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S TATEM ENT OF  PART V FUNDS 

Canada Mort gage and Ho u s i ng C orporat i on ,  the Federal Governments'  ho u s i n g  

agency, i s  respon sible for adm i n i s ter i n g  the National Hou sin g Act . 

Th1s legis lation i s  desig ned to  ai d i n  the i mprovemen t  of hou sin g and 

livin g condit i o n s  i n  Canada . As a res u l t ,  the C orporation has in teres t s  

1 n  all aspect s of ho u s i n g  and urban growth and deve l opment .  

Under Par t V of thi s Act, the Government of Canada prov i de s  funds t o  CMHC 

to co nduct research i n to  the s ocial , eco n om i c and techn i ca l  aspect s of 

hou sin g and re l ated fie l ds, and to u n dertake the publi shi n g  and 

di s tr i b u t i on of the res ult s of thi s  research . CMHC therefore has a 

s tat utory respon sibi l ity to  make wide l y  avai lab l e, informat i o n whi ch may 

be useful i n  the i mprovement of ho u s i n g  and l i vin g conditions.  

Thi s publ i cat i o n i s  one of  the many i tem s of informat i o n pu b l ished by 

CMHC with the as sis tance of federal fu nds . 
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St/NNAI? Y 

Tilts report descn'bes tile res1Jlts of' 20 problem-llo1Jse investigations, 
cond1Jcted as a f'ol low-1Jp to a country-wide survey of' resident/a! 
comb1Jstlon venting f'ail1Jres. Both tile co1Jntry-wide s1Jrvey and tile 
f'ollow-1Jp investigations comprise part of' a larger researcll project 
entitled "/?es ldentlal Comb1Jstion Vent Ing Fa IJ1Jres - A Systems Approach" 
completed by t/Je Scanada-Sheltair Consorti1Jm Inc. on behalf' of' CNllC. 
!Jetai ls on tile country-wide s1Jrvey res1Jlts, and tile test procedures used 
during these f'ol low-up Investigations, are documented in other reports. 
Jn addition, f'ol low-1Jp investigations intended to determine tile spi //age 
frequency and d1Jration in problem houses are documented elsewhere. 

Tile sample of' 20 problem houses Investigated incl1Jded a mix of' gas- and 
oi 1-/Jeated llouses, of' construct ion dates, and of styles of' houses, 
lnclvding some very tight /Jovses and a preponderance of exterior placed 
c/Jimneys. All 20 llouses /Jad s/Jown evidence of excessive combustion gas 
spilla_qe on at least one occasion over a three-month period during the 
/Jeat Ing season. 

Jn all bvt one of' tile problem houses, chimney safety tests (i.e. 
diagnostic procedures) were able to es tab I ls/J a reason f'or spi !/age wft/J 
a /J igh degree or conf'idence. Bacl:drafl Ing, due to !louse 
depressurlzat ion, was Imp/ icated in 75 percent of tile houses 
investigated. Nany /Jouses wit/J bacidraf't ing problems were f'o1Jnd to be 
partic1Jlarly vulnerable to pressure-induced spillage due to a combination 
of' ot/Jer problems. Tile combination of' weal draf't in chimneys due to 
leafage, restrict ions, unders /zed I iners, and other ractors, produced 
pressure-induced spil /age in !louses even at marginal levels of' house 
depressurization (2 to 5 Pascals). 

Jn several houses spfl !age problems were def'inite�y related to extremely 
tig/Jt buflding envelopes, where even one or two weal exhaust f'ans could 
cause major amounts of' c/Jlmney spjlJage. Jn ot/Jer cases, tile 
bacfdraf'ting problem was related to a powerful exhaust ran, and, in still 
ot/Jer cases, tile problem was a multitude of' exhaust rans In an ot/Jerwjse 
average /Jouse. 

It was apparent that converting f'rom oj l to gas /Jad increased tile 
potential f'or combustion gas spillage in some houses, and not Just 
because a gas appliance is in/Jerently more s1Jsceptible to pressure
lnduced problems. Other f'actors contributing to poor c/J!'mney perf'ormance 
to! lowing f'vel conversion inclvded: longer five connectors, reduced 

/Jeig/Jt of' c/Jimney, leafier f'lue pipes, f'lve size constriction, increased 
obstacles, lower flue gas temperatures, and increased /Joles and gaps in 
tile chimney system. 
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Field testing during windy days emp/Jasized tile value of wind-induced 

draft, w/Jicll prevented spi I !age in chimneys that might otherwise /Jave 

experienced problems during the tests. 

Spi I !age detectors used in tile country-wide survey were shown to be more 

sensitive to Ofllf' spillage than furnace spillage due to their design and 

location. Some gas Furnace detectors perrormed poorly because of vanes 

in the furnace which were re-directing /Jot gases, extremely low exit 

temperatures For flue gases, or spillage being re-directed up tile 

interior of the appliance as opposed to out the dilution air inlet. 

Jn two of the problem houses, side-by-side chimneys caused a complex 
spillage problem. Tile use of tile fireplace resulted in house 
depressurization, causing Flow reversal in tile furnace Flue, thus drawing 

wood com.bust ion gases to back into tile /Jouse throug/J tile Furnace Tlue, 
leading to subsequent air quality problems. 

Tile oil furnace spillage detectors were found to be extremely sensitive 

to the /5 to ..JO second start-up spillage which is common ror t/Jis type or 
appliance. It is concluded t/Jat use of smoke detectors would be more 

suitable For identifying oil appliances wit/J major or continuous spillage 

problems. An evaluation was conducted of tile venting systems prior to 

conducting tile test - a diagnostic procedure for characterizing potential 

problems in houses on tile basis or a house description and inspection. 

OiFficulties were encovntered in estimating tile equivalent leafage area 

or houses, and an alternative procedure was developed on tile basis of· 
these results. 

Evalvation of tile chimney safety tests emphasized tile valve OT a f"lue 

pressvre measvrement as a way of recognizing /Jovses where tile chimney 
system svffers from exceptiona 1 leafage or constrict ion, and w/Jere 

establ is/Jed llOL 's are tllererore Inappropriate. 

Install at ion of warning devices - as opposed to conducting chimney sarety 

tests - appears to be a good first step for houses with potential 

spillage problems. 

Extensive amounts oT indoor air quality monitoring data were collected on 

each of" tile problem houses. Ambient measurements in tile houses "as 

found" were confused by tile warmer weather and varying occupancy of t/Je 
problem houses. One house had /Jig/J indoor COi levels, but they were 

unrelated to combustion gas spi I !age. 

Arter one or two hours or testing, with t/Je appliance cycled on and orf 

in its f"aflvre mode, carbon dioxide levels in t/Je problem houses were 

commonly in tile range or .JOOO to 5000 ppm. Estimated steady-state 

concentrations were not much higher. Grab bag samples or combustion 
pollutants f"rom other /ocat ions in the houses indicated a delay of" /0 to 
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JO m;nutes ;n peaf concentrations, and snowed tllat levels were always 
17;_ql7er at tile /Jasement cen;ng (return a;r plenum) tllan ;n other rooms. 

11;g17 levels or car/Jon monoxide were measured in one case study house 
onl.Y, primarily as a result or a dirty burner and tile lacf or a rorced 
air distribution system. Boiler rooms are suspected in presenting a 
special hazard ror co production in problem /louses. 

Snort-term nitrogen dioxide rates in one test house were seen to exceed 
tile proposed acceptable exposure range ror snort-term periods, and it is 
concluded tllat N°'1 may represent a signif"icant 17ealtl7 hazard rrom 
combustion venting problems. 

Ilea Ith hazards rrom venting prob !ems wi II vary depending on tile type of 
ranure scenario. Acute, snort-term hazards are most lilely related to 
occasional bacfdrarting in a relatively tight house, or occasional 
bacfdrarting in a boiler room. Chronic llealtll hazards are most lifely 
related to continuous spil !age, poorly designed, /Jrolen, or poorly 
ma;ntained chimneys, or rrom regular /Jacfdrarting due to massive house 
depressurizat ion in tighter houses wit/7 powerrul exhaust rans, or rrom 
prolonged spfl !age at start-up - especially where leafy or constricted 
fl11es combine with marginal amounts or house depressurization. 
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1 . 0 INTRODUCT ION 

Thi s  r e port 1 s  p art  of  a l a r g e r  r e s e a rch project i n to R e s i d e nt i a l 

Combu s tion Ventin g F a i l u r e s, u n d e r t a k e n  by t h e  Sca n a d a-Sh elt air 

Consortium Inc . o n  b ehalf o f  the Ca n a d a  Mor t g a g e  a n d  H o us i n g  Cor p o r a t i on. 

The r e s e arch i nclu d e d  a c o u n t ry-w i d e  survey 1nto t h e  ext e n t  and sever i ty 

of comb u s t i on v e n tin g f a i l u re s , a s  well as t h e  d e v e l o pme n t  o f  c omputer  

mod els a n d  fie l d  te s t  proc e d u res for d i a g nosin g v en t 1 n g  fa i l ures , a n d  the  

e v a l ua tion of  reme dia l  measure s for  hou s es w1th  v en t i n g p robl ems . A more 

t horough  d escr i p t i o n  of the o v e r all p roject can  b e  found  i n  A p pe n d i x  B .  

The Ca n ad a-wi d e  s u r v ey o f  re s i d e n t i al c ombustion v e n t i n g  f ailu re s 

1n vo l v e d  the  i n s t a l la t i on of  s p i l la g e  d e t ectors  i n  9 3 8  h o u s e s. T h e  

det ectors  i d e n t i f i e d 63 gas-he ated  hou s e s  t h a t  a p p e a r e d  t o  h a v e  

experie nced exce s s i v e c ombu s t i on g a s  spil l a g e  o n  at le a s t  o n e  occa s i on  

dur i ng the f i r s t  thr e e  mon t h s  of 1 9 8 6 . Another  1 1 1  o i l -h e a t e d  hou s e s  

a p p e a red to  h a v e  exp e rience d excess i ve comb u s t i o n  g a s  s p i lla g e  ( or h a d  

i n o perat i v e ba rome t r i c  d am p e r s ) .  

A fo l l ow-u p  to t h e  Ca n a d a-w i d e  su r v ey was u n d ertake n , wh i c h inc l ud e d  site 

vis i ts to a subs e t  of  t h e  63  g a s  a n d  1 1 1  o i l  s p i l la g e  "probl em house s" . 

Four prob l em ho u s es were v i s i ted  i n  each o f  f i v e re g i o n s, or twen ty 

problem h o u s e s  i n  total . This re port d escr i bes t h e  resu l ts of t h e s e  

prob l em h o u s e  in v e s t i g a tion s .  

The fol l ow-up vis i ts to problem house s had  f o u r  o b j e c t i v es: 

1 )  to prov i d e more i n format i on o n  the  ext e n t  of t h e  s p i l la g e  problem i n  

t h ese hou s e s , a n d  e s pec i al l y  t o  d e term i n e  the c a use s o f  sp1l l a ge; 

2) to allow for a t h o ro u g h  field e v a l u a t i on of t h e  a ssessme n t  and t est 

proce d u res d e v eloped  f o r  i d e nt i fy i n g  combust i on s p i l l a ge  potent i a l ;  

PAGE 1 INTRODUCTION 
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3 )  t o  a s s e s s  t h e  i mpac t  o f  t h e  c ombu s t i on ga s spillage e v en t s  on the 

in d oor a i r  q ua l i ty in t he problem h o u s e s; 

4) t o  f i eld t e s t  and e valuate th e m o s t  appropriate r emedial mea s ur e s  

{an d  a s s o c i at e d  c ommunicati o n s  product s ) .  d e v el oped  earlier a s  part 

o f  remed i al mea s ur e s  r e s earc h . 

T h e  re s ul t s  o f  t h e  f oll ow-up i n v e s t i gati on s  i nt o  problem h o u s e s  ha v e  been 

s ummarized i n  a ca s e  s t u dy f ormat . In ad di tion, t h i s  r ep ort incl u d e s  a 

brie f  re vi ew o f  t he pro c e d ur e s  t hat were foll owed d urin g t h e  

i n v e s ti gat i o n ( Part 2 ) , and s ome g en eral c ommen t s  on t h e  re s ul t s  of the 

inv e s ti gat i o n, and t h e  impl i cat i on s  for Canad i an h o u s i n g ( Part 3 ) .  

PAGE 2 INTRODUCTION 
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2.0 PROC E DUR E S  

2.1 Fie l d  T e s t i ng P r o c ed u r e s  

M u c h  o f  t h e  p r o c e d u r e  f o l l owed i n  eac h  o f  t h e  p r ob l em h o u s e s  wa s 

de v e l oped p r e v i o u s l y  a s  par t  o f  o t h e r  p r ojec t s, i n c l ud i ng t h e  hazar d  

a s s e s sm e n t  wor k, a n d  t h e  c h e c k l i s t r e f i n eme n t. Tab l e 1 p r o v i d e s  a br i e f 

l isting of  t h e  s t ep s  ta k e n  i n  eac h  h o u s e . 

I n  g e n e ra l , t h e  t e s t s  requ i r ed a f u l l day p e r  h o u s e. T h e  t e s t s  were 

co nduc t e d  by two p e op l e. Eac h  r eg i onal  c ompany pr o v i de d  a s i ng l e  

r e s ea r c h  a s s i s ta n t  f o r  t h i s p u rp o s e. T h e  p r i ma ry i nv e s t i gator  i n  a l l 

cas e s  was P e t e r  M o f fatt, a S he l ta i r emp l oyee wo r k i ng a n d  t rave l l i ng 

c o n t i n u o u s l y  f o r  a pe r i o d  o f  s i x  w e e k s .  

T h e  par t i c i pa t i o n of  o n e  i n d i v i d ua l  i n  a l l o f  t h e  t e s t i ng wa s o r i g i nal l y  

p r op o s e d  a s  a way o f  i mprov i ng c o n s i s t e n cy a n d  r e l i a b i l i ty o f  the  t e s t  

data , a n d  a l l owi ng f o r  c o n t i n u e d  i mp r oveme n t  o f  t e s t  t e c h n i que . It  a l s o  

mad e  po s s i b l e  t h e  u s e  o f  e xpen s i ve a n d  sp ec i a l i zed  equ i pme n t  i n  a l l 

prob l em h ou s e  i nv e s t i gat i o n s. I n  p ract i c e, t h i s app r oa c h  w o r k e d  we l l ,  

a n d  a l l owed f o r  c o n s i d e rab l y  more data t o  b e  c o l l e c t e d  i n  eac h  p r o b l em 

hou s e  t ha n  ot h e rw i s e  wo u l d  have b e e n  p o s s i b l e .  T h e  reg i onal  r e s earch  

a s si s ta nt s  we re , in mo s t  ca s e s , we l l t ra i n e d and  k n ow l edgea b l e bu i l d i ng 

te c h n i c i a n s w h o  a l s o c o n t r i b u t e d  great l y  t o  t h e  s u c c e s s  o f  t h e  r e s ea r c h. 

TABLE 1: TEST  P ROC E DUR E S ,  S T E P-BY-ST E P  

1 .  I n spect t h e  sp i l l age detector, a nd carbon m o n o x i d e  a l arm . 

2. Set up , warm up a n d  ca l i b rate  equ i pm e n t. S e t  up 
i n s t rume ntation, a n d  ta k e  mea s u r eme n t s  of b ui l ding s y s t em s  a nd 
compo n e n t s. 

3 .  E xam i n e  sp i l l age c o u n t e r s, a n d  r e c o rd sp i l l age t i me s i n c e  
i n s ta l l at i on .  

4 .  Samp l e i n d o o r  a n d  o u t d o o r  a i r q ua l i ty, a s  f o u n d . 

5 .  Comp l e t e  a V e n ti ng Sy st ems A s s e s s me n t. 
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6. 

7.  

8.  

9. 

1 0 .  

1 1 . 

1 2 .  

1 3 .  

1 4 .  

1 5. 

1 6. 

17 . 

1 8 .  

1 9. 

2 0 .  

2 1 . 

2 2 . 

2 3 . 

24 . 

2 5 .  

2 6 . 

2 7 . 

Conduct a Comprehensive Safety Inspection. 

Conduct a Heat Exchanger Leakage Test. 

Conduct a Venting Systems Test. 

Measure the Total Flue Pressure at standby, and after 5 minutes 
of operation. 

Conduct an airtightness test of the house � and produce a vent 
pressure profile for determining exhaust ran flows. 

Complete the FLUESIM Data Forms, and1 where t1me permits, model 
the vent performance in the house using FLUESIM. 

Complete the IAO Data Forms, and, where time permitsA 
model the 

indoor air quality (worst case scenario) using the I Q 
spreadsheet program. 

Estimate pollutant concentrations in the house for the failure 
mechanisms that have been identified 

Use the depressurization fan to purge the house with fresh 
outdoor air. 

Begin monitoring of systems performance parameters (e.g., 
temperatures, flows) and combustion pollutants (e.g., C02, CO, 
NOX). 

Simulate or provoke a venting failure according to evidence of 
the dot detectors, counters, or FLUESIM program. 

Periodically conduct active sampling and grab bag sampling in 
various locations in the house - particularly living area and 
bedroom. 

Cycle appliance in typical fashion, and operate home in 
accordance with the worst case scenario. 

Shut down the appliance after two hours of testing and 
disconnect all of the monitoring equipment (except carbon 
dioxide), for grab bag measurements. 

Measure and calibrate air changes per hour using decay of C02 
(if possible). 

Conduct an interview with occupant, explaining the nature of 
the spillage hazard. Ask about system performance history, and 
health complaints. 

Investigate or plan appropriate remedial measures. 

Discuss follow-up actions and possible remedial measures with 
occupants. 

Pack up equipment, clean up, and purge house. 

Check operation of appliance. 

Compare empirical data with computer modelling results and 
investigate discrepancies (as time permits). 

Draft letter to householder. 
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It was originally planned to complete remedial measures on the problem 

houses shortly after the site investigations. For a number of reasons 

this was not possible. The budget did not permit remedial measures to be 

conducted on all problem houses, and it was necessary to wait for the 

completion of all testing before priorizing which houses were most 

suitable for which measures. It was also impossible to give clear 

directives to regional supervisors for installing remedial measures, when 

research on remedial measures had not produced clear guidelines of this 

sort. As a result, a plan for remedial measures research on these 

problem houses is currently under preparation. Guidelines for 

installation or application of measures by the trades are also part of 

the work-in-progress. 

Problem house investigations were conducted from west to east across the 

country. Because of delays in getting equipment operational, a portion 

of the British Columbia problem houses was investigated after all other 

houses. 

It was originally intended to complete investigations on four houses in 

each region for a total of twenty houses. In Toronto, however, only 

three houses were investigated. Two Toronto houses that were visited 

were not suitable for testing because of an error made in interpreting 

the numbers of black dots, or in recording these results. The 

unsuccessful visits to houses resulted in lost time which could not be 

made up within the tight schedule. As a consequence, an additional house 

was tested in the Ottawa region, resulting in five problem house case 

studies for Ottawa. 

In Prince Edward Island, the house investigations did not include 

extensive indoor air quality monitoring, due to difficulty in simulating 

air quality failures for long periods of time, and to a lack of suitable 

equipment for monitoring pollutants from oil-fired appliances. The 
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... 

s horter testing time requireme n t s  in P rince Edward I s l and allowed for 

addi tional visit s to hou s e s, and for more careful evaluation of t h e  

check l ist procedure s.  Con s equently, five hou s e s  were visited i n  P rince 

Edward I s l a nd (in s tead of four) . A l so, th e ca s e  study format for hou s e s  

with 011 -fired app l i a nce s i s  s omewhat different from hou s e s  wit h ga s

f1red a p pliance s .  

2.2 A1r Qua l ity Monitorin g and Mode l ling 

P l a n s  to monitor NO a nd N02 1n a l l the p rob l em hou s e s  were revised at t h e  

l a s t  m i nute, due to difficultie s e ncountered with t h e  t e s t  equipment. 

The ch emil umine sce nt NOX meter u s ed in the Briti s h  Columbia prob l em hou s e  

te s ting wa s found t o  be u n s uitable for plan e  trave l to t h e  ot her regions,  

since 1ts weight a nd bul k e xceeded air port regu l ation s .  Con s equently, 

addi tional te s ting was complet ed in t h e  Vancouver t e s t  home s,  to obtain 

more information on how NOX conce n tra tion s comp are to C02 conce ntration s 

and distribution s under various venting condition s .  The re sult s of this 

t e s ting has been presented in a s e p a ra t e  re port (P roject 4) . 

Modell i ng of the po l luta n t  concen t ration s for e ach problem hou s e  wa s 

attemp t ed during the  on-site inve s tigation s. Discre p a ncie s were found 

betwee n the modell ing a n d  monitoring data; which, initiall y, prevented 

ext e n sive  u s e  of t h e  IAQ mode l in the field for projecting fail ure 

sce narios. After th e site i nve stiga tion s work wa s comp l et ed ,  the bugs 

were elimin ated from the  IAQ program a nd, 1n the few ca s e s  where a 

comparison was made between modelling values and on-site mea sureme n t s, a 

r e a s o n ab l e  fit wa s achieved . This p ermitted a prediction of l ong-term, 

ste ady-s t ate pol l ut a n t  concen tra tion s in the prob l em hous e s  - information 

that cou l d  not h ave been  co l l ected in the field. This ty pe of a n a l ysis 

has bee n  gen e r a ted for one ca s e  study only (Hous e  2053), a s  an  

i l l u str ation of the technique . Furt h er anal y sis was not comple ted. 
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2.3 Mon1tor1ng Sp1llage Frequency 1n the Problem Houses 

A largely unsuccessful effort was made to monitor spillage frequency 1n 

the problem houses, using spillage times recorded with thermistor probes. 

Because of delays in project commencement, and delays in the survey 

execution, the heating season was almost gone by the time problem houses 

had been identified. Ideally, these spillage time recorders (or 

"spillage counters'') would have been installed in all problem houses 

several months in advance of the site visits, and during the middle of 

the heating season. 

The spillage counters were constructed from a light-weight, metallic box 

with a self-adhesive, high temperature backing. These boxes were easily 

stuck to the front of a furnace, or the top of a water heater, or the 

flue pipe near the barometric damper, in a similar manner to the spillage 

detectors used in the survey. Illustrations of the spillage counters, 

installation instructions, and a wiring schematic are presented in 

Appendix A. 

The spillage counters contained a 9-volt alkaline battery, a thermistor 

probe, a mechanical digital time recorder, and a circuit board. The 

thermistors were ordered, to spec1fications, with an average time 

constant of 1 0  seconds, and a trigger temperature of 4 5 ° C . It was felt 

that fast response, consistent accuracy, and low power consumption were 

1mportant design features. For these reasons, a high quality thermistor 

was used instead of a bi-metall1c sw1tch. Thermistors also permitted the 

control to be adjusted to varying "on" temperatures. Mechanical controls 

were 5 V  DC Hecon Impulse Timers. A mechanical device was necessary to 

avoid loss of data in the event the battery failed. The counter recorded 

one digit every 15 seconds, and could be wired so as to "remember'' 

part1al counts. The circuit board was designed to minimize current drain 

PAGE 7 PROCEDURES 



.. 

RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 

PROJECT 6: CASE STUDIES: A FOLLOW-UP TO THE COUNTRY-WIDE SURVEY 

on the battery, since the thermistors required a constant power supply. 

A potentiometer was used for f1ne calibration. 

Four s pillage counters were supplied to each of the five regions during 

the telephone survey period. The regional supervisors were requested to 

install the counters immediately u pon identifying problem houses. Due to 

the very short time period between phone surveying and site visits, this 

was not always possible. 

During the on-site investigations of problem houses, the s pillage 

counters were read and the total s pillage time recorded. In some cases, 

the counters were installed during the site investigations. 

During the on-site investigations, the appliances were made to spill hot 

combustion gases for prolonged periods as a part of the failure event 

simulations. The spillage counters were observed to function as 

intended, and provided an accurate record of the total spillage time. 

The s pillage counters were re-labelled at the completion of the 

investigations, and left in the problem houses. By this time, however, 

the heating season was over and no useful data could be collected on the 

frequency of s pillage vents. 

A separate research project was funded by C M HC to re-install the spillage 

counters in 2 0  problem houses over the 1986 /87 heating season. The 

counters were retrofitted for this purpose {to improve the life of the 

counters, their durability, sensitivity, and precision). Also, the 

counters will now record both total events and total time. Results of 

this follow-up work are available in a re port titled, "Monitoring the 

Frequency and Duration of Combustion Gas Spillage in 2 0  Problem-Prone 

Houses, " March, 1987. 
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, 

3. 0 RESULTS 

Characteristics of the problem houses have been summarized in Tables 2 

and 3, which separates gas-fired and oil-fired appliances. House numbers 

refer to the numbers allocated during the Canada-wide survey. The first 

digit of the house number is the regional code: 

- Vancouver (1001-1183) 

2 - Winnipeg 

3 - Toronto 

4 - Ottawa 

5 - Prince Edward Island 

(2001-2209) 

(3001-3124) 

(4001-4193) 

(5001-5228) 

The sample of twenty problem houses includes a mix of construction dates 

and number of storeys. 

The leakage areas of some of these problem houses were very small, 

especially in the Winnipeg region. 

A predominance of exterior chimneys is evident (15 out of 21 houses), 

although only 53 percent of the entire survey sample had exterior 

chimneys. This corresponds with the statistics from the Canada-Wide 

Survey, which showed a significantly greater number of problem houses had 

exterior chimneys. 

The furnace and water heater "spill temperature" refers to the 

temperature of the dot that turned black on the spillage detector. A 

black dot of 54°C or higher indicates an excessive spillage event (i.e. , 

continuous spillage in excess of one minute). 

Tables 4 and 5, Failure Mechanisms, summarize the reasons for spillage in 

gas-fired and oil-fired houses, respectively. Tables 4 and 5 also cite, 

the major contributing factors, and the possible remedial measures, 

identified during the problem house investigation in each house. Using 
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Const. 
House I D ate 

2053 Post -
1975 

2 1 29 Post -
19 75 

2 0 22 1900-
1945 

2 1 38 1 9 45 -

3056 1900 -
1945 

31 1 3  1 9 45 -
1960 

31 0 2  1960 -
1975 

4 1 8 1  194 5 -
1960 

4 1 84 Post-
19 7 5  

.. 

CASE STUDIES: A FOLLOW-UP TO THE COUNTRY-WIDE SURVEY 

No. of 
Store)'.s 

1 

1 

2 

1 

2 

1 

2 

1 

1 

Tabl e 2 

sunnARY OF PROBLE n  HOUSE CHARACTE RISTICS AND TE ST D ATA 

E LA Chi•ney 
Cc12 > T)'.�e 

4 15 Interior 
•eta I 

250 Exterior 
•eta I 

4 7 2  Exterior 
1asonry 

2 26 E><ter i or 
I ined 
1asonry 

2 24 3  Exterior 
1asonry 

704 Exterior 
•asonry 

1 4 41 Exterior 
•a sonry 

4 70 E><ter i or 
I ined 
•asonry 

857 Exterior 
•eta I 

... 

<Gas-Heated Houses) 

Furn. DHll HD 
Spi 11 Sp i 11 L i1it 
_J_Q _J_Q CPa> 

54 71  6 

38 7 1  6 

71 5 

7 1  5 4  5 

54 38 5 

121  5 

1 21 5 

121 38 5 

54 7 1  6 

PAGE 10 

HD HD 
F ans F ans 

HD HD Plus Plus 
Li 1it Fans FP F urn. 
<Pa> <Pa> <Pa> <Pa> 

5 1 1  

5 9 1 2  

6 

4 2 4 . 2  4 

4 0 1 0 

8 

6 7 . 5  3.5 

4 7 

5 5 7 

... 

Total 
Fl ue 
Press 
CPa> CoHents 

12 F urnace back-
drafted and 
f. p. spil l ed 
Mith fans on 

11  Furnace back-
drafted Mith 
fans on 

18  F urnace back-
drafted 11ith 
fan on 

8 Flue 1960 
restricti ons 
caused major 
spi I lage 

6 . 5  Boiler 
rebui It 
i•properl y 
- major 

sp i I I age 

16 Kitchen 
range caused 
furnace to 
backdnft 

6 Tight furnace 
roo• caused 
furnace to 
backdraft 

1 0  F ans caused 
furnace to 
backdraf t 
- I iner 
restrictions 
caused 
furnace to 
spi I I  

9 F irepl ace 
fails in al l 
cases; 
furnace & DH� 
fai I Mith 
furnace roo1 
door shut 

RESULTS 
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4004 

4 002 

4 1 35 

1 076 

1 128 

1 1 42 

1 057 

1945-

1 4160 

Post-
1 c175 

Post-
1 '75 

1945 -

196 0  

1960-
1975 

19 00-
194 5 

Post-
1975 

2 

1 

2 

2 

1 

1 

2 

891 Exterior 
mason ry 

587 Exterior 
1etal 

5 4  

38 

512 Exterior 121 
1eson ry 

1 715 Exterior 
1ason ry 

1 259 Interior 
1ason ry 

1520 In terior 
1asonry 

1668 Exterior 
1etal 

71 

71 

5 4  

5 4  

71 

71 

38 

38 

4 4 

5 4 

5 4 

5 

5 

5 4 

5 4 

3 6 5 

4 . 5  8 . 5  5 . 5  

3 6 6 

1 2 1 

2. 5 6 6 

3 . 5  

4 6 4 

1 2  

6 

16 

3 

1 7  

1 7  

1 0  

Fireplace & 
fans fa i I OHll 
and furnace 
<heat 
uchanger 
cracked) 

Al I 
appliances 
fai I; Hoke 
in base1ent 

F ireplace & 
fans cause 
failure; 
11oke in 
baee1ent 

niesing BSh 
clean out 
cover and 
chi1ney Nas 
dNarfed by 
trees and 
houses 

Restricted 
chi1ney and 2 
open fire
places caused 
appliance to 
spill 

Cause of 
spillage Nas 
unknoNn 

Restrictive 
flue chi1ney. 
and eany 
exhaust fans 
caused 
app I iance to 
spi I I  and 
backdraft 

The H.D .  L i1its have been extracted fro1 the table in the v entin g syste1s test, and are a reflection of the 
chi1ney type, location and height. 

The house depressurization < H. D. l  for •tan s", "fan s-plus- fireplace·. and "fans- plus-furnace·, are all 
pressure 1easure1en ts taken with the 1an o1eter Nhile operatin g these applian ces in the proble1 houses. <In 
so1e cases, it was i1possible to record house depressurization fro1 "fan s- plus-fireplace". since fireplaces 
often spill when pressures exceed 3 or 4 Pascals. ) 

The •total flue pressure" refers to the 1axi1u1 total chi1n ey pressure 1easured with a plugged chi1ney after 
fiv e 1inutes of applian ce operation . Chi1neys were plugged just abov e the dilution air inlet. 
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Const. 
Hous e I Date 

5071 1900-
19 45 

5027 1945-
1960 

5107 1945-
1960 

5146 1945-
1960 

5007 Post-
1975 

CASE STUDIES: A FOLLOW-UP TO THE COUNTRY-WIDE SURVEY 

Table 3 

sunnARY O F  PROBL En HO USE CHARACTERISTICS ANO TEST D ATA 

No. of EL A Chi•ney 
Storels <c12 > T:r!;!e 

2 1 5 1 0  Interior 
masonry 

1 6 70 Exterior 
1asonry 

1 Not Interior 
know n 1asonry 

1 800 Interior 
masonry 

'l. 800 Exterior 
1asonry 

.. 

<O il - Heated Houses> 

F urn. DHll HD 
Spi 11 Spi 11 L i•it 
_JQ_ _JQ_ <Pa> 

1 21 7 

1 21 4 

71 93 5 
oi I wood 

121 4 

1 21 4 

PAGE 1 2  

... 

HO HD 
F ans F ans 

HD HD Plus Plus 
L i•it F ans FP F urn. 
<Pa> <Pa> <Pa> <Pa> 

1 . 5  3 . 5  35 

4 0 0 0 

0 

4. 5 

Total 
F lue 
Press 
<Pa> CoHents 

30 lleak chi1ney 
system 

8 Bad fuel 

30 Unbalanced 
baro•etric 

30 D own wind in 
chi•ney 

7 F ans failed 
furnace; also 
weak chi•ney 

RESULTS 
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House I 
2053 

2 1 29 

2022 

2138 

3 0 56 

3 1 1 3  

3 1 0 2  

418 1  

4 1 8 4  

Table 4 

FAILURE nECHANISns AND REnEDIAL nEASURES 
ID ENTIFIED IN GAS-HEATED HOUSES 

Reason for Spillage naJor Contributing Factors 

1. 8ackdra ft i ng 
(definite) 

1 .  8ackdrafting 
<definite) 

1. 8ackdrafting 
(definite) 

1 .  Spi I lage 
(definite> 

2 .  Backdrafting 
(possible) 

1 .  Spi I lage 
(definite) 

1 .  Backdraf ting 
<definite) 

1 .  Backdrafting 
(definite) 

1 .  Spillage 
(definite> 

2 .  Backdrafting 
(possible> 

1. 8ackdrafting 
(definite> 

1 .  Tight enYelope 
2 .  nany exhaust fans 
3 .  Open fireplace 

1 .  Tight enYelope 
2 .  nany exhaust fans 
3 .  Open fireplace 

1 .  Tight enYelope 
2 .  Powerful exhaust fan 

1 .  Chi1ney restriction 
2 .  Tight enYelope 
3 .  Open fireplace 

1 .  l1properly rebuilt 
boiler 

1 .  Tight enYelope 
2 .  Powerful exhaust fan 

in kitchen 

1. Leaky ductwork 
2 .  No hot air register 

in furnace roo1 
3 .  Down slope on flue 

connector 
4. Leaky return air 

distribution syste1 
S. Hole in chi1ney fro1 

OHM heater re1oval 

1 .  l1properly sized flue 
I iner 

2 .  RestrictiYe flue top 
3. Tight enYelope 
4. Power kitchen exhaust 

fan 
S. Two fireplaces 

1 .  Tight furnace roo1 
2 .  Faulty co1bustion air 

duper 
3 .  Faulty defrost da1per 

on air exchanger 
4 .  D epressurization caused 

by defrost cycle on 
air exchanger 

PAGE 13 

Possible Re1edial neasures 

1 .  Blast fan 
2. CO alara 
3 .  Fireplace warning label 

1 .  Blast fan 
2 .  CO alara 
3 .  Fireplace warning label 

1. Interlock fan and boiler 

1 .  Replace chi1ney top 
2 .  CO alara 
3 .  Fireplace warning label 

1. New gaskets and plates or 
new furnace 

1 .  Backdraft alar1 (or) 
2 .  Interlock of fan and 

and boiler 

1 .  Tape and caulk ductwork 
2 .  Install hot air register 
3 .  Correct slope proble1 
4. Gri 11 in base1ent door 
5 .  Plug hole in chi1ney 

1 .  Replace flue liner 
and top 

2 .  D ownsize syste1 by 
eli1inating appliance or 
interlocking appliances 

3 .  Interlock kitchen fan 
4. CO alan 

1 .  Re1ove door 
2 .  Repair co1bustion air 

daaper 
3 .  Repair defrost da1per 
4 .  Install defrost on air 

exchanger exhaust 
5 .  CO alar1 and warning 

label for fireplace 

RESULTS 
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4004 

4002 

4 1 35 

1076 

1128 

1 142 

1 05 7  

... 

