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FOREWORD

This hook Allacking and Erlinguishing Inlerior F'ires, wrilten by
Lloyd Layman, was first published by the National Iire Proteclion
Associalion in 1952, Since that time, the lexl has heen reprinted
several limes and has become a standard reference on the application
of waler spray for control of interior [ires.

The widespread adoplion of the water spray technique for fire
fizhting led to changes and improvements in nozzles and olher equip-
ment. The illustrations in this text show the equipment used when
Mr. Layman was chief of the fire department al Parkershurg, Wesl
Virginia.

Modern nozzles for fire fighting came in a wide range ol discharge
capacities, up o 2,500 gpm or more, with constant or variable flow
features, varying or pre-scl spray patterns, and other features.

In NFPA Standard No. 19 — Specifications for Molor Fire Ap-
parafus, 1%- and 2¥-inch nozzles, capable of spray and slraight
stream, are slandard equipment on pumpers.  Spray nozzles of at
least 500 gpm rated capacity are among the standacd tips which
must be provided for acrial ladder pipes and clevaling platform
turrels,

Following the original publication of Mr. Layman's hook, the
Nalional Fire Protection Association’s Committee on Fire Depart-
ment Fquipment condueted three series of lests of available spray
nozzles of various sizes. Sinee that time, Underwriters’ Laboratories,
Inc., has lested and listed numerous spray nozzles submilted by
various manulacturers for hose stream service.

While Atlacking and Erlinguishing Interior Fires does nol pro-
vide guidance Tor selection and use of particular makes and types of
spray nozzles now available, it does present the fundamentals in-
volved in using such nozzles from hand lines and heavy slream
equipment.  Without question, the use of improved lypes of nozzles
facilitates this type of lire fighting, but the fundamentals set forth
by Mr. Layman should be understood by all students of modern
fire fighting. More than 15,000 copies of this text have heen dis-
tributed to the fire service in the past fifleen years.

Warren Y. Kimball, Manager

Fire Service Department

National Fire Prolection Association
November 8, 1967
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CHAPTER [
FUNDAMENTALS GOVERNING INTERIOR FIRES

NTERIOR fires are usually more diflicult to attack and ex-

tinguish than fires involving similar combustibles burning in
the open atmosphere. Heat and smoke are the two major
complicating factors in the problem of attacking and extinguish-
ing fires within buildings or other confined spaces. IKnowledge
of the basic fundamentals and natural laws that govern com-
bustion, generation and transfer of heat, and the production
and movement of smoke, is necessary in order to comprehend
and evaluate these factors.

TFire (combustion) is a chemical reaction in which oxygen
combines with fuel at a rate sufficient to produce both heat and
light. The essentials of this process are: (a) FFuel — any com-
bustible gas, liquid, or solid; (b) Oxygen — sufficient in volume
to support the process of combustion and usually supplied
from surrounding air; (¢) Heat — sufficient in volume and in-
tensity to raise the temperature of the fuel to its ignition or
kindling point. Normal air contains approximately 21 per cent
oxygen by volume and this percentage is sufficient to support
active flame production. A decrease of oxygen in the surround-
ing atmosphere results in a corresponding decrease in the rate
of fuel consumption and flame production. Ilame production
ceases when the oxygen content of the surrounding atmosphere
decreases to approximately 15 per eent. Tires involving gases
and liquids are extinguished completely when flame production
ceases but this is not true in the burning of solid combustibles.
Decomposition begins onee a solid fuel is heated sufficiently
and the volatile products of the fuel are released in gaseous form,
Flame results from the burning of the gases and vapors after
they have obtained a proper air mixture. Although flame pro-
duction ceases when the oxygen content of the surrounding
atmosphere falls below 15 per eent, smouldering burning of the
solid residue will continue in an atmosphere containing a much
lower pereentage of oxygen. Smouldering eombustion is char-
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acterized by a slow rate of fuel consumption, limited heat gen-
eration, and production of smoke in considerable volume. Na-
ture of the fuel. moisture content, surface exposure to the sur-
rounding atmosphere, physical arrangement, air supply and
draft conditions, volume and intensity of heat within the zone
of combustion, and atmospheric conditions are contributing
factors to the rate of fuel consumption and completeness of
combustion. Flame production is necessary for rapid genera-
tion of heat and the development of high temperatures except
in the burning of charcoal or other pure carbons. Pure earbons
will burn without producing either flame or smoke and under
favorable conditions of combustion will generate heat very
rapidly.

sSmoke released in the burning of ordinary combustibles
consists of a mixture of vapors and gases in which minute
particles of carbon, tar and ash are suspended. Smoke is a
product of incomplete eombustion. Al smoke is toxic to some
degree and is an irritant to the respiratory svstem and eyes.
There is always some earbon monoxide present in smoke and
the amount can vary from a small trice to a deadly percentage
depending upon conditions of combustion. The carbon, tar
and ash particles suspended in the vapor-gas mixture reflect
light rays. Once these minute particles are removed the vapor-
gas mixture beecomes transparent. Smoke contains unburned
fuel and when mixed with air in proper proportion becomes a
flammable mixture. If a flimmable mixture of smoke and air
develops within a confined space, the mixture may ignite and
burn with explesive forece. This type of rapid combustion
within a confined space is referred to as a smoke explosion or
back draft.

Heat 13 a form of energy generated by the transformation of
some other form of energy. To comprehend the problem of heat
in connection with the extinguishment of fire, it is necessary to
consider both intensity and volume. The Fahrenheit (F.) sys-
tem will be used in this text to indicate the intensity (tempera-
ature) and the British thermal unit (s.7.v.) to measure the
volume. .\ B.r.U. is the volume of heat required to raise the
temperature of one pound of pure water one degree IFahren-
heit. A gallon of pure water weichs approximately 8.336
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pounds, therefore, approximately 8.336 B.7.T. of heat arc re-
quired to raise the temperature of one gallon of water one de-
gree Fahrenheit. Iire extends its boundaries by transmitting
heat to exposed combustibles and it is of utmost importance
that those engaged in fire-fighting activities have a thorough
understanding of the fundamentals that govern the transfer of
heat. Heat is transferred by one or more of the following
methods: (a) conduction, (b) conveetion, (¢) radiation. A
seientific explanation of these fundamentals may be found in
any standard elementary physics manual or standard diction-
ary. The NFPA Handbook of Fire Protection provides a clear
and eoncise explanation.

A gas is an elastic substance that expands or contracts upon
an inerease or decrease in temperature. Both air and smoke are
a mixture of gases and the natural laws that govern the conduct
of gases also govern the conduct of air and smoke. As a body
of gas absorbs heat the heated portion expands and becomes
lighter in weight per volume than the cooler portion, the heated
portion moves to the upper atmospherie level and is replaced at
the lower Ievel by the eooler portion. This action ereates an
atmospheric circulation within a confined space, the heated
smoke and air moving to the upper level of the space while the
cooler air moves to the level of the fire. This results in the
transmission of heat to the upper level while the fire is provided
with additional oxygen contained in the cooler air. There has
been some question regarding the development of pressure
within a closed building during the progress of a fire. A\ study
of the scientific data obtained from the experimental fires con-
ducted aboard the eargo vessel Phobos, during the summer of
1946 at San Francisco, provides an answer to this question. It
appears that once the volume of atmospheric expansion within
a confined space exceeds the volume of smoke and air escaping
from the space an inercase of pressure occurs. This increase of
pressure occurs during the period of intense flame production
and usually amounts to only a fraction of a pound per square
inch. The period of intense flame produetion within a confined
atmosphere is of short duration, ranging from a few seconds to
a few minutes, depending upon the net atmospherie volume of
the space and the rate of oxygen consumption. Heat is gen-
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U. N, Swyral Corps. phote

Cargo vessel Phobos with U. S. Coast Guard fireboat Nellwood
alongside, San Francisco, June 1946.

U, 8. Signfzi_(j'orps phoio

Test fire aboard Phobos. Baled cotton burning in cargo hold,
smoke coming from exhaust ventilator.
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erated very rapidly during this period and causes a rapid in-
crease in atmospheric temperature and expansion.

Tlame production decreases in proportion to the reduction
in oxygen content of the interior atmosphere and this continues
until the oxygen content is reduced to approximately 15 per
cent, at this point flame production ceases. The rate of fuel
consumption and heat generation decreases rapidly during this
period. It appears that once flame production ceases, genera-
tion of heat from smouldering burning is insufficient to main-
tain the high atmospheric temperature attained during the in-
tense period of flame production. This decrease in atmospheric
temperature results from transfer of heat from the atmosphere
to cooler solid materials within the space and also by convection
and radiation to the outside. This loss of heat may be sufficient
to cause the internal pressure to fall below that of the outside
atmosphere. It appears that this negative pressurc amounts to
only a fraction of a pound per square inch and is equalized
quickly by seepage of air from the outside atmosphere.

The term “atmospheric area’” is used in this text to identifly
that part or seetion of building where the interior atmosphere
can circulate frecly. An atmospheric area may be confined to a
single room or may include several rooms or the entire building
depending on the openings between the various rooms or sec-
tions. An atmospheric area includes the floor or floors above
the involved floor providing there are unobstrueted vertical
openings. This term does not include the floor or floors below
the involved floor even though unobstructed openings exist.
There is little, if any, exchange of atmosphere between the in-
volved area and the floor below during a fire.

Interior fires involving ordinary combustibles may be of
two general types. Buildings may be closed so that oxygen
supply will be chiefly limited to that in the air in the structure
and such fires may involve three distinet phases as described
below. Other fires quite commonly involve structures which
are not tightly closed so that the oxygen supply available to
the fire is less limited. Such fires oceur where windows and
doors are open to the fire area or where a fire has already
broken out to permit circulation between interior and exterior
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atmospheres as mentioned below under the “Second Phase™ of
confined interior fires.

It should be kept in mind that this text is devoted to the
problem of attacking and extinguishing interior fires which
makes up the bulk of the fire fighting operation in the average
community. These are chiefly the so-called “Class A" fires in-
volving combustibles which require cooling for extinguishment.
Struetural or interior fires go through phases from ignition
smouldering, flame production, build-up or extension, ﬂash-l
over, and final burn out or extinguishment depending upon the
types and availability of fuels and oxveen or the effect of ex-
tinguishing agents.

Fire fighters have a saving, “No two fires are alike.” This is
true insofar as arrangement and location of the strueture, con-
tents, time, place, and cireumstances of ignition and discovery
are concerned. Nevertheless fires do go through definite ])hasehs
which must be understood if control and extinguishment is to
be achieved in an intelligent manner. It is sometimes difficult
for‘ﬁre fighters to get a clear grasp of fire behavior beeause they
arrive during various phases of development of fires in Duild-
ings of differing construetion and occupaney. Thus an im-
portant consideration in the size up of any fire is to he able to
recognize the approximate stage or phase of development of
any particular fire as outlined in thix chapter.

‘ The development of a fire involving ordinary combustibles
within a closed building may be divided into the following
phases: )

First PrasE — Incipient or smouldering period. (Oxygen

content of the interior atmosphere approximately
normal, 21 per cent.)

A fire starting from a small source of heat may smoulder
for a period ranging from a few minutes to several hours before
flame Production develops. This is a period of slow fuel con-
spmptwn, limited heat generation, and the produetion of con-
mglemblc smoke. The heated smoke moves to the upper level
within the atmospherie space but loses much of its heat content
through transfer to the cooler atmosphere and solid materials.
Little, if any, increase in the average atmospheric temperature
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occurs during this period. A building is not air tight and there
is some circulation Dbetween the interior and exterior at-
mospheres. This fact, together with limited oxygen consump-
tion that oceurs during this period, may prevent any appre-
ciable decrease in the oxygen content of the interior atmosphere,
Physical destruction is limited to the immediate fire area and
the major damage is caused by smoke. The rate of heat produc-
tion and fuel vaporization will continue to increase and it is
only a matter of time until the fire enters its sccond phase.

Spconp Puase — Flame-produetion period. (Oxygen con-
tent of interior atmosphere ranging from 21 to 15 per
cent.)

Flame production is accompanied by an increased rate of
fucl consumption and heat generation. As the fire extends its
boundaries and the volume of flame production increases,
strong conveetional currents develop within the atmospheric
aren. Heat is transmitted to the upper atmospherie level by
the updraft of heated smoke and air from the zone of combus-
tion while flame production is accelerated by the indraft of
cooler air and the fire is supplied with oxygen drawn from the
entire atmospheric area. During the period of intense flame
production the interjor atmosphere is Leated rapidly causing
it to expand in volume. If this rate of expansion exceceds the
rate of escape, the interior atmospheric pressure will beeome
greater than that of the outside atmosphere. This differential
in pressure may amount to only a fraction of a pound per square
inch but when exerted against a window pane it may be suffi-
cient to cause an outward rupture of the glass. Any sizable
opening to the outside atmosphere would relieve the internal
pressure and permit sufficient circulation between the interior
and outside atmospheres to allow limited flame production to
continue. Prompt extinguishing action is necessary to prevent
destruction of the building.

This is the period of rapid extension and major destruetion,
If the involved area does not include the entire building, the
fire may enlarge its atmospheric arca by destroying doors, par-
titions, or other combustible boundaries. This provides an ad-
ditional oxvgen supply to support flame produetion. Tt is pos-
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sible for upper floors to become involved through transmission
of heat by convection. The downward extension of a fire within
a building is slow but its extension on the same floor and to
upper floors is rapid if not retarded by boundaries of fire re-
sistant materials. If the fire fails to break through to the out-
side atmosphere the oxygen content of the interior atmosphere
becomes inadequate to support intense flame production. As
the oxygen content of the interior atmosphere decreases, the
volume of flame production will decrease proportionally while
smoke production will increase. When the oxygen content of
the interior atmosphere falls below 15 per cent, flame produc-
tion ceases and the fire enters its third phase.

THIrRD PHASE — Smouldering period. (Oxygen content of

interior atmosphere less than 15 per cent.)

The rate of heat production decreases rapidly during the
latter part of the second phase and a further decrease oceurs
upon entering the third phase. It appears that the rate of heat
production is no longer sufficient to maintain the high atmos-
pheric temperature attained during the second phase. The in-
terior surface and solid materials within the space absorb lLeat
from the atmosphere and there is also some loss to the outside
by convection and radiation. Loss of heat to the outside is re-
stricted by the insulating qualities of the structure but this
loss of atmospheric heat may be sufficient to cause the internal
pressure to fall below that of the outside atmosphere. This
temporary variation in pressure between the interior and out-
side atmospheres may be sufficient to ecause an inward rupture
of window panes. If this occurs limited flame production will
be supported by indraft of air from the outside atmosphere. If
window panes remain intact this negative pressure will be over-
come by seepage of air from the outside atmosphere.

During this phase the interior atmosphere will stratify ac-
cording to degree of temperature and become fairly static.
There will be considerable variation in the degree of temper-
ature between the upper and lower levels, the highest degree
being at the upper level. The atmospheric temperature will
become approximately the same degree at the same level
throughout the atmospheric space. Solid materials will con-
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tinue to absorb heat from the atmoesphere until their temper-
atures equal that of the interior atmosphere at the same level.
Transfer of heat from the atmosphere to exposed materials
accounts for a major part of the heat loss and tends to prevent
further loss of atmospherie heat once these temperatures are
equalized.

Smoke is given off by the smouldering materials and there
is a release of gases and vapors from other combustibles due to
decomposition resulting from execessive heat. The interior
atmosphere becomes heavily charged with smoke containing a
hazardous percentage of carbon monoxide. Many of the com-
bustibles within the space have reached a state of readiness
and need only an adequate oxygen supply to support rapid
flame production. The interior atmosphere may also contain
sufficient fuel to form a flammable mixture with air. A fire in
its third phase appears to have the basic factors of a potential
smoke explosion. An attempt to ventilate a building at this
time by allowing ventilating currents to develop through ade-
quate and properly located openings would involve serious risks
to both the involved building and fire-fighting personnel.

HE three phases of development of a fire within a closed

building will be referred to many times and a clear coneep-
tion of each is necessary to comprehend the theory of attack
that will be explained in this text.

The stages in which a fire builds up or spreads so as to in-
volve an atmospheric area are well illustrated by photographs
from “Fire Research 1952" appearing on pages 16-17.

Data accumulated from full-scale experimental fires aboard
the Gaspar de Porlola and the Phobos indicate that within con-
fined spaces the atmospheric temperatures at the upper level
may vary from about 700 to 1,500° F. during the intense period
of flame production. In the case history of the fire at 3605
Camden Avenue, included in this text, attention is directed to
the fact that the atmospheric temperature near the ceiling of
the dining room had reached approximately 1,300° I'., yet there
were combustibles located at and near the floor level that
showed no evidence of char. During several of the experimental
fires aboard the Gaspar de Portola, loose paper and other light

ot me e e £10 Tt am




16

ATTACKING AND EXTINGUISHING INTERIOR FIRES

A series of pictures showing the stages in which fire
spreads fo involve the contents of a room. Room is
one-fifth scale. Picture taken 12 minutes after a
small fire has been started in a corner of the room.

Picture taken after 16 minutes. At this stage of the
fire fire fighters could still enter the room as a dan-
gerous over-all temperature has not yet been
reached and there is still air to breathe and to feed
the fire. This demonstrates about the latest stage
of this particular fire at which direct attack with ex-
tinguishers or small hose lines would be possible.
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Picture after 18 minutes. The steady progress of the fire up
to this point has heated the contents so that all combustibles not
yet burning are almost at the ignition femperature. At about this
stage further development of the fire becomes very rapid as long
as a reasonable supply of air can get in through deors, windows
or cracks.

Last picture in a series taken after 19 minutes shows the whole
room bursting into flames. This is known as the “flash-over” stage.
Temperatures are high and remain high until the fire is extin-
guished, but the burning will adjust itself to the amount of air filter-
ing in around windows and doors. In a fight room the fire could
actually smother itself. [f fog or water spray is applied at this
stage, the turbulence due to rapid generation of steam carries the
water particles to all parts of the room. At the same time these
particles are turned to steam, a process that further increases the
turbulence and promotes an efficient heat transfer from the burn-
ing material to the water.

Photos o pages 18-17 from “Fire Research 19327 reproduced by permission of Her Briltanic
Majesty's Statiorery Office (Crown copyright resereed)
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combustibles located at the floor level of the machinery space
were undamaged while the temperature at the upper level
ranged from 900 to 1,200° F. There can be no doubt regarding
the wide variation between the atmospheric temperature at the
upper and lower levels within a confined space after flame pro-
duction has developed sufficiently. Here is a fundamental that
can he stated as follows: Within a building or other confined
space, the major concenlration of heal is always located al the
upper atmospheric level within the area of major tnvolvement.
This is a very important fundamental that must receive due
consideration in attacking major interior fires.

There are only a limited number of fires that ever enter the
third phase and these are usually within basements or in build-
ings of fire-resistive construction. A large majority of fires
within closed buildings are able to break through to the outside
atmosphere during the second phase. If either an exhaust or an
air-intake opening of suflicient size is effected between the in-
volved area and the outside atmosphere, it is very unlikely that
a fire will enter the third phase. An exhaust opening will pro-
vide an eseape outlet for heated smoke thereby preventing an
appreciable increase of atmospheric pressure within the involved
area. This will allow seepage of air from the outside atmosphere
to support limited flame produetion. A door or window open-
ing will allow sufficient eirculation between the interior and out-
side atmospheres to support flame production until the fire
effects additional openings to the outside atmosphere.

