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ABSTRACT 

S ixteen homes were continuous ly moni tored to determ ine the frequency and 
duration of combustion product spi l lage from the furnaces and DHW systems. 
In the houses which did show spil lage act ivi ty, event-control led sampl ing 
was used to determine l eve ls  of ai r contaminants at tr ibutable to the 
spi l loge. 

Addi t ional testi ng of the sample houses inc luded: ai r t ightness testing, 
air change rate test ing and "forced spi l lage" contam inant test ing .  
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EXECUTIVE SUMMARY 

I n  o previous research contract , Canada Mortgage and Housing Corporation 
(CMHC) hod simple monitors instal led in approximate ly  900 houses to detect 
spil loge of combustion products from fue l-fired furnaces and hot water 
heaters. In this study, CMt--lC found that o si gnificant percentage of ho uses 
did hove occurrences of combustion product spil loge from these appliances. 

Buchan, Lawton, Parent L td. was contracted by CMHC to carry out o more 
detail ed monitoring programme on sample houses which had experienced 
incidents of combustion spil loge. 

The methodol ogy inco rporated two basi c e lements. The first, carried out on 
al l six teen houses covered under the test programme, was to monitor the 
mechanical systems and door and window operation of the houses to determine 
the frequency and duroti on of spil loge incidents, and the status of 
exhausting equipment and enve lope openings during these incidents. Testing 
and recording of house detai l s, such as envel ope ai r l eakage and occupancy 
characteristics, were also done. 

The second element was air sampling to determine contaminant leve l s  
at tributabl e to  combustion product spil  l,oge from the appliances. Two 
sam pling technol ogies were employed. Tube sampling methods were used for 
NO, N02, and (in oil-heated houses and o limited number of gos-heated 
houses) so2• As wel I, bog samples were col lected for l ater analysis by gos 
chromatography for CO, C02 , methane and non-methane hydrocarbons. Thr ee 
sampl es also 1X1derwent furtner anal ysis by moss spect rophotomet ry for o 
more complete anal ysis of organic compounds. 

Air sampling was carried out in the houses as found, and during a period in 
which the combustion appliances were forced to spil I by use of o high 
volume door fan. On those houses where si gnificant 'natural ly  occurring' 
spil loge events were recorded, o pump sampling package was ins tal led, 
contro l led by the monitoring system, which col lected bo g samples and, in  o 
limited number of cases, N02 sorbont tube samples through two sampling 
trains. One sampling train  col lected onl y  on spil lage events and the other 
was activated on o time cont rol led basis,  thus col lecting on 'overage' 
sample. 

Monitori ng activities were carried out in o total of six teen houses, nine 
in O ttawa and seven in Winnipeg. Three of the Ottawa houses were 
oil-heated, the rest were heated by natural gos. Moni toring was done over 
a period of fourteen to thirty-five days on i ndividual houses and a total 
of 322 days of usable monitoring data was gat hered. 
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Of the sample six teen houses, n ine showed no spil loge activity dur ing the 
period they were monitored. F ive gos-heated houses hod si gnif icant 
spil loge incidences and the remai ning two houses, which were oil-heated, 
hod brief, infrequent peri ods where spil loge was detected. 

In two of the ho uses which showed signif icant spil loge occurrence, spillage 
was found to correlate with the operati on of other exhausting appliances, o 
f ireplace i n  one case and exhaust fans i n  the other. The three other 
spilled even wi thout those aggrevati ng factors. 

Whi l e  some at tempt has been made to correlate spillage dote with 
atm ospheric weather conditions ( from Atmospheric E nvi ronment Service 
Weather Data), no di rect correlation can be seen. This is not to say that 
t here is no correlati on, but rather, other factors such as exhaust 
appl iance operati on or poor chi mney acti on overwhelmed weather effects. 

Air  quality sampl ing results indicate that there is some i ncrease i n  
contam inati on leve l s  at tributable to combusti on spil loge from the 
app l iances, but that the i ncrease was not dramati c. 

It was found that during the forced spi l loge testi ng in some houses, 
contam inant leve l s, porticulor i ly  carbon diox ide, did increase wel l above 
ambi ent levels (C02 concentrations up to 6636 ppm). I n  normal operati on,  
even in  those houses which spi l led consiste ntly, the contam inant levels 
were below leve l s  specif ied in  ex isti ng standards and Health and Welfares 
proposed guidel ines leve l s. 

The study concludes that consi deri ng that the sample sel ecti on was limited 
to houses previ ous ly  determ ined to hove spil loge occurrences, remarkably 
few had si gnif icant spi l lage incidents. Furthermore, whil e  contam inant 
l evels at tri buted to combustion product spil loge were higher than ambient 
or average l evels and in ' forced spil lage' tests reached unacceptable 
levels, the contaminant l eve ls  from ' natural ly occurri ng' spillage incidents 
were below Heal th and Welfare proposed guidel ines. 

It was noted, however, that the frequency and duration of combustion 
spil loge and the leve l s  of contaminants at tributable to both 'forced' and 
' naturally' occurri ng spillage were very house-specif ic. Whil e hazardous 
levels of contaminants were not recorded from 'natural ly' occurring 
spi l  loge in the relat ively few houses in which spi llage was moni tored, 
there is reason to suspect that in a l imited number of cases, contamination 
levels could be o problem.- The results would, however, indi cate that this 
should be rare. 
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1 .0 INTRODUCTION AND BACKGROUND 

During the course of a n umber  of previ ous proj ects, Can ada Mortgage an d 
Housing Corporat i on (CMHC) has been attempting to def ine the preva lence an d 
impact of combusti on product spil loge in Can adian Houses. The most 
si giif icant proj ect was on e whi ch surveyed approxi matel y 900 houses across 
Can ada (R eference I ). A si mpl e temperature  sensor was used to determine  
that combusti on product spi l loge f rom furnace and hot water heaters had 
occurred in a si gn i f icant percentage of the houses tes ted. 

The techn ol ogy used in the broad survey was l i mited in that it di d not 
def ine the actual durati on an d n um ber of occurrences of spi l loge , n or did 
i t  at tempt to determine the effect of spil loge on the indoor envi ronment.  
These issues were addressed in the present proj ect . 

Buchan , Lawton ,  Parent  L td.'s response to a CMl-tC request for proposals 
offered to car ry out mon i toring of a si gn if icant n umber of houses to 
determ ine the number an d durat ion of spil loge inci dents, what househol d  
operati on characteristi cs inf l uenced spi l loge an d the effect on the indoor 
envi ronment.  To meet obj ecti ves wi thin CMl-tCs stated budget constraints 
requi red some innovati on an d pl anning, espe ci al ly  consi dering cont ract an d 
heating season restraints l im ited al l prel iminary work and f ie ld moni toring 
to  a peri od from cont ract award on J an uary 1 6th 1 987 unt i l  the end of the 
heating season whi ch was deemed to be the end of Morch 1 987. 

This report is broken down int o several secti ons. In sect ion two one can 
find sub-secti ons di scussing the sel ecti on of the case study houses, 
descr i pti ons of the moni toring systems an d methodol ogy empl oyed an d a 
descripti on of the ai r sampl ing methods used. Secti on three sum marizes the 
f iel d experi en ce and· the resul ts of the program . Sect ion four provides 
comments and concl usi ons .  

Appendi x A provides the data for each house on an individual basi s. 
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2.0 PROCE DURES 

The approach em pl oyed was to use "IBM PC cl one" computer sys tems as an 
ei ght channel status data acquisi ti on system by the use of a stan dard games 
cont rol I er card. Four of these channels were used to determine  whether the 
combusti on appl i ances were on or off an d whether spi l lage was occurring. 
The other four determ in ed house acti vi ty s tatus , incl uding whether or not 
windows an d doors were open (on two si des spl i t  by ori entati on), whether 
exhaust  fans were operating an d whether the f i repl ace was in use. 

This mon i toring acti vi ty was carri ed out on nine houses in O ttawa an d seven 
in W innipe g. On those houses whi ch showed si gn if icant spi l lage occurring, 
further work was l.Xldertaken to determine  the effects of spi l loge on indoor 
ai r qua l i ty. Thi s was done by using ai r sampl ing packages containing 
conventi onal aquari um pum ps to draw ai r sampl es into  myl ar sampl e  bags. 
The pumps were cont rol l ed by two output channels from the microcomputer. 
One pump was acti vated when a si gn i f ican t spi l  loge event occurred an d the 
other was on a regu lar ti m e  cyc le  so that "average" indoor contaminant 
l eve l s  could be determ ined. 

Because of ti me an d budget res traints, the proj ect was l i mited to l ooking 
at "worst case" issues. The sample l ocati on was in an area near the 
furnace an d near the cei l ing  ( i t  was assumed that hot exhaust gases woul d 
tend  to rise). 

2. 1 Uni t S election 

The pri me source of informati on on houses which had indi cati ons of spi l lage 
occur ring was the data base bui l t up by CMHC from previ ous proj ects. 
lni ti al ly, s trong efforts were made to l ocate other spi l  loge houses in the 
O ttawa area, as keeping the study within the O ttawa region would have a 
m aj or i mpact on cost an d f l exi bi l i ty. 

CMH C suppl i ed the nam es of nine houses that were " three dot fai l ures" from 
the i r  previous work (R eferen ce I ) .  Of these, f ive agreed to the detai l ed 
m on i toring program descri bed in this report. Four other houses , wi th 
spi l  loge f requenci es,  were  foun d  through contacts wi th the cont ractors who 
had car ri ed out the previous study an d through heatin g servi ce f i rms. I t  
soon became qui te evi dent that f inding additi onal houses was going to be a 
probl em l.Xl der the very  tight ti me cons traints of the cont ract , especial ly 
si  nee these houses had to be foun d  at the ti me of year when spi l  loge was 
assumed less l i ke ly  to  occur (co ld  weather wi th f requent winds). Buchan , 

2 

,, 



Lawton, Parent L td. was forced to l ook farther af ie ld and made arrangements 
wi th G .K. Y ui l l and Associ ates in W inn ipeg to contact some of the fai l ur e  
houses which had been l ocated in W inn ipe g during C MHOs previ ous work. 
Seven houses were foun d  for the proj ect in W inni peg. BLP personnel went  to 
W inn ipeg to instal l the moni toring sys tems. On-si te sampl ing  and data 
gathering was carri ed out by personnel at G.K.  Y ui l  I an d Associ ates. 

House descr ipti ons and data for each house covered in the program are 
incl uded in Appendi x A. Thi rteen houses were gas heated an d three wer e  oi l 
heated. Air  qua l i ty mon i toring was carri ed out in two of the oil heated 
houses an d seven of the gas heated houses . 

2.2 Monitoring Equipment 

T he key to provi ding the l eve l of informat ion requi red in this proj ect at 
an acceptabl e cost  was the use of stan dard microcomputers, speci f ical ly IB M 
P C  cl ones ,  as the monitoring system. These were sel ected because they were 
readil y avai l abl e an d inexpensi ve to rent. When equi pped wi th dual floppy 
disk dri ves an d a "mul ti -fun cti on card" (as they are normal ly avai l abl e 
f rom suppl i ers), they have adequate storage capaci ty, the avai l abi l i ty of a 
l im ited number of input channels ( through the joys tick control ler po rtion 
of mul ti -fun cti on card), a real ti me cl ock (again on the mul ti-fun cti on 
card), an d the abi l i ty to  provi de output si91als (using the speaker 
connecti on an d the "reques t to send'' pin on the ser ial interface). 

The monitoring systems and methods were desi gn ed aroun d  the capabi l i ti es 
and l im itat ions of thi s bui l ding bl ock. The games cont rol ler cards could 
provide four analog channels and four on-off status channels for data 
input. Because of some doubt about stabi l i ty of the anal og input,  an alog 
data recording was not at tempted. On those sensors whi ch provided analog 
signals, output was converted in software to status form at based on 
f ield-settable threshol d va lues. For example, when the measured resis tan ce 
of a thermister fel l below the set thresho l d, status was changed f rom off 
to on (co ld  to  hot). 

A descr ipt ion of the parameters measured and the type of sensors used are 
incl uded in T obie 2. I .  I t  shoul d be noted that some of the sensor 
sel ecti ons were based on thei r avai l abi l i ty  wi thin the t ime constraints,  
rather than sel ecti on of the best possi bl e sensor for the appl icat i on .  I f  
the equ iva lent system were to  be used again ,  w e  woul d suggest some 
exper imentati on to see if therm istors could survive the un dil uted f l ue 
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TABLE 2.1 

MONITORING CHANNELS AND SENSORS 

Chann el  Description 

Door and W indow S tatus: These ar e moni tored on two channel s 
( north/wes t and south/east si de of the house) by n on-contact 
m agn etic swi tches with external wiring. A II sensors are gan ged so 
that the i nformati on recorded is l imited to whether or not any one 
window or door is open on ei ther of the two si des of the buil ding. 

Fi rep I ace S tat us: Measur ed wi th a thermos tatic swi tch pl aced in 
the chi mney, approximatel y 1.2 m etres from the top, on o l ength of 
pyrotenax cabl e. The wiring i s  again external . 

Fan S tatus: Moni tored with F M  int ercom transmitters wired in  
paral l el to  the fan .  When the fan i s  turned on, a si gn al is sent 
from the i nt ercom transmitter to the recei vi ng un i t  housed in the 
data acquisi ti on package. This approach e l iminated the n eed for 
int ernol wi ri ng. 

Furnace S tot us: For l iabil ity reasons, a decision was made to 
keep our instal l ati on non-intrusi ve to the furnace systems 
themselves. Fur nace status was bei ng measur ed by a temperatur e  
sensor j us t  upstream of the dil uti on air inl et .  For si mpl ici ty 
and avai l abil i ty, a si mpl e I O Ok  r esistor was chosen as the sensor.  
This provi ded adequate  si gn al differ enti al an d response ti me 
al though i ts absol ute accuracy was obvi ous ly  n ot the same as a 
more conventi on al temper ature  sensor.  However , the repeatabi l i ty 
was acceptabl e, so al l this requ ired was on on-site softwar e  
cal ibrati on. 

Furnace Spi t  loge: For gas uni ts, the spil loge conditi on was 
detected by a therm ister at the di l uti on air in l et .  On  al l 
oi l- fired uii ts ,  o smoke detector uni t was used. 

