Your Boller Room:
A ime Bemip?




IS yeu Boller reem a potential
Fime Bemia?

A few asics youl need tor kKnew: to
Work: safely in the boeller reom:



Two petentials for “explosions™ In a
oller reem:

\Water/steams side explosions
EUrnace explesions



\Water/steam; side. explesions:

We allFknew! water, as It Is heated anad
chianges Inte steam), expands.

Withrthisi iRrmind there: ane twor hasic
prnciples we need tor understand.



Principle #1.:

[ffwe take a CubIC Inch of
water and apply heat
LRl it Bells 1t Willfexpand
and create 1600 cubic
IAChES offsteam at
atimoespPhenc conditions.

1600 cubic inches of
— steam at 212 °F

1 cubic inch of water
at 212 °F



Principle #2:
Eneray in = Energy: out

~ 0.85 pounds of
water at O PSI and
212°F

1 pound of (180 BTU/Ib)
water at 100
PSI and 338 °F

~ 0.15 pound
(309 BTU/Ib) P

of steam at O
PSI and 212°F

(1151 BTU/Ib)



Eer Example:

[ffwerhave a Eire’ fulke Boller containing
1,000 gallens of water, eperating at a
pressure ofi L00rRSI and a temperature. of
338 F and the' shell'suddenly: ruptures,
approximately of the water will
Instantaneeusly flash te steam. The
femaining water will'coel te helow: 212
and step flashing.



15%0 ofi 1,000 gallons of water = 150
gallens.

One gallen'= 231 cubiIc InchEes.

So; 150 x 231 = 34,650 cubic inches of
Water' Is released;

Since this water inmediately flashes 1o
steam, the volume of the' steam created! =
34,650 x 1600 = 55,440,000 cubic Inches.

One cubic feet = 1, 728 cUubIC INCHES.

Converting cubIc INChEs to cubIc feet:
55,440,00/1,728 = 32,083 cubic feet of
steam will' be preduced.



I our boller reom Is 10 feet high by 20 feet long
and 20 feet deep, calculating the velume ofi the
[eOM:

\olume = A x | x W
= 10 x 20 x 20
=/ 000 cubic fieet.

Now, taking Inter account the steam: produced as
the suddenly released ot Watelrr tuifas; It
steam:

32,083.33 = 4,000 = 8.02



The boeller reom new: is forced to) try to
contain a velume: Whichi has Increased: by
a factor of more than! &8 times; Its eriginal
voelume. Fhis I 2l Vel
pressure ofi the structure.

Fhe weakest part of the walls, celing,
Windoews, and deors causing
massive destruction ter the bullding.

This inraddition to; the shrapnel frem the
ruptured boller......



A real lifie event:

About 1:50 pm on June 18, 2007, boiler
=2 (TN=:: 124059)1 lecated at: the: Dana
Corperation plant IR Pars, ennessee,
expleded causing extensive damage torthe
faciliny and surreunRding area, and
Serieusiy Injurng ene employee. The 2000
moedel Cleaver-Breoks high-pressure (150
0S1) fiketue holler Was operating
concurrently, With' a: secend high-pressure
poller (boiler #1). Bothi beillers were enline
1o handle the steam demand: of plant
Operations at the time ofi the Incident.
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Hole Created by Boiler through Roll Up Door Wall (West Wall)
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Knocked Down Exterior Wall Viewed from Inside Boiler Room (East Wall)
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View o East Wall from Outside Plant
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View of East Wall from Outside Plant (Note Rear Boiler Door in Ditch)



The investigation:

The Investigation teami consideredi many;.
flacters duiing the Investigation including:

Fhe operation of the bellers at the time of
e explesion.

Past anadl culirent maintenance.

Boeller attendance and operation 16gs.
Audible and visualialarms.

Past IRSpectiens and findings.
Installatien and condition| off COnitrels.
Safety devices.

Eye witness acecounts.



It IS determined that the prokakle cause
Ol this aceident was, the sudden
Introduction eif feed Water ter the boller. At
the time: of the: explesion;, the boeller wWas
eperatinglin: a dry-fired state. Before the
explosion, Ineperative contrels and safety,
devices allewed the Boller te continue: te
fire: evenr thotgh Water levels in the boiler
Were: at: a dangerousiy:Iow.



Fhe excessive, rapidiexpansion: of
pressure created due to the intreduction
eff feedwater asiit was instanly, converted
10, steam by, the everneated! surfaces, ofi
the beller Impesed dynamic forces on| the
poller furnace: tuke. This caused the
fiurnace tulke 1o collapse and subsequently,
explede tihe boller:.



Eactors contriputing to the
aceldent:

[Fack ol stanaard operator training.
Inadeguaie Boller operating precedures.
Inadeguate boller attendance.
Improper beller mainteRance.

lneperative Boller contrels and safety,
@evices.



As fuel Is fired, energy. Is stored in the
Water in the boiler asiwell as in' the steam
generated. Falllure ofi the pressure parts
can release this thermal energy. of the
fitnd at a catastiephic rate. Back as fialf as
1871 seme: expernmental waterside oller

ExXplesIoNs Were conducted: at Sandy/
IHeok, New: Jersey.



DUng these expernments it was
calculatedl that the theoreticallameunt of
energy. released was' in| excess of
2,000,000,000rft-1l9s, 61 more: than eneugh
1o lifit a 35 ten boller te: a height ofi five
miles. Eireside (furnace) explosiens may.
ikewise release: lange guantities; e eneray
and catise extensive physicalidamage.



