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A survey is presented of large-scale tests of foam on hydrocarbon liquid fuel fires 
conducted by five member countries of the European Communirj Working Group on Fire. The 
aims and methods of the various trials are compared and discussed. General trends are 
apparent in the results, but variations in the test conditions adopted make numerical 
comparisons between trials impossible. In some trials reported, the information given on 
test conditions is incomplete. 
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1. INTRODUCTION 


At the request of the CFBAC Joint Committee on Fire Research, the Home Office Fire 
Experimental Unit has undertaken a survey of foam trials held on large scale hydrocarbon 
liquid fuel fires. The study was initiated by the European Community (ECl Working Group 
on Fire, and was intended to cover the work undertaken in member countries. 

A full scale experimental hydrocarbon fuel tire is very expensive to undertake,it was felt 
in the Work i ng Group that it would be useful to attempt to draw together the resul ts of 
past tests before any country contemplated any further research work. The purpose of this 
study was therefore to collate all relevant i nformati on from member countri es and to 
present a summary report. It was envisaged that this would prevent needless repetition of 
tests, and mi ght show general trends in the use and behavi our of foam on 1 i qui d fuel 
fi res. 

The report summari~es contributions from member countries; compares the trials; identifies 
a number of pOints wh ich need clarification; and suggests areas for further work. 

In the event, problems in correlating the results of the various trials were encountere~ 
These were due to different aims for each series of tests and also to a lack of a standard 
method for large-scale testin~ This is not surprising where the trials take place in five 
countries and over a period of twenty yea~ 

Nevertheless, general trends as to the effectiveness of different types of foam on 
hydrocarbon fires have been identifie~ Attention is drawn in the report (Section 6l to 
experimental procedures which should be standardised to enable future trials to be more 
easily correlate~ Areas where further work would be beneficial are identified in the same 
section. 

It is outside the compass of this report to produce a detailed analysis of the results of 
all the European foam trials identifie~ However, a list of references is given to the 
work analysed (Appendix Al. It is recommended that the original reports be consulted where 
a detailed analysis of a particular test is require~ 
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2. 	 SUMMARY OF CONTRIBUTIONS ON LARGE SCALE HYDROCARBON LIQUID FUEL FIRE FOAM TRIALS FROM 
MEMBER COUNTRIES OF THE EUROPEAN COMMUNITY WORKING GROUP ON FIRE. 

Table 1 shows responses of the EC Worl<ing Group member countries. 

Of those countries making a positive return, West Germany enclosed a report on the use of 
foam for wood or furniture fires which is outside the scope of this report but 
neverthe 1 ess sheds some 1 i ght on the effecti veness of foam as a fi re-fi ghti ng agent for 
dealing with solid fuel fires. West Germany also sent a short report of some tests on an 
alcohol-resistant foam which is included in the present discussion. The Netherlands 
contribution was a series of reports concern~d with the breakdown of foam when subject to 
heat radiation. These reports paid particular attention to the sealing properties of foam 
on hazardous chemi ca1 s or on vol ati 1 e fuel s. Obvi ously such properti es contri bute to 
considerations in the effective use of foam on hydrocarbon liquid fuel fires, but it was 
felt that the extrapolations required when applying these results to a pool fire would be 
so general and broad that they should not be made here. 

Thus, of the EC Worl<ing Group member countries, Denmarl<, France, Italy, the Netherlands, 
the United Kingdom and to a limited extent West Germany appear to have performed large 
sca 1 e hydrocarbon 1 i qui d fuel fi res and exti ngui shed them wi th vari ous types of fi re­
fi ghti ng foams. The ai ms of the tri a 1 s were very often different, and these governed 
details such as the foam types used, the methods of application, the definition of control 
and extinction times, the methods of assessment of foam quality and the method of 
reporting the resul ts. A compari son of the various trial programmes is presented in the 
next secti on. 
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3. COMPARISON OF VARIOUS FACTORS INVOLVED IN LARGE SCALE FOAM TRIALS. 

Table 2 gives a brief resume of European foam trials. 