�-. - -·-

-·-... 

Domes ti c Hot Wat er S tatus: Operati on was done in the same man ner 
as furn  ace oper oti on . 

. 
Domestic H ot Wat er Spit loge: Spil loge was sensed in  the same 
manner as fur nace spil loge. 

-
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temperatures used to determine  combusti on appl ian ce status. The si mpl e an d 
readily avai l abl e sensors used (s tan dard I O O k r esistors) worked adequatel y, 
but were the most  un rel i abl e compon ent in the system.  

One nove l techn ique used during this study proved successful beyond our 
wil des t expectati ons. This was the use of the FM intercoms to moni tor 
exhaust fan status .  There was on l y  one house out of the si xteen in which 
this approach was not possi bl e. The us e  of the intercoms el iminat ed the 
n eed for any int ernal wi ring in the ho use. Costs associ ated wi th using the 
intercom were probabl y equal to the cost of wi ring but the benef its in 
terms of hom e  owner co-operat i on an d conveni ence wer e  t remen dous.  

I t  sho ul d be noted that using the stan dard ga m es cont rol l er to accept card 
inputs from sensors was not enti rel y s trai ght forward, r equi ring sof tware 
e l ements such as software f il tering and m in imum trapping to obtain adequate 
signal rel iabi l i ty an d response ti mes .  

There was some concern about the risk of l eaving an open , un atten ded 
computer sys tem in the moni tored houses. C onsequentl y, painted pl ywood 
boxes were fabri cated to ho use the microcomputer an d keyboard. The moni tor 
was l eft exposed on top of the box because it provided output informati on 
whi ch the homeowner was reques ted to  rel ay to  us during phon e  ca l Is. The 
box also housed a connecti on board whi ch contained terminals  for al l 
connecti ons, the intercom recei ver an d the el ect ronic ci rcui t ry requi red 
for signal condi ti oning of the other sensors. 

2.3 Mon itori ng Software 

The moni toring software used was a rel at ive l y  si mpl e program . I t  was 
deve l oped by D. Marshal l at SRO for this proj ect , an d wri tten in BAS IC, t he 
program scanned al l eight input pan els and the cl ock on a cont inuous basis. 
On the an al og channel s, the si gn al was compared against thresho lds for 
conversi on to stat us output .  D ata was onl y  w ri tten to disk when a change 
in stat us was noted an d at this ti me the status of al l ei ght channels  was 
written to  disk in on e l ine. 

The program also cont rol led two output si gn al s  ( the speaker and "R equest to 
S en d'' channel of the seri al int erface), which we  us ed to cont rol the ai r 
sampl ing pump package descr ibed in S ecti on 2.4. The control softwar e  hod 
user-def inabl e set tings for on-del ays, off-del ays an d sampl ing pump run 
ti mes. 
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The thr esho ld  va l ues used to convert an al og signals  to stat us were also 
user-set tabl e. 

The program was sel f-booting so that if there was a pow er fai l ure  or an y 
ot her int errupti on ,  the system would sel f-boot, l osing a minimum of data. 
lnterrupti ons were recorded on a separate data f il e. 

A sampl e of the data is shown as F igure  2.1. Each col umn represents one 
chann el mat ching from lef t  to ri ght the channel def ini ti ons of T abl e 2.1. 

Data an al ysis routin es were deve l oped to scan through this data at a rapi d 
pace to  f ind spil loge incidents provi ding the edi ted data shown in F igur e  
2.2 an d t o  produce the summary tabl es descr ibed in S ecti on 3.2.1. 

2.4 Air  Sampl ing Equ ipment  aid Procedures 

There were basi cal ly  thr ee t ypes of ai r sampl ing carri ed out during the 
course of the proj ect . 

On al l houses, usual ly  d uring ins tal lation of the data acquisiti on system, 
Gas tec absorpti on tubes were used to check for the pr esence of N02, NOX 
an d, in some cases, 502• This  was done at two locati ons in the house, the 
basem ent near the furnace and in the l iving space,  usual ly in the mas ter 
bedroom. These samples were taken before an d during a period of spil loge 
forced by the use of a door fan or bl ocking of the f lue .  In cases where 
detectabl e quanti ti es of any of these cont aminants were foun d  during the 
forced spil loge tes ts ,  addi ti on al tube sampl es were car ri ed out at the same 
locations a few minutes af ter the forced spil loge was stopped. Samples of 
ai r were col lected in myl ar bags from near the furn ace. These were shi pped 
to Mann Testing L aboratori es where gas chromatography an al ysi s was used to 
determ ine concent rat i ons of co, co2, m ethan e an d n on-methan e hydrocarbons. 

On houses which were showing spi l  loge within the f i rst  two weeks of 
moni toring, an ai r sampling �ckage was ins tal led. In each package there 
were  two aquari um-type di aphram pumps cont rol l ed by outputs f rom the data 
acquisi ti on system via sol id  s tate rel ays. Air drawn by these two pumps 
was co l lected in ten l i t re, coated, m yl ar sampl e bags. One pump acti vated 
when the data acqu i si ti on system detected a spit loge condi tion l onger than 
a user set tabl e ti m e  del ay (usual ly set at 1 5  seconds). This  pump ran for 
the durati on of the spi l lage inci dent aid over a settabl e "off" del ay ofter 
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FIGURE 2.1 Raw Data 
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FIGURE 2.2 Edited Data 
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the inci dent ceased. The seco nd p..imp was acti vated o n  a ti med cyc le  an d 
operated for 30 seconds every  hal f  ho ur.  This  pum p  was equi pped wi th a 
met ering val ve an d f low met er so that the flow rate  co ul d be set . The 
rn res tri cted flow rate of the p..im ps used was about one l i tre pe r  minute 
which was deemed adequat e for the spil log e-co nt ro l l ed sampl e. For the 
t imed sam pl e it was adj usted to reduce this f low to approxi matel y one hal f  
l i t re pe r  minute to al low a 24 ho ur sam pl e  in the sam pl e  bag . 

The bag samples were sent for mal ysi s of CO, co2 and o rganics at Mer.n's 
tes ti ng l ab i n  Toro nto . A sel ected num ber of samples al so underwent mass 
spect rog raphy for a more compl ete  an al ysis of the vo l ati l e o rganics. 

I t  was recognized f rom the onset of thi s proj ect that certai n contaminants, 
notabl y n i t rogen dioxi de ,  co u ld  no t be rel i abl y analysed in a bag sam pl e. 
I ni ti al intentions were to draw sam pl es through Gastec absorption tubes 
f rom the bags on-si te, but even this was recognized as being som ewhat 
unr el i abl e because a sampl e co ul d have be en in the bag fo r up to 24 ho urs . 
W ith hig,l y  reacti ve n itrogen diox i de ,  this woul d be an excessi ve del ay. 
Whil e anal ysi s for total ox i des of ni t rogen wi th Gastec tubes was al so 
done, i t  was fel t  that , i n  those ho uses wher e sign i f icant spil loge w as 
occur ri ng ,  i t  woul d be worthwhi l e to add addi tional effort to the n i t rogen 
diox i de sampl ing .  Consequent ly  arrangem ents were m ade wi th the Ontario 
Res earch Foun dation for the supp ly  and anal ysi s of a ni t rogen dioxi de 
sam pl er based o n  absorption of  triethano lami ne (TEA). These sam pl ers ar e  
m ade up o f  thr ee parts: the f irs t co ntains a TE A impr egnated mol ecular 
si eve whi ch t raps N02, the second is an ox i dizer section which co nverts al l 
NO to N02 and the las t co nt ains the i mpr egn at ed mo l lecul ar si eve which 
traps the co nvert ed N02• Labo ratory anal ysi s to det erm ine NO and N02 
co ncentrations was done at ORF. 

These tubes use a p..im p  sam pl ing appro ach and the procedure r equi red 
modif ication of two sampl e packages by the addi tion o f  two p..im ps mounted 
pa r  al I el to the o rig i nal two. 

Flow rates were set usi ng f low va lves to approxi matel y one hal f  l i t re pe r  
minute. Pum p sampl i ng ti me was cont rol l ed by the sam e log i c  as the bag 
sampl i ng t rains . 

The comp..iter program automati cal ly  det erm i ned p..im p  run ti me so that the 
required sam pl e vo l um e  cal cul ation could be readi l y m ade. There was som e  
startup ins tabi l i ty i n  the pump f low rotes .  The flow m eters used for 
set ting f low rates had a specif ied accuracy of  + I  D°tb so there is som e  sam pl e 
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vo l um e  erro rs but we j udge i t  to be wel l wi thi n +2 0% accuracy l evel s  
desi red for this proj ect . 

2.5 Other Tes ti ng 

T wo other procedures were carri ed o ut to provide suppo rt dat a for the 
spi l  l oge  moni to ri ng and ai r qua l i ty moni to ri ng acti vi ti es. 

Each ho use was subj ect to a fan depressurizotion tes t  acco rdi ng to CGSB /CA N 
149. I O M86. In  the O ttawa ho uses, this  was do ne by Buchan, Lawton, Parent 
L td .  techno log ists and i n  W innipeg the wo rk was sub-co nt racted to NRG 
I ndustries L td .  Res ul ts of the testi ng were  reco rded o n  the house dat a 
sheets i n  Appendix A. 

As suppo rt for the ai r qual ity data, i t  is desi rabl e to know the actual ai r 
change rote  of  the bui l di ngs dur ing the moni to ri ng period, co nsequent l y, a 
ti me-averaged t racer gos tes ti ng pro cedure  developed by Broo khaven N otional 
L abs was em ployed. In  this procedure, two so urces of a perf luorocorbon 
t racer gos wer e located in  each of two zo nes of the buil di ng ,  in the 
basement and i n  the master be droom. The so urces used in  the two zo nes 
emit, at a rel ati ve l y  cons tant rote, dif ferent t racer gases so that 
i nt er-zo ne mix i ng can al so be determ ined. A sampl er whi ch abso rbs the 
t racer gases was mounted i n  the som e rooms as the so urces ai d  l eft  in  pl ace 
for the enti re pe riod that ai r qua l i ty moni to ri ng was toki ng pl ace .  These 
sampl ers are anal ysed by a thermal deso rption/moss spect rographic  process, 
f rom whi ch o ne con cal cul at e  a ti me-averaged ai r change rote and inter-zo ne 
mix i ng .  

Suppl y and anal ysi s of the sam pl ers was sub- co nt racted to the Nati onol 
A ssoci ation of Home Bui l ders' { NAt-8) Research Center in Upper Marl boro , 
MD. 

1 0  
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3.0 RESU... TS 

3.1 Field Experiences an d  Probl ems 

As wi th an y proj ect of this magn i tude,  a number of probl ems had to be 
o verco m e  during the co urse of  the moni to ring program. I t  is wo rth not ing 
them in order to faci l itate  future  use of  equival ent  techn i ques an d as a 
reference to help in exp l aining an y data  i rreg u l ari ti es. Pro bl ems that 
were enco untered incl uded: 

3.1.1 Appl iance S tatus S ensors 

Appl iance stat us was moni tored by measuring t he resi stan ce of I O Ok 
resi stors pl aced in the f lue, upstream of the di l uti on ai r inl et .  The 
sigial var ied eno ugh over the tem perature  range of a f l ue that a discrete 
stat us sym bol co uld be o btained. 

W hi l e  a more di rect acting senso r such as the rel ay on the furnace woul d 
seem mo re appro priate, there were real concerns over l i abi l i ty  issues. Any 
problems wi th the furnace sys tem s whether or  no t they were di rect l y  caused 
by o ur actions co uld be bl am ed on the moni to ring sys tem . I t  was deci ded to  
use temperature  as the status indi cator. 

The resi stors were chosen af ter some experi mentation because they wer e  
avai l abl e in the very sho rt ti me frames requi red, they co ul d be measured 
wi th the games contro l l er card an d they co uld survive the un di l uted f l ue 
temperatures . 

W ith hindsight , we feel that the high temperature therm is tors (600°C), 
co uld be a more appropriate  senso r but  the onl y  suppl i er o f  these sensors 
had too few therm istors in stock for both the status and spi l  log e  
i ndi cat o rs needed. 

The resi stor4s react i on ti me was much slower than the tiny therm istors 
(which were vi rtual l y  ins tantan eo us) used for the spi l l ag e  indicators, so 
there was some sensor de l ay (in general about 15 seconds on both the on and 
off cycl e). This del ay has to be taken into accoun t  in my data an al ysi s. 

The change in resistan ce wi th temperat ur e  was not g reat (abo ut I 0 percent)  
between exposure  to am bient  and f lue temper atures. There was a certain 
amoun t  of tri al and erro r  in f inding the correct thresho l d  set tings to 
o btain a posi ti ve response to stat us change. Otherwise, in a pl ateau 
reg ion the co mputer reco rded an event every two or three seconds whi ch 
rapi dl y  f il l ed up the disk wi th data. Thi s probl em was accented by the 
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fact that the resi stance sensors di d drift  significant l y  with ti me so f ie ld 
checki ng and cal i brati on was necessary dur ing si te vi si ts. 

3.1.2 I nconsistent Output S ignals  

I n  this program sixteen different computers from thr ee different suppl i ers 
were used at vari ous ti mes .  A l l  were  IBM-P C cl ones, but there were som e  
differences i n  ho w  they were set up i nternal ly, notabl y wi th the spe aker 
channel whi ch was used as an output channel for the program .  I n  the 
i ni ti al group of computers, we  found that the output signal was strong ,  
s tabl e and acceptabl e for dri vi ng the sol id  s tate rel ay whi ch tur ned on the 
sampl i ng p..imps .  

I n  one of the l atter systems i n  O ttawa and al l of the sys tem s i n'W innipeg , 
i t  was found that thi s was not t rue . This channel produced a i nconsi stent 
sigial cr eati ng varyi ng pum p  f l ow rate. For the bag sampl ing this was not 
m uch of a problem si nce the m easurement of bag sampl es were done based on 
concent rati on, so the absol ut e vol um e  of sampl es di dn' t matter. On those 
ho uses wher e N02 sampl i ng wi th the sorbe nt tube was used, knowl edge of the 
act ua l pumped volum e  was cr i ti cal . P lans i ncl uded sampling for N02 on both 
spi l l age-cont rol l ed an d ti mer- control led sampl e  trai ns . The i nconsi stent 
f low on the output used for the ti mer-cont rol l ed sampl e  trai n  reduced the 
N02 sampl ing to onl y one channel on two W inni peg houses.  

