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ABSTRACT 

In September 1991, a series of foam trials was carried out on a 
5610' circular tray using 3000 litres of petrol as fuel for each 
test, to establish whether the introduction of lead-free petrol 
conforming with current standards would present any new problems 
to the fire service when using their standard low expansion foam 
equipment and techniques. The conclusions were that, providing 
brigades followed the application rate guidance given in the 
Manual of Firemanship as amended by the neo Letter 10/91, no 
problems would be expected when using good quality AFFF or FFFP 
against petrol formulations permitted by current and likely 
future standards. 

FP achieved extinction with the unleaded fuel with no oxygenates 
when used at the minimum recommended application rate of 5 lpm/m' 
and with an Angus 225H branchpipe. Extinction was not achieved 
with the fuels with added oxygenates without using indirect 
application. The burnback performance of FP was better than that 
of AFFF and FFFP. 

In selecting foam additives, brigades should consider the 
relative importance of extinguishing and burnback performance. 
FP has the better burnback performance. AFFF and FFFP have 
significantly better extinguishing performance. 
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MANAGEMENT SUHHARY 

Introduction 

As a result of public concern, the Fire Experimental Unit was 
asked to evaluate the performance of portable foam extinguishers 
on fires of various traditional and unleaded petrol formulations. 
The tests, carried out in 1989, revealed that the foams tested 
suffered no significant loss of fire extinguishing capability 
when used on small scale unleaded petrol fires. The report 
concluded that there appeared to be no need to change fire 
extinguisher requirements for garage forecourts or comparable 
situations. 

The objective of the tests described in this report was to 
establish whether lead-free petrol, conforming with current 
standards, would present any problems to the fire service using 
their standard low expansion foam equipment and techniques. 

Discussions were held between the Home Office and the petroleum 
industry during the planning of the trials. The industry co
operated fully and assisted with the specification, mixing and 
delivery of fuel. The fuel for the main tests was donated by the 
Industry with the Home Office paying the duty and VAT charges. 

Fuel 

Lead as lead tetra-ethyl (or lead tetra-methyl) has been used for 
about 60 years to improve the performance (octane rating) of the 
hydrocarbon mixtures which constitute petrol, but health and 
environmenta~ concerns have resulted in the progressive reduction 
in amounts of lead in petrol from 1974 onwards. The reduction 
of the lead content has led to the use of oxygenates, for example 
ethe,rs and alcohols, as alternative octane improvers. oxygenates 
are only used in either leaded or un leaded fuels when the octane 
rating cannot be achieved cost effectively by refinery processes. 

The choice of fuel was made after advice from the Petroleum 
Industry on the most suitable combinations to represent blends 
towards the upper limits of oxygenate concentrations which could 
potentially be present in the UK. The three fuel types agreed 
for testing were: 

Fuel 1 - Unleaded petrol with no oxygenates. This was 95 octane 
premium un leaded petrol. 

Fuel 2 - Unleaded petrol with a 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 UK maximum of 2.5%. 

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

Each fuel was analysed by the suppl ier before delivery and 



samples were taken from the tanker at the test site by the FEU 
for independent analysis. 

Additives 

The additives tested were FP, AFFF and FFFP foams, chosen 
because these were the foam types most commonly used in the fire 
service. 

One test with alcohol resistant AFFF (AFFF-AR), at 3% 
concentration, was included because of current interest from some 
brigades in using a 'universal' concentrate. 

FIRE TEST PROCEDURES 

The tests were performed in a purpose built 56m2 circular tray on 
the Fire Service College fireground. The tray had a concrete 
base and metal circular rim. For each test, 3000 litres of fuel 
were dispensed from a tanker into the tray. The fuel was ignited 
and allowed a 
applied to the 

one minute preburn before 
upwind side of the tray. 

the foam stream was 

The branchman, 
aspirated foam 
disturbance to 

an experienced fire officer, 
to the tray surface, attempting 
the fuel. 

applied 
to cause 

primary 
minimum 

Five minutes after the fire was extinguished, a burnback test was 
performed to assess the resistance of the foam blanket to flame. 

Throughout the tests, observers noted the progress of the fire 
fighting, the times to 90% control and extinction and the times 
to 25% and 100% burnback. Radiometers were used to measure heat 
radiation and all tests were recorded on colour video equipment. 

The foam solution was produced using an in-line inductor as a 
convenient way for introducing concentrate into the hoseline. The 
concentrate and solution flowrates were accurately monitored by 
the use of flowmeters and both could be controlled with the use 
of pumps. 

RESULTS 

Unleaded petrol with no oxygenates - Fuel 1 

The results of the extinction tests are given in Figure MS1 which 
records the 90% and 100% extinction times in minutes and seconds. 

AFFF and FFFP gave convincing extinction at 4 lpm/m2 using the 
Chubb FB5X MkII. FP gave satisfactory extinction when used at 
5 lpm/m2 with the Angus 225H. The single test with AFFF-AR gave 
results similar to those of AFFF and FFFP. 

The burnback tests using AFFF, FFFP and AFFF-AR produced similar 
results, with small flames developing over the foam surface and 
tray rim shortly after the burnback flame was applied. The foam 



blanket did resist a major burnback for several minutes before 
the flames quickly spread to the whole tray area. The 
performance of FP was much better with 25% burnback times in 
excess of 12 minutes. 

Un18a484 fuel with alcohols - Fuel 2 and Unleade4 petrol with 
MTBB - :ruel 3 

The extinction results are given in Figure MS2. 

with Fuels 2 and 3, both AFFF and FFFP at 4 lpm/m' gave 
convincing control and extinction with a Chubb FB5X HRII Branch. 
FP at 5 lpm/m2 with the Angus 225H Branch did not achieve 90% 
control until 11 minutes with Fuel 2 and 15 minutes with Fuel 3. 
The fire was only eventuallY extinguished when the firefighter 
directed the foam stream to hit the ground outside the tray and 
flow over the bund wall and gently onto the fuel surface. This 
tactic is referred to as indirect application. The burnback test 
results were similar to Fuel 1 with minimal resistance from AFFF 
and FFFPi FP showed superior performance. 

Only three tests are reported with Fuel 2 because of a branch 
malfunction on one test. 

A single test was carried out with Fuel 3 using FFFP and the 
Angus 225H branch at 4 lpm/m 2 • This did not show a significant 
change in the extinction performance but it did give improved 
burnback times. The significant change in the measured foam 
properties was that FFFP had a longer drainage time when used 
with the Angus Branch. 

DISCUSSION 

Foam Types 

The results indicate that there was no difficulty in 
extinguishing all three fuels tested using AFFF and FFFP with the 
Chubb FB5X HRII branch at the minimum recommended application 
rate of 4 lpm/m'. The single test with AFFF-AR on Fuel 1, showed 
similar performance to AFFF and FFFP. 

FP had to be used at 5 lpm/m 2 , the recommended minimum rate, and 
with the Angus branchpipe to extinguish the un leaded fuel (Fuel 
1) . with the other two fuel types, the 90% times were much 
longer than with the other foam concentrates and indirect 
application was required for extinction. The branchmen were 
never confident with the use of FP because of the flaring that 
occurred wherever the foam stream hit the foam surface. 

FP was more successful when the foam stream was applied 
indirectly. This gave gentler application as would be achieved 
with a backplate, frontplate or other objects which could be used 
to serve the same purpose. Gentle application is advocated by 
the fire service wherever possible. 

The burnback times of FP were the longest showing that FP had 



better burnback resistance. However, care must be taken in 
comparing tests where the extinction times were very different, 
because the burning characteristics of the fuel change as it 
burns down, and because long application times allow a deep foam 
blanket to build up. 

In selecting foam additives, brigades should consider the 
relative importance of extinguishing and burnback performance. 
FP has the better burnback performance. AFFF and FFFP have 
significantly better extinguishing performance. 

From the results achieved with good quality AFFF and FFFP, there 
would appear to be no justification for using alcohol resistant 
type concentrates for petrol fires. 

Branchpipas 

The tests have supported the pilot study results and shown that 
wi th FP and FFFP the performance of the Chubb FB5X Mk II 
branchpipe is inferior to that of the Angus 225H. 

Satisfactory performance with all the fuel types was achieved 
with the Chubb Branch when using AFFF and FFFP, but use of the 
Chubb branch with FP cannot be recommended. 

CONCLOSIONS 

The trials have shown that, using AFFF and FFFP through a Chubb 
FB5X MKII branchpipe at 4 lpm/m', there was no difficulty in 
extinguishing all the fuels tested. No difficulty is expected 
with petrol formulations in the current standards using the Chubb 
FB5X MKII or Angus 225H branchpipes under these conditions. 

FP only achieved extinction with the unleaded fuel with no 
oxygenates when used at the minimum recommended application rate 
of 5 lpm/m' and with an Angus 225H branchpipe. Extinction was 
not achieved with the other two fuels without using indirect 
application. The burnback performance of FP was better than that 
of AFFF and FFFP. 

The tests have shown that foams applied with the Angus 225H have 
superior performance than when applied with the Chubb FB5X MKII. 

In selecting foam additives, brigades should consider the 
relative importance of extinguishing and burnback performance. 
FP has the better burnback performance. AFFF and FFFP have 
significantly better extinguishing performance. 

Providing that brigades follow the guidance in the Manual of 
Firemanship, as amended by the DCO Letter 10/91, no problems 
would be expected when using good quality AFFF or FFFP against 
petrol formulations permitted by current and likely future 
standards. 
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1. INTRODUCTION 

As a result of public concern, the Fire Experimental unit was 
asked to evaluate the performance of portable foam extinguishers 
on fires of various traditional and unleaded petrol formulations. 
The tests, carried out in 1989, revealed that the foams used 
suffered no significant loss of fire extinguishing capability 
when used on small scale un leaded petrol fires. The report 
(Reference 1) concluded that there appeared to be no need to 
change fire extinguisher requirements for retail petrol 
forecourts or comparable situations . 

The report also suggested, however, that the stability of the 
foam blanket could be reduced at large scale incidents involving 
formulations containing high levels of oxygenates, and that 
further research might be required in th is area . When the report 
was presented to the Joint Committee on Fire Brigade operations, 
the members concluded that this should be the subject of further 
work. 

The objective of the tests described in this report, was to 
establish whether lead free petrol conforming with current 
standards could present any problems to the fire service using 
their standard low expansion foam equipment and techniques. The 
tests were designed to represent an incident that would be 
tackled using one main delivery foam br~nchpipe. 

Discussions were held between the Home Office and the petroleum 
industry during the planning of the trials. The industry co
operated fully, in particular the assistance of the industry was 
requested with the specification, mixing and delivery of fuel. 
The fuel for the preliminary tests was purchased by the Home 
Office but the fuel for the main tests was donated by the 
Industry with the Home Office only paying the duty and VAT 
element. 

1 




2. FACTORS AFFECTING TRIALS DESIGN 

2.1 Application Rate 

Successful use of foam is dependent on the rate of application. 
Application rates are generally defined in terms of the amount 
of foam solution in litres per minute expended on 1 square metre 
area of the fuel surface. 

There is a critical application rate below which the fire cannot 
be extinguished and above this there is a recommended rate which 
will vary depending on the method of application and the size of 
fire. The most recent Home Office guidance was issued to 
brigades in a Dear Chief Officer letter Number 10/91 (Reference 
2) in November 1991 which supplemented information given in the 
Manual of Firemanship (Reference 3). 

The additives tested in these petrol trials were Fluoroprotein 
Foam (FP), Aqueous Film Forming Foam (AFFF) and Film Forming 
Fluoroprotein Foam (FFFP). The fuel depth for the trial was 
shallow (approximately 50 mm) representing a spill fire. The 
relevant application rate was 4 lpm/m2 for AFFF and FFFP foam 
types and 5 lpm/m 2 for FP foam type. 

Previous SRDB tests (References 4 and 5) have used 2 . 5 lpm/m2, 
which was chosen because it was above the critical application, 
rate and it was hoped that this would differentiate between 
additives. 

The objective of these tests was to establish whether lead free 
petrol conforming with current standards could present any 
problems to the fire service when using their standard equipment 
and techniques. It was therefore appropriate to use the rate 
currently recommended to the fire service (4.0 lpm/m2) for all 
foam types for the preliminary tests. This is the rate 
recommended in Reference 2 for AFFF and FFFP but is less than the 
recommended rate for FP. 

2.2 Choice of Branchpipe 

A pilot Study on Low Expansion Foam-making Branchpipes was 
carried out by FEU in 1986 and reported in Reference 6. For the 
purposes of the study, four branchpipes were chosen, all with 
flows of about 225 litres per minute. These were the Angus F225, 
the Angus F225H, the Chubb FB5X MKl and Chubb FB5X MK2. These 
branchpipes were the ones in most common use on first line 
appliances in the united Kingdom. 