3.1 Ai ms. 

I t was apparent from the vari ous reports produced that the overall ai m of tri ale vari ed 
from country to country. France, Italy and the United Kingdom were basically assessing thp 
ability of various types of fire-fighting foam to control and extinguish a hydrocarbon 
liquid fuel pool fire. These trials were performed with a large trqy fire which simulated 
a fuel spill or any other situation where a large surface area of buming fuel might be 
present. 

The West German trials were performed on a small tray and were actually tests of a 
manufacturer's particul ar foam product against a specificati on. The Dani sh tri al s were 
designed to simulate conditions after an aircraft crash, where burning fuel had been spilt 
on the ground and persons within the aircraft required rescuing. These trials were 
therefore concerned with rapid knockdown and control, but not necessarily extinction of 
the fi re. The ai m of the wor\( was to assess the best tacti ca 1 choi ce and use of fi re­
fighting media, and consequently foam monitors were often used in conjunction with dry 
powder and water jets. Thus the aims of these trials and the resulting test methods were 
very different from those trials performed in France, Italy and the United Kingdom. It is 
accordingly difficult to correlate the Danish results with those of the other three sets 
mentioned. 

3.2 Fuel type. 

I Various fuel types were used throughout the European trials. Aviation petrol was used by 
Ita ly and Oenmar\(. Italy also performed tri a 1 s wi th di ese1 fuel and tol uene. France, for 
fi nanci a 1 reasons, used crude oil for thei r 1 arge scale tests and kerosi ne for smaller 
scale tests. The United Kingdom trials were performed with two-star motor petrol. 

The essential difference between the various fuels is the variation in the number of 
1 i ght, more vol ati 1 e fracti ons. Crude oi 1 does contain substanti all i ght fracti ons, whi 1 e 
heavy oil has few, thus making it difficult to ignite. In any such mixture the lighter 
fractions will bum off more quickly. 

In some French tests the crude oil was left standing in the tray overnight thus allowing 
the evaporation of some light fractions. For the second test of the day the oil was

I reignited and therefore the fuel could not be considered to be identical since the 
percentage of different fractions in the crude oil would have changed. The Italian and 
Uni ted Kingdom tri a 1 s were each performed wi th a new, unburnt sample of fuel for each 
test. The nature of the West Gerr,lan trials dictated that the fuel used was usually 
methanol (an alcohol, not a hydrocarbon) because the trials were on an alcohol-resistant 
fire-fighting foam; but to test the effectiveness of this foam on hydrocarbon fuels, 
aviation petrol was also used for some of the trials. 

The volume of fuel used depended on the size of the tray. The depth of the fuel is a 
parameter whi ch determi nes the 1ength of ti me the fi re wi 11 burn freely. It is 
approximately independent of the surface area of the tray. Several trials were performed 
with an unknown depth or volume of fuel, so it is difficul t to know whether a fire was 
extinguished through 1 ack of fuel rather than purely by appl ication of foam. Because the 
foam being used had poor extinguishing power, the fuel burned itself out in one United 
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Kingdom trial. 

3.3 Foam type. 

The different types of foam tested were protein, fluoroprotein, synthetic and aqueous film 
forming foam (AFFF). The general trend was for all trials to include protein and fluoro­
protein foams. In addition, synthetic~nd AFFF foams were tested in the United Kingdom, 
Italy and France. Synthetic foam was tested at an expansion ratio between 20 and 30 to 1 
in the United Kingdom and at 'medium' expansion ratio1 in France. United Kingdom trials 
also used high expansion (greater than 500:1) synthetic foam. All AFFF trials used I 
aspirated foam, i.e. using a foam branch pipe to apply the AFFF, although ~ne of the 
United Kingdom trials included AFFF in its non-aspirated form, i.e. purely as a water 
additive without the foaming of the subsequent solution. The expansion ratios for the 
Danish tests are not known. It is assumed from the report that low expansion protein foam 
'lIas used. The German tri a 1 s di d not gi ven an expans i on rati 0 ei ther, but it was poss i b 1 e 
to calculate the expansion ratio from tne measurement of water applied. 