Rapid involvement and destruction of a building depend to a
major degree upon properly located exhaust and air-intake
openings, adequate in size to allow the development of strong
draft action within the involved building. A roof opening of
adequate size with an unobstructed channel from the involved
atmospherie area provides an ideal exhaust opening. Where no
roof opening is present, open or burned-out windows can serve
as both exhaust and air-intake openings. Heated smoke is ex-
hausted from the upper secction of the window while cool air
from the outside atmosphere enters through the lower section.
This action also occurs through an open doorway. A study of
combustion as it progresses within an ordinary Burnside stove
should remove any doubts regarding the importance of ade-
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quate exhaust and air-intake openings. The rate of fuel con-
sumption and heat generated within the stove is controlled
through adjustments of the air-intake opening and the exhaust
damper. Once a fire within a closed building has entered its
second phase and the volume of flame production has been
sufficient to produce high atmospherie temperatures, any siz-
able opening to the outside atmosphere will enable the fire to
increase and to continue its destructive action until adequate
extinguishing action is taken. The most practical approach to
this problem would be to leave the involved atmospheric area
closed until the excessive heat has been removed. This cannot
be accomplished by resorting to conventional methods of venti-
lation. “Conventional methods of ventilation” refers to the
process of attempting to remove heated smoke and gases from
an involved building by allowing ventilating currents to de-
velop between the interior and outside atmospheres through
adequate and properly lecated openings. Conventional meth-
ods of ventilation are practical only where a fire is in its first
phase or has entered the second phase but has not developed
sufficient volume of flame production to generate excessive at-
mospheric temperature within the involved area. Under these
conditions, it is the lack of visibility due to the presence of
smoke together with its toxic and irritating properties that re-
tards the progress of fire-fighting personnel,

Extinguishment of fire can be accomplished by one or a
combination of the following: (¢) Removing the fuel from the
zone of combustion: (b) excluding oxygen from the zone of
combustion; (¢) cooling the involved and exposed combustibles
to a degree lower than their ignition temperatures. The
principles a and b have their limited fields of application but
are not applicable in the control and extinguishment of major
fires involving ordinary combustibles. The most effective and
practical method of extinguishing fires involving ordinary com-
bustibles is by cooling the involved and exposed combust:bles to
a degree lower than their ignition temperatures. The ignition
temperatures of all ordinary combustibles are above 300° F.,
therefore, if the involved and exposed combustibles are cooled
to an approximate temperature of 300° F., the process of com-
bustion ceases and extinguishment is accomplished.
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Fire can oceur and continue only where the following condi-
tions are present: (a) fuel — any combustible gas, liquid or
solid; (b) oxygen or other oxidizing agent — sufficient in vol-
ume to support the process of combustion and is usually sup-
plied by the surrounding air; (¢) heat — sufficient in intensity
and volume to increase the heat content of the fuel to or above
ite ignition and burning temperatures. It should be noted that
there is but one abnormal condition present in a fire and that is
excessive heat. If excessive heat is removed from involved and
exposed combustibles, normal conditions are restored and the
fire will cease to burn. The conirol and extinguishment of interior
fires must be based upon the principle of removing excessive heal
from the tnvolved building. The most effective and practical
method of extinguishing a major interior fire is to transfer the
excessive heat from within the space to the outside atmosphere.
When the interior atmosphere, materials that form the strue-
ture, and contents have been cooled to an approximate temper-
ature of 300° F, the fire has been extinguished.

There is a scientific and praoctical method of transferring
excessive heat from the interior of an involved building to the
open atmosphere. This method, if employed properly, will re-
place the heated and contaminated atmosphere with fresh air,
extinguish surface burning, and reduce the interior temperature
to a degree that will allow fire-fighting personnel to enter and
complete the extinguishment of spot fires and smouldering
burning. This method avoids the hazards inherent to conven-
tional methods of ventilation and will reduce water damage to
4 very minimum.

When a fire department arrives at a fire in a building area
that is not tightly closed, it must be remembered that the fire
has more or less free access to the oxygen in the outside at-
mosphere and that more or less rapid burning may be expected
depending upon the type of fuel and arrangement of building
and contents with relation to possible extension of fire.

When a fire is relatively free burning a prompt attack with
fog of sufficient volume to transfer heat and suppress flame as
previously outlined is indicated. In such situations it may not
be possible to obtain the very high relative efficiencies of heat
transfer that may be experienced with tightly elosed buildings,
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but if fog jets are properly directed into the upper atmospherie
area of the fire, flame suppression will be obtained much faster
and with smaller volumes of water than would be possible with
solid streams of water.

Experience with fog attack on unconfined fires indicates the
importance of a prompt and aggressive mop-up and overhaul
with direct application of water on any materials sufficiently
hot to resume flame production when the steam and condensing
steam has dissipated. In other words, flame suppression does
not necessarily mean that destructive distillation of fuel, due
to excessive heat, has ceased. Excessive heat and crackling
noises frequently indicate that burning will continue after the
water vapor has dissipated. Lines should be advanced as
needed to take advantage of the flame suppression. At all times
with free burning fires in structures which are not tightly
closed, the flames should be approached as closely as good
tactical operations will permit and attacked with adequate vol-
umes of fog. Under draft and fuel conditions present at many
unconfined fires there may not be enough heat to get a good
“indirect” attack but in any event where properly applied as
suggested in this text, fog will quickly absorb and transfer the
bulk of the excessive heat, dilute gases of combustion and pro-
vide a humid atmosphere extremely unfavorable to flame
production.

The above is true whether the fire is large or relatively
small. Experience with master fog streams in major fires in
large cities shows that the average time required to control
such fires has been greatly reduced over that required for the
solid stream method. The use of such master fog streams is dis-
cussed in the author’s book “Tire Fighting Tacties” also pub-
lished by the National Fire Protection Association.




CHAPTER 11
WATER

PROGRESS in the art of controlling and extinguishing fire
demands the recognition and application of certain scientific
truths. The first and most basic of these scientific truths is that
water is our primary fire-extinguishing agent. Water is nature’s
answer to the problem of controlling and extinguishing fire —
it is the universal extinguishing agent. Man would be helpless
against the destructive action of fire without the counteractive
force of water. Adequate knowledge of the characteristies of
this common liquid and understanding of the natural laws that
govern its extinguishing action are essentials to those engaged
in fire-fighting activities.

The most effective and praetical method of fire extinguish-
ment is by cooling the involved and exposed combustibles to a
degree lower than their ignition temperatures. The ignition
and burning temperatures of all ordinary combustibles are
higher than 300° I., therefore, if the involved and exposed eom-
bustibles are cooled to an approximate temperature of 300° F.,
the process of combustion ccases and extinguishment is ac-
complished. Tt is a scientific truth that water is the most eflec-
tive heat absorbing substance that can be employed to effect
this cooling action. Water is not only the most effective heat
absorbing substanee but it is also the most cconomical and prac-
tical substance that ecan be used for this purpose. It is of ut-
most importance that individuals who are entrusted with the
responsibility of controlling and extinguishing fire have ade-
quate knowledge of the characteristics of water, the natural
laws that govern its extinguishing action and its proper tactical
employment in fire-fighting operations.

Water, in its normal state, is a liquid that can be solidified
by the process of freezing or vaporized by the process of boiling.
Heat is released by water in the process of freezing while heat
is absorbed by water in the process of boiling. Under atmos-
pheric pressure equal to that at sea level fresh water freezes at
32° T, and boils at 212° F. At higher clevations the atimos-
pheric pressure is less and its boiling point is eorrespondingly
lower. Steam ig generated in the proeess of boiling. Steam is a
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b.ranspa.rent vapor and remains so until the process of condensa-
tion begins. Condensation results from loss of heat and as this
Process progresses what was formerly steam appears as visible
mist. This visible mist will be referred to as “condensing
steam.”

. Only a fraction of the heat absorbing capacity of water is
utilized in the process of raising its temperature to the boiling
poin.t. It is in the process of vaporization that water exerts its
maximum cooling action. These scientific truths can be recog-
nized readily by comparison of the following data: One gallon
of fresh water will absorb approximately 1,250 British thermal
units (8.1.U.) in the process of raising its temperature from 62
T;o 212° F. This theoretical gallon of water has reached its boil-
ing point (212° F.) and is ready to start changing from a liquid
to a vapor. Absorption of additional heat will not increase the
temperature of the liquid but will reduce the volume by con-
verting liquid into vapor (steam) which will escape into the sur-
.rounding atmosphere. When the last drop has been converted
mmto steam, this gallon of water has absorbed approximately
9,330 B.T.U.; 1,250 B.1T.U. in the process of raising its temper-
ature from 62 to 212° T. and 8,080 B.T.U. in the process of
_vaporization. It should be noted that in the process of vapor-
ization this gallon of water absorbed more than six (6) times
the volume of heat that is absorbed in the process of raising its
temperature from 62 to 212° I". Based upon these scientific
facts the following truism can be stated: The mazimum cooling
action of a given volume of waler vs oblained only when the entire
volume has been converted into steam.

Vaporization of water results in the production of steam in
ratio of 1 to over 1,600. Water in a volume of 1.05 cubie in.,
measured at its boiling point, will expand into 1,728 cubic in.
or 1 cubic ft. of steam. A gallon of water, measured at 62° .
will produee approximately 223 cubic ft. of steam. This calcui
%ation takes into account the liquid expansion that results from
increasing the temperature of the water from 62 to 212° F.
If in fire-fighting operations only 90 per cent of a given volume
of water is vaporized, approximately 200 cubic {t. of steam
would be generated per gallon of water used. Based upon the
techniques explained in this text, 90 per cent efficiency appears
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to be a reasonable expectancy in the attack and extinguishment
of major interior fires. Generation of steam is a factor that can
be utilized to great advantage in attacking major fires within
confined spaces. This factor provides a safe, practical and
effective solution to the problem of ventilating a building or
other confined space where the interior atmosphere is heated to
a hazardous degree and is heavily charged with smoke.
Effective extinguishing action is dependent upon instan-
tancous transfer of heat from the involved and exposed ma-
terials to the water being applied and the volume of heat trans-
ferred should be sufficient to convert a large percentage of the
water into steam. Perfection in the use of water as a fire-
extinguishing agent would be achieved if water could be ap-
plied in a form and at a rate whereby the entire volume would
be converted into steam. Perfection is difficult to achieve but
it is possible to apply water in a form which will result in
vaporization of a large percentage of the total volume. The
rate of heat absorption can be inereased by increasing the sur-
face exposure of a heat absorbing substance in ratio to its vol-
ume. This is a natural law that the fire-fighting profession can
no longer afford to ignore. The limited extinguishing action of
water applied in the form of a solid stream is due primarily to
the limited surface exposure of the water in ratio to its volume.
The surface exposure of a given volume of water can be in-
creased by breaking the water into finely divided particles.
The surface area of a gallon of water broken into finely divided
particles is increased many times over that of a gallon of water
in the form of a solid stream. Water can be broken into finely
divided particles by passing it through a properly designed
nozzle under adequate pressure. The design of the nozzle and
the nozzle pressure are the factors that determine the size of
the particles or the degree of fineness. The degree of fineness
that will produce effective results in fire-fighting operations
may be defined as follows: (a) A large percentage of the parti-
cles should be of sufficient degree of fineness that they are light
enough to be carried for some distance by air currents; (b) A
large percentage of the particles should be of suflicient degree
of fineness to vaporize instantaneously upon contact with ma-
terials having temperatures above the boiling point of water.
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It appears that this degree of fineness together with sufficient
reach for all practical fire-fighting purposes can be obtained
with nozzle pressures ranging from 100 to 125 psi providing the
nozzles are of proper design. Careful study of the data so far
presented should convinee any reasonable individual of the
necessity and desirability of obtaining adequate surface ex-
posure of water when used as a fire-extinguishing agent. Those
who believe that the solid stream will continue to he accepted
as the primary form of applying water in fire-fighting opera-
tions will find themselves occupying an untenable position.

The development of equipment that enables fire-fighting
personnel to apply water in the form of finely divided particles
was the most progressive advance in equipment since the ad-
vent of the power-driven pumping unit. This development has
provided a basic weapon that is destined to revolutionize the
fart of fire fighting. Little, if any, progress can be made toward
improving the tactical employment of water in fire-fighting
operations until the fire service recognizes the gross ineffective-
ness of the solid stream form of application. The development
of the water particle or fog nozzle does not mean that the solid
stream form of application will be eliminated. Small solid
streams are very useful in extinguishing spot fires and to pene-
trate smouldering materials. Most of the high-veloecity fog
nozzles are designed to project either a cone of water particle:
or a fsolid stream. Situations are encountered from time to
time 1n fire-fighting operations where the solid stream may be
used to good advantage. The solid stream will continue to
have a limited degree of usefulness in fire-fighting operations
but it is destined to become the secondary form of application.
Progress in the tactical employment of water in fire-fighting
operations demands that water be applied in the form of finely
divided particles. To exploit this development to its ultimate
degree, the fire serviee must discard antiquated tactics and re-
place them with tactics based upon scientifie facts and natural
laws. Then and then only can the vast extinguishing action of
water be released and utilized cffectively in fire-fighting
operations.

Extinguishing efficiency of a given volume of water de-
pends upon the percentage converted into steam. Water that

WATER

fails to vaporize contributes little to actual extinguishment but
is responsible for water damage to exposed materials. The
most practical solution to the problem of redueing water dam-
age is to increase the percentage of vaporization. An extinguish-
ing efficiency of 00 per cent means that not less than 90 per cent
of the total volume of water injected into an involved building
is converted into steam. If this degree of efficiency is attained
little, if any, water damage can occur. This efficiency figure is
based upon an assumption that some unvaporized particles of
water are exhausted from a building in the escaping steam,
therefore, the “run-off’” should be less than 10 per cent of the
total volume of water injected into an involved building. It
appears from a study of the case histories, ineluded in this text,
that an extinguishing efficiency of 90 per cent can be attained by
the indirect method of attack further explained in Chapter III.

If water (femperature 62° F.) is injected into a building, a
volume of heat amounting to about 41 B.1.U. is required to gen-
erate 1 cubic ft. of steam, therefore, each cubic {t. of steam
exhausted from an involved building transfers approximately
41 m.r.v. of heat from the interior to the outside atmosphere.
Based upon an efficiency of 90 per cent, 125 gallons of water
would absorb a volume of heat amounting to approximately
1,000,000 B.T.U. and produce about 25,000 cubic ft. of steam.
This explains why the progress of an attack on a major interior
fire can be estimated and evaluated by observing the volume
of smoke and condensing steam coming from the involved
building. This should be emphasized in training of personnel
and especially in training of tactical officers. Fire-fighting per-
sonnel should be acquainted thoroughly with the character-
isties of condensing steam and be able to evaluate the in-
formation it conveys on the fireground.

Condensing steam can be observed and recognized in-
stantly when projected against the sky. It is visible to the
human eye in daylight or darkness. Observe a steam locomo-
tive when it is exhausting steam, the live steam is invisible as
it comes from the exhaust valve. As it expands and loses some
of its heat, the process of condensation begins and the expand-
ing cloud of condensing steam becomes visible. Condensing
steam contains insufficient heat to cause physieal injury. 1t
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is not toxic but it does restrict visibility. Fire-fighting per-
sonnel operating in the open atmosphere ean be completely en-
veloped by a cloud of condensing steam, coming from an in-
volved building during an attack, without experiencing any
physical discomfort.

Under normal weather conditions the natural movement of
heated smoke and steam is upward upon being exhausted from
an involved building. Due to a combination of weather condi-
tions an atmospheric inversion may exist only a few hundred
feet above the carth’s surface. This consists of a stratum of
warm air and tends to place a lid on convection. This stratum
of warm air prevents the upward movement of heated smoke
and steam and they will linger near the ground. A low atmos-
pheric inversion usually occurs at night or during very cold
weather. While directing an indirect attack where a one-story
building was involved, the author found it necessary to leave
the immediate arca and take position on higher ground to de-
termine the progress of the attack. The involved building and
the immediate surrounding area were blanketed completely in
a cloud of eondensing steam. Heated smoke coming through
the blanket of condensing steam indicated the section of the
building where extinguishment had not been completed. This
fire occurred about 2:00 par. and the temperature was ten
degrees above zero. Personnel operated without respiratory
equipment and experienced no physical discomfort but were
handicapped by limited visibility.

Water is a liquid that has a high surface tension. Its sur-
face tension can be lowered by mixing a small percentage of a
standard wetting agent with the water. The author has ex-
perimented with wetting agents since 1945 and has used treated
water to extinguish various types of fires. Treated water ecan
be used to good advantage in extinguishing deep-seated
smouldering in bailed cotton, paper and similar materials.
Considering the cost of a standard wetting agent and the prac-
tical results, it appears that the use of treated water can be
readily justified in overhauling operations and to extinguish
fires involving low-flash point liquids. The Fire Department,
Miami, Florida, has a number of first alarm units equipped
with a proportioner and storage tank for the wetting agent.

c
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The operator can supply one or more 11./2-511.. lines with ecither
plain or treated water. He can also provide Clth‘E‘I‘ a one or two
per cent mixture, one per cent for solid combustibles or t“"o per
cent for flammable liquids. The experience of‘tho Miami Ifire
Department should assist materially in answering a munber of
questions regarding the feasibili.ty of employing treated water
in muniecipal fire-fighting operations.

Miami Fire Department photo

Three wet water “chemical” trucks of the Miami, Florida, Fire
Department, consisting of 500-gallon-per-minute pumpers, 500-
gallon water tanks and preconnected 1/2-in. hose lines eqt{lpped
with fog nozzles. These trucks have wet water proportioners.

An attempt has been made in this chapter to present and
explain the simple fundamentals and natural laws .thut govern
the extinguishing action of water. Future progress in the art of
fire fighting depends to a major degree upon ucce;?‘tance.
comprehension and application of this knowledge. Without
this knowledge it is impossible to appreciate and evaluate the
vast controlling and extinguishing potential of water, our
primary firc-extinguishing agent.
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THE INDIRECT METHOD OF ATTACK

“FVHT indirect method of attack” is an evolutionary develop-

ment resulting from an extensive study of fuel oil fires
within confined spaces conducted by the instructors’ staff,
U. S. Coast Guard Fire Fighting School, Tort MeHenry,
Baltimore, Maryland, during World War II. The primary pur-
pose of this study was to devise eflective and practical methods
of controlling and extinguishing major oil fires within the ma-
chinery spaces of commereial and naval vessels. The prelimin-
ary experimental work in connection with this project was con-
ducted during the summer of 1943. As this study progressed,
it was learned that extinguishment of a fuel oil fire within a
confined space could be accomplished without applying water
directly to the surface of the burning oil. A number of tests
were conducted within a simulated boiler room in an effort to
determine the factors that govern this phenomenon. A fairly
definite technique was developed and this became known as
“the indirect method of attack.”

By the summer of 1944, the investigation had progressed
as far as possible with the limited facilities available to the staff
of the Fire Fighting School. It appeared that sufficient evi-
dence had been aceumulated to justify the expenditure of
funds to undertake full-scale experiments under as near actual
conditions as would exist aboard commercial and naval vessels.
The Commandant, U. S. Coast Guard, procured from the War
Shipping Administration a damaged and unseaworthy Liberty
ship, Gaspar de Porlola. This vessel provided the nccessary
facilities for continuation of this investigation and was berthed
at the Fort McHenry Training Station.

The machinery space of this vessel was approximately fifty
{t. in length and fifty-six ft. wide at the floor level. The in-
terior height varied from twenty-two to thirty-two ft. due to
an offset ereated by the second deck. The total volume of
this space was approximately 85,000 cubic ft. without de-
duetions for machinery, piping, and other installations. This
displacement amounted to about 20,000 cubie ft. leaving a
net atmospheric volume of approximately 65,000 cubic ft.
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The machinery space of this vessel was converted into a full-
scale testing laboratory by minor modifications and installa-
tion of an electronic pyrometer together with thermocouple
terminals located at strategic points within the space. ‘

A series of full-scale experimental fires were undertaken and ! :
this phase of the investigation extended over a period of fifteen
months. These full-seale tests were designed to ereate as severe
a fire as would ever be experienced within the machinery space
of a vessel with the possible exception of a fire resulting from a
collision or under battle conditions. TFuel oil, in volumes rang-
ing from five to seven thousand gallons, was released in the
bilge of the machinery space. This provided a burning surface
of approximately eighteen hundred square ft. The major
part of this surface was located beneath steel-floor plates
preventing any water from being applied directly to the sur-
face of the burning oil. The freely-burning time of these tests
ranged from thirty minutes to an hour before any action was The Gaspar de Portfola at Fort McHenry.
taken to control and extinguish.

