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I 1 • INTRODUCrrON 

Foam is used in dealing with fires involving flammable liquids and certain chemical& 

Large quantities of foam will be required very rarely, but brigades must be 

prepared to deal with a major fire at, for example, an oil refinery or oil 

storage depot, where very large amounts of foam may be needed. The problems 

considered here are the planning of t he fire brigade arrangements for stori ng , 

handling and transporting large quantities of foam concentrate, and how to 

determine the level of stocks required. 

I 
This report describes a study of the planning of bulk foam concentrate stocks in 

Cheshire Fire Brigade. Although the emphasis in this report is on the 

requirements in Cheshire, the general principle s will be applicable to 

other brigades faced with similar problems. 

In the first part of the report the problem is described and the general 

principles of providing bulk foam concentrate stocks are discussed. The second 

part of the report describes the Cheshire study. 
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2. BACKGROUND 

Two important characteristics of incidents requiring the use of large quantities 

of foam are the seriousness and the rarity of such events. Throughout the 

country there are very many risks where a fire could potentially become very 

serious and require massive foam use. However past experience shows that I 
large fires at these risks OCcur very rarely. 

2.1 Potential risks 

Foam may be required at fires where oil, petrol or other flammable liquids are 

stored, processed or transported. While there are very many such premises where 

a major fire might conceivably occur, the greatest risks occur at oil refineries, I 
oil terminals or docks, oil storage depots or large chemical works. These 

types of premises are often located quite closely together (the terminals 

providing crude oil to the refineries which in turn provide feedstocks for the 

chemical works). It is therefore possible to identify major risk areas where ... 
large stocks of foam may be required as those areas surrounding the major 

oil refineries. 

Almost all of the United Kingdom's 150 million tonnes per year refining capacity 

is concentrated in fewer than 20 such refineries. Figure 1 shows the locations 

of the major refineries in the United Kingdom and indicates the areas where 

there is considerable risk of a serious fire requiring the use of foam. 

2.2 Past incidents 

The record of fires in the chemical and petrochemical industries, and particularly 

the record of the usage of foam at these incidents, provides an indication of I
the requirements for bulk foam concentrate. 

Detailed information has been obtained on a sample of major fires in the chemical 

and petrochemical industries. This information has been examined far evidence 

of foam use; Appendix A sumnarises the findings. 

The analysis of the sample of large fires shows that foam concentrate is almost 

always available at serious fires in the chemical and petrochemical industries 

often as part of the brigade first attendance. However, the analysis also 

shows that in most cases the foam was not required, and when it was required no 

I 
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more (and often much less) than 6,000 gallons of foam concentrate were used. 

In all but one instance the foam concentrate available on site after the 

arrival of the initial brigade attendance was sufficie n t to fight the fire. 

Fires such as the Avonmouth fire in 1951 where 47,000 gallons of concentrate 

were used appear to be very rare. 

I In summary. even at major fires foam compound is often not required, and 

when it is required is very rarely used in quantities exceeding a few thousand 

gallons. However the consequences of being unprepared for these major incidents 

may be very serious. 
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3. PLANNING FOR THE USE OF BULK FOAM CONCENTRATE STOCKS 

Although large quantities of foam may ba required only rarely, brigades must 

have contingency plans and be prepared to deal with the major incidents 

which require large quantities of foam. 

In this study the planning for the use of bulk foam concentrate stocks has been 

considered as a series of four questions: 

1. 	 How much foam concentrate should be held? 

No brigade will be able to hold sufficient stocks to meet any eventuality, 

and each brigade must decide on the level of stocks which they will hold. 

2. 	 What alternative arrangements are possible for storing and 

handling bulk foam concentrate stocks? 


The different arrangements and different types of equipment which can 

be used for storing and transporting foam concentrate in bulk should 

be identified. It is useful at this stage to prepare a comprehensive 

list of possible options rather than to limit consideration to just one 

or two solutions which at first sight appear to be best. 

3. 	 vfuat are the criteria for choosing between alternatives? 

Once the possible options are identified the planners should decide on 

the criteria which are to be used to assess the options and to make the 

final choice. 

4. 	 Yfuat is the best system for the brigade's needs? 

Having identified the range of options and the criteria to be used to 

assess the alternative options, the evidence can be examined and the 

final decision can then be made. 

Each of these four questions is discussed in general terms and the specific 

situation in Cheshire is then considered. 

3.1 How much foam concentrate should be held? 

Each brigade must consider the potential risks in their area and decide how 

much foam concentrate should be held. There can be no simple rule for this 

decision. It should be recognised that a brigade will not be able to hold 

the amount of concentrate which might be required in truly exceptional 

circumstances, and the decision as to how much foam should be held will depend 

on their judgement of the risks as well as baint'; a matter of policy. 
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One way of approaching the problem is to try to visualise the type of incidents 

and particularly the worst possible incidents - with which the brigade should 

be p re pared to cope. Some examples of incidents which may require large 

quantities of foam include a pipetrack fire resulting from a fractured product 

line; a pipetrack fire occurring when there has been damage to the instrumentation 

or controls and the line cannot be shut down immediately; a spillage and fire 

filling a large bund area, storage tank or dock area. For all these incidents 

an estimate can be made of the area which the fire might cover. The amount of 

foam concentrate required can then be calculated by assuming that foam will 

be applied at, say, one gallon per square foot per minute for 20 minutes to 

achieve extinction, followed by continued application at some lower rate to 

maintain the blanket of foam. By considering the implications of possible major 

fires in different circumstances the brigade may be able to build up a picture 

of the potential foam concentrate requirements. 

It may be useful to consider the total foam concentrate stocks in terms of 

"ini tial" stocks, "support" stocks and "back-up" stocks. 

The initial stocks are the stocks of concentrate which might be sent as part of 

the predetermined first attendance or on the first call for foam. These stocks

I should be available rapidly, possibly within 30 minutes of being called. An 

examination of the past incidents (Appendix A) suggests that the size of the 

I initial stocks might be in the range 500-2,000 gallons. 

The supPOrt st.ocks provide the balance of the stocks which the brigade hold. 

These stocks should be available within a few hours of being called. 

The back-up stocks are the stocks which might be required for any incident 

larger than the brigade had anticipated in their pre-planning. The stocks 

required for a disaster of this magnitude would be part of a regional or 

national arrangem en t. 

The amount of foam required for a major incident will not all necessarily 

have to be provided by the brigade. The brigade may be able to use foam 

concentrate held by refinery or chemical plant operators, at dockyards or 

airports, and stocks held by foam manufacturers and other brigades. These 

other sources of concentrate must be trucen into account when the brigade plan 

their own stockholding requirements. If arrangements are made with other 
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stockholders it is importan.'i to 	ensure that their stocks are in an 

operationally useful and compatible form and that suitable transport will be 

available to deliver these stocks to a major incident. The use of these 

other stocks should, therefore, 	be as carefully pre-planned as the use of 

brigade stocks. 

3.2 	 What alternative arrangements are possible for storing and 
handling bulk foam concentrate stocks? 

Having decided on the level of stocks which the brigade should hold, the 

alternative means of storing and 	handling these stocks must be considered. 

A list should be made of the alternative options. The list should be as 

comprehensive as possible and might include novel approaches as well as the I 
more obvious alternatives. No attempt should be made at this stage to select 

the best arrangement. 

A list of some possible options is shown in Table 1. In the list the options are 

grouped according to the general mode of operation - whether the containers are 

portable, transportable, mobile or fixed. This classification of the equipment 

may suggest other alternatives. 

