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ABSTRACT 

This report is one of three constituting a survey of the field 
of firefighting with foam. It covers the tactics and equipment 
required for a wide variety of scenarios, and identifies areas 
where further development would be advantageous. It stresses the 
merits of preplanning, and identifies risks beyond the 
capabilities of normal Fire Service equipment. 





MANAGEMENT SUMMARY 


The tactics and equipment used by the UK fire service in connection with fire 

fighting foams have evolved over many years with piecemeal introduction of 

new methods, very often alongside the existing practices. 

As a result of a wide ranging exercise in gathering information associated with 

this study it has been possible to examine tactics, techniques and equipment 

and suggest where new ' ideas, research, overseas practice or improved 

management could be developed to enhance the fire service capabilities. 

During the course of the study information was gathered from foam 

manufacturing companies, industrial users, testing and research bodies, fire 

brigades and mutual aid organisations. This particular report is the second in 

a series of four generated by this study and covers tactics and. equipment 

associated with fire fighting foams. 

The other three are: 

Part , - Fire Fighting Foam 
Part 3 - Large Tank Fires 

Part 4 - Management Summary 

After first defining and explaining some the common types of fire encountered, 

an examination of various stylised fire scenarios illustrates some areas where 

use of foam, tactics and equipment could be improved. Main conclusions 

reached during the analysis of the scenarios and review of standards and 

equipment are summarised here. 

In the case of road traffic accidents there is advocacy for equipping the first 

response appliance team with a substantial capability to deploY AFFF 

firefighting foam although alternatives have not been fully researched. 
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The logistical difficulties in fighting large storage tank fires, and large 

bund fires with conventional equipment are considerable. As the size of the 

tank at risk increases so do the complexities of the fire fighting operation. It 

is suggested that for tanks over 45 m in diameter other techniques are 

required (for further detail see Report No. 3). 

When comparisons are made between the recommended minimum application 

rates given in the various standards and codes it becomes apparent that the 

Manual of Firemanship is considerably out of step with thinking elsewhere. 

An interim revision should take place at an early date to bring the manual 

more into line with international standards and where basic research is 

considered necessary to fully justify the new application rates it should be 

noted and a later revision issued to reflect these results. 

Of the new and improved equipment reviewed the clip-on aspirating device for 

existing fire service branch pipes seems to give a substantial benefit for 

relatively small outlay. It has the further advantage of using simple, robust 

technology and should be relatively cost effective to develop and purchase. 

Pre-planning for incidents at oil and petrochemical installations is hampered 

by unreliable and out of date information relating to site arrangements and 

tank contents. In this regard overseas brigades have demonstrated how 

direct-on-line updating facilities from the plant to the fire brigade can greatly 

improve the quality of information available to the officers and fire fighters 

when they respond to an alert. Fire Officers in charge of major incidents 

should have received recent training to prepare them for the organisational 

complexities of the task. 

When tackling a fire in a flammable liquid storage tank resources of foam 

should not be used until sufficient concentrate is available to mount a full 

attack. Cooling water can be used more sparingly and on specific targets in 

many cases. This may be of crucial importance where water supplies are 

inadequate. 

The report thus indicates areas where research is necessary, and indicates the 

analysis required to equip a fire brigade to tackle the fires where foam may 

be useful. The analyses presented are stylistic but with "local knowledge" they 

can be converted to realistic situations which will show any deficiences in the 

equipment and tactics used by any particular bridgade. 
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SECI'ION 1 

lNTRODUCI'ION 

In September 1987 Ewbank Preece Ltd., was commissioned by the Home 

Office, Scientific Research and Development Branch to perform a Survey of 

Firefighting Foam and Associated Tactics and Equip~ent relevant to the 

United Kingdom Fire Service. The Survey was conducted between October 

1987 and March 1988 inclusive, and this report is the second in a series of 

three reports which present the findings, analysis and recommendations. 

The original scope of the commission is presented in Appendix E, and calls 

for the production of reports on three main areas and a fourth summarising 

management report. The original three areas for reporting were Foam Types, 

Tactics and Equipment. Subsequent minuted discussions combined Tactics 

and Equipment into a single report and created a new third report on Large 

Tank Fires. 

The four reports produced from the study are now: 

Part I Firefighting Foam 

Part 2 Firefighting Foam 


Tactics and Equipment 


Part 3 Firefighting Foam 


Large Tank Fires 


Part 4 Firefighting Foam 


Management Summary 


Three main methods were used 10 gather information, meetings with 

individuals and organisations who have specialist knowledge of fire fighting 

foams (a list of such contacts is provided in Appendix C); literature research 

(a list of references is provided in Appendix B); and a questionnaire to foam 

concentrate and equipment manufacturers (Appendix D). 
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This report covers the use of fire fighting foams by initially examining how 

they can be applied to the British Standard "Classes" of fire and to the 

different types of physical configurations in which fires occur. More specific 

information on tactics and equipment is related to certain stylised examples or 

"Scenarios" which represent some of the main fire situations in which foam is 

employed. 

The various standards which recommend minimum application rates are 

reviewed and comments made on their suitability for practical firefighting. 

Finally the equipment currently used by brigades and some possible areas for 

improvement are examined. 

The generous help r~ceived III the course of the study from all of the 

organisations and individuals contacted is gratefully acknowledged. 
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SECTION 2 


FIRE CATEGORIES AND FIREFIGHTING FOAMS 


2.0 INTRODUCTION 


Any discussion of the uses which can be made of firefighting foam must 

be related to the wide variety of situations in which it may be applied, 

and the characteristics of the fires that are encountered by fire brigades. 

In this section the basic categories used to describe different types of fire 

are reviewed together with the general principles of extinguishment, 

particularly in relation to firefighting foams. 

2.1 CLASSES OF FIRE 

In the UK the standard classification of fire types is defined in BS 4547 

which designates Class A as fires in carbonaceous solid materials, Class B 

as flammable and combustible liquids, Class C gases and liquified gases 

and Class D as combustible metals. Electrical fires are treated 

separately. Those who also deal with American standards should be 

aware that NFPA 10 (Portable Fire Extinguishers) uses a very similar but 

different system. Whilst the Class A is similar, ie ordinary combustible 

fires, the American Class B includes fires in flammable gases as well as 

flammable and combustible liquids. American Class C is reserved for 

electrical fires and Class D is again similar to the British Standard 

covering fires in combustible metals. In this report the British system has 

been used throughout. 

2.1.1 Class A 

Class A fires are those which involve solid materials usually of an organic 

nature such as wood, cloth, paper, rubber and many plastics. 
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In general AFFF or synthetic foams at concentration between 0.1% and 

1% in either low, medium or high expansion form are capable of 

extinguishing Class A fires. Since water is also highly effective, and 

considerably cheaper, foam is not considered as a viable option except in 

a few specialised cases. 

There are advantages in the use of surfactant based foams when fires 

become "deep seated;" meaning that glowing combustion occurs with little 

or no flame and air reaches the combustion zone by diffusion through 

capillary size passages rather than by bulk movement. In these conditions 

water can be slow to penetrate. A wetting agent that reduces the surface 

tension of the water can greatly improve penetration to the seat of the 

fire. When a wetting agent is employed the deep seated fire is 

predominantly extinguished by the cooling effect of the water rather than 

by the smothering effect of the foam. 

Surfactant based foams display some wetting agent properties, but are 

more expensive that products sold purely for their wetting agent 

characteristics. A few brigades take advantage of these properties by 

using AFFF not only for Class B fires, but also to make better use of 

limited water supplies on Class A fires. It is claimed that the increased 

cost of the agent is often justified by reduced water damage to the 

property. Apart from specially designed demonstrations there is at 

present no independent evidence to corroborate this. The fire insurance 

records for the areas concerned would provide raw data which could be 

analysed for trends which could support the claim. This would be a 

valuable area for research since the results could be of financial 

significance. 
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Medium and high expansion foams have been advocated for indoor use 

on Class A fires. The confinement provided by building walls allows 

the foam to accumulate into a thick blanket which is protected from being 

broken up by the wind. The mechanism put forward for extinguishment 

is that the foam cuts down the bulk movement of air which supports the 

combustion. There is a cooling effect as water from the foam evaporates, 

and the steam generated will also tend to reduce the oxygen level in the 

air surrounding the fire. A sufficiently deep blanket exerts a hydrostatic 

pressure which will refill voids opened up when the foam is destroyed by 

the heat from the fire. Materials and structural members that would 

otherwise be exposed are shielded from heat radiation by the foam. 

Although high expansion foam can be effective by the mechanisms 

described the main practical drawback is that firefighters cannot be sure 

whether or not the fire has been extinguished. It can be dangerous to 

enter a deep foam blanket to track down the seat of a fire since there is 

a chance of sudden exposure to heat and products of combustion. Under 

some conditions the fire can continue to burn for a considerable period at 

a reduced rate supported by the air released from the foam as it breaks 

down. 

The use of medium expansion foam against indoor Class A fires, such as 

in warehouses, is in some ways more promising. It could be possible to 

restrict the application so that the area of origin of the fire is kept under 

observation whilst maintaining sufficient hydrostatic pressure to force the 

foam onto the fire. Since this is not normal brigade practice and little 

research appears to have been carried out, this is considered as a possible 

area where a suitably designed test programme would be of value. 
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2.1.2 Class B 

Class B fires are those which involve flammable liquids, oils, greases, tars, 

oil based paints and laquers (ie flammable and combustible liquids). 

Combustion of these materials occurs entirely in the vapour phase above 

the liquid surface. From their requirements for fire fighting foam the 

Class B fires subdivide into three further categories viz, high flash point 

liquids, low flash point liquids and water miscible liquids (polar solvents). 

(a) High Flash Point Liquids 

High flash point liquids, or Class C petroleum liquids are those with 

a flash point above 55°C such as gas oils, diesel oils, heavy fuel oils 

and heavy lubricating oils. At normal ambient temperatures these 

liquids have sufficiently low vapour pressures that they do not 

generate flammable concentrations of vapour. 

Water spray can be used to extinguish fires ID high flash point 

liquids since the cooling effect of water is sufficient to reduce the 

generation of vapour to below the concentration needed to sustain 

combustion. 

Firefighting foams are very effective against this type of fire giving 

rapid control and security against reignition, however, use of water 

spray can be perfectly satisfactory and far less expensive in many 

cases. The primary mechanisms by which foams extinguish high 

flash point liquid fires is by cooling the liquid surface and cutting 

out back radiation from the flames. The smothering action of foam 

plays a relatively insignificant role. 

(b) Low Flash Point Liquids 

Low flash point liquids, or Class A and B petroleum liquids have 

flash points below 21°C and 55°C respectively and include Class A 

petroleum liquids such as aviation gasoline, benzine, crude oil, 

hexane, toluene, petrol, etc and Class B petroleum liquids such as 

jet fuels and white spirit. 
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Spills or pools of low flash point liquids can produce flammable 

vapour under normal ambient temperatures, and flammable or 

explosive concentrations can accumulate at low level, since most of 

the vapours are heavier than air. 

Water sprays are unsuccessful in extinguishing fires in low flash point 

liquids because vapour generation rate is not sufficiently reduced by 

the degree of cooling achieved. However, considerable reductions in 

flame height and radiation intensity can be achieved with water 

spray application. 

Fire fighting foams are effective on low flash point liquids because 

they trap the vapour at, or just above the liquid surface. The 

trapped vapour then sets up an equilibrium with the bulk liquid 

which prevents further vapour generation. Where deep foam 

blankets can be formed such as in storage tanks with a large 

free board this process may be assisted by the increased hydrostatic 

pressure at the liquid surface although justification for this assortion 

is scant. Film forming foams may also inhibit liquid molecules 

passing through the liquid surface into the vapour phase. Additional 

benefits are that firefighting foams cool the liquid surface, reduce 

the vapour generation rate, obstruct back radiation from the flame 

and provide local steam dilution of the oxygen level at the 

flame/foam/surface interface. Low flash poillt liquid fires can only 

be extinguished by foam when the blanket covers the entire liquid 

surface. 

(c) Water Miscible Uquids 

Polar solvents and hydrocarbon liquids which are mutually soluble 

(wholly or partially) in water can tend to dissolve normal firefighting 

foams. Such liquids include gasohols, methyl and ethyl alcohol, 

acrylonitrile, ethyl acetate, methyl ethyl ketone, acetone, butyl 

alcohol, isopropyl ether, isopropyl alcohol, methyl isobutyl ketone 

and methyl methacrylate monomer. 
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Water miscible liquids which are also low flash point liquids can 

be extinguished either by increased application rates of foam to 

compensate for the rate of foam destruction or alternatively by use 

of alcohol resistant type of foam concentrates. These foams form a 

polymer membrane between the polar solvents and the foam blanket 

which arrests the destruction of foam and allows the functions of 

vapour suppression and cooling to continue. Alcohol resistant 

concentrates lose effectiveness unless they are applied gently to the 

surface of polar liquids avoiding plunging. Further research IS 

needed to determine how much this affects foam performance. 

2.1.3 Class C 

Class C fires are those involving gases or liquefied gases. 

In recent years liquefied flammable gases have become an increasingly 

important source of fuel in commerce and industry. Increased use brings 

increased tranportation of these liquids throughout the country by road, 

rail, and in UK coastal waters, which in turn increases the possibility of 

accidental spillage. The product group includes LPG (Liquefied 

Petroleum Gas, usually propane or butane) liquid ethylene, butadiene and 

LNG (Liquefied Natural Gas, ie methane). Boiling points are all low and 

in the event of spillage, rapid evaporation occurs. Due to the greater 

amounts of vapour produced and the low buoyancy of cold vapours, the 

dispersal of vapours produced from liquefied gas spills is more 

problematical than from spilled flammable liquids such as petrol. In still 

air conditions and where the ground is sloped or channelled these vapours 

can travel long distances from their source. Liquefied gas vapours have 

been known to travel 1,500 meters from a spilled pool of liquid whilst 

retaining a concentration above the lower flammability limit. 
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Medium and high expansion foams are suitable for liquefied gas spills 

both for fire extinguishment and vapour supression. The surface of the 

foam in contact with the liquid forms an icy slush which insulates and 

protects the upper layers of foam, and which in turn acts by reducing the 

evaporation rate from the liquid. A further important advantage is the 

relatively low amount of heat transmitted to the liquid by water draining 

from medium and high expansion foams. Low expansion foam is not 

suitable since it increases the rate of evaporation from the liquid. For a 

liquefied gas spillage any reduction in the rate of evaporation of the 

liquid is beneficial in that it limits the size of the flammable (or 

explosive) cloud generated and hence reduces the possibility of ignition. 

2.1.4 Class D 

Class D fires are those which involve combustihle metals such as 

magnesium, titanium, zirconium, sodium, potassium and lithium. 

Firefighting foams should not be used with water reactive metals such as 

sodium and potassium, nor with other water reactive chemicals such as 

triethyl aluminium and phosphorous pentoxide. Other metal fires are 

treated as Class A fires, but in general the use of media other than foam 

or water is found to be more suitable. 

2.1.5 Electrical Fires 

Firefighting foams are unsuitable for use on fires involving energised 

electrical equipment. Other extinguishing media are available and that 

subject falls outside the scope of this report. Fires in de-energised 

electrical equipment are treated as either Class A or B as appropriate. 
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2.2 TYPES OF FIRE 

The classes of fire discussed in the previous section have a strong bearing 

on the tactics and techniques of using firefighting foam, but they do not 

specify the physical environment of the fire which is particularly important 

in tackling Class B and C fires. Firefighters commonly refer to spill fires, 

pool fires and running fires and the variations in technique required for 

each. This section presents definitions of these terms which are used 

extensively in the later section on "Scenarios", and examines how the 

physical characteristics can affect the firefighting approach. 

The definitions are idealised and in practice are unlikely to occur exactly 

as described, but nevertheless they illustrate the principles involved. 

2.2.1 Spill Fires 

Spill fires occur in shallow static unconfined areas of flammable, or 

combustible liquids. The liquid spreads under gravity flow to a depth of 

on average 25mm or less, although some variation and localised pools 

may occur due to surface irregularities. 

The main characteristic of spill fires is their brief duration. If an average 

burn rate of 4rnm/min is assumed then the major area of spillage will be 

consumed withing 7 minutes leaving only isolated pool fires in surface 

irregularities. 

Such brief bum times rarely occur in practice. Flammable liquid may 

remain in the ruptured container and burn for a considerable time, or 

continuous leakage may replenish the spill. 
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(a) Foam Selection 

From the information available there appears to be no ideal choice 

of foam for all spilled liquids that could be encountered by brigades. 

Generally AFFF gives rapid fire knockdown, but it is less effective 

on petrol fires than FFFP. The relative weakness of AFFF in terms 

of bumback resistance and security can be compensated for by 

re-application as necessary. All foams can give improved 

performance when applied aspirated rather than by equipment with 

no aspirating action. The available foam test data is mainly 

produced from pan fire tests which do not highlight the ability of a 

foam to spread across a spill, and which allow methods of 

application of the foam which do not match those used by brigades 

in practice. It may be possible to make a better assessment of foam 

performance if an improved medium scale fire test is introduced as 

recommended in Report No. 1 (Section 6.4). 

