concentration, there was no significant 
difference in the burnback performance of FFFP-AR(l). However, 
the performances of AFFF(l), AFFF(2) improved slightly while 
those of AFFF-AR(l) and FFFP(l) degraded slightly. The burnback 
performances of FFFP(2), FFFP-AR(2) and FFFP-AR(3) were 
significantly worse when used at 1.5% compared to their 
performance at 3%. AFFF-AR(2) was unable to extinguish the test 
fire when used at 1.5% and so no burnback test could be 
performed. 

The 25% burnback times of AFFF(2) at 3%, and those of FFFP(2) and 
FFFP-AR(2) at 1.5%, were particularly poor. 

(iv) Flare Resistance 

The majority of the forceful application burnback tests commenced 
with flare-ups. These began with small flames ghosting over the 
foam surface and around the edge of the tray. This spread of 
flames generally began within 1 minute of the ignition of the 
fuel within the burnback pot although sometimes flame spread 
started within 10 seconds. The speed of escalation of these 
small flames to peak flare-up was unpredictable. In some tests, 
peak flare-ups occurred within 45 seconds of the spread of small 
flames, in others it took more than 9 minutes. Generally, flare
ups quickly subsided, sometimes within seconds, often within 1 
or 2 minutes. Peak flare-ups can vary from nothing to 100% of 
the tray area depending on the foam concentrate tested. 

At peak flare-up, the flame intensity indicated by the radiometer 
results was noticeably lower than expected for the area of the 
foam blanket involved in flame. This was mainly due to the 
varying density of flames and height of flames on the foam 
blanket surface. 

When used at fu 11 strength (3%), FP (1) and P(l) were only 
marginally affected by flare-ups during the burnback tests. 
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However, AFFF(l), AFFF(2), FFFP(l) and FFFP-AR(l) were all badly 
affected by flares with over 25% of the surface of their foam 
blankets being involved in large flames within two minutes of the 
start of the burnback tests. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 2%, FFFP-AR(l) and FFFP-AR(2) became 
significantly more resistance to flare ups and AFFF-AR(2) 
slightly more resistant. FFFP(2) became slightly less resistance 
to flare-ups. The flare resistances of AFFF(l), AFFF(2), AFFF
AR(l) and FFFP(l) were unaffected by this dilution in foam 
concentration. AFFF(l), AFFF(2) and FFFP(l) were all badly 
affected by flares at this concentration while FFFP-AR(l) and 
FFFP-AR(2) were only marginally affected. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 1.5% concentration, AFFF-AR(l), FFFP-AR(l), 
and FFFP-AR(2) became significantly more resistant to flares. 
The resistance to flare-ups of AFFF(l), AFFF(2), FFFP(l), FFFP(2) 
and FFFP-AR(3) either remained the same or became slightly more 
resistant to flares with this concentration. AFFF (1) and AFFF (2) 
were both badly affected by flares while AFFF-AR(l), FFFP-AR(l) 
and FFFP-AR(2) were only marginally affected by flares when used 
at 1. 5%. 

4.2.2 Gentle Application Fire Tests 

(i) Knockdown Performance 

At full strength, all of the foam concentrates tested gave quick 
knockdown performances during the gentle foam application fire 
tests. 

The knockdown performance of FFFP-AR(2) was significantly slower 
when its concentration was reduced from 3% to 2%. The 
performances of the other film forming foam concentrates were 
only marginally affected by this reduction in concentration. For 
the majority of film forming foam concentrates tested, knockdown 
times at 2% were slower than those achieved at 3%. 

When the usage concentration was reduced from 3% to 1.5%, the 
knockdown performances of AFFF(l), AFFF(2), AFFF-AR(l), FFFP(l), 
FFFP(2), FFFP-AR(l) and FFFP-AR(3) did not significantly degrade. 
However, the knockdown performances of AFFF-AR(2) and FFFP-AR(2) 
did degrade significantly . In all but one test, the film forming 
foam concentrates gave longer knockdown times at 1.5% than they 
achieved at 3%. 

(ii) Extinction Performance 

At full strength, AFFF(l), AFFF(2), AFFF-AR(l), FP(l), FP(3), 
P(l) and 8(2) gave quick extinction performances during the 
gentle application fire tests. AFFF-AR(2), FFFP-AR(3) and P(2) 
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all extinguished the test fires slowly but within the five minute 
foam application period. 

FFFP(l), FFFP(2), FFFP-AR(l), FFFP-AR(2), FP(2) and S(l) all gave 
poor extinction performances with extinction only taking place 
after foam application had ceased. All of these· foams were 
unsuccessful in extinguishing the test fires during foam 
application due to flickers (see sections 4.1.3 and 5.1.1). 

Reducing the usage concentration of the film forming foam 
concentrates from 3% to 2% did not affect the extinction grades 
achieved by AFFF(l), AFFF(2) and AFFF-AR(2). In addition, there 
were also slightly improved performances for FFFP (1), FFFP (2) and 
FFFP-AR(l); in particular, FFFP-AR(l) extinguished the test fire 
within the five minute foam application period. However, the 
extinction performances of AFFF-AR(l) and FFFP-AR(2) showed signs 
of degradation. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 1.5%, the extinction performances of AFFF(2) 
and AFFF-AR(2) degraded significantly while the performances of 
AFFF(l), AFFF-AR(l) and FFFP-AR(3) degraded slightly. FFFP(l), 
FFFP(2), FFFP-AR(l) and FFFP-AR(2) all gave similar extinction 
performances at 3% and 1.5% concentrations. 

AFFF(l) and AFFF-AR(l) were the only foam concentrates used at 
1.5% concentration that extinguished the gentle application test 
fire within the five minutes foam application period. AFFF
AR(2), when used at 1.5%, failed to extinguish the gentle 
application fire test. 

(iii) Burnback Performance 

When used at full strength, FP(l), FP(2), FP(3) and P(l) gave the 
best burnback performances closely followed by FFFP-AR(3) and 
P (2). AFFF-AR (2) and FFFP-AR (2) gave slightly shorter times than 
these. AFFF ( 1), AFFF (2), AFFF-AR (1), FFFP (1), FFFP (2), FFFP
AR(l) and S(l) all gave poor burnback performances. The burnback 
performance of S(l) was exceptionally poor. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 2%, there were no significant differences in 
the burnback performances of AFFF(l) and AFFF(2). However, the 
performances of AFFF-AR (1), AFFF-AR (2), FFFP (1), FFFP (2) and 
FFFP-AR(l) all improved slightly. The burnback performance of 
FFFP-AR(2) was significantly shorter when used at 2% compared 
with its performance at 3%. 

AFFF(l) and AFFF(2) gave poor burnback performances and FFFP
AR(2) gave an exceptionally poor burnback performance when all 
were used at 2% 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 1.5% concentration, there was no significant 
difference in the burnback performances of AFFF(l), AFFF(2), and 
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AFFF-AR(l). However, the performances of FFFP(l), FFFP(2) and 
FFFP-AR(l) improved slightly while that of FFFP-AR(2) degraded 
slightly. AFFF-AR(2) was unable to extinguish the test fire when 
used at 1.5% and so no burnback test could be performed. 

When used at 1.5% concentration, poor burnback performances were 
achieved by AFFF(l), AFFF(2), AFFF-AR(l), FFFP-AR(2). 

4.3 Results of Fire Tests Using Heptane and 5.8m2 Fire Tray 

4.3.1 General 

Twenty four 5.8m2 tray fire tests were carried out using heptane 
as the fuel and forceful foam application. Unfortunately, due 
to inclement weather conditions, the required air temperature 
range of 15 ± 5 °C (see section 2.3) could not be achieved during 
test numbers 91, 92 and 93 (AFFF(l), FFFP(l) and FFFP-AR(3) all 
at 3%) although this does not appear to have significantly 
affected these results. 

4.3.2 Forceful Application Fire Test Results 

(i) Knockdown Performance 

At full strength, all of the film forming foam concentrates 
(AFFF, FFFP, AFFF-AR and FFFP-AR) gave quick knockdown 
performances during these tests. FP(2) gave a slow knockdown 
with FP(l) even slower still. 

The knockdown performances of all of the film forming foam 
concentrates did not signif icantly degrade when reducing the foam 
concentration from 3% to 2%. However, in almost all cases, 
knockdown times were longer. 

When the usage concentration was reduced from 3% to 1.5%, the 
knockdown performances of AFFF (1), AFFF (2) , AFFF-AR (1), FFFP (1) , 
and FFFP-AR (3) did not significantly degrade. However, the 
knockdown performances of AFFF-AR( 2) and FFFP-AR (1) degraded 
badly with their performances at 1.5% concentration being 
particularly poor. In all tests, the knockdown times were longer 
when the foam concentrates were used at 1.5% than when they were 
used at 3%. 

(ii) Extinction Performance 

At full strength, all of the film forming foam concentrates, with 
the exception of FFFP-AR(2), gave quick extinction performances 
dur ing these tests. The extinction performance of FFFP-AR (2) was 
significantly slower than all of the other film formers. FFFP
AR(2) failed to extinguish the test fire during the three minute 
foam application period. FP(!) and FP(2) both failed to 
extinguish the forceful application test fire. 

28 I 




I 


I 


I 


I 


Reducing the usage concentration of the film forming foam 
concentrates from 3% to 2% did not affect the extinction grades 
achieved by AFFF (2), AFFF-AR (1) or AFFF-AR (2) . However, the 
extinction performances of AFFF(l), FFFP(l) and FFFP-AR(l) began 
to show signs of degradation. When used at 2% concentration, 
FFFP(l) and FFFP-AR(l) were unable to extinguish the test fire 
within the three minute foam application period. In all cases, 
the extinction times of the foam concentrates at 3% were faster 
than those achieved at 2%. 
When the concentration of the film forming foam concentrates was 
reduced from 3% to 1.5%, the extinction grade of AFFF(2) was not 
affected. However, the extinction grades of AFFF(l), AFFF-AR(l) 
and FFFP(l) began to show signs of degradation. The extinction 
performances of AFFF-AR(2), FFFP-AR(l) and FFFP-AR(3) degraded 
badly. At 1. 5% concentration, AFFF-AR (1) and FFFP (1) were unable 
to extinguish the test fire within the three minute foam 
application period. AFFF-AR(2), FFFP-AR(l) and FFFP-AR(3), when 
used at 1.5% concentration, were unable to extinguish the 
forceful application test fire. 

When all were used at 1.5% concentration, the performances of 
AFFF(l) and AFFF(2) were significantly better than the other film 
forming concentrates. At this concentration, these two foam 
concentrates were the only ones that extinguished the forceful 
application fire test during the three minute foam application 
period. 

In all cases, the extinction times of the foam concentrates at 
3% were faster than those achieved at 1.5%. 

(iii) Burnback Performance 

When used at full strength, AFFF-AR(2) gave the best burnback 
performance closely followed by AFFF-AR(l). FFFP(l), FFFP-AR(l) 
and FFFP-AR(3) gave slightly shorter times than these. AFFF(l), 
AFFF(2), FFFP(2) and FFFP-AR(2) all gave poor burnback 
performances with the burnback performance of AFFF(2) being 
particularly poor. For FP(l) and FP(2), the test fires were not 
extinguished, or controlled well enough, to enable burnback tests 
to be performed. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 2%, there were no significant differences in 
the burnback performances of AFFF(l) and AFFF-AR(2). However, 
the performance of AFFF(2) improved slightly and the performance 
of AFFF-AR(l) degraded slightly. The burnback performances of 
FFFP(l) and FFFP-AR(l) degraded significantly. The burnback 
performances of FFFP (1) and FFFP-AR (1) were significantly shorter 
when used at 2% compared with their performances at 3%. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 1.5% concentration, the burnback performances 
of AFFF (1) and AFFF (2) improved slightly whi le those of AFFF
AR(l), and FFFP(l) degraded significantly. AFFF-AR(2), FFFP
AR(l) and FFFP-AR(3) were unable to extinguish the test fires 
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when used at 1.5% and so no burnback tests could be performed. 

The 25% burnback times of AFFF(2) at 3%, FFFP(l) and FFFP-AR(l) 
at 2% and of FFFP(l) at 1.5%, were particularly poor. 

(iv) Flare Resistance 

When used at 3% concentration, AFFF(l), AFFF(2) , AFFF-AR(l), 
AFFF-AR(2), FFFP(l), FFFP(2) and FFFP-AR(3) were all badly 
affected by flare-ups with over 25% of the surface of their foam 
blankets being involved in large flames. FFFP-AR(l) and FFFP
AR(2) gave flare resistances which were only slightly better than 
these. The flare-up area for all of these foams generally 
reached 25% within 2 minutes of the commencement of the burnback 
tests. However, the 25% area flare-up time for AFFF-AR(l) was 
2 minutes 28 seconds, the time for AFFF-AR(2) was 8 minutes 46 
seconds and the time for FFFP-AR(3) was 3 minutes 51 seconds. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 2%, AFFF-AR(l) and AFFF-AR(2) became 
significantly more resistance to flare ups and FFFP(l) and FFFP
AR(l) slightly more resistant. The flare resistances of AFFF(l) 
and AFFF(2) were unaffected by this reduction in foam 
concentration. AFFF(l) and AFFF(2) were all badly affected by 
flares at this concentration while FFFP-AR(l) was only marginally 
affected. 

When the concentration of the film forming foam concentrates was 
reduced from 3% to 1.5%, AFFF-AR(l) and FFFP(l) became 
signif icantly more resistant to flares. The resistance to f lare
ups of AFFF(l) and AFFF(2) remained the same with this reduction 
in concentration. AFFF(l) and AFFF(2) were both badly affected 
by flares while FFFP(l) was only marginally affected by flares 
when used at 1.5%. 

4.4 Results of Four star Petrol Fire Tests 

4.4.1 Extinction Results 

A total of 20 fire tests were carried out using four star petrol 
as the fuel and a 4.5m2 fire tray. 

In tests P1 and P2, AFFF(l) and FP(l) respectively were applied 
forcefully to the test fire for 3 minutes. Neither foam achieved 
100% extinction of the test fire in addition, FP(l) was also 
unable to achieve 99% extinction. 

During test P3, FP(l) was applied gently, via a backplate at the 
rear of the fire tray, for 5 minutes. Again, 100% extinction was 
not achieved. 

In an attempt to achieve 100% extinction during these tests, the 
foam application periods were increased from 5 minutes to 7 
minutes for gentle application tests P4 to P6, and from 3 minutes 
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to 5 minutes for forceful application tests P7 to P9. At the end 
of these foam application periods, the tray was completely full 
of foam. Consequently, longer foam application periods could not 
be used. 

Tests P4, P5 and P6 involved the gentle application of AFFF(l), 
FP(l) and FFFP(l) foams respectively. In each case, 100% 
extinction only occurred between two and seven minutes after foam 
application had ceased. 

Tests P7, PS and P9 involved the forceful application of AFFF(l), 
FP(2) and FFFP(l) respectively. 100% extinction was only 
achieved by FFFP(l). The 100% extinction time of 2 minutes 19 
seconds suggests that the extinction performance of FFFP(l) was 
not assisted by the extending the foam application period from 
3 to 5 minutes. 

In a further attempt to achieve 100% extinction using a gentle 
application method, foam was applied via a plate at the front of 
the tray (see Section 2.5) during tests PlO to P14 (test PlO has 
not been used in the analysis of results due to equipment failure 
during the test). The foam application period was restricted to 
5 minutes during these tests because the tray was full of foam 
by this time. AFFF(l), FFFP(l), FP(l) and P(l) were all applied 
during these tests, however, none of them achieved 100% 
extinction during the foam application period. 

Test P15 was carried out in an attempt to achieve 100% extinction 
using forceful application with AFFF(l). During this test, foam 
was applied directly to the fuel surface but with the foam stream 
directed to the left of the tray, just avoiding the tray edge to 
the left of the branch. Again, 100% extinction was not achieved. 

During these petrol fire tests, non-extinction or delayed 
extinction of the test fire was generally due to small, 
persistent, flames burning between the edge of the foam blanket 
and the tray side. These persistent flames were normally present 
at the edge of the tray nearest to the branch. The only 
exceptions to this were during the gentle applications via the 
front plate where the persistent flames continued to burn at the 
edge of the tray furthest from the branch. 

Despite the various application methods and foam concentrates 
used, these petrol fires proved almost impossible to extinguish 
during the foam application period. The results of these tests 
do however provide 90% and 99% extinction times for foams when 
used against fires of four star petrol. 

During the forceful application tests, AFFF(l) gave quicker times 
to 90% and 99% extinction than FFFP(l). Both AFFF(l) and FFFP(l) 
were much quicker than FP(l) and FP(2) to 90% and 99% extinction. 

In the gentle application tests, AFFF(l) gave quicker times than 
both FFFP(l) and FP(l) to 90% and 99% extinction. FFFP(l) was 
considerably quicker than FP(l) to 90% extinction however, times 
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to 99% extinction were similar. FP(l) and P(l) gave similar 90% 
and 99 % extinction times. 

A summary table of these results is given below:

Test 
No. 

Foam 
Type 

App. 
Method 

App. 
Period 

90% Ex!. 99% Ex!. 100% Ext. 

PI AFFF(I ) Forceful (Centre) 3rn 38s Im 22s No 

P7 AFFF(l ) Forceful (Centre) 5rn 33s Irn 17s No 

P9 FFFP( I) Forceful (Centre) 5rn 50s Irn 27s 2rn 19s 

P2 FP(l) Forceful (Centre) 3rn 3rn 22s No No 

P8 FP(2) Forceful (Centre) 5rn 3rn 16s 5rn No 

PI5 AFFF( I) Forceful (Side) 3rn 42s Irn l Is No 

P4 AFFF(I) Gentle (Rear) 7rn 50s 3rn 13m 25s 

P6 FFFP( I) Gentle (Rear) 7rn 56s 5rn 8m 58s 

P3 FP(I) Gentle (Rear) 5rn 2rn 13s 4rn 305 No 

P5 FP( I) Gentle (Rear) 7rn Irn 575 4rn 55s l3rn 35 

PII AFFF( I) Gentle (Front) 5rn 395 Im 39s 5rn 385 

Pl2 FFFP(l) Gentle (Front) 5rn 525 2rn 345 l2m 345 

PI3 FP(l ) Gentle (Front) 5rn lrn 22s 2rn 235 5rn 355 

PI4 P(l ) Gentle (Front) 5rn Irn 24s 2rn 245 17rn 55s 

Test P1 G to P20 were carried out to indicate the effects of 
different fuel depths and the presence of a water base on the 
firefighting performance of foam concentrates to assist in the 
selection of fuel depth for the large scale fire tests (Reference 
3). The results of these tests were as follows:

Foam 
Type 

Fuel 
Depth 

(mm) 

water 
Base 

Depth 
(mm) 

90% Ext. 

(min sec).. 

99% Ext. 

(min sec).. 

100% Ext. 

AFFF(l) 25 25 0 : 35 1 : 08 No 

AFFF(l) 25 25 0 : 37 1 : 12 No 

AFFF(l) 50 0 0 : 38 1 : 23 No 

AFFF(l) 48 0 0 : 38 1 : 50 No 

FFFP (1) 48 0 0 : 51 2 : 02 No 

32 




For AFFF(l) the 90% extinction times do not appear to be affected 
by changes in the depth of fuel/presence of a water base. 
However, the times to 99% extinction are longer for the deeper 
fuel layer. 

I 4.4.2 Burnback Results 

I 
In only three of the twenty fire tests involving four star petrol 
were burnback tests performed at the correct time. 
Unfortunately, these tests involved different application methods 
and so the burnback results of these cannot sensibly be compared . 

I During six of these petrol tests, burnback tests were delayed due 
to long 100% extinction times and no burnback tests were carried 
out after the remaining fifteen tests because 100% extinction was 
not achieved. Consequently, comparisons of burnback performance 
of various foams after extinction of fires involving four star 
petrol are not available from the results of these tests. 