3.3 	 What are the criteria for choosing between alternatives? 

There will be a number of criteria used in making the final decision. Some of 

the criteria may be more important than others; some will be quantifiable I 
while others can only be expressed in the most general terms; and there may 

be a conflict between some of the criteria. However, in a systematic study 

it is useful to draw up a list of the important criteria. This list will 

indicate which of the factors can be, and should be, investigated more fully 

in the assessment, and the list also provides a useful check list or aide memoire 

in the planning stage. 

The list of criteria will include: 

1. 	 Cost the capital cost and maintenance cost 


of any additional equipment required. 


2. 	 Response times the time required to get the stocks to 


any site at which they may be required. 


3. Manpower requirements 	 the number of men required to handle the 
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bulk 	stocks, and any special skills I
required. 
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4. 	 Storage requirements the amount of space and any other 

facilities which may be required for 

the storage of the bulk stocks. 

5. 	 Reliabili ty whether the planned arrangements can 

be relied on to operate satisfactorily 

any time they may be required. 

6. 	 Operational suitability any operational difficulties which 

might arise when using the bulk foam 

at a fire. 

The first four of these items can be examined and expressed to some extent in 

" ullnti t a tive terms. The remaining two items - reliability and operational 

suitability - are large~ matters of experience and professional judgement. 

3.4 What is the best system for the brigade's needs? 

The choice of the best arrangements for storing and handling bulk foam concentrate 

stocks cannot be reduced to a simple formula. However,the evidence collected in 

answer to the first 3 questions should assist the planners in making a systematic 

assessment of the alternatives and choosing the system which best meets their 

own needs. The Cheshire case study provides an illustration of the way in 

which evidence can be collected and assessed. 

In making the final decision the arrangements for the provision of bulk foam 

concentrate cannot be viewed in isolation from other aspects of the pre-

planning for a major incident. In particular the arrangements for the foam 

concentrate should be compatible with the arrangements for water supplies, pumping 

the water, generating the foam and the manpower requirements to operate the 

equipment and deal with the fire. There would of course be no point in brinGi ng 

large quantities of foam concentrate to the fireground if there was, for example, 

insufficient foam making equipment to utilise the concentrate. 

The expected in-service life of the bulk concentrate stocks abould also be 

cODsidered. Stocks which are required only exceptionally may remain in store for 

several years before operational use, and experience has shown that iD some 

circumstances foam concentrate deteriorates during prolonged storage. 

Small scale experimental studies (1) suggest that 1D0st modern types of foam 

concentrate may be stored for at least two years without significant deteriora

tioD in performance. Howe~er, to overcome any possible storage problems, bulk 

atocks of cODcentrate may be ueed progressively iD training exercises or as 
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a central reservoir tor replenishing stocks held on puaping appliances and 

replaced with new concentrate to maintain a constant stock holding ot relatively 

tresh concentrate. Nevertheless, in practice periodic testing may al80 be 

required and standard methods tor small scale testing are available (2). 

References I 
1) Benson iJ.P., Griffiths D.J., Tucker D.M. & Corrie J . G. 

Sto-rage Propertie s of Jo'our Foam Liquids (Final Report) 

F'ire Research !lote No .980 

F.i.re -,Research Station , Borehamwood, Herts 

August 1973 


2) Corrie J.G . 

Qua lity Control Procedures for Fire Figh ting Foams 

Building Research Establishment Current Paper 15/78 

Fire Resear ch Station, Borehru~ood, Herts 

December 1977 
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4. THE CASE STUDY - BUlK FOAM CONCENTRATE FOR CHESHIRE FIRE BRIGADE 

At the time this study vas done Cheshire Fire Brigsde had already decided on 

the main details of their future arrangements for bulk foam concentrate stocks 

and were committed to purchasing new equipment. However this study is not 

limited only to those arrangements which are still practicable in Cheshire. 

A wider view has deliberately been taken in order to gain a wider experience 

of the problem and to provide more general results which may be of use to other 

brigades. 

4.1 The risks in Cheshire 

Cheshire Fire Brigade provide protection for a number of major oil and 

petroleum complexes in the county. The major installations are the 

Ellesmere Port and Stanlow oil refineries. Ellesmere Port refinery has crude 

oil refining capacity of 1~ million tonnes per annum and Stanlow a capacity of 

1 8~ million tonnes per annum. These refineries include a variety of processes 

and provide feedstocks for many chemical works in other parts of the county. 

There are important oil docks and tenninals in the Mersey estuary, some of 

these in the Cheshire area and some within the Merseyside Fire Brigade area. 

Other major risks in adjacent counties include an oil storage depot at Haydock 

in Herseyside and chemical and petrochemical works in the Hanchester area . 

The River Mersey and the Manchester Ship Canal run from East to West <'.cross the 

Northern part of the county and restrict North-South travel in thi s area. 

I A map showing the location of the main risks and the motor\1ays in the county 

is given in Figure 2. 

4.2 How much foam concentrate should be held?

I The main risks at which large quanti ties of foam might be used a re in the 110rth 

of the county at Ellesmere Port/ Stanlow, Runcorn , Widnes and Warrington 

(see Figure 3). There are also a number of smaller ri sks in chemi cal works 

and oil storage sites in other parts of the county. 

In the judgement of Cheshire Fire Brigade the major fires which might require 

foam are fires involving spillages of oil or other flammable liquids, and in 

these cases provided that the flow of liquid is cut off quickly the total foam 

concentrate required should not exceed 2000 gallons. 

• 
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Cheshire Fire Brigade have also considered four particular potential fires 

which would require larger quanti ties of foam. These major incidents are: 

1. 	 A storage tank fire covering an area of 250 feet di ameter. 

2. A fire in an oil berth on the l1anchester ship canal covering an area 

of 90 feet by 1 mile. 

3. 	 A pipetrack fire covering an area of 20 feet by ~ mile. 

4. A fire in the largest bund area in the petrochemical complex, covering 

an area of 312,500 square feet. 

'rhe calculation of the foam requirements for these four incidents is sho.m 

in Table 2. Two of the incidents, 1 and 3, might require 8000 to 9000 gallons I 
of foam compound and the remaining two incidents would require very much larger 

quantities of foam. 

By reasoning along these lines and considering other local sources of compound 

Cheshire Fire Brigade have decided that they should hold about 6000 gallons of 

foam concentrate, of which up to 2000 gallons should be capable of being 

mobilised very quickly. The total quantity of foam concentrate available in 

the region is about 50,000 gallons including stocks available at refineries 

and stocks availnble from neighbouring brigades. The stocks available in the I 
Cheshire area are listed in Table 3. 

As part of the pre-planning exercise sui table arrangements must be made beb-Ieen 

Cheshire Fire Brigade and the other authorities who will make foam stocks 

available if needed for a major incident in Cheshire . This study is principally 

concerned with the arrangement s for the storage and handling of the 6000 gallons 

of foam concentrate which will be held by Cheshire Fire Brigade. 

4.3 	 What alternative arrangements are possible for storing and handling 
bu1k foam concentrate stocks? 

The list of alternative methods of storage and transport are summarised in 

rfAble 1. 

Portable containers. Portable containers range from the 5 and 45 gallon 

containers in which foam compound is normally supplied through to 250 gallon 

containers. Intermediate or larger size containers could also be considered. 

The sm~ller contoiners can be moved by hand and could be loaded into a van, 

•
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general purpose lorry. tender or other form of transport. The larger 

containers 'till be too heavy to move by hand and will need some mechanical 

device for loading or unloading. For example, 250 gallon containers might CE 

carried on a n"t bed lorry fitted >tith a hoist or po./er ilrm or. if the large 

containers are held in a central store, a fork-lift truck might be available 

for loa ding. 