Water spray would be suitable for small high flash p.oint Oass B 

fires, although skill is required (and usually available in the UK 

brigades) In the use of hose or branch lines. For larger fires of tbis 

type it is unlikely that extinguishment would be achieved by water 

alone within the time available. In addition use of water spray can 

succeed in spreading the fire by providing a larger volume of liquid 

which can cause flow further. However, it has a useful role in 
washing the flammable liquid away from a localised area, for 

example in establishing a rescue path to a crashed vehicle, although 

fire fighting foam is superior for this use in that it provides more 

security against burnback to protect firefighters. 
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(b) Class B Fires 

For low flash point Class B fires water spray will not extinguish but 


foam will. High vapour pressure liquids can destroy a low expansion 


foam blanket or saturate it with vapour which can lead to reignition, 


making vigilance and periodic reapplication advisable. Polar solvents 


will render any normal foam less effective and use of an alcohol 


resistant foam concentrate would be preferable. It is at present 


unlikely that any brigade will carry alcohol resistant foams under 


normal operational circumstances, in which case higher application 


rates of other foams can be used with all but the most foam 


destructive chemicals. Medium expansion foams can also be used 


effectively against alcohol fires. 


(c) Class C Fires 

Where spillage is of LPG or a similar liquefied gas care must be 


taken to avoid ignition or inhalation of the gas cloud. Any gas leak 


or fire should be tackled from upwind. Even when an LPG spill 


fire is extinguished it will still generate vapour which will travel on 


the wind and collect in low lying areas of ground, ditches, etc. If a 


spillage has not been ignited it may be necessary to evacuate the 


down wind area in the path of a vapour cloud and eliminate any 


sources of ignition. LPG vapours can be dispersed by using water 


spray patterns from hose lines, and blanketting with high or medium 


expansion foam will suppress vapour generation and reduce the size 


of the flammable gas cloud. If there are hot surfaces or other 


sources of reignition the fire should not be completely extinguished, 


but reduced in size to a safer level by foam application. Explosive 


reignition is always a danger and tactics of approach must take 


account of this possibility. 
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2.2.2 Pool Fires 

Pool fires may be generally described as static, confined spills which are 

deeper than 25mro but not as deep as storage tanks. The pool fire may 

cover a large area depending on the volume of the fuel source and the 

area of the confined space. It may take the form of a bunded area in a 

tank farm or a hollow pit or trench which has collected flammable liquid 

from a ruptured process vessel, road or rail tanker. 

The difference between pool fires and spill fires IS that pools may, 

depending on depth, continue to burn for a considerable period of time. 

N; a result the firefighters are more likely to encounter a well developed 

fire burning evenly over a large area, rather than the more isolated, 

scattered fires which are characteristic of an unconfined spill. Foam may 

also be subject to more severe plunging during application, and techniques 

such as playing the foam stream against a solid surface and allowing the 

foam to run onto the fire may be both desirable and a practical possibility 

if suitable surfaces are available. The sustained high levels of heat output 

may demand more effort to be made in cooling exposed structures both 

to minimise damage during the fire and to prevent reignition after 

extinguishment. 

The pool fire, therefore, requires a foam wi th a high fuel tolerance and 

heat resistance as well as fast flowing characteristics. Adequate post fire 

security is also required. 

FFFP is likely to be the first choice of foam when available, as it 
combines the properties required as stated above. 

2.2.3 Running Fires 

Running fires may be described as un-confined spill or pool fires in which 

the product is being continuously supplemented by a spray, jet or stream 

from the ruptured tank or equipment. The continuous supply of product 

could result in burning liquid flowing into inaccessible areas, such as 

drainage systems and floor voids. 
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An early step in fighting a running fire is to stop the flow of product 

to the flames whenever possible. Water spray provides an excellent 

screen behind which to approach the fire and close the valve. Firefighters 

are trained in such operations as part of standard practice. Various suits 

are also available to give additional heat protection to trained firefighters. 

Flow of product from a storage vessel can also be stopped by water 

displacement if there is sufficient free board above the source of the leak. 

Ibis method has been successful in the case of a ruptured storage tank 

line. Water is pumped into the tank to raise the hydrocarbon liquid 

above the level of the outlet line so that water instead of product flows 

from the broken line. 

If the product is a high flash point fuel the burn back rate may be less 

than the rate of discharge from the leak. In these circumstances the fire 

can be extinguished with a foam blanket or water spray in a similar 

fashion to a pool fire, the only additional precaution being to ensure that 

the level of fuel does not rise sufficiently to overspill the containment. 

Sand bagging, diversion channels and pumping out are all useful 

techniques to help prevent breakdown of containment. 

If, on the other hand, burn back rate exceeds discharge rate then the 

discharging fuel jet will also be on fire. It may be necessary to use dry 

powder to extinguish fires in flowing jets of liquid or gas. Water sprays 

are effective in reducing the heat output from burning jets. 
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2.2.4 Flowing Fires 

This term is less often used but refers to the case when a burning liquid 

is moving down a slope on a broad front. The situation is rare, but 

extremely hazardous because of the rapidity with which objects and 

people in the path of the flow can be enveloped. It is not possible to 

advise any course of action other than rapid evacuation from the 

oncoming flow. If monitors and hoses are immediately available they 

could provide sufficiently rapid knockdown. On many fuels AFFF is 

considered particularly effective at fast knockdown, although other foams 

can have similarly rapid effects. Another technique is to lay a band of 

foam at the lower end . of the drainage path so that any pool that builds 

up will do so beneath a foam blanket. For thls type of application 

fluoroprotein might be considered most suitable because of its stability, 

although other foams would also satisfactorily perform the task. 

The main method of combatting flowing fires is by prevention. 

Firefighters must be aware of any potential for a pool fire to breach or 

overspill its containment. Firefighting efforts should be adjusted to 

reduce such a risk, for example minimising use of cooling water which 

could drain into the contained pool, monitoring the integrity of containing 

bund walls and evacuating in advance any area which could possibly 

become inundated. 

2.2.5 Other Terms 

Various other terms are used for different types of fire and explosion 

incident · such as BLEVE (see Appendix A), vapour cloud explosion, gas 

flare, etc. These have not been covered separately since the use of 

firefighting foam is not directly involved. 
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2.2.6 Brigade Foam Purchasing Policy 

Most UK fire brigades tend to standardise on one type of foam for their 

appliances and back up supplies. There are strong arguments in favour of 

this approach. A wider range of foam concentrates would normally imply 

higher overall stock holdings to maintain minimum stock levels of each 

type of foam. Specialist foams tend to be more expensive, and additional 

foam delivery equipment is often needed to get the best performance. 

Purchasing, testing and warehousing costs will all increase when a wider 

variety of foam stocks is purchased by a fire brigade. From an 

operational point of view the possibilities for using the wrong 

combinations of equipment and concentrate increase with the variety of 

foam types available to firefighters. Greater time is needed to train 

firefighters and greater care during fireground operations. 

Despite these disadvantages it is considered unlikely that any UK fire 

brigade will be adequately served by stock of a single type of foam. 

There is no foam that can be regarded as suitable for all applications, and 

those that come nearest cost most. It is far more probable that at least 

two or three types will be required, with perhaps one of these selected for 

routine use and the others held in reserve for certain special risks. The 

selection of which foams should be bought for each brigade will depend 

on the types of risk most frequently encountered and upon the nature of 

any special risks in the brigade's area. 

Material in this series of reports will provide useful background 

information to help aid foam selection. It is not possible to lay down 

hard and fast rules, and the final choice is best made by the senior 

officers of each fire brigade in order to take full account of local 

conditions and budgetary constraints. 
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SECfION 3 

SCENARIOS 

3.0 INTRODUCfION 

I 

In order to discuss the use of firefighting foams it is necessary to consider 

practical examples. The record of losses and published fire reports are of 

immense value to the industry in showing what can happen and the 

effectiveness or otherwise of various forms of fire attack. The published 

records have, however, disadvantages when it comes to selecting specific 

examples to illustrate the use of fire fighting foam. Very few published 

accounts contain comprehensive information in sufficient detail. The 

unpublished testimony of those present often fills many of the gaps, but 

events are still open to interpretation. Secondly in "real life" fires there 

often arise side issues which obscure the main principles. For example 

there may be uncertainty as to whether a particular foam attack was 

successful or if extinguishment occurred merely because the fuel supply 

burned out. Or in another case several different types of foam may have 

been used on the same fire so that it became unclear as to which had 

been successful. 

In this section an attempt has been made to reconstruct from the many 

written and verbal reports available how typical fires would develop in a 

variety of practical situations, and how fire brigades could respond using 

various firefighting foams, equipment and techniques. Tables at the end 

of this section give the fire fighting foam and water requirements for 

storage tanks of 15, 30 and 45 m diameter. 

In practice no two fires are exactly the same, and so any generalised 

description is bound to be a simplification. The descriptive scenarios

I below each start with a summary of some of the difficulties involved with 

each type of fire. The second part of the scenario is a brief description 

of an idealised fire and how it might be fought, particularly with reference 

to fire fighting foam. 
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Because the scenarios are simplified no allowance has been made for 

back-up or reserve capacity in the event of the first response not 

succeeding. Also no direct reference is made to the number of 

firefighters required. The number of appliances which attend will 

generally determine the manpower available. The numbers of appliances 

mentioned are those needed for direct fire attack. If additional 

manpower is required further appliances would be in attendance, but 

these would not form part of the equipment needs for the fire attack. 

Such scenarios are a first step in pre-planning for a fire attack. The main 

difference is that the fire preplan is concerned with more detailed logistics 

and provides a sufficiently high level of response to cope with unforeseen 

difficulties and developments. 

Before discussing the scenarios ill more detail there are several general 

points on pre-planning which should be mentioned. 

3.1 PREPLANNING 

For smaller scale incidents much preplanning has been performed in the 

UK fire brigades over many years. The results of this work underpin the 

Manual of Firemanship, the basic and more advanced training courses and 

the selection of equipment that is carried on brigade appliances. 

Formalised preplanning is usually reserved for larger incidents where the 

governing factors between success and failure may be: supply lines of 

material/equipment; fresh resources of men; clear decision making on the 

fire ground; or communications with third parties. 

It is considered useful to extend the process of formalised preplanning to 

medium and small scale incidents, both as a training aid for firefighters 

and as a means of highlighting any deficiencies in existing methods, 

equipment and information. 

There are two areas where other countries are in advance of the UK in 

preplanning, and consideration should be given to adapting their 

techniques for fire service use. 
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Firstly in the USA a software package has been developed for assisting 

fire departments in planning the foam requirements for specific risks. 

The input required includes the resources available from the fire site, and 

the output gives details of the application rates and equipment required. 

All parameters included in the programme conform with the requirements 

of the National Fire Protection Association (NFPA) Fire Codes, and 

United States units are used throughout. It is considered that a similar, 

although less elaborate programme in European/International units would 

be of great assistance to brigades in preplanning use of foam for major 

fire incidents. 

Secondly in France certain petrochemical industries update changes in 

plant layout and liquid hydrocarbon storage tank contents automatically 

into computer based records held at the local headquarters of the Sapeur 

Pompier. By contrast in the UK site plans are updated intermittently and 

information on tank contents in particular is liable to be out of date. 

Since any major preplanning exercise can be rendered futile by using 

out-of-date information, it is considered important to establish a more 

automatic routine for updating critical data from major petrochemical 

industries and other large risks. 

Whilst pre-planning is of great importance in the successful handling of 

major incidents there are many situations where plans need to be changed 

at the last moment. This is particularly true when circumstances change 

rapidly, such as a change in wind direction. 

This can place the senior officer in charge of a large fire in the difficult 

position of having to make many decisions and issue new orders at high 

speed. It can easily occur that the senior officer becomes a "bottleneck" 

in the command and control system when rapid changes are required. 
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There is also a strong argument for an expert support team drawn from 

both inside and outside the fire service to assist the senior officer 

in large scale complex firefighting operations. Such a team could include 

an engineer charged with assessing, for example, heat radiation effects and 

cooling water requirements, an expert on the tactics of using foam, and 

possibly a media spokesman. Equally it is of the utmost importance that 

all fire officers who could be placed in the position of either being in 

charge of a major fire incident, or responsible for its pre-planning and 

risk assessment, should have had recent realistic training in all aspects of 

this s'pecialist work. 

The objective of gaining experience in rapid changes of tactics could be 

achieved by training senior officers on an interactive video disc command 

and control simulator or by development of decision trees for use on the 

fireground. 

3.2 SCENARIOS 

The fire scenarios below set out the conditions which could pertain III a 

particular type of fire incident, and indicate' how it could be assumed to 

develop. The effectiveness of the fire brigade response is discussed 

particularly in relation to the foam making materials, equipment and 

tactics required. 

These scenarios are idealised cases and it is appreciated that the timing, 

aims and problems associated with each real fire incident will vary 

considerably. The use of these scenarios is to indicate the theoretical 

quantities of foam, water and equipment needed for direct fire attack. In 

practice greater resources are often committed because of the uncertainty 

as to how serious the incident may become, to provide a ready reserve 

capacity and to provide indirect support. or relief to the main fire attack 

team. It is left to each individual brigade to interpret how the objectives 

would be achieved given their own mix of equipment, materials, 

philosophy, logistics, and manning policies. 
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3.2.1 Road Tanker Crash 

A wide variety of flammable liquids and toxic chemicals is transported by

I road throughout the UK on urban and rural roads and motorways. The 

volume of this traffic is not known precisely, and the details of road 

I tanker movements are not recorded, so fire brigades must rely on the 

I 
hazard information carried in the vehicle and on the external hazard code 

plate. Lorries can carry up to 38 tonnes gross weight approximately 

equivalent to a maximum of 26m3 of flammable liquid cargo. A number 

of incidents have occurred where the contents were discharged onto the I road and the resulting fire caused loss of life. 

I When a road tanker is damaged in an accident it is unlikely to discharge 

all its contents at once onto the roadway. More usually liquid will 

I steadily leak from breaks in the tank pipework or in the vessel itself (see 

I 
Table No.1). · Frequently not all the contents are discharged, and a 

substantial volume may remain inside the vessel. Spillage of flammable 

liquid may catch fire immediately or there can be a delay while the 

flammable vapour spreads far enough to contact a source of ignition. 

There is thus a wide variety of fires that may face a brigade when it is 

called to attend a road tanker crash, from an extended spill fire, to a 

running fire, a tank fire, or a combination of all three. 

I 
In order to make an estimate of the foam resources that should be 

available on fire appliances a number of judgemental factors will need to 

be evaluated, but initially it is important to set the upper limit of what 

might be required by establishing a "theoretical worst case". 

If it is assumed that most of the tanks contents are spilt, say a total

I 	 of 24 CU.m, and they spread rapidly over a flat surface then a total area 

of WOO sq.m could be covered to a depth of 25mm. Using the NFPA 

application rate of 4.1 Ipm/m2 for fifteen minutes duration a total of 

61,000 litres of foam solution would be needed made from approximately 

1,800 litres of 3% foam concentrate and over 58,000 litres of water. 
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I 
In terms of equipment this would require the equivalent of rune 

450 l/min branches, and three pumping appliances each supplying three 

of the branches. From a practical point of view it would be difficult to 

deploy this amount of equipment rapidly. Even if hydrants were available 

the time for laying hose would be considerable. 

In taking a more practical view each brigade will need to assess the 

weight it gives to various mitigating factors. 

Road surfaces are rarely flat. The road camber will tend to direct 

spillage into a more restricted area. Kerbs, banks and surface 

irregularities will tend to limit the spread of liquid, whilst rainwater drains 

. will carry some away (with possible serious consequences of sewer 

explosions). It is suggested that because of these factors the foam 

requirement for first response could be reduced to 25% of the theoretical 

maximum i.e. 450 litres of foam concentrate and 13,000 litres of water, 3 

branches and one pumping appliance. However, brigade experience and 

likely local conditions would need to be taken fully into account in setting 

such guidance for their first response capability second and subsequent 

responses and back up resources. 

To illustrate some of the judgemental factors three cases are considered. 

A tanker crash on a motorway may involve high speeds, high impact 

energy and therefore more rapid liquid discharge over a relatively flat 

surface. It is normal practice in some brigades to despatch a first 

response team of four appliances. Hydrants may be available on some 

motorways. The main objective in fire fighting is to extinguish fire 

around exposed vehicles prior to attempting rescue of trapped or stranded 

motorists. In these cases there are arguments for more than the 25% 

foam provision but the emphasis should be on very rapid deployment of 

the first attack. Supply of backup foam stocks and rapid access to further 

water supplies will need to be provided urgently since in a multiple 

pile-up secondary spills and fire are quite possible. 

I 


I 


I 


I 
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I 
A rural tanker crash is likely to lead to a less extensive spill. 

Roads are narrower, more cambered and often flanked by banks or 

ditches. In these cases the brigade is more likely to be called upon to 

I tackle a number of smaller isolated fires in accumulations of liquid, 

I 

particularly since with longer response times shallow spills will have been 

burned off. There would be some justification for less than 25% of the 

theoretical foam supply figures, although water supplies are still likely to 

be a major problem, and additional water carrying capacity may be 

considered necessary. 

An urban location for a tanker crash involves a further set of 

considerations. Water will be readily available, brigade response time 

rapid and fla=able liquid leakage rates generally lower because of 

reduced impact speeds. However, there is a severe risk of secondary fires 

being started which may become life threatening. Whilst there are fewer 

physical factors calling for a large foam attack the exposure of human life 

can be severe and there may be more need than in rural areas for use of 

conventional water branches to extinguish secondary fires. There should 

be far less difficulty in an urban area in obtaining a strong and rapid 

I backup response which will have sufficient resources to meet the demand. 

Other complications which need to be considered in preplanning are; 

I 
local evacuation around the area possibly affected by a vapour 

cloud accumulation 

traffic control 

notifying of water authority and local media of explosion 

potential in sewers 

LEL measurement, flushing and venting of sewers. 

The choice of foam concentrate has been discussed in 2.2 above. 