1 .  Sp i I I age 
(definite) 

2 .  Backdrafting 
(possible) 

1 .  Backdrafting 
<definite> 

1 .  Backdraft i ng 
(definite) 

1 .  Spi I lage 
(definite) 

2 .  Mind Down Drafting 
(possible> 

1 .  Spi I I age 
(definite) 

2 .  Backdrafting 
(possible) 

1 .  Spillage 
(possible) 

1 .  Spi I lage 
(definite) 

2 .  Backdrafting 
(possible) 

... 

1 .  &leak chi 1ney 
2 .  Deterioration of tile 

lining 
3 .  Tight envelope 
4. Fans and fireplace 
5 .  Cracked heat exchanger 
6. Depressurization of 

furnace roo1 

1 .  Tight envelope 
2 .  nany exhaust fans 
3 .  Open fireplace 

1 .  Tight envelope 
2 .  Open fireplace 

1 .  ftissing ash clean-out 
2 .  Chi1ney dwarfed by 

trees and houses 

1 .  Poorly tuned burner 
2 .  Chi1ney constrictions 
3 .  Large nu1ber of exhaust 

devices 

1 .  Unknown 

1. Poor installation 
2. Chi1ney restrictions 
3 .  Chi1ney dwarfed by 

trees and houses 
4. large nu1ber of exhaust 

devices 

PAGE 1 4  

.., 

1 .  Replace baro1etric 
da1per with i1proved 
version 

2 .  Replace or re-weld heat 
exchanger 

3 .  line chi1ney and seal 
flue connector 

4 .  Seal returns 
5 .  Install war• air da1per 
6 .  CO alar1 and warning 

label for fireplace 

1 .  Elevate furnace flue 
2 .  CO alar1 and warning 

label for fireplace 
3 .  Induced draft kit 

1 .  CO alar1 and warning 
label for fireplace 

2 .  Alar• on furnace 
3. Extend furnace chi1ney 

1 .  Extend chi1ney 
2 .  Tighten chi1ney 

1 .  Tune furnace 
2 .  Down-size nozzle 
3 .  Tighten flue connector 

1 .  Unknown 

1 .  Increase size and slope 
of flue connector 

2 .  Replace chi1ney top 

RESULTS 
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House I 

5027 

5071 

5107 

5146 

5007 

Table 5 

FAILURE nECHANisns AND REnEDIAL nEASURES 
ID ENTIFIED IN OIL-HEATED HOUSES 

Reason for Spil l age 

1. Chi •ney blockage 
(defi ni te) 

1. Backdrafting 
(defi ni te) 

1. No spi 1 lage 
(possi ble) 

1. Spi I I age 
(possible) 

1. Spi 1 lage 
(defi ni te) 

2. Backdrafti ng 
(possi ble> 

naJor Contributi ng factors 

1. Poor i nstallati on of 
energy effi ci ent burner 

2 .  D eteri orati on of chi •ney 
li ner and bri ck 

3 .  Heat exchanger cracked 

1. D eli Yery of i • pure 
heati ng oi l wi th water 
contami nati on 

1 .  Baro•etri c da•pers not 
adjusted 

1 .  Short chi •ney 
2. Chi 1ney dwarfed by 

ta 11 trees 

1. Unli ned exterior chi 1ney 
2 .  Ti ght enyelope 
3. Powerful exhaust fans 

PAGE 1 5  

Possi ble Re•edi al neasures 

1 .  New li ner and i nsulati on 
2. D ownsi ze and ti ghten flue 

pi pe 
3. Replace furnace (keep 

burner) 

1 .  Nothi ng 

1 .  SerYi ce or replace 
dupers 

1 .  Extend chi •ney 
2. Install aerodyna•i c 

chi •ney top 

1. L i ne chi •ney 
2. Ti ghten flue connector 

RESULTS 
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the Vent i n g Sy s t ems Test , and the other di agno s t i c procedure s , i t  wa s 

norma l l y  pos s i b l e  t o  e s t a b l i s h a r e a s on for spi l l age w i t h  a h i gh degree 

of  c o n f i dence (1 . e . , "de f i n i te " ) . I n  one of  the house s , howev e r ,  no 

de f i n i te fai l ure mechan i sm wa s 1denti f1ed, and the reason  for the b l ack  

dot s  on the  de tectors rema i n s  a my stery . 

Bac k draft i n g d ue to ho u s e  depre s s u r 1 zat i on i s  i mpl i cated i n  a 

s u r p r i sin gly high percentage  of  the prob l em houses  i n v e s t i ga ted. T h i s 

poi nt i s  b e s t  ill u s trated  by a reference to T ab l e  6 ,  which l i st s  the 

re l a t i ve importance of v a r i ou s  f a i l ure mechan i sms by mea n s  of ca l c u l at i n g 

the percentage  of epi sodes where a part i c u l ar contri b ut i n g  factor was 

pre s e n t . I n  75% of the h o u s e s  i n v e s t i gated , bac kdrafti ng  wa s i den t i fi ed 

as one probab l e  c a u s e  of s p i l l age . Th i s contras t s  wi th prev i ou s  

s t at i s t i c s  c omp i l ed by Hatch  As soci ates  Ltd . , a s  part o f  a report 

prepared i n  1 983 for CMHC (Ref . 1 ) .  The Hatch stat i st i c s , a l s o  s uTTtTiar i zed 

in T a b l e  6, i n d i c ated a much l ower percentage of hou s e s  where 

bac k d r afti ng  was  i mp l i c at ed as a contr i but i n g  factor i n  carbon monoxi de 

poi s o n i n g epi so de s .  Bec a u s e  no  standard i zed i n v e s t i gati on or report i n g  

proced u re s  h a d  b e e n  u s ed for t h e s e  2 9 3  h o u s e s  reported b y  Hatch , i t  i s  

po s s i b l e  that  the bac kdraft i ng factor had been overl ooked i n  s ome c a s e s . 

I t  i s  .al s o  po s s i b l e  that  spi l l a ge  c a us ed by bac k d raft i ng  i s  l e s s  l i k e l y  

t o  have h i gh c arbon monoxi de content t h a t  other types  o f  s p i l l age. 

In s e v e r a l  h o u s e s  ( e . g. ,  House  Nos . 2053 , 4002 and  5007 ) , the spi l l age 

pro b l em wa s defi nit e l y  r e l ated to an  extreme l y  t i ght b u i l d i ng  env e l ope . 

The se  hou s es are s o  t i ght that even  one or two we a k  exhau s t  fa n s  are 

c a pab l e  of c a u s i n g ma.ior amounts  of c h i mney spi l l age . I n  other cas e s  

(eg. House No s . 2022 an d 3113), t h e  backdraft i n g  probl em wa s di rect l y  

r e l ated to  a powerfu l exhau s t  f a n  l i ke a k i tchen barbecue , and the 

spi l l age  e v e n t s  are proba b l y  di rect l y  rel ated to the u s age of that fan . 

I n  s t i l l  another hou se  (Ho u s e  No . 2 1 2 9 ) , the bac kdraft i n g  i s  a re s u l t  of 

mu l t i p l e  exhaust  fan s , and an  average ELA .  It i s  thu s i mpos s i b l e  to  

.. 
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Ta b l e  6 

R E LAT I V E  I MPORTANCE OF FA I LURE MECHAN I SMS 

20 C a s e  Study 
Pro b l em Hous e s  2 1 3  Hou s e s  (or 
Wi th Recorded Recreat i o n a l  Veh i c l e s )  
Combus t i on  G a s  Wi t h  Recorded CO-

Fa i l ure Mechan i sm Spi l l  age Poi s o n i ng Epi s ode s* 

1 .  Equi pment pro b l ems 3 5% 4 6% 
due to poor ma i ntenance 
damage, defect s ,  fue l 
probl ems, cracked heat 
exchan gers . 

2 .  Con s tri cted , col l a p s ed ,  3 5% 31% 
di s l odged , damaged or 
exce s s i ve l y  l ea ky ch i mney s , 
v ent s  and f l ue s . 

3 .  Bac kdra fti ng  due to 75% 25% 
house  de pre s s u r i za t i on 
(o ften i n  comb i nat i on wi th 
we a k  c h i mney s  and w i nd 
downdraft s )  

4. Improper i n s t a l l at i on  or 3 5% 24% 
retro f i t  of equ i pment , 
ch i mney vents  and f l ue s . 
Lack o f  understand i ng  of  
equipment operat i on ,  and 
c himney draft . 

5 .  No d e f i n i te c a u s e  apparent. 5% (not reported) 

* Res u l t s  of 1 983 Survey o f  Records on co-poi s on i n g i nc i dents  acr o s s  
Canada , 1 973 t o  1 983 , reported i n  " Haz ardou s  Heat i n g  and  Vent i l at i n g  
Condit i on s  1 n  Hou s i n g " ,  by Hatch A s s o c i ates Ltd. , prepared for 
CMHC , November 1 983 . 
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f i n ger one ho u s i n g feature that i s  r e s pon s i b l e  for the h i gh n umber of  

bac kdr a ft i ng  pro b l ems . 

3 . 1  H1 ghl 1 ghts of Prob l em Hou se I nvest1 gat1 ons 

3 . 1 . 1  Fai l ure Mech a n i sms I denti fi ed for G a s - F i red Appl i ances 

Ga s Convers i on s  Impl i cated i n  Spi l l age E vents : 

I n  a n umber of the probl em house  i n v e s t i gat i on s , 1 t  was apparent that 

con vert i n g from o i l to gas had i ncre a s ed the potent i a l for comb u s t i on g a s  

s p i l l age , somet i mes  i n  way s wh i ch may not be apparent t o  any parti cu l ar 

regu l at ory or code s ett i ng  organ i z at i on s .  I n  addi t i on to rep l ac i n g  a 

forced draft burner wi th an  atmospheri c draft , convers i on s  to gas  hea ti n g  

con tri b uted to  poor c h i mney performance a s  a re s u l t of : 

1 ) 

2 )  

3 )  

4 )  

5 )  

... 

Longer f l ue con nector s . Both the gas and o i l furnace wi l l  be 
s ituated so a s  to face away from t h e c h i mney or ext eri or wa l l .  Thi s 
permi ts e a sy acce s s  to burner control s and  f i l ters  and proper 
co nnect i o n wi th e x i s t i n g  p l enums . However , the o i i furn ace h a s  a 
f l ue p i pe wh i c h con nects to the back of the furnace . A typ i c a l  gas  
app l i a n ce 1 on the other hand , h a s  a f l ue pi pe that emer9es from t he 
front of � he furnace . The re s u l t  i s  q u i te often an add i t i o n a l  2 
me t res of f l ue  p i pe after con ver s i on f rom 011 to gas . Th1 s 
ad d i t i ona l l e n gth of  fl ue p i pe re s u l ts  i n  add i t i o n a l  cool i n g and  l ea k age , a n d  c o n t r i b utes  to a weaker c h i mney . 

Reduced h e itht of c h i mney .  I n  a s i mi l ar way to the f l ue p i pe 
exten s1on , he de s i gn of a convent i o n a l  gas  furnace u s u a l l y resu l t s  
i n  a s horter chi mney e l evati on . A h i gh b oy g a s  furnace i s  typi c a l l y  
ta l l er than t h e  o i l furnace , a n d  the f l ue p i pe l eads from the top 
port i on of the furn ace ( e.g. , c a s e  s tudi e s  4 1 8 1 and 3 1 02 ) . 

Leak i er f l ue �i pe s .  T h e  sma l l er d i ameter a n d  sma l l er gauge of met a l  
u s ed for g a s lue  p i pes  produces a f l i ms i er conn ect i on wh i ch 1 d uri n g  
the probl em h ouse  i n v e st i gat i o n s , s u g g ested a l eak i er f l ue p1 pe 
after convers i on .  

F l ue s i z e constr i ct i on . The i n st a l l at i on of  a f l ex i b l e f l ue l i ner , 
reco1TVTiended often a s  part of a conver s i on from o i l to g a s , wa s 
cl early  a c a u s e  o f  i n crea sed  s p i l l age dur i n g  the f i e l d  
i n v es ti g at i on s . The reduced diameter of the f l ue ,  comb i ned wi th 
extreme ly h i g h  res i s t ance of a f l ex i b l e  (corrugated) l i ner , reduces 
the  f l ow capac i ty of  a c h i mney system at a g i ven temperature ( e . g . , 
ca s e  s t ud i e s 4 1 81 a n d  2 1 3 8 ) . 

I n c re a s e d  obstac l e s . Mo st nota b l y  the conv erted c h i mneys 
i n cor porate rai n a n d  wi n d  c a p s  that represent a major obstruct i on to 
f l ow ,  and  es peci a l l y  i ncrease r e s i sta nce of the sy stem under l ow 
w1 n d  cond i t i on s  ( e . g . , c a se studi e s  4 1 8 1 and 2 1 3 8 ) . 
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6 )  

7 )  

L ower f l ue ga s temperatures . Many of the down s i zed g a s  furnaces  
o p erate at much lower temperatures  t h a n  the o i l furnaces  they are 
rep l ac i n g .  

I ncreased ho l es a n d  ga�s . I n  a n umber of  c a s e s , the t h i mb l e s ' that 
ha ve bee n  loc ated on t e c h i mney for c o n n ect i on to the o i l furnace 
or 01 1 hot water heater have been  poor l y  b l ocked off , or down s i zed , 
a n d  represented major l ea k a g e  a reas  ( e . g . , c a s e  s tudy 3 1 02 ) . 

As a r e s u l t  of the above  factor s , i t  wa s apparent that i n  a n umber of  

houses  the c h i mney system was exce s s i v e l y  con s t r i cted , cool , or l ea ky a n d  

was t h a t  net c h i mney pre s s ur e s  were i n adequate . U n d e r  s uch cond i t i on s , 

i t  i s  pos s i b l e  for mi nor house  d e pres s u r i zat i on ( e . g . , 2 or 3 Pasc a l s )  to  

prov o k e  prol on ged s p i l l age or backdrafti n g .  Al though hou se 

depre s s ur i z at i on may not exceed H . D .  L i mi t s ,  i t  i s  s t i l l  a contr i but i n g  

factor . Howe ver , the major pro b l em i s  t h e  con s t r i cted o r  we a k  c h i mney , 

re s u l t i ng  from fa u l t s i n  the retrofi tted c h i mney 

de s i gn and i n st a l l at i on created when con vert i n g from o i l heat i n g  to 

n atura l gas . 

Wi n d  P r e s s u r e s  Compl i c ated F a i l ure Event  S i mu l at i on s : 

Wi n d s  wou l d  a ppear to be  a s i gn i fi cant  force i n  a l l e v i at i ng pro b l ems f r om 

bac kdra ft i n g  i n  many h ouse s  where h i gh  depre s s u r i z a t i on  i s  corrmon . Th i s 

wa s mo st a pparent i n  the Wi n n i peg house s , three of wh i ch were extreme l y  

t f g ht .  Hi gh l e ve l s o f  h ouse  d e pres s ur i z a t i on  were s us t a i ned for l on g  

peri o d s  d u r i n g  the a i r  q ua l i ty mon i tori n g .  However , i t  was d i f f i cu l t  to  

ma i nta i n c h i mney backdraft i n g  d u e  to the wi n d s , wh i ch q u i c k l y  reversed  

the backdraft i n  e very case  (wi n d s  were 20  to  30  km/hr  d ur i n g  W i n n i pe g  

te s t i n g ) .  The on l y  way t o  s i mu l ate t h e  presumed back d ra ft i ng fa i l ure , 

wi thout generat i n g extreme hou s e  depre s s u r i zat i on at h i gh a i r  excha n g e , 

wa s to pl u g  the c h i mney .  

Stack Temperature Var i at i on s : 

Sta c k  temperatures were fou nd  to v ary con s i derab l y  for g a s  a p p l i ances . 

Temperatures ran ged from 200-350 ° C .  There was , con s eq uent ly , major 
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v a r i at i o n s  i n  c h i mney draft and  performance for otherwi s e  s i mi l ar systems 

(e . g . , ca s e  s t ud i es 4 1 3 5 and  2 1 2 9 ) . 

DHW Heaters More Suscept i b l e  to House Oepre s s ur i z at i on 7  

I n  a n umbe r  of  hous e s , b a c k d r a ft 1 n g  w a s  a def i n 1 te f a 1 l ure mechan1 sm for 

both furnaces and water heaters . However , the backdraft i n g  had  res u l ted 

1n a h i gher t emperature of dot detect 1 on on the water heaters than on  

furnac e s . Part l y , th i s  may be expl a i ned by a s u peri or l oc at i on for the 

water heater s p i l l age det ector , s 1 nce the detector can  s pan  the ent1 re 

d i l ut i on a i r open i ng .  It may a l s o  i n d i cate h i gher ex i t  temperatures for 

the water heater , an d/or greater frequency and d urat i on of s p i l l a ge from 

water heaters ( e . g . , c a se stud i e s 4 1 84 ,  2053 , 2 1 2 9 and 4002 ) . 

Poor Performance o f  Some Gas  Furnace Detectors : 

I n  s eve r al  c a s e s , the detectors on  the furnaces conti n ued to i nd i cate a 

mi n or or l ow t emperature s p i l l age event , ( e . g . , 2 dot s )  d e s p i te the 

prol on ged and maj or s p i l l age i nd uced by the prob l em house i n v e st i gat i on 

te s t i n g .  Rea s on s why detectors s ometi me s  perform poorly  1 nc l ude : 

o v a n e s  i n s i d e the furnace d i rected hot g a s e s  be l ow the l oc at i on of 
the s p i l l age  detectors ; 

o extreme ly  l ow ex i t  t emperatures for fl ue gase s ; 

o s p i l l age up the i nt er i or of the 1 n l et box , or  around the f l ue p i pe ,  
a s  opposed to the d i l ut i on a i r  i n l et .  

S i d e- by-S i de C h i mneys : 

S i d e -by-s i de c h i mneys  caused  a comp l ex s p i l l age probl em i n  two hou s e s  

( No . 4 002 and  No . 4 1 3 5 ) . T h e  u s e  of  a f i repl ace resul ted i n  hou se 

depre s s ur i z a t i on , c a u s i n g f l ow revers a l  i n  the furnace f l ue .  Wood 

c omb u st i o n g a s e s  then re-entered the house  through the furnace f l ue .  The 

hot wood c h i mney and  the col d backdraft 1 n g  furnace c h i mney termi nate at 

PAGE 20 RESULTS 

.. .. 



RESIDENT I AL COMBUSTION VENT I NG FAILURE - A SYSTEMS APPROACH 

PROJECT 6 :  CA SE STUDIES: A FOLLOW-UP TO THE COUNTRY -WIDE SURVEY 

exact l y  the same el evation, a few mil l imeters apart. Even a 300 

mil l imeter extension on either f l ue wou l d probab l y  avoid this prob l em. 

3 . 1 . 2  Fa i l ure Mechanisms I dentified for 01 1 -Fired Appl iances 

O i l  Detector Design Prob l ems: 

The investigation of prob l ems in the oil -fired appl iances revea l ed a 

deficiency in the survey techniques. The appl ication of a temperature

based detector to the face pl ate of a barometric damper , assumes that a 

damper is operating proper l y. As the f l ue heats up, a barometric damper 

that i s  operating proper l y  wi l l open s l ight l y  (or a l l ow continuous 

l ea kage around the perimeter ) .  I ncoming air will thus keep the face 

pl ate cool . 

In one case, it was c l ear that no attempt had ever been made to proper l y  

bal ance the barometr i c  damper (e. g. , House Number 510 7 ) .  The dampers 

were stuck closed, and without any d i l ution air input , the flue pipes 

reached high temperatures. The heat conduction to the face pl ate of the 

damper resu l ted in  dots turning blac k with only minor amounts of 

sp i l l age. I n  retrospect, it wou l d have been better to proper l y  c l ean , 

lubricate and bal ance the barometric dampers at the same time detectors 

were insta l led. This approach wou l d have produced slightly more 

meaningful statistics on the frequency of spillage events from oil 

furnaces s i nce in a few cases the damper had been simpl y stuck to its 

housing. 

The prob l em house investigations showed that, out of seven oil-fired 

app l iances, four experienced combustion gas spill age under worst case 

cond itions, and another had been known to spi l l during the monitoring 

per i od because of water in the fuel . At l east in this small sample, the 

detector performed as intended in at l east 70% of the cases. I f  this 

percentage he l d true for the entire sampl e  of houses , the incidence of 
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exce s s  comb u s t i o n  g a s  s p i l l age  e v e n t s  wou l d  be  79  houses  out of 2 5 5 , or a 

fa 1 1 ur e  rate of  J 1 i. I t  1 s  a l s o  pos s i b l e  that the d i agnost i c  techn i q ues  

u s ed i n  th e  f i e l d  were 1 na ppropr1 ate for  s ome o i l heated houses . For 

exampl e ,  the potent i al for an  o i l furnace f l ue to become very col d d uri n g  

o ff-cyc l e s ,  ( d ue t o  l ac k  of  i n s u l at i on and  l ac k  of a p i l ot ) , i ncreases  

the  pos s i b i l i ty for the hou s e  stack  to compete w1 th  c h 1 mney stac k , 

c au s 1 n g b ac kd raft i n g  and  s t art-up s p i l l age . Further u s e  of  the FLUE 

S I MULATOR mode l  may h e l p to  c l ar i fy the extent of  th i s  type of  prob l em .  

A s econd  prob l em wi th t h e  o i l d etector d e s i g n w a s  t h e  l ac k  of an adequate 

time b uffe r .  U n l i k e the g a s  detectors , whi ch were s pec i f i c a l l y  d e s i gned 

to d etect the pro l onged  s p i l l age , the o i l detectors cou l d  i n  some c a s e s  

cha n ge col our wi t h i n 1 0  or 1 5  secon d s  - part i c u l a r l y  wi th the hotter 

a p p l i ances . I t  i s  l i k e l y  that at l e ast a sma l l port i on of the 1 1 1  oi l 

hou s es  exper i enced on l y  s hort-term start-up s p i l l age . Th i s start-up 

s p i l l age i s  of i n tere st i n  o i l heated hou ses  bec a u s e  i t  i s  s u s pected that 

the po l l ut a n t s  are ve ry h a z ardous . Howe v e r ,  an  i mproved detector des i gn 

for o i l furnaces wou l d i nc l ude  several  dots mounted on  doub l e- s i ded foam 

tape , s o  a s  to i n s u l ate the dots  from the damper and  d e l ay thi s r e s pon s e . 

Al ternat i ve l y ,  a n d  at more expen se , detectors cou l d  be con s tructed from 

smo ke d etectors  mounted above  the s p i l l age l ocati on s .  

3 . 1  • 3 Re s u l t s  of the Venti n�s tems A s s e s sment P rocedure Used  on 

Prob l em Hou s e s  

The purpo s e  o f  the  Vent i n g  Sys t ems P re-Tes t  1 s  t o  determi ne , i n  advance , 

or 1 n  p l ace of a Ven t i n g  Systems Test , whether a potent i a l ex i s t s  for 

hou s e  d epres s u r i z at i on i n  e xc e s s  of the Hou s e  Oepre s s ur i zati on l i mi t s .  

The Pre-Test u s e d  on  the Prob l em Hous e s  was found to need major 

rev i s i on s . Conseq ue nt l y ,  t he f i n a l  vers i on of the Pre-Tes t , as presented 

i n  the Chi mney Safety Tes t s  Manua l , d i ffers i n  some res pects from what 

wa s ev a l uated dur i n g the C a s e  Study v i s i ts . 
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T h e  e a rl 1 er  ver s i on of the Pre-Test  e n ta i l ed predi ct1 ng the l eakage area 

of the hou s e s  by age , f l oor are a , " Norma l i z ed L e a k age Are a "  ( i n  th i s  

c a s e , ELA per s q uare  mete r of f l oor area) , a nd w i nter de s i gn 

temperatu r e s . T h e  P re - T e st a l s o  enta i l ed e st i mati ng the e x h a u st c a p ac i ty 

of  e x haust f a n s  a nd f i r e p l a c e s  1 n  a s i mi l a r ma n ne r  to the rev 1 s ed 

procedure s .  R e f e r  to the M a n u a l or C h i mney Saf ety Te st for deta i l s  of  

the P r e - T e s t . 

A P re-Test was conducted as part of the i nvesti gat i on on e a c h  prob l em 

hou s e . I n  add i t i on , the actual l ea k age a rea a nd e x h a u s t fan capaci ti e s  

we r e  measured i n  the s e  hou s e s . L e a kage areas were mea s u red to CGSB 

CAN2 14 9. 10M u s i ng a door f a n . Ex h a u st flow c a paci ti e s  were deduced by 

me a s u r i ng the hou s e  de p re s s u r i z at i on w i th the fan s operat i ng , and t h e n  

r e ad i ng flow from t h e  a i r  l e a k age prof i le for t h e  hou s e . 

The  table u s ed for predi cti ng ELA  i s  pre s e nted as  T a b l e s 7 ( no l onger 

u s ed for th i s  purpo s e) . Rev i s i on s  were n ece s s ary b eca u s e  of poor 

cor relati o n s  b etween  the predi cted E LA and the mea s ured E L A . F i n e  tun i ng 

the values i n  Table 7 d i d  not h elp to i mp rove accur acy , and t h i s approach 

was e v e ntu ally rej ected i n  favour of a s i ngle nomi nal ELA val u e for a l l 

hou s e s . 

T h e  re sults of the P r e - T e st procedure are  compared w i th the meas ured te s t  

data for the prob l em hou s e s  i n  T a b l e s 9 ,  10, a nd 11 . A revi ew of  the s e  

tab l es th u s  p rovi des  some me a s u re o f  how s ucce s s fu l l y  the P r e - T e s t  

p redi cts " worst ca s e "  Hou s e  Depre s s u r i z at i on . 

I de a l l y ,  the a s s e s sments s hould sli ght l y  u nderpred i ct the E LA ,  a nd 

s l i ghtly over pred i ct the e x hau st fan flow , thereby prov i d i ng a margi n of 

s a f ety . T h e  data i n  T a b l e s 9 a n d  10 sugge st that the  E LA i s  more 

d i f f i cu l t  to pred i ct than e x hau st fan flow s . Exha u st f l ows are f a i r l y  

con s i s tently ove rpredi cted , but w i th good a pprox i mati on of flow q u a nt i ty. 
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Table 7 

NORMAL IZ E D  L EA KA G E  AR EAS FOR CANADIAN HOUSES 

N LA Va l ue s  (cm2 /m 2 ) * 

New Hou s e s  
Medi um-Aged (but not 

W i n t e r  
Tempe rature s 

O l d  Hou s e s  Hou s e s  e n e rgy- eff i c i e n t  

Very cold w i n t e r s  
( de s i gn t emp . 
below -30°C) 

Cold win t er s 
(des i gn temp. 
-2 6 to -30°C) 

Mode rate w i n t e r s  
(de sign temp . 
-2 1 to - 25°C) 

Warm w i nte r s  
(de s i gn t emp . 
- 1 6 to 1 20°C) 

Very m i l d  w i n t e r s  
(des i gn t emp . 
ab o v e  - 1 6 ° C) 

Pre  - 1 94 5 

6 

7 

8 

9 

1 0  

1 94 5  - 1 960  Pos t  - 1 960 

4 3 

5 4 

6 5 

7 6 

8 7 

* Bas ed on CGSB/ CAN 1 4 9. 1 0-M 1 986, but normal i z i ng with hou s e  f l oor area 
rather t h an e n v e l op area. 

... 

HEAT I NG DES I GN TEMPERATUR ES BY LOCATION 

Locat i on 

Vancouv er 
Edmon ton 
Sas katoon 
W i n nipeg 
Toronto 
Ottawa 
Mon t real  
Que b e c  C i ty 
Frede r i cton 
Prince Edward I sland 
St . John 
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... 

Heat i ng D e s i gn 
Tempe ratures  ° C  

- 9 
- 3 4  
-37  
- 3 5  
- 1 9  
- 27 
- 2 6  
- 2 8  
- 2 7  
- 2 2  
- 2 4  
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Tab l e  8 

EST IMATED A I R  FLOW FOR TYP I CAL EXHAUST DEV I C ES 

Duct , F l ue  Manufacturer Corrected for 
or Fan  E s t i mated Standard 

B l ade S1 ze F l ow Restr 1 ct 1 on s  
Exhaust  Dev i ce (nm) (Lis) (L/ s) 

Bathroom Fan 75 40 20  
1 00 5 0  25  
1 75 1 00 50 
200 1 50 75 

C l othes  Dryer 1 00 1 00 50 
1 24 

Range  Hood 1 00 50  2 5  
8 0  x 250  40 20  

1 75 1 00 50 
250  200  1 00 

( Exter i or Mo u n t )  250  300  1 50 

Barbecue Fan 250 1 75 87 . 5  

Exhaust  Dev i ce s  w i th Ch i mn e�s 

Woo d  F i re Pl ace 80 

Open Wood Sto ve 30 

A i rt i ght Wood Stove 1 5  

Operat i n g Gas , O i l ,  or 75  1 0  
P ropane App l 1 ances  1 00 1 8  

1 2 5 2 2  
1 50 34 

NOTE :  Sta ndard restr i ct i on s  are 5 nm screen , l ouvre , one  e l bow , 
stra1 ght d uct , and  grease  f i l ter 
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Table 9 

EV ALU AT IO N  OF VENTING SYS TEftS ASS ESSftENT 
P REDICTED AND ft EASU RED ELA 

EL A F loor NL As E L A  
House ft eas ured Y ear of Area <c12 / P r edi ct ed 

� _c_ _n_ <c12> Cons tructi on (12 ) _tl_ <c12 > 

1057 75 . 50 0 .  743 1668 P os t  - 1975 226 7 1582 

1076 1 08 . 55 0. 595 1715 1900 - 1945 275 10 2750 

1 1 28 57 . 50 0 .  739 1 259 1960 - 1975 160 7 1 1 20 

1142 80. 30 0. 673 1520 1900 - 1945 158 10 1580 

2022 20 . 58 0 . 757 472 1900 - 1945 23 1 6 1 386 

205·3 28 . 51 0. 559 415 Pos t - 1975 156 3 46 8 

2129 1 3 . 5 4 0. 662 250 Pos t - 1975 249 3 7 47 

2138 8. 08 0. 8 43 226 1946 - 1960 153 4 6 1 2  

3056 142. 7 2  0. 589 2 2 43 1945 - 1960 191 7 1 3 3 7  

3102 68. 23 0. 720 1 441 1960 - 1975 335 6 201 0  

3 1 1 3  39 . 97 0. 638 704 1945 - 1960 248 7 1736 

4002 30. 11 0. 686 587 P os t  - 1975 332 4 1 328 

4004 3 8 . 29 0. 763 891 Pos t - 1975 269 4 1076 

4135 22. 24 0.758 512 Pos t - 1975 198 4 792 

4181 24. 82 0. 812 470 1960 - 1975 164 4 6 56 

4184 42. 80 0. 698 857 P os t  - 1975 259 4 1036 

5007 45. 89 0. 6 30 800 P os t  - 1975 177 5 885 

5071 9 3 . 32 0. 590 1510 1900 - 19 45 1 36 8 1088 

5 1 46 20 . 64 0 . 9 80 800 1945 - 1960 163 6 978 

Notes : - S o1e of thes e houses are extraordi nari ly t i ght. 
- NLA v alues were deri v ed fro• Table 7 :  Nor1ali zed leakage AReas for Canadi an Hous es . 
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Tabl e 1 0  
EV AL UATION O F  V ENTING SVSTEns ASSESSnENT - PRED ICTED AND nEASURED AIR FL OM S  F OR F ANS AND F IREPL ACES 

Fan Fan F ireplace F ireplace Total 

F an Flow F low Fireplace F low F low Predicted 

House H. D .  neasured Predicted H. D.  neasured Predicted F low 

_J!.Q..:_ <Pa> (L/ s) < Li s> (Pa> n ( L/ s) s n (Li s> <Li s> Co11ents 

105 7 4 . 0  2 1 1 . 5  150 2 . 0  126 . 4  160 310 

1 0 76 1 . 0  108 . 6  1 37 . 5  1 . 0  1 0 8 . 6  8 0  2 1 7 . 5  

1128 2. 5 1 1 3. 2  100 3. 5 145 . 1  160 260 

1142 3. 5 1 86 . 6  1 2 5  8 0  2 0 5  N o  FP 

2022 6. 0 79 . 9  1 37 . 5  80 2 1 7 . 5  N o  FP 

2055 1 1 . 0  105 . 9  100 80 180 FP spi I ls 

2129 9 . 0  58. 0 150 3. 0 28. 0 80 230 

2 1 38 2 . 0  14 . 5  50 2 . 2  1 5 . 7 80 1 30 

3056 1 . 0  142.  7 80 80 

31 02 1. 5 9 1 . 4  100 1 . 0  68. 2 80  1 80 

31B 8. 0 150 . 6  150 150 N o  Fp 

4002 5 . 0  90 . 8  100 4 . 0  7 7 . 9  1 8 0  

4004 3. 0 88. 5 100 3. 0 8 8 . 5  80 180 

4 1 35 3. 0 51 . 1  125 3. 0 51 . 1  80 205 

4181 7. 0 120 . 5  1 2 5  9 5  220 FP spi  I l s  

4 1 84 5 . 0  131 . 6  1 37 . 5  80 2 1 7 . 5  FP spi I ls 

5007 4. 5 1 1 8 . 4  75  75 N o  FP 

5071  1 . 5  1 1 8 . 5  100 2 . 0  140 . 5  80 180 

5146 0 . 0• 0 . 0  50 50 No FP 

Notes: • Below 1easure1en t l i1its 
•• F ireplace house depressurization is additional depressurization caused by fireplace 
• • • Fireplace flow s w ere 1easured w hile exhaust fan s w ere operating. Conseq uen tly , the flow i s  

reduced b y  house depressurization . 
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Tab le 1 1  

EVALUAT ION O F  VENT ING SYSTEns ASSESSnENT - PRED ICTED ANO nEASUREO HOUSE OEPRESSUR IZA TIOH 

T otal T ota I Hou s e  House 
ELA ELA n easur ed Pr edi c ted Depr ess. Depr ess. 