It was learned that the first and most important step in con-
trolling this type of fire was to close all air-intake openings.
This action restricted the oxygen available to support flame
production to an extent that reduced the rate of fuel consump-
tion and heat generation to a very minimum. Immediately
following the closure of air-intake openings, the pyrometer
would register a major decrease of atmospheric temperature at
the upper level of the space. The opening between the smoke
stack and stack ecasing extended upward from the forward sce-
tion of the machinery space and terminated seventy-five {t.
above the floor level. This opening eould not be closed due to
construction and height. It formed the exhaust outlet from
the machinery space with an area of fifty-four square ft. and
remained open during the entire operation.

Actual extinguishing operations were undertaken alter all

e I ) |
U. 8. Coas! Guard pholo

air-intake openings were elosed. In the carly tests, two 11 5-in. o
hose lines fitted with low-velocity fog heads were lowered ' V. 5. Coast Guard pholo U. 8. Coast Guard photo
through skylight openings into an open space near aft bulk- Skylight covered with hatch Covering aff main ventilator.

head. This placed the fog heads in the heated atmosphere
near the upper level of the machinery space where the fog cones
would not strike bulkheads or other obstructions. Water, in

tarpaulin,
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the form of finely divided particles. was applied through these
fog heads using nozzle pressures of approximately 100 psi. The
rate of application was about 168 gpm. In later tests, only
one 114-in. line fitted with a Navy type low-velocity fog head
(L-10A) was used, approximately 114 gpm at 100 psi nozzle
pressure. In one test, a specially designed low-velocity fog
head with a capacity of only 60 gpm was used.

U/, 5, Coast Guard photo

Test fire No. 7. Four minutes after ignition of fuel oil.

e 4

Low Velocity Head (L-10A) and Applicator Fitted to 1/2-in. hose.

Immediately following the application of water, there was
an outrush of smoke from the exhaust opening between the
smoke stack and stack casing followed by a mixture of smoke
and condensing steam. Usually this changed to condensing
steam without any trace of smoke. Within a period of minutes,
the volume of condensing steam would start to decrease and
would continue to decrease until little, if any, could be ob-
served coming from the exhaust opening. During this entire
period the pyrometer would register decreases in atmospheric
temperature throughout the machinery space. Application of
water was continued until eondensing steam ceased to come
from the exhaust opening and the atmospheric temperature at
all thermocouple terminals had been reduced to below 300° F.
This usually required a period of twenty-five to forty minutes.
This method of attack proved successful except when it was ; : _ 3 : !
impossible to effect or maintain complete contrel of air flows o U. §. Coast Guard pholo
from the outside atmosphere. The burning oil was not only
extinguished but was cooled to below its flash point, 200° F.
Light steel throughout the space was cooled to an approximate

Three minutes after start of application of water fog. Note con-
densing steam coming from stack.
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temperature of 212° F. and the structural members of heavy
steel to about 220° F.

An official report was published by the U. 8. Coast Guard,
June 1, 1945, under title — “Report of a Study of the Control
and Extinguishment of Fuel Oil Fires in the Machinery Spaces
of Vessels.” This report contained a complete summary of
sclentific data accumulated from test fires conducted during
1944. Also an outline and explanation of the technique re-
quired in the indirect method of attack and recommendations
regarding its practical application in the control and extinguish-
ment of major oil fires aboard commereial and naval vessels.
In this report, the author advanced a theory based upon con-
vectional currents in an attempt to explain why extinguish-
ment of the burning oil, cooling of the steel and cooling of the
fuel oil below its flash point were accomplished without apply-
ing water directly to the surface of the heated materials. The
author was never fully convinced that this theory was the cor-
rect explanation of this phenomenon. A further study of the
scientific data resulted in two definite conclusions that can be
stated as follows:

(a) Rapid generation of steam within a confined space
creates a violent atmospheric disturbance within the space.

(b) Each cubic foot of steam generated within a confined
space demands a cubic foot of that atmospheric space.

These two conclusions enabled the author to formulate a
theory that explains what oceurs when the indirect method of
attack is employed. This may be termed “the theory of indi-
rect application and atmospheric displacement.” This theory
assumed that —

the cooling action of water, applied in the form of finely
divided particles at the upper atmospheric level within a
highly heated confined space, is not limited to the imme-
diate area. The injection of water into a highly heated
atmosphere results in rapid generation of steam, thereby
creating an atmospheric disturbance of sufficient force to
distribute unvaporized particles throughout the space.
Unvaporized particles are brought into contact with
heated materials located beyond the immediate area,

THE INDIRECT METHOD OF ATTACK

thereby exerting cooling action throughout the atmos-
pheric area and at the same time contributing to the
atmospheric disturbance by expanding into steam. It
appears that this action continues until the surface tem-
perature within the space is reduced to approximately
212° F., the boiling point of water.

Rapid generation of steam increases the atmospheric
pressure within the space — each cubic foot of steam de-
manding a cubic foot of atmospheric space. A building is
not air tight, therefore, the interior and outside pressures
are equalized quickly by an escape of atmosphere from
the higher to the lower pressure area. If the volume of
steam generated within the space exceeds the net atmos-
pheric volume of the space, most, if not all, of the origi-
nal atmosphere will be displaced by steam. When the
surface temperature within the space has been reduced to
approximately 212° F., the boiling point of water, steam
generation ceases.

At this time, steam within the space starts to con-
dense and cool air from the outside enters filling the void
created by the process of condensation. This indraft of
cool air from the outside atmosphere tends to increase
the rate of condensation and continues until the process
of condensation ceases. At this time, a major part, if not
all, of the atmosphere within the space consists of normal
air.

N JUNE 1947, the author completed his wartime service
with the U. 8. Coast Guard and returned to duty with the
Parkersburg Fire Department. There were many questions
regarding the practicability of employing water in the form of
finely divided particles for general fire-fighting purposes.
Answers to these questions could be obtained only through
field experience. Within a period of two years, the personnel of
the Parkersburg TFire Department had been trained and
equipped for the purpose of determining the practicability of
employing this system of fire fighting in munieipal fire defense.
An intense and practical educational and training program
provided the initial step in converting the personnel of the
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Parkersburg Fire Department from the solid stream system of
fire fighting to that of finely divided particles. The funda-
mentals and recommended technique of the indirect method of
attack were emphasized. A tentative plan of operational pro-
cedure for employing this method in combating major interior
fires was outlined for the personnel and striet supervision was
exercised on the fireground to see that this plan was followed.
Results were observed and recorded. After each fire photo-
graphs were made of the involved building and a carcful study
was made of the entire operation. Mistakes were recognized
and necessary steps taken to prevent similar mistakes in future
operations. The personnel of this department learned by the
process of trial and error on the fireground. Gradually the
mechanical difficulties were overcome and operational pro-
cedure improved. It took approximately two years to perfect
this method of attack and for the personnel to develop the skill
and confidence that enabled them to emnploy it successfully on
the fireground.

The fundamentals of the indirect method of attack may be
summarized as follows:

1. Degree of confinement and concentration of excessive
heat are important factors in this method of attack. A high
concentration of excessive heat within a elosely confined space
provides the most advantageous conditions.

2. The initial attack should be made within the area of
major involvement. The cone or cones of water partieles
should be injected into the heated atmosphere at upper level of
the space. The primary purpose of this attack is to transfer the
excessive heat from the interior of the building to the cutside
atmosphere.

3. Indirect application and atmoespherie displacement will
occur only on and above the floor where the attack is made.
The major movement of heated smoke and steam is upward
and outward while the movement through openings to the (loor
below is minor in nature.

4. The progress of an indirect attack can be estimated
readily by observing the volume of smoke and condensing steam
coming from a building during the attack. Displacement of the
interior atmosphere starts immediately following the injection
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of water particles and continues in the following sequence:
first — violent expulsion of smoke; second — a mixture of
smoke and condensing steam; third and final phase — con-
densing steam with little, if any, smoke.

5. Injection of water particles should continue without in-
terruption until the volume of condensing steam coming from
the building has decreased to a major degree. A major decrease
in the volume of condensing steam, providing there has been
no interruption or reduction in the volume of water being in-
jected, is a definite indication that a major part of the excessive
heat has been transferred to the outside atmosphere. It also
indicates that indircet application has practically ceased and
the cooling action of the water is restricted to the area of direet
application. At this time, injection of water particles should be
stopped.

6. Providing an indirect attack has been exccuted in the
proper manner, the following conditions ean be antieipated:

(a) Residual heat will be insufficient to prevent per-
sonnel from entering and operating within the building. The
interior atmosphere may cause some physical discomfort but
this appears to be due to high humidity rather than to CXCOSSIVe
heat. Conventional metheds of ventilation may be employed
to lower the humidity and to effect further reduction of at-
mospherie temperature.

(b) Some smoke and condensing steam may be present
at the upper level of the space but usually of insuflicient density
to interfere with visibility.

(¢) Oxyeen percentage of interior atmosphere should be
normal (21 per cent).

(d) Small spot fires and deep-scated smouldering may
be found. Spot fires are usually located at or near the floor
level.

Atmospherie displacement by indireet application is pro-
duced by rapid gencration of steam within a conlined space.
The volume of excessive heat and degree of confinement are
controlling factors in this ehain reaction. These two factors
have a direet influence on each other and must be evaluated
jointly. An indireet attack can be employed successfully only
when the atmospheric and surface temperatures at the upper
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level within a confined space are higher than the boiling point

of \.Vater (212° F.). Degree of extinguishment that can be
achieved is dependent upon the volume of excessive heat and

the degree of confinement.

Fires in the first phase of development and in many in-
stances after they bave advanced into the early part of the
sec’,on__d phase (limited flame production) have 1ot generated
sufficient volume of heat to require or justify an indirect at-
tack. Accumulated smoke is the major problem. Smoke that
has lost most of its heat content is not a serious problem for
well trained and experienced firemen. Conventional methods
.Of ventilation may be employed to increase the degree of visibil-
1ty within the building while proper respiratory equipment can
be used to protect against the toxic and irritating properties of
Smok.e. A fire of this nature must be loeated and extinguished
by direct attack. In making the initial size up of a building
fire an experienced and capable officer should have little dif-
ficulty in determining if the situation demands a direct or
indirect attack,

. Under favorable conditions of confinement, it may be pos-
51bl.e Fo transfer the excessive heat to the outside zlt;nosphere
b'y injecting fog at one point only. Under unfavorable condi-
tions of confinement, it may be necessary to inject fog at sev-
eral points. It is impossible to formulate any definite rule and
the officer in charge must have sufficient knowledge of the
f%mdamentals and be able to apply them to the individual situa-
tion. The primary purpose of an indireet attack is to eliminate
Fhe concentration of excessive heat within the involved build-
mg_and if this eannot be accomplished by attacking from one
position he must sclect additional points of attack. A study of
the case histories should provide considerable infurmu{,iuu
regarding this factor.

Where a sizable roof (exhaust) opening exists, water parti-
cl'cs should be injected into the heated atmosphere at some
distance from the opening. The machinery space of the Gaspar
de‘PortoZa provided a clear example of the application of this
principle. The exhaust opening (stack casing) consisted of
fifty-four square ft. and was located near the forward bulk-
head. The point of injection was located near the aft bulkhead.
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The distance between these two points was about forty feet
while the over-all length of the machinery space was only fifty
feet. This principle was also applied in attacking the fire within
the west section of Warchouse, Case History No. 3. The roof
opening was located at a point of greatest distance from the
opening through which high-veloeity fog was injected into the
upper stratum of the interior atmosphere.

Window and door openings (combined exhaust and air-
intake openings) appear to exert only a limited influence on the
degree of extinguishment. Considerable influence will be
exerted by a sizable roof opening together with air-intake open-
ings so located that strong drafts have developed within the
space. Strong through drafts will reduce extinguishing action
at the lower level but will not prevent the dissipation of exces-
sive heat. Situations of this nature usually require injection of
fog at more than one point. A study of Case History No. 3 is
recommended.

(lare must be exercised by the officer making the initial
size up to locate the area of major involvement. T his is not dif-
ficult if the fire has broken through to the outside. Ilames
coming from an opening or openings provide positive indieation
as to the area of major involvement. Considerable care should
be exercised where there are indications that a fire has entered
the third phase. Tires in this phase of development may be
anticipated in basements or sub-basements and in buildings
of fire-resistive or heavy timber construction. Metal frame
windows fitted with wired glass may be a contributing factor
in preventing a fire from breaking through to the outside.
Fire-fighting personnel should realize that where a building or
other confined space is heavily charged with smoke, together
with indications of a hazardous concentration of cxcessive
heat, it presents a situation that does not require immediate ae-

tion, providing the fire has not effected an opening to the out-
side or human life is not involved. This is a situation that
demands a complete survey, a careful size up, an intelligent
decision and a definite plan of procedure. A situation of this
nature offers ideal conditions for successful employment of the

indirect method of attack.
It appears that the basic contributing factors of a potential
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smoke explosion may he present where a fire is in its third
phase, therefore, considerable care should be exercised to see
that no openings are made until the area of major involvement
has been located. Then a small opening should he made fol-
lowed immediately by injection of water particles into upper
stratum of the interior atmosphere. Rapid displacement and
dilution of accumulated smoke with steam, together with rapid
absorption of excessive heat within the involved building,
should eliminate any possibility of a smoke explosion.

Rapid generation of steam within a confined space causes
the original atmosphere (heated smoke and air) to be displaced
by an atmosphere of steam. Where a sizable roofl opening is
present a major part of the original atmosphere escapes by
way of this opening. Without the presence of a sizable roof
opening, the original atmosphere will be foreed out through
cracks and other openings. The major movement of this dis-
placement is always upward and outward. The downward
movement through openings to the floor below is very limited.
If the volume of steam generated within the space exceeds the
net atmospheric volume of the space, the excessive steam will
be forced out by way of the same channels and openings
through which the original atmosphere was exhausted. It is
belicved that unvaporized particles of water are conveyed in
the escaping steam. If these unvaporized particles come into
contaet with materials having surface temperatures above the
boiling point of water they will exert a cooling action on the
contacted materials. This appears to explain why cooling and
extinguishment has been accomplished on upper floors and in
atlics without any water being injected direetly into these
SPACCeS.

The most effective rate of injection poses a diflicult ques-
tion for which there is no definite formula. A study of the data
obtained from the experimental fires abeard the Gaspar de
Portola tends to indicate that the rate of injection in attacking
a major fire within a closely eonfined space can vary consider-
ably without affecting the ultimate results. The machinery
space of this vessel had a net atmospherie volume of approxi-
mately 65,000 cubic {t. with an exhausi opening (space be-
tween smoke stack and stack casing) consisting of 34 square
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ft. Most of the experimental fires were extinguished by in-
jecting water fog at a rate of 114 gpm. A maximum rate of
168 gpm and a minimum rate of 60 gpm accomplished com-
plete extinguishment. In two experiments, only 36 gpm were
used but complete extinguishment was not obtained although
the atmospheric temperature at all thermocouple terminals
was reduced to less than 300° I. In both these tests, a surface
arca of less than 50 square ft. continued to burn but the in-
terior temperature had been reduced to a degree that allowed
personnel to enter and extinguish the burning oil by direct
attack.

A lower rate of injection may be employed successfully in
attacking a major fire within a closely confined space than
where there are sufficient openings to allow some flame pro-
duction to continue during the attack. The rate of injection
should execeed the rate of heat production by considerable
margin. In dwelling fires where only two or three rooms were
involved, 50 to 65 gpm of water fog injected in a proper man-
ner have produced effective results. Where larger atmos-
pheric areas are involved and especially if sufficient openings
are present to allow some flame production to continue during
the attack, the officer in charge should not hestitate to employ
as much water as is readily available if it can be injected into
the area of major involvement in the recommended manner.
A rapid rate of injection appears to offer considerable ad-
vantage in obtaining a high degree of atmospheric displace-
ment and extinguishing action.

The total volume of water required in this method of attack
depends upon the volume of excessive heat contained within
the building and the amount of heat generated during the at-
tack. The officer directing the attack or a qualified observer
should be in position to observe the volume of smoke and con-
densing steam coming {rom the building during the attack. An
experienced observer can estimate readily and with consider-
able accuracy the progress of an indirect attack and determine
when injection of water should be stopped. A noticeable de-
crease in the volume of condensing steam coming from the
building indicates that the percentage of conversion is decreas-
ing providing the rate of injection has remained constant. A
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An indirect aftack through window opening using high-velocity
fog cone. Nozzleman should remain below opening to avoid
outrush of heated smoke and live steam.
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Showing proper placement of cellar pipe fitted with low-velocity
fog head.

major deerease in the volume of condensing steam is positive
evidence that indireet application has almost, if not entirely,
ceased and most of the excessive heat has been transferred to
the outside atmosphere. At this time, the imjection of water
fog should be stopped. Iintry should be made promptly and
any remaining remnants of fire extinguished by direct applica-
tion. Conventional methods of ventilation may now be em-
ployed to effect further reduction of atmospheric temperature
and to reduce the percentage of humidity within the building.

Additional fundamentals and suggestions that should be
considered in order to obtain maximum results and to safeguard
personnel when making an indircet attack:

(1) In making the initial size up eare should be taken to
loeate the arca of major involvement, also to determine where
opening or openings are available or ean be made for injeetion
of water partieles into upper stratum of interior atmosphere.

(2) An indirect allack should always be made from posilions
that will enable personnel to avold injuries from super-healed
smolke and live steam.

(a) If possible and practical an indircet attack should
be made from positions outside the involved building,
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(b) In a basement or other space where it is necessary
to inject water through an opening from the floor above, per-
sonnel should be withdrawn from the building before water is
applied. The valve control should be located outside the
building.

(c) Where the area of major involvement is on upper
floors, it may be possible and practical to attack from an in-
terior stairway below the involved floor. The nozzleman may
have to discontinue the attack temporarily to avoid the down-
ward movement of heated smoke and steam.

(d) Burned-out windows provide ready-made openings
if so located that the nozzleman can stay below the lower level
of the opening to avoid the outrush of heated smoke and steam
following the injection of water particles.

(3) When openings have to be made they should be small
in size. This is especially tmportant if there are indicaiions that
the fire has entered ls third phase.

(@) Only the lower pane of a two-section window should
be broken out. If window consists of several individual panes
remove only a single pane. Any immediate obstruction that
would prevent a cone of water particles from being projected
into the upper stratum of interior atmosphere must be removed.

(b) A doorway is an undesirable type of opening due to
size and usually the nozzleman will have to discontinue the at-
tack and retreat to avoid envelopment by heated smoke and
steam.

(4) If the attack is to be made through window or other
low-level opening or from an interior stairway a high-velocity
cone should be used.

(5) A fire in a cockloft or unfinished attic may be attacked
by making a small opening in the ceiling below and inserting a
straight applicator fitted with low-velocity fog head. The ap-
plicator must be of sufficient length to place the cone within
the upper stratum of interior atmosphere. Nozzleman should
wear gloves to protect hands from scalding water that may
come through opening. This type of applicator can be used to
good advantage to attack fires within other concealed spaces.

(6) Where an attack must be made from the floor above as
may be necessary in basements or similar spaces a cellar pipe

THE INDIRECT METHOD OF ATTACK

. ‘ il
Straight applicator fitted with low-velocity fog head inserfed
through ceiling opening to attack fire in unfinished attic. Nozzle-
man should use gloves to protect hands from scalding water.
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should be used. If the basement is a single atmospheric area
with either an open stairway or elevator shaft that forms an
exhaust opening, the point of injection should be located some
distance from the exhaust opening. If the basement consists
of individual sections, the point of injection must be within
the involved section. The involved section may be determined
by locating the “hot spot” on the floor above.