J.'r~~rtable containers. Transportable containers are ready-filled tanks 

,,/hich hf\ve to be towed or carried in some way. A small tanker tr~iler may be 

towed by a Iandrover or some other vehicle normally available in a brigade. 

A large taru{er trailer may form the articulated trailer to be pulled by a cilb 

unit. ?he transportable containers may not necessarily be wheeled units. There 

are at least boo types of demountable bodies v/hich come into the category of 

transportable containers. 

There are demountable bodies which can be pulled onto a chassis unit. There 

are also demountable bodies fitted with hydraulically operated legs: the legs 

of the body uni t can be extended to allow the chassis unit to be driven under

neath the body . The legs are then retracted leaving the body unit on the 

chassis. The demountable tanker bodies would be one of a number of 

interch2~geable bodies (for example. control unit , canteen unit etc) which could 

be carried on the chassis unit. 

Hobile c.ontainers. 110bile containers are tanks permanently attached to a 

motive unit. 1'hey may range from basic tankers to tankers fitted Hi th pUC' ''''' 

and other equipment, or may be dual purpose vehicles, for example f\ppliances 

carrying both foam concentrate and water talli{s. 

Tixed_t~Eks. Fixed truli{s of almost any size could be used to store bulk foam 

concentrate. '?he bulk tiUlks would be used to fill or refill tankers or other 

containers "hich would transport the foam concentrate to the fireground. 

4.4 _b}:!.'};. _ar'L-the-Erit~ria for choosing between alternatives? 

A list of some of the important criteria to be used in assessing the altern&tives 

has been given in Section 3.3. 'rhe options >till now be examined agninst these 

criteria in the next section. 

\/hRt is the best system for the briga.de's needs? 



4.5.1 .Ap assessment of some alternative arrangements 

The question to be answered is: How and "here should 60(1) gallons of 

fluoroprotein foam concentrate be stored so that up to about 2000 gallons could 

be mobilised very rapidly and the remaining stocks could be made avai lable, 

if required, ,ri thin a few hours: 

Possi ble arrangements can be selected from the list of options ('fable 1) and 

can then be assessed. 

'~here are a very large number of combinations of options which might be 

considered and some initial selection must be made. Other arrangements can be 

considered later ln the light of the experience of the first series of 

assessments. 

A consideration of the requirements for initial stocks and support stocks 

provides some guide to the arrangements which might be examined. 

Initial stocks. The initial stocks for the predetermined first attendance or 

the first call for foam must be mobilised rapidly and therefore should be kept 

ready loaded. :<:ither a tanker or a transportable container (eg articul " ted 

trailer or demountable tanker body) could be used. If a transportable container 

Here used for the initial stocks the tank must normal ly be kept fixed to the cab 

or cha.ssis, or at least the cab or chassis must normally be kept free and 

available in the close vicinity. 

Only 1500 gallon tankers have been considered in this analysis. Larger tankers 

have been excluded because of the practical difficulty of ensuring that there 

is a driver >!ith a Class I or rr HGV driving licence available 24 hours a day. 

~ypport stocks. Support stocks may either be kept in portable containers, 

transportable containers or fixed tanks. 110bile containers (eg tankers) have 

not been considered as these >!ill be more expensive than non-mobile containers 

of an equivalent size and, by definition, the support stocks need not be 

avai lable as rapidly as the initial stocks. 

Of the portable containers only 250 g~llon containers are considered. Five 

gallon cans are excluded because of the difficulties of hand l ing large 

'luantities of foam concentrate in such small amounts. These 5m3ll containers 

'·/ould re '1ui re much manpower for loading and unloading and could not feed t he 
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foam m;:lking equipment at a sufficient rate. For example a Jet Haster usinG 

compound at a 3 per cent induction rate would require approximatelY 10 gallo"~ 

of compound a minute ie two 5 gallon cans each minute. Forty-five gallon dru~s 

are excluded because of the difficulty of handling these drums, pa rticularly on 

the fireground, in the quanti ties required for bulk use. llowever there are some 

specialised applications where 45 gallon drums may be a useful storae e med i um 

(for example, in ship fires). 

The follovJing arrangements have been selected for examination in this case study. 

Support stocks 

1. 	 1500 gallon tanker 18 x 250 gal l on portable containers to 

be carried by 2 lorries fi tted t,Q th 

hoists, each lorry carrying 2 cont~iners . 

2. 2 x 1500 gallon tankers 	 3000 gallon fixed tank . 

2 x 1500 gallon tankers 12 x 250 ga llon portable containers to3· 
be ca rried by one lorry fitted vlith 

hoist. 

4. 	 2 x 1500 gallon tankers 12 x 250 gallon porta ble containers to 

be carried by one large lorry, cnpnble 

of carrying 4 containers , fitted vrit h 

hoist. 

2 x 1500 ga llon tankers 12 x 250 gallon porta ble conta iners to5· 

be carried by 2 lorries fitted vlith 

hoists. 

6. 	 2 x 1500 gallon t ankers 2 x 1500 gallon transportnbl.e t anker 

bodies vlith one cha ssis unit. 

2 x 150n ga llon transportable tanker 

bodies vlith 2 cha ssis units. 

7. 

R.. 	 2 transporta ble tnnkp. r bodies 2 x 1500 c;,,,l lon transportnble tanker 

vii th chass:i s kept "ready" bOdies. 

An important cha racteristic of any a rrangements for bulk foom concentrate stocks 

is t he time it would t ,o],e to mobilise and tran sport these s tocks to the hrec;round. 

"'he compl ete picture of the response times would include the a v.:>i ) abili ty o f 

concentr;,te at all the risks in the area, and the complete s chedul e of po s s' hIe 
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delivery times at each of these ri sks. In this analysis only a summary of the 

response times has been considered in order to provide a simpler ~nd more 

mClJlagee,ble picture. The availability of bulk stocks at only three main Dreas 

of risk is con"idered. (Hisk 1 - Ellesmere Port - the priority ris!, in the area; 

Risks 2/3 - P.uncorn and ~Iidnes; Risk 4 - Harrington); and instead of consi.dering 

the delivery of ,011 the stocks, three summary measures are considered - the time 

taken for the first bUlk delivery, the amount which can be delivered trithin t ,~ 

hours ann the time taken to complete the del ivery of 6000 e;allons. (\ convenient 

method of calculating the possible response times for the different nrran:,ement s 

is described in Appendix B. 

~eferring to the assessment shown in Table 4, this evidence could be used to 

choose a final arrangement or, more likely, to eliminate some of the alternoti ves 

from consideration and to suggest other arrangements which might merit a closer 

look. ~hese decisions I/ill depend on matters of judgement and o f policy , and 

can only be made by the brigade. 

It should be noted that the costs shotm in Table 4 are approximate estimates 

only. The costs will depend on the detailed specificat ion of the equipment, 

for example, what pump or other equipment is to be fitted to the tankers. 

Some of the points arising from the assessment, shown in 'l'able 4, are as follows: 

_Arran..K"-m_e.n~ uses only one tanker for the first bulk delivery. 'Ehe tanker ha s 

to cover the risks in different areas and therefore the first at tendance time 

will be relatively long at some of the ri sks. A second disadvantage is that thi s 

arranf,ement may not be reliable enough as it depends on the availability of "

single vehicle. 

AEF-~gem~~ uses two 1500 gallon t ankers. This increases the capital C0Gt by 

a.bout r.25()OO , but improves the cover provided for the separate risks and a1. so, 

by ho] ding stocks in h~ vehi cles, improves the reliability of the system. "t'his 

arrangement offers the a dvantage on the fireground of being able t o take fODm 

concentrate from two separately placed sources. 