The hydraulic characteristics of the branches, the foam pattern 
and throw and the quality of the finished foam were measured in 
the pilot stUdy. 

The Angus F225 had the shortest throw and a very tight "rope- I 
like" stream. 
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The foam 
summarised 

properties 
below: 

(using FP70) , of the other branches are 

Branch Expansion Rate 25% Draina
Minutes 

ge-Time 

Angus F225H 9 5 
chubb FB5X Mkl 8.5 3 
Chubb FB5X MK2 9 2 

The Chubb branchpipes gave a much shorter drainage-time and more 
fluid foam. The report (Reference 6) noted that the significance 
of this difference in foam properties required assessment in full 
scale fire tests, but this comparison was not carried out before 
these current tests. In the absence of such results, the longer 
draining foam would be considered the better, particularly for 
burn-back resistance. 

The main physical difference between the two branchpipes is the 
overall length. The Angus 225H is 795 mm compared with 460 mm 
for the Chubb FB5X. The extra length does allow more time to 
"work" the foam. 

For the lead-free petrol tests the Angus F225 was rejected 
because of the short throw and the Chubb FB5X MKl because a later 
version was available. The latest Chubb branchpipe, the FB5X 
MKII, was chosen on the basis that if this was successful, then 
better performance could be expected from the Angus 225H. 

It was necessary to confirm that extinction could be achieved 
with this branchpipe at the proposed application rate of 4 
lpm/m', the recommended rate for AFFF and FFFP foam types, and 
this was done during the preliminary tests. 

In the earlier FEU work (Reference 6), the flowrate of the FB5X 
MkII was 234 lpm at the recommended operating conditions of 5.5 
bar inlet pressure. A flowrate of 225 Ipm was used in these 
tests. This is not significantly different from the recommended 
condition but is a more common value. 

The application rate and flowrate of the branch together dictated 
the surface area of the tray to be used for these tests. 

2.3 Preburn 

A preburn time of 1 minute was allowed from ignition to the start 
of foam application. This was considered sufficient to allow the 
fire column to obtain equilibrium and for the burning rate to 
steady, while allowing reasonable economy in fuel costs. 

The sealing qualities of the foams may not be fully tested with 
a one minute preburn because the metal tray rim will not be 
heated to significantly high temperatures. 

J 



2.. Tactics of Foam Application 

There are three ways in which a foam stream can be applied to a 
tray fire: 

1. Gentle application 

The foam stream is allowed to fall as gently as possible 
onto the fuel surface, without allowing it to impact on the 
tray sides. 

Gentle application can be achieved without moving the 
branch or by moving the branch to produce a sweeping motion 
over the tray. 

2. Forceful surface application 

The foam stream is directed forcefully into the fuel. 

3. Use of a backplate or front plate. 

The foam stream is directed onto a plate above the 

fuel surface. This allows the foam to run gently onto 

the fuel surface, building up a blanket which can flow 

gently over the surface, so ensuring the minimum of 

disturbance. 


The tray sides can be treated as a backplate if there 

is enough metal above the fuel surface. 


The branchman, an experienced Fire Officer, was asked to apply 
aspirated foam as gently as possible to the tray surface without 
using the tray sides. There was no backplate used because a 
backplate may not always be available to the branchman at 
operational incidents. 

The technique agreed was gentle applicati c n until 90% control. 
For the initial attack the branch was directed so that the bulk 
foam stream hit the centre area of the tray. 

The branchmen tried to keep the foam stream stationary for this 
phase. 

When 90% extinction had been achieved with the branch stationary, 
the branchman was allowed to move the foam stream over the tray. 

If a stage was reached when the extinction was no longer 
progress1ve, the branchmen changed their position and moved the 
foam stream over the surface. If the clock time was greater than 
8 minutes the branch men were allowed to use forceful application 
and if this failed to extinguish the fire, the foam was directed 
onto the ground in front of the tray wall so that foam was pushed 
over the front. This later technique is referred to as indirect 
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application in this report, and is equivalent to the use of a 
front plate. 

2.5 Number of Test Fires 

Three tests, in the same conditions, are preferable to assess 
repeatability. More tests are desirable but the size and cost 
of the these must impose limits. 

It was decided at a preliminary meeting between the Home Office 
and the petroleum industry, to carry out 4 tests only for each 
fuel type. 

This allowed for one test per fuel type and foam additive and a 
repeat of one combination only. 

2.6 Pro~uction of Foam Solution 

Brigades use in-line inductors or round-the-pump systems for the 
induction of additives on first-line appliance for main delivery 
foam branchpipes. Self inducting branchpipes are also used. 

In these trials an in-line inductor system in conjunction with 
a gear pump and flowmeters (see Section 3.3.) was used because 
this could be used as a convenient way for introducing 
concentrate into the hoseline in a closely controlled way. 

The use of this arrangement also avoided foam solution passing 
through the appliance pump and the consequential need for 
thorough flushing of the pump after each test. It was also more 
economical on the use of foam concentrate over the alternative 
approach of using a premix solution. The premix requires large 
volumes of solution to be avai lable for the longest expected 
extinction times. When the concentrate is inducted, foam 
production can be terminated at the end of the test. 

When the Chubb FB 5X branchpipe was used, it was set to the 
Premix setting. 

2.7 Fuel 

Lead as lead tetra-ethyl (or lead tetra-methyl) has been used for 
about 60 years to improve the performance (octane rating) of the 
hydrocarbon mixtures which constitute petrol, but health and 
environmental concerns have resulted in the progressive reduction 
in amounts of lead in petrol from 1974 onwards. The reduction 
of the lead content has lead to the use of oxygenates, for 
example ethers and alcohols, as alternative octane improvers. 
Oxygenates are only used in either leaded or un leaded fuels when 
the octane rating cannot be achieved cost effectively by refinery 
processes. 

At the time of the setting up of the tests, Methyl Tertiary Butyl 
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Ether (MTBE) had been widely used in European Continental petrol 
and was increasingly appearing in UK blends. Alcohols, notably 
tertiary butyl alcohol (TBA) and methanol were also used 
intermittently as components in gasolines in Europe and, provided 
the fuels conform to the British Standards, could in theory be 
imported for sale in the UK. At present, however, the likelihood 
of this happening is low since alcohol-containing gasolines are 
unsuitable for the distribution system in the UK. 

European Directive 85/210/EEC defines the permitted contents of 
both leaded and unleaded petrol, while 85/536/EEC, the 
'OxYgenates Directive', specifies the national flexibility and 
composition limits for oxygen-containing components which may be 
added to both leaded and unleaded petrol . UK petrol 
specifications are set by the British Standards Institution: BS 
4040 (1988) for leaded petrol and BS 7070 (1988) for un leaded 
petrol. These permit a virtually infinite number of oxygenate 
combinations up to the limits prescribed and reflect the 
requirements of 85/536/EEC . 

As noted earlier, both leaded and unleaded grades may contain 
oxygenate add i tives. In practice, the higher octane unleaded 
grades are more likely to contain oxygenates: this is because it 
is harder to achieve these octane levels by means of refining 
alone. 

The choice of fuel for these tests was made after advice from the 
Petroleum Industry on the most suitable combinations to represent 
blends towards the upper limits of oxygenate concentrations which 
could potentially be present in the UK. Although, for the reason 
given above, the use of alcohol-containing blends in the UK is 
unlikely, these fuels would tend to be more demanding of the foam 
performance during firefighting . An alcohol blend was therefore 
included in the series of fuel mixtures to be tested. The three 
fuel types agreed for testing were: 

Fuel 1 - Unleaded petrol with no oxygenates. This was 95 octane 
premium unleaded petrol. 

Fuel 2 - Unleaded petrol with a moderate oxygenate level, using 
an alcohol component of J 'I; M~th anol and 2% Tertiary Butyl 
Alcohol (TBA). This gives a Total Oxygen Content of 1.93% which 
approaches the UK maximum of 2.5%. 

Fuel 3 - Unleaded petrol with 15% Methyl Tertiary Butyl Ether 
(MTBE). This is the maximum allowed under EEC Directive and is 
greater than that allowed in the British Standard for use in the 
UK. 

At the planning stage of the tests, the standard for volatility 
was being renegotiated and it was expected that the volatility 
value would be reduced by the end of 1992. Although this reduced 
volatility would result in a less severe fire, it was decided to 
use the lower figure. The reduced volatility specification was 
expected to be current at the time that the results of the tests 
would be widely promulgated. It was decided that all the fuels 
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should have the same volatility (as measured by the Reid Vapour 
Pressure) and that this would be maximum allowed in the new 
standard. If possible, it would be arranged that all the fuel 
mixtures would contain broadly similar proportions of aromatic 
and aliphatic hydrocarbons. 

Each fuel was analysed by the supplier before delivery and 
samples were taken from the tanker at the test site by the FEU 
for independent analysis. 

2.8 Choice ot Additives 

It was decided to use good quality FP, AFFF and FFFP foams only. 
These were all used at 3% concentration. These were the foam 
types most commonly used in the Fire Service. 

Generally, throughout the report, reference is made to the 
additive type only. Table 1 gives full details of the additives 
used during this work. 

One test with alcohol resistant 
because of current interest 
'universal' concentrate. 

in 
AFFF 

some 
(AFFF-AR) 

brigades 
was 

in 
included, 

using a 

2.9 Tray Design 

The area of the tray (56.25 m') was dictated by the application 
rate (4 lpm/m') and flowrate of the branch selected (225 lpm). 

Reference 5 discussed the design of the 40 m' tray used in the 
earlier trials. This had a concrete base surrounded by a 
circular metal ring in a channel. Water was run into the tray 
to cover the base and then the fuel poured on top. The design 
was successful although there was damage to the concrete tray 
edges. 

For the current tests, a water base could not be used because 
some of the petrol additives were water soluble. This 
complicated the design of the new tray because, with the 40 m' 
tray design, there would be fuel on both sides of the metal rim 
and burning fuel on the outside of the ring would affect the 
extinction. 

It was therefore necessary to prevent the fuel from flowing to 
the outside of the rim by encasing the metal ring in concrete and 
using a flexible sealant around the inner tray rim. 

A metal tray was not proposed because of the problems of 
manufacture and of distortion of the base during the fire. The 
distortion could affect the depth of fuel. 
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2.10 Fuel Depth 

The deeper the fuel the more realistic and severe the test. 

Previous tests have used a water base and this allowed any 
variations in tray level to be overcome by the water layer. This 
was not practicable because of the solubility of some of the fuel 
additives, so no water base was used in the tests. About 1300 
litres of the 3000 litres of fuel were required to ensure that 
the whole area 'of the tray was covered with fuel. The concrete 
base of the tray was uneven, and this meant that in some areas 
of the tray the fuel depth was about 20mm before the whole tray 
base was completely covered with fuel. 

At an estimated free burning rate of 4 mm per minute, 3000 litres 
of petrol gave an estimated free burning time of 13 minutes. with 
the uneven tray base, the fuel would burn for nearly eight 
minutes before the tray base became exposed. 

2.11 Weather Conditions 

The general guidelines for weather conditions used for the tests 
were that tests would not be commenced if there was any 
precipitation, or with wind speeds above 6 m/so 

Although desirable, it was not possible to control the fuel 
temperature. 

The tests were suspended on one hot windless afternoon because 
the conditions were considered too dangerous with clouds of 
petrol vapour drifting over the whole trial site. 

2.12 Burnback Test 

A burnback test was required to assess the resistance of the foam 
blanket to flame. Burnback is also important because this 
confirms that the fire has been extinguished by the application 
of foam and not because the fuel has burnt out. 

The burnback apparatus used was a development of that described 
in Reference 5. This was a propane torch which was applied to 
the foam blanket approximately 0.5 metres from the edge of the 
tray. 

Foam application was continued for a further 30 seconds after 
extinction. This was intended to provide a standard blanket 
condition for the burnback test which could be regarded as 
representing practical circumstances of use in fire fighting 
operations. 

In earlier FEU trials, the flame from the propane torch had been 
applied to the foam surface after a further minute (i.e. 1 minute 
30 seconds after 100% extinction). The flame was left to play 
on the surface until the fire was well developed (about 1 m' of 
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exposed petrol surface on fire), when the torch was removed. 

For these tests, where the foam blanket may be destroyed by the 
oxygenates in the fuel, the burnback flame was applied to the 
foam surface 5 minutes after 100% extinction. It was hoped that 
the longer delay might allow assessment of any difference in foam 
destruction by the foam and fuel types under test. 

2.13 Safety 

A safety procedure, including procedures for fuel transfers, was 
developed before the commencement of the trials and this was 
followed for each test. The procedure is given in Appendix A. 