(7) A low-velocity fog head is designed to obtain maximum
dispersion of water particles within a few feet of the head. A
high-velocity nozzle is designed to project water for some dis-
tance before maximum dispersion occurs. A high degree of dis-
persion of water particles within the upper stratum of the in-
terior atmosphere is an important factor in obtaining rapid
heat absorption and a high percentage of conversion. If a
high-velocity cone is directed toward a ceiling at a sharp angle
the cone may pass through the upper stratum of atmosphere
and strike the ceiling before sufficient dispersion of particles
has developed. The degree of dispersion ean be increased by
slanting a high-velocity cone upward at a gradual angle. This
allows the cone to expand and the water to separate into indi-
vidual particles. Additional dispersion can be obtained by
slight, brisk and continuous manipulation of the nozzle. Con-
siderable skill and confidence are required to obtain a high
degree of dispersion when using a high-velocity nozzle in an
indirect attack.

(8) Should respiratory equipment be used by personnel
entering a building upon completion of an indirect attack?
This question must be answered by the officer directing opera-
tions. His decision should be based upon his estimate of the
situation and in keeping with the policy of his organization.

SUCCESSFUL employment of the indirect attack calls for

courageous, intelligent, resourceful and competent leader-
ship. Courage to employ this method of attack should be
based upon knowledge and understanding of the natural laws
and fundamentals presented in this text. Tire-fighting per-
sonnel should also have adequate knowledge and understand-
ing of these natural laws and fundamentals together with the
skill and confidence to perform the various operations in an

THE INDIRECT METHOD OF ATTACK

High-velocity fog cone from monitor unit projected through window
opening of second floor. Large atmospheric areas may require
greater volumes of water than can be projected by 1Y2-in. fog

nozzles.

L
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efficient manner. A certain degree of skill and eonfidence can
be developed by practical and systematie training. Although
adequate training is absolutely nccessary, training alone will
not provide these essentials; they are the natural product of
trial and error on the fireground. Many mistakes will be made
in early attempts but mistakes sheuld be utilized as stepping
stones to greater efficiency. Both skill and confidence will in-
crease as sucecesses are achieved on the fireground. This form
of application and method of attack are so effective that mis-
takes can be made and yet the ultimate results are usually far
better than ecan be achieved by the most skillful employment
of solid streams.

HERI direct attack with fog nozzles is indicated, prae-

tice and experience will suggest the best attack technique
for a given fire. In general, a 30-degree fog pattern is indicated
for structural fires in order to provide effective reach of stream
coupled with an effective water particle distribution pattern.
Where the fire area is not deep, a wider fog pattern may be indi-
cated in order to obtain greater coverage and prevent runoff of
water striking opposing walls. Nozzles should be directed at an
upward angle and the stream should be moved slowly enough
through the heated arca to permit effective heat absorption.
Many cities are supplying 100 gpm fog streams with 1!3-in.
pumper lines at approximately 100 pounds nozzle pressure. In
general, where possible fog should be applied at a rate sufficient
to quickly remove abnormal heat. For example, other things
being equal a 100 gpm fog nozzle operated for one minute would
be more effective than a 50 gpm nozzle operated for two min-
utes because the generation of additional heat would be sup-
pressed more quickly.

THE INDIRECT METHOD OF ATTACK i

First of a series of six pictures demonstrating how a
fog jet works to extinguish a fire in a confined room
or space. This first view shows fuel burning briskly
before the fog jet is applied.

Second in a series of six pictures of fog (impinging
jets at left) applied to a fire in a confined space.
The experimental space is 4%2 cubic feet, large
enough to demonstrate what happens. First result is
that smoke and combustible gases are driven out of
the simulated windows where they mix with suffi-
cient oxygen to burn freely.




32 ATTACKING AND EXTINGUISHING INTERIOR FIRES
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Third in a series of six pictures. The fog stream has
caused flame in the space to collapse after one-half
second.

Fourth in a series of six pictures taken after one
second’s application of a fog jet. Wisps of steam are
beginning to appear from the windows of the simu-
lated building.

THE INDIRECT METIIOD OF ATTACK

Fifth in a series of six pictures taken 1% seconds after
the first picture. Continued application of the fog jet
shows increasing amount of steam coming from
windows.
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Sixth picture at 3 seconds. The flame has been ex-
tinguished and large clouds of steam (really con-
densing water vapor) have appeared on the out-
side of the building. The same sequence takes place
when a fog jet is used on a building fire but this
series of pictures shows the extinguishing effect
clearly in its various stages.

Photos on pages 61-53 from “'Fire Research 1052""; reproduced by permission of
fer Brilannie Majesty's Stationery Office (Crown copyright reserved)
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CraprEr IV
EQUIPMENT

INCTE the introduction of the fog nozzle technique at Park-

ershurg and the publication of the first, edition of Attacking
and Extinguishing Interior Fircs, considerable advanee has
heen made in the development of fog nozzles for fire fighting.
Nozzles are now on the market which comkine features of
stream pattern selection and shut-off or contrel valves. Nozzles
are available in a large variety of volume classifieations from
5 to 1000 gpm and {rom a number of manulacturers. Infor-
mation regarding these nozzles 1s available in other publications
of the National Tire Protection Association including Fog
Nozzle Studies prepared hy the NFPA Committee on Fire De-
partment Equipment in cooperation with other agencies, and
listings of nozzles are included in the NFPA ITandbook of Fire
Protection. Fire departments are urged to study the various
produets now availuble when making a seleetion directed to
their own needs.

Many cities are making the 114-in. line with fog nozzle
their primary attack weapon on interior fires. Booster nozzles
for 1-in. hose are used for small fires but even large cities are
placing great reliance upon the 114-in. fog nozzle for interior
fires in struetures having numerous rooms and partitions where
it is difficult to maneuver 214-in. lines. It has been found that
the more mobile 100 gpm streams are effective even on ad-
vaneed multiple alarm fires where it is desired to attack interior
{ires from numerous vantage points simultancously.

Considerable experience has also been obtained with the
operation of master fog streams. Where adjustable pattern
fog nozzles arc employed, the pattern may be adjusted toward
straight stream as required to provide needed range and at the
same time give a desired break-up of water particles. Where
non-adjustable type large volume fog heads are employed, it is
neeessary to elevate or place the nozzle elose enough to direct
the fog into the heated arca. Ixperiments have shown that
adjustable fog streams have a range comparing favorably with
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large =olid ¢treams of the same volume when adjusted toward
a straight stream. However, some difficulty has been experi-
enced with loss of range of master spray streams from excessive
break-up where nozzle pressures were considerably above that
recommended by the manufacturer. One practice that should
be guarded against is the tendency to adjust large 0g nozzles to
a straight stream pattern in order to gain a slight additional
reach thereby losing the greater effectiveness of the recom-
mended 30-degree fog. Company commanders should be in-
structed wherever possible to place the nozzles close enough to
the fire area to bring them within effective range of 30-degree
fog patterns. Use of fog nozzles on ladder pipes greatly facili-
tates the proper placement of fog streams. (See the Author’s
book: Fire Fighting Tactics.)

The equipment deseribed in
this Chapter has been used by
the Parkersburg Tire Depart-
ment while the author was
chief. This equipment was not
ideal but progress in the art of
fire fighting can not await de-
velopment of ideal equipment.
This Department, by modifi-
cation and improvision, pro-
vided its personnel with equip-
ment which has enabled them
to employ water, in the form
of finely divided particles, effec-
tively on the fireground.

The following nozzles are de-
signed to project either a high-
veloeity cone of water particles
or a solid stream:

This nozzle was used as an
adjustable tip on 124-in. stand-
ard shut-off nozzle valve
(Wooster Brass), all threads are
Elkhart Mystery Nozzle(205) 1l4-in.  National Standard.

EQUIPMENT -

Shut-off nozzle enables nozzleman to project or discontinue fog
cone without passing through solid stream or changing stream
pattern. The Mystery nozzle was modified to prevent fog cone
from being extended beyond 30° angle. When outer barrel ig
turned to open position this nozzle projects a 30° angle fog cone.
This angle of discharge produces the maximum degree of fine-
ness and reach. Nozzlemen are instructed to use only the 30°
angle when projecting fog. Solid stream can l)e. obtained by
turning outer barrel toward elosed position. Dehf'ery volume
at 100 psi nozzle pressure: fog cone — 65 gpm; solid stream'-ﬁ
60 gpm. Volume of solid stream can be reduced by turning

outer barrel toward closed position. Fog is produced by periph-
eral jet fitted with deflecting teetl.

Similar nozzles are now available having preset seleeted fog
patterns and separate shut-off valves having full flow water-
wavs, Sueh nozzles are capable of discharging 100 gpm or more
thr‘ough 114-in. hose. Tt has been found that a st:nu!nrd nozzle

-alve from a 214-in. hose nozzle equipped with 11 5-in. threads
on either side of the valve provides an excellent control valve
for adjustable 114-in. fog nozzles.

S o A i
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The Elkhart Mystery nozzle (1.-200) is also used as an
adjustable tip on 1l4-in. standard shut-off nozzle. Modified
to prevent fog cone from being extended beyond 30° angle.
Delivery volume at 100 psi nozzle pressure: fog cone — 90
gpm; solid stream — 70 gpm. Vclume of solid stream can be
reduced by turning outer barrel toward elosed position.

Elkhart Jumbo Mystery Nozzle (J-200)

The Jumbo nozzle is used as an adjustable tip on multiversal
nozzles and ladder pipes. It ean be modified to prevent fog
cone from being extended beyond 30° angle or marked by
spots brazed on base and outer barrel to indicate proper ad-
justment for projecting 30° angle cone. Raised spots shown on
nozzle in photograph. Solid stream can be obtained by turn-
ing outer barrel toward closed position. Delivery volume at

EQUIPMENT

100 psi nozzle pressure: 30° angle fog cone — 425 ;z;pm; solid
stream — 350 gpm. At 125 psi nozzle pressure: 30° angle ff.)g
cone — 475 gpm; solid stream — 390 gpm. Volume of solid
stream can be reduced by turning outer barrel tpward cloa‘aed
position. Fog produeed by peripheral jet fitted with deflecting

teeth.

Rockwood All-purpose Booster Nozzle

Solid stream vpening — 1i-in. Delivery volume at 100 psi
nozzle pressure: fog cone — 18 gpm; solid s_stremn — 18 gpm.
Fog produced by impinging jets. An am‘)hcator may b'e at-
tached to this nozzle to provide low \'CiOC'lt}' fog as show n on
page 144. (See pages 62-63 for further discussion of applica-

tors.)
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The following fog heads are designed to project low-velocity

cones of water particles and are used on cellar pipes and
applicators:

Navy Type Low-velocity Heads

Lerr: Navy type low-velocity head (Rockwood Sprinkler
Company I-10A). Used on cellar pipes, projects only a low-
velocity fog cone. Delivery volume at 100 psi nozzle pres-
sure — 114 gpm. Tog produced by impinging jets.

Rieut: Navy type low-velocity head (Rockwood Sprinkler
Company I-11A). Used on applicators and cellar pipes,

EQUIPMENT

projects only a low-veloeity fog cone. Delivery volume at 100
psi nozzle pressurc — 54 gpm. Fog produced by impinging
jets.

Cellar Pipe
This pipe is designed for use on 115-in. hose. Consists of

114-in. female coupling brazed to 1-ft. length of 17 5-in. brass
pipe, clbow, 2-ft. length of pipe, double female fitted with

e

Showing Low-velocity Cone from Cellar Pipe Fitted with L-10A
Fog Head.

T TR
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Showing Low-velocity Cone from Cellar Pipe Fitted with [-11A
Fog Head

.L—IOA low-veloeity head. Special strainer is fitted in pipe at
intake opening. For smaller volume, this type of cellar pipe
can be fitted with the L-11A low-velocity head. This pipe can
be inserted through a 214-in. diameter hole.

L

Applicators and Shut-off Nozzle

EQUIPMENT G

Applicator consists of 114-in. NST female connection
brazed to 5-ft. length of 34-in. copper pipe, female connection
for low-velocity head brazed to pipe, and a L-11A low-velocity
head fitted with strainer. An applicator can be made in any
convenient length and bent to desired angle. The 5-ft. straight
applicator has proved very practical for attacking fires in un-
finished atties and other concealed spaces. Applicator is al-
ways attached to shut-off nozzle. If line is equipped with a
high-velocity nozzle and an applicator is needed, the high-
velocity nozzle can be removed and applicator attached to
shut-off nozzle.

The L-11 low-velocity head is also used on the conventional
type of applicator, the 10-ft., 1-in. pipe, with head set at a
90° angle. These applicators are fitted with 134-in. NST fe-
male connections.

Power-Driven Sawing Unit

Power-driven sawing unit used for sawing a 214-in. di-
ameter opening in wooden floor to insert cellar pipe. Rear —
Black and Decker, Y4-in., slow speed, power drill. Exzireme
left — chisel. Extreme right — hammer, these are used to re-
move floor covering to prevent clogging of saw teeth. Left —
short saw bit made by Black and Decker, can be used to saw
hole in light materials. Cenler — saw bit has tecth designed
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for cutting hole in light metals but has proved to be of little
practical value. Right — saw bit has teeth designed for saw-
ing hole through wooden floor and sub-flooring. This bit is
made from 214-in. oil well tubing; teeth were cut, set, and
tempered for sawing wood, and is fitted with 34-in. mandrel.
Drill ean be operated from light circuit, power plant on ap-
paratus, or portable unit. A 214-in. diameter opening can
be sawed through floor and sub-flooring in three to five min-
utes. Drill and attachments are carried on apparatus in spe-
cial made canvas bag fitted with carrying straps.

Plaster Reamer

The plaster reamer consists of 5-ft. wooden handle fitted
with a 2-in. plumber’s reamer. Used for cutting holes in plaster
or similar materials. Makes a clean-cut opening of sufficient
diameter for inserting applicator fitted with low-velocity head.

EQUIPMENT

Monitor Unit

When the four stabilizing jacks on monitor unit are in
place, the two Junior Multiversal (Akron Brass) nozzles can
be operated at any angle. ILlkhart Jumbo Mystery nozzles
are used as adjustable tips. Iach nozzle can be supplied
by either two or three 2l4-in. lines. Individual nozzles
can be removed quickly from Unit and attached to window
sill, parapet, or other location by using attachments carried

on Unit.

A TR e s e
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Monitor Unit Projecting 30° Angle Cones

This photograph was taken the same afternoon as the
previous photo. Lack of visibility is due to suspension of water

particles in the atmosphere. Nozzle pressure is approximately
100 psi.

EQUIPMENT 7

Showing Reach of Fog Cones

An effective cone is projected for a distance of over fifty ft.
under still air conditions. These are 30° angle cones and the
nozzle pressure is approximately 100 psi.
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Monitor Unit Projecting Solid Streams

Nozzle pressure is approximately 100 psi. Each nozzle is
delivering about 350 gpm.

EQUIPMENT 69

The use of 214-in. hose for hand lines is unnecessary in this
system of fire fighting. When larger volumes of water, than
can be applied by 114-in. nozzles, are required, multiversal
nozzles and ladder pipes should be placed in service. The
friction loss problem in using 114-in. hand lines can be solved
by limiting hand lines to a maximum of 200 ft. The use of
214-in. hose can be limited to supply lines from hydrants to
pumpers, from pumpers to 114-in. hand lines, and from pumpers
to multiversal nozzles and ladder pipes. Gradual replacement
of 214-in. hose with 3-in. hose fitted with 214-in. couplings
should be considered by any department that adopts this sys-
tem of fire fighting.

Aerial Ladder Pipe 30° Angle Cone

Elkhart Jumbo Mystery Nozzle used as adjustable tip on
ladder pipe. Supplied by 3-in. hose fitted with 3 2l4-in.
intakes.
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The author wishes to emphasize that the equipment prob-
lem has not been solved. This system of fire fighting offers a
real challenge to invenlors, designers and manufacturers of
fire-fighting equipment. They should approach this problem
with a comprehensive understanding of the natural laws that
govern the extinguishing action of water and its proper
tactical employment on the fireground. Progress in the art of
fire ighting demands practical equipment which will enable the
fire service to utilize the vast extinguishing action of water
more effectively in attacking and extinguishing fire.

Squad Truck

Grant Multiversal Nozzle (4 214-in. intakes) mounted on
Squad Truck projecting 30° angle cone at 100 psi nozzle
pressure.

CuaarTER V
CASE HISTORIES

URING the time the author was chief of the Parkersburg
Tire Department detailed reports were compiled on all
working fires including plans and sketches of the buildings in-
volved as well as photographs taken by the I'ire Department
photographer. Trom these we have selected six “Case His-
tories” as examples of “indireet” fog application on interior
fires in enclosed buildings. Examples of fog application on un-
confined major fires are treated in the Author’s book, “Fire
Tighting Taectics.”” Tt is not claimed that in all fires an equally
high degree of efficiency in heat transfer will be experienced,
not only because fireground operations must be condueted in
haste with the result that streams are not always applied in the
most advantageous manner, but because in many cases the at-
tack will he made before sufficiently excessive heat is present to
obtain the full henefits of the indirect attack. Obviously where
it ix more feasible to make a direct attack upon the fire this
should be done. Nevertheless, a thorough understanding of the
principles of “indireet’ application and heat transfer will make
the fire officer alert to possibilities of obtaining maximum bene-
fit from the water fog attack whether direct or indirect. The
hotter the confined heat in the upper atmospheric area the
more effective the econversion of water particles to steam.

CASE HISTORY NO. 1:
A building fire where plain water, in the form of finely
divided particles, was used to attack and extinguish.

LocaTiox orF FIRE: 2000 16th Street, Parkersburg, West
Virgina.

TiME oF FIRE: May 31, 1949 — 8:50 p.r

WEATHER coNDITIONS: Temperature — 71° T, Wind — ealm.
Humidity — 51 per cent.

DESCRIPTION OF BUILDING: One-story frame dwelling (39 ft.
x 38 ft.) with breaklast nook and enclosed rear porch (19 ft.
x 6 ft.) extending beyond rear basement wall, concrete block
foundation, gable type roof with ridge extending from front to
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FRONT AND WEST SIDE OF DWELLING
2000 16th Street

rear, roof and sides of building covered with asphalt composi-
tion shingles. House constructed on sloping ground from front
to rear with main floor front two ft. from ground and rear
porch nine ft. from ground. Rear porch (13 ft. x 6 ft.) enclosed
with wooden lattice work and without steps to ground level.

INTERIOR: Semi-finished basement (39 ft.x 38 ft.) without
inside stairway. Two apartments on main floor consisting of
three rooms each, small hallway and bathroom center rear.
Semi-finished attic with stairway from rear of bedroom, west
side apartment. Approximately two-thirds of attic area
floored with tongued and grooved lumber. Open rafters except
in front end of attic where the center section had been closed
with corrugated cardboard on light wooden studding to pro-
vide a small bedroom. Doorway to bedroom was not fitted
with door.

The ceiling height throughout the entire main floor was
nine feet. All interior walls and ceilings were constructed of
plasterboard nailed to wooden studding and joists.

CASE HISTORY No. 1 3
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Exrosures: East side — two-story frame dwelling located at
a distance of 12 ft. West side — one-story frame garage con-
sisting of four stalls located at a distance of 22 ft. There were
NO rear exposures.

INTERIOR LAYOUT: See diagram.

TUNITS AND PERSONNEL RESPONDING:

Engine company No. 3 — 2 firemen

Squad eompany — 2 firemen

Additional personnel — Chief of Department, 3 firemen
OccupANCY AND CONTENTS: West side apartment was oc-
cupied by owner and each room was completely furnished.
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WEST SIDE OF DWELLING

Windows from left to right — three bedroom and two kitchen
windows. Initial attack was made through fourth window opening
from left.

]
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Blinds and curtains were on all windows of main floor and
attic except small window in pantry. The rear porch contained
furniture and other combustibles. The walls and ceilings of
kitchen and breakfast nook were painted. The living room
and bedroom had been papered several times without remov-
ing old paper. East side apartment was furnished but was un-
occupied at time of fire. Attic bedroom was furnished and the
remainder of the attic space contained furniture, clothing and
other combustibles.

