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by
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SUMMARY

A study has been made of' the quantities of' water used in f'i1'e
fighting by 11 fire brigades during a period of 12 months. Although
there were some differences between br-i.gades the general distribution
patterns of' quantities used were similar. Over 80 per cent or the
fires attended were extinguished with 100 gallons or less .
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WATER USED IN FIRE FIGHTING

by

J. F. Fry and R. E. Lustig

Introduction

To form some estimate of the water requirements of fire brigades and
to compare these with the quantities found necessary to extinguish fires in
the laboratory, a study has been made of the quantities of water actually
used in fire fighting by eleven fire brigades in England and Wales. The
brigades asked to co-operate in this work were' selected to give a reasonable
geographioal spread and to include different types of area; they included
5 county borOUghs and 6 counties.

The eleven brigades were asked to estimate the quantity of water used
at each fire att ended during the period April 1960 to March 1961 and to
add this information to that given in their routine fire reports.

For convenience in handling the information was processed as part of
the normal statistical analysis of fire reports and, in consequence, a
1 in 4 sample of reports was used. Fires confined to heath and grassland,
and to railway embankments were excluded from the analysis as some of the
brigades did not report the quantities of water used in these inoidents.
Chimney fires which were confined to chimneys were also excluded.

Brigade Differences

The actual frequencies with which different quanti.ties of wnter were
used by individual brigades on the fires in the 1 in 4 sample are shown
in Table 1 and, to simplify comparison, the percentage frequencies aro
given in Table 2. It will be seen that, although there is a general
similarity in the distribution patterns, there are differences between
brigades. For example Brigade B2 used between 30 and 100 gallons on
almost 40 per cent of it s fires, a much higher proportion than any of the
other brigades. In Brigades B4 and C2 quantities between 100 and 300
gallons were used proportionately more often than in other brigades.

The spread of frequencies is indioat ed by the ma.x:imum and min:i.nnun
lines of the diagram in Fig. 1. The greatest difference between brigades
oocurs in the 30 to 100 gallon region and the frequency range is small for
the larger quantities.,
Assessment of Requirements

The total frequencies of the quantities of water reported are gi'ven
in Table 3 and, in the form of a frequency distribution diagram, in Fi.g. 2.
About 30 per cent of t he fires were extinguished with 3· gallons of wat er
or less (this includes those fires on which no water was used); apart from
this group the quantities most frequently reqUired lay between 30 and 100
gallons (20 per cent of the fires). There were, however, marked differences
between the quantities used to fight fires in different ocoupancies and, as
may be seen from Table 3, the smaller quantities were used comparat:i.veJ;r less
frequently on outdoor fires than on fires in buildings, probably because water
damage is a less important cOnsideration. In general it appears that less
water is used on fires in dwellings than on those in other buildinga.



From the cWlRllative distribution diagrams of Fig. 3 it may be seen that
half the fires in dwellings were extinguished with 6 gallons of water or less
(the median value) and 75 per cent with 30 gallons or less (the upper quartile).
The median value for fires in other buildings was 25 gallons and the upper
quartile 170 gallons.

Four hundred gallons of water, the amount carried in one tank on many
appliances, appear to have been sufficient to deal with 95 per cent' of the
fires in dwellings, 81 per cent of those in other buildings and about 86 per
cent of all the fires attended.

Comparison with Experimental Results

Experiments at the Joint Fire Research Organization (1) have shown that'
a f'u.lly developed fire in a 1000 ft3 room can be ext inguished wit h about 2iF
gaLf.ons of water. UnfortunateJy fire brigade reports give:, no information
either on the state of fires when the brigades arrive or on the volumes of
rooms involved, so that no strict comparison 1:letween experimental results
and fire ground experience is possible.. However, from the large proportion
(81 per cent) of fires in dwellings extinguished with 50 gallons or less it
appears highly probably that the quantities used in practice are at least
comparable with those found necessary in experiments.

Conclusions

A large proportion of fires, particularly those in dwellings, could be
exti.nguished with no more water than the amount carried in the tank of a water
tend.er. It would, however, be impos sible to r~Jy on water carried by first
attendance appliances, even in entireJy residential areas', because of the need
for considerabJy larger' quantities on many cccasLons , On the other hand a
large proportion (over 80 per oent) of the fires attended required only 100
gaJloni of water or less, and if a small, fast vehicle carrying quantities of
this order oould be constructed, it might well be a useful additional first
attendance in congested areas, or in country districts where narrow or rough
roads slow down larger vehicles.

