Fire Streams and the Exponential Engine
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As of late | have been fielding a lot of questions regarding apparatus set up and nozzle
selection. It is encouraging to see such an interest in one of our professional foundations
believe it means thafirefighters are taking greater ownershipdecisions which may have
been more recently dictated to their departments bgvyvendors.l enjoy assisting firefighters
work through nozzle studies and flow testing because | know the value of thesegses to a
department and its members.

In 2005 my department conducted a ydang fire stream and nozzle study; the information
collected and changes made as a result of it have made our operations more efficient and our
operators more knowledgeabl&nce that study | have been fortunate enough to train and
network with firefighters from around the country and at the highest levels of education and
experience in engine company operations. | am still very much a student of the game and
continue to learron a daily basid/ith that sad there seems to be recurring questions in many
of contacts | have had lateliybelievethat | maybe betterable to answethem to the masses
ratherthan one at a timeSo settle in for a little bit of rambling or pick gHctions that you are
seeking.

Fire Streams

IFSTA will tell you that fire stream ighe 6Stream of water oother extinguishinggent after it
leavesthe fire hose until iteaches the desired | NJHTS meftfis is too narrow of a view on the

fire stream. The stream of water leaving the fire hose on its way to the target is the end result

of a system from the source to the nozzkea group or department wants to evaluate their fire
streams they must be willing to analyze all parts of that systenmfluence and changédf you

are given the chance to lead or be a part of a fire stream evaluation process or nozzle study you
will fail the opportunity if you get trapped in a smooth bore versus fog focus.



Pressure and Volume

We have established thahe fire stream is the end result of a system but it is also combination
of pressure and volume. As it pertains to the fire stream, pressure is the delivery vehicle and
volume is the extinguishing power. My experience is that the relationship betweese tiveo is
generally not given the attentioit deserves|t shouldbe revisited early in the conversation so
you have a clear idea of your goals.

Pressures

Let us start byliscussing pressure; this simple concept seems to create
the greatest turmoil irthese processed.like to review pressure in

terms of necessary and unnecessary pressuresrder to deliver the
goods (water) from the tank to the fire we need the right pump
discharge pressuré&.he right pump discharge is the sum of necessary
pressures. Necessary pressures include thetion loss, elevation loss
orgain(+ or¢p LJa A  lalINde monz@ Operating pressure.

Friction Loss Formula and Coefficients

FL =CQL

C = Coefficient of the hose
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Q = Gallons per minutgivided by 100

L = Length of hose divided by 100

Exampleusing IFSTA coefficien®riction losscre& R 06& wmMpn Dta Ff2gAy3a (K
FL=15.5x1%1 (35LJa A LISNJ mnn Qo

One of the first mistakes many of us maké&is assumption that numbers presented in books
are representative of our line operations. When we began to utilize flow meters and pressure



gauges in our field testing one of the first things we discovered was that our pump charts were
inaccurate It tookvery little detective work for us to track it down to inaccurate hose
coefficients.

Hose coefficients vary based on manufacture.
construction materials, age of hose and the
biggest factor is internal diameter. The IFST.
coefficients referred to above amerived
from internal hose diameters true to the
referenced sizes. We discovered, as many i
the industry are reporting that the internal
diametersof our hoses are larger than |aal.
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friction loss the effects are significamigy '
taking an overall average of all flow tested
hose of varying ages and manufacture we 5
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actually 115andoiNJ H oyeé mdn

How much difference does this make?

Example usingctualcoefficientsC NA Ot A2y f2aa ONBIFI ISR o
2 N

e mMmpn Dt
FL=1BXx15°EM OHpPLIAA LISNI mMmannéd wmn LJAA J Hy:: f

Ly GKS H oy¢ S aSS I aAYAfFINI RAFTFSNByOSo®

9EI YLX S dzaAy3a | Olidz2f O2STFFAOASY(GayY CNAROGAZYy ¢
FL=1.425xMm O pLIAA LISNI mannéo & O2YLI NBR (2 MHDp L
a 28% reduction in the friction loss from expected to attua

This is the first clarification of necessaryses unnecessary pressures. If yake the timeto
truly evaluate the system you may sée over pumping ofines by a considerable amount. It
would be inaccurate to say that the above example equatesvier pumpimg by 28% because
aspressureis increasegou may be increasing flow which will have an increased friction loss
and so forth What we ca clearly correlate is thggumping the linebeyond what is needed to
meet the necessary pressures of the operatwaili result in anincreaseof pressure at the

nozzle and therefore increase nozzle reaction



Nozzle Operating Pressure

The smooth bore nozzle may be viewsgdsomd: & & Roly $p@dRut if you take a little
deeper look at history you can see some very soundoemg in the smooth bore nozzle.