Hous e  neas ur ed Pr edicted f low F low neasur ed Pr edicted 

.l!!.:..._ C c12) C c12>  C L/ s )  (L/ s )  < Pal C Pa> 

1057  1668 1582 3 3 7 . 6  310 6 7 . 5  

1076 1 7 1 5  2750 21 7 . 1 2 1 7 . 5  2 1 

1 1 2 8  1259 1 1 20 258 . 3  260 6 9 . 7 

114 2 1520 1580 186 . 6  205 3 . 5  4 

2022 4 7 2 1 386 79 . 9  2 1 7  . 5  6 5 . 8  

205'3 4 1 5  4 6 8  108.  9 180 1 1  26 . 2  

2 1 29 250 71+ 7 88 . 0  230 12 16. 1 

2138 226 612 30 . 2  1 30 4 . 2  8 . 5  

3055 2243 1 3 3 7  14 2 . 7  80 1 1 . 2  

3102 144 1 2010 159 . 6  180 2 . 5  2 . 2  

3 1 1 3  704 1 736 150 . 6  150 8 2 . 1  

4002 5 8 7  1 32 8  168 . 8  180 9 4 . 3  

4004 891 1 0 76 1 7 7  . 1  180 6 6 . 4  

4135 512 792 102 . 3  205 6 1 3  

4 1 8 1  4 70 656 1 2 0 . 5  2 2 0  1 19 . 1  

4184 857 1036 1 3 1 . 6  2 1 7  . 5  5 8 . 7  

5007  800  885 1 1 8 . 4  75 4 . 5  2 . 6 

5071 1 5 1 0  1088 259 . D  1 80 3 . 5  6 . 4  

5146 800 978 0 . 0  SD 0 1 
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RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 

PROJECT 6 :  CASE STUDIES: A FOLLOW-UP TO THE COUNTRY-WIDE SURVEY 

The ELA pred i ct i o n s , on the other hand , are i n  s ome c a s e s  a l on g  way from 

rea l i ty . The greatest d i screpanc i e s  are i n  the extreme l y  t i ght o l d e r  

hou s e s  i n  Wi n n i peg . Some of these  prob l em hou s e s  are e x per i e nc i ng  

s p i l l a ge s ol e l y  becau s e  they are extraord i n a r i l y  t i ght , s ometh i n g that i s  

i mpos s i b l e  to pre d i ct .  

Whe n the  me as ured and  predi cted hou s e  d e pres s ur i zat i on s  are comp ared i n  

Tab l e  1 1 ,  i t  i s  c l ear  that the a s s e s sment i s  capab l e  o f  d i fferent i at i n g  

tho s e  hou s e s  wi th  s uch  l ow l e v e l s of depres s ur i zat i on t h a t  bac k draft i n g  

i s  h i g h l y  un l i k e l y ,  a n d  t h o s e  h o u s e s  wi th s uch h i gh  l e v e l s o f  

depres s ur i zat i on that b a c k d r a ft i ng  i s  v i rtua l l y  certa i n .  There i s ,  

however , a grey area c l ose  to the H . D .  l i mi ts  ( 4  to 7 P a s ca l s )  where s ome 

amount of scatter i s  e v i dent . I t  i s  d a ngerous to p l ace too much credence 

on the Pre-Te st resul ts , w i thi n thi s range , and  for t h i s reason the Pre

Tes t  was  r e v i sed . 

3 . 1 . 4  E v a l uat i on of Ven t i ng Sys tem Tes t  Data 

A v ent i ng system test was cond ucted i n  a l l prob l em h o u s e s  and u s e d  to 

he l p d i agnose s p i l l a ge prob l ems . I n  a l most a l l c a s e s  the test procedures 

work ed as i ntended , and  the  te s t s  were conducted q u i c k l y  and  effect i ve l y .  

However , a few rev i s i on s  and  add i t i on s  to the tests  h a v e  been proposed a s  

a r e s u l t  o f  the f i e l d t r i a l s :  

Va l ue of a Fl ue Pre s s u re Me a s urement : 

In  a n umbe r  of h o u s e s  s p i l l age wa s ob s erved dur i n g  house  d e pres s u r i z at i on 

a nd  not du r i n g  open house  cond i t i on s .  I t  wa s conc l uded , therefore , that 

pro l on ged s pi l l age  was i nduced by depre s s ur i zat i on of  the s e  hous e s . 

However , becau se  house depres s uri z at i on  had not , i n  a l l c a s e s , exceeded 

the house depres s uri z at i on l i mi t ,  the probl em was  d e f i ned as a 

comb i n a t i on of a we a k  ch i mney , and  s ome hou se depre s s ur i z at i on .  
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S i nce t h i s s i tuat i on was common i n  our prob l em houses  (No . 1 076 , 2 1 3 8 ,  

305 6 ,  3 1 02 ,  4 1 8 1 , 4004 , 4 1 3 5 and  5007 ) , a standard i zed d i agnost i c  

procedure was needed to d etermi n e  why the c h i mney was s o  wea k . Thi s 

re s u l te d  1 n  the deve l o pment of the  Tota l  F l ue  Pres s ure Test ( de scri bed 1 n  

the Procedures Man ual s Progr e s s  Report 3 . 3 ) . Total  Fl ue  Pre s s ure Te s ts  

wer e  conducted i n  a l l of t he  probl em hous e s . 

Va l ue  of Pre s s ure Averagi ng Tube s : 

The i mp ortance of u s i ng  pre s sure a v erag i n g  and d ampen i n g d e v i ce s to 

ach i e ve accurate read i n g s  from the pre s sure gauge was  emph a s i zed duri n g  

t h e  Wi n n i peg test i n g ,  s i nce h i gh wi n d s  per s i sted o n  a l l t e s t  d ays . The 

extra tub i n g was found e s s ent i a l  for accuracy . 

F i r epl ace Tes t i ng Unnece s s a ry :  

The d i f f i c u l ty o f  i nc l ud i n g  f i repl aces i n  the Vent i n g  Sy stems Test was  

emphas i zed by these f i e l d tri a l s .  I n  1 5  of 1 9  houses , the hous e  

depre s s ur i zat i on exceeded t h e  3 P a s c a l  H . D .  L i mi t for a smo l deri ng  

f i repl ace . Jn  three of the  1 4  hou s e s  w i t h  operati on a l  f i re p l ace s , the 

f i repl ace s p i l l ed du r i ng  the tes ti n g ,  d e s p i te a hot fl ame f i re .  

No c l e a r  s o l ut i on to the s e  f i repl ace hazard s has  been revea l ed .  I n  a 

l arge n umber of  Canad i a n hou se s , i t  i s  l i k e l y  that f i repl aces e i ther 

cau s e t he hou s e  to exceed the House Depres s ur i zat i on L i mi t s ,  or s p i l l  on 

the i r  own due to hou s e  depres s u r i zat i o n cau sed by exhaust fan s . Both 

the s e  s i tuati o n s  seem to comp l i cate the test procedure and resu l t s , 

w i thout prov i d i n g much u s e f u l  i n fo rmat i on .  Unti l l ow cost remed i a l 

me a s ur e s  are a v a i l ab l e  for f i repl aces , 1 t  1 s  not worthwh i l e  to i nc l ude 

f i repl aces i n  the Test i n g .  A l abel l i ng a pproach i s  more a ppropr i ate , 

perhap s i n  comb i n at i on w i th  a s e parate test  just  for f i re p l ace s p i l l age . 
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Ba sement Doors May C a u s e  New Prob l ems : 

In  sev e ra l c a s e s , major depres s ur 1 zat 1 on of  the furnace room wa s caused  

b y  c l os 1 ng of th e  furnace room door , or the b a s emen t  door , wh i l e  the 

furn ac e  b l ower was operat 1 ng . S i nce these  1 nter1 or doors typ1 ca l l y 

connect the furnace wi th other operati ng  fan s ,  they are not normal l y  

cl osed dur i ng the tes t .  I t  now appears  there i s  a g ood argument for 

test i n g  w 1 th  b a s ement doors both open and c l osed . 

Di agno s t i c Proced ures Work We l l i n  ConJunct 1 on w i th  Warn 1 ng Dev i ce s : 

I n sta l l a t 1 on of  warn 1 ng d e v i ces  pr i or to conduct 1 ng Ch i mney Safety T e s t s  

appear s to be a good pol i cy .  I n  mo st  c a s e s  the detectors  i d ent 1 f i ed 

probl ems at much l e s s  cost and  ha s s l e  than conduct i n g  t e s t s  i n  house s . 

The tests are es sent i al , howev er , i n  prope r l y  i nterpret i ng  the course  of  

s p i l l age once  a probl em i s  i d en t i f i ed .  

3 . 1  . 5  Hi ghl 1 ght s of I ndoor Ai r Qu a l i ty Mon 1 tor1 ng 

The i ndoor a i r  q u a 1 1 ty mon i to r i n g  conducted a s  part of t h i s proj ect wa s 

on l y  a sma l l  component of the overa l l b ud get . At t h i s s tage , much of the  

d ata h a s  not been organ i zed and  ana l yzed , a n d  genera l i z at i on s  about the  

imp act of  comb u s ti on g a s  s p i l l age on i n door a i r q u a l i ty are  d i f f i c u l t to  

mak e .  Further work i n  t h i s area  by  CMHC i s  p l anned for  the 1 986/87 

test i n g  s e a s o n . The h i gh l i gh ts  of a i r  q u a l i ty mon 1 tori ng  presented on  

the fol l owi n g  pages  s hou l d prov i de a s tart 1 ng poi nt for these  further 

i n v est i gat i on s .  

1 .  Carbon D i ox i de  Concentrat i on s  

Pr1 or t o  f a i l ure s i mu l ati on s ,  amb i ent l ev e l s o f  CO z were mea s ured i ndoors 

and  outdoors . A s ampl e of the s e  " a s  fou n d "  C02  v a l ues  i s  presented i n  

the fo l l owi n g  t abl e .  

PAGE 3 1  RESULTS 



RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 

PROJECT 6 :  CASE STUDIES : A FOLLOW-UP TO THE COUNTRY-WIDE SURVEY 

TYP I CAL C02  CONCENTRAT I ONS AS FOUND 

Hou s e  C02  I ndoors C02  Outdoors 
� ( 1rnml (Q�m) 
1 076  790 830 

3 1 02 875 4 1 6  

4004 440 1 075 

4 1 8 1 6 1 8  880 

202 2  650 600 

4 1 3 5 1 000 868 

4002 738 620 

Var i at i on s  i n  C02  was apparent - e s pec i a l l y  from c i ty to c i ty .  However , 

l e v e l s cou l d  be con s i dered h i gh  on l y  i n  Hous e  4004 , where i ndoor l ev e l s 

were 1 025  ppm ,  a s  opposed  to outd oor l evel s of 440 p pm .  Hou s e  4004 i s  an  

oi l -heated house i n  Hul l ,  Quebec , whi c h ,  on the morn i n g o f  testi n g ,  wa s 

c l ose d  u p  t i ght l y . The house  had been occupi ed by a fami l y  of f i ve , who 

had s l e pt a l l n i ght w i t h  an a i r  con d i t i oner operat i n g  and the house 

c l o sed up  t i gh t l y .  Presumab l y ,  the h i gh l e vel s of  C0 2 refl ect the human 

occ upat i on . The warm s pr i n g  weather e ncountered duri n g  the s i te 

i n v e s t i ga t i ons  caused  mo st  houses  to be wel l venti l ated and unheated , 

wh i ch d estroys the s i g n i f i cance of " a s foun d "  pol l utant concentrat i ons . 

The concentrat i on s  of  carbon d i ox i de i n  the hou s e s  duri n g  fai l ure event 

s imul at i on s  was s u rpr i s i n g l y  l ow .  After one or two hours of  test i n g , 

wi th the ap pl i ance cyc l ed on and  off i n  i t s fai l ure mode , carbon d i ox i de 

l e v e l s were commo n l y  1 n  the range of  3000 to 5000 ppm .  I n  s ome c a se s , 

the l on ger term steady- st ate concentrati o n s  of C02  i n  these hou ses  were 

est i mated , u s i ng the i nd oor a i r q u a l i ty computer .  Steady-state 

concentrat i on s  were not much greater than the l e v e l s reached d ur i ng the 

hou r  or  two of mon i tor i n g . 
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Some notab l e  excepti ons  exi sted i n  the C02 mon i tori n g  c a s e  stud i e s ,  

i nc l ud i n g two hou s e s  where the l ev e l s ro s e  extremel y  q u i c k l y ,  exceed i n g 

the meas urement range for the C02 a n a l yzer ( 5000 p pm) . Wi th i n the f i rst 

fi v e  m i nutes , e s t i mated s te ady- state concentrat i on s  for these  houses  are 

much h i gher ( i n  the range of 1 0 , 000 to 1 5 , 000 ppm) . 

Carb on d i ox i de was  u se d  a s  a s urrogate for other comb u st i on pol l utants i n  

the fa i l ure house s .  I t  performed wel l i n  i l l u strat i n g the d i stri but i on 

of pol l utants  throughout the  home , the decay of  pol l utants  over t i me ,  and  

t he  a p prox imate generat i on rate s of  pol l utants  under  cond i t i on s  of  

part i a l  s p i l l age . Carbon d i ox i de mon i tor i n g was e s pec i a l l y  useful  i n  

v a l i d at i ng  the i ndoor a i r  q u a l i ty computer model , wh i ch cou l d then be  

used  t o  more accurat e l y  pre d i ct concentrat i on s  of  other pol l utants , or 

concentrat i on s  of C02 over l onger per i o d s  of t i me .  

2 .  Sampl i ng i n  the Return Ai r P l enum 

A i r q u a l i ty was s amp l ed i n  the return a i r  p l e n um a s  a conven i ent way of 

obt a i n i ng an average concentrat i on for the hou s e . T h i s approach res u l ted 

i n  a few mi nor prob l ems . Because  the c i rc u l at i n g b l ower of a furnace 

oper ated a fte r the furnace had a l ready begun  to s p i l l , the  return a i r 

p l e n um wou l d  often f i l l  w i th the hot comb u s t i on g a s e s  r i s i ng from the 

fl u e  p i pe .  T h i s phenomenon produced a s h arp peak 1 n  concentrat i ons  at 

the b eg i n n i n g of each on cyc l e .  Al though thi s smal l pea k had l i ttl e 

i n f l uence on overal l res u l t s , i t  re s u l ted i n  a l es s  than  perfect match 

between the i n door a i r  q u a l i ty model  and  the re a l  t i me mon i tori n g  

res ul t s . 

3 .  Re l at i ve D i s t r i b ut i on o f  Carbon D i o x i de  

G r a b  b a g  s amp l e s  of i n door a i r  from other l ocati o n s  i n  the hou s e s  were 

co l l ected and compared wi th the return a i r  s ampl e .  I n  a l l c a s e s , the 

grab bag s amp l e s  showed l ower concentrat i on s  of C02 than the return a i r  
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p l e n um .  I n  part , thi s c a n  be expl a i ned by the cont i n uous  i n duct 1 on of 

concentrated comb u st i on g a s e s  i nto  the return a i r  p l e n um through l ea k s  i n  

the ductwork .  I n  far away rooms , the d e l ay of  1 0  to 30 mi nutes i n  C02 

pea k s  was conman . The be s t  s ampl i ng techn i q ue i s  to s amp l e from the 

centre of the a 1 r  stream ,  and from the port i on of  the return a 1 r pl enum 

that i s  furthe st away from the furnace room . U n fortunately , d ue to types  

of  ductwork de s 1 gn ,  and  f 1 n 1 shed  b a s ement rooms , th 1 s  was  not a l ways 

pos s i b l e . 

4 .  Carbon Monox 1 de  Concentrati on s  

I n  c a s e  study houses  where carbon monox1 de l ev e l s were mon i tored , o n l y  

one h o u s e  showed s i g n i f i cant l e vel s o f  C O  a s  a r e s u l t  of t h e  fa i l ure 

e vent s i mu l ati on . S i nce the fa 1 1 ure events  under i n v e s t i gati on 1 n  thi s 

project a p pear to be extreme l y  conmon , 1 t  1 s  not s urpr1 s 1 ng that CO 1 s  

rare l y  1 mpl i cated . No  prod uct i on of CO wa s a pparent a s  a res u l t of 

recycl i ng of comb u st i on g a s e s  through burner s , s i nce the comb u s t i on g a s e s  

were q u i c k l y  mi xed and  d i stri buted throughout t h e  hou s e . 

The CO ri s e  i n  the one  c a s e  s tudy hous e  was pri mar i l y  a resu l t  of a d i rty 

burner . An added factor 1 n  t h i s one case  was the l ac k  of a forced a i r  

d i s t ri b ut i on system .  Forced a i r  d i stri buti on systems i n  mo st hous e s  

re s u l t  i n  a very ra p i d  mi x i n g of t h e  comb u s t i on pol l utants throughout a l l 

port i on s  of  t h e  hou s e . I n  the c a s e  of the h i gh CO l ev e l s ,  the house was  

heated wi th a bo i l er ,  and  the re s u l t was extreme r i s e  i n  the  combus t 1 on 

po l l utants i n  the room where the b o i l er wa s l ocate d . A much l on ger d e l ay 

1 n  d i stri b ut i on of these  pol l utants wa s not i ced . On the bas i s  of thi s 

one c a s e  s tudy , i t  i s  s u s pected that comb u st i on g a s  s pi l l age i s  l i ke l y  to  

b e  much more h azardous i n  houses  that  l ac k  forced a 1 r  d i str1 buti on 

sy s tem s . Re- i n gest i on o f  combust i on pol l utants  by burners 1 n  b o i l er 

rooms may a l so  be a contr i b ut i n g  factor . 
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5 .  N i trogen Ox i d e s  and  N i trogen D i ox i de Concentrat i on s  

I ndoor concentrat i on s  o f  NOX , NO a n d  N02 were n ot mea s ured i n  mo st  o f  the  

c a s e  study hou s e s  due to d i ff i c ul t i e s  i n  obta i n i ng portab l e  e q u i pment 

with s uffi c i ent accuracy for t h i s project . I n stead , a s er i e s of  fa i l ure 

events  were s i mu l ated i n  test hou s e s  i n  Vancouver d ur i n g  wh i ch NOX , NO , 

NOz , CO and  C02  were s i mu l taneous l y  me a s ured . The i ntent i on of  t h i s 

exerc i se was to prov i d e a compari s on between NOX and  N02  v a l ues , and  the 

C0 2 mea s ur eme n t s  that were b e i n g  taken i n  the  case s tu dy hou s e s . I t  was  

a l so hoped  that  the res u l t s  o f  thi s tes t i n g  wou l d  b e  i n  agreement wi th 

the i n d oor ai r q u a l i ty model  pred i ct i ons . I n  comb i n at i on wi th generat i on 

rate s av a i l ab l e  from the s c i enti f i c  l i terature , t h i s wou l d a s s i st i n  

computer mode l l i n g of NOX concentrati on s  i n  the  c a s e  s tudy hou s e s . S i nce  

the  NOX test data i s  not pre sented i n  the case  stud i e s , a bri ef re v i ew i s  

pre sented here . 

An exampl e of the NOX data  i s  i l l u strated i n  Graph 1 ,  whi ch compa res NOX , 

NO , N02 and  C02 l eve l s i n  the Vancouver Test Hou se No . 3 duri n g  a 

90-mi n ute fai l ure s i mul at i on .  The c h i mney was  b l ocked  d ur i n g  these  run s , 

and  i ndoor a i r  was  s amp l ed from the return a i r p l enum . The furnace was 

cyc l ed on for three 20-mi nute per i od s . The furnace wa s wel l -tuned d ur i n g  

the f i rst two cyc l e s ,  but dur i ng  the t h i rd cyc l e  the pri mary a i r  i n l ets 

were c l osed to  s i mu l ate a " poorl y-tuned " furnace . The NOX me a s urements  

were t a ke n  wi th a Mon i tor Labs  chemi l umi n e scent NOX mon i tor . 

Gra ph 1 i l l u s trates a n umber of features conmon to  the  NOX mon i tori n g : 

After the end  of the f i rst on-peri od , concentrat i on s  of C02 and  NOX 
1 n  the return a i r  p l enum conti n ue to ri s e  a s  pol l utants  move through 
the ce i l i ng of the b a s ement i nto the fi rst  f l oor rooms , and  i nto  the 
return a i r i n l et s .  There i s  a 1 0- to 20-mi nute "mi x i n g "  del ay .  

Sma l l pe a k s  i n  the mea s ured concentrat i on s  at the  b e g i n n i ng o f  each  
cyc l e  s how how pol l utants col l ect i n  the return a i r p l e n um unt i l the  
furnace b l ower begi n s  to o perate . 

NOX l ev e l s r i s e  rapi d l y ,  and  con s i st  pri mari l y  of  NO dur i n g  the 
we l l -tuned cyc l e s . The v o l umetri c rat i o  of N02 /NOX i s  not consta nt , 
s i n ce N02 i s  decay i n g  at a more rap i d rate . 
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NOX r i s e s  at a s l i ght l y  l ower rate than C02 , but w1 th a s i mi l a r 
pattern and  decay .  

C02 l ev e l s are i n  the  range o f  3000 t o  5000 ppm after a 90-m1 nute 
f a i l ure scenar1 o ,  wh i ch i s  typ i ca l  of  a majori ty of the case study 
hou se s . 

The thi rd cyc l e  i n  the  " poorl y-tune d "  cond 1 t 1 on ,  reduces the 
generat i on rates of C02 , NOX and NO , but i ncreas e s  N02 generati on . 

N02  rates are fa i r l y  l ow dur i n g  the wel l -tuned cyc l e s , stay i n g  bel ow 
the Canad i an amb i ent outd oor standard s of  0 . 2  pgm .  Pre d i cted 
steady-state concentrat i ons  for thi s house are . 2  p pm .  

N02  rates be g i n  t o  r i s e  to l ev e l s wh i ch may b e  con s i dered a hea l th 
r 1 s k  d ur i n g t he t h i rd

l 
poorl y-tuned cyc l e  ( after a 1 0-mi nute del ay 

for mi x i n g ) . L o n ger erm mon i tor i ng of the poor l y - tuned furnace 
cou l d  generate i n door steady- state N02 l e vel s i n  the range of  0 . 4  to 
0 . 5  ppm . These  l ev e l s e xceed the proposed acceptab l e  exposure ra n ge 
for short - term per i o ds  { re s i dent i a l 1 hour exposure >0 . 2 5  ppm)  and  
may repres ent a s i gn i f i cant heal th haz ard from c omb u s t i on ven t i n g 
prob l em s . 

6 .  Occ upant Expos ure R e l at i v e  t o  Fai l ure Mech a n i sms 

A rev i ew of the c a s e  stud i e s suggests  that d i fferent ty pes  of fa i l ure 

mechan i sms re s u l t i n  very d i fferent ty pes  of exposure to combust i on 

pol l utants  for the house  occ u pant s .  The fa i l ure scenari o s  can  be grouped 

i nt o  two c ategor i e s , accord 1 n g to whether occ u pants  are exposed to acute , 

s hort term concentrat i on s  of  combu s t i on pol l utant s , or to l ow l ev e l , l on g  

term ( chron i c )  l e v e l s .  

Acute Fa i l ure Scen ar i o s : 

Occa s i on a l  b a c k dr a ft i ng i n  a r e l at i ve l� t i ght hou s e .  T h i s i s  a 
c ommon ta i l ure scen ar i o  o n  the ba s i s  o c a se study research . Ti ght 
en v e l ope s  mea n  that a i r change need not be  h i gh duri n g  a backdra ft 
e p i s ode . The c omb i n a t 1 on of  a house that i s  c l o sed u p , a ca l m  d ay 
and the u s e  of  part i cu l ar exhaust f a n s  and/or f 1 repl ace s , resul t s  � n 
occ a s i onal  b a c k d r a ft i n g and  re l at i v e l y  h 1 gh  l ev e l s of combust i on 
po l l utant s . Carbon d 1 ox i de l e v e l s may reach 1 0 , 000 or 1 5 , 000 ppm i n  
sma l l hous e s , b ut are general l y  even  l es s . Carbon monox i de l ev e l s 
are un pred i ct a b l e .  

Occas i on a l  bac kdr aft i ng i n  a b o i l e r room . The l ac k  o f  a forced  a i r  
d1 stribut1 on system c a n  res u lt in  the extreme l y  h i gh l evel s of 
comb u s t i on po l l utants  i n s i de the boi l er room , and  po s s i b l y  i n  
adj o i n i n g rooms . Al though the backdraft i n g  event i t sel f may be 
i n f req uent , a n d  may co i nc i de wi th fan u s e ,  the l ev e l s of pol l utants  
may be  h i gh .  Thi s type of fa i l ure may b e  a s soci ated w i th c arbon 
mon ox i de  d ue to oxygen  dep l et i on 1 n  the b o i l er room .  
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Chron i c  Fa i l ure Scenari o s : 

Cont i nuous  spi l l age . Poor l y  de s i gned , broken , or poorly ma i nt a i ned 
chimneys a nd flues can  l ead to sma l l amoun t s  of s p i l l a ge on a 
cont i nuous  ba s i s .  Whereas a total  b l ockage of the c h i mney wou l d  be 
n ot i ceab l e1 t h i s  ty pe of fa i l ure scenar i o  can  pers i st for l ong  
per i od s  w1 �hout househo l ders ever  recogn i z i n g  the source of 
prob l ems . There i s  often an  i ncre a s e  i n  the q uan t i t i e s of s p i l l age 
when the house i s  d e pre s suri zed , and  thus concentrat i on s  are 
u n l i k e l y  to be  l owered through the use of  exhau s t  dev i ce s . 

R egu l ar backdraft 1 n� due  to mas s i v e house  depres s ur i z at 1 on .  I n  
se ve ra l  hou s e s , a s n g le powerfu l exha u st fan wa s capable of 
depre s s ur i z i n g  the hou s e  s uf f i c i en t l y  t o  c a u s e  f l ow rever s a l  e v en i n  
a hot furnace f l ue . Th i s  was a l s o  true for h o u s e s  wi th bad l y  
i mb a l a n ced forced a i r  d i stri but i on systems wh i ch depre s s ur1 zed the 
furnace room or  b a sement . Under such c i rcumstances ,  con s i derabl e 
quanti t i e s  of s p i l l age  are l i k e l y  to be occurri n g  on a frequent 
b a s i s .  Le ve l s of  comb u s t i on  po l l utants  wi l l  ratchet upward s over 
time

1 
and  steady-state concentrat i on s  may reach moderat e l y  h i gh 

l e ve  s throughout t he  heati n g  season . 

Prol onged s�i l l age at start- up . Leaky or constri cted f l ues , 
combi ned w1 h marg i n a l  amounts of hou se depre s suri zat i on can prod uce 
�ro l on ged s p i l l age at start- u p .  Sp i l l age  i s  con s i derab l e  duri n g  the 
fi r s t  two mi nute s and  then tapers off a s  the c h i mney warms up and 
dra ft i mprov e s . �oncentrat i on s  wi l l  be  h i ghest i n  hou s e s  where the 
appl i ance cyc l e tend s to be s hort , s i nce the s p i l l age per i od wi l l  
re present a greater port i on of  the tot a l  o n -t i me .  Chron i ca l l y  h i gh 
l ev e l s of comb u s t i on pol l utants  wi l l  re s u l t  i n  s ome hous e s . 

7 .  U s i n g the I n door Ai r Qu a l i ty Model t o  E st i mate the  Freq uency of 

Vent i n g F a i l ure s , and the Net Expos ure to Comb u st i on Pol l utants  

Further work  i s  req u i red wi th the  i nd oor a i r  q u a l i ty computer mod e l  

b e fore e s t i mates c a n  be made of  s p i l l age e v e n t  freq uency , and  n e t  l ong  

term e x pos ure l e v e l s for occ upant s . The mod e l  needs to be re v i sed  to 

i ncorporate i n format i on o n  the thermal  eff i c i ency of the e n v e l ope . I t  

wou l d  then b e  pos s i b l e  t o  a l l ow the appl i ance t o  cyc l e  on and  off i n  

accordance wi th  the b u i l d i ng heat l oad and  c l i mat i c  data . FLUES I M  shou l d 

be used  to bracket the s i tuat i on s under wh i ch the  part i c u l ar house and  

a pp l i ance w i l l  experi ence f a i l ure e v e nt s .  Wi th these mi nor change s , the 

model s hou l d  be c a p ab l e  o f  pred i ct i n g  the ri s e  and  fa l l  of v a r i ous  

c omb u st i on pol l ut ant s  o ver an  e n t i re hea ti n g  s e a s on . I n  comb i nat i on wi th  

t he  stati s t i c s  f rom the Canada  Wi d e  Survey , and  the case  s t u d i e s ,  i t  

wou l d  then b e  po s s i b l e  t o  general i ze about the expos ure l ev e l s of  

C a nad i a n s  to comb u s t i on pol l utants  resu l t i n g from comb u s t i on vent i n g 

f a i l ure s . 
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The exce l l ent match between the mon i tori n g  r e s u l ts  d ur1 n g  house fa i l ure 

event s i mu l at i ons  i n  the f i e l d ,  and the i n door a i r q u a l i ty computer mode l  

pred i ct i o n s , suggest  that further computer mode l l i n g f o r  thes e  purpos e s  

wou l d  be a worthwh i l e  exerc i s e .  Unt 1 1 s uch  a n  a n a l y s i s  1 s  cond ucted , 1 t  

i s  d i f fi c u l t to convnent on the p ub l i c  he a l th r i s k ,  e s pec i a l l y  for the 

chron i c f a i l ure scenari o s . 

8 .  Ad d i t i on a l  T i me Req u i reme n t s  for S i mu l at i n g 0 1 1 Furn ace Fa i l ures 

A n umber of d i ff i cu l t i e s are encountered wi th try i n g  to mon i tor a i r  

qua l i ty i n  hou s e s  duri n g  ve nti n g  fa i l ures wi t h  o i l furnace s . The 

greatest probl em was s i mu l at i ng the fa i l ure i nvned i ate l y  after testi n g  the 

furnac e , s 1 nce many of the oi l furnaces and  c h i mneys s t ay warm for l on g  

peri ods  and  wi l l  n o t  repeat t h e  st art-up s p i l l age  wh i ch occurs i n  a c o l d 

fl ue . 

I f  the s p i l l age durat i on i s  s hort ( 3 0  to 60  second s ) , l onger term 

mon i tori n g  i s  needed to not i ce the i mpact o f  s uc h  a n  event . I f  the 

s p i l l age d urat i on i s  l on ger , the a i r q u a l i ty can  deteri orate very q u i c k l y  

a n d  i t  b ecome s a n  i mpos i t i on for the occupan t s . I n  the p i l ot tests  

con d ucted i n  Vancouver , back draft 1 n g  of a n  o i l furn ace for only  two or  

three mi nutes caused  extreme l y  stron g ,  s u l phuri c odour s , and  further 

te s t i n g  had to be  curta i l ed i n  the i nterest of  preserv i n g a i r q u a l i ty for 

the occ upants . 
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4 . 0  CONC LUS IONS 

Append i x  A of t h 1 s report pre s e n t s  the case stu d i es of 2 1  hous e s  

i n v e s t 1 gated d u r i n g  t h e  prob l em house  fo l l ow- u p  v 1 s i t s . T h e  c a s e  s t ud 1 e s 

fo l l ow a s i mi l ar format ( a l though  the amount  of i n format i on v ar i es 

d e pen d i ng  o n  the types o f  c h i mney prob l ems encoun tered ) .  

Eac h c a s e  study pre s en t s  i n format i o n a s  fol l ows : 

House  Part i cu l ars  

Detector Re s u l t s  
House  Type 
A i r t i ghtne s s  T e st  Data  (note : " Natural  
t a k en wi th the f l ues  l e f t u n s ea l ed )  
Appl i ance Ty pe 

ELA" i s  the CGSB E LA 

Compet i n g Exhaust  Sy s tems 
F i re p l aces 

R e s u l t s of  t he Safety T e s t s  

P r e l i mi n a ry A s s e s sment  
I ns pect i on 
Vent i n g Sy st ems Test  
Tota l F l ue Draft Te s t  
S p i l l age  Observat i o n s  
Heat Exc hanger  Test  
Que s t i on i n g o f  Occ u p ant  

Fa i l ure Eve nt  S i mu l at i on s ( i nc l ud i n g Graph s )  

S p i l l age Temperatures 
C02 concentrati o n s  o ver t i me 
CO c oncentrat i on s  over  t i me 
Computer Mod e l  Pred i c t i on s  
C02  Dec ay Rate s ( fo r  determi n i n g  a 1 r  change  rate s )  
Ai r t i g h t n e s s  R e s u l t s 

Coll'llle n t s  and  Concl u s i o n s  

Eac h C a se Study i nc l udes  c ommen t s  a n d  conc l u s i on s ,  based  on  t h e  test  

res u l t s . Bec ause  o f  the exten s i v e i n format i on a v a i l ab l e o n  each hous e  

and  t h e  detai l ed n ature of  t h e  concl u s i on s ,  a l l of t he C a s e  Stud i es have 

been  presented i n  an A ppe n d i x .  Readers i nterested i n  a thorough a n a l y s i s  

of  vent i ng f a i l ures  i n  h o u s e s  are encouraged to  rev i ew th i s  Append i x ,  

e s pec i a l l y  the Conc l u s i o n s  and  Comments  sec t i on s . 
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R E S I D E N T I A L  COM B U S T I ON V E NT I NG F A I L U R E S -
CASE  ST U D I E S  O F  P R O B L E M  HO U S E S  

H O U S E  NO : 2 0 5 3  (W I NN I P E G) 

HOU S l  PART I C U L ARS : 

Spi l i dqe Detector  R e s u l t s : F u r n a c e  - 54 ° C  e xc e e d e d  
DHW - 7 1 ° C  

Hou s e  Type : One s t o r ey w i t h  f u l l b a s eme n t  
P o s t  - 1 9 7 5  c o n s t ru c t i o n 
N a t u r a l E LA @ 1 0  P a  = 4 1 5 cm2 
N a t u r a l .ll.C P H  @ 5 0  P a  = 1 .  1 7  

f.pp l i a n ce Type : 

6 m s h a r e d  i n t e r i o r  me t a l  
c h i m n ey ( D i ame t e r  = 1 5 0 mm ) 

M o t o r i z e d  f : u e  d am p e r  

F '  u •:: c o n n e c t o r : 

K e e p r i t e  
1 2 0 , 0 0 0  

B T U  

Le s s  t h a n 5 y e a r s  o l d 

C ompe t i ng E x h a u s t  Sys t ems : 

R h eem 
3 6 , 0 0 0  

B T U  

L e s s  t h a n  5 y e a r s  o l d 
( s e r v i c e d  w i t h i n l a s t  y e a r )  

- K i t c h e n  r a n g e h o o d  f a n  2 - B a t h ro om f a n s  
- C l o t h e s  d ry e r  1 - W h o l e hou s e  v ac u um 

( T o t a l  me a s u re d  e x h a u s t  = 105 L / s )  

F i repl a c e : 

- B r i c k  f i r e p l a c e  w i t h  d o o r s  ( n o s t a i n i n g o f  m a n t l e  o r  ma s o n ry ) . 