3.4 Fire size. 

Apart from one set of Ital ian trial s which was performed on a fuel tank, all the other 
trials were performed on trays of various sizes. All the trays were square or oblong. 
The largest tray fires were those performed in France, with an area of 2000 square metres 
(m2). These were the crude oil tests. The kerosine tests performed in France had an area 
of 170m2 , which was also larger than the trays used in the United Kingdom and West 
Germany, which had surface areas of 84m2 and 50m2 respectively. . 

The Italian tests sought to correlate the results from small trays (9m2 and 37m2) with 
those from larger trays (150m2 and 600m2) to establish whether large scale trials are 
necessary. The aim was to determine a minimum tray size above which the results from the 
tri a 1 s would be va1 i d for 1arger-sca1 e spi 11 s. Thi s is di scussed further in Secti on 4. 

In the Danish trials an aircraft fuselage was placed in a tray of 400m2 or 900m2 size. 

1. The United Kingdom Manu~l of Firemanship Book 3 (Ref.1) gives the following definitions 
of foam by expansion ratio: 

Low expansion. Less than 50:1 (usually 5:1 - 15:1) 
Medium expansion. 50:1 - 500:1 (usually 75:1 - 15O:1l 
High expansion. Greater than 500:1 (usually 750:1 - 1000:1) 

The French report did not specify the expansion ratio in numerical terms, but in the 

film of the trials the appearance of the foam suggested a figure at the high end of the 

medium expansion range, perhaps about 400:1. 
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3.5 Pre-bum "duration. 

Important in any liquid fuel fire is the amount of time that the fuel is buming before 
the appl ication of the extinguishin~ medium. The longer the pre-bum, the hotter is the 
surface of the fuel. 

The longest pre-bum times were those in the French crude oil trials, where the pre-burn 
was usually something over B minutes. In Italy in the majority of tests a 5 minutes pre­
bum was allowed, al though in the small er scal e tests a 1 Minute pre-burn was used. The 
United Kingdom trials used a 1 minute pre-bum. On average the Danish trials had a 45 
seconds pre-bum but this was govemed by the speed at which the fire-fighting vehicles 
reached the scene of the fi re and commenced exti ncti on. I t was not a predefi ned ti me. 

3.6 Foam app 1 i cati on rate and method. 

The rate of foam solution application per unit area (in litres per minute per square 
metre) is a universally significant factor over a range of fire sizes in determining 
control and extinction times. Only when tests have comparable application rates can 
control and extinction times be compared. The United Kingdom tests standardised on an 
application rate of 2.7 litres per minute per square metre of fire. No other country 
standardised their application rate. The Italians used an application rate which varied 
between 2.0 and B.O litres per minute per square metre, and the application rate was 
varied even on tests on the same size tray, depending on the type of foam concentrate. 
The French trials also had variable application rates depending on the foam concentrate 
used and the method of application. Similarly, in Denmark where various fire-fighting 
appliances were used, the application rate was again dependent or. the eqUipment and the 
number of branches or monitors used in anyone trial. 

In general, the method of application was dependent on the type of foam being used. Only 
the Italian trials used an indirect method of foam application where the foam was directed 
at a inclined surface and allowed to flow onto the fire, thus creating a more gentle means 
of application to the surface of the fuel. The United Kingdom report makes the point that 
experience of the branchman was a major factor in his ability to put out the fire, 
particularly with low expansion foams. The Italian tests, whether the foam was directly or 
indirectly appl ied, were performed by fi;:ed monitors and branches which meant there was no 
branchman. This did lead to higher extinction times, because small pockets of flame around 
the outside of the tray ultimately could not be extinguished by direct impingement of 
foam, but only by the flowing of the foam blanket into that area. The Danish, French, 
United Kingdom and West German tests all depended on the skill of local authority or 
ci vi 1 avi ati on authori ty fi re-fi ghters. 