4.5 Results of Lead-Free Petrol Fire Tests 

4.5.1 Extinction Results 

I Eight fire tests were carried out which involved lead-free 
petrol. All involved the forceful application of foam for 5 
minutes into 215 litres (48mm depth) of fuel with no water base. 

I The extinction results were as follows:

I 

I 


Foam 
Type 

Fuel 90% Ext. 
(min : sec) 

99% Ext. 
(min : sec) 

100% Ext. 
(min : sec) 

AFFF (1) FEU 1 0 : 37 1 : 53 No 

AFFF (1) FEU 2 0 : 40 1 : 53 No 

AFFF (1) FEU 3 0 : 41 1 : 57 No 

FFFP (1) FEU 1 0 : 49 1 : 42 No 

FFFP(l) FEU 2 0 : 52 1 : 59 No 

FFFP (1) FEU 3 0 : 58 2 : 20 No 

FP( 1) FEU 1 3 : 10 4 : 49 5 : 19 

I 

I AFFF(l) gave similar 90% and 99% extinction times for all three 
types of fuel. The firefighting performance of FFFP(l) showed 
signs of degradation with each successive fuel type. FP(l) was 
the only foam tested here to extinguish a lead-free petrol test 
fire although this occurred after the end of the foam application 
period. FP(l) was considerably slower then the other two foam 
types to 90% and 99 % extinction. 
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4.5.2 Burnback Results 

Only one of the eight lead-free petrol fire tests was 
extinguished and so only one burnback test was performed. FP(l) 
extinguished the test fire and achieved a 25% burnback time of 
10 minutes 9 seconds. A flare-up did not occur although within 
1 minute of the commencement of the burnback test, some small 
flames, less than 100mm in height, were observed sparsely spread 
over 75% of the surface of the foam blanket. These small flames 
continued to burn throughout most of the burnback test. 

4.6 Results of Burnback-Only Tests 

Twelve burnback-only test were carried out using un leaded petrol 
with no oxygenates. The results for the forceful and the gentle 
application tests were as follows (a longer 25% burnback time 
indicates better burnback performance):

Foam Type Application 
Period 

25% Burnback Time 

(Minutes) 
Forceful App. 

(min : sec) 
Gentle App. 
(min .. sec) 

AFFF(l) 1 3 : 28 7 : 53 

AFFF(l) 2 4 : 34 9 : 02 

FFFP(l) 2 6 : 38 10 : 19 

FP (1) 2 11 : 04 15 : 58 

AFFF-AR( 1) 2 7 : 06 10 : 18 

FFFP-AR(l) 2 7 : 05 11 : 34 

Flare-ups only occurred during burnback tests that were performed 
after forceful foam application. The flare-ups recorded during 
these tests were as follows (a smaller flare area indicates 
better performance):

Foam Type Application 
Period 

(Minutes) 

Maximum Flare 
Area 

(as %age of 
tray area) 

Time Flare 
Observed 

(min : sec) 

AFFF (1) 1 75% 0 : 43 

AFFF (1) 2 75% 1 : 45 

FFFP(l) 2 25% 1 : 33 

FP (1) 2 80% 0 : 40 

AFFF-AR(l) 2 30% 2 : 00 

FFFP-AR(l) 2 10% 2 : 01 
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4.7 Foam Properties 

The foam expansion and 25% drainage time results are given in 
Tables 2, 5, 7, 8 and 9. A UNI-86 foam branchpipe, operating at 
a flow rate of 11.4 litres per minute, was used during all of 
these tests. A summary of the average foam properties recorded 
during these tests 

Foam 

Type 


AFFF 


AFFF-AR 

FFFP 

FFFP-AR 

I FP 

I P 

S 

Foam 

Cone. 


3% 11. 4 10.8 - 11. 8 3m 28s 3m - 4m 15s 
2% 10.7 10.1 - 11. 0 3m 04s 2m 38s - 3m 24s 
1. 5% 8.6 7.3 - 9.5 2m 29s 2m - 2m 53s 

3% 7.8 5.9 - 9.8 7m 56s 4m 52s - 9m 37s 
2% 5.3 4. 1 - 7.2 4m 14s 3m 10s - 4m 54s 
1. 5% 4.3 3.6 - 5.3 3m ls 2m 37s - 3m 24s 

3% 
2% 
1. 5% 

3% 
2% 
1. 5% 

3%1 

3% 


3% 


Note:- 1. 

is given below:

Expansion Ratio 

Average 

9.8 
7.9 
5.9 

8.0 
5.6 
4.4 

8.2 


8.1 


11.4 


Range 

8.8 - 10.3 
7.3 - 8.9 
5.1 - 7.1 

6.2 - 8.7 
5.2 - 5.8 
4.1 - 4.7 

7.2 - 8.8 


7.7 - 8.5 


11.3 - 11. 5 


25\ 


Average 

3m 39s 
2m 42s 
2m 18s 

4m 59s 
3m 50s 
2m 42s 

5m 31s 

5m 13s 

7m 36s 

Drainage Time 

Range 

2m 47s - 4m 12s 
2m 28s - 2m 58s 
2m 2s - 2m 28s 

2m 46s - 6m 15s 
3m 3s - 4m 13s 
2m 9s - 2m 53s 

4m 59s - 5m 55s 

4m 49s - 5m 30s 

6m 34s - 8m 30s 

Includes results for FP(3) which was used at 
the recommended concentration of 6%. 
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5. DISCUSSION 

5.1 Fires Involving Heptane and 4.5m2 Fire tray 

5.1.1 	 comparison of Forceful Application and Gentle Application 
Test Results - Full strength Foam Concentrates 

i) Extinction 

The forceful application test fires were quickly extinguished by 
most of the film forming foam concentrates. However, the non
film forming foam concentrates gave poor extinction performances. 

The gentle application fire test was extinguished within the 5 
minute foam application time by most of the foam concentrates 
tested. However, particular problems were experienced by the 
FFFP, two of the FFFP-ARs and several of the non-film forming 
foam concentrates. Here, flame flickers led to very long 
extinction times. 

Flame flickers were only experienced during the gentle 
application fire tests and consisted of small flames which 
persisted along the tray edge furthest away from the backplate. 
The foam lying around this portion of the tray edge was the first 
to be applied to the fire during each test. This foam had not 
only been projected by the branchpipe through the flames at their 
peak, but it had also impacted on a very hot back plate. 

This initial foam appeared to bounce off the surface of the plate 
and impact heavily on to the burning fuel causing some foam 
contamination. This effect significantly altered as the plate 
cooled down, with foam gradually beginning to flow down the 
backplate to give a more gentle application. 

Once the initial foam had hit the burning fuel, it was then 
pushed across the fuel surface by the continuing foam 
appl ication. The time taken for the initial foam to travel 
across the burning surface of the fuel to the furthest edge of 
the tray was at least 30 seconds . consequently, this foam was 
not only the "oldest" in the tray, but it had also experienced 
some very severe conditions. 

A wall of the initial foam was eventually formed at the tray edge 
furthest away from the backplate. Small flickering flames often 
burnt between the foam and the tray edge or appeared to burn 
within the foam wall itself . These flickers may indicate that 
the initial foam had degraded to such an extent during 
application that it was no longer able to seal around the tray 
edge or that a great deal of fuel pick-up had occurred. 

The temperature of the plate used to gently apply foam to the 
surface of a liquid fuel fire has previously been shown by FEU 
(Reference 9) to affect the extinction performance of foam 
concentrates. 
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ii) Burnback 

AFFF-AR and FFFP foam concentrates gave better burnback 
performances after the forceful application tests than they did 
after the gentle application tests. The reverse is true for the 
non-film forming foam concentrates where burnback -tests were 
carried out (some of these foam concentrates did not extinguish 
the forceful application fire test and so burnback test could not 
be performed). The remainder of the foam concentrates gave 
similar burnback performances during both sets of tests. 

Many of the burnback tests performed after the forceful 
appl ication tests resulted in flare-ups (see Sect ion 4.1.2). 
These were generally much more severe for the film forming foam 
concentrates than they were for the non-film formers. 

5.1.2 	 Comparison of Forceful Application and Gentle Application 
Test Results - Reduced Strength Foam Concentrates 

i) General 

Only the Film forming foam concentrates were tested at reduced 
strength. 

ii) Extinction 

The grading results show that generally there were only minor 
reductions in extinction performance for the majority of the 
reduced strength film forming foam concentrates during the 
forceful application 
particularly poor ex
concentration. 

tests. 
tinction pe

However, 
rformance 

AFFF-AR(2) 
when used 

gave a 
at 1.5% 

During the gentle application tests, reductions in foam 
concentration did not significantly affect extinction 
performances of AFFF(l) and AFFF-AR(l). However, the extinction 
performances of AFFF(2) and AFFF-AR(2) when used at 1.5% 
concentration were particularly poor. In general, the FFFP and 
FFFP-AR foam concentrates gave improved extinction performances 
with increased dilution. However, most of these were unable to 
extinguish the test fire during the foam application period due 
to flame flickers (see section 5.1.1). 

The magnitude of these flame flickers decreased with reduced 
concentration. This apparent improvement in performance with 
concentrates used at below their recommended concentration may 
have been due to several factors such as: 

1. 	 Increased fluidity enabling the foam to cover the 
burning fuel quicker thus reducing the damage to the 
initial foam wall. 
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2. Quicker foam drainage allowing the amount of any 
contaminated foam to be reduced. 

3 • Quicker foam drainage providing an increased rate of 
tray edge cooling and consequently better edge 
sealing. 

ii i) Burnback 

Reductions in the concentration of most of the film forming foam 
concentrates did not significantly affect their burnback 
performances during either the gentle or forceful application 
tests. The only exception to this was with FFFP(2) where its 
burnback resistance significantly degraded with dilution during 
the forceful application tests but improved slightly during the 
gentle application tests. 

5.1.3 Repeatability 

A minimum of three tests employing the same conditions is ideally 
required to assess repeatability, although more are desirable. 
Due to the range of foam concentrates and concentrations tested 
by FEU during these tests, often only one test was carried out 
for most conditions. 

However, some tests were repeated, for instance the forceful 
application of AFFF(l) at 3% was carried out five times. The 
average time to extinction of these tests was 66 seconds with the 
fastest time 58 seconds and the slowest time 72 seconds. These 
results indicates a reasonable level of repeatability for 
extinction time. 

However, when considering the burnback results for the forceful 
application of AFFF(l) at 3%, the average 25% burnback time was 
8 minutes 44 seconds with times varying between 5 minutes 28 
seconds and 10 minutes 55 seconds. This does not appear to 
represent an acceptable level of repeatability. Maximum flare 
areas for this foam were also not of an acceptable level of 
repeatability with results varying between 40% and 90% of the 
tray area and the time of maximum flare varying between 44 
seconds and 2 minutes 11 seconds. 

FFFP(l) was used at 3% for forceful application during 3 tests. 
the results for this foam show less repeatability for extinction 
time but better repeatability for burnback and maximum flare 
area. 

Every attempt was made to make the tests as repeatable as 
possible. For instance a standard fuel, commercial heptane was 
used, and fuel, water base, air and foam solution temperatures 
were controlled. Tests were also held in the wind-free 
conditions of the FEU still Air Facility. 
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5.2 Comparison of the 4.5m2 and 5.8m2 Fire Test Results 

The UNI86 branch used during these tests was operated at a flow 
rate of 11.4 litres per minute. This gives foam application 
rates of 2.5 and 2 litres per minute per square metre for the 
4.5m2 and 5. 8m2 trays respectively. This lowering of foam 
application rate should ensure that the 5.8m2 size fire is more 
difficult to extinguish than the 4.5m2 fire. 

Tables 16 and 17 compare the 100% extinction results and the 25% 
burnback results achieved during the 4.5m2 and 5.8m2 fire tests. 
These indicate that in almost all cases, the 5.8m2 times to 100% 
extinction were longer than those achieved during the 4. 5m2 

tests. 

Only two tests produced quicker 5. 8m2 extinction times, these 
were FFFP(2) and FFFP-AR(l) when both were used at their 
recommended 3% concentration. 100% extinction did not occur in 
six of the 5.8m2 fire tests and only one of the 4.5m2 fire tests. 

These results indicate that generally the 5.8m2 fire was a more 
severe test than the 4.5m2 fire test. However, the differences 
in the 100% extinction times of foam concentrates when used at 
different concentrations were not as great as expected. In 
particular, the difference in extinction time for AFFF(l) when 
used at 3% and 1.5% concentration during the 4.5m2 fire tests was 
51 seconds while during the 5.8m2 fire test it was 59 seconds. 
It was hoped that by using this larger fire size, the 
performances of reduced strength foam concentrates compared with 
their performances at full strength would be accentuated. For 
most of the foam concentrates tested here, this was not the case. 

In terms of the extinction grades, the 5.8m2 and 4.5m2 results 
are very similar. The main differences only occur where the 
5.8m2 fires were not extinguished. 

The burnback results achieved during both sizes of fire test were 
also very similar. In general, the burnback times achieved by 
foams during the 5.8m2 fires were generally only slightly shorter 
than those achieved during the 4.5m2 fires. Consequently, the 
burnback grades achieved by each foam type for both fire sizes 
were similar. 

The 5.8m2 fire tests generally produced greater maximum flare-ups 
areas for the AFFF and AFFF-AR foam concentrates than the 4.5m2 

fire tests. However, for the FFFP and FFFP-AR tests, the greater 
flare-ups were generally produced during the 4.5m2 fire tests. 

5.3 Fires Involving Four star Petrol and 4.5m2 Fire Tray 

5.3.1 General 

The four star petrol fires proved to be very difficult to 
extinguish even though various foam application methods, foam 
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application times and foam concentrates were used. Where Iextinction did occur, it was normally after the end of foam 
application. Consequently, only times to 90% and 99% extinction 
could be used for comparison purposes. I 
Only one fire test was performed for each condition during these 
tests. Consequently, it is not possible to comment on the level 
of repeatability obtainable from these tests. 

5.3.2 Comparison with 4.5m2 Heptane Fires 

The fire tests involving gentle application via a backplate 
showed that times to 90% and 99% extinction were considerably 
longer with petrol than with heptane for all foam types tested. 

Comparing the 90% and 99% extinction times of foam concentrates 
used during forceful application tests against petrol with those 
against heptane showed the following:

90% and 99% extinction times for AFFF(l) and FP(l) 
were significantly longer with fires involving petrol 
than with those involving heptane. 

90% and 99% extinction times for FFFP(l) were similar 
with both petrol and heptane. 

The above results indicate that heptane is considerably easier 
than petrol to extinguish during gentle application fire tests 
for all foam types. When the forceful application tests are 
considered, heptane appears to be considerably easier for AFFF (1) 
and FP(l) to extinguish while it provides a sterner test for 
FFFP(l) . 

In terms of Fire service requirements where petrol is likely to 
be the most commonly encountered fuel, the use of heptane in the 
these medium scale fire tests appears to discriminate against 
FFFP type foam concentrates. 

The use of a front plate instead of a backplate for gentle foam 
application on to petrol fires resulted in much shorter 90% and 
99% extinction times. However, the front plate was relatively 
cool immediately prior to foam application to the fire due to it 
being positioned away from the fire tray during the preburn. In 
contrast, the backplate was in flame throughout the preburn and 
would have been extremely hot prior to foam application (see 
Section 5.1.1). Foam hitting this, appeared to bounce off and 
impact heavily on to the burning fuel. 
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When 	applying foam via the cool frontplate, the foam immediately 
adhered to the surface of the plate and flowed gently, with low 
velocity, on to the surface of the fuel. 

In addition to these points, the foam stream was applied to the 
backplate after travelling through flame, and thi-s may have 
affected the performance of the foam. Foam did not travel 
through flame when applied via the front plate. 

Due to the late extinction or non-extinction of the majority of 
the petrol fire tests, burnback tests were generally either 
performed late or not at all and so there are not enough results 
to allow adequate comparisons of burnback performance to be made. 

5.4 	 Fires Involving Lead Free Petrol - Comparisons with Large 
Scale Fire Tests 

The medium scale fire tests carried out during this work, 
involved the same fuels as used during the large scale lead-free 
petroleum fires (Reference 5). 

The 90% extinction times achieved during the medium scale tests 
showed similar trends to those aChieved during the large scale 
tests. In both sets of tests, AFFF and FFFP foam concentrates 
achieved quick 90% extinction times when used against each of the 
three lead-free petrol formulations tested (see Section 2.6.1). 

100% extinctions could not be achieved during the medium scale 
f ire tests when using either AFFF or FFFP foam concentrates. 
This was due to small flames remaining around the tray edge. 
These flames could not be extinguished with the fixed foam 
branchpipe used during these tests. However, comparisons of the 
100% extinction times achieved during the large scale tests with 
the 99% extinction times achieved during the medium scale tests 
again show similar trends for AFFF and FFFP foam concentrates 
with good performances on all three lead-free petrol formulations 
tested. 

During the medium scale fire tests, it was only possible to test 
FP against the lead-free fuel containing no oxygenates (FEU 1). 
During this test, FP gave much longer times to 90% and 99% 
extinction when compared with those achieved by AFFF or FFFP. 
However, it did achieve extinction. This trend for longer 
control times when using FP was also noted during the large scale 
fire tests. 

Only one burnback test could be performed during the medium scale 
fire tests, consequently, it is not possible to compare the 
burnback performances of the medium and large scale fire tests. 
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5.5 Burnback-Only Tests 

5.5.1 General 

The same lead-free petrol (with no oxygenates) as used during the 
large scale petroleum fires carried out during. May 1992 
(Reference 3) was used during these tests. During the large 
scale trials, four burnback-only tests were carried out to assess 
a burnback test which involved foam being appl ied to a fuel 
surface which had not been previously ignited (see Section 
2.8.2) . The foams used during the large scale tests were 
AFFF(1), FFFP(1) and FP(1). 

In order to assess this burnback-only test on a smaller scale, 
12 burnback-only tests have been carried out during these medium 
scale trials. 

5.5.2 Medium Scale Fire Tests 

During these medium scale tests, foam was applied using both the 
forceful and the gentle foam application methods to the surface 
of lead-free petrol. 

The results of the tests indicate that a considerable amount of 
contamination of the foam blankets occurred after forceful 
application for each of the foams tested. No observable 
contamination occurred during gentle application of the foams. 

During each of the forceful application burnback-only tests, 
AFFF(1) applied for 1 and 2 minutes, and FP(2) applied for 2 
minutes, produced severe flares of at least 75% of the foam 
blanket surface. 

For FFFP(l), AFFF-AR(1) and FFFP-AR(1), where foam was applied 
for 2 minutes, the areas of foam blanket involved in flare-ups 
were between 10% and 30% of the tray area. However, these were 
still very severe fires. 

Doubling the forceful foam application time for AFFF(1) greatly 
increased the time before which the maximum flare occurred and 
increased the burnback time by over 30%. 

FP(1) gave the best burnback performance with a time that was 
more than twice that achieved by AFFF(1). The other foams all 
gave burnback times that were significantly shorter than that 
achieved by FP(1) but significantly longer than that achieved by 
AFFF(1). 

The gentle application tests gave 25% burnback times for all 
foams that were significantly longer than the times achieved 
during the forceful application tests. Again, FP(1) gave the 
best burnback performance. 
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5.5.3 Comparison with Large Scale Fire Tests 

During the large scale burnback-only tests, foam was applied as 
gently as possible but impacted directly on to the surface of the 
petrol. During the medium scale tests, the foams were applied 
using the forceful and gentle methods. 

The burnback results of the large and medium scale tests show 
broadly similar trends. In all cases, the ranking orders are the 
same. AFFF(l) (applied for one minute) gives the worst 25% 
burnback performance with increasingly better performances being 
achieved by AFFF(l), FFFP(l) and FP(l) (all applied for two 
minutes) . FP(l) gave burnback times that were significantly 
better than the other foams tested. 

