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THE BASE INJECTION OF-FOAM-INTO -PRTROL -STORAGE TANKS
TARGE SCALE TESTS AT I.C.I. LID., BILLINGHAM
by
P, Nash, D, Hird and R. J, French

Intrvduetion - ..

During 1953~some:-small-scale tests were made-on the base injection of foam
into petrol storage tanks’ 1), These -tests; which were made in a 9 f't diameter
. by 30 £t high tank, with a depth of petrol from injection point to surface of
approximately 27 £t, suggested that the properties of the foam at injection
needed to .be ‘controlled within certain limits, if the petrol picked up by ths
foam at the surface should not éxceed a critical walue of 10 per cent by volume,
above which extinetion could not be achieved.

While these tests were a valuable -pointer-to the possibilities of using base
injegtion, it was realised that'the tests on a larger tank would be necessary,
since the 9 ft diameter tank represenmted only some 1/250th of the petrol surface
area present in the largest -storage tanks,

During 1958, Messrs, I.C.I. (Heavy Organic Chemicals) Ltd., made availabls
a 45 f't diameter x 30 £t high petrol storage tank for ﬁn'ther*expemmentss that
is, a tank of 1/i0th the free petrol surface area-of the largest tanks in use,
This has made possible a valuable extension of the original work, and has given
some further useful information and the effect of tank size on the petrol picked
up by the foam,

Description of Tank

The tank was of the fixed-roof type with two 2 ft diameter ma.nhole oovers at
the top, There were several pipe lines leading into the tank at po:ints 2 hin ¥
sbove the tank bottom; only three of the these were of 8 in, clear diameter so aas
to give an injection velocity of the same order as that-of the earlier tests,
One of these three inlets was comected to a swing arm which opened ‘out..at ‘the
end in the form of an elbows with a downward-facing 12 in, diameter-cutlet, This
swing arm extended 312 ££ into the tank, i.e, 9 £t beyond the tank centre. The
position of the inlets and the manholes and the arrangement of the swing arm are
shown in fig. 1,

Petrol
The petrol in the tank had the following properties:e

I1.B,P, <~ 30,57

F.B.,P, « 18,°%C

RV.P. = 10,2 1b/4n?

Ether content = trace (pmba.'bly less than i%)

Foam-malking equipment

The foam was produced by an in-line foam generator, and :in all but one of the
tests, the generator was used in conjunction with a -centrifugal pump, In this
arrangement, developed by tlie Joint Fire Research Organization (2), the foam
generator is comnected directly to the suction eye of a centrifugal pump, in which
further work is done on the foam so as to reduce its drainage rate, The speed
and the pump delivery valves are set to give a foam pressure of about 60 1b/in2 and
a bagk Pressure on the foam generator such that the expansion of the foam produced
i=s from 5— to 4 at atmospheric pressure, The compound picke-up is restricted to
3 per cent in order to 1limit the critical shear stress of the foanm,

The relevant dstails of the foam production gystems used and the chara.ctera
istica of the foams produced are given in Table I,



TABLE I

FOAM' PRODUCTION SYSTEMS

¥

Ko, of Water throughpud | Nominal water .t Liquid rate Foam cheracteristics -
applicalble of foam capagsity of Bagk pressure on | of injegbion ' L L e
test ansrator lecentrifugal pump foam generator into tank
%gal,/mm) at 100 1b/in2 (1b/4n2) gol Pe-2pin=t | EBxpansion! Oritical | 25%
(gal/min) \ shear stress |[drainage time
& | (ayné/cn?) (min)
= TR
L et 425 250 - 300 22 to 23 0,079 I 125 8 to 10
: - _ _
5 425 Generator only - 19 0.079 b - 70. 2 (approx)
—_— .3 56 250 = 300 i3 to b ¢.035 h 125 8 to 10
{
AP = sy
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TABLE 2.

pump

RATE 25% - PETROL PETROL | EXPANSION | EXPANSION
FONTEY OF | METHOD | "oF SHEAR | DRAINAGE | PICK-UP | PICK-UP AT AT
TEST - PRODUCTION INJECTION TIME AT N AT F SURFACE SURFACE
Na. gl/ ft¥min dyne/cm? (min.) (% by volume)|(%. by volume) AT N AT F
~ Generator . ‘
+ 074 125 8-1 4-4 18 6 5-8
1 GR_G centrifugal (ngg_ztor , © ©
pump | przsine.t
Generator . .
-+ . - . : . 2
2 - . |.centrifugal. |. . 0-08 125 & 1_0_ , 7_-_7 K ?5_3 63 .7 3
pPump
Small
3 =@ @ |9"TUr | co4 125 8-10 7-6 222 58 65
centrifugal
puUMp
Generator
+ ‘ : 125 8-10 - 14- 20 6- 67
4 centrifugal co8 10 © 08 8 _ .
pump
\ .
5 @ Generator 0-08 70 2 7-8 12:0 82 8-4
oniy
RN Generator
+ . - : . . :
6 — centrifugal 0-08 125 8-10 40-9 30-8 67 66