' 
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A I R T I GHTNES�) TEST RESULTS 

HOUSE IDENT I F I CAT I ON 2053 

OUTDOOR T EMPERATURE 1 9 . 5 ( C )  

HOUSE FLOW FLOW 

PRESSURE PRESSURE MEASURED 

( P a )  ( Pa )  ( L / s ) 

6 0  3 B O  2 8 2 . 3 0 
5 5  3 4 5  2 6 9 . 0 5 

5 0  3 2 3  2 6 0 . 3 7 
4 5 2 7 2  2 3 9 . 0 4  

4 0  2 3 8  2 2 :L 6 ·7 

3 5 2 1 2  2 1 1 . 1 6 

3 0  1 ·7 :) 1 9 1 . 9 4 

2 5  0 0 . 0 0 
2 0  () 0 . 0 0  
1 5 0 0 . 0 0  
1 () CJ 0 . 0 0 

5 0 0 . 0 0  
0 0 0 . 0 0  

c := 2 8 .  5 1  

ELJ1 " 4 1 5 CM A 2  

Q @ 5 0  P a  "' 2 5 4  

A I R  CHANGE PER HOUR @ 5 0  P a  = 

sxx = 7 7 3 6 6 7 5 7 8 8  

SXY = 4 3 2 6 4 6 2 5 6 7  

CORRELAT I ON CO �FF I C I ENT = 

.. 

FLOW 

CORRECTED 

( L / s ) 

2 8 0 . 4 6  
2 6 7 . 2 9 

2 5 8 . 6 7  

2 3 7 . 4 7  
2 2 2 . 2 1  

2 0 9 . 7 8 

1 9 0 . 6 9 

0 . 0 0 
0 . 0 0 
0 . 0 0  
0 . 0 0 
0 . 0 0  
0 . 0 0 

1 .  1 7 1 5 0 0 6 3 3  
. ..  _ ,.... _ _ _ _ _ _ _ __  

0 . 9 9 7 1 8 1 7 7 0  

... 

DATE - MAY 2 8 / 8 (1 

WIND SPEED - 2 2  KPH 

VOLUME 7 8 1 M A 3 

FLOW RELAT I VE 

F I TTED STANDARD 

( L/ s ) ERROR ( % ) 

2 8 1 . 4 3 0 . 3 5 % 
2 6 8 . 0 6 0 . 2 9 %  
2 5 4 . 1 �) - 1 .  7 5 %  
2 3 9 . 6 1 0 . 9 0 %  
2 2 4 . 3 4  0 . 9 6 %  
2 0 8 . 1 9  - 0 . 7 6 %  
1 9 1 . 0 0  0 .  1 6 %  

0 . 0 0 0 . 0 0 %  
0 .  0 0  0 . 0 0 %  
0 . 0 0 0 . 0 0 %  
CJ . 0 0  0 . 0 0 %  
0 . 0 0  0 . 0 0 %  
0 . 0 0 0 . 0 0 %  

n = 0 . 5 5 9  

Q @ 1 0  P a  = 1 0 3 

SYY = 2 4 3 3 1 1 6 1 5 5 

SYX = 4 . 8 5 5 6 2 9 2 9  

.. 
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R E S I D E N T I A L COMB U S T I ON V E NT I NG FA I L U R E S  -
CAS E S T U D I E S OF P R OB L EM HOU S E S  

H O U S E  N O : 2 1 2 9 (W I NN I P E G )  

HOU S E  P AR T I C U LARS : 

Spi l l age D e t e c t o r  R e s u l t s : F u r n a ce - 3 8 ° C  
DHW - 7 1 ° C  

H o u s e  Type : O n e  s t o r ey w i t h  f u l l b a s eme n t  
P o s t  - 1 9 7 5  c o n s t r u ct i o n 
N a t u r a l  E LA @ 1 0  P a  = 2 5 0  cm2  
Na t u ra l ACPH  @ 5 0  P a  = 1 . 0 0 

Appl i a n c e  Type : 
5 . 5  m ext e rio r  met a l  

i n s u l a t e d  c h i m n ey 
' ( D i amet e r = 1 5 0 mm ) 

F l u e  c o n n e c t o r : 
D = 1 2 5 mm 

L e n n o x 
90 , 000  

B T U  

7 5  mm 

J o h n  Wood  
3 6 , 0 0 0  

B T U  

L e s s t h a n  5 y e a r s  o l d L e s s  t h a n  5 y e a r s  o l d 

C ompe t i ng E x h a u s t  Sys t em s : 

1 - K i t c he n  r a n g e h o o d  f a n  
3 - B a t h ro om f a n s 
1 - C l o t h e s d ry e r  
Me a s u r e d  t o t a l  e x h a u s t  f l ow from f a n s :  5 8  L / s  

F i repl a c e : 

1 - Br i c k w i t h  me t a l  j a c k e t  a n d  l o o s e  d o o r s  
Me a s u r e d  t o t a l e x h a u s t  f l ow f r om f i r e p l a c e  ( a t  - 9 P a )  

... 

2 8  L / s  

... ... 



R :. �, _ : �  -;- �  o •  sAc E n  C H F U  

1 )  P r e l i m i n a ry A s s e s s me n t : 

P r e d i c t e d  H . D .  - 1 6 . 1  P a  
F u r n a c e  H . D .  L i m i t - 6 P o  
Ho u s e  p r o n e  t o  v e n t i G g  f a � l u r e  

( H . D .  L i m i t e x c e e d e d  b y  1 1  . 1  P a )  

2 )  I n s ;\ e : t ·' o r, : 

F � � e  p i p e  e x c e s s i v e l y  l o n g . 
B e � t  c h i m n e y . 

3 )  10\J :'.� e  [' e f H  .. (" S S L 1• � : � �; -r:: � o :·; : 

h . =' .  f i · o r.-: � 2 'L 
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i-: . ) .  L 1 � � � f e r  f � r e � � a : e  
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'- ' 0 

6 P ,;  
5 P a  
3 P o  
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F u :  1 c p e .-· a t  i c. "1 
s t a i·i C t, �--

5 )  i;, ;. i ' 1 a<;�; 0 �' s ro , . v a- :  i o n �. : 

,. ' r"", I ,_ (j • 
4 ;:: a · 

S ;:i ·'. l \ a �1 e  c: u r a t i o r, -7 0 1· t ; g ti t  h o u s e  mo r e  t h a n  3 0  s e c o n d s . 
N e  s p ' l i a g e  f o r  o p e n  h o u s e . 

;. 

6 ) H e a t  E x  c h  a n q s ,. -:- e '.; ·� : 

N o  p e r c e p t i b i e l e a k a g e . 

7 )  Qu<: :: t. i o•• i '1 <; o -"  C c c upa r, t : 

Oc c u p a n t  u n a w a r e  o f  a n y  e x i s t i n g  p r o b i em .  

;. ;. 



F a i l ure  E v e n t  D e s c r i p t i o n a n d  S i mu l a t i on : Hou s e  2 1 2 9 

I t  w a s  c o n c l uded  t h at c h i mn ey f a i l ure w a s  a r e s u l t of b a c k d r a ft i n g .  T h e  major 
c o n tr i b u t i n g factors  were a t i g h t  e n v e l o pe , many e x h a u s t  fa n s ,  and  an  open  
f i repl a c e . 

To s i mu l a t e  b a c k d r a ft i n g ,  a l l e x h a u s t  f a n s were o perated , creat i n g  9 P a s c a l s o f  
h ou s e  d e p re s s u r i z a t i o n .  T o  pre v e n t  r e - e s t a b l i s hme nt o f  d r a f t  from s t ron g g u s ty 
w i n d s , t h e  door  f an w a s  u s e d  to  f u r t h e r  d e pre s s u r i z e  t h e  h o u s e  to  2 2  P a s c a l s .  
T h e  f u r n a c e  a n d  DHW were t h e n  cyc l e d 1 0  m i n ut e s  o f f/ 2 0  mi n u t e s  o n , o v e r  a 90 
mi n ute per i od .  

Gra ph  1 - 2 1 2 9 ,  s h ows  t em perature  mo n i t or i n g  o f  the  f u r n ace f l ue a n d  d i l ut i on 
a i r  i n l et d ur i n g  the s i mu l ated  b a c k d ra f t i n g e v en t .  

Graph 2 - 2 1 2 9 ,  s hows t h e  b u i l d - u p  o v e r  t i me o f  C02  i n  t h e  return a i r sy s t em o f  
t h e  forced a i r furnace . T h e  max i mum l e v e l  o f  C02 recorded w a s  4900 p pm . A 
steady- s t a t e  c o ncentrat i on o f  C02  i s  e s t i ma t e d  to  b e  8000 p pm ( u s i n g the  I AQ 
c om p u t e r  mod e l ) .  

Graph  3 - 2 1 2 9 ,  s h ows t h e  d e c ay r a t e  o f  C02 fo l l ow i n g  t h e  fa i l ure e v e n t  
s i mu l at i o n , a n d  i n d i c a t e s  t h e  a i r  c h a n g e  rate  to b e  0 . 8  A C P H  w h e n  the  hou s e  i s  
c l o s ed and  f a n s  are  o f f . T h i s a i r c h a n g e  rate  a p pe a r s  h i g h , a n d  i t  i s  
s u s pected  that  i n i t i a l  poor m i x i n g o f  C 0 2  i n d oo r s  h a s  acc e l erated t h e  d ec ay 
rate o f  C0 2 at t h e  s amp l i n g l oc at i o n .  

No mea s u r a b l e l e v e l s  o f  c a r b o n  monox i d e were recorded d u r i n g  the  s i mu l a t i on . 

Con c l u s i o n s  a n d  Comme n t s : Ho u s e  2 1 2 9 

o T h i s  W i n n i pe g  hou s e  w a s  a n  e x c e p t i on a l l y  t i ght  hou s e  w i th a l a rge n umb e r  o f  
fan s ,  n on e  o f  wh i c h w a s  p a rt i c u l a r l y  powe rfu l .  D i f f e r e n t  c omb i na t i o n s  o f  t h e  
f a n s  a r e  c a p a b l e  o f  c r e a t i n g c h i mney b a c k d r a f t i n g . 

o A l t ho u g h  n o  CO wa s produced  by t h e  a p p l i a n c e  d u r i n g  b a c k d raft i n g ,  the  l e v e l s 
o f  C 0 2  c o u l d  ratchet  u p  to  8000 p pm o v e r  s e v e r a l  h o u r s , d e s p i t e t h e  h i gh a i r  
cha n ge c re ated  by e x h a u s t  f a n  o p e r at i o n .  

o Occ u p a n t  rema r k e d  t h a t  b a s eme n t  b a throom fan  g e t s  l e ft o n  for d ay s  at a 
t i me . 

o Occ u p a n t  f u l l y  u n d e r s t o o d  t h e  prob l em after  a v e r b a l  e x p l a n at i on .  

o A c h i mn ey s p i l l ag e  a l a rm wou l d b e  a s u i t a b l e  remed i a l me a s ure for t h i s 
hou s e .  T h e  occu p a n t s a r e  prepared  t o  t a k e  a n  act i v e r o l e i n  a v o i d i n g t h e  
prob l em ,  a n d  t h e  req u i re d  c h a n ge i n  l i fe s ty l e  i s  n ot d i f f i c u l t  or i ncon v e n i en t . 

"' ... ... ... 
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R E S I D E N T I A L  COM B U S T I ON V E N T I NG FA I L U R E S  -
CASE  STU D I E S OF  P R O B L EM HOU S E S  

H O U S E  N O : 2 0 2 2  (W I NN I P EG) 

HO U S E  PART I C U L ARS : 

Spi l l age D e t e c t or R e s u l t s : F u r n a c e  - 7 1 ° C  
DHW - 0 

Hou s e  Type : Two s t o r ey w i t h f u l l b a s eme n t  
1 90 0 - 1 9 4 5  
Na t u ra l E L A  @ 1 0  P a s c a l s = 4 7 2  cm2 
N a t u r a l  A C P H @ 50 P a s c a l s  = 2 . 4 8 

Appl i a n c e  Type : 

l u e c o n n e c t o � = 1 5 0 mm 
1 3 0 , 0 00 - 1 5 Q , OO O  

B T U  

M o r e  t h a n  2 0  ye a r s  o l d  

C ompe t i ng E x h a u s t  Sys t em s : 

1 - S t o v e  t o p  b a r b e c u e  f a n  
Me a s u r e d  e x h a u s t  f a n  f l ow :  8 0  L / s 

F i r epl a c e : 

1 - O p e n  b r i c k  f i r e p l a c e  

... ... 

1 0  m u n i n s u l a t e d  e x t e r i or 
ma s o n ry c h i mn ey 

" ... 
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1 )  P r e l i m { n a ry A s s e s s m e r : :  

P 1· e d 1 c t e ci  H o u s e  D e p r e s s u r i z a t i o n  - 5 . 8  P a  
H . D .  L i rn 1 t f o r  f u r n a c e  - 5 P a  
Ho u s e i s  a b o r d e 1· l i n e c a s e s i n c e  t h e p r e d i c t e d 
d e p r e s s u r i z a t i o n  i s  r o u g n l y  e q u a l  t o  H . D .  L i m 1 t .  

2 )  I n s ri e c t i o n :  

B ;.; rri e :· ,5 e t :; o f  b o i : e 1· we i- e  c o v e r e d  w i t h g l" i rn e a n d  n : s t  d e �. o s ii : s .  

3 )  V e r t ' n a S v s t e � s � e 3 : : 

� ,-, -= 1 •  c. .... f c :·, �- G P a  
H . � .  L i � ' t :: u r n 2 : e  - 5 '.:' a  
�� � -::: c: r1 E: �-i 0 2 !' r1 e !: u e E >: �-i 0 : ... : s ... .c a r-: ��: s s c a  �) 2 �· i .:: o 7 c � C1 r e s  s u r i ? i :1 � 
b 0 d S �  : J� 6 � C; .  

� :: 

- - - . . � L. : I 0 �1 € ;� 0 :  i C H  
s �- -�= i c �-

5 ) S �· � 1 1 a � e 0 b s e r  v a : � �: ·· .- . 

'1 .S :::- a • 
:- a .  

v; .• � ;,..I � �; � ;-1 0 \_; �; e (! � L1 1 �  0 .� s ij )� � z e d  , -:- :__ p· n a c e  s p 1 : e ·�l 
N o  s � 1 - 1 a g e  w 2 s O D s e r v e d  f o r  a n  o � e �  h o u s e . 

6 , '.-! e c, "_ � / ::: �. a ·· :: e ·· ·c ,, · 

�� cL  a p � 1 � i c a b : .:: . .  

7 )  Q ;.; e s t i o � i n c  o f  O c c u p a n t : 

f o 1· me r e  4... ;..., -- ....... ' I  G · I 3 0  s e c c n c s .  

O c c: u �' a , , t s  1�· e 1· e  a ve C1 1 · e  t h a t  t h e r e c o u l d b e  a p r o b l em .  T h ey h a d  
n o t i c e d  b a c k d r a f t i n g s m e l l s  w h e n  o p e r a t i n g  k i t c h e n  t o p  b a r b e c u e  

f a r, . � a c y  o f  h o u s e  s u f f e r s  f r om h e a d a c h e s a n d  a l l e r g i e s a n d  m ay 

b e  h y p e r - s e n s i t i v e t o  a i r - b o r n e  c o n t am i n a n t s . 



� a  � -! u r e t v � r � �) .:;: �-- : ,· � �1 t � C· !"t 2 r. � S � :T .i "'. a t �  o �- : h o u s e  2 0 2 2  

o C h i rp 1 ey Q a c L:. c1 1· 2 ..:: t i ·. s , c u .:o  t o  a �1 0 1f f r f L: l  f i � c 'l e n  t. a ,- :, e c u e:: f c; ·. ,  \\• co o. ·- �·1 e 

l i K e l y  f a i 1 u r e  me c n a n � s �  i �  t n i s h o u s e . C o n s e q u e n t · y ,  t h e  D a r � e c u e  � a n  w a s  
o o e r a t ? d , d e � r e s s u r i z i n g t h e h o � s e  t o  6 P a . 7 o  p r e v e n t  s t r o n g  g u s ty w i n d s  
f r om r e - e s t a Q l i s h i n g  d r a f t d u r i n g  t h e s i m u l a t i o � , t h e  f l u e c o n n e c t c r  w a s  
p l u g g e c1 .  An  a l t e r n a t i v e t o  D l u g g i n g t h e  f l u e  w o u l d n a v e  b e e n  t o  u s e  a d o o r  
f a n  t o f u r t h e r  d e p r e s s u � i z e t h e h o u s e ; h o w e v e r , t h i s a p p r o a c h w a s  r e j e c t e d  

b e  c: a u  s "° t h e  e f f e c t  w o 1.: : ·:: :. e t o i n c ,- e a s e a i r c �. a n g e a n  ,j a i r m i  x i  n g f a ,- a b o v e  

n o rm a  i . 

o T h e  f i r s t s i m u l a t i o n w a s  a � o r t e d  b e c a u s e  c a r b o n  mo n o x i d e 1 e v e l s r o s e  
q u i c i  1 y  a b o v e  2 0 0  p p� ,  p o s ' n g  a h a z a r d t o  o c c u p a n t s  a n a  r e s e a r c n e i· s .  

A s e c 0 · d s i � u 1 6 t 1 a n w a s  s t a r t e d a f t e r  r e l o c a t i n g t � e  e q u i pme n t  t o  t � e f l o o r  

a b o v e  t O, e  t · c· �  - e • f c ,-: ... . C . . - . . o n t � n u o u s  s a� p · - � 9  o t  ' n d o o r  c; i r w a 5  c o � a 0 c t e t  1 n  t h e  
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t r, e a j C1 t'' t � d �; 1 ::. · ' c � � ;; · : 
\\. ! � � ! .. z -- ·- .. : -: C:: s . 

T h e  i e v E l s 
c ·.J � c ::. Li u 4 i ,j - u � · o f  c a  �- � . .  :. �: ·: -· ·: � !� -:- d u  r i 1 g 

r e a c h e d  t h e a � a 1 y z e •  1 i rr ' t o f  5 0 0 0  p pm 
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a b o Ll t  3 p pm p e r  m i n u t e , u n t i l  t h e  b o i l e r i s  s h u t  o f f  a t  t h e  2 2  m i n u t e  m a r k . 

G r a � h 7 - 2 0 2 2 , s h o w s  t h e d e c ay o f  c a r b o n  d i o x i d e  i mm e d i a t e l y  f o l l o w i n g  t h e  

. ) . - t .  ( s e c o � c  s 1 mu 1 a  i o n .  
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p e r 1 o d  t h a t  w J u l a  b e  a m o r e  l i k e l y  o c c u r r e n c e  d u r i � s  w i n t e r  m a n : h s . 
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C o n c 1 J s ' o n s  a n a  C om�e n t s :  H o u s e  2 0 2 2  

o I t  w a s  e v i d e n t  t h a t  b a c k d r a f t 1 n g  f r om a h o t w a t e r  b o i l e r p o s e s  a g r e a t e r  

t tH e a t  l o  o c c u p a n t  s a f e t y  U1 a r, d c e s  b a c k ci r a f t  i n g  f r om a f o i· c e d  a i r  f u rn a c e . 

L e v e l s o f  c omb u s t i o n p o l l u t a n t s  q u i c k l y  b u i l d  t o  u n a c c e p t a b l e l e v e l s i f  t h e r e  
i s  n o  f o r c e d  a i r  sy s t em to  d i s t r i b u t e a n d  d i l u t e  c om b u s t i o n g a s e s . A c u r i o u s 
o c c u p a n t , w a l k � n g i n  t o  t h i s b o i l e r r o om a f t e r  s m e l l i n g b a c k d r a f t i n g , c o u l d  b e  
o v e r c o m e  b y  C O  l e v e l s i f  t h e o o � 1 e r h 2 a  b e e n  o p e r a t i n g f o r  m o r e t h a r  4 o r  5 
m 4 n u t e ;, ,  

o T h e  � o � � e r h a d  n e t  b e e n  � a i n t a i n e d  w h i l e  t h e  p r e s e n t  o c c u p a n t s  h a v e  o w n e d  

t h e  h o u s e  ( m o r e  t h a n  3 y e a r s ) . T h e  b u r n e r s  w e r e  c o v e r e d i n  r u s t  d e p o s i t s  a n d  

g r � �e t h a t  � ay ! 1 a v e  c o n t r i � u t e d  t o  t h e  h i g h  c a r b o n  mo n o x i d e  g e n e r a t i o n  r a t e s . 

o I t  i s  i n t e r e s t ' n g t o  n o t e  t h a t  t h i s  a p p l i a n c e c o u l d  a l s o p o s e  a t h r e a t  t o  

a �·, y  p e , · s o n ;, c ?. n y � �1 �; C· tJ �  c. s a + t y c h e c k  o n  t h e h o u s e . A c a i- t; o �1 rr, o ,-, c x '; ·:: e s arn p -l e  

t a k e n f r om t h e  c om b u s t i o n g a s e s  m a y  b e  w o r t h w h i l e ,  e s p e c i a l l y w h e n  t e s t i n g 
ti c, ·: l e •· :; .  1�. C O  s a :r :· - '? r.:/' � 'l e  c, o i � .:: 1 ·  f": u e g a s  s h o w e d 4 7  p pffi, 
A l t e r n a t e ·: y , a t e � .  : e 1- c o '-· -. : :  c a · ·  r i a C 0 a l a nn , o 1·  a p e r- s o r, a : C 0 d o s s i me t. e r • 

0 T �-� � c � �: : t -� :' L; t 4 () '.i 0 f rJ 0 i � L; :. 2 r: � �; f" !' 0 I.I : ti e t) 0 4 : e ( r 0 0 ;r: t 0 0 � h e r  p 0 r t  i 0 n s 0 f 
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AIRTIGHTNESS TEST RESULT S 

HOUSE IDENT I F I CAT ION 

OUTDOOR TEMPERATURE 

HOUSE FLOW 
PRESSURE PRESSURE 

( P a ) ( Pa ) 

4 0  5 4 5  
3 5  4 4 5  
3 0  3 3 3  
2 5  2 5 8  
2 0  1 8 2 
1 5 1 2 5 
1 0  6 8  

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

c = 2 0 . 5 8  

ELA 4 7 2  

Q @ 5 0  P a  = 3 9 8  

SWARTZ 

2 2  ( C )  

FLOW FLOW 
MEASURED CORRECTED 

( L/ s ) ( L/ s ) 

3 3 7 . 7 8  3 3 8 . 4 4  
3 0 5 . 3 8  3 0 5 . 9 7 
2 6 4 . 3 5 2 6 4 . 8 7 
2 3 2 . 8 3 2 3 3 . 2 9  
1 9 5 . 7 2 1 9 6 . 1 1  
1 6 2 . 3 6 1 6 2 . 6 7 
1 1 9 . 9 3 1 2 0 . 1 6  

0 . 0 0 0 . 0 0 
0 . 0 0 0 . 0 0 
0 . 0 0  0 . 0 0 
0 . 0 0 0 . 0 0  
0 . 0 0 0 . 0 0 
0 . 0 0 0 . 0 0 

CM A 2  

AIR CHANGE PER HOUR @ 5 0  P a  2 . 4 7 6 8 7 2 3 1 7  

sxx 2 0 4 4 2 4 2 5 8 2 6  

SXY 1 5 4 7 3 5 2 7 3 6 9  

CORRELATI ON COJ FF I C I ENT 0 . 9 9 8 8 5 1 2 1 3  

DATE -

WIND SPEED - CALM 

MAY 2 8 / 8 6  

KPH 

VOLUME 5 7 8  M A 3 

FLOW RELAT I VE 
F I TTED STANDARD 

( L /s ) ERROR ( % )  

3 3 5 . 8 7  - 0 . 7 6 %  
3 0 3 . 5 8 - 0 . 7 8 % 
2 7 0 . 1 5  1 . 9 9 %  
2 3 5 . 3 3 0 . 8 7 %  
1 9 8 . 7 5 1 .  3 5 %  
1 5 9 . 8 6 - 1 . 7 3 %  
1 1 7 . 6 1 - 2 . 1 2 % 

0 . 0 0 0 . 0 0 %  
0 . 0 0 0 . 0 0 %  
0 . 0 0 0 . 0 0 %  
0 . 0 0 0 . 0 0 %  
0 . 0 0 0 . 0 0 %  
0 . 0 0 0 . 0 0 %  

n = 0 . 7 5 7  

Q @ 1 0  P a  1 1 8 

SYY 1 .  1 7 4 E +  1 0  

SYX 7 . 2 5 4 1 5 7 2  
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R E S I D E N T I A L C O M B U S T I ON V E N T I NG FA I L U R E S  -
CAS E S T U D I E S O F  P ROB L EM HOU S E S  

H O U S E  N O : 2 1 3 8 (W I N N I P EG)  

HO U S E  PART I C U L AR S : 

Spi l l age D e t e c t o r  R e s u l t s :  F u r n a c e  - 7 1 ° C  
DHW - 54 ° C  

Hou s e  Type : O n e  s t o rey w i t h  f u l l b a s em e n t  
1 9 5 6 - 1 9 6 0  
N a t u r a l E L A @ 1 0  P a s c a l s = 2 2 6  cm 2 
N a t u r a l A C P H  @ 5 0  P a s c a l s = 2 . 05 

App l i a n c e  Type : 

D 

Ke e p r i t e  
1 0 0 , 0 0 0  

B T U  

L e s s  t h a n  5 y e a r s  o l d 

C ompet i ng E x h a u s t  Sys t em s : 

1 - C l o t h e s d ry e r  
Me a s u r e d  f a n  f l ow - 1 5  L / s  

F i r epl a c e : 

1 - Met a l  f i r e p l a c e  w i t h  d o o r s  
Me a s u r e d  f i r e p l a c e  f l c v..: - 1 5  L / s  

6 . 5  m ma s o n ry c h i m n ey 
w i t h  s t a i n l e s s  s t e e l  

l i n e r  ( D i amet e r = 1 2 5 mm ) 

G SW 
3 6 , 0 0 0  

B T U  

L e s s  t h a n  5 ye a r s  o l d 
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6 )  H e a t  E x c h a nge � � e s t : 

f'.; o  p e r c e p t � b - e  ' e c •  0 9 E . 

7 )  Que s t i o n i ng o f  Oc c u :: a n t : 

"' 

O c c u p a � t  w a s  � c t  a w a r e  h e  h a d  a p r o b l em b u t  w a s v e ry i n t e r e s t e d  i n  
t h e  c a u s e , a n d  e f f e c t i n g a s o 1 u t i o n . 

.... .... .... 



F a i l u r e  E v e :� t  a r r: :1 .=: :. ·:: 1- � : · t � o r' S � ;-<; 1_; ' a t i o '-: : H o u s e  2 1 3 f: 

A r e s t r � c t i v e  c r, � rn ·- ey t::· �-· . a r e ::, t r i c t i v e f l e x i t. l e m e t a l  l i r. e 1- ,  a n d  a 1 e a � y  

f l u e p i � e  a 1 � a p p e a r e d  t c  c o n t r i b u t e t o  a n  i n a d e q u a t e l y  s i z e d  c h i m n ey i n  

t h i s h o u s e . A s  a r e s u l t ,  p r o l o n g e d s t a r t - u p  s p i l l a g e  w a s  o b s e r v e d , e v e n  u n d e r  

" o p e n "  h o u s e  c o n d i t i o n s . W h e n  Fi e h o u s e w a s d e p r e s s u ri z e d  t o  2 P a  b y  t h e  we a k  

e x h a u s t  f a n s , t h e  q u a n t i ty a n d  d u r a t i o n o f  s p i l l a g e  i n c re a s e d  s i g n i f i c a n t l y .  

A n  a t t e m p t  w a s  m a d e  t o  s i m u l a t e  a f a 1 l u r e  e v e n t  b y  c y c l i n g t h e  f u r n a c e  o n  a n d  

o f f  a t  f r e q u e n t  i n t e r v a l s  o v e r  a t w o  h o u r p e r i o d , w h i l e  o p e r a t i n g  t h e  e x h a u s t  
f a n s .  U n f o rt u n a t e l ) , e l e c t r i c a l  g r o u n d i n g  p r o b l e m s  a n d  c om p u t e r  s o f t w a r e  b u g s  
p r e v e n t e d  o p e r a t i o n o f  t h e d a t a  l o g g e r a n d  g a s  a n a l y s i s .  C a r b o n  d i o x i G e 
l e v e l s we r e  o b s e r v e a  t o  i n c r e a s e  s l owl y o v e r  t h e t w o  h o u r  p e r i o d . N o  
s i g n i f i c a n t  l e v e l  o f  c a r b o n  mo n o x i d e w e r e  me a s u r e d . 
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a n o t h e r  t o p  t r a �  h a 1j b ::' e n  rr; e a s u r e d a n d  v. a ,, k ,.., o w :: t o  h c v e  ' E ,, s f 1- e e  a r e a  t h a r: 
t h E ·; ; ,, e 1- . - ' · '? c: r a -' \: Ill· c :, s ".. r o r, g b u t t h e s e e Y c i:: s s i v € r e s t r i c 1 i o '' o, �' r e v e 1 t e d 
t h e  c r• i rr :· ey f r Jrr· "1 a ,- c -, ' ·1 s  � 1 1 e  e n t � r e f 'i ow u n t ' l  i t  v-: a '; wE 1 1  n e a � e c . 

o : ': E e x  r• a 'J : �- f Ci n :; a n ,:: f 1  , - e p l a c e d i d r o t  e x ::  e e d t h e  H . 8 • L i rr, i t -' c-. r e i t h e  r 

a p � 1 i a � c e . � o w e v e r , t � e c om � i n e d e f � e c t  o f  d e o r e s s u r i z a t i o n a n d  r e s t � i c t i o n s  
4 :; ;�: I'' E' a :, �: d t i  0 :  r ;  t h .::: (� �.  l (.. ;., .: 0 n a n  c! q u a  ii  t i  t y 0 f s ;1 i l I 0 9 '2 f r  or:-1 -: · .. \ ;,:; c r· : � iT�n e y .  

o � a s o n r y d u s t  w a s  f o u n d  a t  t h e f o o t  o f  t h e c h i m n e y o �  t h e  i n s i d e o f t h e 
1 1 n e r . I f  t h e  l i n e r  h a d  b e e n  d a ma g e d  o r  c r a c k e d o n  i n s t a l � a t i o n , t t1 i s i s  w h a t  

y o u  wo u 1 d e x D e c t  t o  f � � � . H o w e v e 1 , i t  i s  i m p o s s i b l e  t o  d e t e rm i n e  i f  t h e  l i n e r  

� a s  c r a : k e a  b y  m e a n s  o f  a v i s u a l  i � s p e c t i o n  o n 1 y . 

o T h e  c o n s t r ci c t 1 o ! .  c: a t e  f o 1  t h L  h o u s e  \� a '; 1 9 4 5  t o  i 9 6 0 ; a r1 (  y E t  t h e  E L A w a s  
o n 1 y  2 2 6  c m 2 . T � ' s h o u s e  i s  a n  e x amp l e o f  t h e e x t reme � e v e l s o f  a i r t i g h t n e s s  
t o  b e  f o u n d  i n  s om-:i c o n v e n t i o n a : , o l d e r , p r a i r i e h o u s e s . I n s t a l l a t i o n  o f  a 
p o w e rf u l  e x h a u s t  f a �  i n  s u c n  a h o u s e  w o u l d c r e a t e  m a j o r p r o � 1 ems . 

o T h e  b a s eme n t f i r e p � a c e  h a a  a c om b u s t i o n a i r s u p p l y  w h i c h w a s  t o � a 1 � y 
i n e f f e c t i v e ' •  c e ' i v e r ' � s  a ' !- ,  T � i s w o u l d  b e  d u e  t o  t � e s m a � ' d i ame t e r  0 £  t h e  
s u p � 1 y  d u c t  a n d  t h e  1 e s t , 1 c : i o n s  c a u s e (  b y  b e n d s  � n  t h e  d u c t  wo r i . 



A I RT I GHTNESS TEST RESULTS 

HOUSE I DENTI F I CAT I ON HAWK INS DATE - MAY 1 0 / 8 

OUTDOOR TEMPERATURE 2 8  ( C )  WIND SPEED - CALM KPH 

HOUS E  FLOW FLOW 

PRESSURE PRE S SURE MEASURED 

( Pa )  ( P a )  ( L / s )  

6 0  3 0 5  2 5 3 . 0 5 
5 5  2 5 8  2 3 2 . 8 3  
5 0  2 1 2  2 1 1 . 1 6 
4 5  1 8 0 1 9 4 . 6 5  
4 0  1 4  5 1 7 4 . 8 0  
3 5  1 2 0 1 5 9 . 0 9 
3 0  9 7  1 4 3 . 1 1  
2 5  0 0 . 0 0 
2 0  0 0 . 0 0 
1 5 0 0 . 0 0  
1 0  0 0 . 0 0  

5 0 0 . 0 0 
0 0 0 . 0 0 

c = 8 . 0 8 

ELA "' 2 2 6 CM A 2 

Q @ 5 0  P a  = 2 1 8  

A I R  CHANGE PER HOUR @ 5 0  P a  = 

sxx = 3 7 2 2 7 3 8 5 9 8 .  