The burnback times achieved during the medium scale fire tests 
were significantly longer than those achieved during the medium 
scale tests. 

In general, it took longer to reach the maximum flare-ups during 
the medium scale tests than it did during the large scale tests. 
However, the maximum flare areas achieved during the medium scale 
tests were either similar or much greater than the flare-ups 
recorded during the large scale fire tests. 

It must be remembered however that for all of the burnback-only 
tests, only one test was performed for each condition. 
Consequently, the repeatability of this type of test has not been 
assessed. 

I 
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6. CONCLUSIONS 

The fire tests described in this report were relatively small in 
size, they were performed indoors, under controlled conditions 
and used a laboratory type foam branchpipe. Consequently, care 
must be taken in applying these conclusions. to other 
circumstances. I
The majority of the medium scale fire tests carried out during 
this work employed the equipment and methods contained within the 
draft CEN and ISO standards for low expansion foam concentrates. 
Although these standards are liable to further change, it is 
unlikely that there will be any changes to these fire test 
methods or the equipment used. 

Analysis of the results from these fire tests have highlighted 
the following serious weaknesses in the proposed ISO and CEN 
standard fire tests: 

1. 	 The fire tests do not adequately distinguish between the 
performance of foam concentrates when used at either full 
or half of their recommended concentration. Even I 
increasing the area of the fire tray by over 25%, and hence 
reducing the foam application rate, did not significantly 
improve the discrimination provided by these fire tests. 

2. 	 The gentle application fire test is unfairly biased against 
FFFP and FFFP-AR foam concentrates. AFFF and AFFF-AR foam 
concentrates aChieved quick extinctions while the FFFP and 
FFFP-AR extinction times were significantly slower due to 
flame flicker. FFFP and FFFP-AR foam concentrates 
performed as well as AFFF and AFFF-AR during the forceful 
application fire tests and during fires involving petrol. 

3. 	 The fuel used during the fire tests, heptane, is 
considerably easier than petrol to extinguish. Fire tests 
involving petrol were only occasionally extinguished by 
foams during this work. Heptane was easily extinguished by 
most foams, even when some of them were used at half of 
their recommended concentration. Consequently, the 
performance of foam concentrates during the proposed ISO 
and CEN standard f ire tests cannot be reI ied upon to 
predict performance against fuels likely to be encountered 
by the fire service. 

A further report will be issued once the ISO and CEN standards 
have been issued. It is intended that this further report will 
compare the firefighting performance of foams during these medium 
scale fire tests with their performance during large scale fire 
tests. It is hoped that advice can then be given on how the UK 
Fire Service should interpret the ISO and CEN standards in order 
to ensure that they continue to purchase good quality foam 
concentrates. 
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NOTES 

1. 	 Esso Solvent 50 (also known as EXX801 Heptane) 

2. 	 Drawings for the UNI86 foam making branchpipe 
and Appendix B. Alternatively, they can be 
Caravaggi 9, 1-24040 Levate BG, Italy. One of 
FEU during 1991 at a cost of £200. 

3. 	 Stainless steel piezometer tube. Made to FEU 
Pressure Delivery Pipe (Adf1ow Coupling). 

4. 	 RS Components Limited, Corby, Northants. 
Pressure sensor, RKC model PRT/AF4. 

5. 	 RS Components Limited, Corby, Northants. 
Digital pressure indicator type 646-763. 

are given in Appendix A 
supplied .by SABO, Via 
these was purchased by 

drawing FEU-4-028, High 

6. 	 Adflow International Limited, Bath Road, Woolhampton, Reading Berks. 
3/4" Adf1ow-'C' type hermaphrodite couplings. 

7. 	 When the UNIS6 branch purchased form SABO was operated at 11.4 litres 
per minute using this configuration, it too operated in the pressure 
range of 6.4 to 6.9 bar. 

8. 	 Medtherm type 64-1-20 radiometers were found to meet the requirements 
specified within the draft standards. In particular they gave the 
required 60\ utilisation of the nominal range of measurement during 
preburn4 Medtherm type 64-10-20 radiometers were normally used for the 
secondary pair of radiometers, however these did not satisfy the 
utilisation of nominal range criteria. 

9. Autometric Pumps Limited, Turkey Court, Ashford Road, Maidstone, Kent,

I ME14 5PP. Model GP 1/2/125/E. 

10. 	 Endress and Hauser Limited, Ledson Road, Manchester. 
15mm flowmeter type Picomag. 

11. 	 Dunlop Limited, Hose Division (Midland Region), Building 33, Penareth 
Trading Estate, Kingswindford, West Midlands, DY6 7PD. Dunlop "Gacord
26", 19mm bore hose. 

12. 	 Comark, Rustington, Sussex. 
Intrinsically safe Ni-Cr/Ni-A1 thermometer, Type 3006. 

13. 	 PRT thermometer 

14. 	 Maine Engineering, Howe Park, Kings Langley, Herts. 
Model SD1200L. This company no longer makes these clocks. 

15. 	 Sony (UK) Limited, Sony House, South Street, Staines, Middlesex. Video
S CCD-VSAF-E and Video-S Pro CCD VIOOE. 

16. 	 The time taken for 25\ of the area of the foam blanket to be completely 
eroded by flames to reveal burning fuel below was recorded by observers 
as the 25\ burnback time. Times to 50\ and 100\ burnback (by area) were 
also recorded. 

I 
Radiometers were also used for recording burnback progress. For these, 
the time taken for the radiated heat to reach 2S\ of its preburn level 
was recorded as the 25% burnback time. Times to 50% and 100\ burnback 
(by radiated heat) were also recorded. In all cases, timing commenced 
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I from the ignition of the fuel in the burnback pot. 

Our ing these tests, the burnback times recorded by observers and 
obtained from the radiometers were very similar. The radiometer results 
are generally quoted in this report. 
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I FEU CODE 
I 

TRADE NAME 

I 
MANUFACTURER 

INAME 

AFFF (1) Lightwater FC 203 3M Chemicals Division, 
Manchester 

AFFF( 2) Tridol-S Angus Fire Armour Limited, 
Thame, Oxfordshire 

AFFF-AR (1) Lightwater ATC FC 
600 

3M Chemicals Division, 
Manchester 

AFFF-AR(2) Universal Chubb Fire Engineering, 
High Wycombe 

FFFP( 1) Petroseal Angus Fire Armour Limited, 
Thame, Oxfordshire 

FFFP(2) centrifoam 903 Croda Kerr Limited, Kirkby, 
Liverpool 

FFFP-AR( 1) Alcoseal Angus Fire Armour Limited, 
Thame, Oxfordshire 

FFFP-AR(2) Centrifoam A936 Croda Kerr Limited, Kirkby, 
Liverpool 

FFFP-AR(3) Alcoseal 3x3 Angus Fire Armour 
Limited,Thame, Oxfordshire 

FP (1) FP70 Angus Fire Armour Limited, 
Thame, Oxfordshire 

FP(2) Plus-F Chubb Fire Engineering, 
High Wycombe 

FP (3) Sabo 
Fluoroprotein 

Sabo, Italy 

P(l) Nicerol-HC Angus Fire Armour Limited, 
Thame, Oxfordshire 

P (2) Pro foam 803 Croda Kerr Limited, Kirkby, 
Liverpool 

S (1) Expandol Angus Fire Armour Limited, 
Thame, Oxfordshire 

S (2) Hex S Chubb Fire Engineering, 
High Wycombe 

TABLE 1 : Details of Foam Concentrates Used 
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Test No. I 2 3 4 5 6 

Date 1916190 2216190 2816190 2816190 1217190 1217190 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UNI86 

Foam AFFF(I) AFFF(I) AFFF(I) FP(I) FP(I) FP(I) 
Concentrate 3% 3% 3% 3% 3% 3% 

Concentration 3% 3% 3% 3% 3% 3% 
Used 

Fuel Heptane Heptane Heptane HeptaDe Heptane Heptane 

Foam Forceful Forceful Forceful Forceful Forceful Forceful 
Application 
Method 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.7 6.8 6.8 6.8 6.8 6 .9 

Foam Solution 17 18 20 19 20 19 
Temp ('C) 

Water Base 17 15 19 19 19 20 
Temp ('C) 

Fuel Temp ('C) 15 16 19 19 19 20 

Air Temp ('C) 10 10 13 13 16 19 

Foam Temp ('C) 17 -- I 18 17 19 19 

Expansion Ratio 11.2 11.4 11.2 7 .8 7.8 8 .1 

25% Drainage 3m 44s 3m 46s 3m 35s 4m 59s 5m 15s 5m 2s 
Time 

90% Extinction 40s 40s 40s 2m 14s 2m 29s 2m lIs 

99% Extinction 44s 48s 45s 3m 10s 3m 9s 3m 5s 

100% Extinction Im lIs Im 4s Im 12s Ilm 18s 9m 19s 8m 32s 

Burnback Start 9m 9m 9m 12m3 11 m' 10m' 
Time' 

25 % Burnback' 7m 39s 5m 28s IOm 55s 9m 8s IOm 2s Ilm 3s 
(36s) (40s) (I m 55s) (--) (--) (--) 

Foam 3m 3m 3m 3m 3m 3m 
Application 
Period 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 

Heptane - in Chronological Order 
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Test No. 7 8 9 10 II 12 

Date 1717190 1717190 1717 /90 18nt90 ISI7I90 2317190 

Branch UNI S6 UNI S6 UN) S6 UNI S6 UN) S6 UN) S6 

Foam 
Concentrate 

FFFP(l) 
3% 

FFFP(I) 
3% 

FFFP(l) 
3% 

FFFP·AR(l) 
3% 

FFFP-AR(I) 
3% 

FFFP
AR(!) 3% 

Concentration 
Used 

3% 3% 3% 3% 3% 3% 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Foam 
Application 
Method 

Forceful Forceful Forceful Forceful Forceful Forceful 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.9 6 .S 6.S 6.7 6.6 6.7 

Foam Solution 
Temp (OC) 

17 19 17 17 17 17 

Water Base 
Temp (OC) 

19 20 20 19 19 20 

Fuel Temp (OC) 19 20 20 19 20 20 

Air Temp (0C) 17 20 20 IS 20 IS 

Foam Temp (OC) IS 19 19 IS 19 IS 

Expansion Ratio 9.3 9.6 9.5 S.3 S.2 S.2 

25% Drainage 
Time 

3m 375 3m 375 3m 45s 5m lis 4m 49s 4m 4Ss 

90% Extinction 46s 51s 43s 5Ss 59s 49s 

99% Extinction Im 10s Im 30s Im 40s 3m Is 3m Is 2m 5Ss 

100% Extinction Im 29s Im 45s Im 55s 3m ISs 3m ISs 3m 19s 

Burnback Start 
Time' 

9m 9m 9m 9m 9m 9m 

25% Burnback' Dm Is 
(Im 225) 

12m ISs 
(Im) 

12m IOs 
(54s) 

Srn 53s 
(Im Ss) 

Srn 39s 
(Im Ss) 

Srn 13s 
(Im9s) 

Foam 
Application 
Period 

3m 3m 3m 3m 3m 3m 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 
Heptane - in Chronological Order (continued) 
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I Test No. 13 14 15 16 17 18 

Date 2317190 2317190 2417190 2417190 2417190 2617190 

Branch UNl86 UNI86 UNI86 UNI86 UNI86 UNI86 

Foam 
Concentrate 

FFFP
AR(I) 3% 

FFFP-AR(I) 
3% 

FFFP
AR(I)3% 

FFFP(I) 
3% 

FFFP(I) 
3% 

AFFF
AR(I) 3 % 

Concentration 
Used 

3% 3% 3% 3% 3% 3% 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Foam 
Application 
Method 

Gentle Gentle Gentle Gentle Gentle Forceful 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.7 6.7 6.6 6.8 6.7 6.7 

Foam Solution 
Temp ('C) 

17 17 17 17 18 18 

Water Base 
Temp ('C) 

20 20 18 19 19 18 

Fuel Temp ('C) 19 20 19 19 19 19 

Air Temp ('C) 19 20 17 19 20 18 

Foam Temp ('C) 19 19 19 19 19 19 

Expansion Ratio 8.5 8.3 8.4 9.4 9.7 5.9 

25% Drainage 
Time 

4m 40s 4rn 41s 4m 37s 3rn 18s 3rn 33s Srn 7s 

90% Extinction Im 27s Im IOs Irn 2s 39s 40s 43s 

99% Extinction 2m 30s Im 50s Im 43s Im 27s Im 34s Im 23s 

100% Extinction 7rn 58s 5m 59s 13m 24s 12m Is 12m 22s Irn 39s 

Burnback Start 
Time' 

Ilm Ilrn 16m' 16m' 16rn' 9rn 

25% Bumb.ck' 13rn 30s 

H 
14m 39s 

H 
Ilm 52s 
H 

13m 53s 
H 

ISm 53s 

H 
14m 25s 
H 

Foam 
Application 
Period 

Srn 5m Srn Srn Srn 3m 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 

Heptane - in Chronological Order (Continued) 
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Test No. 19 20 21 22 23 24 

Date 2617190 2617190 3017190 3017190 2/8/90 11 /9 /90 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UN! 86 

Foam 
Concentrate 

S(J) 
3% 

P(J) 
3% 

FFFP·AR(I) 
3% 

AFFF-AR(J) 
3% 

AFFF(I) 
3% 

FP(1) 
3% 

Concentration 
Used 

3% 3% 3% 3% 3% 3% 

Fuel Heptane Heptane Heptane HeptaDe Heptane HeptaDe 

Foam 
Application 
Method 

Forceful Forceful Gentle Gentle Forceful Gentle 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.7 6.7 6.7 6.7 6.8 6.9 

Foam Solution 
Temp (OC) 

18 18 17 17 18 16 

Water Base 
Temp (OC) 

19 19 20 20 18 17 

Fuel Temp (0C) 19 20 20 19 19 17 

Air Temp (OC) 19 20 18 19 20 15 

Foam Temp (0C) 20 20 20 20 20 16 

Expansion Ratio 11.4 7.8 8.2 6.5 11.8 7.8 

25% Drainage 
Time 

6m 348 4m 49s 4m 34s 4m 528 3m 338 5m 158 

90% Extinction 55s 2m 438 lm 28 598 46s Im 48 

99% Extinction 2m 41s 3m lIs Im 558 Im 9s 568 Im 57s 

100% Extinction No' 7m 408 13m 35s 3m 14s Im 3s 3m 10s 

Burnback Start 
Time' 

None6 12m' 18m' Ilm 9m llm 

25 % Burnback' None' 12m 9s 
H 

9m 388 
H 

14m 458 
H 

8m 58s 
(Im 338) 

28m 58s 

H 

Foam 
Application 
Period 

3m 3rn 5rn 5m 3m 5rn 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 

Keptane - in Chronological Order (continued) 
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I Test No. 25 26 27 28 29 30 

Date 11 /9/90 11 /9/90 12/9/90 12/9/90 12/9/90 12/9/90 

Branch UNI86 UNI 86 UNI86 UNI86 UNI86 UN I 86 

Foam P( I) AFFF(t) S( I) FP(2) FP(2) AFFF(2) 
Concentrate 3% 3% 3% 3% 3% 3% 

Concentration 3% 3% 3% 3% 3% 3% 
Used 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Foam Genlle Gentle Genlle Forceful Gentle Gentle 
Application 
Method 

Flow (Ipm) I 1.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.8 6.8 6.7 6.8 6.8 6.7 

Foam Solution 16 17 16 16 16 16 
Temp ('C) 

Water Base 17 17 17 17 17 17 
Temp ('C) 

Fuel Temp ('C) 18 18 18 19 18 18 

Air Temp ('C) 16 17 IS 16 17 18 

Foam Temp ('C) 17 17 17 18 18 18 

Expansion Ratio 8.0 11.2 11.4 8.S 8.8 11.4 

25% Drainage Srn 30s 3m 33s 6m S8s Srn 28s Srn 31s <3 m 
Time 

90% Extinction Im 2s 4Ss Irn 6s Im 44s Im 14s 44s 

99% Extinction Irn 56s 59s Im 42s 3m 10s 2m 32s Im 32s 

100% Extinction 2rn 34s Irn 34s 6m 38s 3rn 36s 5rn 29s 2m 14s 

Burnback Start llrn Ilm Ilm 9rn llm I l rn 
Time' 

25% Burnback' 26m 6s 12m 14s 9m 32s Ilm 14s 26m 4s 12m 42s 
(-) (..) (-) H (--) H 

Foam 5m 5m Srn 3rn 5m 5m 
Application 
Period 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 

Heptane - in Chronological Order (Continued) 
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Test No. 31 32 33 34 35 36 

Date 13/9/90 13 /9/90 13/9190 IS/9190 IS/9190 IS/9190 

Branch UNlS6 UNI86 UNI S6 UNI S6 UNI86 UNIS6 

Foam 
Concentrate 

AFFF(2) 
3% 

FP(3) 
6% 

FP(3) 
6% 

FP(3) 
6% 

FFFP(2) 
3% 

FFFP(2) 
3% 

Concentration 
Used 

3% 6% 6% 6% 3% 3% 

Fuel Heplane Heplane Heptane Heptane Heptane Heptane 

Foam 
Application 
Method 

Forceful Forceful Gentle Forceful Forceful Gentle 

Flow (lpm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.7 6.S 6.S 6.7 6.S 6 .S 

Foam Solution 
Temp (' C) 

16 16 16 16 16 16 

Water Base 
Temp (' C) 

IS 17 16 17 IS 20 

Fuel Temp rC) 19 IS IS 16 17 IS 

Air Temp ('C) 15 17 17 14 16 16 

Foam Temp ('C) IS IS IS 17 17 17 

Expansion Ratio 11.6 7.2 8.4 8.5 10.3 10.2 

25% Drainage 
Time 

3rn 14s Srn 13s Srn 46s Srn 46s 3rn 2S5 3rn 35s 

90% Extinction 42s 3rn 2s Irn lis 3m 2s 4Ss 44s 

99% Extinction Im 14s No' 2m 43s 3m Ss 55s 2m 14s 

100% Extinction Im 31s No' 3m Ss No' Im 49s No' 

Burnback Start 
Time' 

9m None6 IIrn None6 9m None' 

25 % Burnback' 7m 12s 
(lm 13s) 

None6 30rn 22s 

H 
None6 13m 17s 

H 
None6 

Foam 
Application 
Period 

3m 3m Srn 3rn 3m Srn 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray andI Heptane - in Chronological Order (Continued) 
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Test No. 37 38 39 40 41 42 

Date 11110/91 11110/91 11110/91 14110/91 14/ 10/9 1 14110/91 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UNI86 

Foam 
Concentrate 

AFFF(I) 
3% 

AFFF(I) 
3% 

AFFF(I) 
3% 

AFFF(2) 
3% 

AFFF(2) 
3% 

AFFF-AR(2) 
3% 

Concentration 
Used 

3% 2% 1.5% 2% 1.5% 3% 

Fuel Heptane Heptane Heptane Heptane Heptane Heptan. 

Foam 
Application 
Method 

Forceful Forceful Forceful Forceful Forceful Forceful 

F10w (lpm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.5 6.5 6.5 6.5 6.5 6.5 

Foam Solution 
Temp (OC) 

16 17 17 17 17 17 

Water Base 
Temp (OC) 

20 19 20 17 19 19 

Fuel Temp (OC) 20 20 20 17 19 18 

Air Temp ("C) 13 14 15 I1 12 12 

Foam Temp (OC) 16 17 18 16 16 17 

Expansion Ratio 11.3 10.5 8.8 11.0 9.5 7.6 

25% Drainage 
Time 

3m 45s 3m 12s 2m 47s 2m 55s 2m 05s 8m 35. 