3.1.3 Sampl e S iz es 

W ith the spi l lage  cont rol l ed sam pl e  one can expect a gr eat vari ati on in  
sam pl e  siz e .  A bal ance had to be draw n bet ween sampl e  vol um e  f low end 
storage capaci ty. Ten and f ifteen l i t re myl ar bags were use for storage 
even though  onl y about one l i tre was requi red for anal ysi s. W hi l e there 
was some capaci ty to  adj us t the sampl e  ti me del ays and to  a l esser extent, 
the f l ow rates , the ti me cons trai nts of the proj ect al lowed onl y l imi ted 
r ef inem ent of these paramet ers on an indi vi dual house. Because of the 
vari ati on i n  sam pl i ng ti me, i n  some cases , unusabl y smal l samples wer e 
co l lected and, i n  other cases , bags were f il led rel at ive l y  rapidl y, perhaps 
over  one or two maj or spil loge  occurrences . 

3.1.4 Lost Data 

T here were  peri ods where dat a was lost. Thi s  can be traced to two sources. 
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In some cases , due to the probl em descri be d  i n  sectio n 3.1.1, di sks were 
f il l ed up much mo re rapidl y than expected, and there was some el apsed ti me  
bet ween the fi l l ing of  the disks and si te visi ts to repl ace them. 

The seco nd probl em was enco unter ed wi th the W innipeg systems. On at l eas t  
thr ee occasio ns ,  the data co ul d  not be r ead f rom the disks. W e  suspect 
that it was som e  sof twar e compati bi l i ty probl ems in the o perat ing system 
between the DOS system used in  O ttawa and W inni peg . In  these cases , i t  was 
found that data was resi dent on the di sks and co uld be read i n  a "block by 
block" fashio n, however,  the blocks were not al ways i n  chro nolog i cal o rder. 
P rocedures were set up to process the data in o rder to det ermine what 
happened over a period but the act ual ti me of events was diff icul t to 
determine. 

3.2 Moni tor ing Res ul ts 

The basi c data  obt ai ned in  this proj ect can be bro ken do wn into thr ee 
cat ego ries: ho use and occupant characteristics, spi l lag e  frequency and 
duration data, and ai r qua I ity data. 

A sum mary of al l data on a case study basi s is i ncl uded, by ho use, i n  
Appendix A. For each ho use one wi l l  f ind: 

- a descr iption of the house and o ccupant characteristi cs i ncl ud ing the 
f loo r pl an, 

- a series of tabl es anal ysi ng the operation and spil lage  data, and 
- ai r qual ity sampl ing res ul ts. 

Thr ee types of tabl es or e i ncl uded to sum marize o peratio n and spi l lag e  
data. 

The f irs t tabl e shows the f requency and dur ation of signif icant spil l age  
events. A signif icant spi l  loge  eve nt was def ined as I 0 seco nds of spi l loge 
(as determined f rom the spi l  loge sensor) for a gas heated ho use and 5 
seco nds for an o i l  heated house. 

The seco nd tabl e shows the effect of agg r evati ng co ndi tions dur i ng 
spi l  loge.  In this tabl e, the num ber of events and total ti me is bi nned i n  
co m binations of the agg r evati ng app l iance stat us. These were def ined as 
operation of the f i repl ace o r  woodstove, o peration of any exhaust fans and 
the o peration of the other fuel-fired appl iance (f ur nace o r  DHW tank). The 
percentage of ti me that the house o perated i n  any of the eight bi n 
co ndi tions is al so shown. This al lows assessment of the signif icance of 
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t he spi l  loge  data  in relati on to total ti me. The los t column i n  this table 
shows the number of spi l lage occurrences recorded when any of the wi ndows 
or doors were open. Thi s  i nf ormati on should be used very caref ul ly si nce 
the norm al oper ati on of the ho use in  the wi nter is ,  of course, wi th the 
wi ndows closed. 

Air quality data is presented in a si ng le table for each house. On this 
chart ,  you wi l l  f ind the results of oi l contaminant sam pling, includi ng results 
of tube-type sam pling ,  bog sam ples or the pumped sorbent tube 
sam pl ing for N0

2
• 

3.2.1. Operation and Spillag e  Data 

T obie 3. 1 summarizes the number of moni tored days , the number of days of 
data avai l  able and the numbe r of days that were analysed in  the above 
described charts of frequency, d urati on en d  agg r evati ng factors . A total 
of 363 days of moni tori ng was done. Approx i mately eleven percent of the 
data  was los t  due to  problem s menti oned i n  Secti on 3. 1 .  Analysi s for 
durati on an d  ogg r evoti ng condi ti ons data was only done on those di sks where 
som e spi l  loge was reco rded. This  accoun t ed for 96 days of data.  

Of the f ive ho uses wi th spil lage , i t  was very obvi ous that one (locati on 
code 02) spil lage was almos t exclusi vely dri ven by the f i replace.  I n  fact , 
si nce the f lue f or the f ireplace and the gos appliances or e si de by si de , 
the f i replace sm oke would get drow n down the applian ce stack and int o  the 
house throug h  the di l uti on ai r i nl et of the gos DHW system . 

In  one other locati on (W I) ,  the spil loge seem ed dri ven by other exhausti ng 
appl iances, notably exhaust fans . 

In  thr ee ho uses 03, 06 and W4, spi l  loge occurred regularly, even i n  the 
absence of aggr evoti ng condi ti ons .  

I n  two of the oi l heated ho uses (OS, 07), only short spi l loge i ncidents 
wer e recorded. This is consi stent wi th the "startup puf fs" one would 
expect wi th a power ed tx.J rner sys tem. There was som e statisti cal 
correlati on wi th agg r evotirig f actors on a pe rcent age  of ti me oosi s rut  
this spil lage sti l l  occurred when the aggr evati ng fact ors were not present . 

F ig.ires 3. 1 and 3. 2 show how spi l lage occurrences correlate  wi th AES 
weather data. On these plots,  dai l y  maxi mum md mini mum temperature  and 
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TABLE 3.1 
MONITORING H ISTORY 

OTTAWA 

Loc ati on O il H eated Spi l lage Total Days Days Dat a Days Data 
Code Houses occurrence Monitored A vail abl e Analys ed 

(N/Y) 

01 N 1 6  1 6  0 
02 y 28 27 12 
03 y 1 9  1 2  1 2  
04 0 N 1 4  1 4  0 

05 0 y 29 1 9  10 
06 y 35 3 0  1 9  
07 0 y 27 2 1  17 
08 N 1 6  1 6  0 
09 N 1 6  1 6  0 

Ottawa Total s 200 1 7 1 70 

W INNIPEG 

W I  y 33 33  11  
W2 N 2 9  2 9  0 
W3 N 1 6  1 6  0 
W4 y 25 1 9  15 
W5 N 28  28 0 
W6 N 19 1 5  0 
W7 N 1 3  I I  0 

W innipeg Total s 163 1 5 1 26 

Proj ect Total s 363 322 96 

,. 



!SO 

40 
-C,.) -
U,J .30 0:::: 

� 20 U,J a.. ::::::!! 
� 10 

� Cl 
� 

- 0 
:I: 
a.. :::.:: -
Cl -10 

z:: 
3:: 

-20 

-30 

Code 

0 2  

03 

05 

0 6  

07 

21 24 

N 34 

D 

N J I I 8 7 

D I/ I/ I 7 31 

N J I I I J 
D I/ I I I :/ 
N I J I I I 
D I/ I I I I/ 
N J / I J I 
D I I I I I 

FIGURE 3.1 

OTTAWA WEATHER DATA 

27 2 

8 II J / 
3 27 I I/ I 

I J I J I J I v I/ I/ I I 
I I I J I 20 

I I v I I 9 

I J / J J I I I I I I I 

21FEBB7 -26 MARB7 

5 

/ J 19 

I I/ II 

J I 2 

v I I 

13 17 8 

18 14 14 

/ I I I I I 

e 1, 

OAY 

4 

12 3 14 9 7 

19 18 25 17 19 

2 

7 I 3 

I I I I I 
9 9 I/ v I 
I I I I I I 2 

14 

2 

22 14 12 

28 32 29 

2 I 

I 23 25 

I 12 

6 I 

17 20 

J / / I I 
2 I/ I I/ I/ I/ 

J / J J J 
8 I I I/ I I 

24 36 32 9 13 14 

JO 24 18 10 II 17 

I I I 2 

23 

/ J I 
I/ I/ I/ 

/ J J 
v I I/ 

7 3 3 

12 4 5 

I 

Chart shows number of spillage occurrences in the Ottawa sample per 12 hour period 
0 Indicates no monitoring · 

D = Day 07 :00hr. - 19:00hr. 

N = Night 19 : 00 hr. - 07: OOhr. 

26 

I J I/ I/ 11 
J J I I/ II 
I J v I !/ 
I 2 8 

"3 7 M 



:50 

40 
........... u ---
LU .30 a::: 

� 20 LU Q... :::i: 
� 10 
0 
� 
-:c 0 

Q... � ---
Cl -10 

z 
3= 

-20 

-30 

Code 

WI 

W 4  

14 17 

N 

0 26 

N I J I J 
0 v I I v 

FIGURE 3.2 

WINNIPEG WEATHER 
14MARB7-0 9AF"RB7 

20 23 26 29 1 

DAY 

3 II 9 

II 14 8 63 20 10 I I I J I 
2 22 5 4 4 I I v I v 

DATA 

4 7 

6 5 2 9 4 4 I 

3 16 22 6 31 15 3 

Chart shows total number of spillage occurrences in the Winnipeg sample per 12 hour period 
0 Indicates no monitorinQ 

0 = Day 01 :OOhr. - 19: OOhr 

N: Ni9ht 19: 00 hr. - 07: OOhr. 

5 



"' 

wi nd speed every six hours is p lotted. Any di rect correl ati on to wi nd and 
temperature is i ndiscerni bl e with the data avail abl e. I t  is probabl y 
overwhel med by other factors. 

3.2.2 Air  Qual i ty Testing Resul ts 

Appendix A has a summary  of qua l ity tes ti ng resul ts i ncl uded for each 
house. The f i rs t  three secti ons of this tabl e show resul ts of the G as tec 
t ube-type sampl ing and gas chromotography sampl i ng that was carried out 
before, during, and in some cases, ofter a period of forced spi l loge. The 
l as t  two secti ons show resul ts of the computer cont rol l ed sampl ing that was 
car ri ed out in those houses whi ch showed spi l lage. The samples l abel l ed as 
"cont rol led" were drawn dur i ng spi l loge i ncidents and one l abe l led as 
" ti m ed" was on a regu lar ti me  cyc l ing and could be consi dered average 
i ndoor l eve ls .  The com puter cont rol l ed sampl ing consi sted of gas 
chromotography anal ysi s, i n  some cases NO/N02 sorbent tube sampl i ng, and i n  
t hr ee cases a more complet e  scan usi ng m ass spectography. 

I n  a num ber of cases , i t  was impossi bl e to do both a pre-spi l l  and a forced 
spil l bog sampl e  becaus e  the l ong del ivery t ime of bogs from the suppl ier. 
In these cases onl y  one sampl e  was taken, the forced sam pl e  which was 
deem ed more important . 

Tabl e 3.2 presents the maxi mum readi ngs recorded on any of the 1 6  houses 
covered under the program. F rom this tabl e, one can see that in  the forced 
spil loge tests, a fai rl y  hi gh reading of some contaminants, parti cul ar l y  
co2 and s o2, w ere reco rded but,  i n  cases where natural ly  occurri ng spil loge 
was moni tored, cont am inant l eve ls  woul d not be consi dered hazardous 
accordi ng to current standards and proposed Heal th and W el fare G ui del ines. 
I nteres ti ngl y, i n  many houses wi th the wors t co2 l evel s  dur ing "forced" 
spil loge did not spil I dur ing moni tori ng. Tabl e 3.3 provides a comparison 
of "forced'' and "natural" spi l loge resul ts on those houses whi ch did spi l l 
"natural ly". 

The resul ts of the three samples which underwent mass spectograph ic  
ana lysi s (Houses 02, 03, W4) are  i ncl uded i n  Appendix A wi th the relevant 
house. I n  general , l eve l s  of oi l VOCs were in the sub-parts per bi l l ion 
range, and no "concern" leve l s  of any compound were found. The Mann Testi ng 
Laborat ories' report is i ncluded as Appendix B. I t  shoul d  be noted, when 
v iewi ng the sample  resul ts,  that the S02 peak i s  the resul t of a system 
contaminant f rom the thermal desorption process and does not indicate the 
presence of this contaminant i n  the sampl e. 
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3 .2.3 Air  Change Testing R esul'fs 

The NAH3 -produced resul ts of the l ong term tracer gas tes ti ng ar e i ncl uded 

in  Appendi x C. The m easured, overal l ai r change for the tested houses were: 

H ouse 

02 

03 

05 

06 

07 

W I 

W4 

W7 

A C/h 

.263 

.23 9 

.01 0  * 

.688 

.449 

.329 

.378 

.229 

* I mpuriti es found i n  sampl e. Ignore resul t. 