SXY = 3 1 3 7 2 8 8 2 4 4 .  

CORRELATI ON CODFFI C I ENT = 

FLOW 

CORRECTED 

( L / s ) 

2 5 7 . 8 0 
2 3 7 . 2 0 
2 1 5 . 1 2  
1 9 8 . 3 0 
1 7 8 . 0 8  
1 6 2 . 0 8 
1 4 5 . 7 9 

0 . 0 0 
0 . 0 0 
0 . 0 0  
0 . 0 0 
0 . 0 0 
0 . 0 0  

2 . 0 5 8 5 4 8 6 8 2  
- - - - - - - - - - -

0 . 9 9 7 4 9 7 2 8 7 
- - - - - - -··- - ---

VOLUME - 3 8 2  M A 3 

FLOW RELAT I VE 

F I TTED STANDARD 

( L / s ) ERROR ( % )  

2 5 4 . 7 1  - 1 . 2 0 %  
2 3 6 . 7 0 - 0 . 2 1 %  
2 1 8 . 4 3 1 .  5 4 % 
1 9 9 . 8 8  0 . 7 9 %  
1 8 0 . 9 9  1 .  6 4 %  
1 6 1 . 7 3 - 0 . 2 2 %  
1 4 2 . 0 2 - 2 . 5 9 %  

0 . 0 0 0 . 0 0 %  
0 . 0 0 0 . 0 0 %  
0 . 0 0 0 . 0 0 %  
0 . 0 0 0 . 0 0 %  
0 . 0 0 0 . 0 0 %  

0 . 0 0 0 . 0 0 %  

n = 0 . 8 4 3  

Q @ 1 0  P a  = 56 

SYY = 2 6 5 7 1 9 1 5 0 7  

SYX = 6 .  3 1 7 9 7 2 4 3  

.... .. 
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R E S I D E N T I A L COMB U S T I ON V E N T I NG FA I L U R E S  -
CASE  S T U D I E S OF  PROB L E M  HOU S E S  

H O U S E  N O : 3 0 5 6  (TORON TO) 

HOU S E  PART I C U L ARS : 

Sp i l l age D e t e c t or R e s u l t s : F u r n a c e  - 5 4 ° C  
DHW - 2 n d : 3 8 ° C  

H o u s e  Type : O n e  s t o r ey w i t h  f u l l b a s em e n t  
1 94 5 - 1 9 6 0  
N a t u r a l E L A  @ 1 0  P a s c a l s = 2 2 4 3  
N a t u r a l  AC P H  @ 5 0  P a s c a l s  = 1 1  . 5  

App l i a n c e  Type : 

D = 1 5 0 mm 

R h e em 
1 3 3 , 0 0 0  

B T U  

1 0  m e x t e r i o r  ma s o n ry 
c h i m n ey w i t h  t i l e  

l i n i n g ( 2 0cm x 3 0  cm) 

D = 75 mm 

R u u d  
4 0 , 0 0 0  

B T U  

1 0  t o  2 0  y e a r s  o l d 1 0  t o  2 0  y e a r s  o l d 

Compet i n a E x h a u s t  Sys tems : 

1 - B a t h r o om f a n s  
1 - C l o t h e s d ry e r  
Tot a l  f l ow w a s  i n s u f f 1 c i e n t  f o r  a n  acc u r a t e  me a s u r eme n t . 

F i r epl a c e : 

1 - O p e n  b r i c k  f i r e p l a c e  
T o t a l  e x h a u s t  f l ow o f  1 4 7 L / s  

.., .., .., .., 



,. 

R. � � "· ' :_ -;- ::, o e- s A =- E -,- Y  c •-E c :  

1 )  P r e ' i m i n a ry A s s e s s me n t : 

P r e d i c t e d  H . J .  - ', . 2  P a  
H . D .  L i m i t f o r  f u r n a c e  - 5 . 0 P a  
N o t  p r o n e  t o  v e n t i n g p r o b l em s . 

2 )  J n spec t i o r, : 

M a j o r  s p i l l a g e  o f  c omb u s t i o n  g a s e s f r om s i d e s  o f  b o i 1 e � . 
B o  i l e 1- w a s  i m ;:i r c p e r  l y r e  b u  i 1 t . 
C a p  n e e d s  r e �; 2 � r ;  rT e t a ' : i n i n g r e q u i 1� e d ; i o o s e f 4 t t. i n g s ; 
l e a �y f ' : t � n g s ; w a t e r  s t a � n s , 

3 ) \I� - - : ... c; S )' :. : i:: --; :. - t? :. · : 

� � a �, 1... · - � •.: H . D . - 'i P a  
� o u s e  o a s s e d  V e n t i 1 9 Sy 5 t e � s T e s t . 

11 ) T o t  a i !=" � u e L"i ,- c: " '_ : 

i· �. o � i:- i. a �- � \�1 · 

S t a n c: b :r -= 

�· j � : a :1 ·? C = ' £· .� v � - , o .-- ; �· : 

(· ;:: , . � p c  
. (' -�· '� 

w; a ,j o r ::: p � � - .:) g ·? u n r e ; a t e d t c h o tJ s e d e p r e  s s u r i z a t  � G n . 

6 )  L; e c: t  E ,x c h a r: o :;,> r  7 e : : : 

r·� c. t a p �! l  i c a b  i e .  

7 )  Qu e s t i o n i n g o "  O c c upa � t : 

O c c u p a n t  n a d  n o t i c e d  s m e l l s  a n d  s t u f f i n e s s  i n  b a s eme n t . 

,. ,. 
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� a  i - J �- '°' E v e ,.., t [; E 5, c r i ;1 � ' c :-: a '; .:! S � m u  l a t  i o n  : H o u s e  3 0 5 6  

T h e  d o t  d e t e c t o 1· h a  c i d e n t  i f i e ,j g a ::  s � i ·, 1 a g e w ri i c h  w a s f o u n d  t o  b e  o c c. L r  r i n g 
o n  a c c n :  i 1 u o u s :- 2 s ' s w �, -:: r e v e r  t h e  a p �' 1 i a n c e vi a s o p e r  a t  i '.l g • P.. r, i rr, ;; ,. o ;• i::· ,- i y 
r e b u i l t b o i 1 e r w ci s s [1 i ! l i n g g a s E s t h r o u g h h o l e s i n t h e ::; i d e o f t r-, e �I o i � e r 
w h e r e c o v € !- p - a t +:: s �, o c  ti e e :t  o rri i : t e c . 

T h e  f a i l u r e  e v e n t  w 2 s s i m L l a t e d  by s i m � 1 y  a l l o w i n g  t h e b o i l e r t o  c y c l e o n  a n t  
o f f  o v e r  a 9 0  m i n u t e � e r � o �  1 1  a t i g h t  h o u s e . T h e  C 0 2  a n d  C O  � e v e · s w e r e  

m e a s u r e d  c o n t 1 n G o u s 1 y  � n  t h e  b a s eme n t  a t  h e a d  l e v e l . G r a b b a g  s am � � e s  w e r e  
t a k e n  o n  t h e  ma i n  f 1 o c v  a n d  s e c o n d  f l o o r  o f  t h e  h o u s e  t o  s h o w t h e  d i s t r i b u t i o n  
o f  p o l l u t a n t s  i n  t h e  n o u s e  d u r i n g  t h e s i m u l a t i o n .  

G r a � h  1 - 3 0 5 6  a n c  2 - 3 0 5 0 , s � o w  t em p e r a t u v e  m o n i t o r i 1 9 o f  t h e d i l u t i o n  a i r 
i n -, e t  o 1 d f u r r: 2 c e f - LJ:: ci L; 1'°' � n 9 t �1 e 'F a  4 i L; r E E v t: i� :. s 1 IT: u � a :  � c r-� • G r  c :: -- 1 s h o w s  t h e  
� 1 I ' s :  !�: 0 rr· � .... : 1._; � .::- �: a :-: ::: G ·, .� =\ r- � �: :� Q \·J t r-1 � s e c  0 n c 6 0 Ti1 � n u t e s  . --; ri � r ·j :?1 E a r'"�: f a  1 1 0 f 
t em �» � r a t u r e s  c o rr e ::; � ,, ,-. ;= t c  ;: .. , .:;  c y : ·: i n g  o �  i:. :·, e b o i � E r .  T h e  i n ·1 e t  t e m �: e r a t u r e s  
: �. :·1 c i:  e :•: c e e c: "'.: : ·, e -= ·� ': 1:' e � e c "l o 1 · : c: r: �> e t· a "c L :· e  0 -r  9 1· e a t e r  t h a n  5 4 ° C .  � o w e v e r , 

G r a � �  3 - 3 G 5 6  a n 0  G r a �  .. L � 3 G � 6 , s h o �  c a r � c n  d � o · � : e m o G i : o r ' � g ' - : n e 
b a s; � rn e :·. � f o r· t r! � : t1; : 6 1�i -:- .: ·· i_, :  �- f· -:: i ·: c. =: :: • := c :-- : E 1· -: �- a -:: ·; c ---: :: r· �� s � c ... .! c < : y a n d  t h e n  
b e g c r1 t o  s : c : .! ·: 4 z r:: J 1... � -::: Ci \' � (  3 0 \J c� µ �,rr . .  

G r  a �· h 5 - 3 �·· �- ·� , s h ·J \1.' �: t ..-, €- c c ·-1 c €  .-! � r· a �  i o ::  
S i Tl1 U : a � -\ G ·-: . "'" ri e i e v e l :: a v e 1· a ; e C 3 �· p TT , 

� '/ 0 .  : . . T � e  o n e  p e a :  r e a d i n g  c f  2 0  p �� 
g a s e �) f r 0 m t 11 E [l r-� v\: t a :· I • T .-! e ,... ; .::: ) . \/.: .::-,. �i 

c f  c o  i n  t h e  b a s e rn e � �  a r e a  d u r i n g t h e  

� � t h  n o  n o t i c e a � l e  r i s e  ' r  -:: n e  C O  
\,,· a :; c ,� � ,· e e l  s 2 r:<: l � r1 9 ·::· f C C· rT1 �· .1 s t  i o n 

� r o J � c ' n g  i n s 1 g � i f i c a � �  e ; e 1 s o f  C O . 

) 2. : i e - 3 � [1 1: , �� ; : C· \1,' S \: �· ,�: ,:_ :. : C e r! �  !- 0 �� l () r S C :  [ 0 2 0 il d ( 0 C P t r: .:: TT· � _, .- f : C ':: ) . 
a n. Ci 
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C 4 r1 .! r: 9  r- o o:-· r: e -: �j : ·=· r e E. �1 : rj e a :\ s o l u t e  c o n c e n t. r a t l o n s  o f  := 0 2  a s  rn 1_ i c h  2 �: 60${ 
b � " c �  t � e b a s e �e � t  e v e l s .  

G t a : ; "· 1�· - �: J �: 1� , 5i "": :)\1,· :; � r. ,: :� a --:: 1_, l (: �  C e c a y r c :. e  o f  C C 2  f G -: : o w .! .--. ;  "c "·: € e v .:: :-i t 
s i m c: · e "'.. � u . -:- r. '. :, ; r- ,� ' :: a -.. e G c. �' 2 :  t h e  n a t  u r a :  a i r c h  a n  g e r a t e  w a o• ' • Q A C  P H  i n 
t h <:' b a ::: en: i::: r1 i_ , S u er: a r , � ; r1 a i • c : 1 a r1 9 e  r a t e  m a y  b e  r e l a t e d  t o  t 1 i:: : ;J i : : a g e  o f  
h o t  c omb u s t i o n g a s e s  . 
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C o r c � l; :; i o n s  a n ,� C omrr.e n t s :  � O LI S •? 3 0 3 0  

o T n e  a c c i d e r � a � p o s i t i o n i � g o f  t h e  d e t e c t o r  o n  t h e  s i d e o f  t h e d r a f t  n o o c , 
a l l owe d t h e  d e t e c t o r  t o  e x t e n �  o v e r t h e  s i d e o �  t h e o o i 1 e r c a s i rr g . 
C o n s e q u e n t l y ,  t h e  c o t  d e t e c � o r  w a s e x p o s e d  t o  t h e  s p i l l a g e  g a s s e s  r i s i n g f r om 
1 e a • s � n  t � e s i � e o f  t h ' s i m p r o p e r l y r e b u i l t  b o i l e r .  T h i s w a s a f o r � u n a t e  
o c c u r r e n c e , s i n c e  t h e  b o i l e r w a s  s p i l l i n g l a r g e  q u a n t i t i e s o f  g a s . U n d e r  

n o rm a l  c i r c um s t a n c e s , a d e t e c t o r  mo u n t e d o n  t h e  d i l u t i o n a i r i n l e t w o u l d � e  

u n a b l e  t o d e t e c t  t h i s t y p e  o f  f a i l u r e .  

o \IJ :-, e ;-1 t r-; e f -l u e �i i p e w a s  t em p o r a r i l y  p l u g g e d , f l ame s w e r e  o b s e rv e d  c orn i n g  o u t  

t h e  h o 1 e s  i n  t h e  s i d e s  o f  t h e b o i l e r .  

o I t  ! ' e q u i r e d  a p e r s i s t e n t  a ri d t h o r o u g h  i n s p e c t i o n t o  u n c o v e r  t h e  r e a s o n w h y  

t h e  d e t e c t o r h a d  i n d i c a t e d s p i l l a g e . T h e  n a t u r a l  a i r  c u r r e n t s a r o u n d  a b o i l e r 

c a '.! :. e m 2 j c �- d i s n: p t  i o n s t o s rn c f: e p e n c i 1 i n v e s t i g a t i o n s . 

o T h e  i n s p e c t i o n  u n c o v e r e d  a n um b e r  o f  o t h e r  p r o b l em s w i t h  t h e  s y s t e � .  I n  

p a � · �_ i c. d : a c  t '": E rr.e a s u ·- erne r, t  c- '.0 o n l y  6 . 5  P a  c, p e r a t i n g d r a f t i n d 4 c a t e .j s p o o r- l y  

p e r f o rm ' n g  c h i � n e) . T h i s w a s  � r o � a b l y  t � e  r e a s o n t h e  DHW t a n k  d e t e c t o r 
" ·1 ". � c ':. a t e  c' s c: ; l -; c, 9 e 2 '. :. t a )' t - u ;1 ( 2 1 d 3 8 ° C d o t ) . I t w a s s u s p e c t  e .j t �; :, : t n e 
c ', � 1nv ,: y  h a ci a t. i o c k 2 s i:: . A t a l l l a o d e r w a s u s e c  t o  a c c e s s  t h e 1· c· c· f ,  a r: c  a 
t 1 ' 0 U �"i - ·�· - � 9 1  � � a �; l� !· ,: : <" -?. j C: o v�· -- 1  t r-1 �: c: !-1 4 rn n e�Y ·  T t l �  �; (.1 )' J v e c� t o  b e  a t ,- .: c � y  a n ij 
c a n 9 1:: 1· 0 :.1 :, ro :- e .- :: • :. � , e s �1 e c � c � - )  b i:: c a c.: s e  t h e  t o p  o f  t h e c h i m n ey w a s u ri s t a b l e .  
f\ o :� ., c: :: ! c ·; ·? ·v: c s ·�:i �, s e r v e c'. • T r·i e � ::_, w d ( c -r :  i s p o  s s i ti 1 y a r e s u � t o f  c CJ �: · _. .. , s d l '= 
t c :1 :. s r- C e �� i g ··: ( � . e . , � 1:1 m t a �; : e :· : e r  -'. o r- ;-r, a s o n  t-y c h  i rri r1 E y ) , a n d e :r c e s  s ! e a �-. a g e 
i n  t r1 -=· f � ._J f:: �j � : i �  a .... . �: �! � :� o n 1· y  : � ri ;:: r ,  A. IT!O !' E'  d €- � a i � E 1j c: i o 9 r1 0 s t i c  �1 r o c e d tn· E f o r  

c h  i rr! :·; :: y �� \1\ : t 1.-.. : ;:i �>-. C: ·· s = -: !. �. r .:: : ll .: r � (: . 

o -:- f . -:;  �, D .... � C1 \' 1 ·· � �� , - � e. ·J e � 1· -? a 1�! ./ c ·=· ·· : : � ·� e 1- e !J  :. a v 4 �; g  a ! 4 1 e r  4 1-, s t o -: : e d 2 1·: c� !: 3 :}  g o n e  

s o  f a r  a s t o  o ti -: c i n l-1 i - i c. E < . S �-! e i rl i:� l c c "'.:.  .:: .: t o  u s  t h a t  t h e  r E �: c �; c . a � - s � ,. a :· SJ e 
.: p �� � c e s  f (· 1' - ,. �; : a  
S:- 5 0 C . O C'. .  

.-. -::; ._.. � .!. .... (: ) ' O "" C! 1· e � d i 1-- � �! 9  t �i e  t: r l c L. v.i o �� � , 7 r 0rr1 $ � E. Q . C Q t o  

o T � � s � o u s e  w o L. l d  h a v s b e e n  a g o o d  c a n d i d a � e  f o r  t h e t o t a l c n 1 m n ey d r a � l  
m e a s u r e �e � t  d i a s n o s t i c  t h a t  i s  : o  D e  i n c l u d e d  1 n  t h e  f i n a l  v e r s � c � o f t : . �  
c h  (.l : ;� 1 � 5 : . 
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G R A P H  1 - 3 0 5 6  
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G R A P H  2 - 3 0 5 6  
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TEMPERATURE MONITORING OF FURNACE FLUE 

PR OBL.EM  HOUSE FOUOW4P, MAY 1988 
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CARBON DIOXIDE MONITORING IN BASEMENT 

PROBL.EM HOUSE FOUOW-0>. MAY 1998 
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G R A P H  5 - 3 0 5 6  
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CARBON MONOXIDE IN BASEMENT 
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A I R L EAKAGE T E S T  RESULTS 
( Fa n  Depr e s s ur i z at i o n ) 

HOU SE II 3 0 5 6  

DATE : 22 MAY/86 
T S T R : AM C  
H O U S E  I D E N T I F I E R :  

T I  

O U T D O O R  C O ND I T I O N S  

::ll.JTDOO� TEMP [DE G  C l  + 1 6 . 5 0 

fnl r E� T  PSES�LJRE CKP� : � } 0 1 , 4 5 
WJNO SPEED Cl<l"L't-4' • 3 

I NP U T  D A T A  

. 
:i 
. 
� 
c 

� 
.. 
� 
6 

C - · ·-
N = 

UMflDJ . 

!="'i...Oi..I 
�L.'S) 

5• 3 .  '*' 
6.!'5. ts3 
08 1 .  .lll 

t Cl3�4:l2 
1 2o:s. :.:e 
) 135. �0 

PRESSLl':E TErWE,.,.TURE 
CS>l!:Ll.l OF M R  FLCU 

CMl C C E C  r.l  ---- -----
1 2 . e  1 6. 9 
1 5 . 0  I S .  S 
22. B  1 8 . S  
:m . o  1 e .  e 
1e . 0  1 9 . !-
50 . e  1 8 . 8  

f'ID 'LISTED F l  TTEO REL� T J VE  

FLCU 

�L/S ) ---
53� . : 6  
�ne. -r.: 
85�. '."� 

1 011 :  • .i.� 
l :.?52. : s  
1 422 . � 

r:...cu ERR�R 
c�.·s i C • ' 

--- ---
ss1 . �e .. ,. 
794 . .,� �. 00 
9JS. � Q -• . �1 

1 eae. tle .. 1 .  qs 
! 4515. :?:J D. �7 
! 4::S�. :">5 e .  J1 

1 4 2 . / 2 3 0  

0 . 5 8 8 7 2 2  

E . L . � . �� 0 . 2 2 4 3  M ·.: 
UOL C M -" 3 1 ==  4 4 7  
0 @ 1 0 P A =  5 5 4 . 8 0 1  
0 @ 5 0 P A =  1 4 3 3 . 5 5  
�IR �GE/t"CJUR Ii 50Plllil 

A C / H R = l l . 5 4 5  
S X X =  8 . 2 0 8 6 8  

S Y T �  2 . 8 6 3 2 9  

S X Y =  4 . 8 4 0 8 4  

S Y X =  . 0 1 8 4 6 7 1 

ll:ELATIUE ST� EAADR OF Q 
Q 1e r11 CPER '\JIW'f el C • l  

1 .  864 x 

... ... 

A I R  CHANGE T E S T  RESULTS 
( C0 2  Decu.y R a t e ) 

T E S T : 3 0 5 6  - T D F: mn o  

T I M E = 0 0 0 2  = 2 . 6 4 
T I M E = 5 C 0 2  � : . 4 5 

T I M E = 1 0  C 0 2  = : . 3 7 5  

T I M E · = 1 5  C 0 2  � 1 . 9 5 

T I M E = 2 0  C 0 2  = : . 8  
T I M E = 2 5  C 0 2  = 1 . 6 6 
T I M E = 3 0  C 0 2  � 1 . 5 5 
C O R R E L AT I O N =  . 9 8 7 1 1 6 4 

C O N S T A N T =  : . 6 8 8 3 7  
A C P H =  1 . 1 3 7 6 4  

V O L =  4 4 7  

F L O W  C L / S l  = 1 4 1 . 2 06 1 

F L O W  P E R  P E R S O N  = = . 7 1 9 8 8 5 E - 0 2  
F L O W / P E R S O N  A C T U A L  = 4 7 . 0 6 8 7 1 

... ... 



R E S I D EN T I A L  C O M B U S T I ON V E NT I NG FA I L U R E S  -
CASE  S T U D I E S O F  P R O B L EM HOU S E S  

HOU S E  NO : 3 1 1 3  (TORONTO) 

H O U S E  PART I C U L AR S :  

Spi l l age D e t e c t o r  Re s u l t s : F u r n a c e  - 1 2 1 ° C 
DHW - N/A 

H o u s e  Type : O n e  s t o r ey w i t h  f u l l b a s eme n t  
1 94 5 - 1 9 6 0  
N a t u r a l E L A  @ 1 0  P a s c a l s = 7 0 4  cm 
N a t u r a l  A C P H  @ 50 P a s c a l s = 2 . 6 

AQ.Q l i a n c e  Type : 

D = 1 2 5 mm 

I C G 
8 9 , 0 0 0  

B T U  

. 4  m e x t e r i o r ma s o n ry 
c h i mn ey w i t h  met a l  
l i n e r  { D i ame t e r  = 1 2 5 mm ) 

E l e c t r i c  

L e s s t h a n  5 y e a r s  o l d L e s s  t h a n  5 y e a r s  o l d 

C ompe t i ng E x h a u s t  Sys t em s : 

1 - K i t c h e n  r a n g e h o o d  f a n  
1 - C l o t h e s  d ry e r  

F i r epl a c e : 

N o n e  

' 
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P r e d i c t e d  h . � .  
h . 8 .  L i m i t 

') � ;:' d 
- S . O  P a  

�ot p r o n e  t o  v e n t i n g  p r o b l em s . 

2 )  I r1 �. o e c  t i o n  : 

C a r, n e e  a s  r e p  a i 1- ; t ll- i c k 1-.1 o n  n e e  c s  r e f°' a i r ; 
f 1 u t  t o o  w � t . 
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7 )  O u e � t i o � i nq o f  O c c upa � � : 

O c c: u p a 1 1 'L s  a w a 1· e  o �  s m e l l s  a n d  d am p n e s s o r i g i n a t i n g  f r om f u rn a c e  . 
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F a 4 : L '.' :.: E ·v -? r- 1� � e �1 c 1• -� � � � c �r a r-: � S i rr1 u 1 o t 1 o 1 ! : r o u s e 3 �i � 3 

o E x �, ?. cJ S ':  f a n s  v.1 e 1» �  O i:°' e ni � e j  a n c  t h e  c h i mn ey w a s t0 l o c k. e 1j t o  f' r e ·,; o? '"< g l.1 '., : y  

w i n ('. s  f 1· orr: r e - e s t a b : i s h i n g  d 1- a f :  (l u r i n g Hi e s i mu l a t i ·:i n . 

o T h e  f a n s  i n  t h i s h o u s e w e r e  a b l e  t a  e x h a u s t  1 5 0 l i t r e s p e r  s e c o n d  a n d , 
c o n s e q u e n t 1 y ,  t h e  a i r e x c h a n g e  r a t e  i n  t h e h o u s e  w a s  h i g h  d u r i n g  t h e  
s i m u � a t i o n a v e r a s ' � £ . 

o T h e  b o 1 l e r w a s a r b i t r a r 1 1 )· cyc l e d o n  a n d  o f f  e v e ry 2 0  m i n u t e s  t o  r e p l i c a t e  

a ty p i c a l  w i n t e r  h e a t � � g  s c e n a r i o .  

o t i s � r; t e 1· e :, t i n g t o  n o t  e t h a t  t h e  h o u s e  w a s n o t  n o t  i c e a  ti l y o v e r - h e a t e d  

d u r  n g  t h e s i m u ' a t i o 1 ,  d e s D i t e  s umme r t i me t em p e r a t u r e s o u t d o o r s .  L e n g e r  

o p e  1· a t  i 1 g 1" u �· �, r�: 2 y :·1 a v e t: e e 1 \I, a 1- l' a :1 t e d . 
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a i l" i n ' Et 1J J r , · s  t t• e  s i rnu � c. : i o n .  i n €  �i i g h i n l e : t em p e 1· a t u r E: s  r a 11 9 e <:1 '' 1· om 
1 8 0 t o 2 C 0 ° C , c: :·1 1� c c ,. !' e 3 :-· C'· , .• c 11. e ·, , 1� � : �. t ··1 e ' 2 '. ° C d o t c e : e •:: : o • . 
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C r :: :  l: '.· ' o :· s a ··, ,:' C cr:c� E r< s :  '-- C (; �; <� "3 ' ' 3 

0 C � i mn ey s :; l l l a g e  w a s  a 1 m0 s t  c e v t a 4 � 1 y  a ·· e s G 1 t o r  b a c � d r a f t i n g d u e  t o  h o u s e  
d e r 1 e s s u r 1 z a t 1 o � .  T h e m a j o r  c o n t r � b u t i n g  f a c t o r s  w e r e  a � � s ' � e r v e ' c p e  a n d  a 
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R E S I D E N T I A L COMBUST I ON V E N T I NG FA I L U R E S  -
CASE  ST U D I E S O F  P R O B L E M  HOU S E S  

H O U S E  NO : 3 1 0 2 (TORON T O) 

H O U S E  PART l C U LARS : 

Spi l l age D e t e c t o r  R e s u l t s : F u r n a c e  - 1 2 1 ° ( 

H o u s e  Type : Two s t o r ey w i t h  f u l l b a s eme n t  
1 9 6 0 - 1 9 7 5  
N a t u r a l  E L A @ 1 0  P a s c a l s = 1 4 4 1  
Nat u r a l AC P H  @ 5 0  P a s c a l s = 5 . 2 5 

Appl i a n c e  Type : 

D i ame t e r = 1 5 0 mm 

5 . 7  m e x t e r i o r m a s o n ry 
c h i mn ey w i t h  t i l e  l i n i n g 

( 2 0 0  x 3 0 0 )  

L e n n o x  I I E l e c t r i c 
5 0 , 0 0 0  

B T U  

o n i c  i g n i t i o  

L e s s  t h a n  5 y e a r s  o l d 

C ompe t i ng E x h a u s t  Sys t em s : 

1 - K i t c h e n  r a n g e  h o o d  f a n  
1 - C l o t h e s d ry e r  
Tot a l  e x h a u s t  f l ow me a s u r ed 9 1  L / s  

F i r epl a c e : 

1 - F i r e p l a c e  

L e s s  t h a n  5 y e a r s  o l d 

T ot a l f i r e p l a c e  f l ow me a s u r e d  6 8  L / s  a t  6 P a  H . D .  

... .. 
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P r e d i c t e d  t-i . C: .  ,..., ,...) :i ... - L I .:.  ' G 

H . D .  L i m i t f o r  f u r n a c e  - 5 . 0  P a  

H o u s e  i s  n e t  � r o n e  t o  v e n t i n g  p r o b � e m s . 

2 ) 1 r. ;; : .e : t i o r: :  

C a �  n e e d s  r e � a i r ;  b r i c �  wo r k  n e e d s  r e p a i r ;  m t a l  l i n i n g r e q u i r e d ; 
l o o s e  f ' : : i n g s ; r � p e  s l o o e i n a d e q u a t e  ( n e g a t  v e  s l o p e ) ; 

f � '. t e r  n c :  i �: ?. t c. : -: e c ;  w o nr. a � r r e g i s t e 1- m � s s  :t g  i n  f u r n a c e  r o om . 

3 )  V e n : ' n � S v s : e � s  - ; s : : 

;'°; .. :� • ff!'? a s  Li r e  ( w � -: --: � a :.  s 
� . ;:, . m e c. s 1_; n , , .J v.,: ' t :-1 f o r, s  �1 1 u s f i r e p l a c e  
L· � � [1" '  -: 

t . O  P a  
7 . 5 P o  
5 . C  c o  

r . 8 . L � � 1 ·  e x c e e d e �  f o r  f u r G a c e  w ' : h  f a n s  a n d  f u r � a c e  b l o w e r  

o �  s ·- -· � · :;, �. c:- :· :: ·- � i:i o c  1 

4 ) T o t c � � - :�; '=' :, � c : � : 

�� a n 1: �'. : � "" " - ' :;.-- =- 15" 
" . 

= 6 -· :; . 

5 ) ': � i ., � a c! t? (: � :, -::: i� v a � -� .) -- �- : 

St-('\ r t" -"" f s/ 1 //,.J r f'pr 3 vn /rt v.i e s  
6 )  � e a t  E ;1 c �i .�-: ·-. c � !- T 7. : � :  

�\ o �i e ··· c � �· t � �1 ; E E a ; s . 

7 )  Que s t i o11 ' ·19 o "'  Ocr_: 0� a ·· � :  

L a � y o f  h c u s e  n � s  � a �  
h o � s e  s � x  mo r t � s a g o . 
w '. � �  t � e f J r n a c e . 

h e a � a c n e s  s i n c e  t h ey m o v e d  i n t o  t h e 
S n e  t h o u g h t  i t  h a d  s om e t h i n g t o  d o  
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R E S I D E N T I A L COMBUST I ON V E N T I NG FA I L U R E S  -
C A S E  S T U D I E S OF  P R O B L EM HOU S E S  

H O U S E  NO : 4 1 8 1 (OT TAWA) 

HOU S E  P ART I C U LARS : 

Spi l l age D e t e c t o r  R e s u l t s :  F u r n ace  - 7 1 ° C  
DHW - 3 8 ° C  

Ho u s e  Type : O n e  s t o rey w i t h  f u l l b a s eme n t  
1 9 6 0 - 1 9 7 5  
Nat u r a l E L A @ 1 0  P a s c a l s = 4 7 0  cm2 
N a t u r a l A C P H  @ 50 P a s c a l s  = 5 . 3 5  

Appl i a n c e  Type : 

D 1 5 0 mm 

Srrla rt  ( C h i n o o k )  
1 2 5 , 0 0 0  

B T U  

L e s  s 'tli a fl 5 9 ea t s 'o 1 d 

Compe t i ng E x h a u s t  Sys tems : 

- K i t c h e n  r a n g e  h o o d  f a n  
- C l o t h e s d ry e r  
- O t h e r  f a n  

Tot a l  e x h a u s t  f a n  f l ow me a s u r e d  - 1 2 1  L / s  

F i r epi a c e : 

1 - O p e n  b r i c k  f i r e p l a c e  
1 - W o o d  s t o v e  

5 m e x t e r i o r  ma s o n ry 
c h i m n ey w i t h a s t e e l  
1 i n e r  ( D i ame t e r  = 1 2 5 mm ) 

1 0 0 mm 

GSW I n c .  
5 0 , 0 0 0  

B T U  

y e a r s  o l d 

F i r e p l a c e  f l o w c o u l d  n o t D e  me a s u re d  d u e t o  7 P a  H . D . f o r  f a n s . 
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R E S I D E N T I A L COMBUST I ON V E N T I NG FA I L U R E S  -
C A S E  S T U D I E S O F  P R O B L E M H O U S E S  

H O U S E  N O : 4 1 8 4 OTTAWA) 

HOU S E  PART I C U L ARS : 

Spi l l age D e t e c t o r  R e s u l t s :  F u r n a c e  - 5 4 • C  
DHW - 7 1 • C  

H o u s e  Type : O n e  s t o rey w i t h  f u l l b a s eme n t  
P o s t - 1 9 7 5  
Na t u r a l E L A  @ 1 0  P a s c a l s = 8 5 7  cm2 
N a t u r a l  A C P H  @ 50 P a s c a l s  = 3 . b4 

App1 1 a n c e  Type : 

D "' 

Cl a r e 
8 2 , 0 0 0  

BTU  

l e s s  t h a n  5 y e a r s  o l d  

Compet i ng E x h a u s t  Sys t em s : 

1 - C l o t h e s  d ry e r  
1 - O t h e r  f a n  
To t a l  e x h a u s t  f a n  f l ow me a s u r e d  1 3 2 L / s  

F i r epl a c e : 

1 - Met a l  f i r e p l a c e  w i t h  d o o r s  

5 m e x t e r i o r  met a l  
c h i m n ey 

( D i ame t e r : 1 2 5 mm ) 

1 0 0 mm 

GSW 
3 8 , 0 0 0  

B T U  

l e s s  t h a n  5 ye a r s  o l d 
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1 )  P r e ! i m � ri o r Y P. s s e s s c:e " t : 

P r e j i c t e d  H . D .  - 8 . 7 P a  
H . r.1 .  L i m i t  f o r  fu rn a c e  - 6 . 0  P a  
H . D .  L i m i t f o r  DHW - 5 . 0 Pa  
H o u s e  p ro r: -:: t o  v e nt i n g  p r o b l e m s . 