90% Extinction 41s 47. 45s 41s 50s 46. 

99% Extinction 47s Im Os Im 21s Im 16. Im 51s Im O9s 

100% Edinction 58. Im 34s Im 57s Im 41s 2m 15s Im 29s 

Burnback Start 
Time' 

9m 9m 9m 9m 9m 9m 

25% Burnback' IOm 42s 
(Im 52.) 

9m 42s 
(I m) 

Ilm 05. 
(36s) 

8m 13. 
(Im 21s) 

8m 10. 
(Im 55) 

16m 48s 

H 

Foam 
Application 
Period 

3m 3m 3m 3m 3m 3m 

TABLE 2 : Results of Fire Tests - 4_5m2 Fire Tray and 

Heptane - in Chronoloqical Order (Continued) 
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Test No. 43 44 45 46 47 48 

Date 14/ 10/91 14/10191 16/10/91 16110/91 16110/91 16/10/91 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UNI86 

Foam 
Concentrate 

AFFF
AR(2) 3% 

AFFF· 
AR(2) 3% 

AFFF
AR(I) 3% 

AFFF
AR(l) 3% 

FFFP(I) 
3% 

FFFP(I) 
3% 

Concentration 
Used 

2% 1.5% 2% 1.5% 2% 1.5% 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Foam 
Application 
Method 

Forceful Forceful Forceful Forceful Forceful Forceful 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.5 6.5 6.5 6 .5 6.5 6.5 

Foam Solution 
Temp ("C) 

16 17 17 16 16 17 

Water Base 
Temp ("C) 

20 20 18 20 20 20 

Fuel Temp ("C) 20 20 19 20 20 20 

Air Temp ("C) 13 13 11 12 13 13 

Foam Temp ("C) 17 19 17 16 16 17 

Expansion Ratio 4.3 3.6 6.5 4.3 7.5 6.0 

25 % Drainage 
Time 

4m 30s 2m 47s 3m 45s 2m 37s 2m 47s 2m 02s 

90% Extinction 51s Im 55s 47s 57s 56s Im 18s 

99% Extinction 2m 04s 3m Os Im 33s 2m 22s 2m 16s 3m 2s 

100% Extinction 2m 2Is No' 2m 10s 3m Ols 3m 03s 3m 14s 

Bumback Start 
Time' 

9m None6 9m 9m 9m 9m 

25% Bumback' 15m 40s 
(--) 

None6 I3m 06s 
(--) 

IOm 14s 
(--) 

7m 54s 
(Im30s) 

7m 465 

H 

Foam 
Application 
Period 

3m 3m 3m 3m 3m 3m 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 
Heptane - in Chronological Order (Continued) 
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Test No. 49 5(j 51 52 51' 54 

Date 16/10/91 18/10/91 18/10/91 1811019 1 18/10/91 21110/91 

Branch UNI86 UNl86 UNI86 UNI86 UN186 UN] 86 

Foam 
Concentrate 

AFFF(I) 
3% 

AFFF(l) 
3% 

AFFF(I) 
3% 

AFFF(l) 
3% 

FFFP(l) 
3% 

FFFP(I) 
3% 

Concentration 
Used 

2% 1.5% 1.5% 3% 2% 2% 

Fuel Heptane Heprane Heptane Heptane Heptane Heptane 

Foam 
Application 
Method 

Gentle Gent/e Gentle Gentle Cent/e Gentle 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.5 6.5 6.5 6.5 6.5 6.6 

Foam Solution 
Temp ('C) 

16 16 16 16 16 17 

Water Base 
Temp ('C) 

19 17 19 19 17 18 

Fuel Temp ('C) 19 16 17 18 18 18 

Air Temp ('C) 14 10 II 11 11 10 

Foam Temp (.C) 17 15 15 15 15 16 

Expansion Ratio 10.1 7.4 8.7 11.2 7.6 8.2 

25% Drainage 
Time 

3m 135 1m 3&' 2m 475 3rn 585 1111 57s' 2m 585 

90% Extinction 515 1m 15s' Im 275 435 3m 09s8 Im 145 

99% Extinction Im 105 1III 52..' 2m 255 Im 105 No' 2rn 385 

100% Extinction Im 295 2m 56s' 2m 435 Im 385 No' 8rn 2 15 

Burnback Start 
Time' 

Ilm 11m Ilrn 11m None8 llrn 

25% Burnback' 14m 185 

H 
8m 20/ 

H 
12rn 515 
H 

14rn 035 

H 
None8 

(--) 
15m 365 
(--) 

Foam 
Application 
Period 

5rn 5m 5rn 5rn 5m 5rn 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 
Heptane - in Chronoloqieal Order (Continued) 
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Test No. 55" 5(/ 51 51f 5cj' 60 

Date 23/ /0/91 23/ /0/91 23/ 10/91 23/ /0/91 23/ /0/91 30/10191 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UNI86 

Foam AFFF(I) AFFF(I) FFFP(l) FFFP(l) FFFP-AR(I) AFFF(2) 
Concentrate 3% 3% 3% 3% 3% 3% 

Concentration 3% 3% 3% 3% 3% 2% 
Used 

Fuel Replane Replalle Replane Heptane Heprane Heptane 

Foam Forceful Gemle Gentle Forceful Gentle GeDlle 
Application 
Method 

Flow Opm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.5 6.5 6.5 6.5 6.5 6.5 

Foam Solution 17 17 16 17 16 16 
Temp (OC) 

Water Base 10' 12' 12' 12' 12' 18 
Temp rC) 

Fuel Temp (.C) If cj' cj' 10' cj' 18 

Air Temp (OC) cj' cj' cj' cj' cj' 10 

Foam Temp (0C) 14 14 15 15 15 14 

Expansion Ratio 11.5 10.9 9.8 9.5 8.1 10.8 

25% Drainage 4m OOs 3111 5& 4111 15s 4m 03s 5m OOs 2m 518 
Time 

90% Extinction 41s 40s 50s 45s Im 29s Im 178 

99% Extinction 42s Im 17s 2m 59s 1111 12s 4m 25s 2m 318 

100% Extinction lm 7$ Im 315 4m 17s Im 47s 6m 06s 2m 568 

Bumback Start 9m IIm IIm 9m IIm Ilm 
Time' 

25% Bumback' IOm 53s 15m 34s 18m 515 12m 49s 13m 02s 12m 338 
H 

Foam 3m 5m 5m 3111 5m Srn 
Application 
Period 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 

Heptane - in Chronological Order (Continued) 
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Test No. 61 62 63 64 65 66 

Date 30/ 10/91 30110/91 30/ 10/91 30/ 10/91 1111191 1111 /91 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UNI86 

Fown AFFF-AR FFFP-AR FFFP-AR AFFF-AR FFFP(2) FFFP(2) 
Concentrate (I) 3 % (2) 3% (2) 3% (2) 3% 3% 3% 

Concentration 2% 3% 3% 3% 2% 3% 
Used 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Fown Gentle Forceful Gentle Gentle Gentle Gentle 
Application 
Method 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.4 6.5 6.5 6.4 6.6 6.6 

Foam Solution 16 15 17 16 16 17 
Temp (0C) 

Water Base 19 18 19 17 17 19 
Temp (0C) 

Fuel Temp ("C) 19 16 18 17 17 19 

Air Temp ("C) 11 12 12 11 11 12 

Foam Temp ("C) 16 15 17 15 16 16 

Expansion Ratio 4.9 8.7 6.2 7.4 7.3 10.0 

25% Drainage 3rn 105 6m 005 2m 465 9m 155 2m 285 3rn 30s 
Time 

90% Extinction Im 265 50s Im 305 Im 085 Irn 245 565 

99% Extinction 3m 245 2m 03s 2rn 485 2rn 115 3rn 315 2m lIs 

100% Extinction 4rn 475 2rn 07s 5rn 25s 3m 36s 5rn 255 12m 48s 

Burnback Start Ilm 9rn 11rn 11m 11rn 17m' 
Time1 

25% Burnback< 16rn 52s Ilm 495 18m 555 19rn 295 16rn 31s 14m 31s 

H H (-) (-) H H 

Fown 5m 3m 5rn 5rn 5rn 5m 
Application 
Period 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 

Beptane - in Chronological Order (continued) 
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Test No. 67 68 69 70 71 72 

Date 1111191 1111191 29/9/92 29/9/92 29/9/92 29/9/92 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UNI86 

Foam 
Concentra te 

FFFP(2) 
3% 

AFFF-AR(2) 
3% 

P(2) 
3% 

P(2) 
3% 

5(2) 
3% 

5(2) 
3% 

Concentration 
Used 

2% 2% 3% 3% 3% 3% 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Foam 
Application 
Method 

Forceful Gentle Forceful Gentle Forceful Gentle 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.6 6.5 6.9 6.8 6.9 6.8 

Foam Solution 
Temp ("C) 

17 19 18 19 19 18 

Water Base 
Temp ("C) 

19 19 15 17 19 18 

Fuel Temp ("C) 19 19 16 18 18 19 

Air Temp ("C) 12 12 15 16 17 17 

Foam Temp ("C) 16 18 19 20 19 18 

Expansion Ratio 7.9 4.1 8.3 8.5 11.5 11.3 

25% Drainage 
Time 

2rn 325 4rn 165 5rn 155 5rn 175 8rn 205 8rn 305 

90% Extinction 555 Irn 095 Irn 585 Irn 35 435 Irn 55 

99% Extinction Im 505 3rn 175 3rn 65 2rn 135 No' Irn 375 

100% Extinction 2m 185 4rn 325 Nolo 4m No' Irn 465 

Bumback Start 
Time' 

9rn 11 m 9rn 11 m None6 11 m 

25% Bumback' 9rn 285 
(lrn 185) 

20rn 145 
(--) 

llrn 75 
(--) 

24rn 535 
(--) 

None6 IOrn40s 
(--) 

Foam 
Application 
Period 

3rn 5rn 3rn 5rn 3rn 5rn 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 
Heptane - in Chronological Order (Continued) 
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Test No. 73 74 75 76 77 7S 

Date 30/9/92 30/9/92 30/9/92 30/9 /92 1110192 1110192 

Branch UNI S6 UNI S6 UNI S6 UNl S6 UN[ S6 UNl S6 

Foam 
Concentrate 

FFFP
AR(1) 3 % 

FFFP
AR(1) 3% 

FFFP
AR(I) 3% 

FFFP
AR(I)3% 

FFFP
AR(2) 3 % 

FFFP
AR(2) 3% 

Concentration 
Used 

2% 2% 1.5% 1.5% 2% 2% 

Fue[ Heptane Heptane Heptane Heptane Heptane Heptane 

Foam 
Application 
Method 

Forceful Gentle Gentle Forceful Forceful Gentle 

Flow (Jpm) [1.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.S 6.S 6.S 6.S 6.9 6.9 

Foam Solution 
Temp ('C) 

IS IS IS [9 [7 [9 

Water Base 
Temp ('C) 

17 17 19 19 17 [S 

Fuel 
Temp ('C) 

[S 17 19 19 17 17 

Air 
Temp ('C) 

[5 15 16 17 14 15 

Foam 
Temp ('C) 

[S IS 19 19 IS 19 

Expansion Ratio 5.2 5.7 4.3 4.3 5.6 5.3 

25% Drainage 
Time 

3m 35 3m 335 2m 14s 2m [Ss 4m [3s 4rn 

90% Extinction 45s Im Im 40s [m 7s [m [25 2m 27s 

99% Extinction 3rn 2s 3m 54s 6m 3m 4s 3m 2s 6rn 15s 

100% Extinction 3m 15s 4m 47s Srn [2s 3m 135 3m 9s Nolo 

Burnback Start 
Time' 

9m [[m Urn 9m 9m [[rn 

25% Burnback' Srn 15s 
(--) 

16rn 56s 

H 
ISm 16s 
(--) 

8rn 25 
( --) 

9m 42s 
(--) 

6rn 35s 

H 

Foam 
Application 
Period 

3rn Srn Srn 3rn 3rn Srn 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 
Heptane - in Chronological Order (continued) 
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Test No. 79 SO SI S2 S3 S4 

Date 1/10/92 1/10/92 1/10/92 2/10/92 2/10/92 2/10/92 

Branch UNI S6 UNI S6 UNI86 UNI S6 UNI S6 UNI S6 

Foam FFFp·AR(2) FFFP·AR(2) FFFP(2) FFFP(2) FFFP(l) AFFF(2) 
Concentrate 3% 3% 3% 3% 3% 3% 

Concentration 
Used 

1.5% 1.5% 1.5% 1.5% 1.5% 1.5% 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Foam Forceful Gentle Forceful Gentle Gentle Gentle 
Application 
Method 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.S 6.S 6.S 6.9 6.S 6.S 

Foam Solution 
Temp ("Cl 

IS IS IS 17 IS IS 

Water Base 
Temp ("C) 

19 IS 19 16 IS 19 

Fuel 
Temp ('C) 

IS IS IS 16 IS IS 

Air 
Temp ('C) 

16 16 17 14 14 15 

Foam 
Temp ('C) 

19 19 19 IS IS IS 

Expansion Ratio 4.3 4.2 5.4 5.1 6.4 7.3 

25% Drainage 
Time 

2m 53s 2m 45s 2m 20s 2m 23s 2m 13s 2m 

90% Extinction Im 40s Im 55s 50s 2m 22s Im 9s Im 3s 

99% Extinction 3m 5s 4m 13s 3m 2s 4m 31s 2m 445 2m 

100% Extinction 3m 15s Srn 52s 3m 14s Srn 40s 9m 9s IOm 5Ss 

Burnback Start 
Time' 

9m IIm 9m IIm IIm IIm 

25% Burnback' 7m 3s 14m 3s 6m 52s 15m 15s 15m 23s Ilm Ss 
(--) (--) (--) (--) (--) (-) 

Foam 3m 5m 3m 5m 5m 5m 
Application 
Period 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 
Heptane - in Chronological Order (Continued) 
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Test No. 8S 86 87 88 89 90 

Date 2110/92 7/10/92 14/10/92 14/ 10/92 14/10192 14110/92 

Branch UN! 86 UNI86 UN! 86 UN! 86 UN! 86 UNI86 

Foam AFFF AFFF FFFP- FFFp· FFFP-AR FFFP-AR 
Concentrate AR(I) 3% AR(2) 3% AR(3) 3% AR(3) 3% (3) 3 % (3) 3 % 

Concentration I.S% I.S% 3% 3% I.S% I.S% 
Used 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Foam Gentle Gentle Forceful Gentle Gentle Forceful 
Application 
Method 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.7 6.8 6.8 6.8 6.8 6.8 

Foam Solution 18 16 17 17 17 18 
Temp ('C) 

Water Base 19 IS 17 17 17 18 
Temp ('C) 

Fuel 18 IS 17 IS 18 18 
Temp ('C) 

Air IS II II II 12 12 
Temp ('C) 

Foam 19 16 19 20 20 18 
Temp ('C) 

Expansion Ratio S.3 4.2 8.2 8. 1 4.4 4.1 

25% Drainage 2rn S45 3rn 245 Srn IS5 Srn IOs 2rn 9s 2m 125 
Time 

90% Extinction Im 18s 3rn 20s 445 385 Im 28s Sls 

99% Extinction 2m S9s No' Irn 33s 2rn S4s 4rn 395 3m 3s 

100% Extinction 4m 21s No' Im 355 3rn 395 7m 525 3m 125 

Burnback Start Ilm None6 9m llm Ilm 9m 
Time' 

25% Burnback' 14m None6 13m 16s 20m 8s 18m 4Ss 9m 65 
H (--) H H (--) 

Foam Srn Srn 3rn Sm 3rn Sm 
Application 
Period 

TABLE 2 : Results of Fire Tests - 4.5m2 Fire Tray and 

Heptane - in Chronological Order (continued) 
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NOTES FOR TABLE 2 : (All tests not carried out within the required temperature limits (see note 9 below) 
have been shown in italics in the table) 

1. Measurement not recorded. 

2. Generally. during these fire tests. events happened at the following test limes:

I 97 : 00 All fuel poured into tray 
99 : 00 Gear pump started. foam produced 
00 : 00 Fuel ignited 
01 : 00 Foam application commenced 
04 : 00 Foam application ceased - forceful application 
06 : 00 Foam application ceased - gentle application 
09 : 00 Bumback pot ignited - forceful application 
II : 00 Bumback pot ignited - gentle application 

3. Bumback delayed due to long 100% extinction time. 

4. Figures given without brackets are 25 % bumback limes ignoring flare-ups. figures given within 
brackets are 25 % bumback times which lake into account 25 % flare-ups by area . Flare-ups only 

I occurred after forceful application tests; flare-ups never occurred after gentle application tests. (--) 
means that a 25 % flare-up did not occur during that test. 

Flare-ups are where the foam blanket becomes involved in surface flames during a bumback test. A 
flare-up quickly escalates to involve large areas of the foam blanket and then dies down leaving the 
foam blanket intact. 

5. 100% extinction not achieved. 

6. Test fire not extinguished. no bumback test could be performed. 

7. 99% extinction not achieved. 

I 8. Equipment failure during test, test results not valid, 

I 
9. Test results not included in analysis due to temperatures being below those required by the ISO and 

CEN fire test methods. The required temperatures are :

Fuel temperature 17.5 ± 2.5"C 
Water base temperature 17.5 ± 2YC 
Air temperature 15 ± 5"C 
Foam solution temperature 17.5 ± 2.5'C 

10. 100% extinction not achieved although flames controlled sufficiently to allow bumback test to be 
carried out. 
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F'OAM TYl'E 
AND NORMAL 
USECONC. 

AFFF(I) 3'i1> 

AITF(2) 3'i1> 

AITF-AR(I) 3'i1> 

AFFF-AR(2) 3% 

-

CONC. F'ORCEF1JL ArPLICAnON 

USED 
EXTINCTION 25% BURNBACK 

Test 90% 99% Ext. TUDe or 15% MaJI: flare Time or Mal< Fla... 25% BB 

No. Ext . Ext. 11.,.. aDd Time lSc:. Area Am and (1guores 

RadiomE.'C«5 RadiomKen Fla,.. Tun. flare) 

Obsenod Obsenod Radiometers 

3'i1> I 40, 44, lm lIs -- 20% 44, 36, 4()% 445 7m 395 

2 40, 4h Im 45 --- 20% 51, 40, 50%51, Sm 28s 

3 4(b 45. Im12s ImS!! 36% 2m 9,- Im 55s 90% 2m lilm SS, 

23 46, 56. Im Js Im4h 43 % Im52!1 Im 33s 50% Im 465 8m S8s 

37 4" 47. SSS --- 2J%2m lis Im 52! 50% 2m Ss lilm 42. 

2'i1> 38 47, Im 0. lm 345 - 22% Im 12s Im 80% Im 165 9m 42, 

1.5% 39 45, Im 21& lm 575 --- 18% 43, 36, 90% 45, 1110 Ss 

3'i1> 31 42, lm 14s lm 31s - 24% Im 565 Im 13 5 50~ lm 47s 7m 125 

2% 40 4" lm 165 Im 41s -- 16% lm 448 lm 21s 70% lm 26s 8m Us 

1.5% 41 50, Im 515 2m ISs Im 95 30% lm Us Im 5s 100% Im Sm 10. 
10, 

3% 18 43 , Im 23,- Im 395 - - - 15 % lm 13s 14m 255 

2% 45 47, Im JJs 2m 10. - - 2% 2m 49, - 20% 2m 515 J3m 65 

1.5% 46 57, 2m 22s 310 Is -- - -- 2% 2m li s lilm J4s 

3'i1> 42 46, Im 9, Im 295 - 3% 9m 16. - 20% 9m 16s 16m 48s 

2% 43 51, 2m 411 2m 21s - - - 10% Srn 313 ISm 40s 

1.5% 44 Im SS, 3m Os NE' - - - - NBBT' 

TABLE 3 Results, By Foam concentrate Type, of Forceful Application Tests 
- 4.5m2 Fire Tray and Heptane 
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FOAM TYPE AND 
NORMAL USE 
CONC. 