I 
I 

If the foam supplied with the first response is not best suited to the 

fla=able liquid involved then reserve stocks of a more compatible foam 

I 
should be called up. In the meantime it is co=on practice to tackle the 

fire with whatever foam is available, and this must obviously continue to 

be brigade policy. 
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DISCHARGE TIMES FOR HORIZONTAL CYLINDRICAL TANK 


THROUGH A CIRCULAR ORIFICE ASSUMING ADEQUATE 


VENTING/BREATHING 

Tank 26 m3 Volume, 24m3 Contents 

Orifice Diameter Time to Discharge 

(Seconds) 


1" (25 mm) 7093 (1.97 hrs) 


2" (50 mm) 1773 (29.5 mins) 


4" (100 mm) 443 (7.4 mins) 


6" (150 mm) 197 (3.3 mins) 


8" (200 mm) 111 (1.8 mins) 


12" (300 mm) 49 

24" (600 mm) 12 

I 

I 

TABLE NO. 1 I 
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3.2.2 Rail Tanker Crash 

As with road transport, many flammable liquids and toxic chemicals are 

1 	 being transported by rail through urban as well as rural areas of the 

country. 

I 

I 

There are two types of rail tank cars generally used. A two axle car of 

approximately 45m3 and a bogie car of approximately 100m3 capacity. 

Diesel locomotives can haul up to 1,500 tonnes, and hence trains of two 

axle cars could comprise as many as 22 cars. 

I 

The potential exists for a major incident arising from a rail crash. A 

wide range of risks are involved which require a variety of equipment and 

flexibility of approach from the fire brigades. If LPG or similar liquefied 

gases are being transported there is a risk of a BLEVE. In this case it 

I 

I 
may be unwise to expose fire fighters and a policy of evacuation of a wide 

area may be the only safe course of action. Even with ordinary 

flammable and combustible liquids exposed tanks can rupture suddenly 

and violently. If a passenger train is involved there is the possiblity of a 

major rescue operation in parallel with fire fighting activities. The speeds 

at which trains travel and their large momentum means that when a crash 

occurs strong forces can be brought to bear on the tankers, giving a high 

chance of major damage to the structure and rapid discharge of the 

contents. In urban areas the potential life exposure can be high and 

there is a possiblity of multiple secondary class A fires particularly where 

rail track is elevated above surrounding property or where buildings look 

down upon the track. In rural areas there can be severe problems of 

access and it may require time to lay on adequate water supplies. 

I 

In the hypothetical case of a single tanker spilling its contents rapidly over 

a flat surface, the area which could be covered to a depth of 25mm is 

l,800m2 for a 43m3, and 4,800m2 for a 100m3 tanker. Using the NFPA 

application rates of 4.1 Ipm/m2 for AFFF over 15 minutes gives a 

solution demand of 16,400 Ipm for the larger tanker and 7,400 Ipm for 

the smaller. 
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I This would require resources for the larger tanker of 246,000 litres of 

solution, 7,400 litres of 3% concentrate and 238,600 litres of water, 9 

pumping appliances and 36 branches or nine 1,800 lpm monitors. For the 

smaller tanker the equivalent requirements would be 111,000 litres of 

solution, 3,300 litres of concentrate and 107,700 litres of water, four 

appliances, and 16 branches or four monitors. 

In practice the surface around a rail crash is likely to be very uneven Ileading to a series of pool fires which will last longer than a spill fire but 

may require the same amount of foam delivery equipment because of 

their physical separation. If it is assumed that because of ground surface 

roughness the burning liquid surface is reduced to a quarter the area for 

a spill, and that a duration of 30 minutes would be required because of 

the deeper accumulations of liquid, then a practical estimate of first 

response capability is 50% of the theorectical figures in the previous 

paragraph. 

There are many chances of complications with a rail tanker crash, and I 
caution would lead most fire brigades to mobilise a considerably larger 

first response and rapidly arrange for support to be provided. 

Tactics for such an incident require considerable flexibility. Water 

supplies may be restricted in the early stages, and the best use of limited 

quantities of water is to lay a foam blanket beneath exposed vehicles. A 

foam such as fluoroprotein with a good heat resistance would be 

preferable. Water will be required for Class A fires either in the 

surrounding area or in the interior of passenger coaches. Water monitors 

may also be needed for cooling exposed tanks, particularly if they are 

exposed to a flare fire. A further tank rupture must be expected and 

tactics set out with rapid re-deployment or retreat in mind. 

In major incidents such as a rail tanker crash manpower may be a more 

critical factor than equipment. Fire fighters are needed for hose laying to 

water sources, rescue, relief, evacuation, maintaining supplies of foam 

concentrate and repositioning equipment. For such incidents it is 

co=on to mobilise more appliances than required for operational use to 
ensure adequate manpower is available. 
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3.2.3 Off-Airport Crash 

I 
In the case of the off-airport crash, a situation could arise where say a 

I Soeing 747 crashes several miles from an airport in a rural area. The 

aircraft could be virtually fully laden with Jet Al (aviation kerosene) 

which amounts to about 136m3. 

It is believed that much of the spill would have burned or drained away 

within 10 to 20 minutes by the time the first appliances arrived at the 

scene of the incident. The initial crash/rescue teams to arrive would have 

to control and extinguish a large number of widespread Class A and 

Class B fires and would concentrate on rescuing any survivors of the 

aircraft or houses that were involved. 

A relatively small amount of foam concentrate would be needed in the 

form of aspirated AFFF or fluoroprotein (at low or medium expansion) to 

deal with this situation. Again lack of water and difficulties of making a 

fast response would detract from any large scale fire fighting exercise. 

3.2.4 Marine Fires 

I 	 The UK fire service is not responsible for combatting fires offshore in 

I 
UK territorial waters, however it is likely that any fire service with coastal 

boundaries would exercise its power under the Fire Services Act 1947 to 

attend fires at sea outside its area, particularly where human life was 

endangered. The following section looks at three examples of marine 

fires where firefighting foams may be used. 

(a) Engine Room 

I 	 The example chosen is from a 2,000 tonne coastal tanker, although 

it is quite possible that fire brigades could be called to attend fires 

in any size of vessel from a yacht up to a bulk oil carrier of 200,000I tonnes or more. The principles of operation are similar for all steel 

construction vessels, but the complexity of the entry route, access to 

the engine room and size of the room itself would vary considerably. 

I 
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A fire could occur from an oil fuel pipe breakage in the 

machinery space, with oil leaking onto the engine room deck which 

becomes ignited as a result of contact with hot metal surfaces. If 

the onboard C02 or inert gas systems and first aid firefighting fail 

to extinguish the fire then the fire brigade will be asked to attend. 

In the first instance attempts should be made to isolate the flow of 

oil to the fire. It may be necessary to lay a blanket of low 

expansion AFFF or fluoroprotein to protect firefighters from deck 

level fires and provide water fog sprays to cool and protect as they 

enter enclosed spaces. Any means of venting the enclosed space by 

means of ducts, louvres, dampers or hatches should be carried out 

with the assistance of the ships chief engineer. 

To achieve safe entry into a ship and perform a fire search is a 

challenging and hazardous operation even for skilled fire fighters. 

In addition to the usual problems of using breathing apparatus in 

dark confined spaces layers of hot gas may be encountered beneath 

deck levels, or thermal updrafts from shafts. Progress is inevitably 

slow and the steelwork is likely to be very hot in places. For such 

work one hour B.A sets are preferable over the more standard 30 

minute units. Reserve crews will probably be required to allow fire 

fighters to rest. 

If low expansion foam does not reduce the level of the fire 

sufficiently to gain entry or if access is difficult it may be necessary 

to use medium or high expansion foam to control the fire and to 

cool heated steel plates to prevent damage to hoses and reignition. 

In addition cooling may be required to prevent heat transmission 

starting fires in the cargo or other areas of the ship. Foam 

induction must take place at deck level and if the fire is on the 

lower decks of a large ship it may be necessary to reduce pumping 

pressure. 

I 

I 


I 
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The logistics of mounting a medium expansion foam attack involve 

I considerable quantities of concentrate and there may be 

difficulties in providing this if the ship is at sea in rough weather. 

I In this example the theoretical foam requirements are far lower than 

those needed in practice. When discharged into an environment 

with many hot metal surfaces the initial foam application will be 

largely destroyed. The resulting cooling effect is beneficial, but a 

further hazard to fire fighters arises from the steam generated. 

Assuming a lOm x 1Qm engine compartment is to be filled with a 

2m depth of medium expansion foam, the material and equipment 

for the theoretical foam requirements would be: 

20Qm3 of medium expansion foam 

Assuming the use of 450. l/min (100 gpm) branch pIpes, each 

with an output of 19.5m3/min of finished foam 

200m3 would require one branch for 10 minutes or two 

branches for 5 minutes 

More concentrate would be required to allow for foam burnoff and 

continued application. The extra allowance for foam bumoff is 

substantial but varies with the length of pre-bum and the mass of 

steel exposed. Further theoretical and practical reseach could 

provide a useful indication for fire fighters of the quantities to allow. 

Estimates of three times the theoretical application quantity have 

been proposed to allow for continued application after fire

I 	 extinguishment, but in an area where the structure has a high 

thermal capacity, such as an engine room, this may be insufficient. 

I 
The theoretical concentrate requirement is 2 x 450. l/min x 

5 mills = 4,50.0. litres of solution. 

At 3% concentration; 4,500 x 3% = 13.5 litres of concentrate 
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This amounts to 7 drums of 22 litres capacity. 

Allowing for burn off and re-application the concentrate 

required would be 6 to 10 times higher i.e. 42 to 70 drums of 

22 litres capacity. 

(b) Deck Fire 

In the case of a similar sized coastal tanker a deck fire is considered 


originating from an oil leak in the deck pipework system. 


Tankers normally carry their own onboard foam systems to cover the 


deck area which are operated by the crew, however if the fire 


brigade have been called this equipment may be out of service or 


inadequate for the purpose. Deck fires are more likely to be 


intense during pumped loading and unloading operations, in which 


case back-up support should be available from the adjacent jetty. 


However, various cleaning and transfer activities take place at sea 


and may give rise to a running/spill oil fire. 


The fire fighters arriving on the scene must quickly assess the area 


of deck that could be affected by the spill and appropriate quantities 


of foam concentrate and branches should be ordered. If the fire is 


large and spillage of flowing oil extends into the sea, assistance from 


fire fighting tugs may be required. Communications and 


coordination should be maintained between the brigades, coastguard 


and the ship's master. Under normal conditions water is available 


direct fr?m the ships hydrant system although booster pumps may be 


necessary in some cases. Low expansion foam, either AFFF or 


fluoroprotein would be suitable at the rate of 4.1 11m2 with at least 


double quantities of concentrate for continued application. 


If possible, attempts should be made to shut off the flow of oil to 


the spill. Water fog sprays and low expansion foam streams may be 


necessary to ensure firefighters are protected whilst they reach the 


necessary isolating valves. 
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In addition, it may be necessary to close hatches and ventilation 

louvres to prevent burning oil from entering further into the 

ship. 

I 

Once sufficient foam stocks and branches have arrived, a 

concentrated low expansion foam attack can be mounted from a safe 

distance gradually laying foam onto the edge of the spill, working 

back to the source of the fire. 

Additional water hoses may be required to cool hot steel surfaces to 

prevent re-ignition and possible spread of fire to the stored cargo. 

(c) Hold Fires 

If a hold fire has developed after a collision with a similar coastal 

tanker carrying fuel oil and the assistance of the local fire services 
•
has been requested by the ship's master, the firefighters must 

initially assess the requirements of foam concentrate and branches. 

Where burning oil is spilling from a ruptured tank into the sea, it 

may be necessary for the firefighters to call for the assistance of fire 

I tugs. Again the foam quantities depend on the area of the hold, 

and detailed advice is required from the ship's master. 

In estimating the quantity of foam needed allowance should be made 

for burn off and re-application. Providing there is no possiblity of 

re ignition from char (see below) three times the theoretical quantity 

of foam would probably be adequate. At least four times theoretical 

quantity should be allowed for both burn off and re-application, but 

as stated earlier such estimates are judgemental at present and 

further research is needed to give firmer guidance. 
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Once sufficient stocks of foam and branches have arrived, the 


foam attack should be concentrated at a safe distance from the 


windward side on each tank until the fire is controlled. If the 


updraught from the seat of the fire is too high for the foam streams 


to penetrate, other entrances should be found to apply the foam 


blanket. 


When the tank fire has been extinguished, the foam application 


should be' continued until the surrounding steel plates are sufficiently 


cool so as not to re-ignite the remaining oil. 


Glowing char embers often remain adhering to the upper walls and 


roof on the inside of oil holds after extinguishment of the fire on the 


liquid surface. Unless extinguished or dislodged. these deposits can 


fall back into the cargo and cause reignition hours after first 


extinguishment. 


I3.2.5 Terminals - Jetties 

The UK fire service is responsible for controlling and extinguishing fires 

on oil and gas tenninals with jetties. Where jetties are sited in remote 

areas fire brigade response times may be high. On arrival the fire 

fighters will often be faced with restricted access and the need to carry 

equipment along jetties to reach the remote loading sections. In more 

populous river estuary sites there is the potential for exposure to the 

surrounding community, particularly from burning oil slicks on the water 

or bwning vessels drifting from their moorings. 

All these factors make the provision of adequate fixed fire protection 

facili ties on jetties a high priority. 

The majority of jetties should be equipped with the following: 

Onshore fire pumps providing fresh or sea water to the jetty 


hydrants and monitors. 
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Twin outlet hydrants with hose connections along jetty 

approachway. 

Hose, branchpipes, monitors, inductors and foam concentrate. 

Water monitors, adjustable or remotely operated from the shore, 

which are fitted with jet/fog nozzles. These are arranged to provide 

a water curtain between the jetty and the ship. 

Four outlet hydrants along jetty deck, together with adaptors for 

international shore-ship connections. 

Open water spray nozzles installed at the ship side of the loading 

facility at various elevations. 

I 
Foam monitors positioned at such an elevation that the jetty deck 

and the ship's deck are covered at all elevations. The foam 

monitors should be adjustable and may be fitted with remote 

hydraulic control from the shore. 

I 
There should also be space at the jetty approach for any firefighting 

I appliances and foam trailers. 

I If a fire occurs at a loading station on an oil terminal, the fixed 

I 
equipment should be operated to maximum effect. This is to ensure that 

personnel can be evacuated quickly and safely and that the jetty is 

protected from exposure to the fire. 

With this degree of fixed protection the need for intervention by the fire 

service with large amounts of equipment is greatly reduced. A first 

attendance of two fire appliances should be able to supplement the fixed 

systems in the event of minor sections failing to function. However the 

equipment handling problems may require considerable resources of 

manpower and the response should take this into account. The 

considerable potential for serious loss should mean that a strong second 

response backed up by fire tugs is proVided. In the event of vessel 

impact on the jetty it may be necessary to isolate sections of the fixed fire 

protection system so that the undamaged portion near to the shore can 

remain in operation. 
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Isolated sections of jetty may well be dealt with by fire boats. 

3.2.6 Boiler Rooms 

Boiler rooms in co=ercial and industrial properties are a specific 

example of where fire brigades use firefighting foams on a routine basis. 

Most boilers in the UK are equipped with automatic shut-off valves on 

the fuel supply line at the point of entry to the boiler house. When the 

fire brigade arrives at the scene of a boiler room fire it is often difficult 

or dangerous to gain access and deterntine the extent of the potential fire. 

The risk exists of an oil tank rupture leading to a major fire and possibly 

a boiler explosion. Since boiler houses are usually at the lower levels of 

buildings it is possible that damage to the supporting structure could 

occur and fire spread to the remainder of the building. 

In a high rise building fire spread, structural damage or smoke logging 

could have particularly serious consequences. 

External foam inlets are used to deliver low or medium expansion foam 

into the room and ventilation panels should be removed to clear smoke 

logging. At this stage it may be possible to enter the boiler room and 

isolate the source of the fuel leak. 

When used in conjunction with a single hose inlet one branch would 

produce approximately 15m3/min of finished foam allowing for the 

restricting effect of the foam inlet. To achieve a 2m foam blanket over a 

100m2 boiler room would require 13 minutes application and 5,800 litres 

of water with 175 litres of concentrate at 3%. 

3.2.7 Warehouses 

Interest has been shown in the use of medium expansion foam to combat 

warehouse fires particularly where a mixture of storage is involved 

producing a Class A fire. with possible further Class B fires. High 

expansion foam is considered to have disadvantages for such fires (see 

2.1.1 above) and there is insufficient test data on the use of medium 

expansion foam at present to do more than speClilate on how it might be 
used effectively. 

34 




I 
The potential advantages are that visibility can be retained with 

medium expansion foam, whereas it provides greater volumes of 

I 

extinguishing agent than low expansion foam and possibly represents a 

better use of resources. The main disadvantages are; that the foam 

cannot easily be projected giving problems in delivery to the seat of the 

fire; it is unsuited to fires involving materials stored above lm to 2m 

I 
bigh; it may not be effective on deep seated fires; there is no research 

indictating suitable application rates; up to 3 times the theoretical quantity 

may be needed for re-application. 

In conclusion very little information is available regarding the application 

rates and quantities of medium expansion foam and there may be 

circumstances when it can be used effectively to improve the extinguishing 

capabilities of the limited resources available. 

3.2.8 Storage Tank Fires 

I Storage tanks for flammable and combustible liquids of up to 9lm 

diameter and 25m high are used in the UK and it appears that there is a 

limit to the size of tank with a fully involved fire that can currently be 

dealt with by the UK fire service or by industrial fire teams. Opinion

I seems to indicate that this limit is in the order of 45m diameter and ISm 

bigh. This limit arises partly because of the delivery equipment currently 

available. 