It appears that, although the quantities of water used in operational
fire fighting may be larger than those found neoessary to extinguish experi­
mental fires, they are nevertheless of the same order of magnitude.
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FREQUENCY OF USEAGE OF DIFFERENT QUANTITIES..OF WATER BY 11 BRIGADES, 1960/61

Frequency of use by Brigade
Water used

gal. Bl B2 B3 B4- B5 Cl C2 C3 C4 C5 c6 Total
f

Fires in dwellings

Not ~o~ than 3. 13 77 94 9 12 323 43 83 145 25 91 915
(3 + to 10 11 5 40 4 2 133 22 42 67 15 35 376

flO + to 30 11 10 33 10 2 177 19 31 56 8 35 392
30+ to 100 10 87 22 3 3 115 17 29 44 8 21 359

?OO + to 300 3 18 7 . - - 24 8 15 13 2 11 101
300 + to 1000 2 3 8 1 - 18 2 3 15 1 9 62

::(.1000 + ~ to 3000 - 4 1 - - 15 2 3 3 - 3 31
(3000 + to 10,000 2 3 - - - 4 1 4 2 2 - 18

(10,000 +) to 30,000 - - - - - 1 - 1 - - - 2
Kore than 30,000 . - - - - - - - - - - - -

Total 52 207 205 27 19 810 114 211 345 61 205 2 256

Fires in other
buildings

Not more than 3. 10 59 59 12 16 190 22 57 92 24 61 602

(3 +~ to 10 6 1 23 2 1 80 13 16 37 3 19 201
10 + to 30 4 ;6 24 6 2 116 12 14 36 7 23 250bo + to 100 5 56 21 3 2 138 22 23 46 12 26 354

(100 +) to 300 6 8 18 4 1 39 17 20 38 2 21 174
(300 -) to 1000 2 5 12 2 2 45 17 15 33 5 18 156

(1000 +) to 3000 1 .9 4 - 1 38 \ 2 9 16 3 17 100
(3000 +) to 10,000 1 4 ' 5 - 1 23 4 14 20 3 9 84

(10,000 +) to 30,000 - 3 1 - - 11 - 4 11 2 6 38
More than 30,000 - 5 - - 1 5 1 3 9 - 8 32

..- Total 35 156 167 29 27 685 no 175 338 61 208 1 991

IloL,",cludes fires on which no water was used.

/
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Table 1 (Cont1d.)

FREQUENCY OF USEAGE OF DIFFERENT QUANTITIES OF WATER BY 11 BRIGADES, 1960/61

Freguency of use by Brigade
Water used

gal. Bl B2 B3 B4 B5 Cl C2 C3 C4 C5 c6 Total

Fires not :in buildings

Not more than 3* 15 58 63 12 8 212 27 95 86 14 60 650
(3 -) to 10 5 4 16 1 8 135 9 34 37 12 10 271

~10 +~ to 30 5 22 34 5 4 292 19 39 36 12 15 483
30 + to 100 13 104 35 5 14 306 33 77 79 27 42 735

?OO +) to 300 3 32 18 8 5 87 33 36 52 16 34 324
300 .j to 1000 6 15 13 3 7 60 21 34 44 8 33 244

(1000 + to 3000 3 21 6 1 - 28 10 27 22 6 27 151
(3000 + to 10,000 3 4 5 2 1 8 9 16 28 3 21 100

(10,000 + to 30,000 1 2 - 1 - 1 3 7 13 - 18 46
More than 30,000 - - 1 - - 1 1 3 11 - - 16

Total 54 262 191 38 47 1 129 165 368 408 98 260 3 020
,

*Inc1udes fires on which no water was used.
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PERCENTAGE FREQUENCIES OF USEAGE OF DIFFERENT QUANTITIES OF WATER BY 11 BRIGADES, 1960/61
(ALL FIRES EXCEPr THOSE CONFINED TO CHIMNEYS, GRASSLAND, Hl5ATH, RAILWAY EMBANKMENTS)

• •

Percentage frequency of use by Brigade
Water used

gal. Bl B2 B3 B4- B5 Cl C2 C3 C4 C5 c6 All

Not more than 3. 26.9 31.1 38.4 35.1 38.7 27.6 23.7 31.2 29.6 28.6 31.5 29.S
(3 -) to 10 15.6 1.6 14.0 7.4 11.8 13,,3 11.3 12.2 12.9 13.6 9.5 11. 7

?O +) to 30 14.2 6.1 16.2 22.4 8.6 22,6 '12.9 11.1 11.7: 12.3 10.8 15.5
30 +) to 100 19.9 39.5 13.9 11.7 20.5 21.6 18.5 17.1 15.5 21.4 13.2 19.9