2 )  J n s �· e-: t '  c- r  : 

F a ·_; l t y e ' e c t •· :: n i ·:: c arr ; i r� �  J n  c om b u s t i o n  a i r d u c t ; 
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3 )  V e � : ' n c Sy s � e � :: T e s : : 
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5 ;:; a 
- 7 F' a 
-- C. P a  

k p � _, ,, 
F � • -:-: �1 ·: � r:, e �: � .: ' 1 e C \',' �: i? �! c p e Y a :  e ;j W 4 :. r- f c. r, s . 
W a r g � � a 1  p a s s  f o r  f L r n a c e . 

4 .! T Ci -: a : � - u •'?.' �i 1� (: .r 6• • 

F rJ -; � c r; !'.? ., ... G :  � (,\ .. 
�- � �-: :� c : ' . 

5 )  s � 1 1 1 a a e  O b s e r v a t i o � s : 

s :. c 
2 C a  

r � - n a c e  s � i ' � e c f o r  rr o 1· e t h a n  3 0  s e c o n d s  w i t h  f a n s , f i r e p l a c e  a n c  

a i r e x c h a n g e r  o p e r a t l n g ,  f u r r n a c e  r o om d o o r  s h u t , a n d  h o c s e t i g � t . 

6 )  � e a "t E x c h a n a P •' T i:>  '.: t : 

N o  p e r c e p t i b l e l e a k a g e . 

7 ) O u  e :; t i  o r: i n c; o f  Oc c u  f:' a n t  : 

Oc c u p a � t  w a s u n a w a r e  o f p r o b l em , b u t  w a s  n o t  s u r o r i s e d  t o  l e a r n  
t h a t  d am p e r s w e r e  f a u l t y  o n  t h e c o m b u s t i o � a i r  d u c t  . 
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F a i i LJ t- e  E v e r, :  L.i e �, u 1 �· t ' o r a r: ·� S � JT. ,, ; a t i o n : H o u s e  4 1 8 l 

o T � ' s h o u s e  wa s a c a s e  o f  mu l t i p 1 e  f a i � u r e s .  T h e  s i mu l a t i o n h a d  t � e  � = v 
p a r t i a l l y  i n  t n e  d e f r o s t  m o d e a n d  o n  h i g h  s p e e d , t h e  Ac a p a c  c orn� � s : i o r a � r· 
d a� p e r  j amme d , a n �  t � e f u r n a c e  r o om d o o r  s h u t . T h i s w a s t h e  n o r�3 � o p e r a t i n g 
mo d e  f o r  t h i s h o u s e . T h e  a p p l i a n c e s  w e r e  cyc l e d o n  a n d  o f f  � r  2 0  m i n u t e  

i n t e r v a l s .  

o G r a � h 1 - 4 1 8 4 a n d  G r a p � 2 - 4 1 8 d ,  s h ow  t em p e r a ':: u r e  m o n i t o r i n g  o f  f u r n a c e  

f l u e a n d  d i l u t i o n  a 1 r i n l e t d u r i n s t h e  s i m u l a t e d  f a i l u r e . 

o G r a p h  3 - 4 1 8 4 a n d  G r a p �  4 - 4 1 8 l ,  s h ow  t � e  mo n i t o r i n g  o f  c a r b o n  d i o x i d e  i n  

t h e  r e t u r n  a i r o f  t h e f o r c e d  a i r s y s t em .  T h e ma x i mum l e v e l s r e a c � e d  w e r e  j u s t  
o v e �  4 0 �0  p p r; , a 1 t h o u g �  w i � h  h i g h e r  cy c l i n g o r  m o n i t o r ' n g  t i m e s , s t e a d y s t a t e  

c o n c e G t 1· a : i o n s  wo u l d b e  r e a d  a t  m u c h h i g h e r  l e v e l s .  

o G r a f" · h  5 - L ' 8 � ,  s "r nvr; t h e o e c ay o f  C 0 2  d i r e c "'.., i y  f o l l o w i n g t :-1 e s i rr : l; � a t i o n 

a n c  w a s  u s e <:, t :;  c c:, · .:: ;,.,  i a t e  i: •·1 e n a t u :· a l a i  1· c h a r. g e  r a t e  d u r  � l'1 :j a :� c  a .;- ·" e :· t h e  
s ' r  ·. : � a. --.  ; D :· • 
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C o r  :.: i u :: ·: o :·i ::: e r� .; C omrr e n t :i :  � O l1 �; e  c � ,::. � 

o T h e  h e a :. r c -: c= \1 � 1- y  v E r-1 i 1 a : G ! ' , -: oc a t e d  i n  t h e  f u r r-i a c e  r o om , :·, a c  a -7 a u -· ty 
d e f r o s ::  d a rn �>e !· � �1 .:. :. w o � a mrr. e c  o p e n . T h e  f u r n a c e  r· o o�:: h a d  0 �� 1 9 � n a � � Y  t• e e n  
c o n s t r u c t e d  s o  a s  t o  b e  o u t s i d e  t h e  e n v e l o p e . A w a l l h a d b e e n  m o v e d , a n d t h e  

l a 1· 9 e  a i r  i n l e t s  f o r  t h e  f u r n a c e  r o om h a d  b e e n  u s e d  b y  t h e  H R V  a s  a n  i n l e t a n d  

o u t l e t .  H o w e v e r , t h e  t i g h t f i t t i n g  w e a t h e r s t r i p p e d  d o o r  o n  t h e  f u r n a c e  r o om 
h a <:! n o �  b e e n  r emo v e d . n o r  h a ·:1 a w a rm a i r o u t l e t b e e n  l o c a t e d  i n  t h e  f u r n a c e  

r o om . W h e n e v e r  t h e  H R V  e n t e r e d  d e f r o s t  mo d e , i t  w o u l d c a u s e  a r a p i d 
d e p i- e s �; u r � z a t" i o n  c f  t h e f u r n a c e  r o om , a n d  p r e s um a b l y  b a c k d r a f t  t h e  c h i m n e y .  

S i n c e  t n e d e f r o s t  d a m p e r h a d  j amm e d , t h e  H R V  d e p r e s s u r i z e d  t � e  f � r n a c e  r o om o n  
a c: o n t ·i n u o u s  ti a s L .  

o A �  A c a r a :  c o�: u s t i o n a � r d am o e r  wa s  f o u n d  t o  h a v e  b e e n  i m p r o p e r l y  w i r e d  s o  

t h a t  i t  f a i l e d t o  o p e n  a s  i n t e n d e d  w h e n  t h e  f u r n a c e  f i r e � . I t  w a s  n o t w i r e d  
t c  t f1 �  :i � \'1 h e � �� 0 ! · . :... o ·: � ;· f  G a fr � ::: y- r1 t: �· ri o �.1 €' ,� a t � o n a � , i t  wo u i d s t l i l  h a v e  
f a 1 1 e � t o  p r e v e � �  t h e  D � �  f r om b a c k d r a f t i n g  c o n t i n u o u s l y . 

o A. s ·· :1, �· � .:c : · e -.,., :: :: ·'" :: rr: e c; �, J '" "' w o u l c'. b e  t o  r e m o v e  t �, e  f u r n a c e r o e·"· d c· o r , o :· 
d u e :  : h e  µ � v c e = r c s �  i n ' e : t o  c u � s i c e � � e  f u r n a c e  r o om . H o w e v e r , t h e  e x h a u s t  
f o '· S  a ·-: '.'. " � 1- � ::-· ' a .: e  a i· e  c; :, - '="  t C· f c; � l  t.c- � �1 a :::· �, i � a n c e s , ar: ci w o u l d r e q u i i- e f u r t h e r  
r e G e t 1 a 1 me a s � r e s . 

o ..... '"'· i �. -= ti •· · · Li : -:: '.. o :  :... · .  � �� : 1 -=  € ..  = : c J.. ·:7 c· f � r-1 � Z:1 1"' t 1 � r, l 9 3 0 , a r. C w a s  u ;� d � t e d t o  
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t � e s p 1 1 1 e c c o� � � 5 t ' o • ,  9 � s e s  a � �  d i s t r ' o u t e  t h e m  t c  t � e r e s :  o f  t � e n o u s e .  

c _ t ' s i n t e ' c:- ::; t -� n 9 t ,:; r, ::: ': e t •-, c: t c: 1 u P \I n a d b e e n a d ci e d �. e v e 1- a � y e a ,, s a f t e r 

c o n s t r u e ' o n a t  t n e c o s :  o f  t n e b u i l d e r . A p p a r e n t l y , t h e � o� �  · a � s  s h o w e d  a n  
� ;;:  \: w a :; c �, e � 1 :: : a » � e d C"' � :; ·: � . .s - .. }' , a :1 c: � �I u �; a r e c  i r c u l  a t  i :; 9 n o  c� f a  11 h a  (J 
b e e n  i n :; a ·: ' e ,_ •, .- � " E  1 i "\. :: · ;.. · . c" o 1\· e v -::- • , t t1 e h o u s e  h a s a n  E L  .C; ei e 5 7 e rr. 2 ( 3 . 6 
AC P .� )  a 1 d  1J o � :; r· (: · .. r e :;_ :.; .!. r e c ·· · � ='. \/ � (:. ,- c :�::i ... ! � 1· 0 -· : i r 9 mo i s t u r e .  � - � 1 � r e  w e r· e n o  

s i g r: s  o f  rr,c. i �, t L: < e  p r o o -, e� :, � ;·. t '". i s h o u s e . )  H a d  Hi e h o u s e  b e e ·-, t i g h t  e n o u g h  t o  

w a 1·· t- a n ;: a r1 H R V , Hi e t) a c �. c1!" c; ·: t i 1·1 9 ., ,- o b � em w o u : d  h a v e  b e e n  m u c h w o r s e . 

o I t  i s  i n t e r e s t i n g t o  n o t e t h a t  H R V  c o u l d  c a u s e  t h e  f u r n a c e  t o  b a c k d r a f t 
d u  r i n g .; L; : ·1 o �· e r e: "'"- i c ·- . 
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R E S I D E N T I A L  COM B U S T I ON V E NT I NG FA I L U R E S  -
CAS E S T U D I E S O F  P ROB L E M  HO U S E S  

H O U S E  N O : 4 00 2  (OTTAWA) 

HO U S E  PART I C U L ARS : 

Sp i l l age D e t e c t o r  R e s u l t s :  F u r n a c e  - 3 8 ° C  
DHW - 7 1 ° C  

Hou s e  Type : O n e  s t o r ey w i t h  f u l l b a s eme n t  
P o s t  - 1 9 7 5  

N a t u r a l  E L A  @ 1 0  P a s c a l s = 5 8 7  c m 2  
N a t u r a l  A C P H  @ 5 0  P a s c a l s = 1 . 9 1 3  

Appl i a n c e  Type : 

D 1 2 5 mm 

O l s e n  

1 0 5 , 0 00 
BTU 

7 m e x t e r i o r  met a l  
c h i m n ey 
( D i ame t e r  = 1 2 5 mm ) 

1 0 0 mm 

o h n  Wood  
4 0 , 0 0 0  

B T U  

L e s s  t h a n  5 y e a r s  o l d L e s s  t h a n 5 y e a r s  o l d 

Compe t i ng E x h a u s t Sys t ems : 

- K i t c h e n  r a n g e  h o o d  f a n  
1 - B a t h r o om f a ri  
1 - C l o t h e s  d ry e r  
E x h a u s t  f r om f a n  mea s u r e d  - 9 1  L / s  

F i repl a c e : 

1 - B r i c k  f i r e p l a c e  w i t h  d o o r s  
E x h a u s t  f r om f i r e p l a c e  a t  4 . 5  P a  - H . D .  - 78  L / s  

... ... ... ... 



R � �; i. : � T �: o r- Sf!. � :: T Y  c �� � c v  

1 )  P r e ' i m i n a r ;  A s s e s ���· : : 

0 r e d i c t e d  H . D .  - 4 . 3  P a  
H . D .  L i m i t f o r  f u r n a c e  - 5 . 0  P r,  

H . D .  L i m i t f o r  DHW - 4 . 0  P a  
H c u s e  p r o n e  t o  v e n t � n g  p r o b l em s . 

2 )  J n s �: e c t. � 0 1 : 

I n s t a 1 1 a t � o r a s  D e r  c o t � .  
N o  a b n 0rm a l 1 t i e s .  

3 )  v � � � ' n r S v s t em �  7 e : : : 
\i . ... :. � c a � :  c-. 4 .  5 :i a 

� . D . w · � �  a � :  D � J s  f i r e p l a c e  - 8 . 5  � s  
H . D .  � i t � a n s  p .: � f u r n a c e  - 5 . 5  ° a  
h . D .  L i m i t � o r  D H �  a p � 1 i a n c e  e x c e e d e �  by t P a s c a ' s .  

4 )  - c ·� t" ,  i="' .. J �  ) ,. !: : .:_ 

F L 1 1 o p e r a : � o � � 6 � a . 
s '.: ;-: ;� : :  :: ;-; " . 

5 )  S � 1 '. 1 a � e  o � � e r v a � 1 o r :  

A ;:. ;1 : i 3 r: c e  t; a c'.  rr; a j c :  s ;. i ' l a g E  f c1 r  : o n g e r  t �: 3 :� 3 0  s e c o :: ,: s  

i n  a t i g � t  h o c s e . 

6 )  h e a �  E x c h a n o � r  � e s� : 
No  p e r c e p t i b l e  l e a k a s e . 

7 )  Qu e s t i o n i ng o f  Cc c u�a n � : 

Oc c u p a n t  n o t i c e d  smo k e  i n  b a s eme n t w h e n  o p e r a t i n g  f i r e p l a c e  o n  
ma i n  f l o o r . Smo k e  a l a rm i n  b a s eme n t  w a s b e i n g  s e t  o f f . 

Occ u p a n t  aw a r e  t h e r e  w a s a p r o b l em ,  b u t  d i d n ot u n d e r s t a n d  dyn am i c s . 

.). .). .). .). 



F c � ' J I -:� �- ·� e :· ... :· € �; c : � ; i t ; C1 :· 1 2 r·! :J s i m t_;  -, a t i 0 r: : H o u s e  4 0 0 2  

1-i o L: s e  4 0 0 2  e x �, e r i e 1-, c .::: 0 c o rr:� · ,_: s t i .:;;: s a :  s p 1 1 l a 9 e  a s  a r e ,; u 1 t o f  1-1 o u s i:o  
o � � , ,- e s  :; -1 !- ' z a t  i o �, t, y f a  r1 ,, a :-i d f 1 r e  p l  a c e  • D u r  i n g t h e  f a  i l ui- e e v e  n t s i m u  � a t  i c<1 , 
f a n s  w e � e  o p e r a t e d a n a  t h e  f u r n a c e  f � u e  w a s b l o c k e � .  T h e  f u r n a c e w a s cy c l e c  
o :� a r, d C· " f .:: v e i· y 2 0 m i  'I u t e 7, t o s i m u  I a : e s h o u 1 d e r s e a s o n o p e r a t i o r 2 >'. 
b a c l d r a f t i n g  o f  c omb u s t i o n s  g a s e s . G u s ty w i n d s  p r e v e n t e d  b a c k d r a f t : n g d u r i n g 

t t1 e s i rn u -i a �  ·\ 0 r·: • 

G r a p h  ' - t O D ?  a n �  G r a � �  2 - 4 0 0 2 , s h o w t e m p e r a t u r e  m o n i t o r i n g  o c  t � e f u � n a c e  

f 1 u e a n �  d i l u t i o n a i r  i n 1 e t d u r i n g  t h e t w o  6 0 -m i n u t e  s i m u � a t i o n s . ( N o t e  h o �  

q u 0 ·:.: i . 1 y  t erri �1 e 1· a t u 1- e '; 1- i s e  a ri d  d r o p . )  T h e  h i g h  i n l e t t em p e r a t u n� s w o u � 1:J t: e  

m o r e  t h a r  s u f f i c i e n t  t o  c h a n g e a 7 '  ° C  d o t . S i n c e  t h e f u r n a c e  d e � ec t o r  s h o w e d  
o n · y  a 3 2 · �  � o � , � :  i s  u n 1 i k e l y  t h a t b a c k c' r a c t i n g o c c u r r e d  o n  t � e  f u r n a c e  
d u 1- i r: ; t h e  rr; �J: ; t o 1- i n 9 i-' e i- ' c c' .  T li e  7 '. • C  d o t  o n  t ri e D � \li h e c: : e ,- ,  n o v.: e v ::: 1· , s h o v: :. 
t h a t  t � ; E  C � � l-ill e}'' \\: 3 5: C1 0 ·: l  ] 1' 3 7 1_ � ... _; G �. : i -�: 7. ::-. + L , i:: .r v '' .. O C� ;:. ·�·1: d s �� 1 : G r' e ;- o : � ..-; : 

G r a r �  3 - � � 2 �  a � �  G r a p �  l 
� -�l i?  c c. j ri � ,· ( e .;_ ._; 1 �. ::... . ,:.:. 

� O O i , s �I G \1, .. t �i E  rno n i t ci t � r-i g o f  c a r � · o !· C i o >: � C'. e  � n  
e; �; �- � a 1� :,, , t) t_ ; t_ s l o v..: :\ u � ! C  u � 1 C· f C 2 '"' : : r-. c'. ; ·:· � ·· ij �  

� r, t h c:i t"1 O .... : ;:- . C �: · . :  7 , .. : ,� o �- � C> ri 5 o f  C G  2 i n t h  E n o u s  e s 1 i g h t  l y E' . .< c � � � :i 2 C �: D �·1 ;:· :-� 

0 � \, � 1- 0 

t P t- r:  
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C C1 ·"': -· : • • ..i '  � a i>:� [ OiliTi-? '! : S : .. c :_j :i e � Ci C� � 

o T h e  :·1 orn e o .,.,: r, <:: >- r a ,:; r·, .::: : ' c e c  U1 a t  s mo k e w o u -l d  a p p e a ,.. i n  h i s b a s e rTi e r, t v-·�, s n  �1 e 
0 ;1 e 1· c; t e j tr': e f ' ·- -= �, l a c e  o n  t h e m a � n  f l o o r . : n e  f c; r �: a c e  a n d  f i r e p 1 a c e  c h i m n ey s 

s h a r e d  a c omm o n  c a 1 i ty o �  t � e  e x t e r i o r w a · � o f  t h e  h o u s e  a � d  w e r e  b o t h  t h e 
s a�re n e i g h t . Fi e f ' i· e  �· · a c e  1� : L ; (' ci e p r e s s u r i z e  t h e h o u s e , c a u s i:i g a i r  t o  b e  
d r a w n  d ow n  t h e  f u r n a c e c h i mn ey .  7 � i s a i r w o 0 i d  � e  p a r t i a � 1 y c o n t a m i n a t e d  w i t h  
smo t:·. e a r: fj w o u -- d  s: or:: e � ; ;:-: ;:: �) :: -= :  c = .:  � �-: e t-. a s err�e n t  f i r 'e  a l a riT· . ( T h e  q L; r:: s t i o ri � n g 
o f  t h e  h o u s e h o l d e r  w a s  e s s e � t i a � t o  e v a ' u a t i n g t h e  p r o b l e m s  i n t n i s h o u s e . )  

o A s i m p " e s o l u t i o n t o  p r e v e n t  c r o s s - c o n t a m i n a t i o n  b e t w e e n  t h e t � o a c � a c e 1 t  

c h i m � e y s  wo u 1 t b e  t o  e x t e n d  o n e  o f  t h e  c h i m n ey s . 

o l t  w c:. s  \�' ' r ; c }  c 1_! 1- i n g t h i s h o u s e  f r. v e s t i g a t i o r a n d  t h e  f l u c t l, a t i o n s  i :-· 

p r e s s u r e �- e: a c � 1-, 9 :; e x c e e 1j w h a �  i �- a ':i o w a t1 l e f o 1· t h e  v E :- : ' n �  s y �, t e'.'." o: t e s t . 
h - � :... C· L1 ·;: '"': "7� '.I -=  }� E a ·� .: ..... J �; \t/ -? ,- ·= ... ·= -: a c c  LP� c � � ' � t \•: a � c :  \' -=: ·=· '._J .3 t �I � �: t r-i f h c Li s -?: �. c d c 
p r o b � err: d i..: E  t ·:· : ;·, .:: r:: 2 9 ··· � � i : c ::: :. f tj e ;� �- � s: s u r � z a t i o r: . I r, o : h e r  v..1 ·:1 r c �. ,  � --, �  e :; :; 
a : c: ·_p· a ": >· : r: s '. -� '° �- "  s e e rr1 e d  a c c e �> +. a t, ' e ,  b e c a u s e  t h e r. o u s e  v_, a s  n o �  c : :; s e  ;_ c t h e 
m a r 9 1 n G :  s � = e : J . 

c � 1:. v.. c. :. :1 :: 4 n t e c; C· ;_; +... t c � h t  o c c  �: �; a r1 t � h �i : t 1.-i e D � 'v/ r. r 3 t e r �i s ,:'. � " c· = �-1 -: c; c � c :. t 

a n d  � � e  f L r n a c e  0 � 1 y  � e t  a 3 8 ' C b ' a c �  d o t  s u g g e s t ' n g t h a �  � a : 1 � r a f t ' n 9 o �  y 
o c c: -. i r r �: ,� G �  � � 1 s  �1 G t  w o t r.: 1- h e a t  E r . . 1 f o c c i  .. , � · o :-i t c orr1r11 e �1 t e G t r·i c �  �- � a : w a y s  t u 1� n s  
d o w r.  t h � f ... i r r, c .: e  t h e rrio s t a t  V/ �: e -"i 0 �1 E 1- a t � n s t �-, e f 4 r· e �i : a c: e . T h e  & a � s  a � o n e  d o  
r1 c �  E ·x. C €: t: : : i. ·� :.:· !"" • - r. - �- : � i r:·· - "1,./ I r : I] �  e ,  

f o �  t h e  o u w  � e a t e •  

\.· -r l-, ·1 .:: h C· :. ; :; .:: \� J l_; ; ;• � I -:=;  c 9 CJ 0 :j c c : I d � c; 2 t e � r· l 

( o "'  t �1 o u ; :-; ·t �' c J c .::, e x c e e ,:: 
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G R A P H  1 - 4 0 0 2  

TEMPERATURE MONITORING O F  FURNACE FLUE 

PROBlEM HOUSE FOl.lOW-lP. MAY 1986 
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G R A P H  2 - 4 0 0 2  

TEMPERATURE MONITORING OF FURNACE FLUE 

r>ROBlEM HOUSE FOl.lOW-lP. MAY 1986 
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G R A P H  3 - 4 0 0 2  

CARBON DIOXIDE MONITORING IN BASEMENT 

PROBl.EM HOUSE F"OUOW-u>. MAY 1986 
7000 

6000 I 

-· l 
4000 -1 I 
3000 ...j I 

2000 
' 

___ /,,,-
1000 - . �___-_.,./ 

· - · -
-���, 

� 

0 -
0 20 

ELAPSED Tlt.E lminuteel 
-- C02 IN RETURN AIR 

G R A P H  4 - 4 0 0 2  

40 

CARBON DIOXIDE MONITORING IN BASEMENT 
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G R A P H  5 - 4 0 0 2  

TRACER GAS AIR CHANGE RA TE 

PRoet..D.1 HOUSE FOUOW-tJ>. MAY 86 
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A I R T I G H T N E S S  T E S T  R E S U L T S  

< A S P E R  C G S B  D R A F T  1 2 )  
HOU S E  NO . 4 0 0 2  

M A Y  2 7 / 86 
E x t . T e m p . = 26 C W i n d S p e e d  = 1 2  k m / h 

Vo l u m e  = 8 29 . 5 m A 3  

PRE S S . T I  

< PA >  < C > 

20 . 0  

3 0 . 0  

3 5 . 0  

4 0 . 0 

4 5 . 0  

5 0 . 0  

5 5 . 0  

6 0 . 0 

6 5 . 0 

7 0 . 0  

2 4 . 0  

2 4 . 0  
2 4 . 0  

2 4 . 0  

2 4 . 0  

2 4 . 0  

2 4 . 0  

2 4 . 0  

2 4 . 0  

2 4 . 0  

c = 3 0 . 1 1 4 55 

F L D W < L I S >  
M E A S ' D , A D J ' D . F I T T E D  

2 3 8 . 2 0 

28 1 . 9 0 
3 3 4 . 1 0  

3 6 1 .  9 0  

3 8 8 . 0 0 

4 2 6 . 3 0  

4 5 5 . 9 0 

4 8 7 . 2 0 

5 0 8 . 1 0  

5 3 0 . 7 0  

2 4 7 . 6 4 

2 9 3 . 0 8 
3 4 7 . 35 

3 7 6 . 25 

4 0 3 . 38 

4 4 3 . 20 

4 7 3 . 9 7 

5 0 6 . 52 

5 2 8 . 2 4 

5 5 1 . 7 4 

2 3 5 . 1 2  

3 1 0 . 52 
3 4 5 . 1 6  

3 7 8 . 27 

4 1 0 . 1 0  

4 4 0 . 84 

4 7 0 . 6 3 

4 9 9 . 58 

5 2 7 . 7 7 

5 5 5 . 3 0 

n = . 6 8 6 0 0 7 7  

R E L A T I VE 
E RROR < !. >  

5 . 06 

5 . 9 5 
0 . 6 3  

0 . 54 

1 .  6 7  

0 . 5 3 

0 . 7 1  

1 .  3 7  

0 . 0 9  

0 . 6 5 

E . L . A .  = 0 . 0587 m A 2  N . L . A .  = NOT A V A I L A B L E  

Q @  l O Pa = 1 4 6 . 1 5  L / S  Q @ 5 0 P a  = 4 4 0 . 8 4  L / S  

A i r  C h a n g e  p e r H o u r  @ 5 0 P a  = 1 . 9 1 3  

S X X = 2 . 9 4 9 3 0 9 E + l l S X Y = 2 . 0 2 3 2 4 8 E + l l  

S Y Y =  1 . 3 9 8 8 8 4 E + l l S Y X =  8 . 6 2 9 1 4 9 

C o r r e l a t i o n C o e f f i c i e n t = . 9 9 6 0 8 9 1 

Re l a t i v e S t a n d a r d  E r r o r = 3 . 5 8 /.  
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R E S I D E NT I A L  COMBUST I ON V E N T I NG FA I L U R E S  -
C A S E  STUD I E S O F  PROB L EM HOU S E S  

H O U S E  NO : 4 1 3 5 {OT TAWA) 

HOU S E  PART I C U LARS : 

Soi l l aqe D etector R e s u l t s : F u r n a c e  - 7 1 ° C  
OHW - 3 8 ° C  

H o u s e  Type : Two s t o r ey w i t h  f u l l b a s eme nt 
P o s t  - 1 97 5  

N a t u r a l  E L A @ 1 0  P a s c a l s = 5 1 2 cm2  
Nat u r a l AC P H @ 5 0  P a s c a l s = 3 . 1 4  

App l i a n c e  Type : 

D i ame t e r  1 5 0 mm 

B e a c h  
1 3 3 , 0 00 

B T U  

8 . 8  m e x t e r i o r  m a s o n ry 
c h i mn ey w i t h  t i l e  

l i n e r  ( 2 00 x 3 0 0 )  

= 1 00 mm 

R u u d  
4 0 , 0 00 

BTU 

5 t o  1 0  y e a r s  o l d  5 to  1 0  y e a r s  o l d 

Compet i ng E x h a u s t  Sys tems : 

- K i t c h e n  r a n g e h o o d  f a n  
2 - B a t h r o om f a n s  
1 - C l o t h e s  d ryer 
Tot a l  e x h a u s t  me a s u r e d  a t  51  L / s  

F i r epl a c e : 

1 - O p e n  b r i c k  f i r e p l a c e  

" ... 



R E S U L T S  O F  s A � E T Y  c � � [ L  

0 r e  1 � r.i ;  :1 a � ... ·y A s s e s s  m �  n t : 

P r e d i c t e c  f-1 . D .  - 1 3 P a  
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a n d  w e r e  b o t h  t h e s am e  h e i g h t . T h e  f i r e p l a c e  w o u l d d e p r e s s u r i z e  t � e  h o u s e , 

c a u s i n g a i r t o  b e  d i- a w �  d ow n  t h e � u r n a c e  c h i m n ey . 

b e  p a r t i a l l y c o n t a m i n a t e d  w i t h  f i r e p l a c e  s m o k e .  

T h i s d o w n d r a � t i n g a i r  w o u i c 
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A I R T I G HT N E S S  T E S T  R E S U L T S  

< A S P E R  C G S B  D R A F T  1 2 )  
HOUS E NO . 4 1 3 5  

M A Y  2 9 / 8 6 

E x t . T e m p . = 28 C W i n d S p e e d  = 1 5  k m / h  

Vo l u m e  = 4 95 . 3 m � 3  
- - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
P R E S S . T I  F L OW C L / S )  R E L A T I VE 

C P A >  ( c )  M E A S ' D . A D J ' D . F I T T E D  E R ROR C l. >  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 5 . 0  25 . 0  
3 0 . 0  25 . 0  

3 5 . 0 25 . 0  

4 0 . 0 24 . 0  
4 5 . 0 24 . 0  
5 0 . 0  2 4 . 0  

5 5 . 0  25 . 0  

6 0 . 0  25 . 0  

6 5 . 0  24 . 0  

7 0 . 0  2 3 . 0  

c = 22 . 2 4 2 8 4  

2 4 7 . 1 0  
2 8 1 . 9 0 

3 1 3 . 2 0 

3 4 8 . 00 
3 82 . 8 0 
4 1 2 . 4 0 

4 4 3 . 7 0 

4 8 3 . 7 0 

5 1 3 . 3 0 

52 5 . 50 

2 5 7 . 7 5 25 5 . 59 
2 9 4 . 0 5 2 93 . 5 0 

3 2 6 . 7 0 3 2 9 . 9 1  

3 6 3 . 0 0  3 65 . 07 
3 9 9 . 30 3 9 9 . 1 9  
4 3 0 . 1 8  4 3 2 . 4 0 

4 6 2 . 8 3 4 6 4 . 8 2 

5 0 4 . 5 6 4 9 6 . 5 3 

5 3 5 . 4 3 52 7 . 6 1  

5 4 8 . 1 6  5 5 8 . 1 2  

n = . 7 585 1 5 4 

0 . 8 4  
o .  1 9  

0 . 9 8 

0 . 57 
0 . 03 
0 . 5 2 

0 . 4 3 

1 .  59 

1 .  46 

1 .  82 

E . L . A . = 0 . 0 5 1 2  m � 2  N . L . A . = NOT A V A I L A B L E  

... 

Q @ l OP a  = 1 2 7 . 5 6 L I S  Q @  5 0 P a  = 4 3 2 . 4 0 L / S  

A i r  C h a n g e  p e r  H o u r @ 5 0 P a  = 3 . 1 4 3 

S X X =  2 . 4 7 1 4 1 E + l l S X Y = 1 . 8 7 4 6 0 2E + l l  

S Y Y =  1 . 4 2 6 5 6 7 E + l l S Y X =  5 . 6 9 6 7 3 5  

C o r r e l a t i o n C o e f f i c i e n t = . 9 9 8 3 6 8 1 

R e l a t i v e S t a n d a r d  E r r o r = 2 . 5 6 /.  

"' "' "' 



R E S I D E N T I A L COM B U S T I ON V E N T I NG FA I L U R E S -
CASE  S T U D I E S O F  P RO B L EM H O U S ES 

HO U S E  N O : 1 0 5 7  (VAN C O U V ER) 

HOU S E  PART I C U L ARS : 

Spi l l age D e t e c t o r  R e s u l t s : F u r n a c e  - 5 4 ° C 
DHW - 3 8 ° C  

H o u s e  Type : Two s t o rey w 1 t h  f u l l b a s eme n t  
P o s t - 1 9 7 5  
N a t u r a l E L A @ 1 0  P a s c a l s = 1 6 6 8  c m 2  
N a t u r a l  AC P H @ 5 0  P a s c a l s = 8 . 6 2 

Appl 1 a n c e  Type : 

D 1 2 5  mm 

L e n n o x 
1 0 5 , 0 0 0  

B T U  

L e s s  t h a n  5 y e a r s  o l d  

Compet i ng E x h a u s t  Sys t ems : 

1 - K 1 t c h e n  r a n g e  h o o d  f a n  
2 - B a t h r o om f a n s  
1 - C l o t h e s  d ry e r  
Me a s u r e d  f l ow - 2 1 2 L / s  

F i r epl a c e : 

1 f i r e p l a c e . 
M e a s u r e d f l o w a t  4 P a  H . D .  - 1 2 6 L / s  

� 

5 m e x t e r i o r  me t a l  
c h 1 mn ey ( D i ame t e r  = 1 2 5 mm ) 

= 7 5  mm 

GSW 
3 6 , 0 0 0  

B T U  

L e s s  t h a n 5 y e a r s  o l d  
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C n i m n ey r e s t r i c t i o n p r o b l em s w e r e  a g g r a v a t e d  by h o u s e d e p r e s s u r i z a t i o n c a u s e :  
b y  t h e  e x h a u s t  f a n s  a n d  t w o  o p e n  f i r e p l a c e s . 

T o  s i m � 1 a t e  a f a i l u r e  e v e n t , t h e  f u r n a c e w a s  c y c l e d o n  f o r  1 0  m 1 n J t e s  a n �  

f o "  S rr ', :-, L, t. e s  o v e 1· a 6 0 rr1 � n , , t e p e 1- i o d w � t n t h e  h o u s e  d e  p r e :, s u , .  i z e c t o  6 
P a s c 2. -· s .  

o f 7  

G r a ;> �� ' - ' 0 5 7  a n ·� G 1· C1 v1 2 - � 0 5 7 ,  s n o w  t e m p e r a t u re m o n i t o r i n g  o -f t h e f u r n a c e  

f ' u e  a n d  C i l u t ' o n a 1 r 1 n � e t d u r i n g  t w o  f a i l u r e  e v e n t  s i m u l a t i o n s , e a ::: � o :  3 0  
re '  ' " �: :  e : o w a t  i C' '."' • 5. ; ' - � a SJ ,:;: � :: a �, :i a v  e �, t t h r o u g n o  u t e a  c h o p e r  a t  i r; g c y ::: � E- , 
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5 t ° C  c a t  o n  t h e £ u r � 2 : �  a e t e : � : ,- .  B a c k d r a f t i n g  i n  c o l o e r  we a t h e r m a y  h 2 V E-
c .:.  _ ,  _:; '= :· �I r- \ � -� -'. :, ( ... ; ' , 2 g .::· .  