For detai l ed resul ts, i ncl ud i ng i nt er-zone exchange rates, r efer to 

Appendi x C. 
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TABLE 3.2 
MAXI MUM CONTAMINANT READINGS 

SORBENT TU3ES --GAS TE C TU3ES-- -------�AG SA N'f' LES------

Spil loge Type L ocat ion N02 NO N02 NOX so co co2 CH
4 

H.C* 
(ppm) (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

Pre-spit I near furnace 0 0 0 1 .9 1 249 4 2.7 . 
l ivi ng space . 0 0 0 

J 

! Forced near furnace 0. 6 7.5 0.2 5.3 6634 4.4 2.9 
l i vi ng space Trace T race 0.25 

Past Spil I near furnace 0 Trace 0. 1 
l ivi ng space 0 Trace 0. 1 3  

Control led at furnace 0.76 0.366 - - - 3.7 1 590 1 2. 9  9.9 

Timed at furnace 0.58 0.079 - - - 2.7 983 7.7 5. 1 

* H.C.  - non methane hydrocarbons. 
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House 
Code 

02 

03 

05 

06 

W I  

W4 

TABLE 3.3 

COMPARISON OF 'FORCED' AND 'NATURAL' 
SPILLAGE CONT AMI NA NT LEVELS 

Forced/ 
Control led 

Forced 
Control l ed 

Forced 
Control led 

Forced 
Control led 

Forced 
Control led 

Forced 
Control led 

Forced 
Control led 

co co2 
CH

4 

1 .2 1 826 2.5 
2.9-3. 7 697 - 1 045 1 .9-2.2  

Bag Damaged in  T ransi t 
0.8-2.8 62 1 -968 1 .6-4.6 

1 .6 528 1 .5 
. 1 .0 462 1 .6 

0.8 838 4.4 
1 . 1 -2.4 702-827 8.5- 1 2.9 

0. 1 503 2.8 
0.8 646 2. 5 

5.3 1 998 2.9 
0.5 570- 1 590 I .  7-3.8 

H.C.  

1 .7 
1 .5-2. 1 

1 .4-6.0 

0.9 
2. 1 

1 .2 
1 .4- 1 .5 

2.9 
2.7 

1 .4 
1 .5- 1 . 9  
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4.0 COMMENTS AND CONCLUSIONS 

A lthoug h there were some problems expect ed duri ng f i rst ti me use of any 
f ield system, the low-cos t, PC-based moni tori ng system used in the proj ect 
worked remarkably wel l. W e  feel that this approach could be very useful 
for equi val ent research proj ects, which requi re a l imi ted amount of 
stat us-type data over a peri od i n  which capi tol and i nstal lat ion costs of a 
more compl ex data acquisi ti on system or e  difficult  to j usti fy. 

Consi deri ng that the houses moni tored were pre-selected to be those in 
whi ch spi l  loge i ncidents were thought to have occurred, r em arkably few 
act ua l ly had sign if icant spil lage events. W hi le  one coul d hypothesize that 
this was due to m isleadi ng data from the previous surveys, i t  is also 
l ikely that , for a large number of cases, the combi nati on of envi ronmental 
and house operati on choracteristi cs mos t condusi ve to the spi l loge are 
r elati ve ly rare, and that in  the moni tori ng period, these condi ti ons di d not 
present themsel ves . 

In examining the cont ri bJti ng factors to spi l loge  probl ems, we are somewhat 
l imi ted in our data. The possi ble correlati on wi th temperature and wi nd 
effects is not immedi ate ly  evi dent .  The ai rtightness and ai r change 
tes ti ng data was col lected to al low analysi s of these effects. There has 
been no attempts at employi ng the results in  correlati ons , as the effects 
of outsi de temperat ure and wi nd were  marg i nal in the moni tored houses. 
Appl icance or venti ng system conf igurati on and the effect of exhausti ng 
appl iances are more strong ly related to spil loge  inci dents. 

In two houses, spi l lage was di rect l y  related to the use of exhausti ng 
appli ances . I n  thr ee others, spil loge  commonly occurred even when 
exhausti ng appl i ances were off, suggesti ng that poor chi mney acti on is the 
m os t  important cont ri bJti ng factor. 

In examining the effect of spi l loge  on the i ndoor ai r qual i ty, i t  is 
apparent , f rom the forced spil loge tes ti ng that unacceptably high levels of 
some contaminants, part icular i ly  co2 and s o2, are possi bl e when ful l 
spil lage i s  occurri ng, as i t  was i n  our forced tes ts. 

On the other hand, the observed effects of natural ly occurr ing spi l  loge  
were  not dramat ic. Res ults i ndi cate a percentage  rat her than multi ple  
i ncr ease in  the l evels  of contami nants. None of the readi ngs exceeded 
i ndustri al standards or proposed Heal th and Wel fare G uide lines for 
resi denti al indoor ai r contami nant levels. 

22 
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Therefore, whi l e the forced tes ti ng woul d i ndi cate that the potenti al for 
haz ardous l eve l s  is possi bl e, t he moni to ri ng resul ts i ndi cate that such 
hazardous l eve ls  sho ul d  be rare. 

23 
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APPENDIX A 
House Data 

� E G E N ti  F O R  A I R Q U A L I T Y 

N O  -

N 0 2  = 
N O :·: ·-· 
S 0 2  = 

c o  = 

C 0 2 -· 
C H 4 ·-

H . C . =  

02 = 

.;. 

N i t r i c  O x i d e  
N i t r o q e n  D i o x i d e 
o t h e r  O x i d e s  o f  N i t r o q e n  
S u l o h e r  D i o x i d e 
C a r b o n  M o n o x i d e  
C a r b o n  D i o x i d e 
M e t h a n e 
N o n  M e th a n e  H y d r o c a r b o n s  
O x y 9 e n  

.;. .. 



HOME PROFILE 

1. HOUSE IDENTIFICATION : No . 0- 1 

2. HOUSE DESCRIPTION: 

Total Floor Area: 206 m
2

, two storey, sem �detached 

3. SPACE HEATING: 

Fuel: natural gas 
Heat Distribution: forced air 

Location: open basem ent 

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 

Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fireplace 
Fuel: wood 
Frequency of Use: once per winter month 

Chimney Type: masonry 

6. EXHAUST FANS F REQUENTLY USED: 

clothes dryer 

bathroom 
central vacuum 

7. DOORS/WINDOWS F REQUENTLY USED: 

main entrance 
back door 

8. FAN TEST CHARACTERISTICS: 

6 . 8 1  Air Changes per Hour (@ 50 Pa) 
0.098 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 4 
Occupants under 1 8  years: 1 
Number o f  occupants who smoke: 1 



Fireplace 

Livino Room 

Dining I 

l 
Kitchen 

L 

Bath 

Garage 

MAI N FLOOR 

D QOHW 
Furnace 

D Lfil 

BASEMENT 

Bedroom I Bedroom 

Bathroo 

Bedroom I Bedroom 

UPPER FLOOR 

North :ii.... 

0 5 m  

HOUSE 0-1 
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A i r  Ana l y s i s  Resu l ts of R e s i dent i a l  Combust i o n  S p i l l aq e  Hon i tor i nq 

A dd r es s : 0 1  C i ty :  Ot tawa Fue l T y o e : G .:is  

S P I L L A G ll  - - - G A ST E C  Tubes--- - - - - - - - - - - - - - 8 � 9 Sam p l es -- --- - -- Sor bent T•Jbes P•Jm p 
T Y PE Dat..e - - -Loca t i on-!"'-- N 0 2  NO>: S02 co C 0 2  C H 4  H . C  0 2  N 0 2  N O  T i me 

( p p m > ( p PAI ) ( p pDI ) ( p p n1 > < p p m ) ( p p m >  ( p pni >  co ( p pn1 )  ( p p lll ) ( s ec . > 

P R E  S P ILL Feb 1 1  A t  furnace 0 0 

O p p . end of b s m t  0 0 

FORCED Fe b· 1 1  At f u r nace 0 0 1 . 1  7�· 0  4 . 4  0 . 9  2 1  

O p � . end of bsmt 0 0 

P O S T  SP ILL Feb l l  A t · f u r nace 0 0 

O p p . end of b s m t . 
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HOME PROFILE 

I .  HOUSE IDENTIFICATION: No. 0-2 

2. HOUSE DESCRIPTION: 

Total F loor Area: 204 m2, two storey, single detached 

3. SPACE HEATING: 

Fuel: natural gas 
Heat Distribut ion: forced air 
Location: open basement 

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Locat ion: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: firep lace 
Fuel: wood 
Frequency of Use: once per winter week 
Chimney Type: masonry 

6. EXHAUST FANS FREQUENTLY USED: 

cloth es d ryer  
master bed room bathroom 
upstairs bathroom 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
side door 
k itchen windows 

8. FAN TEST CHARACTERISTICS:  

3 .79 A ir Changes per Hour (@ 50 Pa) 
0.070 Equ ivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 2 
Occupants under 1 8  years: 0 
Number of occupants who smoke: 

"' 



Family Room 

Bathrm. 

Living 
Room 

MAIN FLOOR 

Furnace I 

D 
� 

BASEMENT 

Kitchen 

Dining 

I 

I 

· HOUSE 0-2 

; 

Bedroom IBoth 

Bathroom 

Bedroom I Bedroom 

UPPER FLOOR 

North :ii... 

I I I I I I 
0 5 m  



I. o c .') t i ,., 1 , C o 1j e : o 2. 
S t a r t d ? t e : J U F E B 8 7  

T o t a l  N u m b e r  o f  D � y s 
T o t a l  N u m b e r ci f  D a y s  

E rr oj •:::l J t e : .:? :.! [' f,; f: lJ 7 
A n a l y z e d  i n  t h e � e  T � L l e � :  4 
M o n i t o r e d  f o r  t h i �  H o 1J s e : 2 8 

T A B L E l : F R E Q U E N C Y  A N D  D U R A T I O N  O F  

S P I L L A G c  E V E N T S  

S p i l l a g e  t i m e T o t a l  S p i l l a 9e E v e n t s  
I n t e r v a l  

< s e c > Fu r n a c e  �HW T o t a l 
- - -- - - - - - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - - - -

1 0- 2 9  

3 0 - 1 2 0 

> 1 2 0 

T ot a l 

0 
0 

0 

0 

2 1  

9 
4 

3 4  

2 1  

g 
4 

3 4  

T A B L E  2 : A G G R A V A l I N G  C O N D I T I O N S  D U R I N G  S P I L L A G E  E V E N T S  

L i s t o f  C o n d i t i o n s  
F i r e p l a c e  F a n  O t h e r  

D e v i c e s  

X l' i m e 
C o n d i t i o n 

I r u e 

S p i l l a q e  E v e n t s  T o t a l 

W i n d o w  O p e n  
T o t a l s  T i m e ( ru i n >  O c c u r r e nc e s 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O F F  O F F  O F F  8 7 . 7 2 4  0 o . o o 0 

O F F  O N  O F F  6 . 9 6 2  0 o . o o 0 

O F F  O F F  O N  0 . 7 4 6  0 o . o o 0 

O F F  O N  O N  0 . 7 1 7 0 o . o o 0 

O N  O F F  O F F  3 . 7 3 7  3 1  3 4 . 25 l 

O N  O N  -O r F  0 . 0 7 5  1 1 9 . 9 2 0 

O N  OF F  O N  0 . 0 3 7  l 0 . 1 8 0 

O N  O N  O N  o . o o o  1 1 . 8 8 0 

T O T A L : 3 4  5 G  

n o t e : c o l u m n  • z  T i m e C o n d i t i o n T r u e • h a s  d e v i c e s t a t u s  f o r c e d  
o n  i f  d e v i c e i s  s p i l l i n g 

... ... " ... 



J .  o c .') t l I'· n l o d C' : :> 2 
<_:. t :n t d J t (' : 0 7 Ii (1 " !; 7 r: n ,j d '.'l t c : J 5 ti A P 8 7 
T o t a l  N u m b e r  o f  D a y s  A n 3 l y z � d  i n  t h e � e T a b l e s : 9 
T o t a l  N u m b e r  o f  � a y s  M o n i t o r e d  f o r  t h i s  H o u s e : 2 8 

T A B L E l : F R E Q U E N C Y  A N D  D U R A T I O N  O F  
S P I L L A G I:: E V E N T S  

S p i l l a 9 a  t i m e T o t a l  S p i l l a g e  E v e n t s  
I n t e r v a l 

< s e c ) F u r n a c e  D H W  T o t a l 

1 0 - 2 9  
3 0 - 1 2 0 
> 1 2 0 
t o t a l  

2 
0 
2 
4 

2 
0 
2 
4 

4 
0 
4 
8 

T A B L E  2 : A G G R A V A I I N G  C O N D I T l O N S  D U R I N G  S P I L L A G E  E V E N T S  

L i s t o f  C o n d i t i o n s  % T i m e 
F i r e p l a c e  F a n  O t h e r  C o n d i t i o n 

D e v i c e s  T r u e  

O F F  O F F  O F F  8 0 . 3 8 8  
O F F  O N  a r r  4 . 4 0 1  
O F F  O F F  O N  0 . 2 2 2  
O F F  O N  O N  0 . 4 8 1  
O N  O F F  O F F  1 1 . 2 1 7  
O N  O N  O F F  3 . 0 3 4  
O N  O F F  O N  o . o oo 
ON O N  O N  0 . 2 5 7 

T O T A L : 

S p  i 1 1 .:i q e  E v e n t s  T o t a l 
W i n d o w  O p e n  

T o t a l s  T i m e ( m i n )  O c c u r r e n c e s  

l 0 . 2 5 0 
0 o . o o 0 
0 o . o o 0 
0 o . o o 0 
0 o . o o 0 
4 2 2 . 5 0 2 
0 o . o o 0 
3 -1 1 . 3 7 2 

8 G 4  

n o t e : c o l u m n  ' X  T i m e C o n d i t i o n T r u e • h a s  d e v i c e s t a t u s  f o r c e d  
o n  i f  d e v i c e i s  s p i l l i n 9 



A i r  Ana l ys i s  Resu l t s of R e s i de n t i a l Combus t i o n  S p i l l a9 e  H o n i t o r i n9 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A d d r e s s : 

S P ILLAGl! 
T Y P E Date ---Locat i on----

P R E  SP ILL Feb . 1 6  bes i de furnace 
m a ster bedr o o 11  

FORCED Feb . 1 6 At furnace 
m a ster bedr oom 

f'OST SP ILL Feb . 1 6  A t  furnace 
m a s ter bed r o o 11  

CONTROLLED Har . 1 2- 1 4  A t  fur nace 
H a r . 1 4- 1 6  

T H I E D  Har . 1 2 - 1 4  A t  furnace 
H a r . 1 4 - 1 6  

N O T E  : H . S .  = HASS SPECTROMETER DONE , 

02 C i t y : Ottawa F u e l  T y oe : G .3 s  

- - - G A � T EC T u b e s ---- - - - - - - - - - - - - 9 1 9 Sam p l e s- - - - - - - - Sor bent T•Jbes 
tl0 2  NO:·: S 0 2  co C02 CH4 H . C  0 2  NQ2 NO 