CONC. 
USED 

FORCEf1JL APPLICATION 

EXTINCTION I 25% BURNBACK 

Test 90% 99% Ext. IUDt"of2S% Mu: flare Time or Mal< Fla.. 25% BB 

I 

No. Ext. Ext. Fla.. 
Radiometel"'5 

and Time 
Radiometers 

25% Area 
Flare 
Observed 

Area and 
TUDe 
O"-"ed 

(Ignores 
Fla..) 
Radiometers 

FFFP (I) 3% 3% 7 46. Im 10s ID! 295 ---- 23%lm32s Im 225 100% lm 36s Bm 15 
8 51, lm 30, ID! 45s lm Ss 39% Im 10s Im 100% Im lOt 12m 185 
9 43. lm 40, 101 SSs 55. 38% Im Is 54. 100% Im 1lD! 10s 

2% 47 56, 2m 16, 3m 35 Im 38s 26% Im 405 Im 30ll 70% Im 395 7m 54s 

1.5% 48 Im 18s 3m 2. JID 145 ---- 2% lm SOs ---- 15%3m50s 7m 46s 

FFFP (2) 3% 3% 

2% 

1.5% 

35 

67 

81 

48. 

55. 

50. 

55. 

Im 50s 

3m 25 

lm 495 

2m 185 

3m 145 

-

-

----

10% Im 40s 

6% Im 16s 

4% 2m 305 

--.

lm IS! 

-----

20% lm 40. 

25% Im 18s 

15% 2m 30t 

l3m 175 

9m 28s 

6m 52, 

FFFP·AR (I) 3% 3% 10 58. 3m Is 3m 18s Im 98 345(, Im 15s Im 8s 100% lm 13s 810 53s 
11 59, 3m Is 3m 18s lm 9s 31% lm )4, Im Ss 100% Im 14, 8m395 

12 49. 2m 58s 3m 195 - 11% Im 13s Im 95 40% Im 13l! 801 135 

2% 73 45, 3m 2s 301 ISs -- - ----- 3% Im 26, 8m ISs 

1.5% 76 lm 1s 3m 4, 3m 135 ._ --- ----- 2% 11. 8m 2s 

FFFP-AR (ll 3% 3% 

2% 

1.5% 

62 

77 

79 

50. 

Im 12s 

Irn 405 

2m 35 

3m 25 

3m 5s 

2m 75 

3w 9s 

3m lSs 

----

--
--_. 

7% lm IS!' 

-

--

-----

_.... 

....-

20%2m 175 

2% 41s 

2%50. 

Ilm495 

9m 42s 

7m 3s 

FFFP-AR (3) 3% 3% 

1.5% 

87 

90 

44, 

51s 

Irn 335 

3m 3, 

Im 3Ss 

3m 125 

._.-

-

3% 4rn 39, 

2% 5rn 12, 

..... 

.... -

20% 4rn 41. 

20% 5rn 12, 

I3ml6s 

9m6s 

Tl'.BLE 3 Results, By Foam Concentrate Type, of Forceful l'.pplication Tests 
4.5m2 Fire Tray and Heptane (Continued) 
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Cl> 

-

fOAM CONC. fORCEFUL APPLICATION 
TVPEAND USED 
NORMAL 
USE 
CONC. 

FP(I) 3'" 3'" 

FP(l) 3'" 3 ... 

FP(3) 6'" 6'" 

P(J) 3% 3'" 

P(2) 3'" 3'" 

S(J) 3% 3 ... 

5(2) 3'" 3'" 

EXTINCTION 2S% BURNBACK 

Teo! 90% 99% Ext rUDe or lS';\ Mu F'Ian:! and TUDe or Mu Flare lS% BB 
No. Ext. Ext. Flare Time lS% Ar.. Areoaad Ogoores 

Radiometen Radiometers Flare Tune nare) 
Obsenerd Obsen-eeI R3diometers 

4 2m 14_ 3m 10, I1m 18, _. - - - 9m 8, 
5 2m 29. Jm 95 9m 19> _. - - -- IOm 2, 
6 2m lh 3m Ss 8m 315 _. - - -  tlm 35 

28 Im 44. 3m 10, 3m 365 _.. - -- 10% Jm llm 14$ 

31 3m 25 NC' NE' - - ._ - NBBTJ 

34 3m 2. Jm Ss NE' _ . - - -- NBBTl 

20 2m43s 3m Ita 1m 40. -_. - - - I2m 9> 

69 Im 58s 3m6s NE' - - .  - NBBTl 

19 55, 2m 415 NE' ._. - --- - NBBTl 

71 43, NC' NE' . _. --- - - NBBTJ 

TABLE 3 Results, By Foam Concentrate Type, oL ForceLul Application Tests 
4.5m2 Fire Tray and Heptane (continued) 
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FOAM TYPE CONC. 
AND NORMAL USED 
USE CONC. 

AFFF(I) 3% 3% 

1% 

1.5% 

AFFF(l) 3% 3% 

1% 

1.5% 

AFFF-AR(I) 3% 3% 

2% 

t.s% 

AFFF-AR(l) 3% 3% 

1% 

t.s% 

GENTLE APPLICATION 

EXTINCTION BURNBACK 

Test 90% 99% Ext. Flickers at Eod of Foam Application Period 2S% BB 

No. Ext. Ext. Time 
Fuel AIl Any Fl.ame Total Any 
Cover Fl.am.. Rema.ini.ng Height Fl.ame IDCrease 
(%) Exl? flames Above Width in 

Within Tray lutensily 
O.lm of Rim Prior 10 
Rim? Burubac.k 

Test? 

26 45, 59, till 34s 100% y" --- ._ - -- 12m 145 

52 43, lm 10s tm 385 100% y" --- -  -  ---- 14m 3s 

49 51, Im 10s Im 293 100% y" - --  - -- 14m ISs 

51 Im 27, 2m 2S, 2m 435 100% y" -- - - - llmSls 

30 44, lm 325 2m 145 100% y" ---- -- -- -- llm 415 

60 Im 175 2m 31s 2m S6s 100% y" -- -- -- - llm 33s 

84 lm 35 2m Os IOm S8, 100% No y" \OOmm 200mm Ye< lIm 8s 

22 59, Im 95 3m 145 100% y" - - - .._ 14m 45s 

61 lm 265 3m 245 4m 475 100% y" -- - -- --. 16m Sls 

85 Im 185 2m 59s 4m 21s 100% y" - - - -- I4m 

64 Im 8s 2m lh 3m 360 100% y., -- - - - I9m 29, 

68 lm 9s 3m 175 4m 325 100% y" - - - - lOm 14, 

86 3m 20, NC' NE' 100% No y" 500mm JOOOmm y" NBBT' 
- --

TABLE 4 Results, By Foam Concentrate Type, ot Gentle Application Tests 
- 4.5m2 Fire Tray and Heptane 
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FOAM TYPE CONC. 
AND NORMAL USED 
USE CONC. 

FFFP(I) 3% 3% 

2% 

1.5% 

FFFP(2) 3% 3% 

2% 

1.5% 

FFFP·AR(I) 3% 3% 

2% 

1.5% 

FFFP·AR(2) 3% 3% 

2% 

1.5% 

FFFP·AR(3) 3% 3% 

1.5% 

- -  - - - 
GENTLE APPLICATION 

EXTINCTION IBURNBACK 

Test 90% 99% Ext. Ftickef"l'i at £Od of foam Applicatioo Period 25% BB 

No. Ext. Ext. Time 
Fuel AD Any flame Total Any 
Cover flames Rema.U:ting Height flame 1Dc...,... 
(%) EXI? Flames Above Width ;D 

Within Tray Intensity 
O.lm of Rim Prior 10 
Rim? Burnback 

Tes..? 

16 39, Im 27, llm Is 100% No NoO.2m 250mm 600mm y" Bm 53, 
17 4Q, Im 34, llm lls 100% No No Q,2m 300mm 1200mm y" 15.. 53s 

54 lm 145 2m 38, Sm lis 100% No y" 150mm 350mm No 15.. 360 

33 lm 9, 2m 44, 9m 9s 100% No y" lOOmm 250mm No ISm 13s 

36 44, lm 145 NE' 100% No No a .2m 200mm 600mm y" NBBT' 

66 56, lm lis I2w4S. 100% No No a.lm IOOmm 150mm y" 14m 31s 

65 Im 245 3m 31s Sm lSs 100% No Ye, l'sOnun 280mm No 1601 31s 

32 lm 22, 4m 31s 801 40s 100% No y" 300mm 250nun Ye, ISm ISs 

13 Im 275 lm 305 701 Ss. 100% No Ye' 300mm IOOOmm No 13.. 30s 

14 Im 1031 Im 50s Sw 595 100% No Yes 225nun 250mm No 14m 395 
15 lm 2, lm 435 I3m 14s 100% No Ye, 200mm 300mm No IIm 52s 
21 Im 2, lm 555 13m 3Ss 100% No Ye, 225mm 450mm No 9m 3S. 

74 Im 3m 545 4m 475 100% Ye, . --- - - 16.. 56s 

75 lm 40, 6m Sm I2s 100% No y" 200mm IOOOmm No ISm 160 

63 Im 30, 2m 485 Sm lSs 100% No y" 100mm 50mm No ISm 55s 

78 lm 275 6m 155 NE: 100% No Ye, 400mm 2500mm No 6.. 35s 

80 Im 555 4m 13, Sm 52s 100% No y" 200mm 500mm Ye, 14lU 35 

33 33. lm 545 301 395 100% Ye, - --- . - 20.. 8s 

39 lm 285 4m 395 7m 52s 100% No Ye, 200mm 300mm No ISm 45s 

-
, 

I 

TABLE 4 Results, By Foam Concentrate Type, of Gentle Application Tests 
- 4.5m2 Fire Tray and Heptane (Continued) 
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F'OAMTYPE CONC. GENTLE APPLICATION 
AND USED INORMAL EXTINCTION BURNBACK 
USE CONe. 

Test 90% 99% Ext. F1icken at Eod or Foam Applitatioo Period 25% BB 
No. Ext. Ext. Time 

Fuel All Any fWD. Total Increase 
CO"fT fWD.,. Remaioing lI~t Flame ;" 

(%) Ex'? flames Ab4n'e Width lotemily 
WithiD Tray Prior to 
O. lm or Rim Buroback 
Rim? Test? 

FP(l) 3% 3% 24 Im 4, lm 57, 3m 10s lOO!; y" - - --- - _.. 28m 58, 

FP(2) 3% 3% 29 Im 14, 2m 32, Sm 29> 100% No y" IOOmm IOOmm No 26m 45 

FP(3) 6% 6% 33 Im lis 2m 43s 3m Ss lOO!; y" -- -- _.- -_. 30.0 22, 

P(l) 3% 3% 25 lm 2, I m 56s 21D 34s lOO!; Yes - - - -- ---- 16m 6s 

P(2) 3% 3% 70 Im 3, 2m 13, 4m lOO!; y" - - - - 24m 53! 

S(l) 3% 3% 27 Im 6, Im 42, 6m 3& lOO!; No y" 400mm 400mm No 9m 32, 

S(2) 3% 3% _ 72_ 

I 

Im Ss lm 46s y" 10.0 40s 
- - - - --

~7s - ~% '---- ~-- ---L. __ -

I 

-

TABLE 4 Results, By Foam Concentrate Type, or Gentle Application Tests 
- 4.5m2 Fire Tray and Heptane (Continued) 
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Test No. 91 92 93 94 95 96 

Date 23 / 10/92 23/10/92 23/ 10/92 23110192 25 /6/93 25/6/93 

Branch UN! 86 UN! 86 UN! 86 UN! 86 UN! 86 UN! 86 

Foam 
Concentrate 

AFFF(I) 
3% 

FFFP(I) 
3% 

FFFP-AR 
(3) 3 % 

AFFF-AR 
(I) 3% 

AFFF(I ) 
3% 

AFFF(I) 
3% 

Concentration 
Used 

3% 3% 3% 3% 2% 1.5 % 

Fuel Heplone Heplane Heplane Heplane Heplane Heplane 

Foam 
Application 
Method 

Fon:eful Forceful Forceful Forceful Fon:eful Fon:eful 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.8 6.9 6.8 6.8 7.0 7.0 

Foam Solution 
Temp (' C) 

16 16 17 16 17 17 

Water Base 
Temp ('C) 

17 17 18 18 20 17 

Fuel 
Temp (' C) 

19 17 18 18 19 18 

Air 
Temp ('C) 

8 8 9 10 IS 16 

Foam 
Temp ('C) 

13 14 15 IS 17 17 

Expansion Ratio 11.0 9.4 8.5 9.3 10.9 8.6 

25% Drainage 
Time 

4m 15s 4m 6s 5m 15s 7m 35s 3m 24s 2m 57s 

90% Extinction 46s 49s 54s 48s 48s 52s 

99% Extinction lm 21s 2m 19s 2m 20s lm 32s lm 36s 2m 

100% Extinction lm 24s 2m 27s 2m 23s Im 51s 2m Ss 2m 22s 

Burnback Start 
Timet 

9m 9m 9m 9m 9m 9m 

25% Burnback 8m 42s 
(lm 22s) 

IOm lis 
(lm 36s) 

10m 48s 
(3m 51s) 

13m 29s 
(2m 28s) 

9m 24s 
(36s) 

llm 29s 
(44s) 

Foam 
Application 
Period 

3m 3m 3m 3m 3m 3m 

TABLE 5 Results of Fire Tests - 5.8m2 Fire Tray and 
Heptane - in Chronological Order 
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Test No. 97 98 99 lOO 101 lOO 

Date 2516/93 217193 217193 217193 217193 717193 

Branch UN! 86 UN! 86 UNI86 UNI86 UNI86 UN! 86 

Foam 
Concentrate 

AFFF-AR 
(I) 3 % 

AFFF-AR 
(1) 3% 

FFFP(1 ) 
3% 

FFFP(1 ) 
3% 

FFFP-AR 
(I) 3% 

FFFP-AR 
(I) 3 % 

Concentration 
Used 

2% 1.5% 2% 1.5% 2% 1.5% 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Foam 
Application 
Method 

Forceful Forceful Forceful Forceful Forceful Forceful 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 7.0 6.9 7.0 7.0 7.0 7.0 

Foam Solution 
Temp ('C) 

17 17 18 17 17 18 

Water Base 
Temp ('C) 

17 18 20 20 20 19 

Fuel 
Temp ('C) 

18 19 19 20 20 19 

Air 
Temp ('C) 

17 17 18 19 20 16 

Foam 
Temp ('C) 

18 18 20 20 20 19 

Expansion Ratio 7.2 5.3 8.9 7.1 5.8 4.7 

25% Drainage 
Time 

4m 54s 3m 15s 2m 57s 2m 28s 3m 28s 2m 315 

90% Extinction 46s 55s 55s Im 8s lm 28s 3m 07s 

99% Extinction 2m 2m 46s 3m 3s 3m 3s 3m 12s No 

100% Extinction 2m 28s 3m 6s 3m I7s 3m 18s No No 

Bumback Start 
Time' 

9m 9m 9m 9m 9m 9m 

25% Bumback I1m 57s 8m 10s 7m 14s 7m 4s 6m 17s No 

Foam 
Application 
Period 

3m 3m 3m 3m 3m 3m 

TABLE 5 : Results of Fire Tests - 5.8m2 Fire Tray and 
Heptane - in Chronological Order (Continued) 
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Test No. 103 104 105 106 107 108 

Date 7nt93 717193 717193 7nt93 717193 817193 

Branch UNl86 UNl86 UNI86 UNI86 UNI86 UNI86 

Foam 
Concentrate 

AFFF(2) 
3% 

AFFF(2) 
3% 

AFFF(2) 
3% 

AFFF-AR 
(2) 3% 

FP(I) 
3% 

AFFF-AR 
(2) 3% 

Concentration 
Used 

3% 2% 1.5% 1.5% 3% 3% 

Fuel Heplane Heptane Heplane Heptane Heplane Heptaoe 

Foam 
Application 
Method 

Forceful Forceful Forceful Forceful Forceful Forceful 

Flow (lpm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 7.0 7.0 7.0 7.0 7.0 7.0 

Foam Solution 
Temp ('C) 

18 18 17 17 17 16 

Water Base 
Temp ('C) 

19 18 18 19 18 18 

Fuel 
Temp ('C) 

19 18 18 19 19 19 

Air 
Temp ('C) 

18 19 19 19 20 17 

Foam 
Temp ('C) 

19 19 19 20 19 19 

Expansion Ratio 11.6 10.9 9.0 3.8 8.0 7.3 

25 % Drainage 
Time 

3m 8s 2m 38s 2m 20s 3m 07s 5m 34s 9m 37s 

90% Extinction 46s 54s 57s 2m 32s 2m 02s 54s 

99% Extinction Im 19s Im 58s 2m 38s 4m 3m 06. Im 48s 

100% Extinction Im 46s 2m 07s 2m 45s No No Im 59s 

Burnback Start 
Time' 

9m 9m 9m 9m 9m 9m 

25% Bumback 6m 15s 
( lm 44s) 

7m 56. 
(Im Is) 

7m 38s 
(56s) 

8m 6s 8m 12s 15m 31s 
(Srn 46s) 

Foam 
Application 
Period 

3m 3m 3m 3m 3m 3m 

TABLE 5 : Results of Fire Tests - 5.8m2 Fire Tray with 

Heptane - in Chronological Order (Continued) 
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Test No. 109 110 III 112 113 114 

Date SI7I93 SI7I93 SI7I93 1417193 1417193 1417193 

Branch UNI S6 UNI S6 UNI S6 UNI S6 UNI S6 UNI S6 

Foam AFFF· FP(2) FFFP(2) FFFp·AR FFFP-AR FFFP-AR 
Concentrate AR(2) 3 % 3% 3% (2) 3% (1)3% (3) 3 % 

Concentration 2% 3% 3% 3% 3% 1.5 % 
Used 

Fuel Heptane Heptane Heptane Heptane Heptane Heptane 

Foam Forceful Forceful Forceful Forceful Forceful Forceful 
Application 
Method 

Flow Opm) I\,4 I\,4 I\,4 I\,4 I\,4 11.4 

Pressure (bar) 7.0 7.0 7.0 7.0 7.0 7.0 

Foam Solution IS 17 17 16 17 16 
Temp (OC) 

Water Base IS IS IS 17 17 IS 
Temp (0C) 

Fuel 19 19 19 IS IS 19 
Temp (0C) 

Air IS 19 19 15 17 IS 
Temp (0C) 

Foam 19 20 20 17 IS IS 
Temp (0C) 

Expansion Ratio 4.7 S.S 9.5 7.3 S.2 4.7 

25% Drainage 4m 51s 5m 42s 3m 34s 4m 5Ss Srn 50s 2m 22s 
Time 

90% Extinction 1nl Ols Im 44s 54s Im 2s 545 Im 165 

99% Extinction 2m 505 3m 075 Im 34s 2m 595 2m OSs 3m 015 

100% Extinction 2m 595 No Im 465 3m 065 2m 175 No 

Bumback Start 9m 9m 9m 9m 9m 9m 
Time' 

25% Bumback ISm OSs Ilm 105 9m 205 9m 52s Ilm 405 9rn 305 
(555) 

Foam 3m 3m 3m 3m 3m 3m 
Application 
Period 

TABLE 5 : Results of Fire Tests - 5.8m2 Fire Tray With 
Heptane - in Chronological Order (Continued) 
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NOTE FOR TABLE 5 : 

I. During these fire tests. events happened at the following test times:

97 : 00 All fuel poured into tray 
99 : 00 Gear pump started. foam produced 
00 : 00 Fuel ignited 
01 : 00 Foam application commenced 
04 : 00 Foam application ceased 
09 : 00 Bumback pot ignited 

\ 
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FOAM TYPE 
AND NORMAL 
USECONC. 