Causk orF rire: The refrigerator in kitchen of west side apart-
ment was located against east wall next to doorway to pantry.
The electric motor had been causing trouble but the owner

CASE HISTORY NO. 1 {9

had been unable to contact the service man. After the fire was
extinguished a penny was found behind the burned-out fuse
in the circuit which provided power to the kitchen. The fire
was caused by refrigerator motor overheating and igniting
combustibles.

CONDITIONS EXISTING AT TIME OF FIRE: The lady, who owned
the house and occupied the west side apartment, had closed
and locked the apartment at 7:00 p.m. and had gone to a club
meeting. A neighbor discovered the fire and phoned the Fire
Department, the alarm was received at 8:50 r.u.

At the time the owner closed her apartment, it appears that
all windows were closed except the two rear windows in attic.
All exterior doors were closed. The single door between living
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KITCHEN — WEST SIDE APARTMENT
Showing refrigerator and motor where fire started.

room of west side apartment and living room of east side apart-
ment was locked and sealed with felt. The two center sections
of French doors between the living room and bedroom, west
side apartment, were open. The single door between bedroom
of west side apartment and bedroom of east side apartment
was locked and sealed with felt. The swinging door between
bedroom and kitchen, west side apartment, was in a semi-open
position due to the presence of a throw rug on floor. The door
between kitchen and pantry, west side apartment, was closed.
The remainder of the interior doors throughout the house

were closed.

CoNDITIONS UPON ARRIVAL OF EnGINE No. 3: The entire
kitchen, breakfast nook, pantry and rear porech of west side

CASE HISTORY NO. 1
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PANTRY AND BURNED-OUT DOOR
Upper left within pantry shows under-section of stairway to atfic.

apartment were involved in fire. The west side apartment and
attic were heavily charged with smoke. The door between
kitchen and pantry and the door from kitechen to rear porch
were burned out. All windows were intact exeept the follow-
ing: upper panes of rear window of breakfast nook, small
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KITCHEN — INTERIOR VIEW

Showing door to bedroom which was in semi-opened position
during fire.

pantry window which opened onto rear porch and some of the
panes in two rear windows of attic.

ATTACK AND EXTINGUISHMENT: Engine Company No. 3 laid
supply line from hydrant at Park Avenue and 16th Street and
took position in front of involved house. The ‘“ready line”
(200 ft. 114-in. hose equipped with all-purpose 1]ozzfe) was
advanced along west side of house to pesition shown in dia-
gram. It appeared that the area of major involvement con-
sisted of the kitehen and breakfast nook of west side apartment
and the decision was made to attack through kitchen window

CASE HISTORY NoO. 1

next to bedroom. A ladder was placed and the nozzleman broke
lower pane of window. He directed a cone of water particles
through window opening slanting it upward toward ceiling of
kitehen. Immediately there was a violent expulsion of smoke
followed by a mixture of smoke and condensing steam. The
entire house was enveloped in a cloud of smoke and condensing
steam. Injection of water was continued for approximately
one minute from this position. This line was then withdrawn
and shifted to rear of house to attack the exterior fire involving
rear porch and asphalt shingles. Number 2-line equipped with
a 65-gpm nozzle was advanced to position at kitchen window
and continued the attack until there was a noticeable decrease
in the volume of condensing steam coming from the house.
During this period, the exterior fire had been extinguished and
a ladder had been placed to rear porch. Number 1-line was
advanced to rear porch and completed the extinguishment of
remaining fire on porch. Number 2-line was taken from posi-
tion at kitehen window and moved to front porch. The front
door of west side apartment was forced and this line was ad-
vanced through living room into bedroom. No fire or smoulder-
ing materials were found in cither of these rooms.

The nozzleman was equipped with all-service mask but
found the smoke and condensing steam in these rooms of in-
suflicient density to interfere with visibility. A tmospherie
temperature and humidity were sufficient 1o cause slight
physical disecomfort. The door to attie stairway was opened
and line was advanced into attie. No fire or smouldering ma-
terials were found in attie although it was evident that surface
burning had involved ecombustibles located in rear section of
attic. The concentration of smoke and condensing steam was
insufficient to interfere with visibility but the degree of atmos-
pherie temperature appeared to be higher than it was on first
floor.

The plasterboard on the ceiling of the kitchen and break-
fast nook was damaged to an extent which necessitated its
removal. Charred spots and smouldering embers were found
on some of the joists. The insulation of the refrigerator was
smouldering and producing smoke. It was necessary to open
the top and sides to effect extinguishment of the insulation
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BEDROOM — WEST SIDE APARTMENT

Left —s_fairwcy to aftic showing undamaged coat hanging on
door. Right — doorway to kitchen.

which consisted of sheets of corrugated paper. A jiffy hose
unit, equipped with control nozzle and ¥¢-in. tip, was attached
to kitchen faucet and used in overhauling the kitchen, pantry
breakfast nook and rear porch. A few gallons of wa’ter weré
used to complete extinguishment of smouldering materials.

ADDITIONAL FACTS AND OBSERVATIONS: This fire was discovered
about 8:40 p.n., at that time the fire had not broken through
to the outside atmosphere. The fire was discovered as the re-
sul{:, of neighbors smelling the odor of smoke and upon investi-
ga‘tlng discovered smoke seeping from the house. One of the
neighbors observed a bright glow within the kitchen of west

CASE HISTORY NO, 1 ¢

side apartment. Between the time of discovery and the arrival
of Engine No. 3 the fire burned through to the outside.

Upon discovery of the fire one of the neighbors, thinking
the owner was trapped within the house, attempted to force
the front door of the west side apartment. Upon being advised
by another neighbor that there was no one at home, no further
attempt was made to gain entry.

There was considerable evidence of surface burning having
taken place at several points in the rear section of attic. Sev-
eral small charred spots were found on roof sheathing above
kitchen of west side apartment and over attic stairway. A
large wooden clothes press located ten ft. from rear window of
attic was scorched badly at the upper level. A light paper box
located on top of press had burned together with its contents of
loose paper, only the bottom of the box and ashes remained.
Metal objects on top of a desk located about six feet from rear
wall of attic had been heated to a degree that had melted the
solder and allowed the pieces to separate. Sections of the
curtains and blinds on rear windows of attic had been de-
stroyed by burning. Clothing hanging in the rear section of
attic appeared to have been involved in flame. Insulation of
electric wiring throughout the attic had melted.

In the bedroom of west side apartment, paper on the wall
and ceiling next to the kitchen had come loose and was hang-
ing in strips. It appeared that some of this paper near the
kitchen doorway had burned. Antique beer steins on top of a
cabinet had been heated to a degree that caused the pewter
lids and lead parts to melt. This cabinet was located in the
northwest corner of the bedroom approximately fifteen ft.
from kitchen doorway.

Shrubbery located in rear of the house was badly damaged
by radiant heat. A limb of a cherry’tree, which was located at
a distance of 35 ft. from rear of house, was scorched.

No attempt was made to ventilate the house by conven-
tional methods until after the line had been advanced into at-
tic, then doors and windows were opened to facilitate the dissi-
pation of remaining smoke and to reduce the atmospheric
temperature. There was a light film of moisture on bed clothing
and other materials which were located at the lower level in
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bedroom and living room of west side apartment. This is be-
lieved to have been caused by water particles being carried
into these rooms through the doorway opening by strong
atmospheric currents generated within the kitchen by rapid
expansion of water into steam and also from condensation which
occurred within these rooms.

There was no smoke discoloration to the ceiling and walls
of the bathroom, hallway and the rooms of the east side apart-
ment. There was a light conecentration of smoke at the upper
level of these rooms when entry was made.

The pump operator maintained a pump pressure through-
out the fire which was sufficient to provide a nozzle pressure of
approximately 100 pounds per square in. The flow of water
particles from the all-purpose nozzle used on the No. 1-line
was approximately 54 gpm and from the nozzle used on the
No. 2-line was approximately 65 gpm. Both of these nozzles
were of the high-velocity type.

VOLUME OF WATER USED: Although 1t is impossible to determine
the exact number of gallons of water used, all information and
individual estimates indicate that the total volume was less
than 200 gallons. Considering the nozzle flows and the time
element this appears to be a very liberal estimate. The entire
volume, except a few gallons used in overhauling, was applied
in the form of water particles. The only water that remained
in liquid form within the house was less than five gallons which
was confined to the floor of kitchen and a few square feet of
floorspace in bedroom next to kitchen doorway. The damageto
building and contents was caused by combustion, heat, smoke
and forcing of the front door; there was no water damage
VALUES AND INSURANCE:

Adjuster’s estimate as to value of building £8,500.00
Adjuster’s estimate as to value of contents 3,500.00
Insurance on building 3,000.00
Insurance on contents 1,200.00
Adjusted loss paid on building 2,285.16
Adjusted loss paid on contents 1,200.00
Uninsured loss on contents 800.00

Total Loss 24,285.16

There was no loss to exposed buildings.

CASE HISTORY No. 1 ' 83
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INTERIOR VIEW OF ATTIC
Showing two rear windows and stairway.

Discussion: The atmospherie area from which this fire could
draw oxygen consisted of the kitehen, breakfast nook, bedroom
and living room of west side apartment. The gross atmos-
pheric volume of these rooms amounted to approximately
6,300 cubie ft. When the fire burned through the pantry door
approximately 100 cubic ft. were added to this area. Deduct-
ing 15 per cent as the estimated space occupied by contents
there remained a net atmospheric volume amounting to ap-
proximately 5,400 cubic ft. This volume of air together with
seepage from outside this area provided the necessary percent-
age of oxygen to support combustion until the fire effected an
opening to the outside atmosphere.

It appears that this fire had been burning for a period of
time previous to its discovery and the oxygen content within
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Fhe bedroom and living room had been reduced to a percentage
insufficient to support flame production. When the fire did
effect an opening to the outside atmosphere, flame production
within the kitchen, breakfast nook and pantry consumed the
oxygen from the incoming air at such a rapid rate that the
oxygen percentage within the bedroom and living room re-
mained below the percentage necessary to support flame pro-
duction. There was no exhaust outlet from these rooms and
this also prevented air from entering these rooms by way of
kitchen doorway. The indicated temperature at the upper
level within both these rooms was far above the ignition
temperatures of the available fuel. The fuel, due to its heated
condition, was in a state of readiness to ignite and burn had the
necessary percentage of oxygen become available. If the at-
tempt by a neighbor to force the front door had been success-
ful, there is every reason to believe that flame production would
have involved both the living room and bedroom.

It is estimated that a total volume of approximately 125
g?,llons of water were used in the two attacks made through
k.ltchfan window and approximately 75 gallons used to ex-
t%ngulsh exterior burning. Based upon 90 per cent vaporiza-
tion, the 125 gallons applied within the kitchen would have pro-
duced approximately 25,000 cubic ft. of steam. The total net
atmospheric volume of the west side apartment and the attie
amounted to about 11,000 cubic ft. The volume of steam gen-
erated within the west side apartment was sufficient to have
effected two complete changes of atmosphere within west side
apartment and attic.

HERE are several salient features in connection with this fire
which deserve careful consideration. They are as follows:

(D Sgrface burning within the attic was extinguished
without any water being applied directly to the in-
volved materials.

(2) The firemen reported that the bedroom and living
room of the west side apartment and also the attic
were heavily charged with smoke at the time of their
arrival. This condition is verified by the smoke dis-
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coloration which was found on the walls and ceilings.
Yet when entry was made, the smoke was of insuffi-
cient density to prevent fair visibility.

(3) There was positive evidence that the degree of temper-
ature at the upper level within the living room, bed-
room and attic was far above the ignition and burning
temperatures of the available fuel when the initial at-
tack was made. Within a period of minutes the atmos-
pheric temperature was reduced to a degree which per-
mitted the firemen to enter and operate within these
spaces. The temperature of the fuel had been lowered
to a degree which was less than its ignition and burning
temperatures. This cooling action was accomplished
without any direct application of water within these

spaces.

The following is a brief theoretical review of what occurred
within this house from the time of the initial attack until entry
was made by way of front door:

During the initial attack, water particles were converted
into steam as rapidly as they came into contact with the
heated materials. The rapid expansion of water into steam
ereated an atmospheric turbulence throughout the west side
apartment. This caused water particles to be carried through
the open doorway into the bedroom and living room and to be
distributed throughout these two rooms. These water particles
contacted the surface of heated materials and were converted
into steam, thereby cooling the heated materials. The steam
generated within the west side apartment displaced a major
part of the original atmosphere which consisted of heated
smoke. During the sceond attack, this same action continued
until the surface temperature of the materials was reduced to
approximately 212° I%, the boiling point of water. At this
time, a major part of the atmosphere within the west side apart-
ment and attic consisted of steam. Due to the reduetion of
interior temperature, steam started to condense and cool air
from the outside atmosphere entered filling the void created by
the process of condensation. This action continued until the
preeess of econdensation ceased. At this time, the atmosphere
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within the west side apartment and the attic consisted of
normal air and a very limited amount of smoke. The oxygen
content of the interior atmosphere was sufficient to support
human life and flame produetion but flame production did not
oceur because the combustibles had been cooled to a degree
lower than their ignition and burning temperatures,

In the burning of ordinary ecombustibles, flame production
ceases when the oxygen content of the surrounding atmosphere
is reduced to approximately 15 per cent. In an atmosphere
consisting of a large percentage of steam, the oxygen content
is less than 15 per cent and flame produetion cannot oceur,
The atmosphere within the bedroom, living room, and attic
consisted of a high percentage of steam from the time of the
initial attack until the combustibles were cooled to a degree
lower than their ignition and burning temperatures. It is be-
lieved that unvaporized particles are carried by the steam and
that steam follows the same channels through which heated
smoke escapes from the building. This appears to account for
the cooling and extinguishing action effected within the attic.

CoONCLUSIONS !

1. The most practical and effective method of controlling
and extinguishing this type of fire is by the proper application
of the necessary volume of water in the form of finely divided
particles.

2. The water particles should be projected upward into
the overhead within the area of major involvement. The arca
of major involvement in this fire was within the area consisting
of the kitchen, breakfast nook and pantry.

3. It is possible to displace a heated and contaminated
atmosphere within a confined space by injecting a sufficient
volume of water in the form of finely divided particles provid-
ing the degree of temperature and the volume of heat within
the space is sufficient to convert the water into steam. This
provides a safe, rapid and effective method of ventilating con-
fined spaces which are heated to a high degree and are heavily
charged with smoke.

CASE HISTORY NO. 1

4. TUnder the conditions set forth in the preceding con-
clusion, it appears that the following results are.proquced:

(a) That surface cooling of heated nmtormh is effected
throughout the area from which the ﬂtmosph?re is displaced.
This results from water particles being czujrxed beyond t‘he
range of their original velocity in utn}ospherlc currents which
are generated by the rapid vaporization of wuater.

(b) That the surface temperature of the heated na-
terials will be reduced to approximately 212° ., the boiling

point of water. o
(¢) That surface burning will be extinguished but deep

seated smouldering will continue,

This case hislory was prepared by Lloyd Layman while Chief
of the Parkersbury Fire Department. The photogra p],l.? were laken
l;y H. W. Muhlmann, Department Ph‘utogrﬂ‘pher. . The dtagr“am
was prepared by the City Engineer’s Office. The adjustment of the
loss and estimates of uninsured loss were made by Mr. Joe 4
Davis, Branch Manager, Insurance Adjusters, Parlersbury,

West Virginia.
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CASE HISTORY NO. 2:

A building where both plain and treated water, in the form
of finely divided particles, were used to attack and extinguish.

Locarion or BuiLpiNg: 645 Madison Avenue, Parkersburg.
W. Va.

TiME oF FIRE: September 12, 1949 — 7:51 p.ar.

WEATHER conprTIONS: Temperature, 71° F. Wind, 6 mph
from SE. Humidity, 70 per cent.

Descrirtion oF BuUiLDING: Two-story frame dwelling (36 ft.
x 50 ft.); exterior walls — clapboard; roof — gable type with
main ridge extending from front to rear and an auxiliary ridge
extending from right to left side of house ten ft. from rear ex-
terior wall, left front section of roof — cupola type, entire roof
covered with two layers of asphalt composition shingles. This
house was old and the roof and upper floor framing was con-
structed of light members (2 in. x 4 in.).

INTERIOR: FIRST FLOOR consisted of three rooms and hallway
with open stairway from hallway to second floor and enclosed
stairway from kitchen to second floor.

SECOND rLooR comnsisted of four rooms, bath and hallway
with stairway from hallway to attic room under cupola and
stairway from hallway to main scetion of attic.

ArTic: Single room (14 {t.x 15 {t.) loeated under cupola
section of roof without opening to main section of attic. Main
attic section consisted of center room (8 [t. x 32 ft.) extending
from front to rear, stairway {from sccond floor in cast rear cor-
ner, single doorway to east room and single doorway to un-
finished space, west gable section. Small room (8 ft. x 14 [t,)
located in east gable scction. The rooms swere floored with
tongued and grooved lumber, walls and ceiling were con-
strueted of plaster on wooden lath and studding. Ceiling height
was six ft. The west gable section was unfinished, a few boards
had been laid on the joists to provide space for storage of dis-
carded furniture and other combustibles. The main room had
two small windows, one front and one rear, cast side room had

CASE HISTORY NO. 2
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REAR AND WEST SIDE OF DWELLING
645 Madison Avenue. left to right — rear attic window, west
gable window.

a small window at ecast end, and the unfinished west side space
had small window in gable. The entire space between the }'oof
and ceiling of the main room and the east side room opened into
the unfinished west gable scction.

Exrosures: Rear — two-story brick dwelling located at a dis-
tance of 12 ft. There were no other exposures.

Occuraxcy AND coNTENTS: This house had not been oecupied
for a period of time and the only contents consisted of some
disearded furniture and other combustibles located in the un-
finished west gable seetion of attie.

o
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Cause oF FIRE: During the period which this house had been
unocecupied, the main electric switch had been dizconnected.
During the day on which the fire occurred, a crew of painters
had started to work painting some of the rooms on the first and
second floors. They closed the main cleetrie switch in order to
provide electric current for lights. When they quit work at
5:00 p.M. they disconnected the main switch. It appears that
the fire started in the space between the roof and ceiling of the
main attic room at a point'about ten ft. from rear wall. The

CASE HISTORY XO. 2
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EAST GABLE ROO
Shows stairway opening, doorway to east gable room, charred
rafters and sheathing.
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only possible source of heat at this location would have been
from defective wiring.

CONDITIONS EXISTING AT THE TIME OF FIRE: The painters quit
work at 5:00 p.u. and left the kitchen door open to allow paint
fumes to dissipate. Persons living in this neighborhood had
observed the presence of smoke for an hour or more previous
to the discovery of the fire. The alarm was transmitted by a
neighbor who observed smoke seeping from the attic of the
house. The alarm wag received by the Fire Department at
7:51 .M.

The kitchen door was open, other exterior doors were closed
but were not locked. Most of the interior doors were open in-
cluding the door to the stairway leading to center room of attic.
All windows, including the four windows of main attic section,
were closed.

UNITS AND PERSONNEL RESPONDING !

Engine Company No. 3: 750 gpm Triple combination pumper,
2 firemen.

Squad Company: Squad Truck — 500 gpm booster pump,
2 firemen.

Additional personnel: Chief of Department, 1 fireman.

CONDITIONS UPON ARRIVAL OF Squabp Coarany: A limited
amount of smoke could be observed seeping from attic. All
attic windows were intact. The initial survey was made by the
fireman in charge of Squad Company. He proceeded by way of
interior stairway to position on stairway of involved attic.
From this position it appeared that the entire attic was a glow-
ing furnace. There was very little smoke and the radiant heat
was intense.