Since we are discussing pressure we can begin with the operating pressure of the smooth bore
which is a range from 40 to 60psi with 50pstlaes optimal operation. This was important to

our forefathers in the fire service as early pump systems were primarily lower pressure and
could see significant fluctuations with more than one line being supported simultaneously. The
solid stream and longgiprovided accurate delivery of the fire stream at a great distance for
firefighters with limited PPE.

As technology advancedur pumys were able to provide higher and more consistent

pressures. Lloyd Layman and various others brought the fog nozalthenAmerican fire

service, vendors started to develop automatic nozzles and before we knew it there was a shift
from a 50psi fire service to 10Qver the last 15 to 20 years an increasing number of

firefighters and departments are bewiing to questiorwhat hasbeen gained by doubling our
nozzle operating pressures. In maogses it is being discovered that for the most part the only
true gain has been nozzle reaction which simply equates to more work on the nozzle firefighter.
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Firefighting Nozzle Reaction Parameters
Paul Grimwood London Fire Brigade

1 Firefighter -60 Ibs Force
2 Firefighters - 79 Ibs Force
d Firefighters — 93 Ibs Force
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Nozzle Reaction

There have been severdlsglies done over the last 2@earsinto nozzle reaction and how it

effects hose line operations. The goal of these studies has been to identify how much nozzle
reaction firefighters can comfortably handle while still being able to effectively advance and
manage a hoséine. A study byPaul Grimwooautlined three working limits; 1 firefighter (60
forcellbs), 2 firefighters (75 force/lbs), and 3 firefighters (95force/ldd)ave been fortunate
enough to work with firefighters across the country on hoseline operations and | canuell yo
that with good technique, practice, improved fitness and continued work, firefighters can easily
operate lines with nozzle reaction forces beyond the above working limits but overall these
working limitsare very accurate for the majority of firefighteasd the median level of training.

Nozzle reaction is the resultant pounds force push back of the combined volume and pressure
leaving the nozzle. The only way to alter nozzle reaction is to alter the volume (GPM) or the
pressure. Many people have usedariety of methods to demonstrate nozzle reaction like fish
scales and rope but the actual force is calculated using the formulas b&towrough rule of
thumb the pounds force of nozzle reaction for a 100psi nozzle is ¥ of the GPM.

Fog Nozzle Reaction
NR = .0505 CKNP
NR(Nozzle Reaction)
Q=Gallons Per Minute
NP =Nozzle Pressure



Solid Bore Nozzle Reaction
NR = 1.57 NP

NR(Nozzle Reaction)

D =Diameter of tip

NP =Nozzle Pressure

On this nozH reaction chart we can sébe amount of nozzleeaction associated with four
BSNE O2YY2Yy Youcgnalsosahk $ide Byside comparison of a 150 GPM at 50psi
fog with a 100psi automatic fodgrlowing the same GPM thereaisozzlaeaction difference of

21 Ibs. At 100 psi and 150 GPM the zlezeactionof 76lbsis at the working limit of 2

firefighters Here is where you need to questidnyour department sees this agcessary or
unnecessary pressure

15/16” 185 GPM @ 50 PSI= 691bs

7/87161 GPM@ 50 PSI= 60lbs

@ Chief
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Auto Fog 150GPM @ 100 PSI= 761bs
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17" Nozzle Reaction

With good practices and techniquggefighters can work beyond the outlined nozzlection
parameters aboveWithout those practicesjozzle reaction forcelseyond 60Ibs typically
begins to reduce the effectiveness tietsingle firefightenozzleoperator.