G r a D �, : - i C:, � 7  a :-, ...  (; r c �, �·i t - � 0 5 7 , s h ow  t h e mo r: i t o r � n g  o f  C 0 2  i n  t r1 E· r e t u 1· T· 
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G R A P H  1 - 1 0 5 7  

TEMPERATURE MONITORING O F  FURNACE FLUE 

PROBLEM HOUSE FOU.OW-u>, MAY \986 
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G R A P H  2 - 1 0 5 7  
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G R A P H  3 - 1 0 5 7  

CARBON DIOXIDE MONITORING RETURN AIR 

PROBlEM HOUSE FOllOW-tP. MAY 1986 
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R E S I D E N T I A L  COM B U S T I ON V E NT I NG FA I L U R E S  -
CAS E S T U D I E S O F  P ROB L EM H O U S E S 

HOU S E  NO : 1 0 7 6  (VAN C O U V E R) 

H O U S E  PAR T I C U L ARS : 

Spi l l age D e t ec t o r  R e s u l t s :  F u r n a c e  - 5 4 ° C  
DHW - 3 8 ° C  

H o � s e  Type : Two s t o rey w i t h  f u l l b a s eme n t  
1 9 0 0 - 1 9 4 5  
N at u r a l  E L A  @ 1 0  P a s c a l s = 1 7 1 5  cm2 
N a t u r a l  AC P H  @ 50 P a s c a l s  = 5 . 8 2 

Appl i a n c e  Type : 

D i ame t e r  

o �  :, e n  
i 0 0 , 0 0 0  

B T U  

1 0  t o  2 0  y e a r s  o l d 

Compet i ng E x h a u s t  Sys t em s : 

1 - B a t h r oom f a n  
1 - C l o t h e s  d ry e r  
To t a l  e x h a u s t  f a n  f l ow me a s u r e d - 1 0 9 L / s  

F t r epl a c e : 

1 - O p e n  b r i c k  f i re p l a c e  

m e x t e r i o r  ma s o n ry 
c h i mn ey w i t h  t i l e  l i n e r  

( 2 0 0  x 3 0 0 )  

G SW 
3 0 , 0 0 0  

B T U  

5 to  1 0  y e a r s  o l d  



R � S - -� �  o �  s; � E � Y  C H � C (  

1 )  c � e l � � · � a r v � s s e s s�e � � : 

P r e ,j i c t e <J h . U .  - 1 P a  

H . D .  L i m � t  f o r  f u r n a c e  - 5 P a  
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N o  p e r c e p t i b l e l e a K � g e . 

7 )  QJe s � l on • n c  c �  Oc c ��a� � :  

Oc c u p a n t  h a d  b e e n  aw a r e f o r  f i v e  y e a r s  t h a t f u r n a c e  s p i l l e d b a d l y , 

e s p e c i a i l y a t  s t a r t - u p . 
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R E S I D EN T I A L C OM B U S T I ON V E N T I NG FA I L U R E S  -
C A S E  ST U D I E S O F  P R O B L EM HOU S E S  

HOU S E  N O : 1 1 4 2  (VANCOUV E R) 

HOU S E  PART I C U L AR S : 

Spi l l age D e t e c t o r  R e s u l t s : F u r n a c e  - 5 4 ° C  
DHW - 0 

Ho u s e Type : O n e  s t or ey w i t h  f u l l b a s eme n t  
1 9 00 - 1 94 5  

Na t u r a l  E L A @ 1 0  P a s c a l s = 1 5 2 0  cm 2 
N a t u r a l  A C P H @ 5 0  P a s c a l s = 1 0 . 0  

Appl i a n c e Type : 

D i ame t e r  

L e nn ox  ( I n d uc e d  �r a ft ) 
7 5 , 0 00 

B T U  

L e s s  t h a n  5 y e a r s  o l d 

Compe t i ng E x h a u s t  Sys t ems : 

1 - K i t c h e n  r a n g e  h o o d  f a n  
1 - C l o t h e s d ryer  
Mea s u r e d  f l ow - 1 8 7 L / s  

.. 

5 m ma s o n ry c h i m n ey 
w i t h t i l e  l i n e r  
· ( 3 00 mm x 3 6 0  mm ) 

E l c o 
2 5 , 0 0 0  

B T U  

L e s s  t h a n  5 y e a r s  o l d  
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C o n c i u s i o :-, s  a n c  C ornn• e r, t s :  H o u s e  1 1 t 2  

c T n i s w a s t n e  o r 1 y  g a s - h e a t e d  n o u s e  w h e r e t h e r e a s o n s  f o r  c omb u s t i o n g a s  
s p 4 1 � � J e  r em a i n e d  a my s t e ry .  T n e  f a n s w e r e p o w e r f u l  ( t o t a l  e x h a u s t = 1 8 7 
l i t r e s / s e c o n d )  b u t  t h e n o u s e  e n v e l o p e  w a s  r o t  p a r t i c u " a 1· l y  t i g � t  ( � � A = 1 5 2 0  
c� 2 ) .  T n e  h o u s e  � a a  n e �  w i n d o w s  i n s t a l 1 e c a n d  n o  f i r e � l a c e  a � c , f 1· om 

e x p e r i e n c e d  j u d g em e n t , s h o u l a h a v e  b e e n  m u c h  t i g h t e r t h a n  w h a t  w a s  me a s u r e d . 

A t n o r o u g n  s e a r c h  a n d  q u e s t i o n i n g  o f  t h e  o c c u p a n t  d i d n ot u n c o v e r a ny 
o v e r l o o k e d h o l e s  i n  t h e  e n v e l o p e . 

o T � e f u r n a c e  o n l y  s p � l l e j  b r i e f l y a t  s t a r t - u p . T h e r e  w e r e  t w o  3 8 ° (  d o t s  o n  
t h e  D HW h e a t e r , a n d  a 5 4 ° :  d o t o n  t h e  f u r n a c e . T h e  t w o  d o t s o n  t h e DHW  h e a t e r  
r1 a ( : t u r n e c! s i n c e  t h e  C a n a d a  \1J i i:! i:: S u r v ey i n  fv'1 a y . T h e  a p p � � a n c e  h a c  G '? +" i :1 i t e l y  
s �· � i l e c' a �  o n e  p o �  n t , � u t t h  r:: r e s e a r c h e r �. w e r e  u n a b  l e t o  a e t  e rm ' 11 e U -1 e f a i l u r e  
rn e c ·1 a �i �  S "": . 

o \�1 4 : � ;  o 1 ... t o c '= .c -� : .!� � ·2 c o. L. s �� , c f o. i i u 1 e e v e n  t s i rr· LI -r a t  i o n  w a :. 1 C· : c c  '; :. ; d E'� r e :j . 

... ... ... 



R E S I D EN T I A L COMB U S T I ON V E N T I NG FA I L U R E S  -
CAS E S T U D I E S O F  P R O B L E M  HOU S E S  

HOU S E  N O : 4 00 4  (OTTAWA) 

HOU S E  P A R T I C U L AR S : 

Spi l l age D e t e c t or R e s u l t s :  F u r n a c e  - 7 1 C  
DHW - 1 2 1 ° C  

Hou s e  Type : Two s t o r ey w 1 t h  f u l l b a s eme n t  
P o s t  - 1 97 5  

N a t u r a l  E LA @ 1 0  P a s c a l s = 8 9 1  cm2  
Na t u r a l  ACPH @ 5 0  P a s c a l s = 4 . 1 0  

Appl i a n c e  Type : 

D 

C a r s we l l 
1 4 4 , 0 00 

BTU 

5 to 1 0  y e a r s  o l d 

Compe t i ng E x h a u s t  Sys t em s : 

1 - K i t c h e n  r a n g e  hood  f a n  
3 - B a t h r o om f a n s  

F i r e o l a c e : 

1 - O p e n  b r i c k  f i r e p l a c e  

;. 

1 0  m e x t e r i o r ma s o n ry 
c h i m n ey w 1 t h  t 1 l e  l i n e r  

1 50 mm 

B r o c k  T u r b  
7 5 , 0 0 0  

B T U  

5 to 1 0  y e a r s  o l d  



... 

R � S � � T � o c  S A c E T Y  C H E C �  

1 )  � r e ' � m i n a r y  A s s e s sme n t : 

P r e d i c t e d � . ) .  - 6 . 4  P a  
H . D .  L i m � t  - 4 P a  
H o u s E  c r o n e  t o  v e n t i n g  p r o b l ems . 

2 )  1 n s �· ec t i o n : 

As h c � e a n - o u �  ( � o '. s t � r e  a c c umu l a t i o n ,  b r o k e n l i n i n g ,  c r e o s o t e  
e x c e s s ' v e ,  m e t a �  ' i G i n g r e q u i r e d ) ; f l u e  c o n n e c t o r  s l o p e  
� :1 2 ·:1 e ·� u a t r:, ;  -: ; cF ?  o d c u r s  P rE ' s e n t ; w a rm a i r r e g i s t e r  rn 1 s s h g . 

3 � \I € r I � :. t": : s / s : e �: �; I e s � : 

H - f r o r:: .; a :· :: . . . 

r: . �; . f r  orr, � 0 !� �I �· � L: s, f 1 ,. € r l a :_« � 
C' - • •• G :· �:· l u s  f i !· e p � a c e  e x c e e c; e .: 

t )  l o t a i  F l u e  �1 r 2 " : : 

F � � l o r e r a t ' � G  
S t a � � t j  

5 )  � =· ' - � <) <J .:· o: '.'; "' I' \I :: : < c ,  :· : 

,.. ; _ ... � ,) � v .  � � -
0 ;: 5 . 

- 'j ..) :i (.j  
- 6 P ,;  

L !\ , , . ....... . L i rn � t f o r  f u r n a c e  a G C  0 � 0 . 

'.:lri \\ :·, ,, �: t r:> ·· s • ' : · i:- ·J f' r: r  l e s s  t !-i a n  3 0 s e c c r1 d s  w i t h  r1 o u s ':'.  t i g h t  
a 1-, 13 f a n s 1j r� • 

6 )  H e a t  E x c h a r a e r  � e s : : 

� a j o r  l e a k a g e  d e t e c t e c . 

7 )  Oue � t i on i 19 c �  Oc c L�i n t : 

Oc c u o a n t  a w a r e  o f  c r a c k e d  h e a t  e x c h a n g e r a n d  o f  c h i mn ey p r o b l ems  . 

.. .... 



F a i l u r e  E v e n t  D e s c r 1 p t i o � a n �  S � m u � a : i o n :  H o u s e  4 C 0 l 

� �] � s 
t e s t  

c 4  "' - r � e o +.  e c  ri :· L. �: .:: C :  t c 1.·. 2 c : :.  � :· e c 
e � 0 i p r e n t  a n d  p r o c e d u r e s o n  a n  o l l 

6 f i r s t  o p p o r t u n i : y  

f u r n a c e . 
t 0 t ,�y o :  .... : � �. -= 

T h e  h o c; s e  h a d  a r • i :; t o 1-y o f  �· 1- o t1 1 er; s , i :1 : l u .� h s  a d e t e r � o ·· 2 � i !· J  t ' - e  ! i n e r  t h a t  

h a d p r e v i o u s l y  b l o c k e d  t h e  c h i m n ey a n d  a s u s p e c t e d  c r a c k e d  h e a t  e x c h a n g e r . 

T h e  s a f e t y  c h e c k s  c o n f i r m e d  b o t h  t h e s e  ;H- o b i em s , a n d i d e n t i f i e d e xc e s s  h om e  
d e p r e s s u r i z a t i o n a n d  c r e o s o t e  b u i l d - u p , a n d  i c i n g ,  a s  f u r t h e r p r o b l ems . 

T h e  d e t e c t o r s  o n  b o t h  t h e  f u r n a c e  a n d  D HW i n d i c a t e d  s i g n s  o f  c h i m n ey f a i 1 u r e , 
w i t h  d o t t em p e r a t u r e �  o :  7 1 ° (  a n d  1 2 1 ° (  r e s p e c t i v e l y . S p i l l a g e  c o u 1 d n a v e  

oc c u r r e d f o r  a v a r i e t y o f  r e a s o n s ,  a n a  f o 1· v a ry i n g d u r a t i o n s . 

S 1 m u ' a t  i n g a f a i l u r e  e v e � t  w a s  n o t  a n  o b v i o u s  t a s � .  I n  a d d i t i o n t o  t h e  

s p i 1 1 a g e 4 d e n + 1 : 1 e d t }· t � � ( e t e c t o r s , f u r t � e :  s p i l 1 a g e  m a y  h a v e  b e e n  o c c u r r i n g  

a �  a r � s 0 - : o f  t � e  1 e 0 i ; � � � :  e x c h a r g e r . 

h ' ;: •· '.: " '": "· c ,_ : �' ·>:::1 i- e s c-. .  J ·' z c� c  t: c• 6 F' a s c a � s .  t n e  D H \�! h e a t e 1· a n <:'  f u 1· n a c e  w e r e  

s t a � t e � .  7 � E  a � p 1 i a n c e s  w e r e  cy c l e � o n  f o r  2 0  m ' n u "': e s . c = =  = c � i 5  � ' n u t e s . 
G i · (: �! ;_ r - l :J �) � , :i r1 0 W 3  f '" c .:: a :-i d i ;-i � e t t '?.rT: P E �" d t u r e �; ( •_j l"' i n s_; t r: e  e v e  .. 1 �: . D e s p i t e  

c o n :, i d e i- a �, : e  s ;:-· i l l 2 9 io  a t  s "': a 1- -: - c1 � , t r: e  i n : e t  ( b a r orr. e � r 1 c:  ci a:-;: ;:. e •· ; t em p e r a t u r e ::. 

a r e mu c h  l e s s  t � a �  w � a :  � a s  r e c a r a e d  e n  t n e d e t e c � o � . 

A : t h o u s; h  t h e r e  w e. :;  c o � s ; ,: e r- a �· ' e  : � ; i � a g e  a t  s t a r t - u �' .  G 1 "' 2 : ·  = - L Q [: .c. , :; h o 1.; s  
t �·t �-: � � ... � e  (. a r :: c<- c � o x i c: e  c 0 :-; c E <1 t 1  ... ei : i o -: s  a s  fl1 E a s 1_n· e ,J i n  t h e r €· : u i- n  a i r s y s t e rn  

v.!-::- r e  u n c f f e c t e ·� b ... v c h i rri:� '=.>' s �:i � 1 ! a 9 �  c l· ""' � G �  e x c � a r: g .:;. �· s :• i : 1 c 9 -:: . A �l \�: t: - -1 ,  v! � e n  
t �1 e � L� •· �-� a ·:: � \.1i.1 d � .:· .. �, e ·�'. + 1 :: \. :_ \i.. � �: ... ·: )- .: s � :. :: C 0 � : e v ::: � : . 

G C n � m r: �/ s � � - · a ·; �  t.- :: .. ·1 ,:i c :-· �1 C ( o? r· t  e f f e c t O r'!  t h E  i n c :· O (  a � ; - q · .. � ., l :,y  iJ u 1" ! :: g  
+. '' i? � � � -· : .... : i · e  � v e : . �_ �� 4 rn ·.: " :; � .; -:: .. t . 



.. 

C o n c l u s i o n s  a n �  C omrn e � t s :  H o u s e  4 Q C( 

o T i1 e  h orn e o w n e "'  w a s a w a 1· e  t r1 a t  t h e o i ' f u rn a c e  h a d  s i g '.' i f i c a �, t  l e a r i:: J <: . � -=  
h a �  c h o s e �  t o  k e e p t h e  s umm e r  s w i t c h  o p e r a t i n g a t  a l l t i m e s  t o  r e d u c e  t h e  
c o i· t a rr � r-. a � � O !! o f  � ri d o o ·!' a 4 1 .. c. �  s t a r t - u p .  

o I t  w a s  e q u a l l y  l i k e l y  t h a t t h e  d e t e c t o r  d o t s  h a d  b e e n  s e t  o f f  by a c h i mn e y  
b l o c k a � e  c a u s e d b y  4 c e b l o c k a g e  o r  by a p i e c e  o f  t i l e  1 1 r 1 n s ,  o r  t h a t  t h e 
h o u s e  w a s d e p r e s s u r i z e d  by f a n s  a n d  f i r e p l a c e s  a n �  a s t r o n g  d ow n d r a f t  w a s  

e s t a � , i s n e d  i n  t n e  1 0  me t e r e x t e r i o r  m a s o n ry c h i m n ey . T h e  D H W  h e a t e r  o n l y  
s p i l l e d f o r  2 0  s e c o n d s a g a i n s t  a 6 P a s c a l  h o u s e  d e p r e s s u r i z a t i o n . 

o I t  w a s  t h a u g � t  t � a t  t h e r e w a s  l i t t l e t o  l e a r n  f r om b l o c k i n g  t h e c h i m n e y  o f  

t h e s e  o i l a p p l i a n c e s , o t h e r  t h a n  d e t e rm i n i n g  t h e  e x t e n t  t o  wh � c � h ome o w n e r s  

w i � i  s a c i· i f i c e  2 1 r  q u a l i t y i 1, t h e  n a ;-r ;e o f  s c i e n c e . 

o ! f  mo r e  t � m� h a d  o e e 1  a v a i l a b l e  i n  t h e  h o u s e , i t  w o u l d  h a v e  b e e �  
� 1 t e r e s t � r1 9  t o  c y c � e t h e  a p p l i a n c e s  w i t �  a n d  w i t h o u t  t h e  h o u s e  b e � � g  

d e p r e s s u r i z e c . 

o T �1 4 �; h o u s �. :; i·1 0 \1.: ::- d  t ;.'. (-: ( � 7 -P i c· 1_ ; ; t i e s i n  s i m u l a t i r1 9  a f a ·; �1 u 1� e t? v e r: t  i "1 a n  o i l -
f i r e d  a p p l i a n c e  i n  �, u ff1�·: ,:; ·· . O :·• : e  t h e  a p p : � a n c e  h a s  ti e e n  f i r e C. , t1 o t ' 1 t h e  rr.a s �; 
c, -c -': ' ·  ,:: c "• i �· ·: •· y c ··. j t 1 e rn 2 s :; C· c t �1 e h e  o ;_ e x ::: h a n g u r e t a ' ri t h e i ,. r1 e a •_ f Y I o n g 

� e r i o d s ,  a n :  n o  � a s y m e a ri s  e x i s � s  � o ·  c o o � ; n s .  T � e  s a � e ty c h e c :  a " � 
c i n ·J n 0 �; 't i  c p r  0 c e rj �· \� -= �� .: ... � \· .:• - 1\' € .:: � � )� � .-. 0 "t: � :  e: a �\ �- "1 i a r1 c � � ' a r; (� h e n c e  ;=' .- � c l  !j ·= e c t 1 e 

s i m l l a t ' o n  o f  a �  a c c � � a : e  r a · : � r e  e v e r �  . 

.. .. .. 
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G RAPH 2 - 4 0 0 4  

TEMPERATURE MONITORING O F  FURNACE FLUE 

PROBLEM HOUSE FOUOW-tF. MAY 1986 
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A I R T I GH T NE S S  T E S T  R E S U L T S  

< A S P E R  C G S B  D R A F T  1 2 >  

HOU SE NO . 4 0 0 4  

IMY 2,, 1986 

...J � 

4i 5ll 69 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

M a y  3 0 / 8 6 
E x t . T e m p . = 26 C W i n d S p e e d  = 0 k m / h  
E n v e l o p e  A r e a  = N O T  A V A I L A B L E  V o l u m e  = 6 7 2  m A 3  
- - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
P RE S S . T I  

< P A >  < C >  
F L O W < L I S >  

M E A S ' D .  A D J ' D . F I T T E D  
R E L A T I V E 

E R R O R ( /. )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 5 . 0 22 . 0  2 8 1 . 9 0 2 9 3 . 0 8 3 0 2 . 2 9 3 .  1 5  
2 0 . 0  22 . 0  3 6 5 . 4 0 3 7 9 . 8 9 3 7 6 . 4 9 0 . 8 9 
2 5 . 0  2 2 . 0  4 1 7 . 6 0 4 3 4 . 1 6  4 4 6 . 3 7 2 . 8 1  
3 0 . 0  2 2 . 0  5 1 3 . 3 0 5 3 3 . 6 5 5 1 2 . 9 9 3 . 8 7 
3 5 . 0 2 2 . 0  55 6 . 8 0 5 7 8 . 8 8 5 7 7 . 02 0 . 3 2  
4 0 . 0  2 2 . 0  6 1 6 . 00 6 4 0 . 4 2 6 3 8 . 9 0 0 . 2 4  
4 5 . 0  2 2 . 0  6 6 2 . 9 0 6 8 9 . 1 8  6 98 . 9 8 1 .  4 2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c = 3 8 . 2 9 0 9 7 

E . L . A . = 0 . 0 8 9 1 m A 2  

Q @ l O P a  = 22 1 . 8 6 L / S  

n = . 7 6 2 9 7 9  

N . L . A . = N O T  A V A I L A B L E  

Q @  5 0 P a  = 7 5 7 . 4 9 L I S  

A i r  C h a n g e  p e r H o u r  @ 5 0 P a  = 4 . 0 5 8  

S X X =  3 . 2 3 8 8 8 4 E + l l  S X Y= 2 . 4 7 1 2E + l l 

S Y Y =  1 . 9 0 0 5 2 3 E + l l  S Y X =  1 2 . 5 0 8 4 9  

C o r r e l a t i o n C o e f f i c i e n t = . 9 9 6 0 3 2 9  

R e l a t i v e S t a n d a r d  E r r o r = 3 . 7 9 /.  

.. 
... 
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A I R T I G H T N E S S  T E S T  R E S U � T S  

< A S P E R  C G S B  D R A F T  1 2 )  

38 �P < Pa> 

MY 2', 1 '8fi 

� b------

4tl 58 "' 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - -
M a y  3 0 / 8 6 

E x t . T e m p . = 2 6  C W i n d S p e e d  = 0 k m / h  

E n v e l o p e  A r e a  = N O T  AVA I L A B L E  V o l u m e  = 6 7 2  m � 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P R E S S . T I  

C P A )  C C )  
F L OW < L I S >  

M E A S ' D . A D J ' D . F I T T E D  

R E L A T I V E 

E R R O R < '% )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � -

1 5 . 0 2 2 . 0 2 8 1 . 9 0 2 9 3 . 0 8 3 0 2 . 2 9  3 .  1 5  

2 0 . 0  2 2 . 0  3 6 5 . 4 0  3 7 9 . 8 9 3 7 6 . 4 9 0 . 8 9 

25 . 0  2 2 . 0  4 1 7 . 6 0 4 3 4 . 1 6  4 4 6 . 3 7  2 . 8 1  

3 0 . 0  2 2 . 0 5 1 3 . 3 0 5 3 3 . 6 5 5 1 2 . 9 9 3 . 8 7 

3 5 . 0  2 2 . 0  5 5 6 . 8 0 5 7 8 . 8 8 5 7 7 . 0 2 0 . 3 2 

4 0 . 0  2 2 . 0  6 1 6 . 0 0 6 4 0 . 4 2  6 3 8 . 9 0 0 . 2 4 

4 5 . 0  2 2 . 0 6 6 2 . 9 0 6 8 9 . 1 8  6 9 8 . 9 8 1 .  4 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c = 3 8 . 2 9 0 9 7  

E . L . A . = 0 . 0 8 9 1 m A 2  

Q @  l OP a  = 2 2 1 . 8 6 L / S  

n = . 7 6 2 9 7 9  

N . L . A . = N O T  A V A I L A B L E  

Q @ 5 0 P a  = 7 5 7 . 4 9  L I S  

A i r  C h a n g e  p e r  H o u r  @ 5 0 P a  = 4 . 0 5 8  

S X X =  3 . 2 3 8 8 8 4 E + l l  S X Y= 2 . 4 7 1 2E + l l 

S Y Y = 1 . 9 0 0 5 2 3 E + l l  S Y X =  1 2 . 5 0 8 4 9  

C o r r e l a t i o n C o e f f i c i e n t = . 9 9 6 0 3 2 9  

R e l a t i v e S t a n d a r d  E r r o r  = 3 . 7 9 '%  



... 

R E S I D E N T I A L COMBUST I ON V E N T I NG FA I L U R E S  -
CASE  S T U D I E S OF  P R OB L E M HOU S E S  

H O U S E  N O : 1 1 2 8 (VANCOUV E R )  

HO U S E  PART I C U LARS : 

Spi l l age D e t e c t o r  R e s u l t s : F u r n a c e  - 7 1 ° 
DHW - 0 

H o u s e  Type : O n e  s t o r ey w i t h  f u l l b a s eme n t  
1 9 6 0 - 1 9 7 5  

N a t u r a l E LA @ 1 0  P a s c a l s = 1 2 5 9  cm 2 
N a t u r a l  ACPH @ 5 0  P a s c a l s = 9 . 1 5  

Appl i a n c e  Type : 

D 

U l t i mat  i c  
1 1 0 , 0 0 0  B T U  

1 . 0  U S G P H  

M o r e  t h a n  2 0  y e a r s  o l d 

C ompe t i ng E x h a u s t  Sys t ems : 

1 - S t o v e  t o p  b a r b e c u e  f a n  
1 - C l o t h e s  d ry e r  

F i r epl a c e : 

2 - o n e  o p e n  b r i c k  

4 m i n t e r i o r  c o n c r e t e  b l oc k  
c h i mn ey w i t h t i l e  l i n er  

( 1 6 0 mm x 1 6 0 mm ) 

... ... 
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U n a w a r e  o f  a n y p r o b l em s . 

.. 

f o r  s e v e r a ; m i 1 u t e s  

.. 

I . ." S bC> u. c-. ; C a · y .  I ' 

.;. .;. 



� a -; - u i- .,, E v f' :' �  8 € �I (: l . .: ;· -_ � G .. 2 .. : :_� � � ;-:-; .l s ... � .: c �; : f.J o u s e  1 1  2 8  

R e s e e • c � � Y S  we Y e  u n a t. i e  t o  s 1 �u 1 a t e  c o n d i t i o n s  t h a t  w o u l d  c a � s e  t � e  c h i � n ey t c  
:; �. ·  ' : .:; :� r i  ··1 9 ,, t a ·· t. - �J �' , a ". - e o. s ': t h e d u i- a t i  o n  a n d q u a n t i t y o f  s p 4 ' - 2 ,;i e:  
n e c e s s a ry t o  c h a n g e  a 7 '  0 (  d e �  o �  t h e  d e t e c t o r . L e v e l s s l i g n t i y  i n c r e a � e �  
ci :J r i n s  s t a Y t - u �  . •  b u t  q u i c i. i y  d i s s i p a t e d . D e p n: s s u r i z a t i o n o f  t h e M 1.; :. e  t o  6 
P a s c a l s d i d  n o t  i n c r e a s e  b a c k  p u r f 1 n g  o r  s p i l l a g e . 

A r e c u r r e ri l  p r o b l e m  w i t h  s i m u l a t i n g  f a � i u r e e v e n t s  i n  o i l - h e a t e d  h o u s e s w a s  
k e e p i n s  t h e  a p p l i a n c e a n d  c h i m n ey c o o l . T h e  s a f e ty c h e c k s  r e q u i r e �  t � e  � i r i n g 

o� t � e a p o l i a 1 c e . O � c e  t � e 1 � t e 1· i o r c h i m n e y i s  w a rmed  i t  t a k e s  h o u r s  t o  c o o l  
d o w G . I t  w a s  n o t  p o s s i b l e t o  � a i t f o r  t h e  c o o l i n g d ow n p r o c e s s  b e f o r e t ry i n g  

a s i mu � a t e a f a 1 1 J � e  c ; e � t . � e i t � e !· 1 s  i t  p o s s i b l e t o  s i m u l a t e  a f a i l u r e  

� i t h o u t  f i r s t  d i a g n o s ' n g t h e  p r o D � e rr .  

c c  .. ... :� -· ,'"' .. �. 2 ... -. c -: :"T'-:- �: .-: : :. ·- ',_; � .. �: '1 =· E. 

c � ' :-. ei :_; s e  a �  � � c ;· � :  : : --: :. \  ::- :. o :  ... � c ·, i:; :::; -:: , .. .: c ":  i v � c h i � ,,_· ey a n c� a n  o v � r -
c �- i:·· �, 5 u ·· .: z e ·:: c or:-:: 1..: �; :, .! �. r� C '"" ? .-� :· ·: !· .  f1. '. : : rr.1:. � ;-. d i a:""' e 1.. e •· -r - ._; �: c c ri .. · e ·: :- .-:, ·· j o -� n e c'. a 
1 6 0 �Y � S C n� C J � c r e : e t ' o : f  c n 1 � � ey a t  r i g � t  a � s � e i .  7 1 8  r um b i 1 n g a r :  
:, a c· :1 L. -t= � .! ,.. 9 f c: � : � 1 -:: + � !' :-1 � �: e v e ,· � : rr -· ;. 1..; t -= s c .:  o :-1 e r  o t i o n  w 2 r e  � -� 1 ::- -; / c 1.: :: -: o 
r e  �: :. r � c �� � o ,-, o f  : �. E c :! � rr :- f} a r; .� e Y :  e �; s 2 � r �; u p �'. ·; y t o  t n e f LP' n a : t:� t1 v ... _ ""! e b u r  n e r  
� 6 ·· : .  

o O n e �  t �1 e c :.1 : ; -! � a ;·1 c �  ��i a �; � u r r· �· ,:J G f f � : h 0  : .. a r o�n '=' t : � c  d a m ;) e 1A \r·/ S· Li �i ,j s w � n g  f r o 111 a 
d o v: ··I :' �.1 :; i t � o :1 � c  �: h �  �-:.:.1 ) · .: 2 0 --\ : a ·; �' :i �; .: t � c· -1 .! r-i ij .! .: a t � ri :;  t �i a t t �1 E t1 L! : · n e r  f a n  w a s  

�� .,. i:_� �: S L '. - � : .! ,.,, S t � -? � - ·:: -; 

o T h e  t err! C.· '= 1· � : :J 1· e  c ..:  � �: '?.  t c �· :.:"T�-=: � 1� � ;-:_ C ctr ;\ e 1' S \,i i ri g  p '. c : '?  n e v e i� c: .Y: c e '? G E d  5 4 ° (  
d u r i n g  a 2 0  m � n u � e  o p e r a : • o � .  T � i s wo u l d s u g g e s t  t h a t  1 n  c o 1 d e r w e a � h e r  t n e 
� a c K p u f f i � g  m a y  h a v e  o e e n  a g g r a v a t e d  a n d  c a u s e d  t h e  7 �  D (  d o t  t o  b e  c n a n g e d . 

o A c a r e f u l  t u � · � g o f  t h e  
:i 1J t '  r: e r  f a n  s u p ;; -� i . i f t ; : e 
t h e n t h e  n o z z l e  s i z e c o u l d 

.. 

a 8 p l i a G c e  m a y  r e d u c e  t h  
c h i m n e y c a n n o t  h a n d l e t 
b e  r e d u c e d  a n d a 1 r s u p p  

" 

r um b l i n g by r e d u c i n g  t h e  
e f l o w f r om t h i s f u r n a c e , 

y c u t  b a c �  f u r t h e r  . 

... 



R E S I D E N T I A L COMBUST I ON V E NT I NG FA I L U R E S  -
CASE  S T U D I E S O F  P R O B L E M  HOU S E S  

HOU S E  N O : 5 0 7 1  (P E I ) 

HOU S E  PART I C U L ARS : 

Sp1 l l age D e t e c t o r R e s u l t s :  F u r n a c e  - 1 2 1 ° C 
DHW - 0 

Hou s e  Type : Two s t o rey w i t h  f u l l b a s em e n t  
1 90 0- 1 9 4 5  
N a t u r a l  E L A  @ 1 0  P a s c a l s = 1 5 1 0  cm 2 
N a t u r a l AC P H  @ 5 0  P a s c a l s = 1 0 . 2 5  

Appl i a n c e  Typ� : 

D 

Sumn er  
1 . O  USGPH  + 

Le s s  t h a n  5 y e a r s  o l d 

C ompe t i ng E x h a u s t  Sys t em s : 

1 - K i t c h e n  r a n g e  h o o d  f a n  
1 - B a t h ro om f a n  

- C l o t h e s  d ry e r  

F i repl a c e : 

1 - O p e n  b r i c k  f i r e p l a c e  

; 

1 0  m i n t e r i o r  m a s o n ry 
c h i m n ey 
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R E S I D E N T I A L COMB U S T I ON V E NT I NG FA I L UR E S  -
CASE  S T U D I ES OF  P ROB L EM H O U S E S  

HO U S E  N O : 5 0 2 7  ( P E I)  

HOU S E  P A R T I C U LARS : 

Spi l l age Detector  R e s u l t s : F u r n ace  - 1 2 1 ° C  

H o u s e  Type : O n e  s t o rey w i t h  f u l l b a s emen t  
1 94 5 - 1 9 6 0  
N a t u r a l  E LA @ 1 0  P a s c a l s = 6 7 0  cm2 
N at u r a l  ACPH @ 5 0  P a s c a l s = 7 . 5  

Appl i a n c e  Type : 

D 

Mc L a rey 
8 5 , 0 0 0  B T U  
. 7 5 U S G P H  

M o r e  t h a n  2 0  y e a r s  o l d 

Compe t i ng E x h a u s t  Sys tems : 

.. 

4 m m a s o n ry c h i mn ey 
w i t h  n o  l i n er  

" 



... 

R � S � - -� : �  S A ; E T Y  c � � c v  

� ) ;::, r '= ·: i rn .;  n a 1-v A s  :. e s  :; IT; e �' : : 

H . O .  L i m i t  - 4 P a  
N o t  p r o n e  t o  v e n t i n g f a i l u r e .  

2 )  r r s r· ec t i o r. :  

F u r n a c e  r u s t e d  o n  b a s e ; i n s p e c t i o n  p o rt p l u g g e d  w i t h  t i n f o i l ; 
c o m p l e t e i y  d e t e r i o r a t e d  t i l e  l i n e r ; n o  d o w n - s i z i n g o f  f u r n a c e  
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Oc c u p a n t  h a d  n o t i c e d  s mo � e  a l a rm b e i n g  s e t  o f f . 