( p p m )  ( p p n1 )  ( p pm ) ( p p m ) ( p p 111 )  ( p pm ) ( p p�! )  ( % )  ( p p m ) ( p p m > 

0 0 0 

0 0 0 ' 1 . 2  1 826 2 . 5  1 .  7 2 1  
0 0 

0 0 

2 . 9  697  l. 9  2 .  1 2 1  
Ir. H .  S . lr. 3 . 7  1 04 5  ") ") 1 . 5  2 1  M • W  

- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -

A V G . 3 . 3  8 7 1  2 . 0 5 1 . 8 2 1  

1 . 2 595 I .  9 1 . 2 2 1  
1 . 3  600 1 . 9 1 .  7 2 1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A V G .  1 . 25 :598 1 . 9 1 . 4 5  2 1  

P1Jm p 
T i me 
< s ec . ) 

7 1  
2 5 S  

3 0 0  
1 8 0  
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R I C  DATA: HQStse ttl  SCAHS 1 TO 1500 
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HOME PROFILE 

I .  HOUSE IDENTIFICATION: No. 0-3 

2. HOUSE DESCRIPTION: 

Total F l oor Area: 1 86 m2, one storey, sing le detached 

3.  SPACE HEATING: 

Fuel: natural gas 
Heat Distribution: forced air 
Location: enclosed furnace room 

4. DOMESTIC HOT WATER HEATING: 

Fuel: natura l gas 
L ocation: adjacent to furnace 

S. SUPPLEMENT ARY COMBUSTION SYSTEMS: 

Type: f i rep lace 
Fuel: wood 

Type: woodstove 
Fuel: wood 

Frequency of Use: once per year Frequency of use: dai ly 
Chimney Type: masonry Chimney Type: insu lated meta l 

6. EXHAUST FANS FREQUENTLY USED: 

c lothes dryer 
k itchen range 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
side door 

k itchen door 
front bedroom 

8. FAN TEST CHARACTERISTICS: 

5.3 A i r  Changes per Hour (@ SO Pa) 
0.082 Equivalent Leakoge Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years and older: 4 
Occupants under 1 8  years: I 
Number of occupants who smoke: 0 



; 

Bedroom Bedroom 

Bedroom Bathroom 

Kitchen 

livi119 /Dining Room 
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[QJ 
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0 5 m  

HOUSE 0-3 
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L o c :� t i o n C o d e:. :  0 3  
S t a r t d a t e : 2 1 f L B 8 7  
T o t a l  N u m b e r  o f  D a y s  
I o t � I N u m b e r  o f  D a y �  

B n d  d a t c : 2 6 f F B 8 7  
A n a l y z � d  i n  t h e s e  T a b l e s : 2 M o n i t o r e d  f o r  t h i s  H o u s e : l 9  

! A B L E l : F R E Q U E N C Y  A N D  D U R A T I O N  O F  
S P  IL L A  G E  E V E N T S  

S p i l l a g e  t.i m e  T o t .:i l S p i l l a q e  E v e r:t.�s 
I n t e r  v .:i l 

< s e c ) F u r n a c e  D H W  T o t a l 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 - 2 9  1 1  2 2  3 3  
3 0 - 1 2 0  0 5 5 
> 1 2 0 l 1 4  1 5  T o t a l l r) 

"" 4 1  5 3  

T A B L E  2 : A G G R A V A I I N G  C O N D I T I O N S  D U R I N G  S P I L LA G E  E V E N T S  

L i s t  o f  C o n d i t i o n s  % T i m e 
F i r e o l a c c  f a n  O t h e r  C o n d i t i o n 

O F F  O F F  
o r r  O t! 
O F F  O F F  
O F F  Q t.! 
O N  O F F  
O N  o t� 
O N  O F F  
O N  (.)t� 

D e v i c e s  T r u e  

O F F  1 4 . 6 5 0  
0 1- 'F  6 . 4 4. �I 
O N  0 . 8 5 5  
O N  0 . 6 5 0  
O F F  2 8 . 8 2 0  
o t r  4G . 43G 

O N  1 . 8 8 7  
O N  0 . 2 5 3  

T O T A L : 

S p i l l a q e  E v e n t s  T o t � l  

W i n d o r.J O o e n  
T o t a l s  T i rn e < m i n >  O c c u r r e n c e s  

3 0 . 7 3 0 
7 3 7 . 4. 8 2 
l 0 . 1 7 1 
0 o . o o 0 
4 1 .  47 0 

2 1  G l . 5 0  3 
9 1 5 . 2 7 3 
C" "' 4 9 . 2 8 1 

C..- ') '.J -..J 166 

n o t e : c o l  •J nm " %  T i m e C o n d i t i o n I r u e • h a s  d e v i c e s t a t u s  f o r c e d 
o n  i f  d e v i c e i s  s p i l l i n 9  
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S t a r t d 3 t e : 2 7 f E B 8 7  
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A n 3 l y z e d  i n  t h e s e  T a b l e s : 2 
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T A B L E l : F R E Q U E N C Y  A N D  D U R A T I O N  O F  

sr· I L L A (j E  E V E N T S 

S p i l l age t i m e T o t a l  S p i l l a 9 e  £ v e n t s  
I n t er v a l 

< s ec ) F u r n a c e D H W  T o t a l  

10-29 

3 0 - 120 

>120 

T o ta l  

15 

1 

0 

16 

17 

B 
9 

3 4  

3 2  
9 
9 

50 

T A B L h  2 : A G G R A V A T 1 N G  C O N D I T I O N S  D U R I N G  S P I L L A G E  E VE N T S 

L i s t o f  C o n d i t i o n s  % T i m e 
F i r e o l a c c  f a n  O t h e r  C o n d i t i o n 

D F F  O F F  

O F F  O N  
O F F  O F F  

O F F  O N  
O N  O F F  
O N  O N  
O N  O F F  

O N  O N  

D e v i c e s  T r u e  

O F F  2 9 . 3 S S  
O F. E' :rn .  "1 6 5  

O N  0 . 235 

U N  0 . 1 3 1  
O F F  1 6 . 37 5  

o r r  25 . 20 3 

O N  0 . 0 2 8  

O N  0 . 2 0 8  

T O T A L : 

S p i l l a q e E v e n t s T o t a l  
W i n d o l-' 0 o e n  

T o t a l s  T i m e < m i n )  O c c u r r e n c e s  

7 

7 
�· .:I 

2 
G 

2 0  
0 

3 

5 0  

37 . 02 
'"I .. , ..., .:.. . .:.. .:.. 
2 . 8 2 

:r n .  4 3  
l . G 3  

4. G . 27 

0 . 0 0 

3 . 2 8 

1 1  4. 

3 
1 
0 

() 
0 

. 9 
0 

0 

n o t e : c o l u m n  • z  T i m e C o n d i t i o n T r u e " h a s  d e v i c e s t a t u s f o r c e d  
o n  i f  d e v i c e i s  s p i l l i n 9 

; 



L o c a t i o n L o d e : o 3 
S t a r t d a t e : 0 G M A � 8 7  E n d  d a t e : l � M n � 8 7  

T o t a l  N u m b e r o f  D a y s  A n a l y z e d  i n  t h e s e T a b l e s : 9 
T o t a l  N u m b e r  o f  D a v s  M o n i t o r e d f o r  t h i s  H o u z e : l 9 

I A B L E l : F R E Q U E N C Y  A N D  D U R A T I O N  O F  
S P I L L A G E  E V E N I S  

S p i l l a g e  t i m e T o t a l S p i l l a g e  E v e n t s  
I n t e r v a l  

< s e c > f u r n a c e  D H W  T o t a l 

1 0 - 2 9  8 8  1 2 3  
3 0 - 1 2 0 2 2 5  
> 1 2 0  0 8 0  
I o t .3 1  9 0  2 2 8  

2 1 1 
2 7  
B O  

3 1 8  

T A B L E  2 : A G G R A V A T I N G  C O N D I T I O N S  D U R I N G  S P I L L A G E  E V E N T S  

L i s t o f  C o n d i t i o n s  % T i m e 
F i r e p l a c e  f � n  O t h e r  C o n d i t i o n 

D e v i c e s  T r u e 

O F F  O F F  O F F  7 0 . 2 2 9  
O F F  O N  O l:' F  2 . 9 7 7  
O F F  O F F  O N  0 . 3 1 8  
o r r  O N  O N  0 . 0 2 9  
O N  O F F  O F F  2 2 . 6 1 0  
O N  o n  O l' F 3 . 6 0 2  
O N  O F F  O N  0 . 1 4 4 
O N  O N  O N  0 . 0 3 1  

T O T A L : 

S p i l l a q e  E v e n t s  T o t a l 
W i n d o w  O p e n  

T o t a l s  T i m e ( m i n )  O c c u r r e n c e s  

1 8 2 -1 9 0 . 0 2 4 2  
2 1  5 7 . 8 8 2 

l <) 7 0 . 3 0 3 
G 2 4 . 7 5 0 

5 7  1 7 7 . 8 3 G 
2 1  6 1 . 0 0  l 
l "l ... 2 8 . 6 5 5 

0 o . o o 0 

318 9 1 0  

n o t e : c o  1 •J m n  1 %  T i m e C o n d i t i o n T r u e " h a s  d e v i c e  s t a t u s  f o r c e d  
o n  i f  d e v i c e i s  s p i l l i n 9  

" ... 



A i r  A na l y5 i s  Res u l t s  of Re s i den t i a l  Co�bu s t i on S o i l l a qe Hon i tor i n q  

A d d r ess : 03 

SP I L LAGE - - - G A S T EC Tubes----
T Y P E  Date ---Loc a t i on---- ND2 NO>: 502 

( p p m ) < p p n1 ) . ( p pm ) 

PRE S P  ILL Feb . 24 At furnace 0 0 

L i v i nq r oo 11  0 0 

FORCED Feb . 24 At furnace 0 . 3  0 

L i v i nc;i r oo11 0 0 

POST SP I L L  Feb . 2 1 At furnace 0 

L i v i nq r oo11 

CO NT ROL L ED Har . 5-1 A t  furnace 
Har . 1-9 I 

H a r . 9- 1 2  • If. H .  S .  If. 
H ar . 1 2 - 1 3  I 

H a r . 1 3- 1 4  I 

Har . 1 4- 1 6  I 

A V G . 

T I M E [I  Har . 5-1 At furnace 
Har . 1-9 I 

H a r . 9 - 1 2  I 

H a r . 1 2 - 1 3  I 

Har . 1 3 - 1 4  I 

AVG . 

NO T E : N . [I .  = NONE DETECTED 
H . S .  = HASS SPECTROMETER: DONE � 

C i t y :  D t h w a  F u e l  T y o e : IJ .3 5  

- - - - - - - - - - - - B ag Sam p l e s - - - - ---- S o r b e n t  Tubes 
c o  C 0 2  C H 4  H . C  02 NQ2 NO 

( p p m )  ( p p m ) ( p p m > < p p m )  c o  ( p p m ) ( p p n1 > 

T r .3 c e  774 1 . 6 0 . 6  2 1  

S aM o l e  b a q  damaged i n  t r an s i t  

2 . 8  9 3 '7  4 . 3  6 2 1  

1 . 8  9 6 8  4 . 6  S . l  2 1  

0 . 8  6 2 1  1 . 6 1 . 8  2 1  N . D .  0 . 0 3 4  

1 . 1  6 9 0  1 . 8  1 . 4  2 1  0 . 0 1 4  0 . 1 0 2 

0 . 0 2 5  0 . 1 1 6 

0 . 0 0 6  0 . 0 93 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 . 62 5  

2 .  '7 

0 . 9  

0 

1 . 1  

1 . 2  

8 0 4  3 .  I 

8 '7 6  2 .  '7 

7 9 1  3 

5 3 4  3 

6 8 7  2 . 4  

7 2 2  2 . 8 5 

3 . 6  2 1  0 . 0 1 1  0 . 0 8 6  

5 . 1  2 1  

4 . 3  2 1  

1 . 5  2 1  N .  [I .  0 . 0 2 3  

1 .  5 2 1  0 . 00 7  0 . 0 5 8  

N .  [I .  0 . 0 7 9  

3 . 1  2 1  0 . 0 0 7  0 . 0 5 3  

P•J 11 p  
T i m e 
< s ec . > 

3 0 0 0  

1 0 4 2 0  

1 2 5 4  

3 4 8 3  

3 '72 4  

1 2 4 4  

5 7 0  

2 7 0  

660 

600 
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HOME PROFILE 

I .  HOUSE IDENTIFICATION: No. 0-4 

2. HOUSE DESCRIPTION: 

Tota l Floor Area: 250 m2 , one storey, sing le  detached 

3. SPACE HEATING: 

Fuel: o i l  
Heat Distribution: forced ai r 
Location: open basement 

4. DOMESTIC HOT WATER HEATING: 

Fuel :  e lectric 
Location: basement 

5. SUPPLEMENTARY COMBUSTION S YSTEMS: 

Type: fi rep lace 
Fuel: wood 
Frequency of Use: once per winter  week 
Chimney Type: masonry 

6. EXHAUST FANS FREQUENTLY USED: 

none 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
s ide  door 

8. FAN TEST CHARACTERISTICS: 

4.26 Air Changes per Hour  (@ 50 P a) 
0.082 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years end older: 3 

Occupants under 18 years: 0 
Number of occupants who smoke: 0 



Study I Rec. Room 

QDHW 

Ooryer 

Workshop 

D Furnoce 

BASE MENT 

.. 

Cold 
Storage 

HOUSE 0-4 

Moster Bed 

Bathroom 

Bedroom 

Kitchen 

Bathroom 

Dining 

Living Room 

MAIN FLOOR 

North .:...... 

