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Introduction

The distinctive smell of wood smokeis often regardedas
oneof theadvantagesof a woodheatingsystem.However,
wood smoke containsa numberof known andsuspected
carcinogens.Becausethesmellofsmokein thehomeresults
from combustionproductsspilling from a wood heating
appliance,it is also an indication that the applianceis not
operatingproperly.

To help reducethe risk of combustionspillage,CMHC
commissioneda researchproject to learnmoreaboutresi-
dentialwoodheatingsystems.Theobjectivesof theproject
were:
• todeterminethefrequencyandseverityof spillage;
• to learnwhatdesign,installationandoperationfactors

affectedspillage;and
• to developeffectivewaysof preventingspillagein new

andexistinginstallations.

ResearchProgram

The studyconsistedof threeparts.Wood heatingsystem
ownersacrossCanadawere interviewed and their appli-
ancesinspectedby qualifiedtechnicians.Severalsystems
werefield testedanda numberof remedialmeasureswere
developedand testedon thesesystems.Laboratorytesting
wasalsocarriedout toassessthedegreeto whichappliance
designaffectssensitivityto spillage.

Findings

Althoughvirtuallyall systemshadsomehistoryofspillage,
mostepisodeswereminorandcouldeasilybecontrolledby
theuser.The mostcommonform of spillageoccurswhen
theappliancedoor is openedat start-upor for reloading.
Closeddoorspillage,which isconsideredmoreserious,was
reportedby just undera third of the usersthat were inter-
viewed.About onein tensystemsexperiencedsevereand
persistentspillageproblems.

Theremedialmeasuresthatweredevelopedandtestedwere
designedtoachievetwo objectives:reducingrestrictionsor
other factorspreventingtheflow of combustiongases,or
raising the averageflue gas temperaturethroughoutthe
system.Mostoftheremedialmeasureswerehighly success
ful andspillagewaseliminatedcompletely.

Appliancesthat meetUnitedStatesEnvironmentalProtec
tion Agency (EPA) emissionsstandardsappearless likely
to spill than conventionalappliancesbecauseoftheirability
to maintainstableflue gastemperatures.

Conclusions

The researchdemonstratedthat spillagecanbe prevented
through good system design, componentselection and
properapplianceoperationandmaintenance.

The studyidentified a numberof design,installation and
operationfactorsaffectingspillage.Thesearesummarized
in Table I.

Simpleremedialmeasurescanreduceor eliminatemanyof
thecausesofspillage.Table2 showssometypicalproblems
andeffectiveremedialstrategies.

A significantfinding of thestudy is that theactionsof the
userarethemostimportantelementin theproperoperation
of a wood heatingsystem. Evena systemwhosedesign
makesit resistantto spillagecanbe operatedin a way that
causesit tospill,while systemswhicharehighlysusceptible
to spillagecanbe spill-free if controlledby a carefuland
knowledgeableoperator.Accordingly,thestudydeveloped
instructionsforuserson waysto reduceorpreventspillage.
Thesearelisted below.
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Anti-Spillage Instructions for Users
Onceanydesignormechanicalcausesofspillagehavebeen
identifiedandcorrected(seeTable2), it isup to theuserto
ensurethatawoodheatingapplianceisoperatedin amanner
thateffectively preventsspillage.

Thefollowing techniques,whichwerefoundto beeffective
in this study, are organizedinto threecategories:under-
standingandcorrectingacoldbackdraft,techniquesto raise
theflue gastemperature,andmaintenancerequiredto pre-
ventrestrictionsandto keeptheapplianceoperatingprop-
erly.
Cold Backdraft
Cold backdraftoccurswhencoldoutdoorair isdrawndown
thechimneyinto thehouse.If thereisno fire in thesystem,
theusermaydetectthesmellofcreosote.If thesystemis in
use,thecombustionproductswill spill into theroom.

Cold backdraftis usuallythe resultof stackeffect, espe-
cially whenthe chimneyis outsidethehouseandtheappli-
anceis installedin thebasement.It mayalsobecausedby
adversepressureconditions,suchashousedepressurization
causedby apowerful exhaustventilator.
Table 1: System features that affect spillage

Promotes Spillage Resists Spillage
Appliance Too large for space heat loss

Unlined combustion chamber
No combustion system
Large door opening area
Leaky construction
Large heat exchanger
Firebox exhaust lower than door opening
Solid doors

Proper size for space heat loss

Lined or insulated combustion chamber

EPA certified combustion system

Moderate to small door opening

Sealed construction

Moderate to small heat exchanger

Firebox exhaust higher than door opening

Glass doors with air wash system

Flue Pipe Different size from appliance flue collar Size matches appliance flue collar
Assembly includes elbows Assembly straight to chimney

More than 2 metres in length Less than 2 metres in length

Assembly has key damper No key damperor other restrictions to flow

Assembly loose and leaky Assembly reasonably well sealed

Chimney Chimney flue is not insulated Chimney flue is insulated

Located on outside wall Located inside house envelope

Flue size different from flue collar Flue size matches flue collar

Flue has offsets Flue is straight

Total system height less than 4.5 metres Total system height more than 4.5 metres

Chimney height below code requirements Chimney height exceeds code requirements

Chimney not clear of roof Chimney clears top of roof

Chimney leaks Chimney is well-sealed

House/Setting Has high-volume exhaust ventilators No high-volume exhaust ventilators

Appliance is located below neutral plane Appliance is located above neutral plane

House set low compared to nearby features House is clear ofwind obstructions

Appliance
Operator

Tolerant to wood smoke smell Intolerant to wood smoke
Allows appliance to smoulder Avoids smouldering

Misuses flue pipe key damper Takes care in use of flue pipe key damper

Inexperienced wood burner Experienced wood burner



To correct a cold backdraft without causingspillage:
openabasementwindowto relievepressurebeforelighting
afire, or useahairdrierin thechimneycleanout.