The fuel was ignited with an electrically fired cartridge' by an 
operator at a safe distance to avoid the risk of approaching the 
tray with a naked flame (superscripts refer to notes on Page 27) . 
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3. DESCRIPTION OF TRIALS SITE AND EQUIPMENT USED. 

3.1 Tray site 

The tray site was situated on the fireground of the Fire Service 
College (FSC), Moreton-in-Marsh. Figure 1 shows a general view 
of the site. 

The base, side walls and immediate surround were constructed of 
high temperature concrete. The 56.25 m2 area of the fire was 
defined by a steel ring which was encased in concrete and sealed 
at the edges by a high temperature mastic material. 

There was a drain outlet from the base of the tray and an outlet 
from the channel between the tray wall and the metal rim. Both 
these outlets had valves which allowed the residue from the fire 
tests to be drained to a settlement and treatment system 
incorporated in the FSC fireground. 

The outer area of the site was covered with gravel. 

3.2 water supply 

Potable water was required for mixing with the additive for 
firefighting and for cleaning the tray. There was not an 
adequate potable water supply on the tray site and so two 
portable water darns were positioned near the tray site but away 
from any danger from the fire. 

The darns were filled from a small bore potable water supply 
available on the site. The larger darn (24000 litres) had a 
control valve on the inlet water supply so that it could be 
allowed to fill overnight. There were occasions when the 
incoming supply was not adequate for the demand and potable water 
was transferred from a static tank at the FEU to the test site 
using the tanks of the FEU fire appliances. 

A fire appliance adjacent to the darns was used to distribute 
potable water around the trials site (Fig'..lre 2). 

Fireground hydrant water was used for cooling the concrete tray 
surround. 

3.3 Instrumentation 

A typical layout of appliances and equipment is shown in Figure 
3. This shows the relative positions of instrumentation and 
other equipment when deployed for the trials. 

The hydraulic system is shown in Figure 4. Potable water from 
the pump passes through a standard in-line inductor and an 
electromagnetic flowmeter 2 , then through three 21.3 metre lengths 
of 70mm hose to the foam branchpipe. The additive used was 
poured into an open drum. From this it was lifted by a small 
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electr ically driven gear-pump3, through an orifice and then 
through a second electromagnetic flowmeter' before reaching the 
in-line inductor. The orifice was introduced to reduce 
variations in the concentrate flow. The gear pump was provided 
with an electrical variable speed drive control and both 
flowmeters were connected to digital displays. By adjusting the 
main pump throttle and the gear-pump control, the operator 
monitored and controlled the total liquid flow to the branchpipe 
and the correct percentage of foam concentrate. This arrangement 
ensured that the solution strength was accurately known and 
controlled. 

The piezometer' tube housed a pressure transducer' and a 
temperature sensor'. Both these sensors were connected to 
digital displays· " easily visible by the pump operator (Figure 
5) • 

The temperature of the fuel in the tray was measured using a hand 
held intrinsically safe digital indicator and thermocouple 
probe'o. 

The wind speed and direction was monitored using a wind station" 
mounted on a pole connected to the Instrument van. A humidity 
probe and an air temperature sensor" were also mounted on the 
pole (Figure 6). These instruments were connected to readouts 
in the control van and also recorded on a chart recorder!3 and 
datalogger". 

A wind sock" was mounted on a mast upwind of the tray to give a 
visual indication of the wind direction and a guide to the wind 
speed (Figure 7). 

Each test was recorded using colour video equipment. A 
Skystalk16 mast (Figure 8) with a colour camera on top (Figure 9) 
was the main camera. The camera was mounted at a height of 20 
metres for optimum viewing of the fire tray and could be remotely 
controlled from the instrument van. A second camera" was 
mounted on top of the instrument van. Both cameras were 
connected to video recorders'·,19 in the inst>:'umentation van. The 
direction of view of the Skystalk camera was approximately broad
side to the wind direction. A portable video camera'o was also 
used during the trials to provide additional material. 

Two large synchronised digital clocks", displaying minutes and 
seconds, were sited near to the fire tray. These were sited to 
be in the field of view of the cameras and at least one was 
visible to personnel engaged in the conduct of the trial. 

The clocks were preset to 99 :00 (min : sec) and started when all 
preparations were complete and the fuel had been transferred to 
the tray. Ignition took place 1 minute after the clocks were 
started, at zero indicated time. Thus the video records were 
accurately timed, and a means of co-ordination provided for all 
involved with the trials. The time on the clock is referred to 
as clock time in this document. 
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Records of the progress and timing of each fire was made by 
observers. They used the times from the large digital clocks but 
also had digital stopwatches available with split time 
facilities. One observer used a portable camera as a notebook 
to record the progress of the extinction. 

Two pairs of radiometers22 
, were used to measure the radiation 

from the tests. The radiometers were deployed mounted at a 
height of 3 metres on a mast (Figure 10), with one radiometer 
from each pair diametrically opposite the other. The pairs had 
different sensitivities. Each radiometer was cooled by 
circulating water from a tank using a pump. 

The radiometers were positioned 15 metres from the tray for most 
of the tests. Changes to the distance from the tray were 
necessary in some tests to avoid interference with the tanker 
and its approach and exit routes from the position used for 
transfer of fuel. The active faces of the radiometers were 
depressed about 10 degrees from the vertical. The signals from 
the radiometers were recorded on a datalogger!4 and on a chart 
recorder!3 . 

All the instruments, the data logger, chart recorders and video 
recording equipment were housed in an instrumentation van (Figure 
11) . 
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4. EXPERIMENTAL PROCEDURE 

4.1 Tray preparation 

Before each test the tray was thoroughly cleaned out using yard 
brushes, wet vacuum cleaners, and potable water (Figure 12). No 
surface water was left on the tray base before the test. 

During the fire it was necessary to protect the concrete on the 
downwind side of the tray. This was done using ground monitors 
and "A" type nozzles, which were supplied from the fireground 
hydrant supply. These were adjusted before each test to ensure 
that no spray entered the fire tray and the spray adequately 
covered the downwind concrete area. 

Following damage to the walls of the tray in earlier FEU tests, 
sheet metal protection pieces were placed over the walls on most 
of the circumference. 

4.2 Fire Tests - General ~rocedure 

Before transfer of fuel to the tray, all equipment was operated 
to check correct functioning. The foam branchpipe was connected 
to the hoseline and tested. The wind dlrection and speed were 
monitored. The direction was checked to ensure all vehicles and 
equipment were suitably deployed for the wind direction. The 
petrol tanker was then driven alongside the tray. 

Whilst this was happening, the foam concentrate was poured into 
the container. 

The metal tray rim and tanker were connected to an earth spike 
and a length of petrol hose was connected from the tanker outlet 
to the tray. Local Authority firefighters were deployed as 
safety crews. 

When all preparations were complete fuel was transferred from the 
tanker to the tray: the tanker valve was opened, allowing fuel 
to be gravity fed in to the tray. The petrol tanker driver 
measured the quantity of fuel using a calibrated dipstick 
inserted into the top of the tank (Figure 13). When 3000 litres 
had been transferred the valve was closed, the earth connections 
removed and the hose underrun. The tanker was then driven away 
from the site. For some tests it was necessary to take petrol 
from more than one compartment of the tanker. 

The aim was to carry out the tasks between fuel transfer to the 
tray and ignition, as quickly as possible to minimise fuel loss 
by vaporisation. 

To ignite the fuel, an electrically fired cartridge' (two 
cartridges were used in later tests) was positioned, using a 
metal strap, a few centimetres above the petrol surface, on the 
upwind side of the tray. The fuel temperature was measured using 
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a hand held intrinsically safe thermometer. 

Finally, when everyone was clear, the earth straps were 
disconnected. 

The datalogger, chart recorders and video recorders were all set 
to record data. Foam production from the firefighting branchpipe I 
was commenced. The cooling sprays were turned on prior to 
ignition. The clocks (preset to 99min:00sec) were started and 
the cartridge detonated, using a safety firing box, after one 
minute at zero indicated time. A one minute preburn was allowed 
before the fire fighting commenced. When the clocks were started 
the pump operator adjusted the flowrates to give the required 
conditions for the branchpipe. This ensured that the conditions 
were correct at the branch when firefighting commenced. 

Figure 14 shows a general view of the fire during the preburn. 

The pump operator monitored the flowrate throughout the test and 
adjusted when necessary. He also recorded the temperature from 
the display connected to the in-line temperature sensor. 

At one minute after ignition, the foam stream was applied to the 
fire from the upwind side of the tray. The fire fighter 
attempted to apply the foam gently to the fuel surface (Figure 
15) . 

During the firefighting 4 observers noted progress and the times 
to 90% and 100% extinction. 90% extinction was taken as the time 
at which 90% of the tray area was free from flames. 

Application was continued for a further 30 seconds after 100% 
extinction of the fire. 

After foam application to the tray had ceased, the branchman 
directed foam on to a NFPA foam collecting stand positioned on 
the edge of the tray side (Figure 16). The samples were taken 
to an instrument trailer, where measurements were made of foam 
quality in respect of expansion ratio and 25% drainage time using 
a 1600ml brass collecting vessel. These served as a general 
check on the quality of the foam concentrates and on the correct 
functioning of the foam branchpipes. 

Air and foam temperatures during the foam tests were recorded 
using digital thermometers. 

After extinction a pipe was positioned over the edge of the tray 
so that water could be introduced into the tray when the burnback 
had developed to 75%. This was to protect the base of the tray 
against damage during the burnback. 

4 minutes after the fire was extinguished the burnback flame was 
lit. Five minutes after 100% extinction the burnback flame was 
applied to the surface of the foam blanket, at a position I 
approximately 0.5 metre from the edge of the tray (Figure 17). 

14 



The flame was left to play on to the surface until a fire of 
approximately 1m2 of exposed petrol surface was established, and 
at this time the burnback rig was withdrawn. The observers 
recorded the progress of the burnback. 

4.3 Data Reduction of Radiometer Results. 

After the tests, the data recorded on the datalogger was 
transferred into a spreadsheet software package. The data was 
processed following the procedure given in the draft ISO standard 
(Reference 10) to calculate the times for 90% control and 25% and 
100% burnback and other times. 

Figure 18 shows an example of a radiometer record with the 90% 
extinction time and the 25% and 100% burnback times marked. 

4.4 Analysis of Fuel. 

Samples of the fuel were taken from the tanker while it was on 
the trials site. The fuel was sent for analysis which included 
the measurement of the Reid vapour pressure, evaporated 
percentage volumes and percentage oxygenates. 

4.5 Medium Scale Tests. 

FEU has carried out tests in recent years in support of British 
standards, ISO and CEN Standards work. The tests have been 
carried out in a tray of diameter 2.4m and using 144 litres of 
fuel. The standard test fuel is Heptane but FEU has used petrol

2for comparative tests. Extra fuel was obtained for the 56.25 m
tests so that medium scale tests could be carried out to give a 
comparison between the two sizes of fire. 

The test procedure is given in Reference 10. It was not possible 
to use a water base because some of the water additives were 
water soluble and therefore 215 litres of fuel instead of the 
standard 144 litres was used to allow for variations in the base 
of the tray base and to give the same free metal on the tray 
sides. 
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5. RESULTS 

The results of the tests are tabulated as follows: 

Table 2: 	 Extinction and burnback times for each test. Air 
and Fuel temperatures are also given. 

Table 3: 	 Air, fuel and solution temperatures 
humidity,speed and wind direction for each test. 

Table 4: 	 Foam properties measured during the tests. 

Appendix B gives details of extinction and burnback tests and was 
compiled from analysis of the radiometer records, observers notes 
and analysis of the video records. Graphical results of 
radiometer results are also included. 

The extinction times are measured from the first application of 
foam until the 90% or 100% extinction. No account has been taken 
of any times when foam was missing the tray for any reason, 
although when this occurred, a comment will be given in Appendix 
B. 

5.1 preliminary Tests (Figures 19 and 20) 

Preliminary tests (Test 1 to 6) were carried out on unleaded fuel 
with no oxygenates, to establish test procedures and to determine 
the branchpipe and application rates that should be used for the 
main tests. 

These preliminary tests showed that the service's minimum 
recommended application rate of 4 lpm/m2 produced acceptable 
results with AFFF and FFFP using the Chubb FB5X MKII branch. The 
90% control times were less than one minute and 100% extinction 
was achieved by 4 minutes 30 seconds. 