0 S m  



A i r  Anal ys i s  Res u l t s  of R es i den t i a l  Co�bus t i on S p i l l aqe Mon i t or i ng 

A ddr es s : 0 4  C i t y :  O t tawa F u e l  T y o e : O i l  

SP IL  L A G E  - - -G A 9 T EC T u b e s - - - - - - - - - - - - - - - - 9 1 9 Sam p l e s-------- Sor bent Tubes Pump 
I H E  Date ---Loca t i on---- H02 N O }: 502 co C02 C H 4  H . C  02 N02 NO T ille 

< o pm > ( p p ni '> < p p m ) ( p p ni > ( p p111 ) ( p pm ) ( p pm >. ( % )  ( p p m ) ( p pm ) C s ec . ) 

PRE SP ILL Feb . 27 A t  fur nace 0 0 0 

L i v i nq r oom 0 0 0 

FORCED Feb . 27 A t  furnace 0 0 0 . 2  1 . 6  1 9 0 4  1 . 1  0 . 9  2 1  
L i v i nq r oom 0 0 0 . 25 

POST S P  ILL Feb . 27 A t  furnace 0 . 1 
L i v i nq r oo11 0 . 1 3 



.. 

HOME PROFILE 

I .  HOUSE IDENTIF ICATION: No. 0-5 

2. HOUSE DESCRIPTION: 

Total F loor A rea: 1 80 m
2

, suburban, two storey, semi-detached 

3. SPACE HEATING: 

Fuel:  o i l  
Heat Distribution: forc ed air 
Location: enclosed basement 

4. DOMESTI C HOT WATER HEATING: 

Fuel :  o i l  
Location: adjacent to  furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: firep lace 
Fue l:  wood 
Frequency of Use: never 
Chimney Type: masonry 

6. EXHAUST FANS FREQUENTLY USED: 

main bathroom 
basement bathroom 

range hood 
clothes dryer 

7.  DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
garage door 
back bedroom window 

8. FAN TEST CHARACTERISTICS: 

7.98 Air Changes per Hour (@ 50 Pa) 
0. 1 37 Equ ivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 3 
Occupants under 1 8  years: 0 
Number of occupants who smoke: 

.. ... " 



Bedroom Bedroom 

Bothrm. 

Kitchen 

Dining Living Room 

MAIN FLOOR 

Bedroom I Study 

Bath. 

-ur15 
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I 
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Garage 
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0 5 m  

HOUSE 0-5 

; 



' .. ..  - ,. - - .. " 

L o c .3 t i o r1 C o d e : 0 S 
S t a r t d a t e : 0 6 M A R 8 7  E n d  d a t e : 0 9 M A R 8 7 
T o t a l  N u m b e r  o f  D a y s  A n a l y z e d  i n  t h e s e  T a b l e s : 3 
T o t a l  N u m b e r  o f  D a y s  M o n i t o r e d  f o r  t h i s  H o u s e : 2 9 

T A B L E l : F R £ Q U E N C Y  A N D  D U R A T I O N  O F  
S P I L L A G B  E V E N T S  

S p i l l � 9 e  t i m e T o t a l S p i l l a q e  E v e n t s  
I n t e r v a l 

( s e c ) f u r n a c e  D H W  T o t a l 

5 - 2 9  
3 0 - 1 2 0 
> 1 2 0  
T o t .'3 1  

] 1 
0 
0 

1 1  

0 
0 
0 
0 

1 1  
0 
0 

1 1  

T A B L E  2 : A G G R A V A T I N G  C O N D I T I O N S  D U R I N G  S P I L L A G E  E V E N T S  

L i s t  o f  C o n d i t i o n s  % T i m e 

F i r e o l a c e  f � n  O t h e r  C o n d i t i o n 

O F F  O F F  
o r r  O N  
o r r  O F F  
O F F  O N  
O N  O F F  
0 t� O N  
[l f-.1  o r r  

O N  O N  

D e v i c e s  T r u e 

O F F  9 1 . 0 0 5  
0 F: E' 5 . 9 9 5  
O N 0 . 0 0 0  
O N  0 . 0 0 0 

O F F  0 . 0 0 0  
O F F  0 . 0 0 0  
O N  0 . 0 0 0  

O N  o . o o o  

T O T A L : 

S p i l l a g e  E v e n t s  T o t a l  
W i n d o w  O o e n  

T o t a l s  T i m e ( in i ri >  O c c 1J r r e r1 c e s  

7 0 .  'J O  1 
4 0 . 6 2 4 

0 0 . 0 0 0 
0 0 . 0 0 0 
0 o . o o 0 
0 0 .  0 0  0 
0 0 . 0 0 0 
0 0 . 0 0 0 

1 1 ,, .:. 

n o t e : c o l u m n  ' %  T i m e C o n d i t i o n T r u e • h a s  d e v i c e s t a t u s  f o r c e d  
o n  i f  d e v i c e i s  s p i l l i n g 

"' "' 



... .. .  "' .. - ... � 

L o c a t i o n C o d e : o s 
S t a r t d a t e : 0 9 M A R 8 7  E n d  d a t e : � M A R 8 7 
T o t a l  N u m b e r  o f  D a y s  A n 3 l y z e d  i n  t h e s e  T a b l e s : G 
T o t a l  N u m b e r  o f  D a y s  M o n i t o r e d  f o r  t h i s  H o u s e : 2 9 

I A B L E l : F R E D U E N C Y  A N D  D U R A T I O N  O F  
S P I L L A G �  E V E N T S  

S p i l l a 9 e  t i m e T o t a l  S p i l l a g e  E v e n t s  
I n t e r v a l  

< s e c > F u r n � c e  D H W  T o t a l 

5 - 2 9  
3 0 - 1 2 0 
> 1 2 0  
T o t a l  

5 
0 
0 
5 

3 
0 
0 
3 

8 
0 
0 
8 

T A B L E  2 : A G G R A V A T I N G  C O N D I T I O N S  D U � I N G  S P I L L A G E  E V E N T S  

L i s t  o f  C o n d i t i o n s  
F i r e p l a c e  F a n  O t h e r  

I1 r.� v i c e s  

O F F  O F F  O F F  

O F F  O N  O F F 
O F F O F F  O N  

O F F  O N  O N  

O N  O F F  O F F  

O N  O N  O f F  

D N  O F F  O N  

O N  O N  O N 

% T i m e 
C o n d i t i o n 

T r u e  

9 7 . 1:1 9 3  
1 . 9 5 0  
0 . 1 5 6  
0 . 0 0 1  

o . o o o  

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 0  

T O T A L : 

S p i l l  .3 q e  E v e n t s  I o t .3 1  
W i n d o w  O o e n  

T o t a l s  T i m e < m i n >  O c c u r r e n c e s  

1 0 . 1 0  0 
0 0 . 0 0 0 

6 0 C' i:.-
• ;;} .J 0 

1 0 . 1 3 0 

0 0 . 0 0 0 
0 o . o o 0 

0 o . o o 0 

0 0 . 0 0 0 

8 1 

n o t e : c o l u m n  • x  T i m e C o n d i t i o n T r u e • h a s  d e v i c e  s t a t u s - f o r c e d  
o n  i f  d e v i c e  i s  s p i l l i n �  



A i r  Ana l y s i s  Res u l t s  o f  R e s i den t i a l  Combus t i on S p i l l a qe Mo n i t o r i nq 

A d dr ess : OS C i t y :  O t t .3w.3 F •J e l  T y o e : (I i  l 

S P  I L L A G li  - - -GASIEC Tube s - - - - - - - - - - - - - - - - �� 9 Sam p l e s - ------- S o r bent Tube s  Pu111 p 
T Y P E  [late - --Locati on---· N02 NO :·: S 0 2  co C02 CH4 H . C  0 2  N02 NO T i m e 

( p pm > < P p m >  ( p p m ) ( p pn1 ) ( p pm ) ( p pn1 ) ( p p m )  . C i. )  C p p n1 )  C p pn1 ) < s ec . > 

P R E  SP ILL Feb . 25 A t  furnace 0 0 0 1 .  2 6 3 9  1 . 6 O . G  2 1  

D i n i nq r oom 0 0 0 

F OT< C E D  Feb . 25 A t  furnace 0 0 0 1 . 6  5 2 8  1 . 5  0 . 9  2 1  

D i n i nq r oo m  0 0 0 

P OS T  SP I L L  

C O N T R O L LED Har . 9- 2 0  A t  furnace 1 4 6 2  1 . 6  2 . 1  2 1  7 0  

T I H E D  Har . 9-20 A t  f u r n a c e  1 .  9 5 1 3  1 .  7 3 . 6  2 1  1 2 0 

I 



HOME PROFILE 

I .  HOUSE IDENTIFICATION: No. 0-6 

2. HOUSE DESCRIPTION: 

Tota l F loor Area: 3 1 7 m2 , two storey, single detached 

3.  SPACE HEATING: 

Fuel :  natural gas 
Heat Distribut ion: forced air 
Location: enclosed furnace room 

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: firep lace 
Fuel: wood 
Frequency of Use: 

Type: · wood stove 
Fuel: wood 
Frequency of use: 

once per winter month 
Chimney Type: masonry 

three times per winter 
Chimney Type: insu lated meta l  

6. EXHAUST FANS FREQUENTLY USED: 

main bathroom 
kitchen - Jenn Air  

range hood 
c lothes dryer 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
garage door 

back door 
five windows 

8. FAN TEST CHARACTERISTICS:  

7 .O I A ir  Changes p.er Hour (@ 50 Pa) 
0. 1 7  6 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years and older: 2 
Occupants under I 8 years: 2 
Number of occupants who smoke: 0 



[[) 
� 
CJ 
Q FURN . 

OHW 

Fami l y  
r m. 

Dinette 

Ci 
Rec .  rm. 

Ki tchen 

i Bath 

L i v i  nQ r D i n i ng 
rm. r m� 
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B at h 
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Garage 

B e d .  

Bath.  

HOUSE 0-6 

.. 

N 

T 
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0 5 m  

U PP E R  F LOOR 
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" .. . . .. .. ... 

L o c a t i o n C o d e : O ' 
S t a r t d a t e : 0 3 M A R 8 7  E n d  d a t e : O B M A R 8 7  
T o t a l  N u m b e r  o f  D a y s  A n a l y z e d  i n  t h e s e  T a b l e s : 5 
T o t a l  N u m b e r  o f  D a y s  M o n i t o r e d  f o r  t h i s  H o u s e : 3 5 

I A B L E l : F R E Q U E N C Y  A N D  D U R A T I O N  O F  
S P I L L A G E  E V E N T S  

S p i l l a g e  t i m e T o t a l  S p i l l a q e  E v e n t s  
I n t e r v a l  

( s e c > f u r n a c e  D H W  T o t a l 

1 0 - 2 9  4 5  1 0  
3 0 - 1 2 0 8 7  0 
> 1 2 0 0 0 
T o t a l  1 3 2 1 0  

5 5  
8 7  

0 
1 4 2 

T A B L E  2 : A G G R A V A T I N G  C O N D I T I O N S  D U R I N G  S P I L L A G E  E V E N T S  

L i s t  o f  C o n d i t i o n s  % T i m e S p i l l a q e  E v e n t s  T o t a l 
F i r e o l a c e  F a n  O t h e r  C o n d i t i o n W i n d o w  O p e n  

T o t a l s  T i m e ( m i n >  O c c u r r e n c e s  

O F F  O F F  
O F F  O N  
O F F  O F F  
O F F  O N  
O N  O F F  
O N  ON 
D N O F F  
O N  O N  

D e v i c e s  T r u e 

O F F  8 9 . 7 4 7  
O l' F  6 . 3 5 6  
O N  2 . 1 5 5  
O N  l .  4 4 3  
O F F  o . o o o  

0 1--' P  0 . 0 0 0  
O N  0 . 0 0 0  
U N  0 . 0 0 0  

T O T A L : 

n o t e : c o l  •J m n  · �  T i m e C o n d i t i o n T r u e • 
o n  i f  d e v i c e i s  s p i l l i n � 

� 

1 2 9  6 7 . 5 3 2 2  
9 4 . 5 7 '") •"' 
1 0 . 2 3 0 
3 0 . 8 0 . o 

0 o . o o 0 
0 o . o o 0 
0 0 . 0 0 0 
0 o . o o 0 

1 4 2 7 3  

h a s  d e v i c e  � t a t u s  f o r c e d  



' . .  - - ...... 

L o c a t i o n C o d e : O G 

S t a r t d a t e : l 3 M A M 8 7  E n d  d a t e : 2 7 M A R 8 7  
T o t a l  N u m b e r  o f  D a y s  A n a l y z e d  i n  t h e s e  T a b l e s : 1 4 
T o t a l  N u m b e r  o f  D a v s  M o n i t o r e d  f o r  t h i s  H o u s e : 3 5 

T A B L E l : F R E O U E N C Y  A N D  D U R A T I O N  O F  
S P I L L A G h  E V E N T S  

S p i l l a g e  t i m e  T o t a l  S p i l l a g e  E v e n t s  
I n t e r v a l 

< s e c > F u r n a c e  D H W  T o t a l  

1 0 - 2 9  
3 0 - 1 2 0 
> 1 2 0  
T o t a l  

1 2 1  
2 0 1  

0 
3 '1 C" .. � 

2 0  
.cl 
0 

2 4  

1 4 1  
2 0 8  

0 
3 4 9  

T A B L E  2 : A G G R A V A I I N G  C O N D I T I O N S  D U R I N G  S P I L L A G E  E V E N T S  

L i s t  o f  C o n d i t i o n s  % T i m e S p i l l a q e  E v e n t s  T o t a l  
F i r e p l a c e  F a n  O t h e r  C o n d i t i o n 

D e v i c e s  T r u e  

O F F  O F F  O F F  9 4 . 3 G 4  
O F F  O N  0 l-' i-· 4 . 2 5 0  
O F F O F F  O N  0 . 8 3 1  
O F F  O N  O N  0 C" C  C: • ..J ...J ...J 
O N  O f' F  o r r  0 . 0 0 0  
O N  O N  0 1.! l'  o . o o o  
O N  O F F  O N  o . o o o  
O N  O N  O N  0 . 0 0 0  

T O T A L : 

W i n d o w  O p e n  
T o t a l s  T i m e ( m i n )  O c c u r r e n c e s  

3 1 9  l G G . 7 8 G O  
1 1  4 . 5 0  7 
l G  8 . 8 2 8 

3 1 . 5 2 3 
0 o . o o 0 
0 0 . 0 0 () 
0 0 . 0 0 0 
0 0 . 0 0 0 

3 4 9  1 8 2 

n o t e : c o l  •J m n  ' %  T i m e C o n d i t i o n T r u e ' h a s  d e v i c e s t a t u s  f o r c e d  
o n  i f  d e v i c e  i s  s p i l l i n g 