AFFF(I) 3% 

AFFF(2) 3% 

AFFF-AR(I) 3% 

AFFF·AR(2) 3% 

FFFP(I) 

-

_... -
CONC. FORCEFUL APPLlCATlON 
USED 

IEXTINCTION 25% BURNBACK 

Test 90% 99% Ext. Time of 25% Max Flare Time of Max Flare 25% BB 

No. Ext. Ext. Flare and Time 25% Area Area and (Ignores 
Radiometers Radiometers Flare Time 1Iare) 

Obsened Obsened Radiometers 

3% 91 46, lm 21s lm 24s Im 285 26% Im26s lm 225 75% Im 275 8m 425 

2% 95 48, lm 365 lm Ss 405 26% 40, 36, 100% 4h 9m 24, 

1.5% 96 52s 2m lm 22s ---- 21 % 475 44, 100% 485 IIm290 

3% 103 46, lm 198 Im 46s 56, 37% lm 78 lm 445 100% lm 565 6m lSs 

2% 104 54, Im 58s lm 7s Im 8s 38% Im 145 Im Is 100% Im 125 7m 565 

1.5% 105 57. 2m 385 2m 4Ss .__. 
24% Im 65 56, 100% Im 105 7m 38s 

3% 94 48s Im 325 Im Sls ---- 2% 2m 245 2m 285 25% 2m 285 13m29o 

2% 97 46, 2m 2m 280 --- - _00 10% Im 428 Ilm 57s 

1.5% 98 55, 2m 465 3m 6s -- - - 10% 23, 8m 10. 

3% 108 54, Im 485 Im 590 ---- 11 % 9m lis Srn 465 100% 9m 258 15m3h 

2% 109 lm Is 2m 50s lm 59s ---- - -- 10% 3m 50s ISm OSS 

1.5% 106 2m 325 4m NE' ---- - NE' NE' 8m lis' 

3% 92 49s 2m 195 lm 27s ---- 23% Im 41s Im 365 100% lm 43s IOm 11, 

2% 99 55s 3m 35 3m 17s ---- 3% Im 385 ---- 20% lm 388 7m 140 

1.5% lOO Im 8s 3m 35 3m 180 --- - - 1% lm lOs 7m 45 

, 

, 

I 
, 

I 

TABLE 6 Results, By Foam Concentrate Type, of Forceful Application Tests 
- 5.8m2 Fire Tray and Heptane 



FOAM TYPE CONC. FORCEFUL APPLICATION 
AND NORMAL USED IUSE CONC. EXTINCTION 25% BURNBACK 

Test 90% 99% Ext . Tim~ or lS% Max Flare TUDe or Mu: Flare 25% BB 
No. Ext. Exl. flan and Time IS%A.... Area and Ognores 

Radiometers Radiometers flan Time liar.) 
Obsened Obsened Radiometers 

FTFP(l) 3% 3% I1 1 54, Im 34s Im 46s -  12% 59. 55. 50% Im 15 9m 10s 

FTFP· AR(1) 3% 3% 113 54. 2m 8s 2m 1711 _. -_. _..  10%)m )6. 11m 40s 

1% 10 1 Im 28s Jm 12$ 3m 18$ -_. --" _. 1% Im20! 6m 17s 

1.S% 102 Jm 75 NC' NE' --  -- NE' NE' NBBT' 

FTFP-ARU) 3% 112 Im 25 2m 595 3m 6s - 3% 2m 57, -  15% 3m 9m Sl, 

FTFP-AR(3) 3% 93 54, 2m 205 lm 13s - -_. ) m 515 25%3m51s IOw 48, 

l.s% 114 lm 16, 3m Is NE' - --_. NE' NE' 9m 30s' 

FP(I) 3% 3% 107 2m 2a Jm 6, NE' - - NE' NE' 8m 12s' 

FP(l) 3% 3%_ 110_ ~m44s_~ 7s_ NE' - _ . NE' NE' Ih» 1051 
_ 

- - - -  - - - 

NOTES FOR TABLE 6 : I. NE = Not e>tinguished 

I 

'"o 

2. Fire nOI e>tinguished before bumback test commenced 
3. Ne = Not controlled 
4. NBBT = No bum back test performed due to inadequate control of the test fire 

TABLE 6 Results, 	By Foam Concentrate Type, of Forceful Application Tests 
5.8m2 Fire Tray and Beptane (continued) 

-



I 


I 


Test No. PI P2 P3 P4 PS P6 

Dale 24/9/90 24/9190 24/9/90 26/9190 2619190 2619190 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UNI86 

Foam 
Concentrate 

AFFF(I) 
3% 

FP(I) 
3% 

FP(I) 
3% 

AFFF(I) 
3% 

FP(I) 
3% 

FFFP(I) 
3% 

Concentration 
Used 

3% 3% 3% 3% 3% 3% 

Fue" Petrol Petrol Petrol Petrol Petrol Petrol 

Foam 
Application 
Method' 

Forceful 
(Centre) 

Forceful 
(Centre) 

Gentle 
(Rear) 

Gentle 
(Rear) 

Gentle 
(Rear) 

Gentle 
(Rear) 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.8 6.8 6.8 6.6 6.7 6.7 

Foam Solution 
Temp ('C) 

18 20 18 18 17 17 

Water Base 
Temp ('C) 

15 17 17 17 17 16 

Fuel Temp ('C) 16 17 16 16 17 16 

Air Temp ('C) 12 13 14 12 13 14 

Foam Temp ('C) 16 18 18 14 14 14 

Expansion Ratio 11.2 8.6 8.1 11.3 8.2 9.7 

25% Drainage 
Time 

3rn 355 Srn 75 Srn 235 3rn 585 Srn 375 3rn 415 

90% Extinction 385 3m 225 2rn 135 50s Im 575 565 

99% Extinction Irn 228 No' 4rn 305 3rn 4rn 558 5rn 

100% Extinction No' No' No' Drn 255 13rn 38 8m 585 

Burnback Start 
Time' 

None6 None6 None6 19m 255' 19m 35' 14rn 585' 

25% Burnback None None None Srn 205 12m 485 10rn 435 

Foam 
Application 
Period' 

3rn 3rn Srn 7rn 7rn 7rn 

TABLE 7 Results of Fire Tests - 4.5m2 Fire Tray and Four 

Star Petrol - in Chronological order 
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Test No. n P8 P9 Plo' PII PI2 

Date 27/9/90 27/9/90 27/9/90 5110190 5110/90 10/ 10/90 

Branch UNI86 UNI86 UN! 86 UNI86 UN! 86 UN! 86 

Foam AFFF(I) FP(2) FFFP(I) AFFF(l) AFFF(I) FFFP(I) 
Concentrate 3% 3% 3% 3% 3% 3% 

Concentration 3% 3% 3% 3% 3% 3% 
Used 

Fuel' Petrol Petrol Petrol Pelrol Petrol Petrol 

Foam Forceful Forceful Forceful Gemle Gentle Gentle 
Application (Centre) (Centre) (Centre) (Front) (Front) (Front) 
Method' 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.7 6.7 6.8 7. I 6.8 6.9 

Foam Solution 19 18 18 17 17 18 
Temp ('C) 

Water Base 17 17 17 18 20 16 
Temp (' C) 

Fuel Temp ('C) 15 15 16 17 19 17 

Air Temp ('C) II 12 14 14 14 13 

Foam Temp ("C) 14 14 16 - - 17 

Expansion Ratio 11.5 8.6 9.8 10.2 10.9 8.8 

25% Drainage 3m 535 5rn 315 3rn 485 3m 3&' 3rn 345 2m 475 
Time 

90% Extinction 335 3rn 165 505 3&' 395 525 

99% Extinction Irn 175 5rn Irn 275 Im 4&' Irn 395 2m 345 

100% Extinction No' No' 2rn 195 11m 26s' 5rn 385 12m 345 

Burnback Start None6 None6 IIrn 17m 26s' Ilrn 18rn 345' 
Time' 

25% Burnback NODe None 6rn 335 4m 1& 7m 475 6rn 55 

Foam 5rn 5rn 5rn 5m 5rn 5rn 
Application 
Period' 

TABLE 7 : Results ot Fire Tests - 4.5m2 Fire Tray and Four 

Star petrol - in chronological Order (continued) 
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Test No. PI3 PI4 PI5 PI6 P17 PI8 

Date 10/10/90 10/10190 10110/90 7110/91 7/10191 21110/91 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UNI86 

Foam FP(I) P(1) AFFF(I) AFFF(1) FFFP(I) AFFF(1) 
Concentrate 3% 3% 3% 3% 3% 3% 

Concentration 3% 3% 3% 3% 3% 3% 
Used 

Fuel' Petrol Petrol Petrol Petrol Petrol Petrol 

Foam Gentle Gentle Forceful Forceful Forceful Forceful 
Application (Front) (Front) (Side) (Centre) (CeDtre) (Centre) 
Method' 

Flow Opm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.8 6.8 6.8 6.5 6.5 6.5 

Foam Solution 17 18 19 17 17 17 
Temp ('C) 

Water Base 20 18 19 None9 Nooe9 15' 
Temp ('C) used used (113 L) 

Fuel Temp ('C) 20 18 19 17' 17' 15' 
(215L) (215L) (113 L) 

Air Temp ('C) 14 14 15 13 13 8 

Foam Temp ("C) 17 17 17 16 16 14 

Expansion Ratio 7.9 7.7 11.5 11.5 8.9 11.4 

25% Drainage 5rn 385 5rn 105 3rn 285 3rn 325 3m 50s 3rn 555 
Time 

90% Extinction Irn 225 Irn 245 42s 385 515 375 

99% Extinction 2rn 235 2rn 24s Irn 11 5 Irn 505 2m 025 Irn 125 

100% Extinction 5rn 355 17rn 55s No' No' No' No' 

Bumback Start Ilrn 23rn 555' None6 None6 None6 None6 

Time' 

25% Bumback 15rn 23s 7rn 2 1s None None None None 

Foam 5rn 5rn 3rn 5rn 5rn 5rn 
Application 
Period' 

TABLE 7 : Results of Fire Tests - 4.5m2 Fire Tray and Four 
star Petrol - in Chronological order (Continued) 
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Test No. PI9 P20 

Date 21110/91 21 110/91 

Branch UNI86 UNI86 

Foam 
Concentrate 

AFFF(I) 
3% 

AFH(l) 
3% 

Concentration 
Used 

3% 3% 

Fuel' Petrol Petrol 

Foam 
Application 
Method' 

Forceful 
(CeDtre) 

Forceful 
(Centre) 

Flow ((pm) !l.4 !l.4 

Pressure (bar) 6.5 6.6 

Foam Solution 
Temp ('Cl 

IS 17 

Water Base 
Temp ('C) 

None 
Used' 

20 
(1l3L)' 

Fuel Temp ('C) 16 
(226L)' 

18 
(I13L)' 

Air Temp ('Cl 9 10 

Foam Temp (' Cl 13 14 

Expansion Ratio 10.8 11.3 

25% Drainage 
Time 

4m OOs 3m 58s 

90% Extinction 38s 35s 

99% Extinction Im 23s Im 08s 

100% Extinction No' No' 

Bumback Start 
TimeS 

Nooe6 Nonec 

25% Bumback NODe None 

Foam 
Application 
Period' 

5w 5rn 

-
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TABLE 7 : Results of Fire Tests - 4.5m2 Fire Tray and Four 
star Petrol - in Chronological Order (continued) 
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NOTES FOR TABLE 7 : 

1. 	 Four-star leaded petrol, obtained from a single storage tank at the Fire Service College Moreton-in-Marsh on 
2119/1990 and stored in sealed 200 litre steel drums, was used throughout these tests. 

2. 	 Due to problems experienced in extinguishing petrol fires during these tests, several different application methods 
were tried in order to aid firefighting:

Forceful (centre): 	 Foam applied forcefully direct to the fuel surface along the centre line of the tray and 1 
metre from the furthest tray edge (as specified in the ISO and CEN methods). 

Gentle (rear): 	 Foam applied gently to the surface of the foam blanket via a metal plate at the rear of the tray 
(as specified in the ISO and CEN methods). 

Gentle (front): 	 Foam applied gently to the surface of the fuel via a metal plate attached to the firefighting 
branch trolley. Foam applied at the front edge of the tray. 

Forceful (side): 	 Foam applied forcefully direct to the fuel surface. Foam stream directed 10 Ihe leh of Ihe 
tray. just avoiding the tray sides. 

3. 	 99% eXlinction nol achieved. 

4. 	 100% extinction nol achieved. 

5. 	 During these fire leslS, events generally happened at Ihe following lesl limes:

97 : 00 	 All fuel poured into tray 
99 : 00 	 Gear pump started, foam produced 
00 : 00 	Fuel ignited 
01 : 00 	Foam applicalion commenced 
06 : 00 	Foam application ceased 
11 : 00 	Bumback pol igniled 

However, various foam application perioc.ls were tried during these tests and some of tbe bumback tests were 
delayed due to long 100% exlinclion limes. See table for exacl limes. 

6. 	 Test fire DOl extinguished, no bumback lest could be performed. 

7. 	 Bumback delayed due 10 long 100 % extinction time. 

8. 	 Equipmenl failure during lesl, lesl resulls not valid (lest shown in italics in the table). 

9 . 	 These tests involved Ihe use of various fuel/water base combinalions:-

Tesl P16: 215 litres of petrol, no water base 

Tesl P17: 215 lilres of petrol, DO water base 

Tesl P18: 113 litres of petrol, 113 litres of waler 

Tesl P19: 226 Iilres of petrol , no water base 

Tesl P20: 113 lilres of petrol, 1J3 lilres of waler 
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Test No. LFI LF2 LF3 LF4 LF5 LF6 

Date 2/10/91 2/10/91 3/10/91 3/10/91 3/ 10191 3110/91 

Branch UNI86 UNI86 UNl86 UNI86 UNl86 UNI86 

Foam AFFF(l) FFFP(I) FP(l) AFFF(l) AFFF(l) FFFP(I) 
Concentrate 3% 3% 3% 3% 3% 3% 

Concentration 3% 3% 3% 3% 3% 3% 
Used 

Fuel' FEU I FEU I FEU I FEU I FEU 2 FEU 2 

Foam Fo~eful Forceful Forceful Forceful Forceful Forceful 
Application 
Method 

Flow (lpm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.5 6.5 6.5 6.5 6 .5 6.5 

Foam Solution 15 16 16 18 16 17 
Temp ("Cl 

Water Base None used None used None None used None used None used 
Temp ("C) used 

Fuel Temp ("Cl 16 20 18 20 18 19 

Air Temp("C) 14 15 14 14 15 15 

Foam Temp ("C) 15 16 16 17 17 16 

Expansion Ratio 11.3 9.5 8.2 11.5 I\,4 9.5 

25% Drainage 3rn 505 4m 125 5rn 305 3m 355 3m 455 3rn 58s 
Time 

90% Extinction 38s 49s 3rn 10s 36s 40s 52s 

99% Extinction 2rn Os Irn 42s 4m 49s Irn 46s Irn 53s Im 59s 

100% Extinction No' No' 5rn 19s No' No' No' 

Burnback Start None4 None· Ilrn None" None· None' 
Time' 

2S % Burnback None None IOm 095 None None NODe 

Foam Srn Srn 5m Srn 5rn 5rn 
Application 
Period 

I 
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TABLE 8 : Results of Fire Tests - 4.5m2 Fire Tray and 

Lead-tree Petrol - in Chronological Order 
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Test No. LF7 LF8 

Date 7110/91 7/10/9 1 

Branch UNI86 UNI86 

Foam 
Concentrate 

AFFF(I) 
3% 

FFFP(I) 
3% 

Concentration 
Used 

3% 3% 

Fuel FEU 3 FEU 3 

Foam 
Application 
Method 

Forceful Forceful 

Flow (Ipm) !l.4 11.4 

Pressure (bar) 6.5 6.5 

Foam Solution 
Temp (0C) 

16 16 

Water Base 
Temp (OC) 

None 
used 

None 
used 

Fuel Temp (0C) 15 16 

Air Temp rC) 12 12 

Foam Temp (0C) 15 16 

Expansion Ratio 11.3 9.3 

25 % Drainage 
Time 

3rn 45s 3rn 57s 

90% Extinction 41 s 58s 

99% Extinction Irn 57s 2rn 20s 

100% Extinction No No 

Burnback Start 
TimeJ 

None None 

25% Burnback None None 

Foam 
Application 
Period 

5rn 5rn 

TABLE 8 : Results of Fire Tests - 4.5m2 Fire Tray and 

Lead-free Petrol - in Chronological Order (Continued) 
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NOTES FOR TABLE 8 : 

1. 	 The same lead-free petrols, as used during the September 1991 large petrol fires, were used during these tests. 
This petrol had been collected in 200 litre sealed drums during the large scale trials and stored until needed. 
The petrol formulations were as foIlows:

FEU 1 : 	 Unleaded petrol with no oxygenates. This was 95 octane premium unleaded petrol. 

FEU 2 : 	 Unleaded petrol with modelllte oxygenate level, using an alcohol component of 3 % Methanol and 2 % 
Tertiary Butyl Alcohol (TBA). This gives a total oxygen content of 1. 93 % which approaches the 
British Standard maximum of 2.5 %. 

FEU 3: 	 Unleaded petrol with 15 % Methyl Tertiary Butyl Ether (MTBE). This is the maximum allowed 
under the EEC Directive and is greater than that allowed in the British Standard for use in 
the UK. 

h was not possible to use a water base during these tests because the additives within the petrol were water soluble. 2 
litres of fuel were used per test instead of the CENIISO 144 litres of fuel with a 90 litre water base. 

2. 	 100% extinction not achieved. 