',"he use of a 3O()() gallon fj xed tank for the support s t " cics requires more 

complicated arrangements at the firegrou!ld. The concentr2te held in the t :mkers 

could possibly be pumped out into a reservoir to ~llow the tankers to return and 

refil l as quickly as possible. Alternatively, the concentrate could be used 
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directly from the tlmlcers and the tankers refilled "'hen empty. 1I0Hever .0::; the 

return journey for refilling might take an hour or more this might not al CO\l 

continui ty of supply to be maintained at the fireground. 

lIrran~ent 3 uses two 1500 gallon t ankers for ini tial stocks and 12 x 25() r.;.oJ.lon 

portnb1 e containers for the support st0cks. The cont::tiners are carried, 2 " t 

a time, on a 4 ton general purpose lorry fitted with a m~chanical hoist. I n this 

particular arrangement the lorry is assumed to be kept at central stores. One 

possible problem is that the mobilisation of the support stocks depends on the 

availnbility of the sinGle- modified lorry. However, the availability of more 

than one tanker makes it possible (or inevitable if the lorry was unavail~ble) 

for the second tanker t o be used as a shuttle vehicle to bring support stocks to 

the first. 

Arr~gement 4 is similar to arrangement three with two 1500 gallon tankers Dnd 

portable containers but uses a larger lorry capable of carrying four contain~rs 

at a time. This reduces the time required to deliver all 6000 gallons of compound 

to any of the three main risks. Ho",ever the reliability again depends on the 

availability of a single lorry. 

If the brigade do not h.o ve a suitably sized nat bed lorry (.') tons), then an 

addi tional capital cost would be incurred. There may also be prob1 ems in gettinc 

a mechanical hoist with a. long enough reach to load four containers on to the 

lorry. 

~rrangemen~_ is again similar to arrangement three, but uses t,~ lorries fitted 

v~th hoists rather than one. This increases the reliability of the support 

stocks. The use of two modified lorries ,,,,hile increasing the capital cost, 

enables the containers to be brought to the fireground more rapidly, and the 

full 6000 gallons of concentrate can be delivered to the three main risk are8S 

in about 2~ hours. 

_~rranl:ement 6 uses two 1500 gallon tCUlkers f or the initial stocks but the S\lpport 

stocks are kept i n two 1500 gallon transport"bl.e tanker bodies (os articulated 

trailers or demountable tanker bodies) and there is one chassis unI t kept "t the 

central. stores. This increases the capital cost but improves the delivery times 

of the support stock sub.stanti"1.ly . 'I 'he chassis unit could also be used to carr:' 

other uodies such as control units or canteen units, and the calc1.l1"ted dcl.ivery 

times C1 re based on the :1ssumption that priority is given to the trr>n ~port of '"n"'" 
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}\rranl'jement 7 i " simili"lr to arrangement six, using two 1500 gallon transportable 

tanker hodies, hut has hlo chassis rather than one. 'fhis increases the cost, 

but also the relia bility of the system and enables a very rapid delivery of all 

the stocks. 'fhe delivery times may in fact be more rapi d than mi~ht be required. 

ArranEement 8 is based on a different concept and uses transportable tanker 

bodies for the initial stocks as well as for the support stocks. This reduces 

the ci"lpi tal cost , comp,:;red to using two tankers, while still maint"ining Q r apid 

delivery schedule. There are however operational disa dvantages in that the tanks 

of co,"pound cannot easily be moved once they have been parked and left on the 

fireground, and the tank units may not have their own power source to opera.te 

on-board pumps. There is also a problem of competing requirements for the 

chassis and if the system is to be flexible and the chassis used to carry other 

bodies, the chassis may not be available when required for the initial 

mobilisation of foam stocks. 

This assessment of eight selected alterna tives illustrates the evidence which 

can be used in making the final decision , and also shows how the final deci s ion 

must involve some compromise between the conflicting requirement s of 10>1 cont, 

high reliability and prompt response times. 

4. 5.2 The effect of chmging the storage locations. 

Cheshire Fire Brigade have decided to purchase two 1500 gallon foam tankers and 

twelve 250 gallon containers for foam compound. The only decisions which mu s t 

still be made are the choice of locations for these stocks. 

In this part of the analysis we have taken this arrangement (arrangement three 

in the first series of assessments) and considered the effect of changing the 

loca tions. 

The location of the two tankers can be considered as a separate problem of 

locating the 250 gallon containers. The two tanl<ers could, provided there >!ere 

drivers and garage space available, be located at any two of the six sta tion,r; in 

the Northern part of the county. As these tankers are intended to provide the 

i.ni tial stocks the most important requirement is " quick attendnnce time "t any 

o f the risks in the area . 

':'he first attendance times of the foam tankers to the four main rlSKS have been 

estima.ted for the different possible locations of the tankers, and the results 
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are sholm in '~ " ble 4. (Stations B1 and B2 are close together Iilld only the 

attendance times from station ))1 have been estimated). There are 10 different 

combinations of stations at which tankers might be located and Table 5 sho'IS 

the attendance times for all possible tanker locations. The averae;e a.ttendlillce 

times and the maximum attendance time have also been recorded in the Table. 

Takine; into account the requirement that the primary risks "re at r'~lesmere Port 

and that a good first attendance time is essential here, the tanker locations 

which offer the best attendance times are A2/D5 and A2jn1. If station D1 is 

used rather than B5 this Inll provide better cover for risks in Herseysid" 

(Haydock), and in the t4anchester area. 

The above analysis considers the pcssible tanker locations from Cl theoretical 

viewpoint. In practice there will be constraints on the choice of locations. 

Garn.ge space for the tankers and staff facilities for the tanker drivers need 

to be provided, and this may, in the shorter term, limit the choi ce of loc"tions. 

An uncons trained analysis ignoring such factors is nevertheless useful, no t only 

as a first stage in making decisions in the short term but also a s n way of 

highlighting possible advantages of longer term changes. 

'here ~re many possible combinations of sites for the stora ge of the 250 c~'lon 

containers. In this analysis ,le have simplified the number of combinations by 

Qssuming 

- containers ,~uld be stored in pairs (as the lorry CcJl carry two conta iners) 

- hlo containers would be kept a t the stores (near stotion {,5) 

- stations 31 and 32 are close together and can be treated as a sine;le 

loca tion. 

This leaves 126 pcssible combinations of location,~ for the containers. In this 

analysis we have considered all the 126 possibili ties, calcnl i1tine; the attendance 

times usine; a computer. Ih thout the use of a conputer to do the tedious 

ari thmetic, va rious storae;e locations could be selected by f!x8l!1inine the m;•. ,., of 

the area, choosing sites by judr;ement and assessinr, these on a tri nl and error 

ba.sis. 

" able 6 sho>ls those storn.ge locations which offered the lO'lest ""verage time to 

complete the de'ivery of the 12 contaj.ners or the best cover (the mj.nimum "he 

taken to compl e te delivery at the risk which had the longest delivery time) . '~he 

storaee locationG which appear to offer good attendance times a re s ix cont "i ners 
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at P,4,four at ]35; six containers at B4,four at A3' four containers at B4, 

four at B5, hlo at A3. 

It should be noted that although the storage loca tions are listed in Table 6 in 

order of the best attendance times, the times for those locations part 'lay down 

the list are not significantly worse than for those at the top of the li s t. The 

final choice of locations should be made from the upper part of the list, taking 

into account other operational facto rs. In Cheshire Fire Brigade's case these 

factors include the necessity to hold stocks at tanker bases for day-to-day 

replenishment of compound used in exercises etc, and the priority given to the 

r;llesmere Port risks. 