However, when FP was deployed under the same conditions it took 
over 12 minutes for 90% control and the test was terminated at 
16 minutes without extinction. FP proved unable to extinguish 
the fire with the Chubb FB5X MKII even when the application rate 
was increased to the minimum recommended rate for FP of 5 lpm/mz. 
It only proved possible to achieve successful extinction with FP 
when it was applied with an Angus 225H branch at an application 
rate of 5 lpm/mz. 

When FP was used at 4 lpm/m' with the Angus 225H, an improved 90% 
extinction time was achieved over the use of the Chubb FB5X 
branch at the same application rate, but further progress was not 
made until the tactics were changed to allow the foam stream to 
hit the front wall of the tray and thus push foam gently over the 
tray rim onto the fuel surface. The amount of foam reaching the 
surface was greatly reduced but the foam was more effective 
because it fell more gently onto the fuel surface. The whiter 
uncontaminated foam could be seen easily as it spread across the I 
tray surface. 

16 

I 



The tests confirmed the guidance in the DCO Letter 10/91 that FP 
must be used at a higher application rate than AFFF or FFFP. 

5.2 Unleaded Petrol with no oxygenates - Fuel 1 (Figures 21 and 
22) 

Tests 1 - 10 all used the same fuel but, as discussed above, 
Tests 1-6 were planned as preliminary tests to establish 
techniques and tactics. Tests 1,2 and 5 fOllowed the same trials 
procedure as Tests 7 - 10 and so are included in these results 
in Figures 21 and 22. 

Tests 3, 4 and 6 used FP and were used to explore the choice of 
application rate and branch for the main tests so these results 
are not included. 

The results of the extinction tests are given in Figure 21 which 
records the 90% and 100% extinction times in minutes and seconds. 
The results of the burnback tests are given in Figure 22; the 25% 
and 100% burnback times are recorded. 

AFFF and FFFP gave convincing extinction at 4 lpm/m' using the 
Chubb FB5X MkII. FP also gave satisfactory extinction used at 
5 lpm/m' with the Angus 225H. The single test with AFFF-AR gave 
results similar to those of AFFF and FFFP. 

The burnback tests using AFFF, FFFP and AFFF-AR produced similar 
results, with small flames developing over the foam surface and 
tray rim shortly after the burnback flame was applied. The foam 
blanket did resist a major burnback for several minutes before 
the flames quickly spread to the whole tray area. The 
performance of FP was much better with 25% burnback times in 
excess of 12 minutes. 

5.3 Unleaded Fuel with Alcohols - Fuel 2 and Unleaded petrol 
with MTBE - Fuel 3 (Figures 23 and 24) 

with Fuels 2 and 3, both AFFF and FFFP at 4 lpm/m' gave 
convincing control and extinction with a Chubb FB5X MKII Branch. 
FP at 5 lpm/m' with the Angus 225H Branch did not achieve 90% 
control until 11 minutes with Fuel 2 and 15 minutes with Fuel 3. 
The fire was only eventually extinguished after allowing the foam 
stream to hit the ground outside the tray and flow over the bund 
wall and gently onto the fuel surface. This tactic is referred 
to as indirect application and is equivalent to the use of front 
or back plate. The burnback test results were similar to Fuel 
1 with minimal resistance from AFFF and FFFP; FP showed superior 
performance. 

Only three tests are reported with Fuel 2 because of a branch 
malfunction on Test 11. In this test, about 30 seconds after 
foam was first applied to the tray, the branchmen noticed a 
change in the foam quality from the branch. The flowmeter 
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readouts were observed and found to be reading the required flow. 
The foam properties measured after the test, showed that the 
expansion ratio was only 5 , which was lower than in the other 
results for these conditions. The change in the rate of 
extinction can be seen in the graph for Test 11 in Appendix B. 
Extinction times for this test were much longer than previous 
tests with AFFF. 

After the test the flowmeters and all other equipment were 
checked and no problems or malfunctions were identified. The 
only explanation was that a partial blockage had occurred in the 
aspirating section of the branchpipe. Extensive testing was 
carried out with the branchpipe before the next test and this 
poor performance was never repeated. 

A single test was carried out with Fuel 3 using FFFP and the 
Angus 225H branch at 4 lpm/m'. This did not show significant 
change in the extinction performance but it did give improved 
burnback times. The significant change in the measured foam 
properties was that FFFP had a longer drainage time when used 
with the Angus Branch. 

5.4 Medium Scale Tests - Figure 25 

The 90% control times from the medium scale tests supported the 
results from 56 m' tests, AFFF and FFFP showing similar 
performance for extinction and burnback. However 100% extinction 
was not achieved because of small flames remaining around the 
tray rim that could not be extinguished with the fixed foam 
branchpipe. This is a known limitation of the proposed European 
Standard test. 

It was only possible to test FP on the un leaded fuel with no 
oxygenates and although this gave a much longer 90% extinction 
time than AFFF or FFFP, it did achieve extinction. 

The branchpipe used in the medium scale tests gave longer foam 
drainage times than with the Chubb branchpipe 

5.5 Foam properties. 

The foam properties given in Table 4. 

The use of the Angus Branchpipe showed 
drainage time when used with FP and FFFP. 
branchpipe with AFFF was not explored. 

an 
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(longer) 
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5.6 Temperatures. 

5.6.1 Fuel Temperature. 

The fuel was discharged from the tanker which had been parked 
outdoors. The fuel temperature ranged from a maximum of 19°C in 
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Test 13 to a minimum of 4.5°C in Test 15. Al though it is 
desirable to control the fuel temperature , this is very 
difficult to achieve with 3000 litres of fuel per test. 

5.6.2 Air Temperatures 

The air temperatures ranged from 23.7°C to 14.S0C. These were 
relatively high for the UK, because of the good weather during 
the trials period. 

5.6.3 Solution Temperatures. 

The solution temperatures ranged from 19.4°C to 24.9°C. The 
temperature being influenced by the temperature of the water in 
the appliance tank or water dams and the temperature of the pump 
through which the water passed. 

5.7 Flowrates. 

The flowrates of the foam concentrate and solution to the branch 
were controlled and monitored by the pump operator. From Tests 
11 onwards the flowrates were recorded on a datalogger every 
second and this showed accurate proporticning had been achieved. 

5.8 Radiometers. 

The radiometer records from one pair of radiometers are given in 
Appendix B. The second pair of radiometers gave similar results. 

The extinction and burnback times quoted are generally those 
calculated from processing the radiometer results. 

5.9 Fuel Analysis 

The results of the fuel analysis are given in Table 5. The 
results from the analysis laboratory and those from the suppliers 
of the fuel are given. The results show the fuels had comparable 
volatility and broadly similar proportions of aromatic and 
aliphatic hydrocarbons. 
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6. DISCUSSION 

6.1 Foam Types 

The results indicate that there was no difficulty in 
extinguishing all three fuels tested using AFFF and FFFP with the 
Chubb FB5X MKII branch at the minimum recommended application I 
rate of 4 lpmjm' . The single test with AFFF-AR on Fuel 1, showed 
similar performance to AFFF and FFFP. 

FP had to be used at 5 lpmjm', the minimum recommended rate for I 
FP, and with the Angus branchpipe to extinguish the un leaded fuel 
(Fuel 1). with the other two fuel types, the 90% times were much 
longer than with the other foam concentrates and indirect 
application was required for extinction. The branchmen were 
never confident with the use of FP because of the flaring that 
occurred wherever the foam stream hit the foam surface. 

FP was more successful when the foam stream was applied 
indirectly. This gave gentler application as would be achieved 
with a backplate, frontplate or objects which could be used to 
serve the same purpose. Gentle application is advocated by the 
fire service wherever possible. 

The burnback times of FP were the longest showing that FP had 
better burnback resistance. However, c.are must be taken in 
comparing tests where the extinction times were very different, 
because the burning characteristics of the fuel change as it 
burns down, and because long application times and indirect 
applications allow a deep foam blanket to build up. 

In selecting foam additives, brigades should consider the 
relative importance of extinguishing and burnback performance. 
FP has the better burnback performance. AFFF and FFFP have 
significantly better extinguishing performance. 

From the results achieved with good quality AFFF and FFFP, there 
would appear to be no justification for using alcohol resistant 
type concentrates for petrol fires. 

These tests do not assess the use of foam for large- scale tank 
fires. The tests are representative of an incident requiring the 
use of a small number of foam branchpipes. 

Only primary aspirating branches were used . Test 11 had a 
malfunction of the branch and produced a low expansion ratio foam 
with poorer performance than when operating correctly. 

6.2 Branchpipes 

The tests have supported the pilot study results (Reference 6) 
and shown that with FP and FFFP the performance of the Chubb 
branchpipe is inferior to that of the Angus 225H. The use of the 
Angus Branchpipe with AFFF was not explored but it is reasonable 
to expect that this would also result in a better foam . The one 
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test with the Angus 225H with FFFP did not show a significant 
change in extinction times but a superior burnback resulted. The 
foam properties showed the 225H gave an increase in expansion 
ratio but, more significantly, the drainage time was doubled. 

Satisfactory performance with all the fuel types was achieved 
with the Chubb Branch when using AFFF and FFFP, but use of the 
Chubb branch with FP was poor. 

6.3 Tactics ot Foam Application 

It was decided to apply foam to the fuel surface as gently as 
possible without the use of a backplate or frontplate. Direct 
application is the most testing condition likely to be 
exper ienced operat ionally because , in practice, there may be 
surfaces on to which the foam stream can be directed so that the 
foam flows more gently on to the fuel surface. The tests showed 
that AFFF and FFFP were more tolerant of direct application than 
FP. 

After 95% extinction had been achieved, the final extinction was 
very much dependent on the tactics of the firefighter. When the 
remaining flames were attacked with the direct foam stream, this 
caused flaring. The recommended application rate is essential 
to bring the fire under control but, when small flames remain 
around the tray area, a gentler application, at a lower flow rate 
may prove more effective. The use of medium expansion foam may 
be useful at this stage because this does flow gently onto the 
foam surface and at this stage of the firefighting the limited 
throw of medium expansion would not be necessarily a restriction. 
It was not possible to explore these variations in tactics during 
these trials. 

6.4 Use ot a water Base 

These tests were the first large scale tests by FEU which did not 
use a water base. It was not possible within this project to 
explore experimentally the effect of this on extinction times. 

6.5 Repeatability ot Tests 

Where tests have been repeated with the same branchpipe, 
concentrate and fuel there were variations in the results. A 
minimum of three tests employing the same conditions is ideally 
required to assess repeatability, although more are desirable. 
However, the size and cost of the tests impose practical limits. 
It was decided at the preliminary meetings between the Home 
Office and the petroleum industry to carry out 1 test only for 
each fuel type/foam type combination. One additional test was 
reserved to test for repeatability, if problems did not require 
that a test be discounted. More than 4 tests are reported with 
Fuel 1 because this fuel was used in the preliminary trials. 
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Wherever possible, test conditions and procedures were 
standardised. However, in large scale outdoor tests the 
temperatures and wind conditions cannot be controlled and these 
contribute to the variability of the tests. 

6.6 Discussion on Equipment and Trials Ttechnique 

6.6.1 Tray Design 

The tray design proved satisfactory, however there was damage to 
the metal tray and the mastic used between the metal rim and the 
tray base. 

The metal tray required re-welding on two occasions during the 
trials. The mastic was removed and another proprietary compound 
used for the last week of the tests. This again became damaged 
by the end of the tests but could be due to the compound not 
being cured for the recommended time due to the need to complete 
the trial series. 

The height of the tray wall was not adequate and the tray was 
filled with foam during several tests. It is recommended that 
the wall is increased by 150mm before further tests. 

A consequence of having a low tray rim is that there is little 
free area above the fuel to allow the branchmen to use the tray 
rim as a backplate. 

6.6.2 Instrumentation. 

The instrumentation proved satisfactory. This was the first time 
that FEU had used radiometers on outdoor trials of this size. 
The radiometers results provided quantitative results which 
supported the observers comments. 

A problem with the radiometers was the background level would 
change with ambient light. A sapphire window can be used with 
this type radiometer and may eliminate the variation of 
background level. 

The radiometers were cooled throughout the tests and although 
this did complicate the setting up it ensured that the 
radiometers operated within their calibrated range . 

The data reduction technique used (Reference 10) did not require 
the absolute calibration of the radiometers, because the results 
are normalised to the radiation in the last seconds before 
application of foam. 

The averaging of the two radiometers did seem to average out the 
effect of changes in the position of the plume with wind. 
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6.6.3 video Equipment 

The use of the skystalk camera proved the most useful camera 
angle for data analysis. A second camera is highly desirable to 
supplement the Skystalk and with a field of view to cover the 
opposite side of the tray. 

6.6.4 Burnback Test 

Useful results were obtained from the burnback test, however the 
depth of the foam blanket is very dependent on the extinction 
time and method and this depth affects the burnback time. A 
prolonged extinction time or indirect application can allow a 
thicker foam layer to build up on the surface of the tray. 