This is a very important pte of the puzzle when purchasing equipment for the engine staffed
with three. A three person engine company translates to a two member first due attack line. |
have seen it time and time again where departments are training, purchasing and writing policy
for staffing that they do not have.

If you have ever stretched a line from an engine to the second floor bedroom as the nozzle
firefighter with onlyone other person you will discover instantly that yowst learn to operate
that nozzlewithout the luxuryof a back up firefighter behind you to assist in countering nozzle



reaction. The other member will almost always be working to tend the line through furniture,

around corners and up stairs somewhere between your location and the front door.
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members, you must identify what your firefighters are comfortabith in regards to operating

a line by themselves, it may be surprisingly less than you assume.
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they end upwith nozzle firefighterst G Ndz3 3t Ay3d ¢ KS mMpk mc éwhdieh LI & | &
lines are staffedvith a nozzle firefighter, back ypnd door man. It is too often lost on

departments that when the duties of a back up firefighter and door man are put on one person

they are not the only ones who end up working harder.

A Case Study In Nozzle Reaction amttfon

¢KS FTROSNIA&ASR 0SYSTAG 2F Fy 1dzi2YFGAO y211¢8S
O2 YLINR YA &S¢ 2doindepttzthis i3 &liaved yhdugli an internal compensatory

spring that adjusts with flow to maintain a constant nozzle pressure and steam. This type of

nozzle essentially puts the flow rate in the hands of the pump operator and in the absence of a

set department tandard this becomes a very concerning unknown.
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Our department primarily has 3 person engine staffimg2005 when we wanted to see if a

nozzle study was needed at our department one of the first steps was to take 10 different

engine companies, have thedeployandflowa13% | G GF O1 tAyS IyR NBO2NR
discharge pressuréit that time our department was using a 100psi automatic nozzle on all 1
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100 GPMWhenthe pump operators were asked why they pumped atittselected pressures

almost allresponses were not flow relatethey werefirefighter related. Nearly evergperator

stated they under pumped the lines initially to make it easier on the nozzlegfiteti and they

would increase the pressure if they called for more water.

Within this information is a very important finding. Our pump operators were acutely aware of
the challenges of high nozzle reaction dahdy wereattempting to address them for #hnozzle
firefighter hydraulically. Unfortunately in their good intentions is a risky business of not only
under pumping (pressure) but by design also under supplying (volume) those firefighters
entering the structure.



The ideahat a firefighterécan awayscall for mNB & | G S
comes from the&known thatan automatichas that wide flow
range. he reality is that the stream quality is maintained

throughout that wide flow range and the nozzle operator s |
typically does ot identify one lacking volume. Additiatly the £ 5%
nozzle firefighter knows that requesting more water increase . =
pressure, making for a more difficult line to manage. As you * 4
can see these contributing factors all conspiogether and "
thata OF £ € F2NJ Y2NB 41 GSNE yS¢

Using the aerage of 100 GPM from that 100 jpsitomaticfog
nozzleand the fog nozzle reaction formubag discoveredhat
our firefighters and operatoreavesubconsciouslghown that
a nozzle reaction of 50Ibs is a comfortable po8ihcenozzle
reaction is dictéed by a combination of pressure and flow so &
serves as the perfect point in the dission to bring the two
together.

With the finding that our firefighters felt most comfortable handling about 50Ibs of nozzle

reaction we had a starting point. The niestep was to determinai  NBSG Ff2¢ TF2NJ 2d
attack lines as it was clear from this initial test that we did not have one. For the goal of the

study we wanted to establish 150 GPM as the minimum flow for any interior attack lines.

Volume A $arting Point

To begin to start talking about interior fire attack and target volume 1 think it is best to start the

conversation with the line that most fire departments start with for fire attack. | am well aware
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Why 150 GPM®ationally, 150GPM has bec6S G KS G NBS(G Wes2This F2NJ M ¢ ¢
number comes from NFPA 1710 (Organization and Deployment of Fire Suppression

Operations by Career Fire Departments). The standatlines that the first two attackines

in operation at any resid#ial structure fire flow a minimum of 300 GPM combin®dth the

NFPA wording you could flow 100 GPM with your initial line and 200 GPM with a second line

but the common sense approach and now industry standard has targeted 150 GPM as an

interior attack sandard.