3.7 Sea 1 i ng properti es. 

Impor"cant factors in the control of a liquid fuel fire are the ability of the foam blanket 
to prevent a reignition of the fuel after extinction and the ability of the foam to 
inhibit the growth of a fire once restarted. This latter factor is often called the bum­
back property of the foam. Bum-back properties were measured only in the United Kingdom 
tests and results showed that certain foams did have greater resistance to bum-back than 
others. The Danish trials did not consider the burn-back properties of foam, although in 
an aircraft rescue situation it is important that extinguished fuel does not reignite, and 
perhaps surround the rescuer. In the French trials, the second test of the day used 
reignited fuel carrying a foam blanket from the previous test, so that some indication of 
a foam's resistance to bum-back was gained from the time taken to involve the whole tray 

5 




surface in fi re. 

Re-ignition tests were performed in West Germany with a 'fire-brand', no details being 
given. 

3.8 Extinction and control measurement. 

All countries, with the exception of Italy, measured the time to 100% extinction, i.e. 
when no fire was left burning. It must be noted that in the Italian tests, what was 
termed virtual extinction related to the condition where isolated flames were still 
visible at the corners of the tray. However, fixed branchpipes were used, and this factor 
would give a longer time than where a branchman could direct a foam jet at isolated 
pockets of flames (Section 3.6). 

In addition to 100% (or near 100%) extinction time, a lower-percentage extinction time was 
measured in most trials. In the Unlted Kingdom this was a 90% extinction time measured to 
be when observers estimated that there was only 10% of the fire surface area still 
burning. The French also measured a 90% extinction time, again from observation of the 
reduction of the fire area. The Italian measurement was called the 'time to control' the 
fire, and was judged to be when the flames were brought down to a height of less than 
sixty centimetres. The Danish and West German trials recorded only the time to 100% 
exti ncti on. 
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4. RESULTS AND GENERAL TRENDS. 

Appendix B summarises the conclusions reproduced from the various reports studied for this 
work. Caution must be exercised in using these conclusions without a thorough study of the 
i ndi vi dua1 report as a whole. 

4.1 Fuel type. 

From the Italian and French results it was demonstrated that the heavier hydrocarbons 
(crude oil and diesel fuel) were extinguished more readily than the more volatile fuels 
(petrol, kerosi ne and tc1 uene). In parti cu1 ar the Ita1 i an tri a 1 s demonstrated that, under 
certain Circumstances, a diesel oil fire could be extinguished with protein or synthetic 
foam, whereas, under the same circumstances, a petrol or toluene fire could not. It is 
important, therefore, tc bear in mind the type of fuel used for a trial when applying the 
results tc a different situation. 

4.2 Foam properti es. 

The United Kingdom trials were the only trials tc monitor the foam properties (expansion 
ratio, shear stress and drainage time) throughout the test programme. Taking the whole 
group of EC trials, therefore, it is difficult to relate the extinguishing ability of a 
foam tc anything other than the constitution of the concentrate. Having said that, the few 
results where foam of 'medium' or 'high' expansion was used show improved extinction times 
over 'low' expansion foams. This was probably due tc a more rapid and complete build up of 
the foam blanket, less dependent on the skill of the branchman tc direct the foam onto 
remai ning pockets of fire. It was recorded that, in both the French and United Kingdom 
trials, the medium and high expansion foam blankets were not stable in windy conditions 
and had poor bum-back resi stance. 

4.3 Foam type. 

The general trend was that AFFF was the most effecti ve foam for a rapi d exti ncti on ti me. 
F1uoroprotein foam was also very effective and in the Italian trials performed better than 
AFFF. Synthetic foam at medium or high expansion was effective as an extinguishing agent 
(see Section 4.2) but protein foam was only really effective when used on diesel fuel or 
crude oil fi res. 

Rapid extinction times need tc be balanced against the foam's ability tc secure the fire 
and prevent reignition and burn-back. From the French and United Kingdom tests i t was 
apparent that synthetiC foams did not have goC'd securing properties; in the French tests 
the protein foam also showed poor security. A general result overall was that the film 
formed by AFfF i nhi bi ted rei gniti on but broke down rapi dly once a fi re was estab 1 i shed, 
thus giving a poor result for burn-back. The foam with the most effective sealing 
properties was fluoroprotein, which prevented reignition and inhibited fire-spread once 
the fuel had been i gni ted. 