The burnback test must be carried out after every extinction test 
to ensure that the fire had been extinguished by the application 
of foam and not because all the fuel has been burnt. 

There is scope for further consideration of a burnback test in 
which foam is applied to a fuel surface which has not been 
ignited. By controlling the foam solution flowrate and the time 
of foam application, a layer of foam could be built up which 
would be dependent on the foam characteristics and not influenced 
by the extinction performance. This would provide a more standard 
condition for the burnback test but could be criticised because 
there would be no hot metal surfaces to test the foam. 

I 
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I 
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7. CONCLUSIONS 

The trials have shown that, using AFFF and FFFP through a chubb 
FB5X HRII branchpipe at 4 lpm/m', there was no difficulty in 
extinguishing all the fuels tested. No difficulty is expected 
with petrol formulations in the current standards using the Chubb 
FB5X HRII or Angus 225H branchpipes under these conditions. 

FP only achieved extinction with the un leaded fuel with no 
oxygenates when used at the minimum recommended application rate 
of 5 lpm/m' and with an Angus 225H branchpipe. Extinction was 
not achieved with the other two fuels without using indirect 
application. The burnback performance of FP was better than that 
of AFFF and FFFP. 

The tests have shown that foams applied with the Angus 225H have 
superior performance than when applied with the Chubb FB5X HRII. 

In selecting foam additives, brigades should consider the 
relative importance of extinguishing and burnback performance. 
FP has the better burnback performance. AFFF and FFFP have 
significantly better extinguishing performance. 

Providing that brigades follow the guidance in the Manual of 
Firemanship, as amended by the Dca Letter 10/91, no problems 
would be expected when using good quality AFFF or FFFP against 
petrol formulations permitted by current and likely future 
standards. 
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I NOTES 

1. 	 Pains-Wessex Shermuly, High Post, Salisbury Wilts SP4 6AS 
Sovent Ignitor - Code Number 2015-01 

2. 	 Endress and Hauser Ltd, Ledson Road, Manchester. 80 nun 
Flowmeter Type pulsmag V 

I 3. Autometric Pumps Ltd, Turkey court, Ashford Road, 
Maidstone, Kent, ME14 5PP. Pump GP1/2/E. 

4. 	 Endress and Hauser Ltd, Ledson Road, Manchester. 15 nun 
flowmeter Type Picomag. 

5. 	 Piezometer tube 

6. 	 RS Components Ltd, Corby Northants. 

Pressure Sensor 


7. 	 TC Ltd. PO Box 130, Cowley Mill Trading Estate, Longbridge 
Way, Uxbridge UB8 2YS. Temperature sensor 16-1-3-100-CE4L
R100-1/5-2 MTR 

8. 	 TC Ltd. PO Box 130, Cowley Mill Trading Estate, Longbridge 
Way, Uxbridge UB8 2YS. Digital Temperature Indicator AF4NR
MA5. 

I 
9. RS Components Ltd, Corby Northants . Digital Pressure 

Indicator Type 646-763 

10. 	 Intrinsically safe thermometer 

I 11. Vector Instruments, Marsh Road, Rhyl, Clwyd . 
Wind 	Speed Indicator D600/120 

12. 	 Skye Instruments Ltd. unit 5 Ddole Industrial Estate, 
Llandrindrod Wells, Powys, LD1 6DF, Air Temp and Humidity 
Sensor SKH 2013. 

13 . 	 Rickadinki Mitsui Electonics (UR) Ltd.,oakroft Road, 
Chessington, 	 Surrey, KT91SA, Multipen Recorder Type R-300 

Series Model 83. 

I 14. Solatron Instrumnets, victoria Road, Farnborough, Hampshire 
Orion Data logger type 3531D. 

15. 	 Met-Check, PO Box 284, Bletchley, Milton Keynes, MK17 OQD 
Wind Sock 4ft Polyurethane. 

16. 	 Cloud Nine (Photographic Services) Limited,Unit 9, Old 
Great North Road, Sutton-on-Trent, Newark, Nottinghamshire 
NG23 6QS. Skystalk Mast. 

17. 	 Hitachi 

Camera Type C2 
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18. 	 Sony(UK) Ltd, South Street, Staines, Middlesex 
Video recorder 9600 

19. 	 Sony(UK) Ltd, South Street, staines, Middlesex 
Video Recorder BVU 950P 

20. 	 Sony(UK) Ltd, South street, staines, Middlesex 
Video 8 Camera 

21. 	 Maine Engineering, Howe Park, Kings Langley, Herts. 
Model SD1200L These clocks are no longer available from 
this address. 

22. 	 Par Scientific Limited, 594 Kingston Road, Raynes Park, 
London, Medtherm Heat Flux Transducers types 64-10-20 and 
64-1-20. 

23. 	 Solatron Instruments, Victoria Road, Farnborough, Hampshire 
Orion Data loggger type 35310. 
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I 
Foam 
Type 

Trade Name Manufacturer 

AFFF Light Water 3M Chemicals 
Division, 
Manchester 

AFFF-AR Light Water ATC Plus 3M Chemicals 
Division 
Manchester 

FFFP Petroseal Angus Fire Armour 
Limited, 
Thame, 
Oxfordshire 

FP FP70 Angus Fire Armour 
Limited 
Thame 
Oxfordshire 

I 
 TABLE 1 Details of additives used. 


I 


I 

29 




- - -  --  -  -  -  -  -

T.tl'l6o. 

F__ .... A""",,", ..."'" T ..... ""'lu!'t EJ1il'ld\on TII"I'I_ Bul'll'-d.n.n.. 

c.o. .... 
tpl"l'l/",' A" ..... .... '''' .IK '''' - "'.. 'IK' 

'C 'C m : _ m ; • m:. m : , '" : I Ill : t m : . 

, AfFF , • fB'" 17.9 11 .1 O;S) 0:56 "" ) :16 ) :2' ) :) 1 ":n 

1 Fff' , • FB'" 2".9 17.1 0 :58 ,... 4:JO "" ]:]) 3 :)0 ) :54 

l FP , • FB'" 16.5 tU 12: 16 No e:C!inctiao )'roIo Bumt.ck ~I 

• F1' , • "'" lll.' 16.0 1: .... 1:<16 11 :23 7:.~ .. .., 11 :31 \>oD 

, F1' , , nlll 21.7 .-u ' :Cl . :.J :'i: Z8 11:)9 12:15 IHW 1):49 

• FP , , FB'" 16." .., 7:)9 8::41 12:OS 6:26 6:47 7", 7:11 

7 A)'F'F , • FB'" 21. 1 JJ.l ':::-0 I ' J ~ 1:59 .:., I:]) l~t 2:1 6 

• FFFl' , • FB5X 11.7 I),] , :sg Hl9 ], 14 1.<" 2 :19 l :CI 2:S} 

• AFFF· ...... , • FB1X ", 12.1 t<" 1:17 3 .. '10 ) ;19 ):)1 ,, :~ . ,46 

,. FP , , ll:ill n .• 10.0 . :)) 1:'!6 I4:SlJ 11:10 11:29 16:<12 
, 

" AFf'F 1 • FB'" 18.0 11.S ) :]1 .", 1):26 2:42 1.:51 l<l9 3:23 
, 

Il AITF 1 • FB'" n. 19 .0 1: 10 1: 16 5:~ l.:19 2:29 ,., 2:12 

I) Ffl" 1 • FB5X ,...) 7 .• lm 2:15 5:13 I : 11 I:SoI 2:16 
""' I 

" FP 1 , nlll '''.0 7.' """ 11 : 1) [4:24 9:10 "'.. 10:06 IO:2j 

I 

" AfFF l • FB'" .'.'" '.' O:,~ O:~ 2 :1] 1:.'10 1:11 lm 1:3' I 

" fFF1' l • F8lX lll.' • I :IS 1: . 1t 4 :2.( 1:)) 1:46 1;504 2: 13 _I 

I 

17 FP l , roll 11.6 , 
"'" 9 :]) 10:419 .,:)1 1.5:S 16:20 16:.52 ! 

" fl'FP l • nlH IIU " 1:01 1:/) <1 ·)9 7:28 7:42 7 :.~ H . I 

l. 100'1 .... mu........ ~boock 


TABLE 2 Results of tests extinction and bumback times 
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TABLE 4 Foam properties 
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TEST METHOD RESULTS 

Sample No : Fuel 1 Fuel 2 Fuel 3 

Lab Fuel 
Supplier 

Lab Fuel 
Supplier 

Lab Fuel 
Supplier 

Distillation, 'c lP123 

lBP 'c 22.0 32 35.0 29 32.0 

10\ Rec @ 'C 48.5 45.5 44.0 

20\ Rec @ 'c 55.5 56.0 51.0 

30\ Rec @ 'C 70.0 76.0 58.5 

40\ Rec @ 'C 90.0 92.0 67 . 5 

50\ Rec @ 'C 107.0 106.5 77.5 

60\ Rec @ ' C 120.0 118.5 91.5 

70\ Rec @ 'C 131. 5 130.0 104.0 

80\ Rec @ 'C 141. 0 144.5 134.5 

90\ Rec @ 'c 168.0 163.0 159.0 

FBP 'c 204.0 203 197.5 197 194 . 0 201 

Evaporated @ 
70°C, \ vo1 

30.0 37 38.0 31 43.5 44 

Evaporated @ 
100°C, , vcl 

46.0 52 46.0 49 65.0 66 

Evaporated @ 
IBO°C, \ vo1 

93.5 95.5 9 6 95.0 97 

Recovery, \ vo1 97.0 98.0 97.0 

Residue, \ vol 1.0 1.0 1.0 

Loss, \ vo1 2.0 1.0 2.0 

Oxygenates, \ 
vo1 (as IITBE ) 

G.C.* <1.0 - 17.5 15 

Methanol, \ vo1 - 2.7 -
Tert. Butanol, 
\ vo1 

- 2.5 -

Benzene, \ vo1 

Reid Vapour 
Preesure, kPa 

G. C. 'k 1.3 1.8 3.0 

lP69 88.5 95 89.5 94 91.8 92 

FLA lP156 

Aromatics, \ 
vo1 

38.2 34.4 37 45 . 7 37 

Olefine, \ vo1 12 . 4 17.2 16 33.8 10 

Saturates, \ 
vo1 

49 . 4 48.4 47 20.5 

Water Reaction IP289 

Volume Change, 
m1 

Nil 3.0 1.0 

Interface 1 1 1 

Al>pearance 1 1 1 

TABLI!! 5 - RESULTS OF THE P11EL ANALYSIS 
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C/13l8/9l 

Figure 1: General View ot Test site 
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C/l390/9l 

Figure 2: Portable Dams 
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C/1435/91

I Figure 5: Flowmeter and indicators mounted on trolley 
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I C/1314/91 

Figure 6: Wind speed, wind direction, air temperature and humidity 
sensors 
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C/1297/91

I 
 Figure 7: Windsock 
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Figure 8: Skystalk Mast 
C/1310/91 
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B 142/92 

Figure 9: Camera mounted on skystalk Mast 
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I Figure 10: Two radiometers mounted on masts 
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 C 1473/91 
Figure 11: Instrument Van 
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C 1347/91 

Figure 12: Tray cleaning in progress 

C 1492/91 
Figure 13: Petrol being transferred to the tray 
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C 1400/91 
Figure 14: General view of fire during preburn 

C 1497/91 

Figure 15: Foam stream being applied to fire 
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C 1395/91 

Figure 16: Foam sample collection 

1259/91 

Figure 17: Burnback rig in position for burnback test 
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APPENDIX A 

SAFETY INSTRUCTIONS FOR TRAY FIRE TESTS: september 1991 

Introduction 

There is a requirement to establish, by means of large-scale tests, 
whether the stability of foam blankets is undermined by the presence 
of high levels of oxygenates in unleaded petrol formulations. 

Trials are to commence on the 2nd September 1991. 

The tests will be carried out on the fireground of the Fire Service 
College, in the FEU 56.25 m2 circular tray using 3000 litres of petrol 
as fuel for each test. 

Before each test, the tray will be thoroughly cleaned out. All 
equipment will be operated to check correct functioning. When 
preparations are complete, then the petrol tanker will be driven to 
a point on the runway alongside the tray and the fuel transferred to 
the open tray. The fuel will be ignited by an electrical detonator, 
then after a one-minute preburn the fire will be extinguished with the 
foam under test. A burn back test will then be carried out. 

The proposed test plan is as follows: 

Preliminary tests 

6 tests using 3000 litres of fuel per test will be carried out to 
commission the test facility and prepare for the main tests. 