Utilizingnozzle reactioparametersand a set minimum standard for voluntée rest of he
process is relatively simplénd nozzles thaflow greater than 150 GPM withozzle reations
near @lbs and put them in the hands of firefighters them to find their preference.



Common I¢ éAttack Line Nozzles and Reaction Force

150 GPM at 50 PSI Fixed Gallonage Fog = Nozzle reaction force of 54lbs
TKYy ¢ { 8eBliGPM.at 50 PSI = Nozzle reaction tifs50

150 GPM &75 PSI Fixed Gallonage Fdgozzle reaction force of 65lbs
Mpkmcé { Y BRAPK at 5@P$K= Nmzzle reaction force of 69Ibs

At the end of 2005following a full year trail period with a variety of nozzles the preference of
2dzNJ FANBFAIKGSNE dvitha flaivfR611GRM &t 5058fi@anizkle 6 2 NB
reaction of 60IbsThe gcond and third choices were clgseth the 150 GPM at 5psi fog and

the 15/16 smooth bore with a flow of 185 GPM at 50 pgitimatelydepartmentheads decided
we wouldchange from thel00 psiautomatic fog nozzles to 150 GPM at 50fpgiandm p K M ¢ €
smooth boreson &l 2 dzNJ M ¢ £ he khangé viad wefcdmgdSaaddour efforts taledte

and improve operations wereveralla succesfhowever,today | wouldensure we saw the idea
through completely.ri seeng other agencies struggle withthie A YA £ I NJ & 0 dibhd@d& &
a little more information mayrevent it from happening to more.

¢# The Fogikation

If a department has embraced a fog nozzfgion at any
point in recent organizational history it is veryfdiult to
shift completely awy from them With sound parameters

. fog nozzles camasilymeet the goals of improving engine
= . company efficiency and reducing nozzle reaction. There
are a few common trapping points that departments most
often fall in with regards to making a nozzle chaog¢his
nature and keeping the fog as an option.

When a department that traditionally used 100 psi
automatic nozzles faces these questions and challenges to
reduce nozzle reaction they sometimes find the simplest
answer is to just change to a low pressautomatic. It

keeps this as an option in operations.

The risk with changing to a low pressure automatic is that the treatment ishamigliing a
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Ft26 NIy3aAS gAGK2dz0 AG,NBFY O2YLJ

AAY3IES adYLIN2YT LINBaadzaNB® ! &unknmdwhdridadequéates A RS T €

flow is an ever present threat. Low pressure fog nozzles for interior firefighting should have a
fixed gallonage so that they provide the same volume edics that a smooth bore does. With
fixed gallonage nozzles, under pumped or kinked lines present with a poor or absent stream
giving the nozzle firefighter pause before committing to an environment without appropriate
GPM not compensating for and ultimdyeconcealing it from them.



Fire departments that choose CAFS for so
of their fire attack operations also often findf ="«
themselves facing a bit of a challenge when*.
it comes to fire stream selection. Most CAF{,
YIydzF I OGdzNBa NBEO2 Y Y
bore tip be used for the optimal CAFSestm
delivery. Avé¢ avY220K 02NB
can make for a challenging line to manage.
This often pushes these departments to
dzaAy3a + GoNBLF{l gl &¢
F23 AL 2y G2 2F Gf
excharme between the two. | see this as
adding more complexity to the system.
2 KAt S GKS m™érecamimedded! ¢
tip size for CAFS I think it is incumbent on
your organization to evaluate if this will truly-
work for your operations and staffing or if =
some gve up in the quality of a foam stream;
may Yyield an overall safer and simpler
2LISNF GA2y fA1S GKS
tip with a 150 GPM at 50 psifogtipasa
breakaway package that allows for greater
versatility and more common operational
field.
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When departments elect to provide both a smooth bore and a low pressure fixed gallonage fog

to their memberst is important to aim for hydraulic parityDur department selected the 150

Dta 4 pn LBAA F23 YR (KS Mpk vmexampadofthe G K 02 NB
hydraulic challenge for pump operators with two lines off.