ATTACK AND EXTINGUISHMENT: Upon completion of the initial
size up, the decision was made to attack from position on attic
stairway. The “ready line” (200 ft. of 114-in. hose carried con-
nected to rear control valve and equipped with G65-gpm water
particle nozzle) from Squad Truck was advanced to position
near top of attic stairway. From this position a cone of water
particles were directed upward into the attic space, the nozzle-
man moving the nozzle briskly to obtain maximum dispersion

CASE HISTORY NO, 2
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WEST GABLE SECTION

Shows discarded fumniture near chimney, doorway to west gable
section, and roof char.
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of the water particles. The fire was blackened almost immedi-
ately but the nozzleman was unable to hold his position due to
the vast volume of steam being generated within the attic
space. He closed his nozzle and took position on the landing of
attic stairway which was half-way between the second floor
and attic. The upper section of a rear window of second floor
extended above the landing. He knocked out the pane of this
window which provided an opening through which cool air
from the outside atmosphere could enter. The nozzleman
estimated that he applied water for less than one minute.
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CENTER ROOM OF ATTIC
From left to right: Partial view of unfinished space, west gable
section; rear attic window; stairway opening where nozzleman
of No. 1-line made initial attack; doorway to east gable room.
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Ladder had been placed and the “ready line” from Engine
No. 3 had been advanced to position on rear porch roof. A
ladder was placed to rear attic window and the window pane
was removed. No flame or glowing materials could be observed
from this position. Protected by air coming through the win-
dow opening at stairway landing and rear attic window, the
nozzleman of No. 1-line was able to return to position near
top of stairway. The heat was intense but no smoke, flame, or
glowing materials could be observed from this position. The
nozzleman of No. 1-line again directed a cone of water particles
upward into the overhead moving the nozzle briskly to obtain
maximum dispersion of water particles. The application was
continued for a period of less than one minute. He was able to
hold his position but the temperature above the floor level pre-
vented him from advancing into the attic. No smoke could be
observed but an atmosphere of condensing steam restricted
visibility to within a few inches of the floor level. Small flames
appeared outside under the eaves of rear gable. These were
observed by the nozzleman of No. 2-line and were extinguished
by a solid stream from position on rear porch roof.

Several minutes following the second application of water
from No. 1-ine, visibility near the floor level had improved
and a feeble flame could be seen above the floor joists at a point
near the chimney in the west gable section. A cone of water
particles from No. 1-line was directed towards this point and
within a few seconds the flame disappeared. The temperature
above the floor level remained too high to allow the entry of
personnel. The No. 2-line was ordered from position on rear
porch roof to position at the west gable window. The nozzle-
man of No. 2-line was instructed to apply water particles from
this position in order to reduce the temperature within the
attic to a degree which would allow personnel to enter. A lad-
der was placed, the pane of the west gable window was removed,
and short bursts of water particles were directed upward into
the overhead intermittently over a period of several minutes.
During these applications of water the nozzleman had to keep
from in front of the opening to avoid the steam which came
from the attic. The nozzleman of No. 1-line was able to remain
near top of attic stairway during this period but steam and heat
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prevented him from advancing. A major part of the volume
applied from No. 2-line was converted into steam. Water
started to come through the ceiling of the room below the un-
floored west gable section and a salvage cover was used to
contain this “run-off.” Approximately 30 gallons were ac-
cumulated and removed. When it appeared that the attic
space had been cooled sufficiently to permit the entry of per-
sonnel, application of water from west gable window was
stopped.

The appearance of small flames outside under eaves near
top of rear gable indieated that complete extinguishment had
not been effected within the cornice space. A straight appli-
cator, equipped with low-velocity head, was attached to shut-
off nozzle of No. I-line. A section of the ceiling of center attic
room next to rear wall was opened and water was applied near
peak of gable for a few seconds. Condensed steam appeared
in the overhead and eame from under eaves of rear gable. This
application effected complete extinguishment of the hurning
within the cornice space.

The only remaining fire was of a smouldering nature within
the accumulation of combustibles lecated between and on the
open joists next to chimney in west gable section. Less than a
gallon of water was required to complete extinguishment. The
rafters, sheathing, and joists over center attic room and over
east gable room were badly charred hut no fires or smouldering
materials were found.

ADDITIONAL FACTS AND OBSERVATIONS: When the initial attack
was made from position on attic stairway, the pump operator
of Engine No. 3 was in position to view the exterior of the rear
and west side of attic section. He stated that it was very abvi-
ous that the initial attack was effective because of the violent
expulsion of smoke from the attic followed by a mixture of
smoke and condensing steam. The volume was such that mo-
mentarily the entire attic section and roof were enveloped
completely in a cloud of smoke and condensing steam.

An inspection of the attic disclosed the following conditinns:
(a) A section of the ceiling and a section of the west

CASE HISTORY NO. 2

ROOF OPENING
Shows chimney, hole in roof, roof char.




98 ATTACKING AND EXTINGUISHING INTERIOR FIRLS

Wall. of center room forward of the door opening to west gable
section were burned out completely. )

(b) A hole consisting of about two square ft. had
burned th.rough roof at a point near rear of chimney in west
gable section.

(¢) The joists and lath, in the area near the chimney in
the unfloored west gable section, were badly charred. At one
point the lath had been destroyed and the plaster on ceiling of
the room had disintegrated forming a small opening.

o (d) Considerable portion of the roof sheathing, rafters,
joists and studdings in west gable section had been converted
jco perfect charcoal. A similar char condition was also present
in the space between roof and ceiling of main and east gable
rooms.

(e) At several points melted asphalt had come through
between the sheathing.

VOLUME OF WATER USED: Lstimate of the volume of water
used:

Approximately 100 gallons of treated water from boaoster
tank of squad truck,

Approximately 200 gallons of plain water from Engine No. 3.
Total volume, 300 gallons.

The treated water contained 1 per eent of “Unox,” a stand-
ard wétting agent. The entire volume, exeept a few gallons
}15ed to extinguish flames under eaves of rear gable, was applied
in the form of finely divided particles. The “run-off”” within
the house amounted to approximately 30 gallons.

The No. 1-line was equipped with a 65 gpm Elkhart Mys-
tfery nozzle (high-velocity type) with the maximum open povsi—
tion set to deliver a 30° angle discharge. This nozzle served as
the ‘tip for a standard 1l4-in.-shut-off nozzle. No. 2-line was
equipped with a Navy type all-purpose nozzle. Nozzle pres-
sures of approximately 100 pound psi were maintained on these
nozzles throughout the fire. The No. 1-line delivered approxi-
mately 65 gpm when equipped with high-velocity nozzle and
54 gpm when equipped with the applicator and low-velocity
head. The No. 2-line delivered approximately 54 gpm. )

CASE HISTORY NO. 2

VALUES AND INSURANCE!

Adjuster’s estimate as to value of building $8,000.00
Value of contents none
Insurance on building 3,000.00
Insurance on contents none
Adjusted loss paid on building 1,586.15
T.oss on contents none

There was no loss to exposed property.

Discussion: About 50 gallons of treated water were used in the
initial attack from position on attic stairway. The destructive
action of this fire was halted by this limited volume of water
projected into the heated atmosphere at the upper level of the
space. Based upon an extinguishing efficiency of 90 per cent, a
volume of steam amounting to about 10,000 cubic {t. was gen-
erated within the attic during the initial attack. The net at-
mospheric capacity of the attic amounted to less than 4,000
cubie ft. This volume of steam was sufficient to make over two
complete changes of the interior atmosphere and accounts for
the volume of smoke and condensing steam exhausted from the
huilding during the initial attack.

Heat production within the attic practically ceased follow-
ing the initial attack but the volume of water was insufficient
to absorb the residual heat contained within the solid materials.
The residual heat retarded the process of condensation and
maintained an atmospheric temperature of sufficient degree
that prevented personnel from entering the attic.

During the sccond attack from attic stairway approxi-
mately the same volume of treated water was projected into
the heated atmosphere. An additional volume of 200 gallons
of plain water was required to absorb the residual heat to an
extent that allowed personnel to enter and operate within the
attie.

Deep char in overhead of ecast gable and in parts of over-
head above center room could not have been contacted by di-
rect application from position on attie stairway or from west
gable window. It should be noted that complete extinguish-
ment was obtained in these sections. It has been observed in
previous fires that regardless of the depth of char complete ex-
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tinguishment can be effected by indireet application. Deep-
seated smouldering in baled or loose masses of combustibles
cannot be extinguished by indirect application. The rate that
heat is conducted to the surface of charred timber appears to
be rapid while in baled or loose masses of combustibles it is very
slow. The conduetivity of heated combustibles appears to be
the determining factor in obtaining extinguishment by indirect
application of water in the form of finely divided particles.

The roof covering of this house consisted of two layers of
asphalt shingles. This prevented the fire from effecting an
adequate exhaust opening and also insulated the attic against
rapid loss of heat to the outside atmosphere. The fire had
burned through the roof near chimney in west gable section
but this opening was several feet below the ridge of roof and
was too small to provide an adequate exhaust opening. These
were contributing factors to the volume of heat that had ac-
cumulated within the attie.

CONCLUSIONS!

(1) The most practical and effective method of controlling
and extinguishing this type of fire is by the proper application
of the necessary volume of water in the form of finely divided
particles.

(2) Inattacking this type of fire, the water particles should
be projected into the heated atmosphere at upper level within
the area of major involvement.

(3) In attacking this type of fire, personnel should operate
from positions where they can avoid being enveloped by heated
smoke and live steam.

(4) Under similar heat and draft conditions, it appears
that by proper employment of the necessary volume of water,
in the form of finely divided particles, the following results can
be anticipated:

(a) The heated and contaminated atmosphere will be
displaced by an atmosphere of steam.

(b) Surface burning including deep char will be ex-
tinguished but deep-seated smouldering will require additional
cooling to effect complete extinguishment.

CASE HISTORY NO. 2 10

(¢) That the temperature of solid‘p_nateriajls can be re-

duced to approximately 212° I%., the boiling point of _water.

At this point steam generation ceases and condensation of

steam within the space will cause the atmosphere of steam to be
replaced by air from the outside atmosphere.

This case history was prepared by Lloyd Layman while Chief
of the Parkersburg Fire Department. The photograp{as were laken
by H. V. Muhlmann, Department Photogmp{zer. I’J.Le diagram
was prepared by the Cily Engineer’s Office. The adjustment of
loss was made by General Adjustment Bureau, Inc., Parkersburg,

W. Va.
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CASE HISTORY NO. 3:

A building fire where plain water, in the form of fincly
divided particles, was used to attack and extinguish.

LocaTion: Warehouse — Crotty and Co., 2nd Street and St.
James Court Alley, Parkersburg, W. Va.

TiME oF ALARM: April 22, 1950 — 12:58 p.M.

WEATHER conprTIONs: Temperature, 70° F. Wind, 7 mph
from west. Humidity, 40 per cent.

DEescriprion or BumLpiNg: One-story frame warehouse: ex-
terior walls — metal clad; flat type roof sloping from west to
east, wood sheathing on wood rafters, covered with several
layers of asphalt roll roofing; concrete foundation extending
four ft. above ground level with floor of west seetion same level
as top of foundation and floor of east section four ft. lower and
the concrete foundation forming the exterior walls to a height
of four ft.; West section — 33 ft. 6 in. x 65 ft.; East section —
22 ft. 9 in. x 65 ft.; overall dimensions — 56 ft. 6 in. x 65 [t.
Doors and windows: EasT sEcTioN — single doorway from
alley east side, double doorway to coal bin from 2nd Street
(front), single doorway to passageway from 2nd Street (front),
four window openings from alley east side, two window open-
ings from 2nd Street (front); WosT sEcrron — two double
doorways from 2nd Street (front), transoms over doorways;
entire west side and rear of building without doorways or win-
dow openings. See diagram and photographs.

InTERIOR: West seetion divided from east section Ly wood
partition with single doorway next to rear wall; roof of west
section supported by heavy wood beam on wooden columns
extending from front to rear through center of section: roof of
cast section supported by heavy wood beam on wooden col-
umns; located 5 ft. 3 in. from partition these columns also
supported boards forming west side of coal bin; interior height
— West section average approximately 16 ft., East scetion ap-
proximately 19 ft.; concrete floors. Sce diagram and photo-
graphs.

CASE HISTORY NO. 3

REAR VIEW OF WAREHOUSE
Shows where fire originated.

Iixrosunres: WEST S1DE — two-story brick warchouse; REAR —
one-story frame, metal clad warehouse in the process of being
torn do\:vn; EasT SIDE — two-story brick office building and
one-story frame, metal clad, forge shop; width of alley 20 ft.;
FroxT — no exposed buildings.

Occurancy AND coNTENTS: Warehouse, Crotty and Company,
1 H Y - ey T « 5
coal bin loeated in east seetion contained approximately 50
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tons of coal; west section contained engines for oil well drilling
machines and spools of wire drilling cable.

Causk oF FIRE: The building located in rear of involved ware-
house was being torn down, a trash fire ignited lumber and
wood studding located against rear wall of warchouse. Suffi-
cient heat was transmitted through metal siding to ignite
combustibles within warehouse.

CASE HISTORY NO. 3 05
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FRONT VIEW OF WAREHOUSE DURING FIRE

Engine Company No. T has two 1V/2-in. lines in service. A fog cone
is being directed into east section through Window No. 6.

CONDITIONS EXISTING AT THE TIME OF FIRE: The alarm was
transmitted by an employee of Crotty and Company from
their office located on opposite side of St. James Court Alley
from warehouse., The alarm was received at 12:58 p.M. An
employee of Crotty and Company had opened the single door
(No. 5) from alley to the east section, located at the rear east
corner of warehouse, previous to the arrival of Iingine Com-
pany No. 1. This door remained open during the entire fire.
The single door (No. 3) from 2nd Street to passageway, east
section, was open at the time of fire. All other exterior doors
and windows were closed. The interior door between east and
west sections was open.

UNITS AND PERSONNEL RESPONDING:

Engine Company No. 1 and Aerial Unit: 1 officer, 3 firemen.
Squad Company No. 2: 2 firemen.

Engine Company No. 3: 2 firemen.

Additional personnel: Chief of Department; Chief Inspector,
Fire Prevention Bureau.

CONDITIONS UPON ARRIVAL OF IEngiNe Comrany No. 1: As
Engine Company No. 1 responded to the alarm, considerable
volume of smoke was observed by the crew several blocks from
the location of the fire. Flames were visible a block away. The
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EAST VIEW OF WAREHOUSE DURING FIRE

No: 1-line at.fdclfing fire in east section through Window No. 5
while No. 2-line is attacking exterior fire at rear of warehouse.

combustible materials located outside along rear wall of this
warehouse were fully involved in flame. Flames were lapping
around the rear east corner of warchouse and were entering the
open doorway (No. 5). The four cast windows (Nos. 3-4-5-06)
were l?tlrlled out and flames were eoming from these openings.
A major part of the cast seetion of warchouse was fully in-
volved. Radiant heat had ignited combustible eornice of ox-
posed building located on opposite side of St. James Court
Alley. Some of the second floor windows of the brick office
!oui}ding were cracked and window frames were starting to
1znite.

ATTACK AND EXTINGUISHMENT: Iingine Company No. 1 was
the first unit in and laid a 214-in. supply line from hydrant at

CASE HISTORY NO. 3

corner of 2nd Street and St. James Court Alley. This unit took
position in alley south of the involved warehouse. An addi-
tional 214-in. supply line was provided from this hydrant for
the Squad Truck which took position on 2nd Street east of in-
volved warehouse. The following lines were placed in service:

From Engine No. 1:
No. 1line — 200 ft. 114-in. hose cquipped with 65-gpm
Elkhart nozzle.
No. 2-line — 200 ft. 114-in. hose equipped with 90-gpm
Elkhart nozzle.

From Squad Truck:
No. 3-line — 200 ft. 114-in. hose equipped with 65-gpm
Elkhart nozzle.
No. 4-line — 200 ft. 114-in. hose equipped with 90-gpm
Elkhart nozzle.

No. 1 and No. 2-lines were employed to attack the outside
fire in rear of warchouse. A major part of this fire was knocked
down quickly and No. I-line was then employed to extinguish
the fire and wet down the exposed buildings on east side of
alley. A ladder was placed to window No. 5 and the nozzleman
of No. 1-line took position on ladder and proceeded to attack
the fire within the cast scetion of warehouse. Trom this time
on No. 2-line was employed to keep the exterior fire in rear of
warehouse under eontrol, to proteet the exposed buildings on
east side of alley, and to attack the interior fire by way of door-
way No. d.

A ladder was placed to window No. 3 and the nozzleman of
No. 3-line took position on ladder and proceeded to attack the
interior fire. At this time the Chief of Department arrived and
took charge of operations. While making a survey of the situa-
tion, he closed door No. 3 which was open. He directed the
nozzlemen operating at windows No. 3 and No. 5 to direet
their cones of water into the overhead of the east section of the
warchouse. The Chief of Department then ordered a ladder
placed at door No. 1 and No. 4-line was taken to that point.
The nozzleman took position on ladder and removed a glass
section from transom over door and a cone of water was di-
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NOZZLEMAN AT DOOR NO. 1

Shows nozzleman of No. 4-line preparing to make indirect attack

in west section of warehouse. : -
ladder. rehouse. Chief of Department butting

rectfzd through transom opening into the overhead of west
sectlf)n of warehouse. Application through this opening W';c
continued for about two minutes. A section of glass wasb ‘[}1;1;
removed from the upper seetion of the door and a cone of water
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INTERIOR OF WEST SECTION
This photograph was taken a few minutes after completion of
indirect attack. Note uniform distribution of moisture on concrefe
floor but there was no moisture on contents. Light coming through
burned-out section of roof in rear east corner.

was direeted upward into the overhead through this open-
ing. During this period o conziderable volume of smoke fol-
lowed by condensing steam was ohserved coming from the rool
opening at the southwest corner of {his scetion. When the
nozzleman reported that there was o marked drop in temper-
ature in the overhead the application of water through this
opening was stopped. The total period of time that water was
applied through these two openings is estimated to be about
three minutes.

The following conditions existed at this time:

(1) Engine Company No. 3 had laid a supply line from
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hydrant at 2nd and Ann Streets and had taken position on 2nd
Street in front of warehouse. Two 114-in. working lines had
been taken from Engine No. 3 each equipped with an all-
purpose nozzle.

(2) It was evident that the fire within the warehouse was
under control and the [ollowing overhauling operations were
carried out:

(a) Door No. 1 was opened and No. 4-line was ad-
vanced into the west scetion. No fire or smouldering materials
were found within this seetion of the warehouse.

(b) Door No. 3 was opened and a line from Engine
No. 3 was advanced through passageway. Several small spot
fires were found in rear area of east section.

(¢) A line was advanced by way of window opening
No. 3 and used to extinguish smouldering burning in coal bin
seetion.

(d) A line was sent to roof and used to extinguish
smouldering burning.

The fire within the warehouse had been extinguished and
overhauling operations completed before the exterior fire in
rear of warehouse had been extinguished. The entire opera-
tion within the warchouse had been completed within fifteen
minutes following the arrival of Engine Company No. 1.

ADDITIONAL FACT AND OBSERVATIONS:

(a) The fire had burned through the roof in rear part of
east section and southeast corner of west seetion.

(b) The interior door between east and west scetions was
in open position during the fire. The interior partitions above
doorway had burned out.

(¢) After overhauling operations had been completed,
there was less than ten gallons of water on floor of west section
and about fifteen gallons on floor of east section.

VOLUME OF WATER USED:

The following is an approximate estimate of volume of
water used to eontrol and extinguish fire within the warehouse.
This estimate does not include water used to extinguish exterior
fire in rear of warehouse and to protect exposed buildings.

CASE HISTORY NO. 3 11

Number of Total
Line Minules G.P.M. Gallons
No. 1 S 65 520
No. 2 4 90 360
No. 3 7 65 455
No. 4 2 90 270
Total volume of water used within warchouse 1,605

Pump pressures were set to provide nozzle pressures of not
less than 100 psi. The Elkhart nozzles were operated at the
30° angle cone except when a solid stream was used In over-

hauling.