Where only one po::.nt of injection was used, the foam _was delivered through
twin 150 -ft lengths-of 25-in, rubber-lined hose and in the one test in which
three injection points were used, the foam was delivered :through triple lengtha
of similar hose,

Water

The water used-to produce-the-foam was -taken from ‘the River Tees and
contained-1 .2 per cemt w/v soditum-chloride,

Foam ccrmound
The foam compomdwas of-a- pmte:.n type in oommonuseo

Teat Prooedn:m

. Although fire tests-could- not be- ed out on this tank, the petml content
of" the ‘foam-at- the-surfase is. a-guide- - tc its a'b:.lity +o ext:.ngu:’:sh a fire,
Foams containing less than 10 per cent: of petrol by volume of foaming 1iquid hawe
been shown likely to-extinguish-the fire,

. The- foam was injected for-pericds between 4 and 7 min, and samples were :
collected from the petrol surface as soon as a layer-of sufficient depth-had been
formed., 8ix samples were taken from-the petrol surface through each of the
manholes by means of “polythene dustpans, and were transferred to 1 litre flasks,
These were immediately corked and retained for subsequent petreol ocontent
determinations, Three further samples from each point were cocllected in small
tins (to ve weighed) for-measurement of the foam expansion, . .

- Poam "ana.lysis

The determination of the petrol content of the foam was carried out by a
simple distillation method (1), . .

'ZEEM

. A-total of-six teats were carried out, four using the combination of the
larger-generator-and-the pump;-one with- the smaller generator ard the pump and
one with- the-larger generator-only. The mmber and. position of the “injectiom
points used-for the individual tests are shown in Table II in relation to the
sampling points,

Test results

_The results of these tests are-given in Table II.
Formation of  foam -blanket

The foam reached the petrol-surface in flakes, zre similar in size to those
in the tests on-the-9 £t diameter x 30 £t high tank Wheress on the smaill

tank, the flakes joined tOge‘I:her at the periphery to form an anmilar blanket

which ultimately closed at the centre on the ]a.rge tank the flames first formed
into "rafts" of 1-2 sq, Pt in area and about % in, thick, almost immediately
outside the column of rising foam above the foam inlet. These rafts then joined

to form the foam blanket. In some cases the -foam blanket was clearly seen %o

be increased in thickness by the rafts being swept underneath the foam already in

fruition, In other cases, the foam blanket was thickened by the -rafts being

concertinsed on impact, The surface directly above the point of inlet was not
:ove‘:ged by the foam until injection ceased, when the foam rapidly spread to co:nple'l:e
he ]anlmt



Discussion of results

The results of the tests must be interpreted oautiously since the sampling
areas were restrioted‘to the areas immediately beneath the ma.rﬂxoles, a very
small part of the total surface of the petrol, -

The only conditions under which extinction of a fire was likely were those
of Test I and possibly Test 5, In these tests the near-central inlet only was
used and the foam properties at-injection were approximately those found
acoeptable on the spaller scale tests, Comparison of Tests 2 and 3 shows that
injection rate within the ra.nge used-had-little effect on petrol pick-up. The
use of multiple inlets (Test )} shows greatly inoreased plck=ups possibly due
to the agitation on the petrol surface caused by the interference of the
oirculating petrcl from the different foam columns, - - e

15~

Test I by-comparison with Test-5 illustrates the improvement which can be
gained by using the-centrifugal pump in conjunction with the foam generator to
produce-foam with a lower drainage rate, giving a correspond:.ngly lower surfacs
expansion,

The petrol content of the foam-direetly above the injection point in
Tests 2 and-3 agrees reasonably well with' the results for the 9 ft diameter
tank, whereas the petrol content-at points distant Prom-the inlet is much .
higher. The difference-may-be explained by the faoct that the foam layer above
the inlet is formed directly from flakes, whereas omn the farther side it is
formed from rafts.

Conolusions _ ‘
The Pollowing conclusions are-drewn-from-thesé testsi-
(a) The formation of a foam blanket on larger diameter tanks is mwore - ~
complex than on small diameter (9ft) tanks already tested, The
difference lies in the pmln.mim.ry formetion of rafts of foam from - fr

the discrete flakes which reach the surface,

(b) The petrol picked up by the foam may lie within aoceptable limits in
certain circumstances, but in others; may far exceed the limit
suggested by the small scale tests (approx. 10 per cent, by volume

of foaming liquid.

(o) Acceptably low concentrations occurred with a single near-centrel
inlet and it is 1likely that a fire in the tank under test oould.be
extinguished by injection at this point,

(a) Where side inlets were used; with or without the central inlet; the
petrol pick-up was much greater and outsigde the acceptable limit,
The highest pet:rol pick~up ocourred when the foam input was divided
between the ‘maximum rmpber of inlets used (3 inlets, Test 6), The
high contamination of the foam appeared to be due to the manmer of
coalescence of the foam rafts in forming the blanket,

" (8) TNeither injestion rate mor injeotion velocity, within the range
tested, had much effect on the petrol content of the foam.

I

(£) Contrelling the foam properties at inlet to those suggested by small-
scale tests helps in reducing the petrol pick=-up. , oo L
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