H NN Q ineDispdrity. [

50 psiFixed gallonage fogt 150 GPM \ith a friction lossofi p LJA A 108 psipwropn Q T
discharge pressure

50 psi 15/16Smooth bore at 185 GPBMIA G K | FTNAOGA2Y f 244 2F nn LIS
discharge pressure

Two lines ofof the same panel with a 35 GPM and 30 psi difference between them



This set up exceeds the NFPA standard of 300 GPM from two
handlines by 35 GPM and the low pressure nazhkeve a
¥ manageable nozzle reactiptine challenge comes in their
| O2YoAYlFGA2y® LT GKS wmMpkmcé GALI Aa
are essentially backing up your initial line with a lesser stream. As a
pump operator any mix up between the two tipscagiou may be
significantly over pumping one or under supplying the other. If you
are intending orproviding a smooth bore and fog option attempt
to find hydraulic parity fotarget flow andpump operation.

Hydraulic Parity ¥amples

A

Example 1Similarflomt Y R @A YA T I NJ y2T1 1T €S NBFOGAZ2Y F2NIJ I Hy

pn LA CAESR 3Ltt2ylF3asS ¥23 i MH710Mpsiagump A G K |
discharge pressummatchedwithp 1 LJAA Tky€é {Y220GK 02NB G mcwm I
psi perm 1 (2)Q 110 psi pump discharge pressuRamp both lines to the higher 110 psi PDP,

while the fog will be over pumped it has the overall lowest nozzle reaction at 54Ibs force at 50

psi so even with the extra pressure will still maintain a very managdiakle

pn LWAA CAESR 3Lfft2ylF3S ¥23 |4 myp Dta SAGK |
RAAOKIFNHS LINBaadsaNBE YIFIGOKSR ¢A0GK pn LJEAA MpKkMmcE
nn LIAA LISNI MmannQoHU [ mo n hybddulic pardgzivottd ndzAled Witk F NB S LJ
the same GPM rating at the same operating pressure.

Example 2: Similar target pump discharge pressure differenti®dvNJ H 1 nQ M ¢ € G4 ¢

75 psi Fixed gallonage fog at 150 GPM with a friction loss of 25 psipe@®0H 0 I MHp LJa A
RAAOKIFNHS LINBaadzaNBE YIFIGOKSR ¢6A0GK pn LJAA MpkMmcé
nn LIAA LISNI MmanQdéwo ' mon LIAA LlzYld RA&AOKI NBS LJ
selection option with the fog at a mid range psese Pump both lines to the higher pressure

and see #nilar nozzle reaction forces amdjualpump discharge pressure.



Volume:The Exponential Engine

| would say there are two questions | field more than any others when it comes to fire streams

and apparatus setup. Thefirsti@ | 2 6 AFIABRFEINR SO dzZLIKE ! 2 g Rg & &SR é S (
@2dz 4SO dzZLJ Iy Sy3aAySéod L o06StAS@OS yYz2ad GKS GAY
answer to the second questiofihey are assuminthat the way my fire dpartment has the

engine set ups the way Wwould want it if it was mine personall{Jnfortunately, if you have

been in the fire service for more than a day or two you should know that the power of line

operaors canbe limited when it comes to purchasing, apparatus detul Y R & adl.y Rl NRA 1

So rather than waste the explanation of how an engine is currently set up and what | would
change | think it would be best to start with a blank sheet and explain one apiptoasetting
up an a rig to maximize first due potential with the exponential engine approach.

Definition

As stated above, this is intended to address the masses and
b focus on first arriving engine operations. Before it is taken
j further | will explain my observation and therefore the context
A2F G2RIF@8Q&a Y2RSNY ! YSNROIY Sy3aaAy
this piece

- 3 person staffing (Operator, Officer, Firefighter)

- 2 person attack line (Officer, Firefighter)

- Water as extinguishing age(@lo CAFS option)