VALUES AND INSURANCE!:

Adjuster’s estimate as to value of building $10,000.00
Owner’s estimate as to value of contents 20,000.00
Insurance on building 500.00
Insurance on contents None
Adjusted loss on building 500.00
Uninsured loss on building 4,500.00
Total loss to building $5,000.00
Loss on contents None
Adjusted loss on exposed buildings on East side
of St. James Court Alley 111.45
Total loss $5,111.45

Discussion: Type of construction, age of building, presenee of
coal dust, and an adequate oxygen supply were eontributing
factors to the rapid progress of the fire within the east section
of warehouse. An employee had opened door No. 5 previous to
the arrival of Engine Company No. 1. This provided addi-
tional air that enabled the fire to burn through the roof, thereby
providing an exhaust opening. Two doors were open and four
windows were burned out, these six openings provided an air-
intake arca of approximately 115 square feet. Once the fire had
burned through the roof and had extended its area of destrue-
tion sufficiently to provide an adequate exhaust opening, this
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ROOF DESTRUCTION [N WEST SECTION

Shows interior doorway, partifion, and roof destruction in west
section.

fire was supported by all the essentials necessary for rapid
progress.

It appears that the major part of the fire within the cast
section was extinguished by direct application of water from
Windows Nos. 3 and 5. The fire within the immediate arca of

CASE HISTORY NO. 3 13

ROOF DESTRUCTION IN EAST SECTION

Door No. 5 was extinguished by dircet application of water
from line No. 2.

The fire within the west section was extinguished by indirect
application of water from Door No. 1. The west seetion had a
total atmospheric eapaeity of approximately 33,000 cubic ft.
It iz estimated that the contents displaced not more than 10
per cent of this volume, leaving a net atmospherie volume of
approximately 30,000 cubie ft. About 270 gallons of water
were injeeted into the upper atmospherie level of this section.
Based upon an extinguishing efficiency of 90 per cent, this vol-
ume of water absorbed more than two million B.1.U. of heat
and expanded into approximately 54,000 cubic [t. of steam.
This volume of stcam was sufficient to make almost two com-
plete changes of atmosphere within the west section.
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WAREHOUSE AFTER FIRE HAD BEEN EXTINGUISHED

The following results were obtained within the west section
by the indirect method of attack:
(a) The fire within this section was beyond reach of direct
application but complete extinguishment was effected.
(b) The atmospheric temperature was reduced to a degree
that allowed personnel to enter and operate within this section.
(¢) A major part of the smoke was forced out by wax of
roof opening.
(d) The temperature of combustibles throughout this see-
#ion were reduced to below their respective ignition points,
The roof covering consisted of several layers of asphalt roll
roofing. After the fire within the warchouse had been extin-
guished a line was sent to roof. The roof covering was charred
for some distance around the burned out section. Smouldering
spots were extinguished with small solid stream. It is reason-
able to believe that the charred arca had been involved in flame
but flame production ceased previous to the time the line was
sent to roof. Tt appears that the cooling action of the water ap-
plied within the building had been sufficient to reduce the
temperature of the roof covering to a degree insufficient to sup-
port flame production.
An inadequate oxygen supply was the only factor that had
prevented involvement of the entire west section. Had either
Door No. 1 or 2 been opened before the excessive heat had been
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INTERIOR OF EAST SECTION
Shows the four burned-out windows.

transferred to the outside atmosphere, it was evident that flame
production would have extended quickly throughout this sec-
tion. If this had occurred, it would have been very diflicult to
have prevented the complete destruction of this building. The
adjuster and other insurance representatives agreed that this
building would have been a total loss if this fire had been fought

with solid streams.

CONCLUSIONS: ' ’
(1) This building would have been destroyed if solid

streams had been employed in an attempt to attack and
extinguish.

(2) The most practical and effective method of controlling
and extinguishing this type of fire is by proper application of
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the necessary volume of water in the form of finely divided
particles. )

(3) St&rong drafts within an involved building will decrease
‘the effectiveness of indirect application. The location of air-
?ntake an(% exhaust openings should be considered in determin-
ing the points at which water should be applied in order to ob-
tain effective results.

This case history was prepared by Lloyd Layman while Chief
of the Parkersburg Fire Department. The photographs at the lime
of ﬂfre were laken by the official photographer, Parkersburg
Sentinel, other photographs were taken by H. W. Muhlmann, De-
partment photographer. The Adjustment of loss was mad:e by
General Adjustment Bureau, Inc., Parkersburg, V. Va.

CASE HISTORY NO, 4 117

CASE HISTORY NO. 4:

A building fire where plain water, applied in the form of
finely divided particles, was used to attack and extinguish.

LocaTion: 3605 Camden Avenue, Parkersburg, West Virginia.
TME OF FIRE: February 15, 1951 — 8:50 A

WEATHER coNnDITIONS: Temperature — 30° F. Wind — calm.
Humidity — 90 per cent.

DESCRIPTION OF BUILDING: One-story frame dwelling 24 ft.
x 34 ft.; exterior walls — clapboard; concrete block foundation;
roof — hip type with dormer extension at front with two win-
dows, asphalt composition shingles; front poreh 21 ft.x 8 {t.;
rear porch at north corner 7 ft. x 10 {t.

InTERIOR: Consisted of two bedrooms, living room, dining
room, kitchen and bathroom; interior partitions — plaster
board on wooden studding; ceiling — plaster board except in
kitchen — celotex blocks; all rooms were papered; unfinished
attic with two dormer windows at front, center height of attic
S ft.: hole in ceiling of living room approximately 1 ft. x 1 ft.,

FRONT AND WEST SIDE OF DWELLING
34605 Camden Avenue
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same size hole in ceiling of dining room where plaster board
had been broken and had not been replaced at time of fire; open
scuttle hole in closet of rear bedroom 3 ft. x 4 {4 position of
th.ese openings to attic indicated on diagram by (0); ceiling
height throughout the house 8 ft. 10 in. S )

Egi;?SURE: Fast side only. One-story [raume dwelling, distance

INTERIOR LAYOUT: See diagram.
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WEST REAR VIEW OF DWELLING
Showing rear porch, doorway to kitchen, window opening to rear
bedroom through which initial attack was made.

Occurancy axp coNTENTS : This dwelling was occupied at time
of fire and a normal amount of furniture was eontained in cach
room.

Cause oF FIrE: A child, three years of age, ignited a newspaper
and used the burning paper to ignite combustibles in kitehen
and dining room before fire was discovered by other members
of family. A woman sleeping in rear bedroom was trapped and
eseaped through window after breaking pane. The two children
were reseued by Tather who broke out lower pane of front win-
dow to front bedroom making entry through window.

CoNDITIONS EXISTING AT TIME or FIRE: All interior doors be-
tween rooms were in open position, The door to closet in rear
bedroom was open and the seuttle hole to attic was uncovered.

TUNIT AND PERSONNEL RESPONDING:

Engine Company No. 5 — 3 firemen.

Additional personnel: Chief of Department; Department In-
structor: Chiel Inspector, Ilire Prevention Bureau; Assistant
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REAR BEDROOM

From dining room showing doorway to rear bedroom and
burned-out window through which initial attack was made.

CASE HISTORY NO. 1 121

Inspector, Fire Prevention Bureau; Captain James V. Westling,
Assistant Superintendent — Training, Minneapolis Fire Depart-
ment, who was studying our fire-fighting methods.

CONDITIONS UPON ARRIVAL oF ENGINE CompaNy No. 5: The
window of rear bedroom was completely burned out and flames
were coming from this opening. The exterior door to kitchen
was in open position and flames from opening were striking
against ceiling of rear porch. The lower pane of front window of
front bedroom was out. The front door was closed and remain-
ing windows were intact. Rear bedroom, closet, dining room
and kitchen were completely involved.

ATTACK AND EXTINGUISHMENT: Lngine Company No. 5
dropped hydrant-man at corner of Camden Avenue and Laurel
Street and proceeded to position near involved house laying a
supply line of 200 ft. 214-in. hose. The officer in charge made
the size-up and decided to make the initial attack through the
burned-out window of rear bedroom. The “ready line” (200 {t.
of 114-in. hose equipped with a 65-gpm Elkhart fog nozzle)
was advanced to position near window. The nozzleman di-
rected a cone of water particles through the window opening
slanting it upward toward ceiling of bedroom. The pump op-
erator stated that immediately following the application of
water smoke and eondensing steam came from all openings and
from under eaves and shingles of roof. Condensing steam in
considerable volume was observed in the sky above the house
by the Chief of Department who was several blocks away. The
nozzleman estimated that he continued the application of water
from this position for a period of less than one minute. He then
moved to position on rear porch where he directed a cone of
water particles through door opening slanting it upward toward
overhead of kitehen. He applied water from this position for a
period of about thirty seconds. He then proceeded through
kitechen into living room where he used a small amount of
water to extinguish slowly burning spot fires and to wet down
smouldering materials. The atmosphere within the house was
hot and humid but of insufficient degree to cause serious physi-
cal discomfort. There was a slight trace of smoke in the atmos-
phere resulting from the smouldering burning.
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CLOSET OF REAR BEDROOM

Showing doors to dining room and closet in same position as dur-
ing fire.

CASE HISTORY NO. 4

INTERIOR VIEW OF DINING ROOM

Showing doorway to rear bedroom and doorway to kitchen.
Note charred paper on walls.

After the initial attack had been made a 114-in. line was
taken to the roofl of front porch. The attic windows were
opened in order to determine if the fire had extended into attic
space. The atmosphere within the attic consisted of condensing
steam and smoke and was too hot to permit entry of personnel.
No flame could be observed and no water was used. It was
found that the smoke was coming through the scuttle hole from
smouldering materials located in eloset of rear bedroom. This
line was then moved to position in yard and used to wet down
feather mattress and other smouldering materials that had been
removed [rom bedroom, closet and kitchen.
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INTERIOR VIEW OF KITCHEN
Showing exterior door.

CASE HISTORY NO. 1 127

RUPTURED LIGHT BULB

tory and a photograph showing the position of the ceiling
socket in dining room.

(b) The only water that remained in liquid form within the
house was less than two gallons on the kitchen floor. There was
no damage to either the building or contents caused by water.

(¢) Plastic drapes in both living room and front bedroom
had melted.

VOLUME 0F WATER UsED: Considering the time element and
the volume of flow from the 114-in. nozzle, it appears that not
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more than 100 gallons of water were used to attack and ex-
tinguish the fire. This estimate includes the water used to eom-
plete the extinguishment of smouldering burning within the
house but does not include the water used to complete extin-
guishment of feather mattress and other smouldering materials
that were removed to yard.

Pump pressure was set to provide nozzle pressure of not less
than 100 psi. The Elkhart nozzle had a stop insert that pre-
vented it from being opened beyond a 30° angle cone and was
equipped with a 1}4-in. shut-off nozzle in order to avoid passing
through the solid stream position when opening and closing.
This nozzle delivers approximately 65 gpm of water, in the form
of finely divided particles, at 100 psi nozzle pressure.
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VALUE AND INSURANCE:

Adjuster’s estimate as to value of building $7,500.00
Adjuster’s estimate as to value of contents 2,600.00
Insurance on building 5,000.00
Insurance on contents 2,000.00
Adjusted loss on building 2,298.00
Adjusted loss on contents 2,000.00
Uninsured loss on contents None
Amount of actual loss to building and con-
tents $4,298.00

There was no loss to exposed property.

Discusston: The gross atmospherie volume of the house in-
cluding attic amounted to approximately 9,300 cubie ft. De-
ducting 10 per cent as displacement of furniture, there re-
mained a net atmospheric volume of approximately 8,400
cubic ft. Based upon a vaporization efficiency of 90 per cent,
each gallon of water used in the initial attack would have pro-
duced approximately 200 cubic ft. of steam. Approximately
42 gallons of water would have been sufficient to have displaced
the original atmosphere. It appears that approximately 85
gallons of water were used in the initial attack by way of bed-
room window and kitchen doorway. This volume of water was
sufficient to have made two complete atmospheric changes
within this house.

A study of the photographs of dining room is recommended.
Note the econdition of the charred paper on ceiling and walls,
The slightest contact with this charred material would have
caused it to break and fall. If water had been applied directly
to this material it would not have remained on the ceiling and
walls. A study of the heat level within this room is very inter-
esting. The temperature at the upper level was sufficient to
soften the light bulb (minimum 1300° I.) while combustibles
at and near the floor level were not charred. It should also be
noted that the interior temperature of this room was reduced
within a period of minutes to a degree that allowed personnel to
enter and extinguish spot fires and smouldering materials.
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CoxncrusioNns:

(1) The most practical and effective method of controlling
and extinguishing this type of fire is by the proper application
of the necessary volume of water in the form of finely divided
particles.

(2) In attacking this type of fire, the water particles should
be projected into the upper atmospheric stratum within the
area of major involvement. The area of major involvement con-
sisted of the bedroom, dining room and kitchen.

(3) In attacking this type of fire, personnel should operate
from positions that will enable them to avoid envelopment by
heated smoke and live steam.

(4) Under similar heat and draft conditions which were
present in this fire, it appears that through the proper employ-
n}ent of the necessary volume of water, in the form of finely
divided particles, the following results ean be accomplished:

(a) The heated and contaminated atmosphere will be
displaced by an atmosphere of steam.

() The surface temperature within the building can be
reduced to approximately the boiling point of water (212° F.).
At this point steam production will cease and condensation
within the building will cause the atmosphere of steam to be
replaced with the air from the outside atmosphere.

(c) That surface burning will be extinguished but deep
se.a,ted smouldering and small spot fires at or near the floor level
will require direet application of water to effect complete
extinguishment.

This case history was prepared by Lloyd Layman while Chief
of the Parlersburg Iire Departmeni. The photographs were taken
by H. W. Muhlmann, Department Photographer. The diagram
by M. J. Warner, member of Department. The adjustment of loss
was made by General Adjustment Bureau, Inc., Parkersburg,

W. Va.
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CASE HISTORY NO. 5:

A building fire where plain water, in the form of finely di-
vided particles, was used to attack and extinguish.

LocaTION OF FIRE: 1612 Race Street, Parkersburg, W. Va.

TIME OF FIRE: June 25, 1950 — 10:40 A.M.

DESCRIPTION OF BUILDING: One-story frame dwelling with
basement, size 23 ft. x 24 {t.

INTERIOR: Basement — conerete floor; open joist eeiling; stair-
way to kitchen; six windows, size 33 in. x 24 in., located above
ground level and fitted with removable screens; ceiling height

seven feet.

Occurancy AND coNTENTS: This dwelling was occupied at time
of fire. Rooms on first floor contained normal amount of furni-
ture. Basement contained gas heating furnace, hot water heater,
washing machine and normal amount of storage.

Cavse oF FIRE: The owner’s wife was in basement using gaso-
line contained in glass jug to remove spots from clothing. She
dropped the jug on conerete floor and almost a gallon of gaso-
line was released. She escaped from basement before the vapor-
air mixture ignited from pilot light of hot water heater.

CONDITIONS EXISTING AT TIME oF FIRE: The five basement
windows were open. Door from basement stairway to kitchen
was open. Door from kitchen to rear porch was open.

CONDITIONS UPON ARRIVAL OF ENGINE CoMPANY: Smoke was
coming from some of the basement windows and from doorway
from kitchen to basement stairway. The cccupants were too
excited to provide information regarding fire.

A1TACK AND BxTINGUISHMENT: The officer in charge attempted
to enter basement by way of stairway but the heat was too in-
tense. He then closed the stairway door and returned to the
outside. He decided to attack the fire through a basement
window located on opposite side from stairway. The screen
was removed from window and a high-velocity fog cone was
slanted upward toward ceiling, the nozzleman whipping nozzle
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briskly to obtain maximum dispersion of particles. Smoke and
condensing steam came from the window openings. Within a
period of seconds the volume of condensing steam coming from
the window openings started to decrease in volume. It was
estimated that water was applied for a period of about twenty
seconds when the volume of condensing steam had decreased
sufficiently to indicate that a major part of the accumulated
heat had been transferred to the outside.

Entry was made by way of stairway, there was no smoke
within the basement and the fire had been extinguished. At
this time the Chief of Department arrived and was able to enter
and remain within the basement without respiratory protection.
The interior atmosphere was warm but of insufficient degree to
cause physical discomfort. Neither spot fires or smouldering
burning were found. It appeared that gasoline had been al-
most, if not completely, consumed.

ADDITIONAL FACTS AND OBSERVATIONS:

(a) Small spots of water were scattered on the uninvolved
surface of the concrete floor, This appeared to have resulted
from condensation of steam on the cold conerete. It was esti-
mated that this volume amounted to less than a gallon.

(b) Anironing board was located in line with window open-
ing through which the attack was made. A piece of wearing
apparel hanging from the ironing board had been partly de-
stroyed but the ironing board and the undestroyed portion of
cloth showed no evidence of moisture.

(c) Paper boxes containing fruit jars were stacked along
basement wall in a position that was unexposed to any dircet
application of water. These boxes were partly destroyed but
there was no evidence of moisture on the remaining portions.

VOLUME OF WATER USED: A single 114-in. line equipped with a
65-gpm Elkhart high-veloeity nozzle was used. Pump pressure
sufficient to provide a minimum nozzle pressure of 100 psi was
maintained. The water was taken from booster tank and
measurement showed that a volume of approximately twenty
gallons was used to extinguish this fire.
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VALUES AND INSURANCE:

Adjuster’s estimate of value of building $8,000.00
Adjuster’s estimate of value of contents 4,000.00
Insurance on building 8,000.00
Insurance on contents 4,000.00
Adjusted loss paid on building 368.18
Adjusted loss paid on contents 171.63

$539.81

Total loss

Discussion: The total volume of the basement. amounted to
about 3,864 cubic {t. Allowing ten per cent as dlsplaf:ement of
furniture, fixtures, and contents the n(?t atmosphen'c Vf)lume
amounted to approximately 3,500 cubic ft. Vaporlzatllon of
twenty gallons of water, based upon 90 per cent efﬁmency,
would have produced about 4,000 cubie ft. of §team. Appro.xl—
mately 175,000 B.T.U. would have been required to vaporize
this volume of water. It is estimated that a gallon of gasol}ne
should generate about 125,000 B.T.U. if comp}ete combustl.on
was obtained. Considering this data it is not difficult to realize
why the original atmosphere was displaced and complete ex-

tinguishment was obtained.
CONCLUSIONS! ' o
1. An indirect attack is the most effective and practica

method of attacking this type of fire. . ;
9. Extinguishing action within the basement was inerease

by closing the stairway door.

This case listory was prepared by Lloyd.Layman while Chief
of the Parkersburg Fure Department. Adjustment of loss was
made by General Adjustment Burea, Inc., Parkersburg, W. Va.




134 ATTACKING AND EXTINGUISHING INTERIOR FIRES

CASE HISTORY NO. é:

A building fire where solid streams were used to attack and
extinguish.

LocaTion oF FIrRE: 315-317 Juliana Street, Parkersburg, . Va.
TiME oF FIRE: June 24, 1939 — 3:40 a.m.

DescrrprioNn oF BUILDING: Consisted of three-story section
and one-story section. Three-story section faced Juliana Street,
width 40 ft., and extended west to depth of 80 ft. One-story
section, width 40 ft., extended west from rear of three-story
section to depth of 60 ft. Basement under three-story section
only. THREE STORY SECTION: exterior walls — brick; interior
wall — brick, from front center to rear with open archways on
each floor, this wall provided support for all floors. Windows:
Front — all floors; south side, rear, and north side — second
and third floors only. TFloors: wood supported by interior wall.
Roof: frame, flat with cockloft, metal covered. OnE-sTORY
sECTION: exterior walls — tile; conecrete floor; roof — frame
supported by unprotected steel, flat with built-up covering.