4.4 Method and ra te of foam app1 i ca ti on. 

The French trials sought tc examine the effect of increasing the application rate of the 
foam, and confirmed that a higher rate gave more rapid extinction. It was not established 
whether each particul ar foam type had an optimum app1icati on rate. 
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The method of applicatioTt of the foam does affect the extinction time. Essentially the 
abi 1 i ty of the branchman to di rect the foam onto the remai ni ng pockets of f1 ame reduces 
the 100% extinction time but has less effect on the ' time to control '. Several tests 
employed fixed install ations to apply the foam (France and Italy in particular) and t'1ese 
resul ted in some foam not reachi ng the tray. Thus, :he stated appl icati on rate was not 
necessarily the amount of foam reaching the fire. !n the Italian trials, foam applied 
indirectly, i.e. after sliding d0wn an inclined surface onto the fuel, was more effective 
than that applied directly. A similar effect was observed in the United Kingdom where 
experi enced branchmen allowed the foam to hit the fuel surface more gently. Thus the 
method of appl ication should be such that it minimise~ disturbance of the foam blanket 
a 1 ready formi ng on the fuel surface and avoi ds loss of the appHed foam stream into the 
fuel layer. 

4.5 Fire size. 

From the It alian trials it was concluded that the extinction times increased as the size 
of the tray increased between 150m2 and 600m2. However, this was accounted for by the 
decrease in the relative number of foam del ivery points for the larger tray even though 
the application rate per square metre was kept constan~ Consequently, to take this effect 
into account, the Italians concluded that 'small scale test results can be extrapolated to 
large scale fires with the help of some rational criteria.'. This conclusion is in accord 
with the French tests which indicated that the relative effectiveness of various types of 
foam could be established from smaller scale tests. 

4.6 Pre-burn duration. 

Few deducti ons concerni ng the effect of pre-burn ti me coul C be made because thi s was 
usually a fi xed parameter within a group of comparable trials. The Italian results 
indicated that the longer the pre-burn time, the longer the subsequent time to extinction. 
This effect makes it difficult to compare tests where the pre-bum time has not been 
constant, as in the French trial s. The Ital ian tests made use of only two pre-bum times 
(1 and 5 minutes) and this is insufficient information to enable comparison with the 
French tests where long pre-burns were used ranging from 2.5 to 15 minutes. 

I 

8 




I 

5. POINTS FOR CLARIFICATION. 

I t seems to have been a tendency inmost of the work studi ed for thi s report to change 
several variables in each test to try to obtain maximum data from a short series of fires. 
In addition, those variables which were not being tested directly (for example, pre-burn 
time, water temperature and meteorological conditions) were sometimes either not recorded, 
not standardised or not taken into account, leading to inconclusive results. In many cases 
results of fire tests would have goeater significance if simple tests of foam quality had 
been made at the test site and other test methods standardised so enabling a more 
satisfactory comparison to have been made between the trials of different countries. 

The high cost of experiments involving large-scale hydrocarbon liquid fuel fires lays 
particul ar stress on the need for sound experimental desi gn. Some recommendations and 
pOints for clarification are given below. 

5.1 Aims. 

The aims and objectives of any large-scale liquid-fuel fire trials with foam must be 
clearly defined and stated in any report. It has become obvious that even with trials 
which seem similar, the choice of recorded data and reporting method are governed by the 
original aim of the trial. Thus many conclusions are not comparable because different 
cri teri a have been used in the gatheri ng of results. Thi s is hi gh1i ghted in the Dani sh 
trials involving the use of several media. These trials were tactical rather than 
technical and cannot be compared with trials conducted elsewhere. 

5.2 Fuel. 

With the stated aims of the work in mind, the fuel must be selected accordingly. It is 
apparent that trials to test the effective use of foam on, say, aircraft crashes cannot be 
performed with a cheaper fuel such as crude oil. Similarly the reignition of used and 
contaminated fuel to perform further extinctioll tests would appear to be false economy 
since unknown factors have been introduced into the second test which were not present 
initially. 

To be able ·to compare results from various trials, it ·would be advantageous to state that, 
for all extinction tests, fuel would be used as supplied and without long ·exposure to the 
atmosphere which may allow evaporation of volatile fractions. Also fuel should be re­
ignited only for a burnback test, not for a new extinction test. If the volume of fuel for 
each test is standardised, the fuel becomes a controlled variable for the trials series. 