I 
4.6 The case ~tudy - a summary of the results 

';'here are a number of possible arrangements and types of equipment "hich can be 

used to store and transport the 6000 ga.llons of foam compound 'Ihich Cheshire Fire 

Brigade plan to hold. An assessment of some of the ,~ternative arran8cments is 

sho>m in Table 4. Some of these methods can be e1.iminated on oper,,,tional grounds

the use of a single tanker may not be reliable enough to provide the first 

attendance, and the use of a 3000 gallon fixed taru< might lead to c0mplex 

l ogistical problems on the fireground. The use of demount Ctble tanker bodie~ is 

only an advantage if these are used as part of a system of interchangeable bodies 

inc.luding, say , a control unit, canteen unit etc. 'rhe use of tHO 1500 g~llon 

tankers, >nth the remaining stock held in large portable containers, therefore 

appears to meet the needs of Cheshire Fire Brigade. The choice is beb-Ieen the 

use of one lorry fitted .nth a hoist or two lorries fitted .nth hoists. 'f he use 

of a second lorry, which adds about ::3500 to the cost (assuming a general purpose 

lorry is available), will reduce the time taken to deliver the compl~te 

6000 gallons and will increase the reliability of the system. 

'che best locations for the two tankers, based on the attendance times to the 

main risks in Cheshire, are A2/J35 or A2/B1. 'I'he Use of std ion B5 offers quicker 

attendance times in Cheshire, but station 51 is closer to the risks in 

neighbouring counties. 

'I'here are a IE'rge num lJe r of possible storage locati.ons for the hlelve 250 e;,llor. 

containers. A list of some of the better loca tions, judr,ed by the time t ctlcen to 

complp.te delivery of these stocks to the main risks, is shO\m in 'i'able 6. 
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4.7 Further developments 

Follo.nng the preparation of this report Cheshire Fire Brigade were of the 

opinion that the use of a single lorry to transport their support stocks "a:o 

unsatisfactory. As a result the Brigade have evaluated the use of standa rd 

,later Tender appliances as bulk foam concentrate carriers. The resuI ts of this 

evaluation have been very encouraging, and Cheshi re Fire Brigade intend to ~o 

over to this Method in the future. 

In the evaluation trials Wetter Tenders were used to collect stocks from a central 

store at ~rodsham and form a relay to supply the foam tankers at the risk. Zach 

Vlater Tender carried about 350 gallons of concentrate, and a turnaround time of 

15 minutes was achieved at the foam concentrate store. 'rhis turnaround time 

included emptying the water tank and reloading with concentrate from 250 {';e.llon 

containers. The Brigade estimate that, with the number of Tenders "hich wO'l'd be 

available for a major incident, they could mobilise all their stocks in one hour. 

Clearly this method has considerable advantages as regards equipment utilisation 

and ease of operation. As support stocks are required only infrequently the use 

of existing transport is in many ways preferable to hClving speciaUst vehicles 

standing idle for long periods. In addition, the use of vehicles available i n 

considerable force within the brigade provides good reliability. Doubts h8ve 

been expressed in the past as to the corrosive effects of foam compound on 

untreated tanks and pumps. Ho"ever, in the trials so far carried out, Cheshire 

Fire Brigade have found no adverse effects have occurred. In practice the 

concentrate is only kept in the Hater Tenders for, at most, an hour or so and, 

after thorough flushing with ,rnter, the Tenders have shown no signs of 

deterioration. 

The use of Water Tenders therefore appears to have considerable benefits. The 

use of such standard Brigade equipment could also be of great use to smaller 

Brigades where the pattern of existing risks may make the purchase of any 

specialised equipment difficult to justify. For a quite small outlay such 

Brigades could set up one or more bulk concentrate stores and use existing 

equipment to transport the stocks to potential ri sks quickly and efficiently. 
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5. CONCLUSIONS 

There is no single best arrangement for the storage and transport of bulk 

foam concentrate stocks which suits the needs of all brigades. Neither can 

there be any rule or mathematical formula which can be used to determine the 

best solution. The arrangement which best suits a brigade's needs will depend 

on such factors as the location and type of risks and the organisation of the 

brigade. The final choice of a best arrangement will depend partly on a 

quantitative assessment of some of the aspects of performance, particularly 

the costs and the attendance times, but the decision will also be largely a 

matter of judgement and of policy. 

In this study of the situation in Cheshire we have attempted to assess the I 
alternative arrangements in a systematic way. Although the circumstances 

in other brigades will be different, the same general approach could be used. 

The assessment involves the follo"ing steps: 

1. Identify the level of stocks to be held, taking into account all 

other stocks available in the area, subdividing the brieade's stocks into 

initial stocks and backup stocks. 

2. Draw up a comprehensive list of the alternative arrangements 


which could be used. 


3. Dra" up a check list of the criteria to be used in making the 


final decision. 


4. Assess selected choices of equipment and storage locations against 


the list of criteria. One of the quantifiable factors "hich "ill help 


in the assessment "ill be the schedule of delivery times. A convenient 


method of calculating these times is sho>Jn in Appendix B. 


5. Where there are a large number of alternative storage locations to 


assess an initial choice may be made on the basis of average delivery 


times to all major risks and/or maximum delivery time to any major 


risk. This "screening" will produce a short-list of options for a 


final, more detailed assessment. 
 I 
AlthOUGh, as haG already been said, there is no universally best arrangement, 

each type of equipment has certain performance characteristics, and these are 
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summarised in Table 7. This Table may provide a guide to the choice of 

options which are to be evaluated. 

Finally, it should be reiterated that althoueh each briL~de must make its 

own arranr,ements for the provision of bulk foam, there i s still a possibility 

that a major incident may occur for which the bricrade 6tocks are inadequate. 

Suitable arraneements mU6t therefore be made with other foam stockholders 

to utilise their stocks if this should be necessary. 

• 
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A7~4a! ThroUgh~rtName Numbel Name ThroughpulNumber million tonnes 

19,5FAWLEY1 10 SOUTH KILLINGHOLME 6 '5 
. 

5,7STANLOW 18·5 11 TEESPORT2 

5 ,4 3 MILFORD HAVEN 15·0 LLANDARCY12 

5 ,4 10·5ISLE OF GRAIN 4 13 MILFORD HAVEN -
SHELL HAVEN 145 10·0 BILLlNGHAM 5'0 

9'25 MILFORD HAVEN 6 KILLlNGHOLME 15 5'0 

7 CORYTON BELFAST9 '0 16 1'5 

9,08 PEMBROKE ELLESMERE PORT 17 1'5--...-
9 8'6 EASTHAMGRANGEMOUTH 18 0'6 

• Other smaller Refineries .. Proposed Refiner ies 

Fig.1 Major Oil Refineries in the U.K. 
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22 