To correctabackdraftbutrisk somespillage:burnsome

newspaperin theapplianceor thechimneycleanout.

RaisingFlueGasTemperature
Combustionspillage is least likely to occurwhenthe tem-
peratureof the gasesin theflue remainshigh. Therearea
numberof simplewaysto achievethis.

• Useplentyof newspaperwhenlightingafire; 6 - 10
sheetscrumpled.

• Useplentyof smallpiecesof dry kindling.

• Whenstartinga fire, settheair controlsfully open.
• Oncekindling is charredandflaming brightly, adda
few piecesof intermediatekindling. Do not smother
thekindling fire.

• Neveraddjustonepieceofwoodatatime.

• Neverreloadtheapplianceuntil theroomor housetem-
peraturehasbegunto fall.

• Operatetheappliancein cycles.One cycle is thetime
betweenloadingwoodon acoalbedandits burning
downto acoalbedof thesamesize.

• When loadingwoodon acoalbed,alwaysaddatleast
threepieces,andpreferablysix or seven.

• If you want toproducelessheat,usesmallerpieces,not
fewerpieces.
Table 2: Remedial strategies for common spillage problems

Chimney Top
Temperature

Type of Problem
Chimney on outside of house is being
chilled

Possible Remedial Action
Enclose in chase
Reline and insulate
Install indoor chimney

Chimney flue over- or under-sized Reline to correct size

Replace with chimney of correct size

Excessive flue pipe heat loss Replace with sealed double-wall pipe

Relocate appliance or chimney to shorten flue pipe
run

Replace 9Q0 elbows with 450 elbows
Low flue gas temperaturefrom
appliance

Build hotterfires; avoid smouldering
Adjust bi-metallic operator

Use smaller and dryer pieces of wood

Replace oversized appliance with a smaller one

Replace conventional appliance with advanced design

Flow Restrictions Elbows in flue pipes Replace 9Q0 elbows with 450 elbows

Flue pipe key dampers Remove key damper

Use key damper properly
Creosote build-up orblocked breech Clean chimney or reconstruct breech

Appliance bypass damper Use bypass damper properly

External Influences Chimney top affected by wind and

nearby wind obstacles

Increase chimney height

Remove obstacles

Try a specialized chimney cap
Adverse air pressure Eliminate competing exhaust ventilator

Install make-up air supply

Avoid operating competing exhaust ventilators when
appliance is in use



• To takethechill off thehousein springandfall, usethe
flashfire technique:severalsmallishpiecescriss-
crossed.

• Foralongercycle,suchasovernight,uselargerpieces
placedcompactly.

• Neverallow excessashto build up in thefirebox -

manystovesshouldhavesomeashremovedeachmorn-
ing.

• Install aflue pipethermometerabout450 mm (18”)
abovetheflue collar anduseit to ensurethat thesys-
temoperatesabovetheminimumoperatingtempera-
ture.This is the level atwhichtheappliancesustains
flamingcombustionwhile operatingatthe lowestfiring
rate. Neverallow thetemperatureto fall belowthis
level until thefire reachesthecoalbedphase.

• Fireeachnew loadfor20 to 45 minutesatfull output,
until thewoodis flaming brightly andis well charred.

Here’s what userswill see if the applianceis operating
properly:

• Thewoodshouldbeflaming until only charcoalre-
mains.If therearenoflames,somethingis wrong.

• If thereare firebricks in theappliancefirebox, they
shouldbetan in colour,not black.

• Steelpartsof thefireboxshouldbelight to darkbrown,
not blackandshiny.

• New loadsof woodshouldignite almostinstantly.The
bottompiecesshouldbe flamingby thetime the door is
closed.

• If thestovehasaglassdoorwith airwash it shouldbe
clear.

• If thestovehasaglassdoorwithoutairwash,it will be
hazy,but shouldneverbetotally black.

• Theexhaustcoming from thetop of the chimney
shouldbeclearor white. Blueorgreysmokeindicates
smoulderingandprobably low systemoperatingtem-
peratures.

Maintenance
Regularmaintenanceis necessaryto preventthe develop-
mentof conditionsthatcan leadto spillage.

• Inspecttheappliance,flue pipesandchimneyregularly
to monitorash,sootandcreosotebuild-up,andcleanas
necessaryto preventrestrictions.
The information in thispublicationrepresentsthelatestknowledgeava
by expertsin the housingfield. CMHC. however,assumesno liability’ fo
• Check theinternalpassagesof theapplianceto ensure
thatcomponentssuchasinsulationhavenot shifted.

• Checkandcleancatalyticcombustorsregularly;usea
vacuumto removeash.

• Checkdoor,glassandcleanoutgasketsto besurethey
aresealingproperly.Theobjectiveis not to keepthe
unitasairtightaspossible,but toensurethatcombus-
tion air entersonlywhereit is intendedto enter.

HousingResearchat CMHC

UnderPartIXoftheNationalHousingAct,theGov-
ernmentofCanadaprovidesfundsto CMHCto con-
ductresearchintothesocial, economicandtechnical
aspectsofhousingandrelatedfields,andtoundertake
thepublishinganddistribution oftheresultsofthis
research.

Thisfactsheetisoneofaseriesintendedtoinformyou
ofthe nature andscopeofCMHC‘s technicalre-
searchprogram.
ilableto CMHCatthe timeof publication,and hasbeenreviewed
r anydamage,injury, expense,or lossthatmay resultfrom useof