A l s o  r emem b e r e d  t h a t  s h e  h a d  b e e n  t o l d  f u r n a c e  h a d  a c r a c k e d 

h e a t  e x c h a n g e r  t h r e e  y e a r s  a g o . 
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G il '. c f  Uie i:'"' o b '  e·;, 
e f f i : i e n :  bu r r � r  c a n  

w i t �  � r .1 � e  5 � � ,  c a G  G �  t ra c e d  t o  i n s t a 1 1 � � 9 
a p p 1 i a � c e  t h a t  I s  o v e r  2 0  y e a r s  o l d w 1 t h o u t  

t n e  h e 2 t  e x c h a � g s r  f o r  c r a c � s . o r  d o w� - s � z i n g t h e f l J e c o n n e c t o r . 

t h a t  t � e r e � r c = • t  i �  : · i �  h o u s e  l ee t 0  � l o : � a g e  o f  t k e  c h i m n ey .  

a n  e n e r gy 
c h ec k i n g 
I t  a p p e a r s  

o t, s 1�1 c; i : €� a � a t ri � - e , ... �- e •J t ... : '== o c c  1 i � a r-1 t t ·:, -: �-� ::. �·, ·· 0 :, e �: c e o f  a s �· � , � a g e �i r· o �., : e r\  . 
( -;- r1 '?  v c : :..� ;._;  o f  s �r< .. � i=:: a t a r r�f �l � r1 cj e t e c ": � n ; ?- �· ·; i ; a g �  f t"'OfT1 o � � f u r n a c e �. v.1 o s n G t '? c� 
d u ,. i r-i 9 :_ ': ci -= �: : 9 '" : [' '.""! 2 3 e c r 

... 

_. a :· , c .:: c... k' � ,:.-: � S u ?� v e / . ) 

"' " ... 



R E S I D E N T I A L COM B U S T I ON V E N T I NG FA I L U R E S  -
CASE  S T U D I E S O F  P R OB L EM HOU S E S  

H O U S E  NO : 5 1 0 7 { P E I )  

HOU S E  PART I C U LARS : 

Spi l l age D e t ec t o r  R e s u l t s : F u r n a c e  - 7 1 ° C  

H o u s e  Type : O n e  s t o r ey w i t h  f u l l b a s eme n t  
1 9 6 0- 1 9 7 5  

Appl i a n c e  Type : 

D 

( o i  1 f u r n a c e )  
A n t h e s  
8 4  ' 0 00 

B T U  

1 0  to 2 0  y e a r s  o l d 

C ompe t i ng E x h a u s t  Sys tems : 

1 - K i t c h e n  r a n g e  h o o d  f a n  

� 

4 m i n t e r i o r  m a s o n ry 
c h i mn ey w i t h  t i l e  l i n e r  

2 00 mm 

( w o o d  f u r n tc e )  
P a r s b o r o u  h 
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C ei r�: � i ;�· �; � J n s ct :1 C C o rr:.-r, e n t s : ri o u s e E. 1 0 7 

o T h i s h o 0 s e  i d  n o t  a p p e a r t o  h a v e  a s p i l l a g e  o r  b a c k d r a f t n g  p r o b l e� . T � e  

dot s o n  t h e  d e  e c � c 1· h a d  b e e n  s e t  o f f  o e c a u s e  t h e  p l a t e s  o f  h e  b a rometr i c  
d am p e r w e r e  n o  b a l a n c e d . B o t h  p l a t e s  w e r e  b a d l y  s o o t e d , w h  c h  i n d i c a t e d  

n e g l e c t . 

o T h e  m a j o r i t y  o f  t h e P E I  o i l h o u s e s  t h a t  w e r e  v i s i t e d  h a d  d am p e r s  t h a t  
l o o k e �  l i k e t h ey h a d  n e v e r b e e n  a d j u s t e d . T n i s wo u l d  s u g g e s t  t h a t  t h e  f u r n a c e  
t e c h n i c i a n s  i �  t h i s a r e a  o f  t h e  c o u n t ry c o  n o t b e l i e v e  t h a t  t h e  a d j u s t me n t  o f  
d am p e r s  i s  i m p o r t a n t . T h i s ,  u n f o r t u n a t e l y ,  me a � t  t h a t m a ny o f  o u r  d e t e c t o r s 
we1·e n o t  i n d i c a � 4 n g s � i l l a g e  i n  h o u s e s , b u t i n s t e a d  r e v e a � e d  o n l y  t h e  
m a l f u n c t i o n l n g o f  b a r o m e t r � c  d am p e r s . 

r l � e s u r f a c e  t e m p e r a t u r e s  o f  t h e  b a r om e t r i c p l a t e s  w e r e  m e a s u r e d  d u r i n g t h e  

i n v e s t i g a : � o � :  t em p e r a t u r e s  w e r e  f o u n d  t o  e x c e e d  7 1 ° C e l s � u � . 

... ... ... 
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R ES I D E N T I A L COMBUST I ON V E N T I NG FA I L U R E S  -
CAS E S TUD I ES O F  P R O B L EM HOU S E S  

H O U S E  NO : 5 1 4 6 ( P E l l  

HOU S E  PART I C U LARS : 

Spi l l age D e t e c t o r  R e s u l t s : F u r n a c e  - 1 2 1 ° C 
DHW - 0 

H o u s e  Type : O n e  s t orey w i t h  f u l l b a s em e n t  
1 9 4 5 - 1 960 
N a t u r a l  ELA @ 1 0  P a s c a l s = 800 cm 2 
N a t u r a l  AC P H @ 5 0  P a sc a l s = 8 . 57 

App l i a n c e  Type : 

D 

Fawcet 
. 7 5 U S G P H  

1 0  to 2 0  y e a r s  o l d 

C ompe t i ng E x h a u s t  Sys tems : 

1 - C l o t h e s  d ry e r  

F i r epl a c e : 

.. 

5 m i n t e r i o r ma s o n ry 
c h i mn ey wi t h  t i l e  l i n e r  

( 2 0 0  x 3 0 0 )  

.. 



� � �- ·.' � ·r �· 0 :- S .::.. � � -- Y C � E ·= � 

1 )  P r e -, i m 1  n a " )' A ?. s e s s me r t : 
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o T h e 1· �  w a s  n o  c1 �, v ·! o 1.: �: r f- c �i : : v.: ... ry t ""� i s a p �) - i a =! c e  m i g h t  h a v e  e Y (' '? �� � :: n c E :1 
s p i l l a g e  o f  c om b u s t 1 o n g a � e s  a r c u n d  t h e  b a r o m e t r i c  c a m p e r . D u r � n s  a 2 0  m � n � t e  
cyc l e t h e p l a + e c f  t h e b a r om e t r i c d am p e r n e v e r  e x c e e d e c t h e  t e T p e r a t u r e o f  t n e  
54 ° C  c a t . T n e  o n l y  p o s s i b 1 e e x p � a n a t � o n  w a s  d o w n a r a f t i n s  d u e  t o  w i n d s . T h e  
h o u �; e  �1 a c  a s h o r t  c h i m n e y ( 0 .  5 m e t e r s  a b o v e  r o o f  a t  r i d g e ) a n d  t a l l t r e e s  
s u r r o u n d i n g t h e  h o u s e . 

o T h i s i s  o n e  o f  t h e  f e �  P � !  h o u s e s  t � 2 t  h a c  a p r o p e r l y  b a l a n c e d b a r ome t r i c  

d am p e r . 

o � c l o s e  i n s pe c t i o n 0 £  t h e � 1 r e b o x  r e v e a 1 e d t � a t  r u b b l e w a s  i n t e r f e r i n g  w i t h  

t h e  f l am e . I n  c om b i n a t i o n w i t h a c r a c i  e d  � e a t  e x c h a n g e r , t h i s c a u s e (  s o ot � n s 
a r o u r: C t h c:.: � ; � �; �' � c t � o n � c. < :.. • 

o T h e  h e a t  e i c n a n ; � r  t e � � � � \  f o u n c  t o  w o r r t h e h s t  w 1 t h  c o l d h e a :  
e x c q a n s_; e •� . j :  W C· L 1 =: :' '? a :-. C ·J v a r: t a 9 e  f O f  L S e �· s  o -F  r: e t e :; �  0 r e q 1� e �; �  � ; a � .. 
h o u � e h G -l o e r s, t L: l ' 1·; c . .: .;:  : �1 e  ..: ,, ,. ;-, a c e  s e v e ;· .; ;  h o u r s  b e  o ri:: t e s �  n g  t 1 r:-, e . 
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S D i ' l a ; e  p r o � - e � D e t w � � �  a � n 0 s 1  s e r v � c e v i s i t s  t o  t n e h o u � e .  : r  c a s e s  w h e r e  
s � .! , -· � s '?.  !' � a :'. c. c .� ·. : •· ( ·= ,:'. , v. ! t ..-! ri v c t v � C· L �  c c �; :: .:=:: , a c o v.i n  w .!. n ·J W 'J �; -. i� :. e s u s p e c � e !J 

a n c  a p o �; s i �1 1 t:'  ( t:. � ·- c: ;- .: t r .: s � : �j .:- a s p e c � o -: ·· y  c e �. � g i� e i:  c: h i '.r1 r e) 4: c· � · . 
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R E S I D EN T I A L C O M B U S T I ON V E NT I NG FA I L U R E S  -
CAS E S T U D I E S O F  P R O B L EM H O U S E S  

HOUS E N O : 5 0 0 7  (P E I )  

HOU S E  P ART I C U LARS : 

Spi l l age D e t e c t o r  R e s u l t s : F u r n a c e  - 1 2 1 ° C 
D HW - 0 

H o u s e  Type : O n e  a n d  a h a l f 
P o s t  - 1 9 75  
N a t u r a l  ELA  @ 
N a t u r a l  ACPH  @ 

s t o r ey w i t h  f u l l b a s eme n t  

Appl i a n c e  Type : 

D 

1 . 2 USGPH  

5 t o  1 0  y e a r s  o l d 

Compe t i ng E x h a u s t  Sys tems : 

1 0  P a s c a l s 
5 0  P a s c a l s  

1 - K i t c h e n  r a n g e  h o o d  f a n  
1 - C l o t h e s d ry e r  

F i r epl a c e : 

800  cm2 
4 . 4  

1 0  m e x t e r i o r  ma s o n ry 
c h i m n ey w i t h  t i l e  l i n e r  

( 2 00 x 3 0 0 )  

> 

� 



RESULTS OF SAF E T Y  CHECK 

1 )  P r e l i m i n a ry As s e s smen t : 

Pred i cted H . D .  - 2 . 6  P a  
H . D .  L i mi t  - 4 P a  
Not prone to ven t i n g prob l ems . 

2 )  I n spect i o n :  

Soot b u i l d - u p  i n  f l ue connector . 

3 )  Ven t i ng Sys tems Te st : 

H . O .  fa n s  - 4 . 5 P a  
Wi t h  a l l f a n s  operat i ng , house depres s u r i z a t i on exceeds 
H . D .  L i m i t for a p p l i ance . 

4 ) Tot a l  F l ue  Draft : 

Steady State = 7 P a . 

5 )  Spi l l age Ob s e r v at i on s : 

Sl i ght  s p i l l age for more t h a n  3 0  seconds  w i th f a n s  
operat i n g i n  a t i g h t  hou se  ( s p i l l ed for 1 0  mi n ute s ) . 

6 )  Heat E x c h a nger T e s t : 

No perc ep t i b l e  l e a k age . 

7 ) Que s t i on i ng of  Occupa n t : 

Occ u p a n t  u n aware of any probl ems . 

.. 
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RESIDENTIAL COMBUSTION VENTING FAI LURE 

OVERALL PROJECT SUMMARY 

A SYSTEMS APPROACH 

The proj ect reported on here was des i gned to expand  on pre v i o u s  stud i es 
of the pro b l em of i ncompl ete venti n g  of comb u s t i on products from heati n g  
a p p l i ances  i n  order to a p proach a more near l y  comprehen s i v e understand i n g 
of the extent and nature of  the probl em i n  the C a n a d i a n hou s i n g  stoc k .  
Thi s project , whi ch was carr i ed out for Canada  Mortgage and  Hou s i ng 
Cor porati on by the Sc anada  She l t a i r Consorti um I nc . ,  c on s i sted of the 
seven  s u b-proj ects de sc ri bed bel ow .  

PROJ ECT 1 COUNTRY -W I D E  SURV E Y  

Spi l l age detectors were i n s t a l l ed on t h e  draft hood s o r  barometr i c  
dampers of gas  and  o i l furnaces  and  water heaters i n  937 hous e s  s pread 
throughout the Va ncou ver , Wi n n i peg , Toronto , Ottawa and  Charl ottetown 
reg i on s . The detectors were l eft i n  p l ace for approx i mate l y  2 months  i n  
l ate wi nter . 

Of the g a s  heated hou s e s  s u rveyed , 1 0% had  exper i enced pro l onged and  
u n u s u a l  amount s of comb u st i on gas  s p i l l a ge and  65% had  experi enced e i ther 
short durat i o n s t art-up  s p i l l age or prol onged s p i l l a ge of sma l l amounts  
of c ombust i on g a s . Of the o i l heated hou se s , 55% had  experi enced 
s i g n i f i cant  s p i l l age of h i gh  temperature comb u s t i on g a s , b ut s ome of  
these  s p i l l age e ve nt s  may h a v e  been  of on l y  s hort durat i on .  

Pre l imi nary a n a l y s i s i n d i c at es  that  s p i l l age prob l ems s eem to be rel ated 
to the fol l owi n g  house or heati ng  sys tem characteri s t i c s : 

W i n n i peg hou s e s  ( be l i e ved  to be more nearl y  a i rt i ght due  to 
exten s i v e use  of stucco)  

pre- 1 945 hou s e s  

post- 1 975 hous e s  

o n e  storey houses  

exter i or c h i mneys  

mas onry c h i mneys  wi th 
under- s i zed met a l  l i ners  
hou s e s  wi th t h ree or more 
exhaust  f a n s  
hou s e s  wi th two open 
masonry f i r e p l aces  
poorl y  ma i nt a i ned heat i n g 
a p p l i ances  

PROJ ECT 2 MOD I F I CAT I ONS AND R E F I N EMENTS TO  THE FLUE  S I MU LATOR MODEL 

fLUE S I MULATOR , a deta i l ed theoret i ca l  computer-based  mod e l  of the 
c omb u st i on vent i n g  proc e s s  had been d e v e l oped for CMHC pri or to thi s 
project . I t  i s  i ntended for u s e  a s  an  a i d  i n  u n d e r s t an d i n g  the 
mec h a n i sms of comb u s t i on vent i n g fa i l ure and  the c i rcumstances  that g i ve 
ri s e  t o  them.  The mod i f i c at i o n s  undert a k en i n  thi s project were i ntended 
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to ma k e  the program e as i er to u s e  and to a l l ow 1 t  to mod e l  a wi der 
vari ety of furnace/f l ue/hou s e  systems . The mod i fi c at i ons  i nc l uded -

o ref i n ements  to a l gori t hms 
o more eff i c i ent  operat i on of the program 
o mode l l i ng add i t i on a l  features and system types  
o u s er-fr i e nd l y  i nput a n d  output 

The mod i f i ed model  was v a l i d ated agai n st fi e l d  test d ata and u sed to 
i n v e s t i gate a n umber of  i s s ues . 

A s eparate de ve l opmental  v e r s i on of  the program , c a l l ed "WOODS I M " , was 
succes s fu l l y  dev e l oped to mode l  the comb u s t i on  and  c omb u s t i o n  vent i ng 
p roce s s  i n  wood s toves  a n d  fi rep l ace s . 

PROJECT 3 R E F I NEMENT OF THE CHECK L I STS  

A procedure f or  i dent i fy i n g  and  d i a g n o s i ng comb u s t i on ven t i ng  fa i l ure s  
h a d  pre v i ou s l y  been d e v e l oped for CMHC - the Re s i denti a l  Comb us t i on 
Safety Chec k l i st .  T h i s project prov i d ed a n  o pportu n i ty to ref i ne the 
chec k l i st and deve l o p  v ar i at i on s  of i t  s u i tab l e  for a v a r i ety of po s s i b l e  
u s e r s  s u c h  a s  f u rnace serv i ce person ne l ,  a i r  s e a l i n g contractors , 
homeowners , etc . E a r l y  i n  the proj ect , i t  was  d e c i ded to separate the 
i dent i f i c a t i on procedures  from the d i a g n o st i c  procedure s . T h i s a l l owed 
the proce s s  of i dent i fy i n g  houses  w i t h  poten t i a l  for comb u st i on vent i n g 
prob l ems to rema i n  rel at i v e s i mp l e  and  a l l owed the d i a g n o s t i c proc e s s  to 
become more c omp l ex s i nc e  i t  wou l d  on l y  be u s e d  on hou s e s  where the extra 
effort wou l d  l i ke l y  be  worthwh i l e .  T h u s  the ori g i n a l  b a c k d r a ft chec k l i s t 
has  grown i nt o  f i ve s e p a rate tests/procedures -

Vent i n g  Systems Pre-test 
a q u i c k ,  v i s u a l  i n s pect i on procedure whi ch i d enti f i e s  a house as  
e i ther u n l i k e l y  to experi ence pre s s ure-i nd uced s p i l l a ge or req u i r i n g 
further i n v e s t i gat i o n 

Vent i n g Sy stems Test  
a det a i l ed test  procedure  for determi n i ng to  what extent the  
c omb u s t i on vent i n g  sy stem of a house i s  affected by the  envel ope 
ai r t i ghtn e s s  and  operat i on of exhaust eq u i pment , perhaps the 
c l earest d e scendent  of the o l d b ac kdra ft chec k l i st .  

C h imney Performanc e  Test  
a s i mp l e  method of  determi n i ng whet her a c h imney i s  capab l e  of 
prov i d i n g adequate d raft 
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RESIDENTIAL COMBUSTION VENTING FAILURE 
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Heat Exchanger Leakage  Test 

A SYSTEMS APPROACH 

a q u i c k  method of  determi n i n g i f  the heat exchanger of a furnace h a s  
a maj or l ea k  

C h i mney Safety I n s pect 1 on 
a v 1 s u a l  check for ma i ntenance probl ems 1 n  the c h i mn ey system 

Thes e  tests/procedures are a l l pre sented i n  a ma n u a l  ent i t l ed " C h i mn ey 
Safety Te s t s " .  Ful l t r 1 a l s of  the procedures  were carri e d  out on the  
c a s e  study hou s e s  i n v e s t i gated i n  Project 6 .  

PROJ ECT 4 HAZARD ASSESSMENT 

Al though 1 1 tt l e  was k n own at the outset of t h i s project about the 
freq uency of c omb u st i on s p i l l ag e ,  even  l e s s  was k n own about how much of a 
hea l th h azard s uch s p i l l age repre sent s .  Therefore th i s  s u b - project wa s 
1 nc l ud e d  t o  i n v e s t i gate the re a l  n ature of  the he a l th and  s a fety r i s k  
a s soci ated wi th vent i n g f a i l ures . The wor k was  d i v i ded i nto f i ve  t a s k s  -

1 .  R e v 1 ew o f  c urrent k n owl edge  on  pol l utant generati on due to i mproper 
vent i n g of  combus t i on app l i ances ( l i terature rev i ew ) . 

2 .  Deve l o pment of  a c omputer program to pred i ct l e v e l s of v a r i ous  
pol l utants  unde r  v a ri o u s  comb u s t i on vent i n g f a i l ure scenar i o s . 

3 .  Acq u 1 s i t i on and  c a l i brat i on of  a set of  i n strume n t s  req u 1 red  to  
mea s ure the v ar i o us  pol l utants  at the l e vel s pred i cted by  the 
computer mode l . 

4 .  Mon i tori n g  pol l utant l e v e l s 1 n  prob l em h o u s e s  1 dent 1 f i ed i n  the 
Country-wi de Survey ( P roject 1 )  u s i n g the i n st ruments  acq u i red i n  
Ta s k  3 .  

5 .  Anal y s i s o f  the re s u l t s  o f  T a s k  4 t o  arr1 v e  a t  a n  overal l a s s e s sment 
of the hea l t h hazard repre sented by comb u s t i on vent 1 n g fa i l ures i n  
Canad1 a n  h ou s e s . 

The re s ul t s  i n d i cate that , i n  mo s t  house s , one  wou l d rare l y  encounter 
acute , i nvned i at e l y  l i fe-threaten i ng concentrat i on s  of  pol l utants  a s  a 
re s u l t  of comb us t i on s p 1 l l age from furnaces or water heaters . Howe ver , 
c hron i c  hea l th r i s k  due  to l ow l ev e l , l on g  term expo s ure to pol l utants  , 
part i cu l a r l y  N02 , may b e  a more s i gn i f i cant prob l em wh i c h req u i res 
further i n v e s t i gat1 on . H i g h  l ev e l s of  CO d o  not s eem to b e  cau sed by the 
prob l em s  wh i c h cause s p i l l age  and  thus  occur i n  s p i l l a ge events  only a s  a 
resu l t  of co i nc i dence . 
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RESIDENTIAL COMBUSTION VENTING FAILURE 

OVERALL PROJECT SUMMARY 

PROJ ECT 5 R EMED I AL MEASURES  

A SYSTEMS APPROACH 

Remed i a l me a s ur e s  for pre s s ure- i n d uced comb u s t i on ven t i n g  prob l ems were 
i denti f i ed and researched for a n umber of d i fferent types  of c ombus ti on  
ap p l i an ce s . 

The remed i al mea s ures  i de n t i f i ed for F I R E P LACE S  were : 

Sp i l l age Adv i sor 
T h i s  i s  an  adjustab l e  v o l ume a l a rm t r i g gered by a c omb i nati on 
of  part i c u l ate and CO detectors and i ntended to be  mounted on 
the front of the mant l e  or on  the wa l l j u s t  above  the f i re
pl ace . 

Ai rti ght G l a s s  Doors Comb i ned Wi th An Exteri or C ombusti on A i r Suppl y  
Duct 

The research i nd i cated that c o n v e nt i o n a l  g l a s s  doors are not 
near l y  a i rt i ght and  do l i ttl e to s e parate the f i repl ace from 
the house ' s  pre s s ure reg i me .  Prototype d oors u s i n g  s peci a l  
g l as s , heav i er than n orma l steel  frames a n d  s pec i a l seal i n g 
tech ni q ue s  were fab r i cated a n d  i n s t a l l ed and  tested . I t  was 
found that the se doors i ncrea s ed the l ev e l  of hou se d e pre s
sur i zat i on req u i red to c a u s e  pro l onged s p i l l age from the 
fi re p l ace from 3 Pa to 2 2  Pa . I t  i s  e s t i mated that the 
i n s t a l l ed cost  wou l d  be  $600 . Further rese arch on the effect 
of a i rti ght doors on  temperatures wi thi n the fi repl ace and fl ue 
an d the po s s i b l e  hazard to s urround i n g  comb u st i b l e  materi a l s i s  
req u i red . 

The remed i a l mea s ures  i de nti f i ed for GAS- F I RED  APP L I ANCES were : 

Sp i l l a ge Adv i sor 
Th i s  cou l d  be s i mi l ar to the f i repl ace s p i l l age adv i sor but 
wou l d  be tri ggered by a heat probe mou n ted i n  the d i l ut i on port 
of the app l i an ce . The heat probes i n v e s t i gated coul d a l s o  be 
u sed to tri gger other remed i a l me a s ures  d i scus sed bel ow .  

Draft - i n d uc i n g Fan  
A pa d d l e -wheel -type fan  mounted i n  the vent connector wa s found 
to i ncrease  the l ev e l  of hou s e  d e pres s u r i z at i on req u i red to 
cau s e  i rrevers i b l e  s p i l l age from a natural l y  a s p i rati n g  g a s  
furnace from 7 Pa t o  more t h a n  20  P a .  

Draft-as s i s t i n g  C h amber 
A ch amber s urround i n g the appl i ance ' s  d i l ut i on port and  
exten d i n g  downwards  cont a i n s  c omb u s t i on  products f l owi n g  out of  
the  d i l ut i on port and prol ongs  the per i od before they are 
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actua l l y s p i l l ed i nto the room . I t  was  e x pected that the 
chamber wou l d a l s o  u s e  the buoyancy of the cont a i ned combu s t 1 on  
products to a s s i st  the fl ue  i n  deve l op i n g  u pward f l ow and thu s 
wou l d  i ncre as e  i t s res i stance to house  depre s s ur i zat i on ;  
however , the re su l ts obta i ned wi th the prototype te sted d i d  not 
l i v e  u p  to  expectat 1 o n s . I t  i s  expected that mod 1 f 1 cat1 on of 
the d e s i gn and  tes t i n g  wi th a furnace/fl ue/ho u s e  comb i nati on  
more prone  to pre s s ure- 1 nd uced s p i l l age  w 1 l l  i mprove t h i s 
a s pect of  the chamber ' s  performance . 

The research on reme d i a l  mea s ures  for O I L-F I RED APP L IANCES 1 n d i cated that 
stab l e  b ac k d ra ft1 ng  i s  u n l i k e l y  to be  a prob l em w1 th  o i l -f i red appl i ances  
s i n ce the pre s s ure generated by the burner b l owers  i s  ab l e to  rapi d l y  
overcome bac k d raft i n g  d u e  t o  hou s e  depre s s uri zati on a n d  i n 1 t i ate u pward 
fl u e  f l ow .  Howe v e r ,  t h i s pres s ur i zat 1 on of the f l ue  sys t em 1 s  what 
accounts for the start-up s p i l l a ge a s s oc 1 ated wi th o i l app l 1 ances and i t  
1 s  the durati on  o f  t h i s s p i l l age  that remed 1 a l mea s u re s  mu st addre s s .  
The mea s ures 1 d en t i fi ed were : 

Sol eno i d  Va l ve 
By d e l ay i ng  the start of comb u s t i on un t i l the  burner h a s  had a 
chance to overcome backdraft i ng  and  i n i t i ate u pward f l ue fl ow ,  
the so l en o i d v a l v e  reduces the  durat i on of s p i l l age but does 
not e l i mi nate it  a l together . 

Draft- i nd uci n g  Fan 
A fan , s i mi l ar to that descri bed  above under gas app l i ance s , 
mounted i n  the f l ue p i pe d own s tream of the barometr i c  d amper i s  
not needed to overcome backdraft i n g  s i nce the  burner b l ower c a n  
do t h i s .  Howe ver , i t  does  rel i e ve pre s s u r i za t i on of that 
porti on  of the f l ue p i pe u p stream of i ts e l f and hence red uce s  
s p i l l age from that porti on .  There can  s t i l l  be s p i l l age from 
the down stream port i on ;  but , s i nce that port i on does  not 
i nc l ude the barometri c d amper , i t  i s  e a s i er to s e a l . 

E l imi nat i on of  the Barometr i c Damper 
Pro v i s i on of a we l l - s e a l ed fl ue p i pe wi thout a ba rometr i c  
d amper i s  one o b v i ou s way to red uce s p i l l a g e . Howe ver , 
e l im i nat i on of the barometr i c  d amper expo s e s  the burner to the 
fu l l  c h i mn ey draft and  d 1 sturbs  the comb u st i on proc e s s  of 
convent i on a l  burners . There fore t h i s procedure mu st i ncl ude 
rep l acement of  the convent i o n a l  b u rner wi t h  a h 1 gh pre s s ure 
burner wh i ch i s  l e s s  i n fl uenced by f l ue pre s s ure . Prov i s i on of  
an  i n s u l ated f l ue  l i n er i s  often i nc l uded  a s  part of  t h i s 
mea s ure . 
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The work on MAK E-UP  A I R  SUPPLY  remed 1 a l me asures  wa s l e s s  d i rected 
toward s spec i f i c  mea s ures  b ut served  to c l ar 1 fy a n umber of  general  a i r 
s u p p l y  i s sue s . I t  i n d i cated that the prov i s i on of  add i t i on a l  s u p p l y  a i r  
1 s  not 1 1 k e l y  to be e ffect i v e  a s  a remedy for pre s s ure-1 n d uced s p i l l age 
o f  c omb u s t i on products i f  the s u p p l y  a 1 r i s  i ntroduced una 1 d ed through an  
enve l ope open i n g o f  any s i z e l i ke l y  t o  con s i dered pract 1 cal . I t  i s  o n l y  
l i k e l y  t o  b e  effecti v e  i f  a s u p p l y  a i r f a n  i s  u s ed a n d  i f  that f a n  h a s  a 
capaci ty at l e ast  eq u a l  t o  the tot a l  capac i ty o f  a l l exhaust equ i pment i t  
i s  attempt i n g to counter�ct . The d i scharge from s uch a s u pp l y  a i r  fan 
can be i ntroduced e s s ent i a l l y  anywhere 1 n  the house , but i s  l i k e l y  to 
create fewer therma l comfort prob l ems i f  i n troduced 1 n  a n ormal l y  
unoccu pi e d  area s uch a s  the furnace room . 

The k n owl edge gen erated i n  the remed i a l mea s ures  research and  a l ready 
av a i l ab l e  to Con s ort i um members  wa s synthes i zed i nto the  draft Remed i a l 
Measures Gui de , a man u a l  i n tended to be a d ec i s i on-ma k i ng g u i de for 
tradesmen and  contractors who have  i dent i f i ed pre s s ure-i nduced s p i l l age 
p ro b l ems i n  hou s e s  wi th vented fuel - f i red appl i ances and  want to know how 
b es t  to  r emedy these probl ems . I t  i s  des i gned to accompany the Vent i n g 
Sys tems Test . Al though the draft Gui de i s  not yet c omprehe n s i v e and i n  
some c a s e s  descr i bes  procedure s wh i ch have  not been thoroughl y  f i e l d 
tested and/or a pproved by regu l atory author i t i e s ,  i t  i s  hoped i t  wi l l  
s t i mu l ate thought and  d i scu s s i on and  i mprove current trade pract i ce s . 

PROJ ECT 6 PROBLEM HOUSE FOL LOW- U P  

Twen ty o f  t h e  hou s e s  i de nti f i ed i n  t h e  country-wi de survey a s  
experi enc i ng  t h e  wor st c omb u st i on s p i l l age prob l ems were v i s i ted wi th the 
fo l l ow i ng object i v e s : 

to categori ze a n d  q u a nt i fy the nature of vent i n g  fa i l ures 
to i s o l ate contr i b ut i ng  factors 
t o  co l l ect f i e l d d ata on  vent i n g  f a i l ures  for use i n  the f l ue 
s i mu l ator model  v a l i d at i on 
to  mea s ure the freq uen cy and  q u a nt i ty of  s p i l l age i n  prob l em houses  
to mea s ure the approx i mate i mpact on a i r  qua l i ty of  vent i n g  fai l ures 
i n  house s 
t o  e v a l u ate the effect i vene s s  of the ch i mney s afety t e s t s  i n  
d i agnos i s of  f a i l ures  and  i dent1 fi c at i on o f  remed i a l  measure s  
to  e v a l uate co11111u n 1 c at i on s  techn i q u e s  
t o  e v a l uate remedi a l  me a s ures  under f i e l d cond i t i on s  

I n  mos t  of  t h e  house s , there were severa l factors that were a s s e s sed  a s  
contr i b ut i n g  c a u s e s  of  the comb u s t i on s p i l l ag e  prob l em - t h u s  confi rmi n g  
the " sy st ems " nat ure o f  the prob l em .  I t  i s  a l s o  worth not i n g  that , i n  
many hou s e s , a l though the s p i l l age ob served  was  1 ndeed pre s sure- i nduced , 
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i t  occurred at q u i te l ow l ev e l s of house  depres suri za t i on becau s e  the 
chi mney s were on l y  a b l e  to generate very wea k  draft d u e  to s ome prob l em 
s uch a s  a b l oc k ed or l ea ky f l ue .  The ma i n  prob l em i n  these c a s e s , 
therefore , wa s not depre s s u r i zat i on b ut wea k  c h i mney s . 

PROJ ECT 7 COMMUN I CAT I ONS STRATEGY 

As the survey reve a l ed that the prob l em ,  wh i l e  s u b s t a nt i a l , i s  not 
e p i d emi c i n  proport i on ,  there i s  no  need to create w i d es pread a l arm i n  
the gen era l pub l i c .  A c ommun i cat i on strategy h a s  been drafted wi th t h i s 
i n  mi nd . I t  p l aces  empha s i s  on mot i v at i n g  the heat i ng and  hou s i ng  
i nd ustr i e s  t o  be aware of the  comb u s t i on vent i n g probl em and  i t s causes  
and  to make effect i v e u s e  of the d i agnos t i c  too l s and  prevent i v e and  
remed i a l meas ures devel o ped i n  t h i s proj ect . 

OVERALL  PROJ ECT SUMMARY AND CONCLUS I ONS 

The project has  gone a l on g  way towards  meet i n g i t s  ori g i n a l  object i v e s  
and  has  s i g n i fi cant l y  adv anced t h e  s t ate-of-the-art i n  th i s  fi e l d .  

It  has  l ed to improved understan d i ng  of the comb u st i on venti n g  proc e s s  
a n d  con fi rmed the " sys tems " nature of t h e  f a i l ures t h a t  l ead to 
combus t i on vent i ng  prob l ems . 

I t  a ppears  that a s i g n i f i cant port i on of the Canad i a n  hou s i n g  s tock h a s  
potent i a l for comb u s t i on ven t i ng  fa i l ure t o  occur on  a reg u l ar ba s i s .  I n  
mo s t  c a se s , t h i s i s  u n l i k e l y  t o  l e ad t o  i lTITled i ate l i fe-threaten i n g 
pol l ut i on l e v e l s ,  but l on g  t erm chron i c  heal t h h a z ard s cou l d  be a 
pro bl em ;  h owe ver t h i s l atter concern req u i re s  further i n v e s t i gat i on 
before any defi n i te conc l u s i on can  b e  reached . 

A n umber  o f  techn i q ue s  are a v a i l ab l e  for i de nt i fy i n g  hou s e s  prone to 
c omb u s t i on v en t i n g fai l ure and for d i agnos i n g the c a u s e s  of such  fa i l ure . 
There a re a l s o  a v a i l ab l e a n umber of mea s ure s for prevent i n g  comb u s t i on 
vent i n g  f a i l ure i n  n ew hous e s  and  for remedy i n g i t  i n  ex i st i ng  house s . A 
co1T111un i cati on strategy h a s  been drafted for conveyi n g  the s e  techn i q ues  
and  mea s ures to rel e v a n t  peo p l e i n  the hou s i n g  and  heat i ng i nd u s tr i e s  and  
for encouragi n g  t hem to ma k e  u s e  these  tool s .  
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