Main Tests 

12 tests will be carried out each using 3000 litres of petrol as fuel. 
3 fuel types will be tested, i,e the 12 tests are made up of 4 tests 
with each fuel type. 

The fuel types will be 

a. unleaded petrol with no oxygenates 
b. un leaded petrol with 3% Methanol and 2% TBA 
c. un leaded petrol with 15% MTBE 

The followinq instructions concern the safety aspects of these tests. 
These instructions must be complied with throuqhout the test series. 

THE "HEALTH AND SAFETY AT WORK POLICY STATEMENT AND SAFETY 
INSTRUCTIONS FOR THE FIRE EXPERIMENTAL UNIT" ISSUE 5 SEPTEMBER 1989 
MUST BE READ IN CONJUNCTION WITH THESE INSTRUCTIONS. 
SAFETY PROCEDURE 
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1. General 

1.1 Personnel Directly Involved in the Fire Tests 

The trial will be directed by J A Foster. The Fire Officer, DO M 

Freeman will be responsible for matters concerned with fire safety, 

the senior FEU officer present will be in charge overall. 

The following personnel will be involved 

J Foster - project Officer, observer 

Or M Thomas - Head of FEU, observer. 

B Johnson - Observer, handling of detonators . 

J Price - Pump operator and foam concentrate handler . 

K Bosley - Instrumentation van 

J Rimen- Burnback Rig 


DO Freeman - Senior FEU Fire Officer 

SO Fay - FEU Fire Officer 


Local Authority Firefighters will provide the Safety cover. 


Other contract personnel may supplement the FEU team . 


Unless a task demands otherwise, personnel should remain upwind of the 

tray behind safety barriers during the tests. Personnel involved in 

the tests will wear Nomex Fire tunics, Nomex leggings and Safety fire

boots. Safety helmets or fire helmets will also be worn. Fire Officers 

will wear standard fire kit. Safety goggles or a helmet with a visor 

will be worn. 


1.2 Visitors and Casual Observers. 

These are personnel who are not directly involved in the fire tests. 
These people mayor may not be members of the Home Office. In all 
cases these must remain in the allocated areas during fuel handling 
and the fire tests. 

They will wear Safety Helmets at all times on the fireground. 

1.3. Fuel for the tests 

The fuel types will be: 
a. unleaded petrol with no oxygenates 
b. unleaded petrol with 3% Methanol and 2% TBA 
c. unleaded petrol with 15% MTBE 

The Health and Safety Data Sheet for Petrol, MTBE , Methanol and 
TBA,will be found in the Health and Safety Data Sheet Library in the 
FEU Information Desk. 

1.4. Foam Concentrates 

The following types of foam concentrates will be used during the fire 
tests. 

A3 



AFFF--Light Water 
FFFP-Petroseal 

FFFP-AR (Alcoseal) and AFFF-AR (ATC Plus) may be included in the 
preliminary tests. 

The Health and Safety Data Sheets for these foam concentrates can be 
found in the Health and Safety Data Sheet Library (in the FEU 
Information Desk). All personnel involved in the trial should 
carefully read these safety data sheets. 

1.5 Safety Fire Appliance. 

A Fire Appliance ( Registration No VLU 20BG), equipped with a diffuser 
branch, an inline inductor, foam branchpipe and a supply of foam 
concentrate, will be standing-by throughout the tests. The pump will 
be running and manned at all times during the transfer of fuel to the 
tray and the fire tests. The branches will be tested before any of 
these operations commence. 

The appliance will have 2 dry powder extinguishers, a leather fire 
blanket and a first aid kit stowed in a locker. 

1.6 Test area 

The area of the runway used for the tests will be marked with cones. 

Personnel involved in the tests should contact J Foster before leaving 
the test area. 

1.7 No Smoking 

No smoking will be allowed in the vicinity of the test site throughout 
the tests. 

1.B Emergency Procedures 

The Fire Service college nurse and ambulance will be informed that the 
tests are taking place. 

A portable phone will be available to summon assistance if necessary. 

1.10 Filtered air supply 

A filtered air supply unit will be available to the pump operators. 
This will be used if it is necessary for them to operate in smoke for 
a short period. 
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2. Transfer of fuel to the tray 

2.1 The tray will be cleaned out by scrubbing with brooms and potable 
water. Contaminated water will be drained via the valved outlet. After 
a final wash with clean water, the surface will be dried as far as 
possible using squeegees or a wet vacuum cleaner. 

2.2 The drain valves will be closed. 

2.3 Water will be poured into the area between the metal tray rim and 
the outer concrete bund. 

2.4 When all equipment is deployed and checked, fuelling will 
commence. Each test requires 3,000 litres of petrol. 

2.5 Whilst the fuel is being transferred, the pump operator (for the 
appliance to be used for the test) will ensure foam concentrate is 
available and pump is primed and the foam branch is connected to the 
hose. 

2.6 Radio's will not be used during fuel handling. 

2.7 The petrol tanker will be driven to a position upwind of the tray 
on the runway by the tanker driver. The roadway in front of the tanker 
must be kept clear at all times. 

2.8 Personnel not directly involved in this operation should be 
standing behind barriers an appropriate distance upwind of the tray. 

2.9 A Fire Officer will take charge of the safety fire appliance and 
will stand by with appropriate equipment to deal with any incidents 
during the fuel transfer to the tray and the whole of the fire tests. 

2.10 Three or four lengths of 3" petrol hose will be connected from 
the tanker and into the tray. 

2.11 The tanker, petrol hose and metal ring will be earthed to an 
earth spike in the ground. The tanker driver will do this operation 
with the assistance of a Fire Officer or member of FEU. 

2.12 The valve on the tanker will be opened and petrol transferred 
by gravity into the tray. If possible an appropriate flowmeter will 
be used to measure the fuel volume, otherwise a dip stick in the 
tanker will be used. 

2.13 When the required quantity of fuel has been discharged, the valve 
on the tanker will be closed. The petrol delivery hose will be 
underrun towards the tray. The end of the hose .will be withdrawn from 
the tray and capped. The hose will be disconnected from the tanker and 
capped. 

2.14 The tanker and hose earth will be removed, and the tanker driven 
away from the test site. 
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2.15 The petrol hose will be removed from the test site to a marked 
area on the opposite of the runway. (This is preferred to restowing 
on the tanker to save time at this critical point in the trials). 

2.16 When the tanker is off the site, an electrical detonator will be 
placed over the tray edge by a person wearing protective clothing 
including helmet with visor. This person should be in possession of 
the key for the firing box. 

2.17 The earth connection to the tray rim will be removed. 

2.18 The firing box will be sited behind the barrier upwind of the 
tray. 

2.19 When the detonators are in place the trials director will ensure 
that all personnel are behind the barriers or at their designated 
places before the last connection is made to the firing box using the 
"key". 

2.20 The large digital clocks will be preset to 99-00. The following 
sequence will follow. 

Clock time Action 

start Instrumentation 
99-00 Clock started 
00-00 Fire ignited 
00-00 solution fed to branch 
01-00 Foam applied to fire 

After 100% extinction foaming will be continued for 30 secs. 


On direction of the trials director, the burnback torch will be lit. 


The aim is to apply the burnback torch to the foam 5 mins. after 100% 

extinction. 


When the burnback is well developed, water will be poured into the 

tray and all the fuel allowed to burn off. 


2.21 A torch flame will be passed over the surface of the tray to 
ensure all fuel has been burnt, before the tray is drained. 

2.22 The firefighting hoses will be flushed out with clean water after 
each test. 

2.23 These procedures will be repeated for subsequent tests. 

8 Tanker storage Area. 

This refers to the area to be used for overnight storage of the tanker 
and fuel. 
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8.1 The tanker storage site will be not less than 20ft from any 
building or boundary. 

8.2 The site will be either bunded by a retaining wall or in a 
depression in the ground. 

8.3 The storage site will be not more than 150ft from a source of 
water, either a hydrant or an EWS. 

8.4 Two 9kg dry powder extinguishers will be provided either on the 
tanker or adjacent to the tanker unit at all times. 

8.5 Notices 'PETROLEUM SPIRIT - HIGHLY INFLAMMABLE - NO SMOKING' will 
be displayed. 

8.6 A fence not less than 7ft 6 inches of the unclimable type will be 
provided around the tanker site. 
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APPENDIX B - Detailed notes of fire tests 
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T... Num"'" 1 Additive AFFF 

BlllDCb Chubb FB5X MKD Fuel Code 1 
Welltber" Hazy Sunshine. Wind 2-3 crVa 

Clock Time Time from application ObservatiOO5 
or fouo 

rrun :1« min : IeC 

0:0 Ignition 

2: 30 0:0 Foam Itre.rn applied to cenlre of u-ay 

2: 42 0: 12 Foam blanket vitible over 10% of tray arca 

3 : OJ 0 : S3 9O'ACE.rtincO.. 

3 : 06 0: 56 95 % Extinction 

3 : 03 1 : OJ Fo-m Jtre.t.m direCLed at names around lhe rim. Flared up at impact point. 

3 : 50 1 : 20 Flames around 50% of rim only. 

Flaring where-ever names hit by foam slream. 

3 : 57 I : 27 FJ.m~5 around 7S % of 1nl )' rim 

4 : 30 2 : 00 Gentler foam application ."empted by elevating lhe bnmchpipe. 

4 : 36 3 :06 Branchmen moved in. 

5 : 39 3: 09 lOO'l- Extinction 

6 :09 3 : 39 Foam off tray 

Ttme from start 01 
burnbock 
min : ate 

10 : 39 0 Bumb_clc name on 10 tray 

10: 40 Flames around rim 

II : 30 0: 5 I Some flames.round 75% ormy rim . 

12 : 16 I : 37 Burnback namt removed. Small names over 10% of Ira), area . 

13 : 14 2: 35 Flames reduced 10 2S % rim fire . 

13: 30 2: 51 10% of lt1l)' area on upwind aide, _ree of a foam blanket but with no flames 

13 :46 3 :07 Area free of fOlm ignited 

13 : 55 3 : 16 2S% Bumbaclc 

14 : 00 3 : 21 SO% Bumback 

14 :10 3 : 31 7S% Bumback 

JS : lJ 4 : J2 100% Bumb.clc 
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T... N........ l Additive fTF1J 

Braoch Ch,bb FBlX MKll fEU Fuel Code 1 

Weather Sunny and bot 

Clock r .... Time from .pplicatioo Observations 
or (oam 

mi.n :ICC min : tee 

o ,00 Ignition . Plume angle 2S degrees . 

1 ,01 0,0 FQ.lm Num applied to tray 

1 : 20 0 : 19 Some fQ.llm mj ssing tray 

1 : 26 0,21 8ranchman adjusted foam branch 10 direct bulk foam 10 the tray 

I : 30 I ,29 Foam blanket visible over 30% of tray aret . 

I : 19 0: S8 901l extinction 

2 ,04 I , 04 9S'iil Extinction 

2 , 16 2 , 11 Aames around 30% rim only 
Where foam stream hits surface, flaring occurred 

2 ,20 L 19 Gentler foam application .nernpted by el evating brtnchpipe and directing 
Ilream around across the tray 

2 ,32 2 ,31 Tray fire nea rly extinguished 

2 ,40 2 , 39 Flam es re-established on upwind rim 

2, 10 2,49 MOll of foam mining tray in anempt \0 apply genlly 

3 , 17 3 , 16 Only small flames on up""ind and downwind rim 

3 , 18 3 , 17 Downwind names extinguished but d imc ul!y in extinguishing names on 

upwind rim 

4 : 31 4 ,30 100% ExtiDctiOD 

I , 01 I , 00 Foam off lray 

Time from .lIft of Tell 2 
bumb.clt 

9,31 0 : 0 Bumbad:: flame 10 the tt1Iy. Rim fire immediately 

9,13 0 ,18 Flames around 75 % of rim 

9 ,19 0,24 Fire above drain OlIuide tray 

10, 27 0,16 Bumback name removed 

10,36 1,01 Susta.incd fire over 5 % of area 

11 , 12 1,41 FJame. reduced to only 1 m' 6ft: and rim fire . 

11 : 20 1:49 Only 111\111 names in tray, name .in outer rim. 

12 ,01 2,34 25 % area free of foam blanket 
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12,36 3,05 lS<Ji> Burobac. 