By far the most common problems with refineries and storage tank farms 

are; 

vehicular access, movement and parking 

space for hose distribution 

suitable locations for the development of delivery equipment 

inadequate water supply. 

performance limitation of existing equipment, particularly the range 

and height of monitor streams. 
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Access to and around storage tanks is often by means of a 3-4m wide 

road on top of the bund wall and in many cases this must meet the 

simultaneous needs of appliance movement, parking and operation. 

Whilst the following section is primarily concerned with the tactics, 

equipment and materials needed to tackle a storage tank fire in such a 

major incident there would be a need for manpower to conduct support 

operations. This would be provided by fire fighters whose appliances 

would not be directly involved in the fire attack. 

The figures quoted below are based on a fire incident involving a 45m 

diameter by 15m high crude oil storage tank with adjacent storage that 

will require exposure protection. 

One of the major difficulties created by the often inadequate number of 

hydrant outlets available and · the distance between them is the need for 

an excessive number of hose lengths. 

Deployment of monitors should ideally be on, or better still outside, the 

bund wall. This is not always possible as the walls are quite often too far 

from the tank. The marshalling area for the pumps, foam supplies and 

foam induction should be as close as possible to the fire ground without 

putting either men or equipment at risk. Every effort should be made to 

avoid committing men and equipment inside the bund. 

The following assumptions are made in order to demonstrate the size of 

the logistic problem; 

foam is applied at the National Fire Protection Association 

application rate of 6.5 litres/min/m2 for a period of 65 min. (Note, 

there is provision in the NFPA to go up to 8.1 litres/min/m2 for 

crude oil) 

hydrants available at 80m intervals with 4 x 70mm outlets 
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it has been assumed that the hose layout will be idealised, i.e. 

the minimum number of hose lengths needed to cover the distances 

involved have been used 

exposure protection to adjacent storage to be at the rate 

recommended by the National Fire Protection Association of 10.2 

litres/min/m2 

The tables at the end of this section indicate that; 

the water requirement is 10,032 l/min for the foam attack and 

12,617 l/min for exposure protection (22,649 l/min total) 

Total Foam Concentrate 

Usage (3%) litres. 

Total Water Usage 

65 minute attack, 

plus 4 ills cooling (litres) 

Monitors 


(each 1,900 l/min) 


Pumps 


(one per monitor) 


Hydrant Outlets 


(2 per monitor) 


20,150 

3,680,000 

13 

13 

26 

Lengths of 70mm 

hose (each 25m) 96 

3% Foam Concentrate 

(supply rate) l/min 310 
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Hose numbers are calculated on a regular 80m spacing between hydrants. 

For foam attack 6 monitors would be fed from 3 hydrants using 12 

outlets and an estimated minimum of 20 lengths of 70rnm hose to supply 

the pumps and 24 from pumps to monitors. For cooling water 7 monitors 

would be fed from 4 hydrants using 14 outlets and an estimated minimum 

of 24 lengths of 70rnm hose to supply the pumps and 28 from pumps to 

monitors. Further details are given in Report No. 3. 

At the Milford Haven incident it is known that 49,500 litres/min of water 

was available for exposure protection and a foam attack. Some of the 

tactics involved in fighting tank fires are discussed in 3.2.8 (a) and (b) 

below. Further details are provided in Report No. 3. 

(a) Floating Roof Storage Tank 

This description is of a scenario for a fully in~olved tank fire in a 

45m diameter crude oil storage tank sharing a bund with a second 

crude oil tank of similar size 45m distant from the first tank. 

It is likely that a floating roof storage tank fire would start by a 

source of ignition (a lightning strike or burning ember for example) 

setting fire to the rim seal area. 

Floating roof storage tanks catch fire less often than fixed roof tanks 

with a flammable vapour space, but there have been a considerable 

number of such fires worldwide, and a larger number still of rim 

seal fires most of which are extinguished before they become more 

serious. Statistics are not released by the oil companies on the 

numbers of fires in floating roof tanks. The generalised statements 

above have been arrived at after discussion with fire brigades. 

The alarm would be raised normally by visual sighting of the smoke, 

which could involve a considerable delay in a remote unrnanned 

tank farm fire. Some floating roof tanks are equipped with 

automatic rim seal Halon systems, others with various detection 
systems. 
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Once the alarm was raised the plant fire brigade would respond 

and the local fire brigade would respond in support. 

At this stage options depend on the equipment available. IT rim 

seal foam pourers are provided these should be used. The NFP A 

provides for a supplementary foam hose to be attached to the foam 

pourer system so that the firefighters can infill any gaps in the foam 

coverage from the pourers by manual application from the windI girder. 

Cases are quoted of rim seal fires being extinguished by foam hoses 

dragged up the external tank stairway and by large dry powder 

I extinguishers being used from the wind girder. This last practice 

appears both uncertain and dangerous. The range of dry powder 

extinguishers is limited and if the floating roof is low it is unlikely 

that they would be effective at the distances involved. Furthermore 

with an exhaustible resource such as an extinguisher it is possible 

that it will run out whilst the firefighter is distant from the access 

stairway. IT the rim seal fire should then bum back he could be cut 

off from the only means of escape without any firefighting resource 

to assist him. 

The progress of a fire from the rim seal stage can be quite rapid. IT 

floating pontoon sections are not fully air tight these may contain an 

explosive mixture of gas and air. An explosion in a pontoon section 

could rapidly sink or tilt the roof exposing the crude oil surface to 

spread of flame. 

Once the tank becomes fully involved the full scale emergency plan 

should be brought into action. Decisions on the correct action need 

to be taken as events unfold, and flexibility of response together 

with close monitoring of developments is essential. 

The following are some of the decision areas: 

39 




Cooling the involved tank 

It is only worthwhile cooling the freeboard area above the 

contents. This may be necessary if the tank freeboard begins 

to buckle. Excessive buckling could result in the rim curling 

inwards, touching the oil surface and preventing an eventual 

foam attack spreading over the entire liquid surface. Cooling 

is also necessary for a period before and during the foam 

attack to help reduce the temperature of the metal surface 

against which the foam is attempting to seal. 

Cooling an exposed tank 

In the opllllon of some practitioners much water is wasted in 

cooling activities at most tank fires. Atmospheric tanks beyond 

1 diameter from the rank on fire probably do not require 

cooling unless the fire plume is blown towards them. 

Pressurised tanks, such as butane spheres should be cooled to 

avoid excessive operation of the safety relief valve and to 

maintain a temperature margin in case of a later flare or 

boilover. It is useful if a fire protection engineer is available 

with a radiation calculation software programme to make 

estimates of incident radiation and advise on cooling. Apart 

from pressurised vessels all cooling water can be switched to 

the foam attack if necessary. 

Marshalling equipment and materials 

A preplan should be available showing the quantity of men, 

equipment and materials necessary to mount a foam attack. 

Calculations such as those earlier in this section show that in 

this case the following are required as minimum: 
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13 pumping appliances (2,270 ljrnin) 

13 monitors (1,900 ljrnin) 

96 lengths of hose (70mm, 25m) 

I 20,200 litres of concentrate 

I 
7 foam darns 

7 inductor systems for monitors 

Ideally it should be possible to assemble and deploy tbis 

equipment with the required firefighting teams within 2 bours 

of the alarm. In practice the logisti.cal problems probably 

make 4 bours a more realistic target. The foam attack sbould 

not be started until the full range of equipment and materials 

I required is available on site. There are cases wbere resources 

bave been wasted on premature piecemeal efforts. 

Temperature monitoring 

It is important to monitor the progress of any bot zone 

formation in the tank on fire. This can give an early warning 

of potential boil over or froth over. A rough indication is 

provided by peeling paint on the tank side or by the steam 

generated wben the tank side is wetted. More accurate 

indication can be obtained if a beat sensitive paint bas been 
applied in a vertical line down the tank side. 

Circulation 

If a hot layer is advancing to the level where it may encounter 

water it can be useful to attempt breakage or dispersion by 

means of tank stirrers (if fitted) or by injection of cold product, 

inert gas, air or other fluid. Base injection of foam will also 

induce this effect to some degree. 

I 
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Pump out/Pump in 

The argument for pumping out product is both that the 

financial loss is curtailed to some extent and that the tank will 
take less long to burnout. If there is no possibility of mounting 

a foam attack this is a reasonable objective. There is a risk 

however that the tank rim will curl in when liquid levels are 

lowered impeding any eventual foam attack. In fact if there is 

confidence in the chance of success of a foam attack it can be 

argued that pumping product into the tank is a useful means of 

preventing tank curlover. 

Mounting a foam attack 

Resources should not be wasted by "trying a little foam to see 

what happens". A foam attack should only be mounted when 

sufficient resources are available to maintain 6.5 litres/m2/min 

uninterrupted for 65 minutes. If the attack has not succeeded 

or made significant progress by that time then there are 

probably other factors mitigating against the firefighters and the 

attack should be aborted and the situation reassessed. The 

only equipment permitted within the bund should be ground 

monitors where no other safer vantage point will allow them to 

reach the tank. Foam monitors should discharge in a narrow 

cone onto a single point on the liquid surface to maximise the 

chance of obtaining a "bite" ie. establishing a raft of foam on 

the liquid surface. A bite should be obtained with the first 30 

minutes of a foam attack. It is possible that modelling 

techniques could be developed which would predict the way in 

which a foam succeeds in gaining hold on a flammable liquid 

fire. It would be of value to fire fighters to know which 

actions increase their chances of success. 
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Tricks of the trade 

Two techniques are advocated strongly by those who have 

fought such fires. Firstly the value of using waterspray above 

the foam blanket to cool the fire plume and take away some of 

the back radiation. If monitors run out of foam they should be 

raised to contribute to plume cooling. The water will largely 

evaporate in the plume and experience shows that at the right 

elevation this tactic does not disrupt the building of the 

blanket. It would be useful to confirm this field observation 

with some theoretical or practical research. Secondly it is said 

that the foam blanket can be spread over the surface more 

rapidly if a slow swirling motion is imparted by placing one of 

the monitors to land slightly off centre of the liquid surface. 

This technique is advocated in conjunction with any foam. 

Emergency evacuation 

Some crude oils, dual component products or multicomponent 

products have the capability of forming a hot layer of high 

boiling constituents above the cooler bulk product. If this hot 

layer contacts water either held up in a half sunk floating roof, 

or layered in the tank contents or at the tank base rollover or 

a boilover can occur steam-lifting vast quantities of burning 

liquid over the tank walls and raising the size and intensity of 

radiation from the fire plume. The expelled liquid can be of 

greater volume than normal because of steam bubbles, causing 

a froth. 

All deployment must be carried out with the prospect in mind 

of the need for a sudden evacuation of firefighters (and if 

possible of appliances) if a boilover should occur. 
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After extinguishment further foam will be required to keep 

the blanket intact and further cooling water needed to cool 

the tank to the point where reignition will not occur. 

(b) Fixed Roof Storage Tank 

A fully involved fire in a fixed roof storage tank is in many ways 

similar to the floating roof storage tank case in that deployment of 

large resources are required. 

The first difference lies in the leadup to a fully involved fire. The 

vapour space above the liquid can contain a flammable gas air 

mixture when an atmospheric tank has been partially emptied. 

Faulty conservation vents or flame arrestors coupled with an ignition 

source, or simply a lightning strike can cause an explosion in the 

vapour space. In some cases the roof is blown clear of the tank:, 

splitting at the weak roof-to-shell seam, in other cases a gash in the 

seam vents the explosion leaving a narrow aperture for fire to 

escape and firefighting agents to enter. 

In terms of fixed equipment top pourers are useful if serviceable but 

tend to become damaged in any initial explosion. Base injection 

systems come into their own. There is not the same internal 

obstruction as with a partially submerged floating roof, and foam 

injected into the product inlet line or directly into the tank can 

generally riSe through non polar contents and spread to a certain 

extent over the surface. With larger tanks of a diameter in the 

order of 45m there is still a need for over-the-top manual 

application of foam to support the base injection. For polar or 

waterlogged tank contents it may be necessary to rely entirely on 

over-the-top application, although semi-subsurface base injection 

(floating hose) systems may be appropriate. 
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Whilst fluoroprotein foam and its derivatives are no doubt 

effective on smaller diameter tanks, there is some question about 

their ability to spread over the greater distances required in tackling 

large tank fires. This subject is discussed in greater detail in Report 

No 3, but it is of relevance here to the case with fixed roof tanks 

where foam is being applied over-the-top through a restricted 

aperture,. against a counter current flow of flame and hot gases. 

Under these circumstances there is little that can be done by 

manipulation of the jets and their landing area to aid foam spread, 

and the spreading characteristics of the foam may become a critical 

factor in determining how large a fire can be extinguished. For 

these reasons improved test methods are required which permit 

some evaluation of the ability of a foam to spread against a flame 

front across a flammable liquid. (See Report No. 1). 

I 

Firefighting through a restricted aperture also means greater heat 

radiation hazard for firefighters. The fire plume on leaving the tank 

can be deflected 60" or more from the vertical by the configuration 

of the aperture. Monitor teams will be positioned in the same tank 

I quadrant as the fire plume is directed, in order to aim jets through 

the aperture. Special care should be taken that Crews are well 

protected against sudden increases in heat radiation. One method 

used on certain specialist nozzles is to have the facility to switch a 

stream from jet to wide-angle spray with a quarter turn of a control 

handle. Reportedly this reduces radiation sufficiently to allow teams 

to hold their position during a brief flare, or to cover their retreat in 

a more prolonged surge in fire activity. This function would be 

useful to U.K. brigades and if it is as effective as is claimed, it 

would be a subject for further experimental work. Fire teams 

tackling tank fires through apertures also have little choice of their 

position relative to the wind, and adverse wind conditions could 

make most useful positions for ground monitors untenable. 
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In these cases it may be possible to deploy portable foam towers 

to discharge foam over the aperture lip to augment foam from 

monitors. Although not standard practice in the U.K. several 

organisations have used them in the U.S.A For these special 

circumstances there is a prima facie case for their use if the 

materials of manufacture can withstand the heat exposure. 

In the case of hydrocarbon liquids with a flash point above the 

storage temperature, tests have shown that the fire can be 

extinguished or at least its intensity reduced by rapidly rolling colder 

liquid from the lower part of the tank to displace the heated top 

surface. The most practical way of achieving this is to inject air into 

the bottom of the tank. As the air rises in the tank, it pushes 

colder oil to the surface. With refined high flash point product the 

heated surface layer has very limited depth regardless of the length 

of burning, and air agitation is one way of extinguishing the fire. In 

the case of high flash point crude oil, the agitation must be done 

before the heat wave has penetrated too deeply into the surface of 

the oil. 

Low flash point products on the other hand cannot be extinguished 

by cooling alone. However, air agitation will reduce the intensity of 

the fire and will assist other forms of extinguishing such as foam or 

dry powder. 

(c) Bund Fire 

This example considers a fire in a bund area surrounding two 4Sm 

diameter petrol tanks, each ISm high. If the general tank farm 

separation distance is one diameter between all tanks, then the 

minimum bund dimension would be 170m long by 80m wide. 

(Allowance has been made for a 10m wide surrounding roadway on 

the bund walls) This would give a bund area of 13,600m2 reduced 

to 12,000m2 after deducting the area of the unaffected tank, or 

effectively II,SOOm2 allowing for a 450 slope on the face of the 

bund walls. To provide 110% retention capacity bund height would 

be 2.2m giving a volume of 2S,300m3 as against an effective 
23,000m3 tank capacity. 
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Bund fires are very often Limited in area and constitute 

running/spill fires. In these cases the brigade response is 

generally to lay foam and use water spray to allow access to 

isolation valves and to cut off the running fire element. The spill 

area is then calculated and a foam attack is mounted when sufficient 

men, material and equipment are available to provide 4.1 

litres/min/m2 and sustain application for 15 minutes. Tank cooling 

during the mobilisation period should be avoided if possible since 

the run-off water will tend to spread the burning liquid over a larger 

area, however, if tank contents are low and there is a direct flame 

impingement cooling may be necessary. 

An area for particular attention in such small scale bund fires is any 

gas or Liquid lines within the bund area which may be exposed to 

fire. If not fire proofed they will require protection with preferably 

a local foam blanket, or less desirably, with water spray. 

In some bunds smal1 retention walls are provided to assist in 

controlling limited spills. For example in cryogenic storage tank 

bunds the valve area is often provided wi th a small 

bund-within-a-bund draining to a small catchment pit in the corner 

of the main bund. 

Fully involved bund fires following a major spillage are rare, but do 

occur, particularly as a result of boil overs, and sometimes following 

a terrorist, or military attack. 

In this case the risk of rupture of the second tank is the major 

concern. If bund drainage facilities are adequate it may be possible 

to cool this tank with water spray whilst the foam attack is being 

prepared. When sufficient resources have been assembled to mount 

a foam attack the area around the unruptured tank should be 

tackled first. Tank walls can be used as back-plates to break the jet 

momentum and run foam onto the liquid surface whilst a blanket is 

simultaneously built up from the bund wall outwards. 
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To mount a 15 minute foam' attack on the bund described above 

using 4.1 litres/min/sq m would require: 

4.1 l/min/m2 x 12,000m2 top of bund area 

= 49,200 litres/min 


for 49,200 litres/min x 15 mins = 738,000 litres of solution 

at 3% gives 738,000 litres x 3% = 22, 140 litres of concentrate. 

This would require equipment to the extent of; 

22 pumps and in excess of 400 lengths of hose and a water 

supply capable of providing 48,000 litres/ min at 6 to 7 bars. 

Shortage of hydrant outlets would necessitate more hose lengths per 

pump than in the floating roof tank fire case (above). No allowance 

has been made in these quantities for replenishing the foam blanket. 