InTERIOR: Frame enclosed stairway from alley near south rear
to second floor. Open stairway from first floor to basement
located near front center of first floor. Open elevator shaft
from basement to metal-covered penthouse on roof located
against north wall 20 {t. from rear wall, two sides enclosed with
tongue-and-grooved boards. Office and rest rooms, second
floor, located in south rear seetion and occupied floor space of
20 x 40 ft., plaster on wood studding and lath. Remainder of
second floor formed a single atmospheric area. Ceiling all
floors — plaster on wood lath, height 12 ft.

Exrosures: No direct exposures front or rear. South side —
three-story brick building located on opposite side of 12-ft.
alley. North side — three-story brick building extending entire
length of building.

OccupaNcy AND cONTENTS: First floor and basement occupied
by Royal Furniture Company, retail furniture store. Second
floor occupied by Case Mifg. Company, shirt and overalls
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factory. Third floor occupied by Royal I'urniture Company,
storage and furniture. Large amounts of combustibles on all
floors and basement. One-story section used as garage and
storage space by Royal Furniture Company.

CoONDITIONS EXISTING AT TIME OF FIRE: The furniture store and
clothing factory were closed between 5:00 and 6:00 p.M. the
previous day. Alarm was transmitted by pedestrian who ob-
served smoke seeping from building. The elevator was located
at first floor level. Doors to office and rest rooms, second floor,
were closed. All exterior doors and windows were closed.

CONDITIONS UPON ARRIVAL OF FIRST ALARM UNITS: Gases
escaping from penthouse on roof were burning. Rear window
next to north wall, second floor, had burned out and flames were
coming from opening. All other windows were intact. Second
and third floors were heavily charged with smoke. Some smoke
at upper level on first floor. Interior of elevator shaft was in-
volved from first floor to penthouse. Burning pieces of tongue-
and-groove boards, used to enclose two sides of elevator shaft,
had accumulated on elevator at first floor level and had ignited
combustibles near shaft. It was evident that the area of major
involvement was on second floor in north rear section.

ATTACK AND EXTINGUISHMENT: A 2l4-in. line equipped with
shut-off nozzle was advanced through front door and a solid
stream used to extinguish fire on elevator and around shaft.
Another 214-in. line was laid to rear of building and raised to
roof of one-story section. This line was equipped with shut-off
nozzle and one-in. tip. The burned-out window opening was
fitted with steel bars to prevent breaking and entering. The
lower part of opening was about four ft. above the roof of one-
story section. The solid stream had to be slanted upward
through the window opening and in attempting to obtain maxi-
mum coverage the stream was moved from side to side across
the entire opening. The stream was broken by striking the
steel bars and then striking the ceiling. When the attack was
made through this opening the entire rear area to and beyond
the elevator shaft was a mass of flames. Within a few minutes
the fire was blacked out and application of water was discon-
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tinued. Within a few seconds a swirling mass of flame appeared
and water was again directed through window opening in the
same manner as in previous application. A few seconds later
the fire was again blacked out but application was continued
for a few minutes. Re-ignition did not occur after the second
attack.

Entry was then made to both the second and third floors.
The interior atmosphere was hot and humid but it was possible
for ventilating parties equipped with all-serviee masks to open
windows on both floors. There was some smoke but of insuffi-
cient density to prevent fair visibility. Two 1l4-in. lines
equipped with shut-off nozzles and 34-in. tips were used to ex-
tinguish spot fires and smouldering burning on second and third
floors and in cockloft.

ADDITIONAL FACTS AND OBSERVATIONS:

(1) The heat level on second floor had come within about
four ft. of the floor.

(2) Sewing machines located in south section of second
floor were undamaged by either heat or water.

(3) Furniture located in north rear section of first floor
below the fire area was damaged by water. Personnel attempt-
ing to cover the furniture located in this section could not com-
plete the job due to the temperature of water coming from see-
ond floor, it was almost to the boiling point.

(4) While line was being placed on roof of one-story sec-
tion, entry was made to second floor by way of one of the front
windows but the dense smoke and intense heat forced personnel
to withdraw.

(6) No attempt was made to ventilate this building until
after the attack through seecond floor window had been com-
pleted.

(6) It was evident that the fire had extended to third floor
and had involved combustibles in area near elevator shaft. It
was also evident that a considerable arca within cockloft had
been involved.

VoLuME oF WATER USED: Only a few seconds of application was
required from nozzle on first floor to extinguish the fire on and
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near the elevator. Although it is difficult to estimate the time
water was applied through window opening to second floor, it
is believed that the total application period did not exceed
seven minutes. Considering the hydrant pressure in this dis-
trict, friction loss in hose line, and elevation loss the nozzle
pressure should have been about 55 psi. This would have pro-
vided about 220 gpm making a total volume of about 1,500

gallons.

VALUES AND INSURANCE:

Estimated value of building $30,000.00
Estimated value of contents — Royal Furniture

Company 25,000.00
Estimated value of contents — Case Mfg. Co.  10,000.00
Insurance on building 8,000.00
Insurance on contents — Royal Furniture Co. 12,500.00
Insurance on contents — Case Mfg. Co. 3,000.00
Adjusted loss paid on building 4,121.53
Adjusted loss paid on contents — Royal Furni-

ture Company 6,081.78

Adjusted loss paid on contents — Case Mfg. Co. 2,616.61

Total Loss $13,319.92

Discussion: The author was in eommand at this fire and di-
rected the attack that was made through rear window of second
floor. This operation was reviewed and discussed many times
but no logical explanation was found for the extinguishing ae-
tion obtained on third floor and in cockloft. In the light of our
present knowledge regarding the indirect method of attack, it
is not difficult to provide logical explanations for the results ob-
tained.

The concentration of excessive heat within the area of major
involvement and degree of confinement offered ideal conditions
for successful employment of an indirect attack. The burned-
out window provided a ready-made opening at the most ad-
vantageous point for injection of water into the upper stratum
of the interior atmosphere within the area of major involve-
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ment. The only additional requirement for successful employ-
ment of an indireet attack was skillful injection of water, in the
form of finely divided particles, at a rate and in sufficient vol-
ume to absorb the excessive heat contained within the building.
Although finely divided particles were not used, a break-up of
the solid stream was achieved by force of circumstances. The
contributing factors in producing this break-up were adequate
nozzle pressure, stream striking the steel bars and being de-
flected from ceiling. This break-up did not produce finely di-
vided particles but did increase the surface exposure of the
water suffieiently to increase the percentage of vaporization to
an extent that produced effective results.

It is interesting and instructive to consider the net atmos-
pherie volume of this atmospheric area and the percentage of
vaporization required to displace the original atmosphere.
Dedueting the space occupied by office and rest rooms on 2nd
floor and allowing 15 per cent for displacement of contents, the
net atmospheric volume of second floor consisted of less than
25,000 cubic ft. Vaporization of 125 gallons of water, based
upon 90 per cent efficiency, would have provided this amount
of steam. Allowing 15 per cent for displacement of contents on
third floor, the net atmospheric volume of this floor amounted
to less than 33,000 cubic ft. Vaporization of 165 gallons of
water would have produced sufficient volume of steam to dis-
place the original atmosphere of third floor. Vaporization of
less than 300 gallons of water would have provided a volume
of steam in excess of the net atmospheric volume of second and
third floors and cockloft. Vaporization of from 300 to 500
gallons of water out of a total of 1,500 injected through window
opening of second floor appears to be a reasonable estimate.
The results obtained tend to confirm the reasonableness of this
estimate.

CoONCLUSIONS:

(1) A single 114-in. line equipped with a 65-gpm high-
velocity fog nozzle should have provided sufficient rate of appli-
cation to have effected extinguishment of fire on first floor.

(2) A single 114-in. line equipped with a 90-gpm high-
velocity fog nozzle should have provided sufficient rate of appli-
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cation to have displaced the original atmosphere and ex-
tinguished surface burning on sccond and third floors and in
cockloft, providing the cone of water particles had been di-
rected into the upper stratum of interior atmosphere through
the burned-out window.

(3) If an indircct attack had been made through the
burned-out window using a 90-gpm high-veloeity fog cone,
equal or better results would have been obtained with one-third
to one-fifth the volume of water that was applied with the solid

stream.

This case history was prepared by Lloyd Layman. z%djust—
ment of loss made by General Adjustment Bureau, Huntington,

W. Va.
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PRACTICABLE SUGGESTIONS

HE change-over [rom the solid stream system of fire fight-

ing to that of finely divided particles is by necessity an evo-
Jutionary process within the individual department. Successful
completion of this evolution requires time, perseverance and
paticnce. Personnel can not be converted by directives or
orders. Wholchearted and sincere acceptance comes only as
the individual officer and member comprehends that this sys-
tem of fire fighting is based upon scientific prineiples and if
employed properly will produce far better results than can be
achieved by the use of solid streams. The first and most im-
portant convert in any department is its chief. Under guidance
of capable, intelligent and aggressive leadership, a fire depart-
ment can convert from the solid stream system of fire fighting
to that of finely divided particles without incurring any un-
necessary loss during the transitory period.

The foundation for this change-over must be provided
through the medium of a carefully planned and thorough train-
ing program. This program should be designed to give each
officer and member ample opportunity to comprehend the na-
tural laws and fundamentals which are presented in this text.
Sueceessful exeeution of this program depends to a major degree
upon the ability and resourcefulness of the department in-
structor and members of his staff. A competent instruetor can
conduet organized classes in an interesting and inspiring man-
ner. He should be resourceful in the use of simple demonstra-
tions to illustrate and clarify. This is basically a job of sales-
manship and the instructor must know his subject and know
it well. A qualified and resourceful instructor can sell this sys-
tem of fire fighting on its merits alone without resorting to any
misrepresentation or falsification. The motion picture “Chem-
istry of Fire” can be used to good advantage. This picture
presents many of the fundamentals of combustion and ex-
tinguishment in a clear and concise manner. It presents such a
vast amount of useful knowledge that it must be seen several
times to comprehend the information it attempts to convey.
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This was one of the official fire-fighting training films used by
the U. 8. Navy and Coast Guard during World War II. Dis-
tribution is handled by Castle Films, Ine., and reprints can be
obtained through any local film distributor.

The oil tank fire has proved its usefulness in teaching this
system of fire fighting. This provides the most inexpensive
form of practical training. A tank should have a depth of from
three to four ft. with a diameter of from ten to fifteen ft. It
should be fitted with drain pipe and control valve for removal
of excess water. This phase of training provides the individual
with an opportunity to use the various types of nozzles to ex-
tinguish a definite volume of fire. The trainee learns the tech-
nique of direct attack under practical conditions. It isthe type
of training that instills confidence and enables the trainee to
develop skill in the use of both high and low-velocity fog.

ABUILDING of fire-resistive construction, designed espe-
cially for experimental and training fires, would simplify
the problem of teaching the indirect method of attack. Few
departments have this type of training building but a number
of departments and state fire schools are planning to overcome
this deficieney in their training facilities. The limited resources
of the Parkersburg Department prevented eonstruction of a
suitable training building. The personnel of this department
had to learn the proper technique of the indirect attack by trial
and error on the fireground. Although a suitable building is
most desirable for training of personnel in the technique of the
indirect attack, this deficiency should not deter a progressive
department from adopting the fog system of fire fighting.
While yet in the early phase of the training program, units of
the Parkersburg Department were equipped with all-purpose
booster nozzles. This proved to be a very constructive step in
converting the personnel to the fog system of fire fighting. It
enabled a nozzleman to project either a solid stream or a high-
velocity fog cone of approximately the same volume. Many
were amazed with the results they were able to obtain with
about 18 gpm of water in the form of finely divided particles.
A booster nozzle was used in the first attempt to employ the
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Single 1%2-in. all-purpose nozzle projecting high-velogify fog cone,
delivery volume approximately 54 gpm, used to extinguish No. 2
fuel oil in 10-ft. diameter tank.
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used to extinguish No. 2 fuel oil in 10-ft. diameter tank.

diameter tank, No. 2 fuel oil, note volume of condensing steam.

Two 1V2-in. all-purpose nozzles projecting high-velocity fog cones,

Ten-ft. applicator fited with L-11A low-velocity head, lO-ﬂ.
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indirect method of attack. Two rooms of a four-room bungalow
were fully involved. A burned-out window provided a ready-
made opening to the area of major involvement. Conditions of
confinement and excessive heat were ideal and the attack was
very successful. Less than a gallon of water remained in liquid
form after the fire had been extinguished. This fire provided
the first case history for use in the training program. Although
this attack was very successful, it is advisable to discourage the
use of booster nozzles in making an indirect attack except
where a single stall garage or other small building is involved.
The volume of water per minute is too small to produce satis-
factory results in larger spaces except under the most favorable
conditions.

Case histories furnished an unlimited source of instructional
material. By using a blackboard and slides made from photo-
graphs and a diagram of the building, the instructor was able to
use the case history of a particular fire to review and discuss the
entire operation in the classroom. The effectiveness of the case
history system of teaching was verified by inereased efficiency
on the fireground.

Conversion of the Parkersburg Department was accelerated
by a major increase in personnel. Probationary firemen re-
ceived three weeks of intensive training before being assigned
to fire duty. This basic course included thorough training in
the fog system of fire fighting. The indoetrination of proba-
tionary firemen in this system can be accomplished readily dur-
ing the basic training period.

A period of approximately two years was required to design,
improvise and procure suitable equipment and for the person-
nel to develop sufficient skill, judgment and confidence to em-
ploy this system of fire fighting effectively on the fireground.
As each unit was supplied with sufficient amount of 114-in.
hose to provide an adequate number of hand lines, the 214-in.
solid stream nozzles were replaced with 114-in. fog nozzles.
Two and one-half in. hose was used only as supply lines {rom
hydrant to pumpers, from pumpers to 1}4-in. hand lines, and
from pumpers to multiversal nozzles and ladder pipe. Hand
lines were limited to maximum lengths of 200 ft. to overcome
the friction loss problem in 1}4-in. hose. Pump operators were
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required to provide sufficient pressure to insure a minimum
nozzle pressure of 100 psi but not to exceed 125 psi. This was
a period of gradual but progressive change in both equipment
and operational procedure.

Two questions frequently asked regarding this form of at-
tack are: “Should fire fighters wear gas masks or protective
breathing apparatus when making an indirect attack?” and
“What will be the effect of steam or fog on persons who may be
trapped in the structure?”’ In answer to the first question it is
suggested that the individual fire department follow its normal
policy with regard to use of respiratory protection. However,
it has been observed that the use of masks will protect fire
fighters from the discomfort ocecasioned by the condensing
steam and products of combustion expelled by the indirect fog
application, Also use of masks will permit fire fighters to {ol-
low up the advantage of flame suppression for the direct appli-
cation and overhauling by advancement of lines more quickly
than is possible where it is necessary to wait for the con-
densing steam to dissipate.

In answer to the question regarding the effect on occupants
of steam from fog application, we can only state that we have
never heard of any adverse effects. Contrariwise, the much
more rapid flame suppression with indireet application makes
it possible to reach endangered persons more quickly so as to be
able to remove them to safety and render aid as necessary. In
addition, a fog jet provides a much more effective water cur-
tain for protection of personnel engaged in rescue operations
than does a solid stream. The fog stream also has the advant-
age that fire fighters are not in danger of being injured by im-
pact from a fog stream or from objects struck or displaced by
a hose stream.

Very few incidents have been reported where a small back-
draft or smoke type explosion has occurred after fog has been
introduced into a highly charged area and before adequate heat
transfer could be effected to purge the area of hot combustible
gases. However, there is no indication in any of these cases
that the smoke explosion would not have occurred had solid
stream attack been employed In the same situation. It is true
that a fog jet may introduce some entrained air just as will a
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solid $tream of water. If conditions favorable to an explosion
are present, this may conceivably take place during the ex-
tremely small interval of time before heat has been sufficiently
transferred.

Where there are indications of an oxygen deficiency within
an involved building (Third Phase), care should be exercised
in making the size up. The area of major involvement should

‘be determined and the smallest possible opening made followed

immediately by injection of an adequate volume of water fog.
Rapid steam generation will increase the interior atmospheric
pressure and thereby prevent an inrush of air from the outside
atmosphere. At the same time combustible smoke will be dis-
placed and diluted by steam.

Where fires occur in basements and other confined areas,
standard procedures should be followed for covering vertical
extension of fire while making an attack with fog cellar pipes
and distributors as suggested in this text. Where advancement
of fires into the basement is indicated, men should be wearing
self-contained respiratory protective equipment. Opening up
of openings to the outside at the opposite side of the fire area
from where attack is made will help permit expulsion of steam
and products of combustion away from the openings or area
from which the fog attack is being made. Usual procedures for
covering exposures should be followed in such instances. One
mistake that should be avoided in such cellar fires is a direct
attack with fog or any other streams from opposing directions.
This invariably results in ncedless punishment of both crews
by driving heat and smoke back inside the structure with the
frequent result that the seat of the fire cannot be reached until
the fire has extended through the first floor.

Where an intense large area cellar fire is encountered, 1t may
be necessary to operate master fog streams into the first floor
area while ventilation is being effected above the fire in order
to remove excessive heat to allow fire companies to operate in
the building so as to place distributors or cellar nozzles in serv-
ice and to check vertical openings and partitions against the
upward spread of fire. It must be recognized that frequently
cellar fires are in cut-off areas and it may be very difficult to
determine just where to introduce the fog attack. In such situ-
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ations proper application of adequate fog streams on the first
floor has been found effective against upward extension of the
main body of fire.

Where fires involve cocklofts and other concealed spaces, the
use of low velocity fog heads, sometimes employed with bayo-
net type heads to facilitate forcible entry, has proved highly
successful. Also the use of cellar type fog distributors through
roof openings has been effective in a number of instances.

The fire service now has available an array of fog nozzles
and applicators from which thé fire officer may choose his at-
tack weaponstoachieve the effective transfer and elimination of
excessive heat in accordance with the fundamental prineiples
stated in this text. In general, attack must be in sufficient vol-
ume for a rapid reduction of heat, and lines should be placed in
accordance with sound tactical procedures calling for covering
all normal fire fighting positions including the front and rear
of the structure, possible upward extension of fire through
vertical openings, internal and external exposures, as well as
an adequate attack upon the main body of the fire. (See the
book “Fire Fighting Tacties.”) Tt should be remembered that
water conservation and reduction in smoke and water damage
is enhanced by heat reduction and transfer achieved by ade-
quate rate of fog application.

Iiffective nozzle pressures are important so officers and pump
operators should know the volume discharged by the various
fog nozzles used in the department at various fog pattern sct-
tings in order to caleulate the pressure requirements. As shown
in other publications of the National Fire Protection Asso-
ciation, 124-in. fog nozzles are available with discharge ratings
at 100 pounds nozzle pressure, all the way from 40 to 125 gpm
or more. The various 2L4-in. fogs nozzle discharge from 90 to
1000 gallons per minute. Thus each individual nozzle presents
a different water supply and pump pressure problem if best re-
sults are to be obtained. Incidentally, for most effective use of
fog nozzles, use of fire department pumpers is generally indi-
cated because very few communities have water systems that
will supply the recommended 100 pounds nozzle pressure in
addition to pressure losses in the hosc.

During the past two years, the Parkersburg Department
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has had to combat several major exterior fires. These opera-
tions provided ample proof that major exterior fires can bg con-
trolled and under favorable conditions extinguished prov1d1n-g
o sufficient volume of water in the form of finely divided parti-
cles is employed in a proper tactical manner. In one of thfzse
fires, the acrial ladder pipe, delivering 425 gpm of high-veloeity
fog, prevented involvement of a railroad bridge I.ocated‘ 12 ft.
from the burning building. It would have been impossible to
concentrate sufficient number of solid streams to have pre-
vented involvement of this bridge. The only effective and prac-
tical solution to the problem of controlling major exterior fires
is to provide adequate and suitable equipment which Wri].l enable
fire-fighting personnel to produce, control and pr(?Ject large
volumes of water in the form of finely divided particles.