'" Haydock Distribution 

Merseyside 

Ellesmere Port 

O1ester Brigade HQ 

Depot 

B1 

CD 
Greater Manchester 

~~~. 

o 

Cheshire ... 
W 

• 

Winsford Brigade Stores 

+ Station AS 

Key 

&D 
o

• 

• 

1700 gallon bulk tanker 

2 x 1000 gallon foam tenders 
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Fig.3 Risks and Fire Stations in the Cheshire area 
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Table 1 A list of the possible arrangements for storing and handling bulk foam stocks. 

Method of Storage 

1. Portable Containers 

- 5 gallon drums 
- 45 gallon drums 
- 250 gallon drums 

2. Transportable Containers 

- tanker tra iler for appliance 
(250-500 gallons) .. - articulated tanker trailer ,. (50(}'3000 gallons) 

- demountable tanker body 
(500-1500 gallons) 

3. Mobile Containers 

- foam tanker 
(150(}'3000 gallons) 

- foam/water tanker 
(100 gallons +) 

- pumping appliance with 
foam tanks 
( - 50 gallons) 

4. Fixed Tanks 

Method of Transport 

General purpose lorry, tender, van, etc. 

General purpose lorry with or without hoist, trailer etc. 

General purpose lorry with or witho\Jt hoist 
 DO 

~[ sAppliance l.H ~ 0 0 

Cab Unit 
Specially modified chassis unit 
or flat bed lorry ~R 

f5Olr--l 
~ 

- fixed bulk tanks Tanker or other mobile container 
(1000 gallons +) ~cED 



TABLE 2 FOAM USE AT POSSIBLE INCIDENTS IN CHESIIIRE 


Incident Area Involved 
(ft2) 

Foam Application Required 
(gallons per minute) 

Concentrate Required' 
(gallons per minute) 

Total Concentrate Required 
in 20 minutes (gallons) 

Total Concentrate 
Required if foam 
blanket maintained 
for (say) 4 hours 
using 1/10 standard 
rate application ! 

1. Shell 
Storage Tank 

2. Manchester 
Ship Canal 

49,000 49,000 184 3680 8,100 
I 

I 

Oil Berth 475,200 475,200 1780 35,600 78,300 

3. Pipetrack 52,800 52,800 198 39 60 8,700 

4. &md Area 312,500 312,500 1172 23,440 51,600 
i 

V1'" 

, Based on 8 to 1 expansion ratio and 3% induction rate 

-
 ~ 




TABLE 3 THE TOrAL AI«lUN!' OF RlAK CONCf:Nl'RATE AVAILABLE IN TIlE CHESHIRE AREA 

Stockholder 	 Availability 

Cheshire FB 	 Within first fev hours 

Cheshire Refin_ry Operators 

Shell (UK) Ltd 	 Rapid availability 
for fires at these 
sites 

Burmsh ealltrol Ltd 

ASllociated Octel 

-
Neighbouring Brigadell 

Merseyside FB 	 Within first hour 

Greater Manchellter FB 	 Within firllt hour 

Merseyside FB 	 Rapid arrival at fire, 
but may be delayed by 
need to unload and decant 

Greater Manchester FB 	 Rapid arrival at fire, 
but may be delayed by 
need to unload and decant 

Merlleyside FB 	 May be long loading and 
unloading delays 

Greater Manchester FB 	 May be long loading and 
unloading delays 

Clyvd FB 	 May be long loading and 
unloading delays 

Other More Distant Brigades 

Lancashire FB 	 At least 2-4 hours 

Derbyshire FB At least 2-4 hours 

cjF 

Amount 
(gallons) 

6000 

16100 

8100 

415 

1700 

2800 

800 

2250 

6350 

1420 

2950 

1145 

50480 

Notes 

Several thousand 
gallons available with
in first hour. 

2500 gallons in foam 
tanker. Other stocks 
non-mobilei 10000 
gallons storedin bulk 
tanks. 

3900 gallons on foam 
tenders. other stocks 
non-mobile and 
distributed throughout 
site. 

200 gallons on tanker 
trailer. Other stocks 
non-mobile and 
distributed throughout 
site. 

Bulk Tanker sited 
in Liverpool 

3 Bulk Tenders from 
Manchester 

5 g.7~lon drums stored 
on lorry. 

5 gallon drums stored 
on lorry. 

5 gallon drums stored 
as reserves 

5 gallon drums stored 
aB reserves 

5 gallon drums stored 
aB reserves 

1450 gallons kept on 
bulk foam tenders. 
2 x 500 gallons stored 
on lorries in 5 gallon 
drums. 500 gallons 
stored in 5 gallon drums 
as reserves. 

All stocks in 5 gallon 
drums. 600 gallons 
kept on foam/salvage 
tenders. 
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TABLE 3 (continued) 

AmountStockholder Availability 
(gallons) 

B/F 50480 

Shropshire FE At least 2-4 hours 280 

Staffordshire FB At least 2-4 hours 1350 

Foam Manufacturers 


Angus Ltd, Bentham 6 hours or more 1000+ 


531 10 

Notes 

All stocks in 5 gallon 
drums. 80 gal lons kept 
on foam trailer. 

550 gallons kept on 
foam/salvage tenders. 
800 gallons in 5 gallon 
drums at Divisional 
Stations . 

1000 gallons available 
in drums. Bulk tanker 
delivery may be 
possible. 
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TABLE 5 THE FIRST A'l'I'ENDJ\NCE TIMES WHICH CAN BE ACHIEVED WITH DITFERENT 
TANKER LOCATIONS 

First 	attendance time of the different risks (minutes) 
MaximumTanker 1st AttendanceAverageLocations Risk 1 Risk 2 Risk 4Risk 3 Time1st AttendanceEllesmere Runcorn Widnes Warrington 

Time 

A2, A3 1~ 2~ 13t7~ 2~~ 
12A2, 81 21~ 1~ 21~~ ~ 

A2, B5 8~ 1~ 8t 1~~ ~ 
1118';A3, B1 1~ 18';7~ ~ 
11~A3, B5 18~ 1~ 1~7'; ~ 

11~ 15A3, 84 1[8 ,~ 2~ 2~ 

1184, B5 20.; 1~ 2~~ ~ 
A2, 84 1211~ 2Ei 2Ei~ ~ 
A3, A2 1~ 13t7'; 2Ei 2Ei~ 
B1, B4 11~ 2~9t~~ ~ 

NOTE 	 Bulk tankers from neighbouring brigades may, if mobilised early, arrive 
at Cheshire risks very soon after Cheshire FE first attendance. The 
following should be taken into account when final decisions are made. 

Greater Manchester 
Tankers (3 tankers with 
total capacity 2800 
gallons) 

Merseyside Tanker 
(1700 gallons capacity) 

Approximate Arrival Times at Risks (minutes) 

Risk 1 
Ellesmere Port 

Risk 2 
Runcorn 

Risk 3 
Widnes 

Risk 4 
Warrington 

65-75 

30 

50-60 

40 

50-60 

25 

30-45 

40 

NOTE 	 All the above times are calculated using the simple model described in 
Appendix B. They are not actual attendance times which Cheshire Fire 
Brigade achieve, but approximate estimates which can be used to compare 
policy options. 
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TABLE 6 THE TIMES TAKEN TO COMPLEl'E DELIVERY OF THE PORTABLE CONTAINERS WITH 
DIiiERENT CONTAINER LOCATIONS 

No of Containers at Time to Complete Delivery (hrs) Maximum I
Average 
Stores (2 containers Time to Completion, 
always held at RISK 1 
 RISK 2 
 RISK 4 
 completeRISK 3 
 Time 

(hours)Winsford with lorry) Ellesmere Port Runcorn WarringtonWidnes deliver:, 
A2 B1 B4 B5 A3 (hours) 

Best Average Times ; 

4
0 0 0 10 0 2
2~5i ~ ~ 
I 


2~0 0 2 8 0 
 2t ~X 
 ~'44 

I 


2i
5i I
0 0 0 8 2 
 3t:4 
 '4 5i 
I 


I 


4}.:0 0 4 6 0 
 2~ 3f 5~ !5i 4 

0 0 2 6 2 
 2~ ~ 3t: 5i I 

I

5i 4 


22
'0 0 6 4 0 
 5l-'5~ 5 
 3?04 
 4 


'0 0 0 6 4 
 51; 4t 5~·2~ 2~ 3t: 
4
'0 0 4 4 2 
 5t ' ,I 


0 0 8 2 0 


2~5~ 5
3 


2 
 4
3
5 
 ~5i 
4 
 6-~0 2 0 8 0 6~ 3 
 ~4 


Best Maximum Times 


0 0 0 4 6 
 4 
 5 


0 0 2 4 4 


5 
 2t 3 
 5 


4
2t 5 
 5 I
3
5 


4 
 5i;2 0 0 8 0 5 


'0 0 6 4 0 


3 
 3
5t 

5i; 5~*2~ 2~ 3i5 


4 
 4~ 5'; 


'0 0 0 6 4 


0 2 0 0 8 
 5
3
~ 

5i;'2tc ~ ~5t 4 

4 
 41;0 2 2 0 6 
 5t 


'0 0 4 4 2 


2i 5
~ 

4 
 51;'2~ 5
3
5t 

I
5 4-2: 