" 



A i r Ana l ys i s R e s u l t s of R e s i de n t i a l  Combu� t i on S p i l l aq e  M on i t or i n q 

A d d r es s : OG C i t y :  O t t a w a  F•J e l T y p e : G :� s  

S P ILLAGli - - - G A SIEC Tub es ---- - - - - - - - - - � - - aa g Sam p l e s - --- ---- S o r b e n t  f•Jbes P1J1w p 
T Y P E  D a t e  .-- -Locat i on --- N 0 2  NO:·: S 0 2  co C 0 2  C H 4  H . C  0 2  N02 N O  T i me 

( p p m ) ( p p ni > ( p p n1 > ( p p m ) ( p p ni >  ( p pni > < p p m > ( � )  ( p p m ) ( p p 11 > ( s e c . > 

P R E  S P  ILL  Feb . 2 1  A t  furn.l e e  0 0 0 . 8  8 1 5  4 1 . 2 2 1  

M a ster bedroo111 0 0 

F O R C E D F eb . 2 1 A t  furnace 0 0 0 0 . 8  8 3 8  4 . 4  1 . 2  2 1  

M as te r  bedr oo• 0 

f' O ST SP I L L  

C O N T R O L L E D  Mar . 1 8- 1 9  A t  f u r n a c e  l . G 7 6 2  1 2 . 9  1 . 5  2 1  0 . 0 1 9  0 . 1 8 7  9 5 7  

M.n . 1 9-2 1  I 2 . 4  8 2 7  7 . 3  1 . 1 2 1  0 . 006 0 . 02 2  3 3 2 1  

H a r . 2 1 -23 I 1 . 1  7 0 2  8 . 5  1 . 4  2 1  0 . 0 25 0 . 1 2 5  1 2 4 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A VG .  l .  7 7 6 4  9 . 6  I .  4 2 1  0 . 0 1 7  0 . 1 1 1  

T I M E D  Har . 1 9- 2 1  A t  f u r n a c e  1 . 1  5 7 8  7 . 7  I .  7 2 1  7 2 0  

0 . 0 0 0 6  O . OG S  5 7 0  



HOME PROFILE 

I .  HOUSE IDENTIFICATION: No. 0-7 

2. HOUSE DESCRIPTION: 

Total F loor Area: 288 m2, duplex (upper f loor, lower f loor) 

3. SPACE HEATING: 

Fuel: o i l  
Heat Distribution: forced ai r 
Location: enclosed furnace room 

4. DOMESTIC HOT WATER HEATING: 

Fuel: e lectriC 
Location: in basement 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: f ireplaces (2) 
Fuel: wood 
Frequency of Use: twice per winter month 
Chimney Type: masonry 

6. EXHAUST FANS FREQUENTLY USED: 

none 

7. DOORS/WINDOWS FREGUENTL Y USED: 

main entrance door 
lower unit - side door 

8. FAN TEST CHARACTERISTICS: 

Acce s s  Re fu sed For One Time Te s t i n g  

9. HOMEOWNER PROFILE: 

,, 

Occupants 1 8  years and older: 3 
Occupants under 1 8  years: 0 
Number of occupants who smoke: 2 



Bedroom Bedroom 

Bedroom 

Bothtm 

Kitchen 

Fireplace 
Dining/Living 

LOWER FLAT 

Storage Storage 

Furnace 0 
Furnace 0 

BASEMENT 

HOUSE 0-7 

UPPER FLAT 
(layout identical to 

lower flat) �Mlh 

0 5 m  



' .. . .. .. . .. � 

L o c a t i o n C o d e : 0 7 
S t a r t  d a t e : l O M A � 8 7  � n d  d a t e : 2 7 M A R 8 7  

T o t a l  N u m b � r  o f  D a y s A n a l y z e d  i n  t h e s e  T a b l e s : l 7 
T o t a l  N u m b e r  o f D a y g  M o n i t o r e d  f o r  t h i s H o u s e : 2 7 

T A B LE l : F R E Q U E N C Y  A N D  D U R A I I O N · O F  
S P I L L A G E  E V E N T S  

S p i l l a g e  t i m e 
I n t e r v a l  

< s e c ) 

T o t a l  S p i l l a 9 e  E v e n t s  

F u r n l  l' u r n 2  T o t .:i l  

5 - 2 9  1 4  0 1 4  
3 0 - 1 2 0 l 0 l 
> 1 2 0 0 0 0 
T o t .::i l 1 5  0 1 5  

T A B L E  2 : A G G H A V A T I N G  C O N D I T I O N S  D U R I N G  S P I L L A G E  E V E N T S  

L i s t o f  C o n d i t i o n s  � T i m e  
F i r e p l a c e  F a n  O t h e r  C o n d i t i o n 

O F F  O F F  
O F F  U N  
O F F  o r r  
O F F.' . O N  
O N  O F F  
O N O N  
O N  O F F  
O N  u t� 

D e v i c e s  T r u e 

O :E' F  9 9 . 5 9 1  
O l:' F  0 . 0 0 0  
O N  0 . 4 0 9  
O N  o . o o o  
O F F  o . o o o  
O F F  0 . 0 0 0  
O N  0 . 0 0 0  
O N  0 . 0 0 0  

T O T A L : 

S p  i 1 1 .:i q e  E v e n t s  

) 
T o t a l s  T i m e < m i n )  

1 3  l .  7 7  
0 o . o o 
r) .:. 0 . 2 2 
0 o . o o 
0 o . o o 
0 o . o o 
0 o . o o 
0 o . o o 

1 5  2 

T o t a l 
W i n d o w  O o e n  
O c c u r r e n c e s  

0 
0 
0 
0 

0 
0 
0 

() 

n o t e : c o l •J m n  ' %  T i m e C o n d i t i o n T r u e ' h a s  d e v i c e s t � t u s  f o r c e d  

o n  i f  d e v i c e  i s  s p i l l i n 9  

"' 



A i r  Ana l ys i s  Resu l ts o f  R e s i den t i a l  C o m b us t i on S o i l l a q e  Hon i t o r i n 9  . . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A •:1dr ess : 07 C i t y :  O t t a w a  F •J e l T y o e : O i l  

S P I L L A G E  ---GASTEC T u b e s - --- ------------�a q S a m p l e s - -- - - �-- S o r b e n t  Tubes 
T Y P E  Date - - - L oc a t i on---- N02 NO>: S 02 co C02 CH4 H . C  02 N02 NO 

( p p1t ) ( p p11 )  ( P PRI )  ( p p 1i > ( p p m ) ( p p m ) < P p m > < : O  ( p p Ai )  ( p p m ) 

P R E  S P  I L L  

F O R C E [I  
Acce s s  Refu sed For One T ime Te s t i ng 

P O S T  Sf' I L L  

P u n1 0  
T i m e 
< s e c . > 



HOME PROFILE 

I .  HOUSE IDENTIFICATION: No. 0-8 

2. HOUSE DESCRIPTION: 

Total F loor Area: 278 m2, one storey, sing le detached 

3. SPACE HEATING: 

Fuel: natural gas 
Heat Distribution: forced ai r 
Location: enclosed furn ace room 

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: firep lace 
Fue l :  wood 
Frequency of Use: never 
Chimney Type: masonry 

6. EXHAUST FANS FREQUENTLY USED: 

c lothes d ryer 

7. DOORS /WINDOWS FREQUENTLY USED: 

main entrance 
garage door 

8. FAN TEST CHARACTERISTICS: 

2.29 Air  Changes per Hour (@ 50 Pa) 
0.056 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years and older: 2 
Occupants under 1 8  years: 0 
Number of occupants who smoke: 0 

" .. 



Both 
Master 

Bedroom 

Bedroom 

Garage 

unexc:avated 

Bedroom I Kitchen 

Family Room 

Dining 

athroonfUtilit 
r-

Wving Room 

M A I N  FLOOR 

Furnace 
O oC»iW � North 

0 5 m  

BASEMENT 

HOUSE 0-8 



A i r  A na l y s i s  Resu l ts o f Res i dent i a l  C�mbu s t i on S p i l l aq e  H o n i to r i n q 

A dd r e s s : 08 C i t y :  O t t .3w.3 Fi� e l  I y o e : G .3 s 

S P  I L L A IJ l:i  - - - G A S T E C  Tubes---- - - - - - - - - - - - - Ba q  S a m o l es - - - - - - - - Sor bent T1Jbes P•Jm p 
T Y P E  D a t e  ---Locat i on---- H02 NO:-: 5 0 2  co C02 C H 4 H . C  02 NQ2 NO I i  me 

< o pm ) < o p m ) < p pm ) ( p pm >  ( p p m ) ( p p ni >  ( p p m )  . C O  ( p p m ) ( p p m ) < s ec . ) 

$ f' R E  S P  ILL Har . 4  A t  furnace 0 0 . t r ace 696 2 . 6  1 . 2  2 1  
L i v i n� r oom 0 0 

F O R C E D  thr . 4 A t  f u r n a c e  0 . 1 4 Nll > 6 6 3 4. 1 . 4  1 . 2 2 1  
L i v i nq r oom 0 0 

PO S T  S P  ILL H a r . 4  At f u r n.ace 0 0 
B y  HRV vent 0 t r a c e  

ND = None D e t e c t ed 

I 



HOME PROFILE 

I .  HOUSE IDENTIFI CATION: No. 0-9 

2. HOUSE DESCRIPTION: 

Tota l F loor A rea: 1 32 m2, two storey, single detached 

3. SPACE HEATING: 

Fue l :  natural  gas 
Heat Distribution: forced air 
Location: enclosed furnace room 

4. DOMESTIC HOT WATER HEATING: 

Fue l :  natural gas 
Location: adjacent to furnace 

5. SUPPLEMENT ARY COMBUSTI ON SYSTEMS: 

Type: firep lace 
Fue l :  wood 
Frequency of Use: twice per winter week 
Chimney Type: insu lated meta l 

6. EXHAUST FANS FREQUENTLY USED: 

c lothes dryer 
upstairs bathroom 

main bathroom 
range hood 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
kitchen window 

rear door 
two bedroom windows 

8. FAN TEST CHARACTERIS.T ICS:  
3.97 A ir Changes per Hour (@ 50 Pa) 
0.067 Equivalent Leakage A rea Crn2) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years and older: 2 
Occupants under 1 8  years: 0 
Number of occupants who smoke: 0 



... 

Fireplace 

Living Room I Family 
Room 

::· J 
Kitchen IBath 

Garave 

MAIN FLOOR 

Filmace I 
D �w -

Workshop -

[Q]� 
BASEMENT 

Master Bedroom 

Bath 

UPPER FLOOR 

�·�•h 
I 
0 5 m  

HOUSE 0-9 

.... ,, " 



A i r  A na l y s i s  Re s u l t s  o f  R es i den t i a l  C o m bu s t i on S o i l l a qe Mon i t o r i n q 

A ddr e s s : 09 C i t y :  O t t .3 w .3 F•J e l  T •1 o e : G .3 s  

S P  I L L A i.H:: - - - G A S TEC T u b e s - - - - - - - - - � - - - - - - 9 � 9 s � m p l e s - - ------ Sorbent Tubes P•J m p  
T HE Date ---Locat i on--- N02 NO:·: 502 co C02 CH4 H . C  0 2  N02 NO T i me 

( p p m )  ( p p n1 )  < p pm ) < p p ni > ( p p m ) ( p pm ) < p p m )  . ( % )  ( p p m > · c p p n1 > ( s ec . ) 

P H  S P  I L L  H ar . 2  A t  furnace 0 0 t r .J e e  5 9 3  'l 'l ..:.. . ..  1 .  7 2 1  

H a i n  f l oo r  h a l l 0 0 

F O R C E D  Har . 2  A t  fur n .3 c e  0 0 t r .::i c e  > 2 5 9 4  ,, 'l 1 .  7 2 1  ..:.. . M 

H a i n  f l oor h-3 1 1  0 0 

P O S T  S P ILL Har . 2 · A t  fur n a c e  
th i n  f l oor ha l l  



" 

PROFILE PAGE 

I .  HOUSE IDENTIFICATION: No. W- 1 

2 .  HOUSE DESCRIPTION: 

Tota l F loor A rea: 1 50 m2, two storey, sem i-detached 

3. SPACE HEATING: 

Fuel :  natural  gas 
Heat Distribution: forced ai r 
Location: open basement 

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Location: adj acent to furnace 

5. SUPPLE ME NTARY COMB USTION SYSTEMS : 

Type: fi rep I ace 
Fuel:  wood 
F requency of Use: once per winter month 
Chimney Type: masonry 

6. EXHAUST FANS FRE QUENTLY USED: 

f irst f loor bathroom 
second f loor bathroom 
cl othes dryer 

7. DOORS/WI NDOWS FREQUENTLY USED: 

mai n entrance 
kitchen wi ndow 

8. FAN TEST CHARA CTE RISTICS: 

4.5 1 A i r  C hanges per Hour (@ 50 Pa) 
0.046 Equiva l ent L eakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years and older: 2 
Occupants under 1 8  years: 3 
Number of occupants who smoke: 2 

" 



Living/Dining Room Bedroom! Bedroom 

Bath. 

Kitchen Master Bedroom 

MAIN FL.DOR UPPER FLOOR 

Fur"r'.5 0 .  
North ........ 