5.3 Pre-burn ti me. 

A ]though the effect of pre-burn ti me does not appear to have been estab1i shed 
conclusively, it is apparent that the duration of the pre-burn has an effect on extinction 
times. For the purposes of test comparisons a pre-determined pre-burn time should be 
established and used throughout the trials. Ideally this should reflect a real situation, 
but in practice a relatively short time will probably be used in order to minimize fuel 
requi rements. 

5.4 Foam application rate and method. 

In order to compare the extinguishing power of different types of foam effectively they 
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must be applied at the same rate per unit area. Depending on the application rate chosen, 
some foams may fail to ext~nguish the fire, but this is valuable information in making the 
comparison between foams. 

From the Italian trials it was apparent that the method of application had a bearing on 
extinction time. It would be useful to clarify whether tests should be performed with 
fixed branches (as in Italy) or u~ing branchmen (as in the United Kingdom). There are 
advantages and di sadvantages in both methods. Appl i cation by branchmen rel ates to real 
firefighting with handheld branches, but may give difficulty in obtaining consistent 
results if the branchmen's technique varies. 

5.5 Foam property measurement. 

With many of the trials reported here there was no attempt at foam quality control or 
assessment. When comparing results it is important to know whether the physical properties 
of the foams have been consistent. The effect of physical properties (expansion ratio, 
drainage time, 'shear stress' etc.) on the ability of the foam to extinguish a fire has 
not been conclusively established but it is important to have a record of these variables 
for each test. Since ambient conditions and operating factors can affect foam properties 
; t does not seem va1id to remove a branchpi pe to a 1aboratory ei ther before or after the 
tests to perform assessment there. Where several branches are used for a tri al they shoul d 
all be monitored to ensure that their performances are comparable. 

5.6 Timing-point determination. 

I f more reproduci b 1e methods of det:!rmi ni ng ti mi ng poi nts such as 'ti me to control', '90% 
exti nction' and 'vi rtual extinction', coul d be establ i shed then the recorded times woul d 
be more easily compared between trials. As many of the timing points used depended on the 
judgement of observers, there are possibilities of variations between tests, particularly 
if performed over a period of time with different observation teams. Even '100% 
extinction' may be an ambiguous timing point, e.g. the Italian trials took a pOint where 
isolated flame was still visible as being the last recorded time for each test. 

Measurement of 100% extinction, defined as the point when all the flames have been 
extinguished, is easy to defin~ and should be noted for every test. Times for 'control' or 
a percentage extinction are much harder to define or measure. The Italian report gives the 
most objective criterion for one of these 'intermediate points' where 'time to control' is 
defined as the time when the flame height is brought down to less than 60 cm. In other 
reports where a percentage extinction time is given, no exact guidelines as to how this 
was assessed are reported. 

Often in an operational situation it is the 'time to control' which is important rather 
than the 100% extinction time. Thus a good definition of when a fire is controlled is 
required. The Italian method of defining a flame height is simple to implement, but its 
si gni ficance depends on several factors, which may al so control the maximum fl ame height 
achieved in free burn. Possibly the definition of 'intermediate points' could be in terms 
of the percentage drop in flame height. For example, with a fire in which flames reach, 
say, 10m , 90% extinction would be defined as the time when flame height had been reduced 
to lm. An alternative method would be to measure the reduction in the heat output or 
radiation of the fire. Although more complicated to implement in a test programme the 
results thus obtained would be of greater intrinsic value. As the radiation level is 
reduced, so is the risk to exposed surfaces nearby. This method of assessing the control 
of a fire has been used on a series of test fires in Sweden (Ref.2) using wide angle 
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radiometers to measure the radiation from the fire; In these tests, visual judgement of 
90% extinction time was also recorded. This appeared to give longer times than the 
radi a ti on method. 

It is important that before further large scale tests are performed the method and 
criteria for determination of timing points must be better defined and consi.tent within a 
particular trials serics. If a method could be accepted as standard it would enable work 
from different laboratories to be compared quantitatively rather than qualitatively. 