 51.0 2 4 0 4 
 2i5t ~ 

5 41.
2 2 0 4 2 
 51.~5t 3i I
I 

Arrangements marked '" appear in both the list of hest average times 
and the list of best msximum times. 
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TABLE 7 A SUMMARY OF THE CHARACTERISTICS OF DIFFERENT TYPES OF EJQUIPMENT 


Equipment Cost Capacity Other Specifications Other Characteristics 

Containers 
Cans or Drums 

Supplied by 5 gallons 
foam 
manufacturer 

45 gallons 

Large Bulk 

Containers 
 f240 250 gallons 

(other sizes 
VJ available)
~ 

Static Bulk 
Tanks 

Modifications to 
Vehicles 

Power Arm fitted 
to GPL 

£800 1000 gallons 
£1600 2000 gallons 
f2300 3000 gallons 

and other sizes 

£3400 

-

Depending on 
model can 
lift a full 
250 gallon 
container at 
an extension 
of 13 to 17ft 

- . - 

Size approx 1ift x 1ft dia 
Plastic or steel construction 
weight full: 651b. 

Size approx 3 ft x 2ft dia 
Steel construction 
weight full: 5751b. 

Size approx 6 ft x ~ft dia 
Plastic container with 
steel lifting pallet 
Weight: 300lb 
Weight full: approx 3.300lb. 

Tanks made from lightweight 
plastic material to various 
specifications. Costs exclude 
fixing and any accessories. 

Hydraulic Operation. 
Weight: approx 21oolbs. 
Extensions available to 
extend reach to 30 ft , with 
reduced lifting capacity. 

Very small capacity. A large capacity 
monitor would quickly use up a single can. 
Many men, and much organisational effort 
required at the fireground to maintain a 
continuous bulk supply. Not suited for 
bulk use. 

More diffi cult to handle on the fire ground 
than 5 gallon cans and not offering a 
large enough capacity to be useful. Not 
suited for bulk use in normal circumstances. 

May be conveniently stored in or out of 
doors. Must be lifted by mechanical hoist 
or similar. Size and low cost make these 
containers aEEroEriate for SuEEort Stocks. 
but not for Initial Stocks. 

May take up considerable space in a 
station yard etc. Planning permission may 
be required. The use of bulk tanks to refill 
tankers etc.at the time of a fire may 
require quite complex logistical planning. 

Fixes to general purpose lorry behind cab. 
May be used for purposes other than foam 
mobilisation. Suitable for mobilisin5 
250 5allon containers as SUE~rt Stocks. 
Mobile lifting equipment allows rapid, 
reliable unloading at the fireground. 

-
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Equipment Cost Capacity Other Specifications Other Characteristics 

~mountable 
Bod:!: Sl(stems 
Large ground 
level demount
abIes 

16 tonnes G 
t.6,OOO 

30 tonnep. G 
£10,000 

(for vehicle 
rocdifications ) 
+ cost of 

Available to 
fit lorries 
up to 30 tonnes 
GVW and for 
bodies up to 
20 ft x 8 ft 

Hydraulic Operation. 
Weight: 1~-~ tonnes 
depending on model. 
40 ft or more clear 
space required for on 
off loading. 

or 

Chassis conversion aVailable for most lorries. 
May be used for other purposes when not 
required for foam mobilisation. Tb be used 
efficiently requires a large capital outlay 
for alternative bodies. May be useful for 
Initial or Support Stock mobilisations. 

tanker body 
required 

Smaller ground 
level demount
abIes 

4 tonnes 
payload

£3500 
10 tonnes 

4-20 tonnes 
payload 
depending on 
model 

Hydraulic Operation Ditto 

payload
£4500 
(for nodifi
cat:iJ:re) + a:et 
of bodies 

'Extendable Leg' 
demountables 

1~-3 tonnes 
using light 
commercial 
system Larger 
payloads for 
bigger lorries. 

Mechanical Operation. 
Electro-hydraulic operation 
for bigger payloads. 

Smaller models require less complicated 
conversions. 

Tanker Trailer £45,000 -
32 tonne GVW 
tanker + Cab 
Unit 

Up to approx 
3000 gallons 
for large 
articulated 
vehicle. 

Articulated system requires specially 
qualified driver. Cab unit may be used 
for other purposes. 

Tankers 
Tankers to 
Cheshire FB 
Speci fications 

125,000 
(depends on 
detailed 
equipment 
specified) 

1500 gallons 16 tonnes GVW 
12,t ft wheelbase. 2 axle, 
on board foam pump 

May be driven by driver qualified for normal 
appliance. Can pump foam compound to 
equipment on fire ground suitable for Initial 
Stock Mobilisation 

Petrol Tanker 
Conversion 

Variable 2,700 gallons Large 4 axle rigid chassis 
vehicle with pump 

Requires specially qualified driver 

Tanker with 
monitor 

£30,000 no more than 
1500 gallons 

16 tonnes GVW wi th rear 
mounted platform monitor. 

Monitor may be used for very fast early 
attack if tanker arrives very quickly. 
More suitable for on-site works brigade. 
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APPENDIX A 

FOAM 	 USE AT SOME MAJOR FIRES IN THE 
PETROLEUM AND CHEMICAL INDUSTRIES 

In order to find out how often foam is required at fires, deta~led brigade 
reports of 51 major fires in the petroleum and chemical industries were 
examined for details of foam use and availability. The fires included 
in the sample "/ere all serious fires involving direct losses in excess 
of £100,000 at current prices. The results of this analysis are 
summarised below: 

1. Foam concentrate was available for use at the majority of fires 
examined. Two-thirds of the reports which included details of overall 
attendance reported the presence of one or more bulk foam carriers. 
In many cases the bulk foam carrier Was part of the brigade first 
attendance. 

2. Foam was used at only 15 of the 51 major fires examined. The 
majority of the fires where foam was used were at oil refineries 

3. Foam concentrate was very rarely required in amounts exceeding 
5000 gallons. In the 15 fires where foam Was used the amount of 
foam concentrate required was as follows: 

Foam 	concentrate Used No. of fires 
(gallons) 

less 	than 100 3 

100-500 	 3 

1000-2000 	 4 

2000-5000 	 3 

more 	 than 5000 2 

In the two fires requlrlng over 5000 gallons of concentrate the amounts 
used were 5,500 gallons and 47,000 gallons. The latter fire was an 
exceptional case; a fire in Avonmouth Docks in 1951. 

4. In most cases the local brigade foam attendance, together with works 
brigade stocks, was sufficient to deal with the fire. Ignoring the 
Avonmouth fire, the detailed reports only once recorded a call for 
additional stocks of foam concentrate once the brigade had arrived in 
strength. 

The above results show that, even at incidents where there is potential for 
massive foam use, foam is used relatively infrequently. This agrees with the 
experience of senior brigade officers who also emthasise d the value of foam 
in the incidents where it is used. 
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APPENDIX B 

A METHOD OF CALCUIATING DELIVERY SCHEOOLES roR 
DIF.FElm'IT S'I.'ORAGE AND TRANSPORr ARRANGEMENTS 

The assessments made in the case study include an estimation of the times 
taken to deliver various quantities of foam compound to the different risks. 