3. 	 During these tests, events happened at the following test times:

97 : 00 	 All fuel poured into tray 
99 : 00 	 Gear pump started, foam produced 
00 : 00 	 Fuel ignited 
01 : 00 	 Foam application commenced 
06 : 00 	 Foam application ceased 
11 : 00 	 Bumback pot ignited 

4. 	 Test fire not extinguished, no bumback test could be perfonned. 
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Test No. BBI BB2 BB3 BB4 BB5 BB6 

Date 7110/92 7/ 10/92 7/10192 7/10/92 9 / 10192 9/10/92 

Branch UNI86 UNI86 UNI86 UNI86 UNI86 UNI86 

Foam 
Concentrate 

AFFF(J) 
3% 

AFFF(I) 
3% 

FFFP(J) 
3% 

FP(l) 
3% 

FP(I) 
3% 

FFFP( I) 
3% 

Concentration 
Used 

3% 3% 3% 3% 3% 3% 

Fuel' Petrol Petrol Petrol Petrol Petrol Petrol 

Foam 
Application 
Method 

Forceful Forceful Forceful Forceful Gentle Gentle 

Flow (Ipm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.8 6.8 6.8 6.9 6.8 6.8 

Foam Solution 
Temp (·C) 

17 18 19 18 17 17 

Water Base 
Temp ("C) 

16 16 18 17 17 18 

Fuel 
Temp ("C) 

15 15 17 15 15 17 

Air 
Temp ("C) 

12 12 1 I 11 11 11 

Foam 
Temp ("C) 

16 16 17 17 16 15 

Expansion Ratio 11.1 10.8 9.9 8.0 8.0 9.8 

25% Drainage 
Time 

4m IOs 3m 52s 3rn 52s 5rn 55s 5rn 55s 4m 5s 

Bumback Start 
Time' 

7rn 8m 8rn 8m 8m 8rn 

25% Burnback 3m 28s 4m 34s 6m 38s Ilm 4s 15m 58s IOm 19s 

Foam 
Application 
Period 

Im 2m 2m 2m 2m 2m 

TABLE 9 : Results of Burnback-only Fire Tests - 4.5m2 Fire 
Tray and Petrol - in Chronological Order 
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Test No. BB7 BBS BB9 BB 10 BB 11 BBI2 

Date 9/10/92 9/10/92 13/10/92 13/10/92 13110/92 13/10/92 

Branch UNIS6 UNI S6 UNI S6 UNIS6 UNI S6 UNI S6 

Foam AFFF(l) AFFF(l) AFFF AFFF FFFP FFFP-
Concentrate 3% 3% AR(I) 3 % AR(I)3% AR(I) 3 % AR(1) 3% 

Concentration 3% 3% 3% 3% 3% 3% 
Used 

Fuel' Petrol Petrol Petrol Petrol Petrol Petrol 

Foam Gentle Gentle Forceful Gentle Gentle Forceful 
Application 
Method 

Flow ([pm) 11.4 11.4 11.4 11.4 11.4 11.4 

Pressure (bar) 6.S 6.S 6.S 6.S 6.S 6.S 

Foam Solution IS 17 17 16 IS 17 
Temp (OC) 

Water Base 19 IS 17 17 17 19 
Temp (OC) 

Fuel 19 IS 15 17 17 19 
Temp (OC) 

Air 12 12 10 10 11 12 
Temp (OC) 

Foam 15 16 14 14 15 15 
Temp (OC) 

Expansion Ratio 11.2 11.4 9.S 9.4 S.5 S.3 

25% Drainage 4m 4m Srn 7s 7m 53s 6m IOs 6m 15s 
Time 

Burnback Start Srn 7m Srn Srn Srn Srn 
Time' 

25% Burnback 9m 2s 7m 53s 7m 6s !Om ISs Ilm 34s 7m 5s 

Foam 2m Im 2m 2m 2m 2m 
Application 
Period 

TABLE 9 : Results of Burnback-only Fire Tests - 4.5m2 Fire 
Tray and Petrol - in Chronological Order (Continued) t 

90 


I 

I 



I 

NOTES FOR TABLE 9 : 


l. The same lead-free petrol, as used during the May 1992 large petrol fires, was used during lbese tests. 
petrol had been collected in 200 litre sealed drums during lbe large scale trials and stored until needed. 

This 

2. During lbese bumback-<>nly tests, events happened at lbe following test times:

97 : 00 
99 : 00 
01 : 00 
02 : 00 
03 : 00 
07 : 00 
08 : 00 

All fuel poured into tray 
aear pump started, foam produced 
Foam application commenced 
Foam application ceased (I minute foam application) 
Foam application ceased (2 minute foam application) 
Bumback pot ignited (1 minute foam application) 
Bumback pot ignited (2 minute foam appl ication) 
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FOAM TYPE CONC 
USED 

KNOCKDOWN 
GRADEI 

EXTINCTION 
GRADE' 

BURNBACK 
GRADE' 

FLARE 
RESISTANCE 
GRADE' 

AFFF (1) 3\ 
2\ 
1. 5\ 

O[)DOO 

COOOD 

cooeD 

••••• 
•••• 
•••• 

••..... 0 
0 
0 

AFFF(2) 3\ 
2\ 
1. 5\ 

COOOD 

00000 

COOOD 

•••• 
•••• 
•••• 

•.... 0 
0 
0 

AFFF-AR(1) 3\ 
2\ 
1. 5\ 

00000 

cooeD 
00000 

•••• 
•••• 
••• 

........... 00 
00 
0000 

AFFF-AR(2) 3\ 
2\ 
1. 5\ 

COOOD 

00000 

000 

••••• 
•••• 
• 

.......... 
-

00 
000 

-
FFFP(1) 3\ 

2\ 
1.5\ 

00000 

00000 

DODO 

•••• 
••• 
••• 

.....
•• 

0 
0 
00 

FFFP(2) 3\ 
2\ 
1. 5\ 

COOOD 

00000 

00000 

•••• 
•••• 
••• 

......
• 

00 
0 
00 

FFFP-AR (1) 3\ 
2\ 
1. 5\ 

COOOD 

00000 

0000 

•••
••• 
••• 

...... 0 
0000 
0000 

FFFP-AR(2) 3% 
2% 
1. 5% 

COOOD 

DODO 

000 

•••• 
•••
••• 

...
••• 

00 
0000 
0000 

FFFP-AR(3) 3% 
1. 5% 

00000 

CODOD 
•••• 
••• 

...... 00 
00 

FP (1) 3% 00 •• ... 00000 

FP(2) 3% 000 ••• ... 000 

FP(3) 6% 0 • -  -
P (1) 3\ 00 •• ... 00000 

P(2) 3% 000 • -  - 
5 (1) 3% OODOD • -  -
S(2) 3\ aoooo • -  -

A difference in performance of one grade is not significant due to the tight cut off points between grades and 
the level of repeatability of the tests. However, where there is • difference in performance of two or more 
grades, the difference is significant. 

TABLE 10 : Performance Gradinqs - 4.5m2 Fire Tray and Heptane - all 

Foam Concentrates at all Concentrations Tested 


- Forceful Application Tests 
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NOTES FOR TABLE 10 : 

1. Knockdown Grade - Tbe knockdown grades are based on tbe 90% extinction times achieved during tbe forceful 
application tests and are as follows:

Grade 	 90% Extinction Time 

oaooo Less tban or equal to I minute 
0000 More than I minute but less than or equal to 1 minUle 30 seconds 
000 More than I minute 30 seconds but less tban or equal to 2 minutes 
00 More than 2 minutes but less tban or equal to 3 minutes 


More than 3 minutes 


2. Extinction Grade - Tbe extinction grades are based on the 100% extinction times achieved during the forceful application 
tests and are as follows:

Grade 	 100% Extinction Time 

••••• Less than or equal to 1 minute 30 seconds 

•••• More than 1 minute 30 seconds but less than or equal to 3 minutes 
••• More than 3 minutes but less than or equal to 4 minutes 
•• More than 4 minutes but less than or equal to 12 minutes 

• 	 Not extinguisbed 

3. Bumb.ck Grade - Tbe assessments of the bumback resistance of tbe foam blankets formed after forceful application are 
based on the 25% burnback times and are as follows (the higher the 25% bumback time the beller the perfonnance):

Grade 	 25% Burnback Time 

1I • •••• More than or equal to 15 minutes 


• ••• More than or equal to 12 minutes 30 seconds but less than 15 minutes 


••• More than or equal to 10 minutes but less than 12 minutes 30 seconds 


•• More than or equal to 7 minutes 30 seconds but less than 10 minutes 


• 	 Less than 7 minutes 30 seconds 

I 
 Fire not extinguished or controlled well enough to enable a bumback test to be performed . 


Flare-ups bave not been taken into considenttion for any of these bumb.ck results. See below. 

4. Flare Resistance Grade - Tbe flare resistance grades are based on the largest area of the foam blanket involved in a flare 
up during buroback tests carried out after forceful foam application fire tests. A flare-up involves the foam blanket surface in 
flames whicb quickly escalate and then die down leaving the foam blanket intact. Flare-ups are probably due to tbe 
ignition of contaminated foam within the foam blankets. 

Perfonnance grades for flare resistance are as follows (the smaller the area of tray involved in flame the beller the 
perfonnance):

Grade 	 Area of Foam Blanket Involved in Large Flare Flames 

00000 Less than 1 % 

0000 More than or equal to 1 % but less than 5 % 

000 More than or equal to 5 % but less than 15 % 

00 More than or equal to 15 % but less than 25 % 

o 	 More than or equal to 25 % 

Fire not extinguished or controlled well enough to enable a bumback test to be performed. 
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FOAM TYPE CONC KNOCKDOWN EXTINCTION BURNBACK FLARE 
USED GRADE' GRADE' GRADE' RESISTANCE 

GRAD~ 

AFFF ( 1 ) 3\ oooec ••••• .. 0 

AFFF(2) 

AFFF-AR (1) 

AFFF-AR(2) 

FFP'P ( 1 ) 

FFFP(2) 

FFFP-AR (1) 

FFFP-AR(2) 

FFFP-AR(3) 

FP(l) 

FP(2) 

3\ 

3\ 

3\ 

3\ 

3\ 

3\ 

3\ 

3\ 

3\ 

3\ 

00000 

CDDDD 

CODOO 

00000 

00000 

00000 

OoOOD 

00000 

cc 

ccc 

•••• 

•••• 
••••• 

•••• 
•••• 

••• 
•••• 

•••• 
•• 
••• 

•................ .. ............. 

0 

00 

00 

0 

00 

0 

00 

00 

00000 

000 

FP (3) 

P (1) 

6\ 

3\ 

c 

cc 

• 
•• 

- ... -
00000 

P(2) 3\ ccc • - - 
S(l) 3\ COOOD • - -
&(2) 3\ 00000 • -  -

A difference in performance of one grade is nol significanl due 10 Ihe lighl cui off poinls belweeo grades and 
the level of repeatability of the tests. However, where there is a difference in performance of two or more 
grades, the difference is significant. 

TABLE 11 : Performance Gradinqs - 4.5m2 Fire Tray - all Foam 

Concentrates When Used at the Concentrations Recommended by the 


Manufacturers - Forceful Application Tests 
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• ••• • •• • 
• •• 
• • 

• I 

NOTES FOR TABLE 11 : 

I. Knockdown Grade - The knockdown grades are based on the 90 % extinction times achieved during the forceful 
application tests and are as follows:

Grade 	 90% Extinction Time 

00000 Less than or <XJual to I minute 

0000 More than I minute but less than or <XJual to I minute 30 seconds 

000 More than I minute 30 seconds but less than or <XJual to 2 minutes 

00 More than 2 minutes but less than or <XJual to 3 minutes 

o 	 More than 3 minutes 

2. Extinction Grade - The extinction grades are based on the 100% extinction times ach.ieved during the forceful application 
tests and are as follows:

Grade 	 100% Extinction Time 

••••• Less than or <XJual to I minute 30 seconds 


•••• More than I minute 30 seconds but less than or <XJual to 3 minutes 


••• More than 3 minutes but less than or <XJual to 4 minutes 


•• More than 4 minutes but less than or <XJual to 12 minutes 


• 	 Not extinguished 

3. Bumback Grade - The assessments of the bumback resistance of the foam blankets formed after forceful application are 
based on the 25% bumback times and are as follows (the higher the 25% bumback time the better the performance):

Grade 	 25 % Burnback Time 

More than or equal to 15 minutes 
More than or <XJual to 12 minutes 30 seconds but less than 15 minutes 
More than or <XJual to 10 minutes but less than 12 minutes 30 seconds 
More than or <XJual to 7 minutes 30 seconds but less than 10 minutes 

• Less than 7 minutes 30 seconds 
Fire not extinguished or controlled well enough to enable a bumback test to be performed. 

Flare-ups have not been taken into consideration for any of these bumback results. See below. 

4. Flare Resistance Grade - The flare resistance grades are based on the largest area of the foam blanket involved in a flare 
up during bumback tests carried out after forceful foam application fire tests. A flare-up involves the foam blanket surface in 
flames wh.ich quickly escalate and then die down leaving the foam blanket intact. Flare-ups are probably due to the 
ignition of contaminated foam within the foam blankets. 

Performance grades for flare resistance are as follows (the smaller the area of tray involved in flame the better the 
perfonnance): 

Grade 	 Area of Foam Blanket Involved in Large Flare Flames 

00000 Less than 1% 

0000 More than or <XJual to I % but less than 5 % 

000 More than or <XJual to 5 % but less than 15% 

00 More than or <XJual to 15% but less than 25 % 

o 	 More than or <XJual to 25 % 

Fire not extinguished or controlled well enough to enable a bumback test to be performed. 
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FOAM TYPE CONC 
USED 

KNOCKDOWN 
GRADEI 

EXTINCTION 
GRADE' 

BURNBACK 
GRADE' 

AFFF( 1) 3% 
2% 
1. 5% 

COcOD 

ceDeD 
Deao 

••••• 
••••• 
•••• 

...... 
AFFF(2) 3% 

2% 
1. 5% 

CDDOD 

DODO 

CODO 

•••• 
•••• 
• 

...... 
AFFF-AR( 1) 3% 

2% 
1. 5% 

cocoo 
DODO 

DODO 

•••• 
•••
••• 

....... 
AFFF-AR (2) 3% 

2% 
1. 5% 

cooo 
ooca 
0 

••• 
••• 
• 

....... 
-

FFFP(l) 3% 
2% 
1. 5% 

aoooo 
0000 

DODO 

• 
••
•• 

........ 
FFFP(2) 3% 

2% 
1.5% 

00000 

DODO 

00 

•
•• 
•• 

........ 
FFFP-AR( 1) 3% 

2% 
1. 5% 

0000 

00000 

000 

•
••• 
•• 

........ 
FFFP-AR(2) 3% 

2% 
1.5% 

0000 

00 

000 

•• 
• 
•• 

...
•.. 

FFFP-AR(3) 3% 
1.5% 

00000 

DODO 
•••
•• 

....... 
FP (1) 3% 0000 •••• ..... 
FP(2) 3% DODO •• ..... 
FP(3) 6% 0000 •••• ..... 
P (1) 3% 0000 •••• ..... 
P(2) 3% 0000 ••• .... 
S(l) 3% 0000 •• • 
S(2) 3% DODO ••••• .. 

A difference in performance of one grade is not significant due to the tight cut off points between grades and 
the level of repeatability of the tests. However, where there is • difference in performance of two or more 
grades, tbe difference is significant. 

TABLE 12 : Performance Gradings - 4.Smz Fire Tray and Heptane - all 

Foam Concentrates at all Concentrations Tested 


- Gentle Application Tests 
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• •••• 
• ••• 
• • 

NOTES FOR TABLE 12 : 

\. Knockdown Grade - The knockdown grades are based on the 90% extmction limes achieved during the genUe 
application tests and are as follows:

Grade 	 90 % Extinction Time 

cocoo 	 Less than or equal to I minute 
0000 More than I minute but less than or equal to I minute 30 seconds 
cco More than I minute 30 seconds but less than or equal to 2 minutes 
cc More than 2 minutes but less than or equal to 3 minutes 
c More than 3 minutes 

2. Extinction Grade - The extmction grades are based on the 100% extinction times achieved during the gentle application 
tests and are as follows:

Grade 	 100% Extinction Time 

••••• Less than or equal to 2 minutes 

•••• More than 2 minutes but less than or equal to 3 minutes 30 seconds 

••• More than 3 minutes 30 seconds but less than or equal to 5 minutes 

•• More tban 5 minutes but less than or equal to 10 minutes 

• 	 More than 10 minutes or not extinguished 

3. Bumb"ck Grade - The assessments of the bumback resistance of the foam blankets fonned after gentle application are 
based on the 25 % bumback limes and are as follows (the bigher the 25 % burnback ti me the beller the performance):

Grade 	 25% Burnback Time 

More than or equal to 25 minutes 

More than or equal to 20 minutes but less than 25 minutes 


• • • 	 More than or equal to 15 minutes but less than 20 minutes 

More than or equal to IO minutes but less than 15 minutes 

Less than 10 minutes
• 
Fire not extinguished or controlled well enough to enable a bumback test to be performed. 

97 

I 



P'OAM TYPE CONC KNOCKDOWN EXTINCTION BURNBACJ( 
USED GRADE' GRADE' GRADE' 

AP'P'P' ( 1) 

AP'P'P' ( 2 ) 

AP'P'P'-AR (1) 

AP'P'P'-AR( 2) 

P'P'P'P ( 1 ) 

3% 

3% 

3% 

3% 

3% 

ceDeD 

cocoa 

coooa 

DODO 

cooeD 

••••• 

•••• 

•••• 
••• 
0 

.. .. .. ... .. 
P'P'P'P(2) 

P'P'P'P-AR ( 1 ) 

P'P'P'P-AR(2) 

3% 

3% 

3\ 

00000 

0000 

0000 

• 
• 
00 

.. .. ... 
P'P'P'P-AR(3) 

P'P(1) 

3% 

3% 

00000 

CO DD 

••• 
•••• 

.... ..... 
P'P(2) 

P'P (3) 

P (1) 

P(2) 

3% 

6% 

3\ 

3% 

0000 

0000 

0000 

0000 

•• 
•••• 

•••• 

••• 

•••••.......... .... 
S(1) 

S(2) 

3\ 

3 % 

0000 

DODO 

•• 
••••• 

•.. 
A difference iD perfonnance of ODe grade is not significant due to the tight cut off points between grades and 
the level of repeatability of the tests. However, where there is a difference in perfonnance of two or more 
grades. the di fference is signi fi canL 

TABLE 13 : Performance Gradings - 4.5m2 Fire Tray and Heptane 
Foam Concentrates Used at the Concentrations Recommended 

by the Manufacturers - Gentle Application Tests 
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I NOTES FOR TABLE 13 : 

I. Knockdown Grade - The knockdown grades are based on the 90% extinction times achieved during the gentle 
application tests and are as follows:

Grade 90% Extinction Time 

ODDOO Less than or equal 10 I minute 
coca More !han 1 minule but less than or equal 10 I minute 30 seconds 
ODD More !h1Lll 1 minute 30 seconds bUI less than or equal 10 2 minutes 
DD More thlLll 2 minutes but less IblLll or equal 10 3 minules 
o More than 3 minutes 

2. Extinction Grade - The extinction grades are based OD the 100% extinction times achieved during the gentle application 
tests and are as follows:

Grade 100% Extinction Time 

••••• Less Ihan or equal 10 2 minules 

•••• More Ihan 2 minutes but less than or equal 10 3 minules 30 seconds 

••• More than 3 minutes 30 seconds but less Ihan or equal 10 5 minules 

•• More than 5 minules bUI less Iban or equal 10 10 minules 

• More than 10 minutes or nol extinguished 

3. Burnback Grade - The assessments of the burnback resistance of the foam blankets formed after gentle application are 
based on Ihe 25% burnbock limes and are as follows (Ihe higher tbe 25% burnback lime the better the performance):

Grade 25% Bumback Time 

• •••• More Ihan or equal to 25 minutes 


•••• More Ihan or equal to 20 minules but less than 25 minutes 


••• More than or equal 10 15 minutes but less than 20 minutes 


•• More than or equal to 10 minutes bUI less than 15 minutes 


• Less than 10 minutes 

Fire not extinguished or controlled well enough 10 enable a bum back test to be performed. 
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I ..oam Type Cone. 
Used 

JOiOCKDOWN 
GRADE' 

EXTINCTION 
GRADE' 

BURNBACIt 
GRADE' 

FLARE 
RESISTANCE 
GRADE' 

AFFF(l) 3% 
2% 
1. 5% 

cooeD 
cooeD 
COOOD 

••••• 
•••• 
•••• 

....... 0 
0 
0 

AFFF(2) 3% 
2% 
1. 5% 

coDeD 
CODOD 

oooeD 

•••• 
•••• 
•••• 

•••.. 0 
0 
0 

AFFF-AR(l) 3% 
2% 
1. 5% 

cooeD 
oooeD 
cooeD 

•••• 
•••• 
••• 

.. .. ..... 0 
000 
000 

AFFF-AR(2) 3% 
2% 
1. 5% 

DOOOD 

DODO 

cc 

•••• 
•••• 
• 

.......... 
-

0 
000 
- 

FFFP(l) 3% 
2% 
1. 5% 

COODD 

oooeD 
CODe 

•••• 
••• 
••• 

...
•• 

0 
00 
0000 

FFFP(2) 3% coooo •••• .. 0 

FFFP-AR(l) 3% 
2% 
1. 5% 

aDDOO 

DODO 

c 

•••• 
••• 
• 

...
•-

000 
0000 

-
FFFP-I\R(2) 3% DODO ••• .. 00 

FFFP-AR(3) 3% 
1. 5% 

COOOD 

DODO 
•••• 
• 

... 
-

0 

-
FP(l) 3% cc • - -
FP(2) 3% ccc • - -

Table 14 Performance Gradings - 5.8m2 Fire Tray and Heptane - all 

Foam Concentrates at all Concentrations Tested 
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• •• 

NOTES FOR TABLE 14: 

I. Knockdown Grade - The knockdown grades are based on the 90% extinction times achieved during the forceful 
application teSIs and are as follows:

Grade 	 90% Extinction Time 

00000 Less than Or equal to I minute 

DODO More than I minute but less than or equal to I minUle 30 seconds 

000 More than I minute 30 seconds but less than or equal to 2 minutes 

00 More than 2 minutes but less than or equal to 3 minules 

o 	 More than 3 minutes 

2. Extinction Grade - The extinction grades are based on the 100% extinction times achieved during the forceful application 
tesls and are as follows:

Grade 	 100% Extinction Time 

••••• Less than or equal to I minute 30 seconds 


•••• More than I minute 30 seconds bUI less than or equal to 3 minutes 


••• More than 3 minutes but less than or equal to 4 minutes 


•• More than 4 minutes but less than or equal to 12 minutes 


• 	 Not extinguished 

3. Bumback Grade - The assessments of the bumback resistance of the foam blankets fonned after forceful application are 
based on Ihe 25% bum back times and are as follows (the higher the 25% bumback time the better the performance):

Grade 	 25% Burnback Time 

• •••• 	 More than or equal to IS minutes 

• ••• 	 More than or equal to 12 minutes 30 seconds but less than IS minutes 

More than or equal to 10 minutes but less than 12 minutes 30 seconds 

More than or equal to 7 minutes 30 seconds but less than 10 minutes 
I •

•
• 

Less than 7 minutes 30 seconds 

Fire not extinguished or controlled well enough to enable a bumback test to be performed. 