5.7 Seal i ng Properti es. 

The extinguishing ability of a foam needs to be supplemented by good sealing properties 
(see Section 3.7). Given that fuel should not be reignited and used for extinction tests, 
maximum benefit can be obtained from each trial by performing an ignition test on the fuel 
with its foam blanket a given length of time (say 10 minutes) after initial extinctio~ In 
addition to this the burn-back properties of the foam could be established as part of the 
same test by letting the fire spread over the full fuel surface, and recording the time 
taken to 100% invol vement. 
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6. AREAS FOR FURTHER WORK. 

There are several areas in which further work would be beneficial for increasing knowledge 
about the use and behaviour of diff9rent foam types on hydrocarbon 1 iquid fuel fires. 

6.1 Fuel type. 

Categorizing fuels into grnups, and from each group selecting a 'standard' fuel would 
minimize the number of trials required to cover all risks. Although fuels are categorized 
by flashpoint this property alone does not standardize fuels for foam trials. The 
important factor is the ease with which a fuel may be extinguished rather than ignited and 
this is not necessarily related to flashpoint alone. Research, either practical or a 
1iterature search, into this topic would be advantageous for the comparison or 
extrapo 1 ati on of resu 1 ts. 

6.2 Foam type. 

From a qualitative viewpoint, the trials undertaken so far have established the 
effectiveness of various foam concentrates. Work could be performed to assess more exactly 
the merits or otherwise of using AFFF in its non-aspirated form and to compare further the 
'knockdown' capabil ity of AFFF compared with that of fluoroprotein foam. 

The relationship between firefighting qualities of a particular foam type and its physical 
properti es (e.g. expansi on rati 0, drai nage time and 'shear stress') has not been fully 
established. Research in this field would increase the significance of physical tests of 
foam produced from particular equipment, and reduce the need for expensive fire tests. 

6.3 Fi re si ze. 

Despite the Italian and French work, there is a need to establish how results from fires 
of different sizes can be related. Ideally, for foam testing, a fairly small fire should 
be standardized and the scaling factors calculated. However, it would be necessary to 
select a larger size for tests of practical fire-fighting equipment. 

6.4 Pre-burn durati on. 

The effect of pre-burn duration on the subsequent fire test for various fuels should be 
established. By monitoring the radiation from a free burning fire it should be relatively 
simple to decide on a point at which the fire is thought to be stable. Beyond this point, 
a further effect occurs due to the heating of the fuel. Both factors should be considered 
in standardising the pre-bum time. 

6.5 Application rate. 

For each type of foam there is a critical application rate (Section 3.6) for extinction. 
At application rates below this the fire will not be extinguished until fuel exhaustion 
intervenes. Above this, there will also be an optimum application rate which uses the 
minimum quantity of foam for extinction. There is a definite need for these appl ication 
rates to be established for the various foam concentrates. This would result in a more 
cost-effective use of foam and manpower. 

Coupled with the application rate ;s the method by which foam is applied to a fire. The 
Ital i an report suggested that several points of attack are more effective than a massive 
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attack at one or two positio"ns. This should be investigated further. An associated 
requi rement is to assess the different tacti cal methods employed by various fi refighters 
to ensure that foam is applied to a liquid surface by methods which seek to conserve the 
growing foam blanket and the foam being applie~ 

6.6 Timing points. 

As outlined in Section 5.6 the establishment of preferred timing points would be 
advantageous. This could probably be done on laboratory scale tests initially and the 
findings of such tests then applied to full scale trials. 

13 




7. CONCLUSION. 

It has become apparent that quantitative comparison of foam trial s conducted to date is 
not possible through 1ack of a standard set of measurements and experimental techniques. 
However, general trends have been established· which are consistent from country to 
country. AFFF and fluoroprotein gave the shortest extinction times, and sy~thetic foam at 
medi urn or hi gh expansi on also gave effecti ve exti ncti on. Except on di esel or crude oi 1 
fires, protein foam was less effective, failing to give extinction under some of the test 
conditi ons used. 
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Appendix B - Figure B4: Facsimile summa~ of United Kingdom 1981 test results. 
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