Bol
ane

Eurnace Explesions:

elf operation invelves hoth fuel fikng
steam generauon.  Either eff these can

pe

jazardous; lifinadeguate attentieon Is

pald te safety conaitions. Alr, fuelland
IgNItIGNT ERErgY: are: the: principal
Ingredients reguired fier firng a filirnace.

BUI

, WIth' Improper comninatien and

timing, they can alsorcause an explosion.



Pernaps the mest impoertant point:

Befiere attempting te light: any: gas,
fiuel ell;, or pulverzed coal lholler the
furnace must e purged oiff any.
ignitakle vaper: or dust by eperating
the combustionfair ian(s) fier a
Speciiiedl peroad of time.












Looking at History

IHistery: should teach uUs lessens; hut eften
itdeesn't. Immediately: after an acecident
@CCUKS We Become: salety’ conscious and
even Write new’ pelicies and precedures.
IHOWEVeEr, as; time' passes we: tend te
forget. Often We: revert hack 1o our 0ld
\Ways: simply. Because We have been deing
it that Way. il years: Iihats When
accldents can happen andiits toe late.



Times Have Changed

\We: have less:
1. People

2. Wieney.

3. Time

Noew wWe ale' expected 1o do mere with
less.

We new: must: justi and quantiiy: every
iten.

We must planandiexecute that plan to
time tables.

\We have to look at alternative: ideas.



Wihere to look for help:

#1 - Look at the employees.

Trained persennellcan; make decisions,
fiellow: fault trees, conduct petential
preblen analysis, prekliemsselving and
trouklesheoting. But te de’ se they need e
KReW! the fiundamentals.

#2 - Look at ourselves.

AS managers and nake sue we
Understand the fundamentals as well.



Often Iffan Incident does eecuUr one of the
first: gquestions pesed te the manager: Is;
WhY, WaSh L thal: Persen propely: tralned?



IHow: then can we ook at the training| Issue
and pernaps justify the cest?

Cost aside, hiuman: safety Is our
concern!

Erem a purely financial perspective:

Lok at the'lest tine; of the eguipment or
preduct divideal by’ the cost of training and
We find that the trainimng Isia small firaction
of the cost of a failure.



New we willFdiscusst Whay It IS Impertant as
a OWREI/GPRErator that malRtenRance
techniciansy have: an understanding Wiile
WOrking en or operating facility: hoilers.



AS OWIENS) B Opelrators we often

that the persennel have knewledge: to
eperaterand repalli the equipment.. he
equipment could e a small’package holler
located Inra hasement reen o apartment
AEUSE or a lange system of bellers

SUpPpPIVING| steam) te; a Process oF Neatng or
poLh.



Boeilersi come in all' shapes and sizes.

They can eperate With; pressures firom Just
aleVve atmespPREric pressure to iunadreds
Off peUNGdS pressure.

Operating temperatures; may: vVanry. rem
212°F 16 moere: than 1000°FE.

Seme systems eperate: at a single
pressure and temperature.

Mere complex systems: nmay. operate With
multiple pressures and temperatures.



What can we do?

AS| Gperatoers/ewners we need ternave: a
g00d Understanding se we canlinsure that

COITECt repairs are made: to; the equipment
We: Gperate and/or ewin.



Dees this sound familiar?

[FWas aviing a small package: boller in an
apartment heuse repaired, the' repair
technicians teldime the flame was: a littie
Igh; but It was ek.



Wihen I elserved: the flame, It was: hitting
directly, oni the heating suiface ofi the
poller. When' | guestiened’ the technicians
ey assured me: evernining Was fine.
Fhelr comment back terme was the water
WillFJUSE ieat U fiaster. ey wWere not
aware the flame wouldl damage the

neating surface and eventually lead 1o a
flalvre:



Improper training of repair technicians can
lead ter the use: the wreng valves, materal
oK repairs, or etherr COmPoNEts:

TFhis; can ve venry dangerous Withr respect
10 holler's eperation and could create
premature failre: of holler parts, steam
ines, and equipment.



Cast Iron Sectional Boiler
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Ar ﬂ . View fmm basempnt beiler room

1
(HR i lnnlmj.g up through ceiling to 1%
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The fellewing Isi a sample check list you should
g0 ever before ever letting repair Work start on
VOUIF Doller:

Can the repail: PErsen: access: the: area safely?

IS the area properly it?

Arermateral Improperly: stored around the
epPerating equipment?

IS material blecking acecess Walkways?






IS there a dead end that perhaps semeone
coulaiwalk dewni by mistake and become
irapped?

IS there material sittingl areundl the
electrical acecess panels which could
prevent guick access?

Are there combustibles stored area around
ther boller?



e
—







Do maintenance and operations personnel have
acceess to all eguipment and the means; for
Preper: Iselatien for the equipment Being
[epaired?

A€ there hazardous sulbstances surrounding the
equipment or ether compoRents WhIch reguire
removal hefore Welk can be completed?

DOES the reems other safety equipment function
as required? Has this; equipment been tested

ately/?







[DeES| everyone asseciated with the work
PIOCESS KNGW. a repail technician o
technicians;are going te be il the anea
Workinge.

Befiere the repalr technician: starts: thelr
[epair, ao they: knew: hewW, tor get 1R teuch
WIth Emergency. Senvices shouldithey: e
required?



[DEES| eVERyene asseciated Withl the Work
PRECESS) KNeW: & rEpail: teCANICIaNn or
technicians; are going te be il the anea

WOorking?

Do) they properly. isolate the eguipment
oK repairs ter e conducted?






Fhese are only a fiew: gquestions: thait
shiould be asked but the ISt s by ne
MEeans complete.

Pernaps; IS starts the thinking pPrecess
AUt NeW: We' canl prevent anraccident or,
WOISe yet, an explesion.
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