12, 44 3,13 50~ Burobac.k 

13 ,01 ),)0 7StAi Buruback 

13,25 3,54 l00~ Bun>bac. 
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rost Numbe< 3 Additive FP10 

Bl'IlDCh Chubb FBlX MKD FEU fuel Code I Weather Overcul 

Clock TIme 

miD : sec 

Time from 
IppticatiOd of 

foam. 

min : sec Obsenations 

0,30 Ignition 

1031 0,00 Foam on 

1031 0,01 Foam stream 8111 ionary 

2,00 0,19 Foam blanket ",ilible on 20% of surface 

3,ll 1044 Some foam falling short 

DO Jol9 Bl1Inchm~n move in 

4010 1049 Foam blanket visible on 60~ of lurface 

l,10 3,49 40% extinction 

6,37 l,06 Fire increased 10 40%. elCti nclion 

7,18 l,47 Foam stream mO'Yc:d across tray surface 

8, 10 6039 Foam branch elevated to anempt a more gentle 

application. 
'Whereve r foam stream strikes the fuel surface , 

flaming O(curred 

9 ,l O 8014 301){ extinction then fIre increases 

10Al 9 ,14 Branchmen mo'YC: in 

11,07 10,36 SS % extinction 

13047 11,16 90 'k ertioctioo 

13 ,54 11,13 99% extinction, flame, around 60 % of rim 

14,03 11,31 Flames from cenlIt of tray 

16,07 15 ,36 Foam orT tray . Allowed to bumback 

16 ,16 Il,44 Waler aprayed inlo tray 
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Test Num ..... 4 Additi.e FP70 

Brech Angu. 22l H Fuel Cod. I 

Clock T ime Time from application of Observations 
f(),lm 

min : le(: min : ICe 

0,00 Ignition . 

1,01 0,00 Foam stream applied la t.ray 

U3 Ool2 Foam blanket visible over 30% of lray area . 

2,46 L4l 75 $ EXl inc lion, flames wherever the foam stream hits su rface. 

3,16 Bl 80% eXlinclion with flames along centre opf tray where foam lItrell.m is 
landing 
Where foam stream hits . urface, flaring occurred 

4,00 2ol9 No progrU5. flames wherever fOlm impacts . Bran,,;hme n direct fOlm 
Ilream around across the tray 

l :OO 3:l9 Fire increased 1070% extinction 

l ,30 4 :29 80 %exlinction ,flames remrin on RHS of tray. 

6,48 lA7 Foam branchpipe ele\'ated 10 try to apply more gently 10 .urf.ce 

6,l9 l :l8 90% extioctioD 

7,46 6:4l No progress so branchpipe elevated further la try 10 apply more gentl y . 

8:00 6 :l9 Much of fOlm missing lray . Foam reaching Ira)" \lery gently but slill 
causing names at point of impacl. 
Fo.m surface dark and appears conllminated . 

8040 7,39 Tactics changed to allowing foam Slrellm 10 hil front wall and push foam 
ewer the tray rim onlO lurfaee . 

8,4l 7,44 90% extioction 

Tell 4 

8,41 7,46 9! % extinction 

9 ,12 8:11 More proerellive extinction . Whiter foam blanket produced 

10048 9047 Branchmen movc.d around to the right . 
Foam Itill applied ove r the wall. 

11:36 1O,3l Foam applied to tray edge 

12,00 10,l9 Foam Itream applied gently over the flaming surface 

12 ,24 11,23 100.... Exti.DctiOD 

120)6 lUl Foam off tra)' 

Time from Ila1'\ of 
burnbaet 

17024 om Bumbaek name to the tray . 

19,1l loll Some Candling 
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2H6 6:42 I rn' fire Bumback: n.me removed 

25:14 7:50 25' BuroblKk 

25 :31 8 :07 50.,. BurobllCk 

26m 8038 75% Burnback and rim fire . 

26 :46 9:22 100.,. Bumback 
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Test Number 5 Additi 'Fe FP70 

BrancIt Angu. 225H FEU fuel Cod. I 

Weather Sunny 

CIoc~ rUD. TUDe from application ObsenatioQS 

.....  of foam 

min:sec 

o:()() IgnJlio n 

1:01 o :()() Foam on 

1:40 0:39 Foam blankel vis ible over 20% o f tray .u rface 

2 :56 1:55 901J1: ertioction 

3:22 2: 21 9S1J1: ext:ioction 

3:50 2 :49 Flaring where: foam hiu tray surface 

4 :43 N2 Onl y fire: around 20% of rim' 

5:25 4 :24 Virtual extinc tion,small nllme on downwind rim 

5:28 4027 Flames sp re ad 10 2m1 hole in fo am blankel and rt. igni tes fuel 

5 :41 4:40 !X)~ extinction 

5:44 4 :43 9S1J1: extinction 

6 :29 5:28 100% fA1iocti on 

6:59 5:58 Foam o ff 

Time from sta rt of 
bumback. 

12 :22 o: ()() Bumback. name on 

18 :()() 5 :38 1m2 area o f tire at bumback posilion 

19 :25 7:03 Bumback name re moved 

19:42 7: 20 Bumb.ck name returned to tray 

23 :35 11:13 Bumback name re moved .2nr fi re at bumbae]( positi on.20 /'{ of foam 
blanl:el conta rni l\8led 

25:0 1 12 :39 25 <;0 bW1lbac~ 

25 :17 12:55 50<;0 bwuback 

25:26 13 :04 75'11 bwuback 

26:11 13 :49 100'11 bwubac~ 
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Test Number 6 Additiyp FP70 

B.ocb FB5X MK D FEU Fuel Code I 

Weather Overcast 

Clocr. Time Time from application of Observations 
foam 

min :1eC min : sec 

1,00 Ignition 

2,01 0,00 Foam on 

3m 1:06 Foam blanket 'w'i.ible O'w'er 20" of tray lurface 

2,174:18 Flaring where foam stream hi'" surface 

9,40 7,39 90% extinction 

10,42 8:41 95% ext:ioction 

10,50 

IUO 

12 :59 

13 :45 

14:06 

15:04 

15 ,34 

20,23 

24 :30 

2UO 

26:49 

8:49 

9,19 

10,58 

1"44 

12,05 

13 :03 

13:33 

Time from Sl,&rt of 
bumbacr. 

0,00 

4:07 

4:17 

6:16 

Flames increase around rim .80% extinction 

90% extinction 

Foam applied O'w'er bund wall 

90% extinction observed 

100% extinction oflnlY, fire in outer rim 

Total extinction 

Foam ofT 

Bumbacr. flame on 

2m~ fire at bumbaer. position .Fire over 2S ~ of tflly rim 

Bumback flame off 

25~ buruback 

6,4717:10 ~O~ buruback 

7,03n16 751Ji. buroback 

28:10 7,57 1OO~ burnback 
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Test Number 7 Adctiti•• AFFF 

B ......... FBlXMKll Fuel Cod. I 

Weather Sunny 

Time from applicati on of Obse,....ationsClock Time 
roam 

miD :tee min : tee 

Igrution0:00 

0:00 Foam onI :00 

1:03 0:03 Foam It.ream 'U1tionary 

I : 16 0:16 Foam blanket viuble on 2S %of lny surface 

2:30 1:30 90% ertiDctiOD 

2:31 1:31 9S ~ ertiDctiOD 

2:12 I:ll Small names near tray rim 

3:30 2:30 Only small names on upwind rim 

3:38 2:38 Bntnchmen direct foam at remaining names 

3:19 2:19 lOO'} extioctiOQ 

4:)0 3:30 Foam off 

Time from J~rt of 
bumback 

9 :00 Bumback flame to tray0:00 

9:16 0:16 Rimes around tray rim 

9:37 0:37 Flames aT'O\.lnd 90% of rim,0 ,;Sm1 area of name at bumback 
posi tion 

10:04 Hole appean in foam blanket\:04 

10:20 1:20 Bumback name off.Small flames over SO %of tray surface 

10:47 \:47 15" burnback 

10:13 1:11 30% burnback 

75~ burnback11:01 2:01 

1\:16 2:16 100% burnback 
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Test Number 8 Additive FFFP 

BraDCh FB5X MKll 

Weather Hazy sunshine 

Clock TUDe 

.run :aec 

0 ,00 

1,02 

1,14 

1016 

1,23 

1,38 

UO 

2,03 

3 ,00 

3 , 11 

3,)0 

4,00 

5 ,00 

6 ,16 

6048 

11,16 

11,26 

IU5 

11046 

12,00 

12,06 

1) ,00 

13 ,01 

1),19 

13035 

12056 

14,09 

fEU Fuel Code I 

Time (rom application 
o((oam 

min : I« 

0 ,00 

0 ,00 

0,12 

0, 14 

0 ,21 

0,36 

0,48 

1,01 

U8 

2 ,09 

2,28 

2058 

3 ,58 

5 ,14 

5046 

Time from start of 
bumbaek. 

0 ,00 

0 ,10 

0,19 

0,)0 

0 ,44 

0 ,50 

1,44 

1,45 

2 ,0) 

, ,19 

,,40 


2053 

ObsenatioIlS 

Small area of contAmin.8l.ed foam on fu el surface 

Ignition . 

Foam on 

Foam attetm falls Ihort 

Foam villible over 10% of lny ~tface 

Foam streAm adju8led 

Foam visible over 40% of tray sunsce 

Foam 8\I'~am falling short 

Foam stream adjuste.d 

90~ extinction 

9S".i exti.octioo I 
Fire around 90S{· of rim .3 % of tray sunaee on fire all upwind 5ide 

Fire around 60% of rim. 1 % of tray ,unaee on fire on up""'ind 5ide I 
Small flame5 on upwind rim only 

100% extiDctioo 

Foam off 

Bumback. name on .lmmediate candling and rim fir( 

Foam layer progressivel y degraded over tray area 

Flsmes between rim and outer wall . 

75 'l ri m ( 10' 

Hole in fo.m blanket over 20% .No lignjficant flame 

Small namel IpRad over tny ~naee 

2m2 fiR at bumback position 

Bumblck name off 

13' burnback 

SO,t.._ 

73' burnba<k 

lOO' ......ha<k 
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TEStN_bor9 Additive AFFF-AR 

Bl'"ODCb FBlX MKll FEU Fuel Code I 

Weather Overcut 

Dock TIlDe 

min :aec 

Time from application 
of (oam 

min : ICC 

ObsenatioD! 

0 ,00 0,00 Ignition 

1:02 0,00 Foam on 

1:08 0,06 Foam blanket visible ove r .5 % of tray area 

1:46 0 :« Foam blanket visible over 50% of downwind area 

2:10 1:08 90% Extinction 

2,19 1017 95% ExtinctiOD 

3:12 2:10 OnJ)' fire around 70% of rim 

3 :17 2:ll Branchmen gently direct foam stream at fire 

3,20 2,18 I m2 of conaminaled foam area ignites 

4 :00 2 058 Only STlYI IJ flames around 20% of rim 

4 ,l2 3050 100% extinction 

l:23 4021 Foam ofT 

Time from start of 
burub8Ck 

9 ,l2 0 ,00 Bumbad:. fla me on.lnunediale rim fire progresses a round lhc trey 

10,23 031 Some candling . Contaminated foam ignites . Fi re on 7.5 % of rim . 

12,31 2:39 Susui ned flame on contaminated foam 

13:01 3 ,09 Bumback flame removed.Fireover 10% of tray area 

13 :11 3:19 25% Burohclt 

13:24 3:31 50% Burnback 

14034 4;42 75~ Burnback 

14 ;38 4:46 Maxim_ Burobock 78% 
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Test Number 10 Additi'ft FP70 

Bl"1IJ>Ch Angu. 225 H fEU Fuel Code 1 

Weather SUMY 

Clock Time Time from application Observations 
or roam 

min :1« min : lee 

0:00 0:00 Ignition 

1:02 0:00 FOtm on 

1:32 0:30 Foam blanket over 10% oflIl)' IUrfaee on downwind side 

2:03 1:01 Foam blanket over 40% of lny surface on downwind side 

2:3l 1:33 90% Extinction. (Ob.erved) 

3 :19 2:17 Wind direction changes 

3:2l 2:23 Foam falJ8 &hon 

4:02 3 :00 Foam directed 10 tra y edge . Falmes self e:>.1i ngui sh over most of lray area . 
Flaming where foam hits ,ur(80: e . 