Parking and layout of 70mm hose on this scale becomes a 

considerable practical difficulty, and alternative techniques are 

discussed in Report No 3. 

If difficulties are encountered in projecting the foam to the centre of 

the bund then a longer duration of supply may be needed. Thus the 

dimensions, shape and access to a bund must be considered. 

3.2.9 Vapour Suppression 

This example illustrates the use of firefighting foams III vapour 

suppression. In the event of a collision between an LPG road tanker and 

other road vehicles, damage to the tank could result in discharge of the 

contents onto the highway. 
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When the fire services are alerted to the situation, the seriousness of 

the LPG spill is recognised and a series of emergency planning 

procedures are set in motion. 

Several appliances are sent to the scene of the incident and approach is 

made from up-wind of the crash. After the leak is isolated, it is 

estimated that the spill could extend to about 2,OOOm2 and it is calculated 

that 2 high expansion foam generators producing 153m3/min at 7 bar 

could cover the spill in just over 6 minutes using about 60 litres of higb 

expansion foam concentrate. Simultaneously to blanketing the spill with 

high expansion foam vapour dispersion/control measures would be taken 

as follows: 

The vapour cloud already formed would be visible by the condensed 

moisture as a white fog but this is not necessarily the limit of the 

gas cloud. To effectively monitor the cloud location, explosimeters 

would be required. 

Possible movement of the gas cloud is anticipated and the area of

I the probable path evacuated and sources of ignition eliminated. 

Dense curtains of water can be used to direct the gas cloud away 

from ignition sources that cannot be eliminated. Monitors and 

branches set in fixed positions enable firefighters to retreat from 

potentially dangerous situations where they might be exposed to the 

gas cloud. 

Once the gas cloud is dispersed such that its concentration is below

I 	 the LEL a search should be made of all low lying areas to disperse 

other possible gas accumulations. 

Use of high expansion foam will be affected by high winds, and further 

corroborative tests are required to verify those already performed over a 

range of ambient conditions. 
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3.2.10 Pressurised LPG Storage Tanks 

LPG storage tanks are susceptible to heat radiation and unless care is 

taken to avoid excessive heating there is a potential for a BLEVE. The 

various main fire situations associated with LPG storage and transporation 

are outlined below: 

(a) Pressure Relief Valve (Vapour) Fire 

This type of fire condition is caused by ignition of a moderately high 

pressure vapour discharging through pressure relief valves or bursting 

discs fitted to industrial sized LPG storage tanks. 

The resulting fire produces a high rate of heat input into the tank 

vapour space which will lead to further overpressures of the venting 

system. 

When the flare from a relief valve fire is directed away from the 

tank shell it may be satisfactory to leave the vapour burning, with 

tank cooling, to avoid buildup of a vapour cloud. Extinguishment is 

recommended using dry powder if impingement occurs, and any 

ensuing vapour cloud should be dispersed. 

(b) Radiant Heating Effects From a Remote Fire 

An LPG storage tank may be exposed to incident heat fluxes from 

fires at other locations such as adjacent tankage, spills at unloading 

stations, or other types of flammable hydrocarbon fi res. 

If these fires are not controlled or extinguished (by use of foam or 

other means) an unprotected LPG tank will eventually develop a 

pressure relief valve vapour fire as described above. In the case of 

a spill from the LPG tank itself it may not be desirable to 

completely extinguish this type of fire to avoid creating a vapour 

cloud hazard. If the spill fire is not extinguished, it is necessary to 

provide water cooling for the LPG tank. 
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I 
(c) Direct Contact Heat Transfer From Spill Fire Flames 

Dykes or bunded areas which are arranged to prevent the spread of 

flammable liquid or vapour, can result in direct flame contact on the 

bottom and lower sides of an LPG storage tank with radiation on to 

the upper surfaces. Water cooling for the LPG tank is required. 

(d) High Pressure Impingement Fire Conditions 

This is the most dangerous type of fire and this is due to greatly 

increased heat fluxes particularly if flame impingement is on the 

vapour space or on an empty LPG storage tank which does not have 

the heat absorption capacity provided by the liquid contents of a full 

tank. 

Such fires are experienced from the failure of an unloading pipe line 

or if a tanker car tips over and both liquid and vapour are released I through the relief valve. 

This type of fire situation requires the supply of liquid or vapour to 

be isolated as quickly as possible. The liquid spill should be 

contained to prevent further spread of fire and the vapour cloud if 

developed should be dispersed safely. Water cooling for the LPG 

tank is required. 

I 
 (e) Boiling Liquid Expanding Vapour Explosion (BLEVE) 


Failure of an LPG storage tank exposed to the various fire 

conditions as described previously, is related to the strength 

characteristics of the storage tank and is a function of temperature. 

The strength of carbon steels used for LPG storage tank construction 

increases as the temperature increases up to between 315 and 455°C. 

At this point depending on the type of steel used the strength starts 

to decrease with further increase in temperature. 
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At 540°C the burst strength of the tank reduces to 20 bar and for 

a further increase to 595°C the strength reduces to between 14 

and 15 bar. 

During severe fire conditions such as direct exposure to spill fires or 

impinging pressure fires, the heat input is sufficient to cause a 

continued increase in the internal pressure of the tank. Further heat 

input to the tank steel not in contact with liquid causes an increase 

in the steel temperature. In time, a point is reached where the steel 

temperature in a localised area reduces the local burst strength 

below that maintained by the pressure relief system and a BLEVE 

will result. 

LPG storage tank fixed protection is usually carried out by the 

operating company in the UK and can take the form of active 

cooling or passive fire protection. 
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TABLE 2 


STORAGE TANK FIRES 


TOTAL VOLUME OF CONCENTRATE REQUIRED 


Tank Top Litres of 3% Concentrate Litres of 6% Cocentrate 
Diameter Area 

MOF ESSO NFPA MOF ESSO NFPA 
m2m 30 Min 90 Min 65 Min 30 Min 90 Min 65 Min 


15 177 720 2340 2210 1440 4680 4485 


30 707 2850 9360 8970 5730 18720 17875 

45 1591 · 6450 21060 20150 12900 42120 40365 

N.B. 	 All the figures are rounded to the nearest integer. This leads to slight discrepancies 

between 3% and 6% figures, but the differences are not of a significant order of 

magnitude. 

MOF -	 Manual of Firemanship 
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TABLE 3 


STORAGE TANK FIRES 


REQUIREMENTS FOR SOLUTION AND CONCENTRATE APPLICATION RATES 


Tank 
Diameter 

m 

Top 
Area 

m2 

MOF 

4.5 

Solution 
RMAR I/min 

ESSO 

4.9 

NFPA 

6.5 

Concentrate 
3% I/min 

MOF ESSO NFPA MOF 

Concentrate 
6% I/min 

ESSO NFPA 

15 177 797 867 1144 24 26 34 48 52 69 

30 707 3182 3464 4589 95 104 138 191 208 275 

45 1591 7160 7796 10342 215 234 310 430 468 621 

N.B. All figures rounded to the nearest integer. 

MOF· 

RMAR 

Manual of Firemanship 

Recommended Minimum 

Rate 

Application 
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TABLE 4 


STORAGE TANK FIRES 

REQUIREMENTS FOR SOLUTION AND WATER 


Tank 
Diameter 

m 

Top 
Area 

m2 

Solution RMAR I/min 

MOF ESSO NFPA MOF 

Water RMAR Ilmin 

ESSO NFPA 

15 177 797 867 1144 773 840 1109 

30 707 3182 3464 4589 3086 3360 4451 

45 1591 7160 7796 10342 6945 7562 10032 

N.B. All figures rounded to the nearest integer. 

MOF -

RMAR -

Manual of Firemanship 

Recommended Minimum 

Rate 

Concentration 3% 

Application 
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TABLE 5 


STORAGE TANK FIRES 

COOLING WATER REQUIREMENTS 


Tank Top Vertical Total 1/3 Total 1/3 Area Total Water 
Diameter Area Height AREA AREA AREA x 10.2 65 min 

m2 m m2 m2 m2 litresI/
m21f::/n 

htres min 

15 177 15 707 884 295 3009 196 000 

30 707 15 1414 2121 707 7211 469 000 

45 1591 15 2121 3712 1237 12617 820000 
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I SECTION 4 

APPLICATION RATES 

4.1 INTRODUCTION 

I Report No 1 evaluated application rates associated with different types of 

foam concentrates, this section relates application rates to the techniques 

of extinguishing various types of fires. The various terms used for 

application rates are defined and the sources of Recommended Minimum 

Application Rates are reviewed and exaluated. Tables at the end of this 

section give a comparison of application rates and discharge times for the 

different standards authorities. 

I 
4.2 DEFINITIONS AND DESCRIPTIONS 

4.2.1 Critical Application Rate 

I 
The critical application rate is usually determined by test and is the 

lowest rate that will repeat ably extinguish the test fire within certain time 

limits. It gives an indication of the effectiveness of each type of foam on 

various flammable liquids, which would otherwise be obscured at higher 

application rates where good and bad foams could both easily extinguish 

the small test fires used. 

4.2.2 Recommended Minimum Application Rates (RMAR) 

The recommended minimum application rates are those provided by 

authorities such as, the Manual of Firemanship, NFPA, Shell, Esso, Draft 

BS 5306 and Draft International Standard. The RMAR's are derived 

from the Critical Application Rates by the authority concerned using scale 

up factors intended to compensate for loss of foam by fallout from the 

stream, wind losses and destruction of foam passing through a fire plume, 

as well as a safe ty factor. 
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4.2.3 Optimum Rate 

The optimum rate is sometimes referred to as the most economical 

application rate. It is the application rate at which the minimum overall 

quantity of foam solution is needed to extinguish a fire. This rate usually 

lies between the critical rate and the RMAR. 

4.2.4 Overkill Rate 

The overkill rate is any application rate which is above the RMAR and 

according to current pass tests does not significantly reduce the extinction 

time. However, there have been reports from real fire situations that 

high application rates can considerably reduce extinction times. 

4.2.5 Continued Application Rate 

.Many of the standards referred to quote lower rates for continued 

application after control of fire has been established. These reduced 

application rates should be sufficient to maintain the integrity of the foam 

blanket. 

4.3 REVIEW OF SOURCES OF RMAR's 

The table of application rates indicates that there is a wide difference of 

reco=endation between the various authorities that give guidance on 

this subject. It is not only the application rates which vary but also the 

duration of application. 

The Manual of Firemanship indicates that 5 Ipm/m2 is suitable for 

hydrocarbon spills and 4.5 Ipm/m2 is suitable for hydrocarbons in storage 

tanks, both for a duration of 30 minutes. This statement is without any 

differentiation between various hydrocarbon liquids or foam concentrates. 

The only exception is where it indicates that up to twice the application 

rate is required for alcohol resistant foam on polar solvents as compared 

with the rate for other foams on hydrocarbons. 
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By contrast the NFP A propose a variety of application rates for 

different types of foam, fire and fuel. It is interesting to note that 

NFPA indicate that for hydrocarbon spill fires the application rate can be 

reduced to 4.1 Ipm/m2 using AFFF whereas it has to be increased to 6.5 

Ipm/m2 when using protein or fluoroprotein foams. This is in line with 

well documented evidence that AFFFs have better extinguishing times 

than protein and fluoroprotein foams. It should be noted that FFFP type 

foams are not specifically considered by design standards yet as they are a 

relatively new development. Another refinement in the NFPA is the 

longer application times that are reco=ended for lower flash point fuels. 

Flash points between 37.SOC and 93.3°C require 6.5 Ipm/m3 for a 50 

minute duration whereas flammable liquids with flash points below 37.SOC 

require application for a minimum of 65 minutes. It also recognises that 

flammable liquids with a wide range of boiling points such as crude oils 

may develop a hot layer after prolonged burning and may require 

application rates in excess of 8.1 Ipm/m2. 

I In the case of gasohols and unleaded petrol with an alcohol content of 

less than 10% by volume, an application rate of 6.5 Ipm/m2 should be 

I used with non-alcohol resistant foams (NFP A). 

I 

The application rate according to Shell and Esso appear to be somewhere 

between the other two authorities. Esso have opted for a lower 

application rate of 4.9 Ipm/m2 for spills and tanks over a duration of 90 

minutes, whereas Shell prefer the high application rate of 6.0 Ipm/m2 for 

a shorter duration of 60 minutes. 

With regard to the use of alcohol resistant foams, NFPA indicated that 

I these should be applied at between 6.5 and 9.8 Ipm/m2 for a duration of 

65 minutes depending on the type of polar solvent. In fact, it goes 

further by suggesting that some polar solvents may require even higher 

application rates. 
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The application rates quoted in the draft International Standard and 


the draft BS 5306 generally correspond with each other and are in line 


with NFP A 11. Some interesting points in the BS are the inclusion of 


protein foam for hydrocarbon spills, tank and bund fires and that alcohol 


resistant foams are not suitable for foam destructive liquids in tank and 


bund fires using monitors and branchpipe systems. In the draft 


International Standard reference is made to the use of protein and 


synthetic foam on hydrocarbon spill and tank fires. These references 


imply that protein and synthetic foams are still being used on this type of 
 I 
risk. Where the protein and synthetic foams are still held in stock their 


effectiveness should be reviewed against the more efficient foams now 


available. For any major risks or uses which present a challenge for foam 


to extinguish, e.g. bund fires, these foams should be replaced by foams 


with a higher performance specification. 


4.4 DISCUSSION 

After reviewing the sources ofRMAR's, some interesting points emerge. 


NFP A 11 indicates certain limitations for the use of foam monitors and 


branches. It considers that monitors should not be used as the primary 


means of protection for fixed roof storage tank over ISm diameter and 


foam branches should not be the primary means of protection for fixed 


roof tanks over 9m diameter nor over 6m high. The NFP A goes on to 


say that although fires in tanks up to 39m diameter have been 


extinguished by using large capacity foam monitors, this success has been 


dependent on a number of other factors as follows. 


The burning liquid level in the storage tank affects the amount of foam 


than can be applied to the tank and the position of the monitor spray 


foot print. If the burning liquid level is high, the foam stream has to be 


directed more at the liquid level than at the inside of the tank shell. This 


can result in greater submergence of the foam and it will therefore be 


less effective. Also, if the burning liquid level is too high and foams with 


rapid drainage times such as AFFF, are used this could quickly lead to 


a slopover situation. If the burning liquid has a high viscosity and is 


heated above 93.3°C or the temperature is above the boiling point of 


water, the use of foam with a low water content may cool the liquid 


slowly, but it may result in violent frothing and slopover of the tank 

contents. 
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Intensely burning liquids at high temperatures produce an updraught, 

due to the chimney effect around the tank. This may be very forceful 

and prevent sufficient foam from reaching the burning liquid surface to 

form a complete foam blanket. Also, high wind velocities may hinder 

projection of the foam stream and prevent proper formation of the foam 

blanket. 

Also stated in the NFPA codes, is that recommended application rates are 

based on experience with tanks under 39m diameter. The requirements 

for foam protection on tanks above this are based on extrapolation of 

I data from successful extinguishment in smaller tanks. Tests have shown 

I 

that foam may travel effectively across 30m of burning liquid from fixed 

foam pourers and it is suggested that on fixed roof tanks of over 60m 

diameter subsurface injection may be used to reduce foam travel 

distances. 

The above statements, clearly identify the need for increasing application 

rates and discharge times compared with those stated in the Manual of 

Firemanship and giving more details of different application rates and 

times for the various hydrocarbon liquids and polar solvents. Current 

tests have shown that an increase in application rate above the optimum 

rate will not necessarily extinguish the fire in less time. There is also the 

need to carry out further tests to determine the higher rates of application 

required by flammable liquids having a boiling point of less than 37.80 C 

and the extent that foam will travel over a burning liquid. 

4.5 LIST OF REFERENCES 

The following reference numbers are sources used in this Section. and are 
listed in full in Appendix B: 23, 51, 99. 
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Minimum 
Authority Risk Equipment Fuel Flash Discharge 

Type Point °C Time Min 

Manual of 

Firemanship Any Any Any 30 


NFPA 11 Hydrocarbon 

Spill Any Any 15 


Hydrocarbon 

Tank Any Any 50 


Below 40"C 65 

& Crude 
 I 


Polar solvent 

Tank Any Any 90 
 I 


Esso Hydrocarbon 

Formula Tank Any . Any 90 


Hydrocarbon 

Spill Any Any 90 


Shell DEP Hydrocarbon 

Tank Any Any 60 


Hydrocarbon 

Spill Any Any 60 


Draft BS 5306 	 Indoor & Outdoor 

Hydrocarbon Spills Any Any 15 


Tanks Containin~ Below 40"C 60 

liquid Hydrocar ons Any 


Above 40"C 45 


Foam Destructive Any using 

liquids AR class Any 15 


foam 


Bunds 	 Any Any 60 


Draft ISO Spills All All 15 

Standard 


Hydrocarbon All Below 40"C 60 

Tank Above 40"C 45 


MINIMUM DISCHARGE TIMES FOR MONITOR AND 

BRANCHPIPE SYSTEMS 


TABLE 6 
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'I 

Minimum Application Rates of 

Foam Solution 

Spill Tank Bund 
Foam Fires Fires Fires Flammable 

Authority Concentrate Ipm/m2 Ipm/m2 Imp/m2 Liquid 

I Manual of 
Firemansbip Any 5.0 4.5 Hydrocarbon 

NFPA 11 AFFF 4.1 6.5 Hydrocarbon 
P or FP 6.5 6.5 Hydrocarbon 

8.1 	 Low & wide 
ranJie of 
boo ·ng 
~Oints 

AR 6.4 • 9.8 olar 
solvent 

Esso 
Formula Any 4.9 4.9 Hydrocarbon 

Shell 
DEP Any 6.0 6.0 Hydrocarbon 

Draft AFFF 4.0 6.5 	 Hydrocarbon 
BS 5306 FFFP 4.0 6.5 2.0 " 


FP 5.0 6.5 " 

P 6.5 8.0 2.0 " 


AR Test 	 Foam 
Distinctive 
Liquid 

Draft FP or AFFF 4.0 6.5 Hydrocarbon


I ISO P 6.5 8.0 " 

Standard S 6.5 8.0 " 


AR 6.5 Methyl & 

Ethyl 

alcohol, 

acryloni trile, 

ethyl acetate, 

methyl ethyl 

ketone (MEK) 


AR 10.0 Acetone, butyl 


I alcohol 


MINIMUM APPLICATION RATES FOR MONITOR AND 

BRANCHPIPE SYSTEMS 

TABLE 7 
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SECTION 5 


EQUIPMENT 


5.0 INTRODUCTION 


Equipment used throughout the UK fire service varies In detail, but 

follows a broadly similar pattern. There are many legitimate reasons for 

variation including; 

the state. of the art of appliances and equipment at the time of 

purchase 

budgetary constraints 

priorities for spending within individual brigades 

the type and size of the risks that may be encountered 

the needs of adjoining county brigades In the event of assistance 

being required 

officer preference. 