?OO +) to 300 8.5 9.3 7.6 12.8 6.5 5.7 14.9 9,4 9.4 9.1 9.8 8.2
300 +~ to 1000 7.1 3.7 5.9 6.4 9.7 4.7 10.3 6.9 8.4 6.4 8.9 6.4

~1000 + to 3000 2.8 5.4 2.0 1.1 1.1 3.2 3.6 5.2 3.8 4.1 7.0 3;9
3000 +) to 10,.000 4.3 1.8 1.8 2.1 2.2 1.3 3.6 4.5 4.6 3.6 4.5 2.8

(10,000 +) to 30,000 0.7 0.8 0.2 1.1 - 0.5 0.8 1.6 2.2 0.9 3.6 1.2
More than 30,000 - 0.8 0.2 - 1.1 0.2 0.5 0.8 1.8 - 1.2 0.7 (

·Includes fires on which no water was used.



Ta.':>le 3

OVERALL FREQUENCIES OF QUANTITIES OF WATER USED BY 11 BRIGADES 1960/61

Fires :in dwellings
Fires in other Fires not in

Total fires
buildin s buildin.s

>, o " " >, e " " >, " " " >,
gj,rl " "o OOrl l> ·M o OOrl > 00 o :.-.;1 > 00 o > 00

Amount of wa.ter used (gallons) 0: oj oj .r! 'oj 0: oj oj .r! oj 0: .r! oj 0: oj tll ..-ItllQ) e +>+> +>+>
~

o +'+' +>+' ~ " +' +' +'+'
~ " +>+' +' +>

H 50 0: 0 oj s:1 50 s:1 0 tll s:1 50 s:1 0 oj s:1 " s:1 0 oj 0:.,.., ,,+' rl "
.,.., ,,+,

rl "
.r! "+> rl "

.,.., c- Q)+' rl "
I'« ~ o ~ 0' I'« ~ o " " I'« e o " " I'« ~ o " "J!'a l& Jj'a ~ H

H ..... EI H H ..... 8 H..... ..... 9< ..... If 0 a&. ..... & 0 ~

Not more than 3· 915 40.6 40.6 602 30.2 30.2 650 21.5 21.5 2 167 29.8 29.8
over 3 but not more than 10 376 16.7 57.2 201 10.1 40.3 271 9.0 30.5 848 11.7 41.5

II 10 " II II " 30 392 17.4 74.6 250 12.6 52.9 483 16.0 46.5 1 125 15.5 57.0
" 30 " " " II 100 359 15.9 90.5 354 17.8 70.7 735 24.3 70.8 1 448 19.9 76.9
" 100 " II " " 300 101 4.5 95.0 174 8.7 79.4 324 10.7 81.6 599 8.2 85.1'
" 300 " " " " 1000 62 2.7' 97.7 156 7.8 87.2 244 8.1 89.6 462 6.4 91.5
11 1000 " " II " 3000 31 1.4 99.1 100 5.0 92.3 151 5.0 94.6 282 3.9 95.4

I II 3000 II II II 11 10,000 18 0.8 99.9 84 4.2 96.5 100 3.3 97.9 202 2.8 98.2
! " 10,000 II " 11 " 30,000 2 0.1 100.0 38 1.9 98.4 46 1.5 99.5 86 1.2 99.3

11 30,000 - 32 1.6 100.0 16 0.5 100.0 48 0.7 100.0

Total 2 256 100.0 1 991 100.0 3 020 100.0 7 267 100.0
~..

• Includes fires on which no water was used.

o· : .'

• \

•• .".' .'



..,)
c
~

~ 50~------r-------,.....------r-------~-----..---------Y-------.---------,CL

j, • I , 't. t I

~Not -nore. lho,.." 3+-3+ to IO--f---IO+ ro30------+--30+ tD 100-+-100+ to 3CD-+--300+ to 1000-+-ICOO+ t.o3000+-3000+ l:o IOCOO.-1

QUANTITY OF WATER --. 'Ja.1

I

- -. - - Distribution of
propcrt.•'on& (a.H brigo.de5)

Mg..')(.imu~

fre.q.uer'\c.'les

o
W 40I--------+-------+-------f--------+------+--------+------+-----\c---lI'
(j)

::>
(J

z 30l-- ~-~~~...._+------_+__----.:...--r___"...<:._/__~~...,.L_....,&_~-----t__----'-----_+_-----...L.-------r

x
W

V1

~ 26~--~~4----+~,:...........,.=.._----+-__=_""~,L__/__~bL-~~_r.__:.=+___r_--l-J4-~_1:_--'---t-------t------.,.-------1
l.L

u,
o

10 '
Zo.-
Ct
o
0..