- 500 gallon onboard tank

- M C£ I H oybunted/iasted stréhim EsSnitial

attack options




Exponential Attek

In various firefighting and fire prevention Comparison of Room Fumishings
documents you can find that given

appropriate fuel and air a fire will double I.egacy Room Modern Room
in size every XX seconds or minutes. |
have seen it referenced as fast as 30
seconds and as long asrinutes. The
difference in tme of 30 seconds to 2
minutes has never bothered me too muct
as | see both as relatively fast, the point
that always has stuck with me from that
adageist6 G SNXY dGR2dzf S
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When | consider something doubling in size | thinkxgfonential growth ad | believe that if we view
the fire as an enemy, exponential grongh¥ (i K S fofcy i§ &ypdwacurve that must be addressed
swiftly and with dominancd.thinkthat most engaged firefighters would agree with that poimtit how
we attack swiftly anavith dominance has many forms when it comes to fire streams.

There are firefighters pushing for greater volume on all initial lines with the use of intermediate lines

FYR GALA tA1S wmpk mc é. OthgiRarendvocatihg ftir imghefidiee treami G F O1 f Ay
F LILX AOFGAZ2Y F2NJ 6KS SEGSNAZ2NI AT GKSNB A& |y 2LILEN
interrupt that exponential growth. All of these ideas have merit as they are people attempting to find

the right solution for their agecies to address the modern fire environment. Among these ideas |

would like to present one more way to combat exponential fire growth and that is with an exponential

fire attack plan.

The idea of the exponential engine set up came to me while | was sitting in a class at FDIC being
delivered by Chief Curt Isakason from Escambia County Fire Rescue. Chief Isakson was speaking about
the importance of rapid water application and he instgrghifted my thinking when he begandascuss

fire stream flows in terms of gallons per second versus gallons per minute.

Il @S @&2dz SOSNI Hi§du Mk the XX firedf@riiuta, Nabygical bédroom fire only takes 40
GPMtocontrol. Itis@&NJ {Aff G2 GF{1S F wmpn Dtllknowll haM&anditi NS+ Y G 2
always frustrated me that this type of debate would even ocdarbe honest | always struggled with

articulating an sound counter until I began to consider the importan@xpbnential fire growth and

gallons per second.

Let us say that a fire does in fact double in size every 30 secondasiriEat bedroom fireakes 40 GPM
to control doubles in 30 second30 second$rom nowit requires 80 GPM and at 1 minute it requires
160 GPM.A 150 GPM stream is a 2.5 gallon per second stréah 5 gallons per second0 gallonsof
water isdelivered to thatbedroom in justl6 second®f operation. At 30 seconds of operation 75
gallons of water wouldbe delivered to that roontikely resulting in total room cooling not just fire
control.



Chief IsaksaR & Y S & shift tHeQangugge fire streams to gallons per secondld not be more
appropriate.If the statement that a fire doubles in size every 30 seconds isgworbe it, but gu
cannot argudhat fire behavior in enclosestructures is changing faster than ever before and our
windows of opportunity which were once measured in minutes have been reduced to seconds.

So if we are dealing with exponential fire growth, limitedffstg andrapidly changing fire conditions
the entire fire service should be evaluating their fire stream systems from the source to the nozzle no
just a few inspired firefighters because we need to find ways to leverage our efforts at every point.

13" Attack Line

150 GPM @ 50 Foy

1/8” Smooth Bore @ 50 PSI
(161GPM)

27%" Attack Line
1 3/16” Smooth Bore @50 PSI

(296 GPM)

11/2” Smooth Bore @ 80PSI
(600 GPM)

The Exponential Engine

To povide a very brief overview before | expand on the idnary engine company should be designed

GAGK I FANRG RdzS atftly ¢ G2 .ISéttind uP i rigfoRwithiaSp@is NJ & 2 dz
for extended operations or waiting for the cavaloydrrive before you act only puts you closer to

engaging a different fire than the one you are currently seeing (catch up). Variables will forever exist and
nothing is set in stone but we are firefightess plan for a fight.
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One of the biggest puskeut there is greater volume from initial lines.

alye FTANB RSLINIYSyida NB OK22aAy3a
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foundation of theirfire attacks. Itraining, districtconstructionand

staffingmake these viable optiorgreat youare taking big weapons to

the fight early on.

In my experience thaitial handlinefor residential fires (a room or
rooms on fire¥or mostfire departmentsis i KS ™M ¢ € ®