It may be possible to do some of these calculations as simple exercises in 
mental arithmetic, but some arrangements involve many movements of different 
vehicles and the calculations become a little more complicated. 

In this Appendix a convenient method of calculating delivery schedules is 
described. The method is based on the use of a map of the country on which 
cardboard counters are moved to represent the vehicle movements. The move
ments of the stocks and the associated times are recorded as the moves are 
made. 

The information reguired 

A knowledge of travel times and mobilisation times is essential for the 
calculation of delivery times. 

The travel time is the time taken to travel between any of the stations and 
the risks in the area. These travel times may already be known or might be 
estimated from timed appliance runs. Alternatively, an approximation to 
the travel times for emergency vehicles can be derived by measuring the 
straight line distance between the two points and assuming a "straight line 
travel speed" of 35 mph (56 kph) for motorways and other fast roads and 
20 mph (32 kph) for roads in towns or narrow, winding or hilly roads in 
rural areas. Within city centres or where there are barriers such as rivers 
or coastlines these simple approximations may not be valid. 

The time taken to mobilise the vehicles, and to load or unload the foam stocks 
must be added. This mobilisation time includes the turnout time at the 
station and, for example, the time taken to haul a demountable tanker body 
on to the chassis or to load two 250 gallon containers on to a flat bed lorry. 

The method of calculation 

The steps in the calculation are as follows: 

I. Calculate the travel times between the various risks, and the 
stations from which vehicles may be travelling. If there are only a 
few routes to be considered the travel times could be marked directly 
on the map. Alternatively, if there are too many routes to be 
conveniently marked on the map the times could be summarised in a 
Table, as is done below. 



I 

Table of travel times (minutes) 

R1 Ellesmere 

R2 Runcorn 

Risk R3 Widnes 

areas R4 Warrington 

Stations I, 
A2 A"2 B1 B2 B4 B2 Winsford stores (A5) 

5 17 40 35 19 25 40 
20 6 20 16 2 7 30 
28 13 15 20 10 2 40 

45 25 2 6 25 15 35 

II. Estimate the turnout times/loading times/unloading times 

In these calculations we have assumed the following times: 

Initial turnout time 1~ minutes 

Time to load or unload 2 x 250 gallon containers 5 minutes 

Time to load or unload a demountable body 1 minute 

Time to refill a 1500 gallon tanker from bulk taru< 10 minutes 

The times shown above are estimates used to illustrate the calculations 
involved. The longer turnout times at day manned stations and the 
possible unavailability of a lorry driver have been disregarded. If a 
more detailed analysis is required these factors would need to be 
included. 

III. Place cardboard counters on the map to represent the initial 
positions of the stocks and vehicles. 

For example for arrangement 3 described in s~ction 4.5.1, place cardboard 
counters marked "1500 gal tankers" at A2 and B1 counters marked "2 x 250 
gal container" at A2, A3, A5, B1, B4 and B5, and counter marked "lorry \;ith 
hoist " at A5. 

IV. Decide which move is to be made next 

In order to estimate how quickly the stocks could be brought to the 
riSk it is assumed that a call is made to mobilise all stocks. All 
the stocks which can be despatched immediately (ie the two tankers and 
the lorry carrying the first two containers) will then respond. There
after the lorry will ferry the remaining containers to the risk, startinG 
with those containers which are at the nearest sites. 

In other cases where for example two lorries with hoists are available 
the scheduling "rules" may be more complicated. The scheduling rules 
should be designed to complete the delivery of all the stocks as 
qui.c.kly as possible. 
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V. 	 Move the counters to represent the movement of stocks, and 
record the moves 

The delivery times need to be calculated separately for each risk. 
Assuming that the maximum amount of stock is required at the risk, 
move the counters to represent the delivery of the stocKs. For 
example, if the foam was required at risk 1, the tanker at station 
A2 would deliver the first consignment. This movement would be 
recorded as follows:

Start Trans- Turnout/ Journey ITravel IUnloading: Finish iAmount 
time port Loading , time time i time Idelivered 

time ' I I I(gallons) 

0 Tanker 1~ mins A2-R1 
I 

5 - ~~ mins I 1500 

The 	 "finish" time is the time taken to complete the delivery. 

The complete delivery schedule is shown in Table A1. All the initial 

mobilisation is assumed to start at time zero (moves 1, 2 and 3). For 

the subsequent deliveries made by the lorry the starting time of each 

journey is equal to the finishing time of the previous journey (ie 

the lorry is assumed to be unloaded and sent out on its next journey 

as quickly as possible). The moves noted on the summary sheet include 

both the outward-return journeys of the lorry when collecting each pair 

of containers. 


This calculation needs to be repeated for each risk, and for each 

arrangement considered. 


,In 	summary, the steps in this calculation procedure are: 

I. 	 Calculate the travel times between each risk and each storage location. 

II. 	 Estimate the turnout/loading/unloading times. 

Ill. 	Mark the initial location of the stocks on the map (using cardboard 

counters). 


IV. 	 Decide which move to make first/next. 

V. 	 Move the counters and record 


Repeat steps IV to V until all stocks are delivered
" 
Repeat steps III - V for each risk" 



Table J!1. THE C£LWLlrlOI 0' !Ill DILI1'!RJ TlJIIS 

Ilqu.lpal'Dt undo 2zl500 pJ. _. 1 101"1"7 + boht 

12x250 «&1 OO'Dt.&ber. 

Initial Looatlon. Tanker. - 12,81 LoM'J' - .tore. (.,) 

Coot&1D,r. - 2 at '5, 12, '3, 81, 84, 85 

-
JIobllhatlon U ... Toaker 1; aiDlt.. ~, 

Lorry Loa41Jl&/ualood1ll4t 5 a1mt•• 

RlSJ: 1 nt..ere Part 

Start u •• TranoJ>Ort 1\1....00'/ lOQrn~ Tra'nl UDload1Dc F1D1.h -.., Qlmlat1',.. 
~T1a. '100. '1000 U.. hU....red. Total 

1 0 Tanker 1 li !2 R1 5 - 6; 1500 1500 

2 0 TaDker 2 li Bl R1 40 - 41; 1500 )000 

) 0 LoM'J' 1 1,.. 5 J.S R1 40 5 51; 500 )500 

4 51; • - R1 !2 5 - 56, - -

5 56; • 5 !2 R1 5 5 7lt 500 4000 

6 7l; • - R1 '3 17 - ea+ - -
7 88; • 5 '3 R1 17 5 U5; 500 4500 

8 115; · - R1 14 19 - 1)4; - -
1 9 IJ4t • 5 84 R1 19 5 163; 500 5000 

i 10 16Ji • - Rl 15 25 - lM+ - -
I 

' 11 lie; • 5 85 Rl 25 5 22Ji 500 5500 

12 22Ji • - RI 81 40 - 26Ji - -
13 263; • 5 Bl R1 40 5 )1)i 500 6000 

I 
I 

RlIII 2 - RIlJCORli' 
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