~
Q.

· .
'_w

FIG. I.' DISTRIBUTION OF MAXIMUM AND MINIMUM PROPORTIONAL FREQUENCIES

--01 .



10COOO3000010000300010003001003010

<: ..

-../
/// ////
<> // // ,/

v/ // /v / /

/ /// .://////// / / /

////////1/////// .:// .,' / // / ~/ / //
, /, , J-L ,,/ /,. / "(,, ".( / ,/ .: ( /' / / ,,(, , / ,/ , /

u,

o
z 5o
f-
a:o
~ 0
a:
Q.

"5 30
u

l..
01.
0...

I 25

o
w
·I
lf) 20
:::)
\.9
Z
f0­
x 15w
lf)

w
a:
l.l.. 10

QUANTITY OF WATER USED qa.1

FIG. 2. FREOUEf'~CY DISTRI BUTION OF· OU~,NTITIES OF WATER USED BY II BR IGADES 1960/61



30000100003000100030010030103

- - - -- --
I -

, .
! -----

~, - 't, -- I --
I

________-' -r - -
~-

- -------- --r --- --
_U...EP:::: .s.uOJ'ti~ - - - - - - -1- --~7 »> .--- --

,..
i I

'~~Y--~ ,
i

- I ~

_M'd,L_ ---1-- ~-----f---~ ~--- ; r ,
I I

: I' I - I I
- ~- -, ~I I I I

I ----ri II
---- I t- --

~ I I I I I
-P- I I I I I

I I I
.

I i I
I I

I 1
I

,
I I II I I I II I I I I I - .

I I , !, , , I, I , , I I I II I I , , , , , , , , ,

40

(/)
w
a:
LL

LLa
z 20
a
1--
aa
CL
a aa
CL

,....
w
>
I­«
-'
::)

z
::) 100
U
\J

o
w
I
(J) 80
:J
~~
Z -:- 3
I-
~ ~60

QUANTITY OF WATER USED ::lol. .

)( )( All .f'-l""€S exc.ept he-ath Qf\d "\,-o.,,,..lo.r.d

0 0 Fires 1(\ dwe.lli,,'3s

0 0 Fires In buildi,,'l'" otMel' tho.n dwe.\\ings

I
I
\
\.FIG.3. CUMULATIVE FREQUENCY OF QUANTITIES OF WATER USED BY " BRIGADES 1960/61



'.'

;.

, "." ,
1

"

"

fable 2

u.mm USED m FIRlWIGJIi'OO, 1960/61

Percentega 6ft Fires
Ammmt of
water used
(G61l0Dfl ) In !nother Not in

'lMAL..
Dl7ell1llg8 Buildings Bni' 01 ngs

Nil 30.1 2406 1~M 2400
Hot more tban:-

i- -_. ----31.1-- ---2407-- _ .. .. · ..19.2· - . .. 2404-
1 .. .- ··.31..2- . . -_. 26.1 -- - 19.8- -26.0
-2 39."- .. '2JJ.7·'· ·21.2 ... ·28.9
3 41>.9 29.6 21.5 29.7
1+ 1+3.0 -30.5 . - 22.0- 30.9', 5: - 48.7- - ··33.5 - ?4.1 .31..3

10 59.0 40.5 31 ~3 42-'"
20 - ·62s.3- . -- ----48.8-- _.- - -42.0- . .. -53.2
30 77.6 53.8 48.0 58.0
40 -- 80.1-· .. ·· .-' ---56.5' .. 52.9" 62.5
50- - - - 85.6 - ---61'.2'-'-- . . .. 60.2-' ... .. 66.,
60 ·86.7 - . 63.5 .. - 62.3 70.2
·70· .. 87.0 . -- - --6!k1'- . 63.2 .

70.8
80 88.5' - ... - 6507· ..... 65.3 ... -12.6
90----- ----88.7.... - . · .. 66.2 65.8 73.0

100 90.9 70.0 71.0 76.9
200' ------ ---93.1'-- .--'-75.1+--- --77.9--- --82.1
300 95.0 79.1 81.3 ,Bz..9
400.0--------95.6 81.4-'--- - --84.e6-" . -" 87.2-
500 -"- ·--··96.5-- ----83.4-- --- ··--86.1--- -- -88.6-
800--- ----'71J----- --- 8506· - -88.1-' .. -- 90.3

1 000 '71.9 87.3 89.6 91.5
5000 99.5 9/i..8 96.1 96.8

10000 99.95 96.6 97.8 98.1
20 000 100.0 98.0 98.9 99.0
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