4:3l 3:33 Large Ir'!:B of flame on upwind ed ge 

4:26 3 :24 FOtlm stream mov~d over surface fo r g e ntle applicat ion 

l :3l 4 :33 Foam app lied over bund wall 

l:l3 4:ll Foam applied over tray surfae.: 

6 :28 l:26 100% Extinction 

6:l9 l :l 7 Foam orr 

Time from 8UI./1 of 
bumbll.ck 

1\:30 0:00 Bumbacl name on 

12:00 0:30 gem hole in fOlrn surface 1\ bumb ac k position 

16:48 l :18 O.2Sml hole in foam surface 

21 :30 10:00 a.Srn' hole in foam aurface 

23 :2l 11 :ll Bumbad:: name removed . 1 m1 of flam e I1 bumbad. positi on 

25 :50 14 :20 Flame spreads to downwind side 

26:28 14:58 23'11> Burabock 

26:40 13:10 30'11> BUllIbock 

27:14 l!I:44 Reduces to 64 % 

26 :59 l!I:l9 73'11> lIurDbock 

27:32 16:02 Maximum Bumbock 93'11> 
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Tell N_be< 11 Additil'e AFFF 

Brmch FB5X MKII ITU fUel Cod< 2 

Weathft' Sunny 

Clock '''''' Time from apptication Obst'natlons 
of foam 

min :t." min : sec 

0:00 Igniti on.Vertical plume. Very still conditions 

1:02 0:00 Foam on 

1:10 0:08 Foam blankel visible 

1:23 0:21 Vi.ible change in f04m ''Pintion 

1:54 0:52 Foam tltrum lil\ed ven.ically by plume 

1:57 0:55 Foam lifted on tray surface by efTect ofvortcx 

3:39 2:37 Angle of foam strum decreased 

4:53 3:51 90% Extinction 

5:08 4:06 95% Extinction 

5:38 4:36 Foam IIr-tam moved over 8urface for gcmle application 

12:32 11:30 Foam applied over bund wall 

14 :28 13:26 lOOc:l Extinction.Poor quality foam blllnk~t 

14:58 13 :56 Foam ofT 

Time from start of 
bumback 

19:27 0:00 Bumhack name on 

19:55 0:28 Flam~ towards centre of tray 

20:26 0:59 Flames around 70% of rim 

21:26 1:59 Bumblck name off 

22:09 2:42 lS% Burnhack 

22:18 2:51 50% Burnback 

22 :36 3:09 75% Burnback 

22:50 3:23 Maximum 8urubad 90% 
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TOIl Number 12 Additive AFFF 

Bnmc.h FB5X Mill FEU Fuel Cod. 2 

Weather Sunny,Hot ,SliII 

Clock Tun. T'we from ilpplicatioD Obsenatiom 
of foam 

min :te.C min : sec 

0:00 Ignition 

1:02 0 :00 Foam on 

1:07 0 :05 Foam blanket ",i.ible o\'er .s ~ of tnI)' surface 

1:50 0:48 Foam blanket vi,iblc over 50% of lny .urface 

2:12 1:10 9O'll ExtioctiOD 

2:18 1:16 9! '" Extinction 

5:00 3:58 virtual e~ioclion.Small flame on upwind rim 

5:06 4:04 Flam.:! increase where surface di5turbcd by foam SIl\!8m 

5:20 4: 18 Gcntk roam application 

6:20 5: 18 Virtual eX1inclion" 

6:40 S:J8 lOOc.i ExtiDctioQ 

7 :11 6:09 Foam ofT 

Time from start of 
burnbatk 

11 :39 0:00 Bumback flame on 

13 :20 1:41 O.Srn' flame al bumback position . lm2 on downwind side 

13 :37 1:58 Bumback name olT 

13:58 2:19 25% Buroback 

14 :08 2:29 50% Burnback 

14 :24 2:45 75t.l. Burnback 

14 :31 2:52 Maximum Burobatk 86% 
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Test Number 13 Additiv. FFFP 
Bnmch FB5X MKll FEU Fuel Cod. 2 
Weather Overcast 

Clock 
Tan. 

.u. :sec 

Time from 
application 

or foam 

miD : sec 

Observations 

0:00 Ignition. 

1:01 0:00 Foam on. 

1:34 0:33 Foam blanket visible over 10% of surface. 

2:44 1:43 Foam blanket visible over 50% of surface. 

3:03 2:02 90% extioctiOD. 

3:16 2:11 95% f"XtioctiOD. 

3:52 2:11 Fire over 75 % of rim. 

4:16 3:15 Branchmen move foam stream over tray area. 

4:31 3:30 lncreue in flame where foam stream hits surfsce. 

1:52 4:11 Foam stream laken off surface. 

1:19 4:18 Foaming area self-extinguishes. 

Foam stream gently reapplied. 

6:01 1:00 Fire virtually extinguished. Small flames on downwind rim. 

6:14 1:13 100% extinction. 

6:45 1:44 Foam off. 

Time from slart of 
bumblek. 

11 :14 0:00 Bumback. flame on. 

11:20 0:06 Flame around rim and cllndling over tray surface caausing breakdown of 
foam layer. 

12:00 0:46 No foam blanket over 20 % of tray surface. Flames over 10% of tray 
surface. 

12:17 1:03 Bumback. flame olT. Flame over 3m" ares. 

12:21 I: 11 25% burnback. 

13:09 1:54 50% buroback. 

13:30 2:16 75% buroback. 

13:44 2:30 100'" burnback.Foam applied after full bumback 
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Test Number 14 
Bf"lU)tb Angut 225 H 
Wetttbet- Overeat! 

Clock Tune 

miD :sec 

Adctiti •• FP70 
FEU ruel Code 2 

Time (rom application 
o( (oam 

mill : sec 

Observations 

Ignition 

Foam on 

50% extinction 

Fire between rim and bund wan 

75 % extioction 

Foam nn:am moved over tray area I 
Flaring whert foam hiu surface 

Area o f flame inC refl8eS I 
90% E'Xtinction 

Foam stream directed off surface 

9Sc.t extinction 

Fire Over 50% of rim. Con1.8.m;nated foam blanket 

Foam applied gentl y over surface 

Foam applied over bund wall 

100% f'xtinction of tray . Small flflme in outer rim 

Outer rim OUl 

Foam off 

20% of foam blanket de stroyed before burnback flflme on 

Burnback flame to uneontlllminated fOflm. 25 % foam aurface conlJlmifUHed 

Burnback fl ame off.2m2 flame arta 

lSf:i bumback (radiometers) 

25 'it. t>umback (oose rved) I 
50"" burnback 

75""burnback I
Maximum bumback (94 jI;) 

0,00 

1:01 

3:46 

4 ,00 

8,2) 

8:46 

9,13 

9:45 

Iz,ol 

12 :06 

12:14 

IDO 

12:40 

IU5 

15 :25 

15,36 

15:55 

20,25 

28,08 

29:12 

29:35 

30,04 

30 ,31 

30:50 

0:00 

2,45 

2:59 

7:22 

7:45 

8:12 

8:44 

11:00 

11 ,05 

11 ,13 

IU9 

1139 

13:\4 

14 ,24 

IU5 

14,54 

Time fro m Sl.8.n of 
burnback 

0,00 

7:43 

SA7 

9 ,10 

9:49 

10:06 

10:25 
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TesI Numbet- 15 Additive AFFF 

BI'IIDCh Cbubb FB5X MKJl FEU Fuel Code 3 

Weather SUM)' 

TIlDe rrom application 
or roam 

miD :sec 

Clock Time 

mm : sec 

0,00 

1,01 0,00 

1,09 0,08 

U6 0 ,55 

U9 0,58 

2,), U3 

2,5 I 1050 

),16 2 ,15 

3,46 H5 

Time from $t..arl of 
bumbtc k 

8,16 0 ,00 

9,00 0 ," 

9 ,11 0 ,55 

-9 ,)0 1, 14 

10,00 1,44 

10,06 UO 

10,13 1057 

10,18 2,02 

10,47 2,3 I 

Ohsenations 

Foam on 

Foam blanket over 8 ~ of tAr aorf.ee 

9Of)l extinction 

95 % extinction 

Fire over 5 % of upwind tray rim 

Vil1ual extinction. Small flamea around rim 

lOOS{ extinction 

Foam ofT 

Dumback Ollme on 

Ghollling over lray surface 

Fire ove r 25 ~ of rim I 

Bred:, in foam blankct of 5 % of tray arc. 

Dumback flame otT. Im1 name at bumhack poinL 10% of area naming on 

downwind aide 


25% burobac'" 


50% burobac'" 


75% burobac'" 


100% burnbac'" 
 I 
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T... Num"'" 16 Additi,e FFFP 

Bruch Cbubb FB5X MKIl fEU Fuel Code 3 

W..ther Sunay 

Clo<k lune rune from Ippljcltion Observations 
of foam 

min :sec min:sec 

0:00 Ignition 

1:01 0:00 Foam on 

1:21 0:20 foam blanket visible over 10 %. of lny aru 

2:16 1 :15 90~ extinction 

2:19 1:18 9S '!C ertiDctiOD 

2 :46 1:45 Foam alream moved over tray .rea 

3:30 2:29 Flames only .,.ound 30%. of rim 

4 :00 2:59 Vinual extinction 8mall flames on upwind rim 

4 :43 3A2 Area of Rame5 increased \0 3 % of tNly a rea 

5 :25 4:24 100 t;it n.-tinction 

5:56 4:55 Foam orr 

Time from start of 

bumhack 

10:25 0:00 Bumbad: name on . Ghosts immediatel y 

10:" 0:19 Top layer of foam blanket destroyed over 60% of tray area .Ghosting over 
surface , 100% rim fire. 

11:00 0:35 Fire over 5 % of tray area on downwind side 

11 :06 0:41 Area of name reduced on downwind side 

11 :20 0:55 Bumback name off. Area of name 5% on downwind side. O.5m~ fir..: al 

bumback point 

11 :58 1:33 25% buroback 

12:11 1:46 50'A: buruback 

12 :20 1:54 75% burnback 

12 :38 2 :13 100% bwuback 

13 :17 2:52 UO% bwubatk (".diometert) 
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Test Numbet" 17 Additi •• FP70 

Braoch FB5X MKII FEU Fuel Cod. 3 

Weather Overcast 

Clock rUD. 

miD :sec 

Time from applicatioD 
or foam 

min :sec 

Observations 

0 :00 Ignition 

1:01 0 :00 Foam on 

1:50 0:49 50% t.rtinction(radiomelen} 

3:12 2 :11 70 % extinction 

4:30 3:29 Foam bhuuet visible ove r 6 % of .urflee 

5:38 4 :37 Foam Blrcam mov.ed to right hand aide of tray 

6:32 5:31 Foam ofT. 80% extinction 

6 :40 5:39 Flames reduced 10 90% extinc tion 

7:25 6:24 9S Ok extinction 

7:30 6:29 Mainly fire around 701l of rim. OnJy O . 5m~ fire in main lray area 

7:39 6:38 Foam applied 10 tray aurface. Rim fire increaKd 10 901,l extinction 

7:47 6:46 Immediate flaming wherever foam li sUl tray surface 

7:59 6:58 Fire increases 10 40% extinction 

8:30 7:29 Flames reduce in area whue foam i, nOI applied 

10:14 9:13 Foam applied over bund wall 

10:29 9:28 900k extinction 

10 :54 9:53 95% extinction 

I !:l0 10:49 lOO',\; extinction of ltIIy rlre around 30% of rim and bund wall 

13 :09 12:08 Rim fire oot 

13 :39 12 :38 Foam off 

Time from SLan of 
bumback. 

18:09 0:00 Bumback. name on 

29:30 11:21 O.5m2 name.1 bumb.ek poaitioo, no other name 

30:46 12:37 Flame 8pread to contaminated area of foam 

30:58 12:49 Bumba,k name off. 1m2 fare at burobaek poaition 

33 :40 15:31 15" buroback 

34 :03 15:54 SO" .......bock 

34:29 16 :20 75" buroback 

35 :01 16 :52 MuDD... b....back 86'1< 
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Ten Number 18 Additive FFTP 

Brancb A.qus 113H FEU Fuel Code 3 

Weather Sunny 

Clock Time Time from application of Ob&erv.tions 
foa m 

min :11« min : 11« 

0:00 Ignition 

1:01 0:00 Foam on 

1:28 0:27 Foam blanket visible over 15 % of tny area 

2:02 1:01 90% tKtioctiOD observed 

2:13 1:12 9OfA. extinction (radiomelCn) 

2:14 1:13 93% extioctiOIl. observed 

2:46 1:45 95% extioctiOD (radiometers) 

2 :42 IAI Foam stream moved over lt8y are a 

3:45 2:44 Arm of flame from tray cenlre to rim moves with swirl of foam 

5:40 4:39 100% extioctioo of tray . Fire in oulCr rim 

6:56 5:55 Tolal extinction 

T ime from slart of 
bumback 

11 :56 0 :00 Bumb.d Oe me on 

17:15 5: 19 O.2SmJ flame at bumback position 

18 :27 6:31 Frame spreads lO nm. JmJ fire al bumback posilion 

18:37 6:41 Bumbad fl.me o ff 

19 :24 7 :28 23% bUl'1)b&ck 

19 :38 7: 42 30fA. bW'1lback 

19 :46 7:50 7~" buruback 

19:54 7:58 100,. buruback 
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