Most brigades tend to standardise on one or other type of foam for their 

appliances and backup supplies. There are strong arguments in favour of 

this because of the possiblity of confusion between foam concentrates and 

equipment in the stress of an emergency. This section attempts to 

describe the typical equipment operated by the UK fire service and to 

review the types of foam induction equipment available. 
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5.1 VEHICLES

I 
5.1.1 Fire Appliances 

I 
Pumping appliances in use at the present time are defined by their pump 

capacity and are generally either 4,500 l/min or more usually 2,270 

I 
l/min. An average pumping appliance at this size will carry 900-1,800 

litres of water for immediate use. 

In addition to the water application equipment specialist foam making 

equipment carried would typically consist of; 

induction/proportioning devices 

foam making branches and devices for low expansion and/or 

medium expansion and possibly high expansion foam 

a limited quantity of liquid foam concentrate 

Foam tenders and carriers vary in their type and function and can include 

any of the following types; 

tankers with fixed or detachable pods 

tankers provided with fixed or portable pumping units 

Water carriers are usually available with a capacity of about 9,000 

litres. These carriers may be used to transport foam concentrate by 

draining the water and refilling with concentrate from fixed storage 

tanks. 

I 
flat back transporters to receive either pods, 1m3 containers or any 

containers and equipment. 

Specialist foam equipment may be transported separately in dedicated 

vehicles. This equipment would be for use in conjunction with the 

pumping appliances and the foam tenders at the larger and more serious 
incidents. 
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The equipment must obviously be compatible with the foams that may be 


used on any anticipated risk. 


5.2 INDUCfION EQUIPMENT 

5.2.1 General 

Report No 1 makes reference to allowable variations in proportioning 


rates at particular concentrations as specified in BS 5306 Section 6.1. 


6% concentration -1% + 1 % ie between 5% and 7% 

3% concentration ·0% + 1 % ie between 3% and 4% 

1 % concentration -0% + .25% ie between 1% and 1.25% 

Induction devices must therefore be manufactured to proportion within 


these limi ts. 


However a device that proportions at the upper limit of these tolerances 

may in fact use between 17 to 33% more foam concentrate than is 

required. 

Quite apart from the effect this under or over proportioning may have on 


the times to extinguish a fire, over proportioning, if not taken into 


account when calculating foam requirements may well result in insufficient 


foam being available at fire and the depletion of stocks. 


This would suggest that calculations for foam concentrate requirements. 


should be based on either: 


1.25% instead of 1% 


4% instead of 3% 


7% instead of 6% 


I 
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I 

Manufacturers suggest that no problem will be experienced when 

proportioning alcohol resistant type foams through standard 

proportioning equipment. However there is a body of opinion that 

believes independent tests should be carried out to confirm this opinion 

particularly in relation to induction at low temperatures. Reference to 

this subject is made in report number one. 

Concern has been expressed by one of the testing authorities thatI 	 induction devices, particularly inline inductors, are very seldom tested for 

accuracy of proportioning. A programme of maintenance and testing 

should be set up to ensure that these units are returned to manufacturers 

to confirm that they perform within the required tolerances. 

5.2.2 Inline Inductors 

An inline inductor is a device that can be fitted in the delivery hose to 

introduce foam concentrate into the fire water stream at a maximumI distance of 60 metres frof!1 the foam branch pipe and enables the 

branchman to have complete freedom of movement. The principle of

I operation is that water under pressure is fed to the inlet of the inductor 

and through a jet to a throat-passage at high velocity. This action creates 

I a vacuum in a chamber located between the jet and the throat to a 

I 
degree that foam concentrate will be induced into the stream by means of 

a pick-up tube. The solution then passes through the delivery hose to the 

branchpipe or monitor where it is made into finished foam. 

lnline inductors may be of the fixed or variable proportioning type. 

I 	 Advantages of inline induction are; 

simple, robust equipment with few moving parts 

reasonably accurate proportioning (within the required tolerance) 

over a wide pressure range 

quick deployment/redeployment on the fire ground. 

I 
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The disadvantages of inline induction are; 

the inductor must be matched with the discharge nozzle 

pressure losses through the inductor of 25-35% can be expected at 

the normal working pressure range. I 
5.2.3 Round the Pump Proportioning 

This method of proportioning is achieved by the use of an inductor that 

works on a similar principle to that of the inline inductor but the 

induction rate can be adjusted by varying the position of the throat in 

relation to the nozzle. A hand actuated control moves the throat by I 
means of a rack and pinion to vary the flow of foam concentrate. 

The inductor unit can be fitted to a fire pump as a temporary or 

permanent feature. 

Water to the fire pump is supplied from either hydrant, tank or open 

water sources. If hydrant pressure is so high that the required suction to 

delivery pressure ratio of 1:3 cannot be met then a means of pressure 

control must be used. I 
Water passes through a suction adaptor to the fire pump. On the 

delivery side of the pump a small proportion of the water is diverted by 

means of a delivery adaptor to the round the pump inductor where a 

preset quantity of concentrate is induced by mean of the pick-up tube. 

A concentrate rich solution is formed and fed via the inductor to the 

suction adaptor at the suction side of the pump. Here the correct 

proportion of foam concentrate to water is achieved and the solution is 

fed through the pump to the foam making equipment. 

I 
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The advantages of this method of induction are; 

variable induction rate 

quick and simple settings 

can be used as a fixed or portable system 

wide operating pressure range 

able to supply a premix solution over extended lengths of hose 

dependant on pump pressure. 

The disadvantages of this system are; 

I 
premix solution is passed through the pump. A number of brigades 

but by no means aIJ, express concern regarding the subject of pump 

corrosion. 

I 

where the equipment feeds more than one branch there is the need 

to match the pump output to the number of branches in use at any 

one time. This is achieved either by manually altering a setting on 

the pump, or on some models automaticalJy via a flow measurement 

device. 

I 5.2.4 Pressurised Foam Supply 

Many brigades employ a system of pumping foam concentrate through

I hose from bulk storage direct to the delivery equipment. This is achieved 

by utilising the pumping unit on the foam tender to convey the foam 

concentrate to the induction device which may take the form of an inline 

inductor or a constant flow valve. 

I 
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I 
5.2.5 lnline Foam Injection (Pellon Wheel) 

I 
Attention has been drawn to the very high pressure losses experienced 

when using inline (venturi type) inductors. The loss through these units is 

in the order of 30%. It is not unusual for this loss together with hose, 

monitor and nozzle loses to add up to a total frictional loss that makes 

the performance of some pieces of equipment ineffective, particularly in 

terms of throw. 

An alternative system is to make use of a pelton wheel driven positive 

displacement pump which will introduce foam from a storage tank or 

foam dam into the delivery hoses through a regulating valve. This valve 

can be adjusted to suit the injection rate required and once set will inject 

at the required percentage regardless of pressure fluctuations from the 

pumping appliance. The units can be supplied with either fixed or I 
adjustable induction rates to suit the circumstances. Reference is made 

elsewhere regarding the allowable tolerance on proportioning and this Imust be taken into account when this injection unit is set up. 

5.2.6 Pre-induction (Double Sucker) 

This system employs two induction units. 

A pre-induction unit is installed near a hydrant and draws concentrate I
from a reservoir to produce a concentrate rich solution which is fed to a 

specially designed nozzle into which is built a second induct or. At this 

second stage the required rate of induction is achieved. 

By using two stages of induction and making use of the power from a 

separate hydrant a much lower pressure loss is experienced. 

This system is not in general use in the U.K., but it should be evaluated 

under controlled conditions against the techniques currently employed by 

the fire service. 
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5.3 LARGE NOZZLES 

The use of large volume/discharge nozzles on monitors must be 

considered. 

I These have been used with some success although there is very little 

documented evidence giving details of their performance. Discharge rates 

of up to 15,000 l/rnin are available. 

While these large volume nozzles go some way to solving the problem of 

delivering the foam onto the large tanks it seems that there is still room 

for research into their use in order to obtain performance figures to assist 

in selection and use. 

At least one oil company is making use of this type of nozzle both in 

conjunction with ground monitors and by elevating them on cranes. 

5.4 HOSE LAYING 

I 

It will be seen from the figures produced indicating the water 

requirements for fighting large tank fires (Report No 3) and in this report 

that a very large number of hoses would be needed from the fire main to 

the pumpers and from the pumpers to the delivery equipment. It is quite 

evident that the exclusive use of large numbers of 70rnm hoses to supply 

foam delivery equipment is impractical. Systems and equipment must be 

developed to employ 100rnm and 150rnm diameter hoses that are 

necessary if large volume monitors and nozzles are used. 

Some advantages may be gained by the use of hose laying vehicles for 

both standard and large hoses where large numbers and distances are 

I involved. 

5.5 STANDARDISATION 

I The Fire Service Act calls for brigades to provide support to adjoining 

county brigades. Their ability to perform this task would be much 

improved if equipment and foam concentrates are compatible, particularly 

when there is a likelihood that two or more brigades will attend the same 

major incident. 
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Foam concentrates and proportioning systems vary considerably which 


creates difficulties in the event of a major incident such as; 


methods of induction can be any of those described in the previous 

sections 

some equipment and methods of induction are not variable between 

1 %, 3% and 6% concentrate 

delivery equipment may not be provided with the facility to receive 

concentrate from a pressurised supply. I 

5.6 LIST OF REFERENCES 

The following reference numbers are sources used in this Section, and are 


listed in full in Appendix B: 1, 2, 3, 7, 8, 10, 168, 194, 195, 196. 


I 


I 

I 

I 
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SECTION 6 


NEW AND IMPROVED EQUIPMENT 

6.1 MODIFICATION TO EXISTING EQUIPMENT 

I 

The great majority of the time the Fire Service employs water delivery 

equipment to tackle fires but they are also obliged to carry foam making 

and delivery devices for use in the event of a call to a Class B fire. 

The foam making . equipment is divided. into three general groups 

depending on the requirement for either low, medium or high expansion 

finished foam. Most extensive use is made of low expansion foam which 

may be used through both hose reels and main hose streams. 

I Whilst the majority of the delivery equipment carried by the Fire Brigade 

is for use with water only, some developments have taken place with 

regard to modifying water branches and nozzles to make them suitable for 

foam delivery. A particular example of this is the development by one 

Fire Brigade of a clip on foam aspirator attachment for fitting to the 

nozzle at a hose reel branch. 

A similar device is available to fit a range of twist pattern mushroom type 

jet spray nozzles for use with 45mm and 70mm hoses. This will 

I effectively convert the unit from a water branch to a foam maker 

producing a good quality finished foam. 

I . Some overseas manufactures are producing add on aspirators for use with 

large capacity monitor nozzles. 

These devices are very good examples of the way that by relatively simple 

I means standard water delivery equipment carried by the Fire Brigade can 

be effectively and cheaply converted to produce and deliver finished foam. 
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6.2 FIRE PUMP CONTROL 

A subject that is receiving attention at the present time is the automatic 


control of appliance fire pumps for foam proportioning. The purpose of 


the research is to simplify the workload of the pump operator. 


Simplification of operation is of prime importance in the early stages of 


an incident when there are other tasks to perform. 


Automatic control would give the pump the added ability to respond. 


immediately to changes in demand thereby providing greater safety for the 


branchman. 


Some overseas brigades have had automatic pump control systems in use 


for a number of years. Two levels of automatic control are available; 


I 
basic auto-control 


remote auto-control. 


Basic auto-control requires that the pump operator and branchman would 


employ current practice to obtain the required conditions and then engage 


the auto-control which will maintain the branch condition irrespective of 


fluctuations of inlet or outlet pressures. The foam proportioning 


percentage can be set on a dial, and an automatic servo-controlled valve 


system ensures that the required percentage of concentrate is mixed 


regardless of changes in pressure or demand. 


In the case of remote auto-control the pressure/flow at the branch would 

be controlled by the branchman without the need to communicate with 

the pump operator or be subject to the limitations of the basic system. 

6.3 ELEVATING EQUIPMENT 

Method of elevating foam delivery equipment would benefit from further 


research. Considerable benefits derive from elevated delivery in some 


fire situations. For example tackling storage tank fires where accurate 


projection of a foam stream against metal surfaces can improve the 


efficiency of formation of the foam blanket, or where a foam stream 


needs to be directed through a small aperture. 
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I 
6.4 HIGH EXPANSION FOAM EQUIPMENT 

I 
High expansion foam has been used by the fire service for many years. 

I 
Doubts have been expressed that until recently the type and range of 

equipment available did not allow high expansion foam to be used to its 

full potential. One drawback is that it requires a different foam 

concentrate from most of the more generally used low expansion foams. 

Tests indicate that high expansion foam is very effective on petrol pool 

fires when wind conditions permit but if special purpose tenders are to be 

employed it will only be used as a last resort when other forms of attack 

have failed to extinguish the fire. In practice the U.K. brigades use high 

expansion foam very little. In some cases the specially designed 
lightweight generators are no longer kept as standard appliance 

equipment. 

6.5 SURVEILLANCE EQUIPMENT 

I 	 During the course of the survey reference was made to the use of 

surveillance devices as an aid to fighting storage tank fires. The devices 
mentioned would take the form of; 

closed circuit television (CCIV) 

infra red heat detection. 

It must be said that little seems to be known about the practical 

capabilities of either system. Further investigations would be necessary to 

comment on the practicability of using these techniques. 

Consideration should be given to the use of closed circuit television with 

the camera mounted on elevated platforms, at the top of foam towers or 

on the jib of a crane. 
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With the aid of remote control it should be possible to view the 


development and control of a fire within the storage tanle With this 


degree of information available to the firefighters it should enable them 


to direct the foam attack with much greater accuracy. 


A similar system is operated on a smaller scale at the testing facility of 


one of the overseas oil companies. 


The use of infra red detection to monitor the movement of the heatwave 


in a crude oil storage tank fire has been suggested. The equipment 


would need to be directional and very selective in order to differentiate 


between the heatwave in the tank and the heat from the fire generally. 


Both of these systems would be of great benefit to the fire service. A 


simpler method may be the use of heat sensitive paint. Its use, durability 


and effectiveness should be researched independently to establish whether 


it has a role either in the protection/detection materials provided by 


operators, or uses within the fire service. 


An investigation into the effectiveness of these methods of surveillance in 


connection with oil storage fires would be an advantage. Based on the 


findings of the investigation a research programme should be set up to 


develop the subject further. 


6.6 LIST OF REFERENCES 

The following reference numbers are sources used in this Section, and are 


listed in full Appendix B: 147, 150, 163, 255, 257, 239, 230, 268, 382, 383. 


I 

I 

76 




SECTION 7 

I 
DISCUSSION OF RESULTS 

7.0 	 INTRODUCTION 

The various points for action, discussion or research which have been 

raised in this report are briefly summarised for reference. There is a 

certain amount of interrelation between the results derived from this 

report and from other reports in this series. A full collation of the points 

raised in the first 3 reports is provided in Report No. 4. 

7.1 	 USE OF MEDIUM EXPANSION FOAM 

(see 2.1.1) 

There are potential savings in equipment and in the use of foam 

concentrate by employing medium expansion foam for certain types of 

Class A and Class B fires. 

However, further research is required to determine the additional 

quantities of medium expansion foam needed for security in such 

circumstances. A research programme could be devised that would be 

able to provide improved guidance for fire brigades as to where medium 

expansion foam could be used to advantage and the application 

rates/security required. 

I 	 7.2 FOAM REQUIREMENTS FOR FIRST RESPONSE TO VEHICLE 

CRASHES 


(Section 3.2) 


There is a case for reviewing the equipment, material and policy on use 

I of aspirated foam which are presently used in the first response team to 

vehicle crashes in urban, rural and motorway settings. Several types of 

foam may be required in the brigades stocks, including £luoroprotein, 

AFFF, and FFFP. 
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There may be a case for adopting the alcohol resistant forms of AFFF or 

FFFP for such use. but research is needed into whether the requirement 

that this type of foam should be gently applied is a serious obstacle to its 

more general use. Section 3.2 provides an outline of how foam 

requirements can be estimated and what considerations need to be takeD 

into account. 

7.3 	 FOAM PURCHASING 

(Section 2.2.6) 

Concern has been expressed in several quarters (both by interested parties 

and financially disinterested) that brigade purchasing policies do not 

provide an adequate means of differentiating between good quality and 

lower quality foam products. and between different types of foam which 

may be beneficial for certain applications. In this area brigade purchasing 

should give weight to well established manufacturers with a track record 
• 

in the UK above products imported from organisations with little or no 

technical record or back-up support. 