Flare-ups have not been taken into consideration for any of these bumback results. See below. 

4. Flare Resi stance Grade - The flare resistance grades are based on the largest area of the foam blanket involved in a flare 
up during bumback lests carried out after forceful foam application fire tests. A flare-up involves the foam blanket surface in 
flames which quickly escalate and then die down leaving the foam blanket intact. Flare-ups are probably due 10 the 
ignition of contaminated foam within the foam blankets. 

Performance grades for flare res islance are as follows (the smaller the area of tray involved in flame the better the 
performance):

Grade 	 Area or Foam Blanket Involved in Large Flare Flames 

0000 0 Less than 1% 

0000 More than or equal to I % but less than 5 % 

000 More than or equal to 5 % but less than 15 % 

00 More than or equal to 15% but less than 25% 

o 	 More than or equal to 25 % 

Fire not ex tinguished or controlled well enough to enable a bumback test to be perfonned . 
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Foam Type Cone. KNOCKDOWN EXTINCTION BURNBACK P"LARE 
Used GRADE' GRADE' GRADE~ RESISTANCE 

GRADE' 

AFFF(l) 3% eeeee ••••• .. 0 

AFFF(2) 

AFFF-AR(l) 

AFFF-AR(2) 

3% 

3% 

3% 

eeeee 

eecee 

eeeeo 

•••• 

•••• 
•••• 

•......... 0 

0 

0 

FFFP(l) 

FFFP(2) 

FFFP-AR(l) 

FFFP-AR(2) 

3% 

3% 

3% 

3% 

00000 

cocco 

occeo 

ccee 

•••• 
•••• 
•••• 

""" 

... .. ... .. 
0 

0 

000 

00 

FFFP-AR(3) 3% coccc •••• ... 0 

FP(l) 3% cc 
" -  -

FP(2) 3% ccc " - -

Table 15 : Performance Gradings - 5.8m2 Fire Tray and Heptane 

- Foam Concentrates Used at the Concentrations Recommended 


by the Manufacturers 
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• •• 
• • 

NOTES FOR TABLE IS : 

I. Knockdown Grade - The knockdown grades are based on the 90% extinction times achieved during the forceful 
application tests and are as follows:

Grade 	 90% Extinction Time 

I coooo Less than or equal to I minute 
0000 More than I minute but less than or equal to I minute 30 se<:Onds 
ccc More than I minute 30 seconds but less than or equal to 2 minutes 
cc More than 2 minutes but less than or equal to 3 minutes 

c More than 3 minutes 


2. Extinction Grade - The extinction grades are based on the 100% extinction times achieved during the forceful application 
tests and are as follows: 

Grade 	 100% Extinction Time 

••••• Less than or equal to I minute 30 seconds 


•••• More than I minute 30 seconds but less than or equal to 3 minutes 


••• More than 3 minutes but less than or equal to 4 minutes 


•• More than 4 minutes but less than or equal to 12 minutes 


• 	 Not extinguished 

3. Bumback Grade - The assessments of the burnback resistance of the foam blankets formed after forceful application are 
based on the 25% bumback times and are as follows (the higher the 25 % bumback time the hetter the performance):

Grade 	 25% Burnback Time 

• •• •• 	 More than or equal to IS minutes 

• •• • More than or equal to 12 minutes 30 seconds but less than IS minutes 

More than or equal to 10 minutes but less than 12 minutes 30 seconds 

More than or equal to 7 minutes 30 se<:Onds but less than 10 minutes 


• Less than 7 minutes 30 seconds 

Fire not extinguished or controlled well enough to enable a bumback test to he performed. 

Flare-ups have not been taken into consideration for any of these bumback results . See below. 

4. Flare Resistance Grade - The nare resistance grades are based on the largest area of the foam blanket involved in a nare 
up during burnback tests carried out after forceful foam application fire tests. A nare-up involves the foam blanket surface in 
names which quickly escalate and then die down leaving the foam blanket intact. Flare-ups are probably due to the 
ignjtion of contaminated foam within the foam blankets. 

Performance grades for nare resistance are as follows (the smaller the area of tray involved in name the better the 
performance):

Grade 	 Area of Foam Blanket Imol.ed in Large Flare Flames 

00000 Less than 1% 

0000 More than or equal to I % but less than 5 % 

000 More than or equal to 5 % but less than 15 % 

00 More than or equal to 15 % but less than 25 % 

o 	 More than or equal to 25 % 


Fire not extinguished or controlled well enough to enable a bumback test to be performed. 
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P'oa. Type CODe. 
Used 

100\ Extinction Times 

4.5.' 
Tray 

min : sec 

5.8.2 Tray 
ain : sec 

4.5.' 
Extinction 

Grade 

5.8.2 

Extinction 
Grade 

AFFF(l) 3% 
2\ 
1. 5% 

1 : 06 
1 : 34 
1 : 57 

1 : 24 
2 : 05 
2 : 22 

••••• 
•••• 
•••• 

••••• 
•••• 
•••• 

AFFF(2) 3% 
2% 
1. 5\ 

1 : 31 
1 : 41 
2 : 15 

1 : 46 
2 : 07 
2 : 45 

•••• 
•••• 
•••• 

•••• 
•••• 
•••• 

AFFF-AR(l) 3% 
2% 
1. 5% 

1 : 39 
2 : 10 
3 : 01 

1 : 51 
2 : 28 
3 : 06 

•••• 
•••• 
••• 

•••• 
•••• 
••• 

AFFF-AR(2) 3% 
2\ 
1. 5% 

1 : 29 
2 : 21 

NE 

1 : 59 
2 : 59 

NE 

••••• 
•••• 
• 

•••• 
•••• 
• 

FFFP(l) 3% 
2% 
1. 5\ 

1 : 43 
3 : 03 
3 : 14 

2 : 27 
3 : 17 
3 : 18 

•••• 
•••
••• 

•••• 
•••
••• 

FFFP(2) 3\ 1 : 49 1 : 46 •••• •••• 
FFFP-AR(l) 3% 

2% 
1. 5% 

3 : 18 
3 : 15 
3 : 13 

2 : 17 
NE 
NE 

•••
•••
••• 

•••• 
• 
• 

FFFP-AR(2) 3% 2 : 07 3 : 06 •••• ••• 
FFFP-AR(3) 3% 

1. 5% 
1 : 35 
3 : 12 

2 : 23 
NE 

•••• 
••• 

•••• 
• 

FP(l) 3% 9 : 43 NE •• • 
FP(2) 3% 3 : 36 NE ••• • 

NOTES P'OR TABLE 16 

Extinction Grade - The extinction grades are based on the 100% extinction times 
achieved during these forceful application tests and are as follows:

Grade 100% Extinction TilDe 

••••• Less than or equal to 2 minutes 
•••• More than 2 minutes but less than or equal to 3 minutes 30 seconds 
••• More than 3 minutes 30 seconds but less than or equal to 5 minutes 
•• More than 5 minutes but less than or equal to 10 minutes 

More than 10 minutes or not extinguished• 
HE - Not Extinguished 

Table 16 Comparison of Extinction Times and Extinction 
Performance Gradings For 4.5m2 and 5.8m2 Fire Tests 
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Foam Type Foam 
COne. 

25% Burnback Tillle 
(Ignores Flares) 

4.5m2 Tray 

.in : sec 

5. SID? Tray 

...in : sec 

4 • Sra? 
Burnback 

Grade 

508m2 

Burnback 
Grade 

AFFF(l) 3% 
2% 
1.5\ 

8 : 44 
9 : 42 

11 : 05 

8 : 42 
9 : 24 

11 : 29 

....... ....... 
AFFF(2) 3\ 

2\ 
1.5% 

7 : 12 
8 : 13 
8 : 10 

6 : 15 
7 : 56 
7 : 38 

•.... •..
•• 

AFFF-AR( 1) 3% 
2% 
1.5% 

14 : 25 
13 : 06 
10 : 14 

13 : 29 
11 : 57 

8 : 10 

........... ......... 
AFFF-AR(2) 3% 

2% 
1. 5% 

16 : 48 
15 : 40 

NE 

15 : 31 
15 : 08 

NE 

.......... 
-

.......... 
-

FFFP(l) 3% 
2% 
1. 5\ 

12 : 30 
7 : 54 
7 : 46 

10 : 11 
7 : 14 

7 : 04 

....... ...
•• 

FFFP(2) 3\ 13 : 17 9 : 20 .... .. 
FFFP-AR( 1) 3% 

2% 
1. 5% 

8 : 35 
8 : 15 
8 : 02 

11 : 40 
NE 
NE 

...... ...
•-

FFFP-AR(2) 3% 11 : 49 9 : 52 ... .. 
FFFP-AR(3) 3% 

1. 5% 
13 : 16 

9 : 06 
10 : 48 

NE 
...... ... 

-
FP(l) 3% 10 : 04 NE ... -
FP(2) 3% 11 : 14 NE ... -

NOTES FOR TABLE 17 

Burnback Grade - The assessments of the burnback resistance of the foam blanket 
formed after forceful application are based on the 25% burnback times and are a 
follows (the higher the 25% burnback time the better the performance):

Grade 25% Burnback Time ..... More than or equal to 15 minutes.... More than or equal to 12 minutes 30 seconds but less than 15 minutes... More than or equal to 10 minutes but less than 12 minutes 30 seconds.. More than or equal to 7 minutes 30 seconds but less than 10 minutes 
Less than 7 minutes 30 seconde• Fire not extinguished or controlled well enough to enable a burnback 
test to be performed. 

Flare-ups have not been taken into consideration for any of these burnback 
results. 

NE - Not Extinguished, any resulting burnback test void. 

Table 17 : Comparison of 25% Burnback Times and Burnback 
Performance Gradings For 4.5m2 and 5.8m2 Fire Tests 
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Sj320/90 

Figure 1 The Fire Test Hood at the FEU still Air Facility 
(Fire Test in Progress) 

S/813/91 

Figure 2 : The 4.5m2 Fire Tray positioned within the outer Tray 
Prior to a Test, Backplate also in position 
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S/826/9l 

Figure 3 A Gentle Application Fire Test in Progress 

S/808/91 

Figure 4 A Forceful Application Fire Test in Progress 
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S/588/91 

Backplate Being positioned within the 4.5m2 Fire TrayFigure 5 
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Figure 6 : Branch positioning Diagram For Gentle Application Tests (4 . 5m2 Tray) 
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5/583/91 

Figure 8 : Heated Flammable Liquid store 
(The Smaller store to the Left of The picture) 

5/661/91 

Figure 9 Ignition of the Burnback Pot using a Lance 
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817 00 / 91 

Figure 10 : General View of a Medium Scale Fire 
During the Early stages of BurnbacK 

B/161/94 

Figure 11 The UNI86 Branch 
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5 /8 21/91 

Figure 12 Branch Trolley Showing Deflector in the Up 
Position 

5/ 66 9 / 9 1 


Figure 13 Foam Sample Collection 
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5/673/91 

Figure 14 Measurements of Foam Quality 
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Figure 15 : Radiometer positions During Medium Scale Fire Tests 
(4.5m2 Tray) 
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S/688/91 

Figure 17 The water Base Being Added to the Fire tray 
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S/689/91 

Figure 18 Fuel Being Added to the Fire Tray 
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APPENDIX A - safety instructions for medium scale tray fire 
tests 

I 

I 


I 


I 


Ai 



I 

I 

I 


I 


I 

I 


I 

I 

I 

I 

I 

I 


I 

I 

I 




SAFETY INSTRUCTIONS FOR MEDIUM SCALE FIRE TESTS 

General 

The following instructions concern the safety aspects of the 
medium scale fire tests. These instructions must be adhered 

I 
 to throughout. 


I YOUR ATTENTION IS DRAWN TO THE CONTENTS OF THE FEU 
INSTRUCTIONS FOR HEALTH AND SAFETY AT WORK WHICH SHOULD BE 
READ 	 IN CONJUNCTION WITH THIS DOCUMENT 

SAFETY PROCEDURE 

I Personnel Directly Involved in the Fire Tests 

I 
The following personnel will be involved:

Bryan Johnson - Project Officer, Observer and Fire Safety 

I 

Cover 
John Price - Fuel handler and fire safety cover 
Kirsty Bosley - Fuel handler, Fuel igniter, Observer 
GUy Roberts - Concentrate mixing, foam generation, foam 
testing and Fire Safety Cover 

Other contract personnel may supplement the FEU team. 

A minimum of four people will be in attendance during each 
fire test. 

I Casual observers 

These are personnel who are not directly involved in the fire 
tests. These people mayor may not be members of the Fire 
Experimental Unit. In all cases, unsupervised casual 
observers MUST read these safety notes before being allowed to 
observe a fire test. 

I Project Officer 

1. 	 The project officer responsible for this work is Bryan 
Johnson. In the first instance, all matters of safety 
during these fire tests are his responsibility. 

I No smoking 

2. 	 No smoking will be allowed in the still Air Facility or 
the flammable liquid stores. 
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Fuels 

3. 	 The following fuel will be used during these trials :-

Heptane (Solvent 50), also now known (and sold as) 
Exxsol Heptane 

144 Litres of fuel will be required for each fire test. 
A further 2 litres of fuel will be required for use 
during the burnback test. 

The Health and Safety Data Sheets for Heptane can be 
found in the Health and Safety Data Sheet Library (in the 
Information Desk). ALL PERSONNEL INVOLVED IN THIS TRIAL 
SHOULD CAREFULLY READ THESE SAFETY DATA SHEETS 

4. 	 All fuel and fuel waste containers will be correctly 
labelled indicating their contents. 

Foam 	 Concentrates 

5. 	 The following types of foam concentrates will be used 
during these fire tests: 

Type 	of Concentrate 

Protein (P) 

Fluoroprotein (FP) 

Film Forming FP (FFFP) 

Alcohol Resistant FFFP (FFFP-AR) 

Aqueous Film Forming Foam (AFFF) 

Alcohol Resistant AFFF (AFFF-AR) 

synthetic 


The Health and Safety Data Sheets for these foam 
concentrates can be found in the Health and Safety Data 
Sheet Library (in the Information Desk). ALL PERSONNEL 
INVOLVED IN THIS TRIAL SHOULD CAREFULLY READ THESE SAFETY 
DATA SHEETS. In particular, gloves and goggles should be 
worn when pouring out and handling these foam 
concentrates. 

Fuel 	Handling 

6. 	 The person handling or measuring out fuels will be 
dressed in a Fleet suit, safety fire boots and wearing a 
protective helmet with integral face visor and flame 
resistant protective gloves. All operations which 
involve the handling of fuels will be overseen by a 
second person standing at a safe distance and holding a 
fully charged dry powder fire extinguisher and with 
access to a foam extinguisher. This second person will 
be dressed in non-flammable clothing and have experience 
in the use of fire extinguishers. When fuel is being 
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poured into the fire tray, two people will handle the 
drum/pour the fuel while a third oversees them with 
firefighting equipment. 

I 
I 7. All fuel operations which involve the removal of caps 

from flammable liquid containers will be carried out with 
the protection specified in 6. above. 

I 
8. The measuring out of fuels will be performed within the 

large flammable store external to Hangar 97. All of the 
flammable store doors (including the safety door) must be 
open 	during this operation. 

9. 	 Where possible, the correct drum handling equipment 
should be used for moving fuel drums. Pushing drums 
along the ground/fuel store floor should be avoided. 

10. 	 When fuel is being measured out, the fuel drums involved 
must be earthed. 

11. 	 All fuel drums within the small, heated, flammable store 
must be earthed. 

12. 	 Measurement of fuel temperatures will only be carried out 
with an intrinsically safe thermocouple/indicator or with 
a mercury in glass thermometer. 

13. 	 Several AFFF and dry powder extinguishers will be 
positioned around the fire test area prior to each test. 
Extinguishers will be located within the fuel stores at 
all times. 

I 
14. The person igniting the fuel will do so with a flaming 

lance. This person will be dressed as specified in 6. 
above and will be provided with fire safety cover. 

I 15. Burnback fuel will be stored within the yellow flammable 
store in Hangar 97. only enough fuel for one days 
testing will be stored there at anyone time. All other 
fuel must be stored within the large flammable store. 

16. 	 Only 1 litre of fuel will be placed in a measuring 
cylinder for use with the lance. This measuring cylinder 
will be placed within a metal tray close to the yellow 
flammable store. This fuel must be transferred to a 
safety container at the end of each working day. 

17. 	 Ignition of the lance will take place in a designated 
area which is a safe distance from the yellow flammable 
store and the fire tray.

I 18. The lance must be extinguished immediately after use. 
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Electrical Equipment 

19. 	 All electrical equipment, plugs, sockets, distribution 
boards etc. will be lifted off the floor and positioned 
to prevent the ingress of liquid. 

20. 	 Only 110v equipment should be used around the trials 
area. 240v transformers may be used along the Hangar 
walls. 240v equipment may be used within the 
instrumentation cabin via the cabins own 240v supply. 

Casual Observers 

21. 	 Casual observers will not be allowed under the smoke hood 
during a fire test unless they are dressed as specified 
in 6. above . (A fire test commences at the point at 
which fuel is poured into the fire tray and ends when the 
fuel has completely burnt out at the end of burnback 
test) . 

Exits 

22. 	 All hangar doors are closed and will remain closed during 
a fire test to minimise the effect of wind on the test 
fire. However, the personnel doors at the north and 
south ends of the hangar will not be locked and may be 
used for exits in an emergency. The centre door nearest 
to the fire appliance will not be locked and may also be 
used as an emergency exit. 

Additional Fire Cover 

23. 	 A fire appliance will be positioned at the centre door of 
the hangar, nearest to the crew room. This appliance 
will have connected to it a foam making branchpipe with 
inductor and foam concentrate , and a main line (70mro) 
water branch. The appliance will be connected directly 
to a hydrant. The appliance will be started and warmed 
up before each test to ensure it functions correctly. 

24. 	 A main line water branch will be connected directly to a 
hydrant with sufficient hose length to allow it to be 
used to cover all fuel operations within the fuel stores 
and within the hangar. 
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