7.4 	 PROTEIN AND SYNTHETIC FOAMS FOR TANK FIRE USE 

(Section 4.3) 

Use of protein and non-fluorinated foams should be discontinued for 

fighting flammable and combustible storage tank fires and substituted by 

more effective foams which are now available. 

Tank fires can pose a considerable challenge to fire fighting foams and 

the use of the more advanced types of foam is advised. 
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7.5 	 FOAM APPLICATION RATES - MANUAL OF FIREMANSHIP 

(Section 4.3) 

An area where insufficient data is presently available is on the amount of 

spread that can be expected from fire fighting foams over the surface of 

burning flammable and combustible liquids. Research on this subject 

coupled with an improved test method (see report No. 1, 7.6 item 1) 

would provide data for an independent review of the foam application 

rates presented in the Manual of Firemanship. As stated in Report No. 1 

interim revision. to align the manual more closely to international 

standards is necessary. 

7.6 	 FORMAL PRE-PLANNING 

(Section 3.1) 

There are training and operational benefits in conducting formal 

pre-planning excercises for medium and small size incidents as well as 

major disaster plans. Much is already being done in this area, but this 

activity is considered of great benefit in operational effectiveness and it is 

considered worthy of further emphasis. Training aids are now available 

which will greatly enhance the impact of this work, such as interactive 

videos. Further research data would also assist in constructing realistic 

training exercises. 

7.7 	 FOAM USE PRE-PLANNING SOFIWARE 

(Section 3.1) 

Consideration should be given to development of a 

European/International standard version of the foam planning software 

programmes used in the U.S.A 
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7.8 	 DIRECT ON-LINE UPDATING OF MAJOR HAZARD CHANGES 

(Section 3.1) 

Consideration should be given to direct-on-line updating of tank contents 

and site plans by major chemical, petrochemical users to the fire brigade. 

This is already done in certain areas of France, and the present methods 

of updating used by UK fire brigades do not appear to provide sufficiently 

current information. 

7.9 	 CONTROL OF MAJOR INCIDENTS 

(Section 3.1) 

Those senior fire officers who are likely to take charge of major fire 

incidents should be specifically trained in the organisation, control, 

logistics and techniques of major incident management. Use of expert 

advisers, software programmes and decision trees should be incorporated 

into this training process. 

7.10 ROUTINE TESTING AND MAINTENANCE OF FOAM 

PROPORTIONING EQUIPMENT 

(Section 5.2.1) 

At present there appears to be little attention paid to the accuracy of 

proportioning obtained from equipment. However, where such equipment 

is performing out of tolerance it can greatly affect the calculations of 

foam concentrate required to tackle a particular fire. A routine testing 

and maintenance programme should be operated by each fire brigade for 

such equipment. 

7.11 RESEARCH 	 INTO THE CHARACTERISTICS OF LARGE FOAM 

MONITORS 

(Section 5.2.7) 

Research is required into the performance characteristics of the new large 

flowrate foam monitors. The jet throw, wind susceptibility, fallout and 

footprint are areas where insufficient data is currently available. 
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7.U RESEARCH INTO ELEVATED PLATFORMS FOR FOAM DELIVERY 

(Section 6.3) 

There are considerable advantages to be gained by elevated delivery of 

fire fighting foam on certain risks, e.g. storage tank fires. Ad hoc 

experiments have been pedonned at some refineries and some 

co=ercial equipment is available. The subject requires further study to 

determine whether equipment currently available on the market is suited 

for these purposes in the UK or whether there is a need for development 

. of a revised equipment specification. 

7.13 SURVEILLANCE EQUIPMENT 

(Section 6.5) 

The subject of remote surveillance of fire conditions by CCIV or infra 

red techniques is being developed, but applications to tank fire fighting 

are seen as promising and worthy of funher study. 

7.14 CLIP·ON FOAM ASPIRATORS 

(Section 6.1) 

There are considerable advantages to be gained in the selective use of 

clip·on attachments to standard branchpipes which convert them to 

generate aspirated low expansion foam. Further development is required 

to produce a co=ercial product for general use, but it is considered that 

development effort spent in this area will yield a valuable improvement to 

current capabilities. 

7.15 FIRE PUMP CONTROL 

(Section 62) 

This development is directed at providing a method of foam proportioning 

that is easier to control and gives improved levels of safety for the 

branchman. Counter arguments that appliance equipment should be kept 

as mechanically and electrically simple as possible have some validity. 
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However, auto-control systems have been developed and are in service in 

other countries, so a practical step to keep abreast of developments 

would be to conduct an evaluation of the in service record and of the 

costs and benefits. 

7.16 ECONOMIC ANALYSIS 	OF AFFF AS A WETIING AGENT 

(Section 2.1.1) 

Research should be performed into the property damage savings that may . 
be achieved by using wetting agents or foams with wetting agent 

properties in fighting Class A fires. 

7.17 STANDARDISATION 

(Section 5.3) 

There is a need for standardisation between adjoining county fire brigades 

on the types of foam stocks and proportioning equipment used so that full 

mutual support can be provided when required. This is a complex 

subject, but one which requires attention to fully meet the requirements of 

the Fire Services Act. 

7.18 USE 	OF ALCOHOL RESISTANT AFFF AND FFFP 

(Section 2.1.2) 

Tests should be performed to establish the sensitivity of this foam to 

other than "gentle" methods of application, and advice disseminated to 

brigades on how to employ the foam to best effect, on alcohol type fuels. 

7.19 FOAM BURNOFF AND REAPPLICATION RATES 

(Section 3.2.1) 

The effects of large quantities of steelwork in enclosed spaces on the 

volumes of fire fighting foam required should be investigated. Guidance 

will 	be of use in ship fires, offshore installations, and other enclosed fires. 

82 




7.20 MODELLING THE FOAM "BITE". 


(Section 3.2.8) 

Techniques are available to model the way in which foam obtains a hold 

on a flammable liquid fire. Such work would give valuable insight into 

the extinguishing mechanisms and tactical options. 

7.21 FIRE PLUME COOLING 

(Section 3.2.8) 

The tactic of cooling a fire plume from a tank fire with water projected 

above a foam blanket should be investigated. Superficially the technique 

appears. valuable, but guidance would be needed to fire fighters to avoid 

disrupting the foam blanket. 

7.22 USE 	OF WIDE ANGLE SPRAY PA'ITERNS 

(Section 3.2.8) 

These are claimed to have value in protecting fire fighters from rapid 

heat flux increase. Research into available equipment is required to 

confirm this point. 
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APPENDIX A 


GLOSSARY OF TERMS 


This appendix gives a number of definitions referred to in the text of the 

report. 
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APPENDIX A 


GLOSSARY OF TERMS 


The following terms are used throughout the chapters of this report and 

should be interpreted as illustrated by the definitions that are given. 

Accelerated Ageing • Storage of foam concentrate for short periods at high 

temperatures, to indicate long term storage properties of the foam concentrate 

at ambient temperatures. 

AFFF (Aqueous Film Forming Foam) A synthetic foam concentrate 

containing detergents and fluorocarbon surfactants that control the physical 

properties of water so that it may be able to float and spread across the 

surface of some liquid hydrocarbon fuels. 

Alcohol Resistant Foam Concentrate A specially formulated foam 

concentrate for use on alcohol and other water miscible risks. 

Application Rate . The rate at which a foam solution is applied to a fire. 

Usually expressed as litres of foam solution per square metre of fire area 

exposed per minute. 

Aspirated Foam . A general term to indicate expanded foam which has an 

expansion ratio typically 4: 1 or more. 

Aspiration . The addition or entrainment of air into the foam solution. 

Balanced Pressure Proportioning A foam concentrate induction system 

designed to inject automatically the correct quantity of foam concentrate into a 

water stream over a wide range of variable flows and pressures. 

Base Injection . The introduction of expanded finished foam beneath the 

surface of certain fla=able and combustible hydrocarbons, to effect fire 

extinguishment. 
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Boiling Liquid Expanding Vapour Explosion (B.L.E.V.E.) - Explosive fire 

balls caused by the rapid escape of flammable gas, discharging from sealed 

pressurised containers, which have ruptured/failed due to adverse heat 

exposure. 

Boil Over - Violent ejection of flammable liquid from its container, caused 

by vaporisation of a water layer beneath the body of the liquid. It will 

generally only occur after a length burning period, in wide flashpoint range 

products, such as crude oil. 

Branchpipe - A hand-held foam maker and nozzle. 

Burn Back Resistance - The ability of a foam blanket to resist direct flame 

and heat impingement. 

Bund Area - A dyked area surrounding a storage tank, which is designed to 

contain the liquid product in the event of a tank rupture. 

Candling - Refers to the thin intermittent flames that can move over the 

surface of a foam blanket even after the main liquid fuel fire has been 

extinguished. 

Chemical Foam - A foam produced by mixing two or more chemicals. The 

bubbles are typically caused by carbon dioxide released by the reaction. 

Classification of Fire 

CEN System (UK and Europe) • Used In this report 

Class 'A' Fire - A fire in materials such as wood and paper where the 

cooling effect of water is of paramount importance in 

extinguishing the risk. 

Class 'B' Fire - A fire involving a flammable liquid or liquefiable solid 

where a blanket or smothering effect is of major 

importance in extinguishment. 
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Class 'C' Fire - A fire involving a flammable gas or gases. 

Class 'D' Fire - A fire involving a metal such as magnesium, sodium, 

lithium and potassium etc. 

US Classification (NFPA 10-1984) - Alternative System used in the U.S.A. 

Class 'A' Fire Fires which occur in ordinary combustible materials, i.e. 

wood, paper, rubber and certain plastics etc. 

Oass 'B' Fire - Fires which occur in flammable liquids, oils, tars, lacquers 

etc., and including flammable gases. 

Oass 'C' Fire - Fires involving energised electrical equipment where the 

electrical non conductivity of the extinguishing agent is 

particularly important. 

Class 'D' Fire - Fires which occur in metals such as magnesium, zirconium 

lithium and potassium etc. 

Combustible Liquid - Any liquid having a flashpoint at or above 37.8"C 


(100'F). 


Critical Application Rate - The minimum rate at which foam solution can 


be applied to a given fire in order to achieve extinction. 


Drainage Rate - The rate at which water drains from an expanded finished 


foam. 


Dual Agent - See Twin Agent Method. 


Eductor - American term for Inductor (q.v.). 


Expansion Ratio - The ratio of total foam volume to the volume of foam 


solution. 


Film Forming Foam A foam that can produce a spreading, vapour 

securing, thin aqueous film on the surface of certain hydrocarbon fuels. 
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FFFP (Film Fonning Fluoroprotein .Foam) A protein based foam 

concentrate with film forming characteristics. 

Flammable Liquid - Any liquid having a flashpoint below 37.8"C (lOO"F). 

Flashback Re-ignition of flammable liquid caused by exposure of its 

vapours to a source of ignition such as a hot metal surface or a spark. 

F1ashpoint - The lowest temperature at which a flame can propagate in the 

vapours above a liquid. 

F1uoroprotein Foam Concentrate - A foam concentrate based on hydrolised 

protein with surface active fluorocarbon concentrates added: 

Finished Foam - The homogeneous blanket obtained by mixing water, foam 

concentrate and air. 

Foam Generator - See Foam Maker. 

Foam Maker - A device designed to introduce air into a pressurised foam 

solution flow. 

Foam Pourer - A device designed to deliver expanded foam gently onto a 

burning liquid. 

Foam Solution - A homogeneous mixture of water and foam concentrate. 

Foam Water Sprinkler - An open air aspirating delivery head whose water 

discharge pattern closely resembles those for standard sprinklers. 

Foam Water Spray Nozzle - An open air aspirating delivery head whose 

discharge pattern is specific to the individual nozzle. 

Friction Loss - The loss of pressure in a pipe line resulting from resistance 

to flow imposed by the inside of the pipe and by changes in flow direction 
such as elbows and T-pieces. Friction losses are greater with expanded foams 

than with foam solutions. 
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GRP - Glass reinforced plastic used for construction of some storage tanks 

and equipment. 

Hazmat - A proprietary trade name used to describe special types of foam 

whicb can be used on certain alkaline and acid materials. 

High Back Pressure Generator (Forcing Foam Maker) - HBPGs introduce 

air into the foam solution to produce expanded foam in a base injection 

system. 

High Expansion Foam (HEX) Foam of expansion ratio between 

200-2000:1. 

Hydrocarbon Fuel - Fuels based exclusively on cbains or rings of linked 

bydrogen and carbon atoms. Hydrocarbon fuels are not miscible in water. 

Inductor (Eductor) - A device used to introduce foam concentrate into a 

water line. A venturi is fitted to suck foam concentrate into the water stream. 

Induction Rate - The percentage of foam concentrate mixed or introduced 

into the water supply line. 

Inline Inductor - An Inductor used in a bose line. 

Knockdown - The ability of a foam to quicldy control flames. Knockdown 

does not necessarily mean extinguisbment. 

Low Expansion Foam - Foam of expansion ratio between 2-20:1. 

Mechanical Foam - Foam produced by a physical agitation of a mixture of 
water, foam concentrate and air. 

Medium Expansion Foam - Foam of expansion ratio between 20-200:1. 

Monitor - A large throughput brancbpipe and nozzle whicb is normally 
mounted on a vehicle or on a fixed or portable pedestal. 

NFPA - Standards for foam systems publisbed in America by tbe National 
Fire Protection Association. 
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Non·Aspirated Foam . Foam of expansion ratio typically between 0-2:1. 
Only Film Fonning Foam Concentrates are suitable for non aspirating 

applicators. 

Oleophobic • Oil repellent. 

pH • Measurement of acidity and alkalinity on a scale of 1-14. Neutral 
de-ionised water has a pH value of 7. 

Polar Solvent - This term is generally used to des tribe any flammable liquid 

which destroys standard foams, although it actually refers to liquids whose 
molecules possess a permanent dielectric charge e.g. alcohols, ketones. Polar 

solvents are generally miscible with water. 

Premix Solution • A mixture in correct proportions of a foam concentrate 

and water. Use of this term generally implies that the foam is stored in 
premix form, as in a portable foam fire extinguisher. 

Proportioner - A device where foam concentrate and water are mixed to 
form a foam solution. 

Protein Foam Concentrate Substance containing organic concentrates 
derived from natural vegetable or animal sources. Hydrolised products of 
protein provide exceptionally stable and heat resistant properties to foams. 

Security - The ability of a foam to seal around hot objects and prevent 
reignition. 

Stability (of Concentrate) - Ability to be stored for long periods without 
separating out. 

Stability (of Finished Foam) - Ability to retain shape and form m the 
presence of heat, flame and/or other liquids. 

Static Pressure • The pressure existing in a line at no flow. This pressure is 
always considerably higher than under flowing conditions. 

Sub Surlace Injection - Another term referring to base injection. 
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Specific Gravity - The specific gravity of a material is a measure of the 

density of the material in relationship to the density of water. The 

specific gravity is calculated as: 

S.G. 	 = Density of Material 
Density of Water 

Twin Agent Method - A technique where Dry Chemical Powder is used to 

knockdown flames quickly, and AFFF is also applied to seal over a fuel spill. 

Used mainly for rescuing people from crashed aircraft. 

Unaspirated 	Foam - See Non-Aspirated Foam. 

Vapour Seal Box - A unit fitted on the outside of a fuel storage tank which 

will pass expanded foam through it, but will not allow vapours from the fuel 

in the tank to escape into the atmosphere. Normally fitted with a glass seal 

which is broken by the foam. 

Venturi - A constricted portion of a pipe or tube which will increase water 

velocity, thus momentarily reducing its pressure. It is in this reduced pressure 

that foam concentrate is introduced. The pressure difference across the 

venturi can be used to force foam concentrate into the water. 

VFP (Variable Flow Proportioner) - A foam proportioning device that will 

automatically adjust the pressure of the foam concentrate to match the water 

mains pressure thus giving the desired induction rate regardless of variation in 
flow. 
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APPENDIX B 


LIST OF REFERENCES 


This is the full list of references. Some of these have been reviewed In 

abstract form only. 

At the end of each section of the report the appropriate references have been 
listed by number. . 
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P.CHIESA/R.ALGER 
W. SHANO 
ULETL 
C. KU""FORD 
I.EKSON 
D."U~RAY S"ITH/A.WILLENS 
E.PATTERSON/H. TUVE 
J.CORRIE 
J.CORRIE 



3bl FIRE OFFICER ' , GUIOE TO EXTIN6UISHIN6 SYSTEK5 
3b2 PRINCIPLES OF FIRE PROTECTION CHEKISTRY 
3b3 TNAKER FIRE CONT~INEO 
Jb\ 'AIRCRAFT ON FIRE ...•.•• RUNWAY b' 
36b HEXANE TANKER BURNS ON FREEWAY 
361 "UTUAL AID Af TANK FARK FIRE 
3bB ANALYSIS OF EXPERIENCES COYERING KINERAL OIL FIRES 
,69 uRAINAGE TIKE AND THE CEILIN6 FIRE TEST 
370 AREYIE~ OF FUTURE TRENDS OF FIRE PROTECTION FOR T~Nt:ER, 

310 URIANAGE LAWS FOR FIRE FIGHTING FDAKS 
31 I IWO NEW TECHNIQUES SUCCESSFUL AT SHIP FIRE IN LONDON DOCKS 
312 THE FIRE PROTECTION OF FLAKKABlE LIQUID RISK BY FOAKS 
313 AOI'ANCES IN PROTECTION OF POLAR-TYPE FLAKKABLE LIQUID HAZAROS 
m KATHEKATlCAL MOEl FOR ANALYZINb THE TRADE-OFFS IN AIRlRAFT HANGAR DlLUGE SPRINKLER SYSTEKS DESIGN 
375 BASOLINE FIRE AT TANK FAR~ FOUGHT 1HOURS WITH HELP OF KUTUAL AID COKPANIES 

- jib 10 ASPRIATl OR NOT TO ASPIRATE AfFF' TESTS.ADYICE HLEP ANSUER QUESTION 
0 317 RUNWAI' FOALING - ACONTROYERSIAL FIRE FIGHTING TECHNIQUE 
w 37B 6lNERATION OF ELElTROSTATIC CHARGE IN FUEL HANDLING SYSTEKS:A LITERATURE SURVEY 

m PLANNING PAYS OFF IN TANKER CRASH 
3BO fIGHTING FIRES WITH THE RIGHT FOAK 
381 SAFTH CODES [N DOUBT AFTER BRITAIN 'S LARGEST POST WAR REFINERY FIREIO[L REFINERY KILFORO HAYEN) 
JB, PRESSURE CONTROL FOR FIRE FIGHTING SYSTEKS 
3B3 KOBILE FOAK TOWER 
38. ISSUES RAISED ~Y FOAK FIRE TESTS 
385 CAKBRIDGESHIRE [5 'COKHITTED TO AFFF' FO. FIRE FIGHTING 
,8b fOAK FILLER FIRE AT SUKKIT TUNNEL 
36b AKDCO FIRE 
387 KANUALS OF FIREKANSHIP 
3B8 SPREADING OF AFFFS AND FIRE EXTINCTION 
,8y CDKPARATIYE EVALUATION OF flREFIGHTING FOAK AGENTS 
390 OGKI: - PROJECT 230-01 
j91 WHAT IS THE RELEVANCE OF KEPTANE TO FIRE-FIGHTIN6 FOAK QUALITY 
392 TO ASPIRATE OR NOT 10 ASPIRATE 
,93 AREVIEW OF OATA RETRIEVAL FACILITIES AND THEIR USEFULNESS TO FIRE 
39, SUPPLY Of FOAK CONCENTRATE; 
39, AFFF SYSTEK 

BRIGAES. 
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R.YAUX 
ARTICLE 
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APPENDIX C 


The attached appendix the people and organisations consulted during the UK 

and overseas visit which include Brigades, Testing/Standards authorities, 

Suppliers and Industrial users. 
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APPENDIX C 


LIST OF CONTACTS 


The list of contacts below are the people who were consulted during the 
course of the study, between October 1987 and March 1988. They include: 

Officers of the U.K. Fire Service 

Equipment and Concentrate Manufacturers 


Major oil industry and petrochemical users 

Mutual Aid Organisations 


Testing Authorities 

Research Establishments 

Overseas Fire Brigades 


Home Office Fire Experimental Unit 


Meetings were held in the U.K., Europe and United States of America. 
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APPENDIX C 


Angus 

Bentham 

Lancaster 

Avon F.B. 

Bristol 

Boots & Coots 

Port Neches 

Texas 

BP Petroleum Development Ltd 

Aberdeen 

Cambridgeshire F.B. 

Huntingdon 

Chubb Fire Security 

Feltham 

Middlesex 

Cleveland County F.B. 

Hartlepool 

Cleveland 

Conoco Inc. 

Houston 

Texas USA 

CynamidBV 

Rotterdam 

Holland 

10 7 


M. Hough 

D. Ross 

D. Mulligan 

DCFO P. Aris 

DO B. Townley 

L Williams 

D. Williams 

G. Dalzel 

DCFO At:. Best 

E. AlIen 

CFO B. Cooney 

ACO J.W. Watson 

R. Barresi 

A Van Bedaf 

R. Garvelink 



Du Pont de Nemours 

(Netherlands) 

Dordrecht 

Netherlands 

Dyfed County F.B. 

Carmarthen 

Eau et Feu 

France 

Essex County FB 

Brentwood 

Essex 

Esso Petroleum Refinery 

Fawley 

Southampton 

Exxon 

FIorham Park 

New Jersey USA 

Fire Experimental Unit 

Moreton-in-Marsh 

Gloucestershire 

Fire Service College 

Moreton-in-Marsh 

Gloucestershire 

Gloucestershire F.B. 
Cheltenham 

Hampshire F.B. 
EastJeigh 

Hants 

A Ciggar 

DCFO MJ. Knowles 

DC R. Old acres 
DO M. George 

A Balthazard 

Y. Lequeux 

DCFO J. Sherrington 

SSO B. Unger 

DO T. Ulliot 

B. Browning 

R. Murphy 

Dr M. Thomas 

DO R. Lock 

ADO M. Currey 

DO J. Kitchen 

DO D. Hopkins 

ADO A Doig 

CFO AR. Currie 

CFO J. R. Pearson 

ACO D. M. Pain 
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Houston Fire Dept 

Houston 

Texas 

Le Havre F.B. 

Le Havre 

France 

3M UK PLC 

Bracknell 
Berkshire 

3M 

Antwerp 
Belgium 

Mobil Research and Development 

Paulsboro 

New Jersey 

National Foam UK 

Aylesbury 

Bucks 

National Foam USA 

Lionville 

USA 

Norfolk County F.B. 

Norwich 

Shell International Petroleum 

Maatschappij BV 

The Hague 
Netherlands 

Shell Oil Co/Shell Chemical Co 
Deer Park 
USA 
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DC M. McRae 

B. Hand 

Lt. Col. J. Bemhaert 

Comm. Taconet 

D. M. Smith 

W. Mertens 

M. Hicks 

T. Miller 

E. Andester 

N. Ramsden 

B. Robinson 

D. Cochran 

B. Schofield 

W. Woodson 

DFCO Smith 

R. Kok 

L Latter 

J. Oliphant 



Texas A&M University 

College Station 

Texas USA 

Total 

Le Havre 

France 

Underwriters Laboratories 

Northbrook 

lllinois USA 

University of Maryland 

College Park 

Maryland USA 

1. Donovan 

J. Hubaeek Jr 

B. Paricor 

L.P. Le Signor 

E. Misicbko 

D. Nelson 

F. Mowrer 

Dr H. Hickey 
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APPENDIX D 


QUESTIONNAIRE AND RESPONSE 


This questionnaire was sent to the manufacturers and suppliers indicated 

requesting information regarding their foam concentrate and equipment. 

Although the response was disappointing the information that was received 

was most useful. 
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APPENDIX D 


FOAM STUDY QUESTIONNAIRE RESPONSE 


Company 

British Fire Protection Systems 

Association Ltd., 

Kingston Upon Thames 

Surrey 

Angus Fire Armour Ltd., 

Morecambe, Lanes 

National Foam System UK 

Aylesbury 

Bucks 

Chubb Fire Security Ltd., 

Sunbury on Thames 

Middlesex 

John Kerr & Co. Ltd., 

Liverpool 

Walter Kidde Plc 

South Ruislip 

Middlesex 

Macron Fire Protection Ltd., 

Aylesbury 

Gilmat Engineering Ltd., 

Preston 

Lanes 

Questionnaire 
Returned 

14/12/87 

16/2/88 

Request declined 

112 



Company 

Silvani Antincendi S.pA 

Milan 

Italy 

3M (UK) Plc 

Bracknell 

Berks 

Wood Group Fire Protection 

Great Yarmouth 

Angloco Limited 

Batley 

West Yorks 

Amendola Engineering Ltd., 

Birmingham 

Symtol Engineering Ltd., 

Blyth 

Northumberland 

Sabo Spa 

Lavate 

Italy 

Preussag AG 

West Germany 

Rockwood Systems Corporation 

South Portland U.SA 

Sicli Ltd., 
Maidstone 

Kent 
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Questionnaire 
Returned 

1/12/87 

10/12/87 




Company Questionnaire 
Returned 

Dr. Sthamer, 

liebigstr. 5 

W. Germany 

Hoechst (UK) Ltd., 

Hounslow 

Ansul 28/1/88 
Slough 
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APPENDIX D 


FOAM CONCENTRATE DATA 

GENERAL 

Foam NamejIdentification? 


Foam Type? 


Country of Origin/Manufacture? 


Budget Cost per 25 1 drum? 


PHYSICAL PROPERTIES 

Specific Gravity? 


Viscosity at 0 deg C? at 10 deg C? at 20 deg C? 


Freezing Point (deg C)? 


Undissolved solids before aging. 


% by weight? 
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CHEMICAL PROPERTIES 

Constituents and Additives 

(N.B. A formulation for the product 

is not requested)? 

pH? 

Suitable for mixing with which types of water? 

Potable/Fresh/Sea/Brackish 

Please co=ent on suitability or finished 
foam for supervision of vapours from 

bazardous/ toxic materials other than vapours 

from 'normal' flammable liquids? 
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TOXICITYjENVIRONMENTAL DATA 

ill (please supply method of determination)? 

Bic-degradability, half-life in soil 

and water? 

Reco=endatioDS for dispersal of 
spilled concentrate and finished foam? 

APPROVALS/TESTING 

Please quote any approvals or certification 
issued by national or international bodies? 

Please supply reports of testing or 
certification by other independent bodies? 

COMPATIBILITY WITII OTHER MATERIALS 

Reco=ended materials for storage tanks? 
(Please include any results of tests on 
materials which have influenced this 

reco=endation) 

What known contaminants will substantially 
decrease the effectiveness of this concentrate, 
either in contact or in solution (Please 

supply any relevant test results)? 

Which other foam concentrates 
(of different manufacture or type) will 

substantially decrease the effectiveness 

if mixed, up to 50% by volume, either in 

store concentrate or as finished foam? 
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STORAGE/ROUTINE TESTING 


Recommended materials for bulk storage containers? 

Maximum and minimum recommended storage temperature? (deg C) 

MAX MIN 

Does a repeated freeze/thaw cycle 
significantly affect foam properties? 

YES/NO 

Shelf life in original containers at 10 deg C? 

Shelf life in bulk storage container of 

recommended materials at 10 deg C? 

Shelf life in lined mild steel tank 
at 10 deg C? (Please specify lining) 


Do original containers identify date of production? 


Yes-Directly/Yes-By Code/No 


Recommendations for routine testing? 

(Properties tested and frequency) 


USE 


Range of Usable expansion rates 


(numerical values; upper and lower limits) 

Recommended proportioning rate 
(% v/v with fresh water; please quote 
reasons if more than one rate) 
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Maximum and minimum proportioning rates 

which do not cause significant loss of 

performance? 

Please quote application rates 

(litres/minutes/sq. m) 

Material 	 Recommended Rate Minimum Rate 

Crude Oil 

Diesel Fuel 

4-Star Petrol 

Hexane 

Heptane 

Methyl Ethyl Ketone (MEK) 

Acetic Acid 

Is non-standard foam making equipment 

necessary for use of this concentrate? 

No/Yes-Please indicate types 

QUALITY CONTROL PROCEDURES 

Please attach copy of quality schedule and procedures 

STRATEGIC STOCKS 

Please list locations of depots which can 

be guaranteed to carry some stock of this 

form? 

Lo<:ation 	 Normal Maximum Minimum 
Stock Stock Stock 

CASE HISTORIES 

Please attach any case histories which show the performance of this foam in 

real-life situation. 
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PROPORTIONERS • VENTIJRI TYPE 


Name/Description? 


Please provide technical data sheet and quality control procedures 


Materials of construction? 


Connections (Inlet and Outlet)? 


Nominal proportioning rate(s) 


(% concentrate/water)? 1%/3%/6%/other __ 


Method of achieving variable proportioning? 


Accuracy of proportioning rate (guaranteed)? 


Water pressure/flow range at inlet? 


Water pressure loss across proportioner? 


Water back pressure limit? 


limitations on usable foam concentrate 


(e.g. S.G., Viscosity)? 

Maximum suction lift for concentrate or 

required concentrate pressure at concentrate 

inlet? 
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PROPORTIONERS • NOT VENTURI TYPE 


Name /Description? 


Please provide technical data sheet 

including schematic diagram of control 


arrangements. and quality control 


procedures 


Materials of construction of water and 

foam chemicals? 


Materials of construction of housing 

(if applicable)? 


Inlet and outlet connections? 


Suitable for portable use or fixed 

mounting only (including vehicle mounting)? 


Nominal proportioning rate(s) 

(% concentrate/water)? 1%/3%/6%/other ___ 


Method of ahieving variable proportioning? 


Accuracy of proportioning rate (guaranteed)? 


Water pressure/flow range at inlet? 


Water pressure loss across proportioner? 


Water back pressure limit? 


Limitations on usage foam concentrate 

(e.g. S.G.• Viscosity)? 

121 



Maximum suction lift for concentrate 

or required concentrate pressure at 

concentrate inlet 

Have you identified any concentrates 

for which this equipment is 
inappropriate (Le. does not function 

or functions significantly poorly)? 

Recommendations on maintenance and cleaning? 
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MONITOR DATA 


(N.B. This concerns the fixed waterways leading into a nozzle) 


Monitor name/description? 


Please attach technical data sheet 


For use with which nozzle(s)? 


Materials of construction? 


Please supply copy of quality control 

procedures 

Method of remote control 


(if appropriate; please quote water 


I usage if driven by water motor)? 


I Hydraulic/pneumatic/Electric/Water Motor 

Reco=ended uses? 

Vehicle of Trailer method/Ground Mounted/Portable 

Usable Inlet Pressure/Flow Range? 

Pressure Drop through monitor? 

Connections (inlet and outlet)? 

Rotational/Positional Limitations? 

Optional Extras? 

Reco=ended Maintenance and Cleaning? 
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NOZZLE/FOAM GENERATOR DATA 


(N.B. This section of question is aimed at a description of nozzles only. 

Some equipment, e.g. bipod monitors and m ·EX Generators, have integral 
proportioners and/or monitors. If the equipment described here has such 

integral parts please also complete the proportioner or monitor questionnaires 

as appropriate). 

Nozzle name/description? 


Please attach technical data sheet, and quality control procedures 


Materials of construction? 


Connection types available? 


Suitable for use with • 


Monitor/Lay Flat Hose/Hose Reel 

Recommended situations for use . 

Flammable liquid spill (unconfined)/Tank Fire/Bund Fire/General Purpose 


What limitations on types of foam concentrate? 


Operating pressure? MAX ___ MIN ___ Recommended ___ 


Operating flow rates? MAX ___ MIN ___ Recommended ___ 


Method of aeration? 


Range of expansion produced? 


Variable expansion method 

(other than water flow dependent)? 
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Nozzle length after aeration? 

Nozzle discharge foot print 

Elevation Flow Rate Throw Height Spread 

30 


60 

45 


Are operational additions/extension to 

the nozzle available, if so what? 

Reco=endations for maintenance and 

cleaning? 

Budget Price. Ex-works, UK? 
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APPENDIX E 


BRIEF 


This brief is a copy of the original document on which the study was 

structured. 

Changes were made to the format as the study progressed and it will be noted 

that the contents of each report is now different. 
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APPENDIX E 


TERMS OF REFERENCE 


SURVEY OF FIREFIGHTING FOAM AND ASSOCIATED TACl1CS AND 
EQUIPMENT RELEVANT TO THE UNITED KINGDOM FIRE SERVICE 

1. 	 INTRODUCl10N 

L1 	 The Fire Experimental Unit of the Home Office Scientific Research and 

Development Branch (FEU) are undenaking research into the use of 

foam for firefighting in the Fire Service. In the context of these Terms 

"Fire Service" will be used to descnbe all United Kingdom Local 

Government Fire Brigades. 

1.2 	 The Fire Service use a wide variety of foam but as most of their work 

dues not require the use of foam it is difficult for them to build up 

expertise in this area. More expertise is available in specialist industries 

and internationally. The research is directed towards assessing the 

present state of art, and identifying areas where the Fire Service would 

benefit from further research. 

1.3 	 As a first step therefore, FEU require a Survey of the advice and 

expertise which is available. This Survey will then form the basis for an 

assessment by the FEU of future research areas. 

1.4 	 These Terms of Reference define the scope of the Survey which is to be 

undertaken by the Contractor. 
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2. 	 SCOPE OF THE SURVEY 

2.1 	 The Contractor shall address three main areas:

1. The types of firefighting foam which are or could be made available 

to the Fire Service; their chemical and physical propenies including the 

effects of high temperatures; the specifications which they are required to 

satisfy; the suitability of these specifications; possible alternative 

specifications or quality controls suitable for use by the Fire Service; the 

advantages and disadvantages of the various types of foam; the 

information available on the various products on the market. 

2. The tactics to be adopted in using foam for fire fighting; foam 

application rates for different types of fire; the relative merits of 

non-aspirated and aspirated foam; techniques for delivering the foam to 

the base of the fire; the logistic problems of fighting large fires . 

3. The suitability of existing Fire Service foam delivery equipment; the 

foam delivery equipment required to deal with fires attended by a small 

number of Appliances (an "Appliance" is a fire fighting vehicle owned by 

any fire brigade); the maximum size fire which can be tackled by a single 

fire brigade; the possiblility of there being fires which a Brigade cannot 

handle; existing specialist foam delivery equipment required by the Fire 

Service; the possibility that new specialist equipment is required. 

2.2 	 The Contractor shall obtain his information from as wide a range of 

sources as possible. These shall include: 

1. 	 The FEU, who have access to computer data systems, can provide 

copies of relevant reports which they hold and will arrange contacts 

wi th the Fire Service. 

2. 	 The Fire Research Station at Borehamwood, Henfordshire WD6 

2BL. 

128 



I 

3. The petro-chemica! industry. 

4. Overseas fire services. 

S. Firefightng foam manufacturers. 
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