DHW 

@] I 
0 5 m  

BASEMENT 

HOUSE W- 1 



Loc a t i on Cod e : W I  
S t a r t  d a t e : 1 4m a r87 

T o t a l  Numb e r  of D a y s  

To t a l  Numb e r  o f  D a y s  

E n d  d a t e : 25m a r 87 

An a l y z e d  i n  t h e s e  T a b l e s : 1 1  

Mon i t o red f o r  t h i s  House : 33 

TABLE l : FREQUENCY AND DURAT I O N OF 

S P I LLAGE EVENTS 

S p i l l a g e  t i me To t a l  S p i l l a g e  E v e n t s  

I n t e r v a l 

< s e c ) 

1 0-29 
30- 1 20 
> 1 20 
To t a l  

F u r n a c e  DHW To t a l  

0 33 

0 1 (I 
0 6 
0 4 9  

33 

1 0  
6 

4 9  

T AB L E  2 : A G GRAVAT I NG COND I T I ON S  DUR I N G SP I LLAGE E V E N T S  

L i s t  o f  C o n d i t i o n s  % T i m e 

F i r ep l a c e  F a n  O t h e r  C o n d i t i o n 

D e v i c e s  T rue 

O F F  O F F  O F F  89 . 998 
O F F  0 1\1 O F F 8 . 1 8 3 

O F F  O F F  0 1\I 1 . 1 c_; '..:; 
O F F  O N  O N  0 .  6 2 ::::. 
Of\! O F F  O F F  0 . 000 
D N  O N  O F F  0 .  000 
O N  O F F  ON 0 . 002 
ON ON Ohl o .  000 

T O "r AL :  

S p i l l a� e  E v e n t s  T o t a l 

W i n d ow O p e n  

T o t a l s  T i m e ( m i n )  O c c u r r e n c e s  

0 o . oo (I 

2 6  1 4 .  8::: 0 
4 2 . 4 5 0 

1 9  34 . 57 1 
0 (l . 00 (I 
0 0 . 00 (I 
0 o . oo 0 
0 (; , (H) (I 

4 S' c- ,...., � ..:... 

· n a t e : c o l umn " /;  T i m e  C o n d i t i o n T ru e " h e. s  d e v i c e  s t a t u s f o r c e d 

o n  i f . d ev i c e  i s  s p i l l i n g 

.... ..... 



,, 

S P  ILLA  G E  
T Y P E  

P R E  S P  I L L  

F O R C E D  

P O S T  S P  I L L  

C ON T RO L L E D  

T I MED  

Date 

H .:ir . 1 4 

Har . 1 4 

M:n . 1 4  

Mar . 3 1  -
A o r  . 2  

A p r . 2- 1 6  

Har . 3 1  -
A pr . 2  

A i r  Ana l ys i s  Resu l ts o f  R es i de n t i a l  Combus t i on S o i l l a q e  M o n i t o r i nq 

A dd r es s :  W l  

---Loc a t i on---

At fur nace 
In l i v i nq r oom 

At furMce 
In l i v i nCJ r oo11 

At furnace 
I n  l i v i n �  room 

At f•Jr nace 

At  furnace 

C i t y :  W i n n i p e q  f•Je 1 T y o e : G .3s  
- - - G A S T E C  T u b e s - - - -

ND2 NOx S02 
< o o m > ( p p m ) ( p pm ) 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

- - - - - - - - - - - - � a 9 · S a m p l es-------- Sorbent T•Jbes 
C O  C02 C H 1  H . C  02 NQ2 NO 

( p a m ) C p pm ) ( p pm ) ( p pm > ( % )  ( p p m ) ( p pn1 ) 

0 . 5  7 4 4  

0 . 1 5 6 3  

o . a  6 4 6  

1 . 4 5 9 3  

1 .  9 

2 . B  

") C' ..:.. . "" 

2 . 6  

1 . 5  

2 . 9  

2 . 7  

2 . 5  

2 1  

2 1  

2 1  0 . 0 3 2  O . OBB 
0 . 03 8  0 . 1 1 1  

A V G . 0 . 035 0 . 1  

2 1  

P1J11 p 
T i me 
< s ec . ) 

") ":- C."' ..:. ..:.  ... I 

1 3 98 

1 2 0 
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HOME PROFILE · 

I .  HOUSE IDENTIFICATION: No. W-2 

2 .  HOUSE DESCRIPTION: 

Tota l  F loor Area: 1 7 0  m2 , one storey, sing le 

3.  SPACE HEATING: 

Fuel: natural gas 
Heat Dist ribution: forced ai r 
Location: open basement 

4. DOMESTI C HOT WATER HEATING: 

Fuel :  natura l gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: none 
Fuel: n/a 
Frequency of Use: n/a 
Chimney Type: n/a 

6. EXHAUST FANS FREQUENTLY USED: 

bathroom 
central vacuum 
c lothes d ryer 

7 .  DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
k itchen entrance 

8. FAN TEST CHARACTERISTICS: 

2 .07 Air Changes per Hour (@ 50 Pa) 
0.034 Equivalent Leak.age Area (m2

) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years and older: 2 
Occupants under 1 8  years: 2 
Number of occupants who smoke: 0 

... 
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A i r  Ana l y s i � R e su l t s of R e s i dent i a l  C o m b u� t i on S p i l l a q e  M o n i tor i nq 

Addr e s s : IJ2 C i t y :  IJ INN IPEG F1Je l T y o e : G .3 s  

S P I L L A G E  - - - G A � T E C  T 1J b e s - - - - - - - - - - - - - - - - 9 J 9 Sam p l es - - - - - - - - Sor b e n t  T•J b e s  P1J1n p 
t T Y P E  D ah - - -L ocat i on- - - - tl02  NO}: S02 co C02 CH1 H . C  02 NQ2 NO T i m e 

< o om > < o p m )  ( D p n1 ) ( p n ni >  ( p p m ) ( p p m ) C o p ni >  ( % )  ( p p m )  C p p 11 ) < sec . > 

P R E  S P  I L L  Har 1 6  n e a r  f u r n .3ce 0 0 0 . 5  1 0 76 1 . 7  1 . 2 21 

l i v i n9 r oo m  0 0 

F O R C E D  Har 1 6  n e a r  furnace 0 . 6  0 0 . 5  . 9 6 3  1 .  8 1 . 5  2 1  

l i v i n9 r o o m  0 0 

P O S T  SP ILL Har 16 near furnace 0 0 
l i v i nq r oom 0 0 

t 



HOME PROFILE 

I .  HOUSE IDENTIFICATION: No. W-3 

2. HOUSE DESCRIPTION: 

Tota l F loor Area: 32 1 m2 , one storey, single detached 

3 .  SPACE HEATING: 

Fuel: natural gas 
Location: open basement 
Heat Distribution: forced air 

4. DOMESTIC HOT WATER HEATING: 

Fuel:  natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION S YSTEMS: 

Type: fi rep lace 
Fuel: wood 
Frequency of Use: once per week 
Chimney Type: insu lated metal 

6.  EXHAUST FANS FREQUENTLY USED: 

main bathroom 
central vacuum 
master bedroom bathroom 

7.  DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
k i tchen window 

basement door 
garage door 

8. FAN TEST CHARACTERISTICS:  

1.88 Air  Changes per  Hour (@ 50 Pa) 
0.05 1 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 2 
Occupants under 18 years: I 
Number of occupants who smoke: 2 
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A i r  A na l y s i s  R e s u l t s o f  R e s i d en t i a l  Combu s t i on S o i l l a 9 e  Mon i t or i n q  
= � � � - � - - � - � - - - a - - M � - - - � - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Addr en : IJ 3  C i t y :  W i nn i p e �  F •J e l  T y c e : G a s  

S P  I L L  A G E  - - - G A � T E C  T u b e s - - - - - - - - - - - - - - - - B � 9  S � m p l e s - - - - - - - - S o r b e n t  T •J b e s  P•J m p  
T YPE Da�e ---Locat i on--- N02 NO}: 502 co C 0 2  C H 4  H . C  0 2  N02 ,,.NO T i me 

( o o m > ( p p n1 >  ( p p n1 ) ( p p m ) ( p p m )  ( p p m )  ( p p n1 >  c: o  ( p p m ) < p p n1 > < s ec . > 

f' R E  S P  ILL  Mar 1 7  near  furnace 0 0 1 . 9  6 6 9  3 . 1  2 . 7  2 1  
l i v i n9 r oom 0 0 

F O R C E D  H a r  1 7  n e a r  fur n.3ce 0 t r .3ce  1 . 1  1 26 8  2 . 7 2 . 1 2 1  
l i v i nq r oom 0 0 

POST S P ILL Har 11  n e a r  furr1ace 0 0 
I i v i nq r ooA1 0 0 



HOME PROFILE · 

I .  HOUSE I DENTIFICATI ON: No. W-4 

2. HOUSE DESCRIPTION: 

Total F loor Area: 237 m2 , one storey, sing le detached 

3. SPACE HEATI NG: 

Fuel: natura l gos 
Heat Distribution: forced air 
location: enclosed furnace room 

4. DOMESTI C  HOT WATER HEATING: 

Fuel: natural gas 
Location: adjacen t to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fi rep lace 
Fuel :  wood 
Frequency of Use: twice per season 
Chimney Type: masonry 

6.  EXHAUST FANS FREQUENTLY USED: 

c lothes dryer 
master bedroom bathroom 
main f loor bathroom 

7.  DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
garage door 
workshop window 

8. FAN TEST CHARACTERISTICS:  

3 . 1 8  Air Changes per· Hour (@ 50 Pa) 
0.072 Equivalent Leakage Are� (m2) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years and older: 4 
Occupants under 1 8  years: I 
Number of occupants who smoke: 3 

" ... ... 
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Loc a t i on Cod e :  W 4  
S t a r t  d a t e : 1 8mar87 End d a t e : 24mar87 
To t a l  Numb e r  o f  Days A n a l y z e d  i n  t h e s e  Tab l es :  6 
To t a l  Number o f  Days Mon i t o red f o r  t h i s  House : 1 9  

TABLE 1 : FREQUENCY AND 
0
DURAT I ON OF 

SP I LLAGE EVENTS 

Sp i l l ag e  t i me To t a l  Sp i l l a g e  Even t s  
I n t e rva l 

< sec > 

1 0-29 
30- 1 20 
> 1 20 
To t a l  

F u rn a c e  DHW To t a l  

0 57 
0 47 
0 59 
0 1 63 

57 
47 
59 

1 6 3 

TABLE 2 : AGGRAVAT I NG COND I T I ONS DUR I NG SP I LLAGE EVENTS 

L i s t  of C o n d i t i on s  % T i me 
F i rep l ac e  F a n  O t h e r  Cond i t i on 

OFF OFF 
OFF ON 
OFF OFF 
OFF ON 
ON OFF 
01\1 ON 
ON OFF 
ON ON 

Dev i c es T rue 

OFF 84 . 743 
OFF 1 4 . 845 
ON 0 . 4 1 1 
ON o . ooo 
OFF 0 . 000 
OFF o . ooo 
ON 0 . 000 
ON (I .  000 

TOTAL : 

Sp i l l ag e  Even t :  To t a l  
W i n d ow Open 

To t a l s  T i me ( m i n > O c c u r re n c es 

7 1  604 . 8 8 23 
7 8  62(> .  7 7  1 8  
1 4  36 . 1 5  3 

(I 0 . 00 0 
0 o .  00 (l 
(I o . oo (I 
(I o . oo (I 
0 0 .  00 (I 

1 63 1 2 62 

n o t e :  c o l umn " '!.  T i me Condi t i on T rue " . h as d ev i c e s t .;1. t us f o rc e d  
o n  i f  d ev i c e i s  s p i l l i n g 

.. 

... 



:r 

L c1 c ::i t i o r1 C o •:Je : W -4 
S t a r t d � t e : O l A P R B 7 . E n d  d a t e : O B A P k 8 7  

T o t a l  N u m b e r  o f  D a y s A n a l y z e d  i n  t h e s e  T a b l e s : 7 
T o t a l N u m b e r  o f  D a v s  M o n i t o r e d f o r  t h i s  H o u s e : l 9 

T A B L E l : F R E D U E N C Y  A N D  D U R A T I O N  O F  
S P I L L A G E  E V E N T S  

S p i l l a 9 e  t i m e T o t a l  S p i l l a q e  E v e n t s  
I n t e r v a l  

( s e c >  

1 0 - 2 9  
3 0 - 1 2 0 
> 1 2 0  
T o t -3 1  

F u r n a c e  D H W  T o t a l 

0 3 4  
0 32 
0 6 6  
0 . 1 3 2 

8 4  

3 2  
6 6  

1 3 2 

T A B L E  2 : A G G R A V A T I N G  C O N D I T I O N S  D U R I N G  S P I L L A G E  E V E N T S  

L i s t o f  C o n d i t i o n s  Z T i w e 
f i r e o l a c e  F a n  O t h e r  C o n d i t i o n 

O F F  O F F  

O F F  O N  
0 F F  o r r  
O F F  O N  

O N  O F F  

D N O N  
[I j··� u r r  
O N  O N  

D e v i c e s  T r u e  

O F F  8 5 . 7 8 3  
O l:' F  1 3 . 6 9 1  
O N  0 . 5 0 6  
O N  0 . 0 1 7  

O F F  0 . 0 0 0  
O E' F  0 . 0 0 0  
O N  0 . 0 0 2  
O N  0 . 0 0 0  

T O T A L : 

S p i l l a q e  E v e n t s  T o t a l  

li-.l i n d o w  O o e n  
T o t .'3 l s  T i m e ( m i r 1 ) O c c •J r r e n c e s  

C"'"' ..J ,J �i � 7 . 4 7 1 7  
7 2  7 0 8 . 1 5  2 9  

5 6 7 . 8 8 1 
2 5 6 . 1 0  2 
0 0 . 0 0 0 
0 0 . 0 0 0 
0 ,�, . O C> 0 
0 0 . 0 0 0 

1 3 2 1 4. 2 0  

r 1 0 � 0 : c o l u m n  ' %  T i m e Co n d i t i o n T r u e ' h a s  d e v i c e  s t a t u s  f o r c e d  
o n  i f  d e v i c e i s  s p i l l i n q  



A i r  Ana l ys i s Re s u l t s  o f  Res i dent i a l  Co�bu s t i o n  S p i l l a q e  M o n i t o r i n q 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Addres s :  W4 C i t y :  1J i n n i p e9 Fuel T y o e : G a s  

SP I L L AG E  - - - G A S T E C  Tubes---- - - - - - - - - - - - - Ba9 S a • p l es-------- Sor bent tubes Pu11p 
T Y PE Date � - - -Loca t i on---- N02 NOx 502 co C02 CH4 H . C  02 N02 ND T i me 

( p p m ) ( p pM ) ( p p lll ) ( p p Rt )  ( p p m )  ( p p• > ( p p 11 )  ( % )  < p p m ) ( p p m ) < s ec . >  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 

. 

P R E  S P ILL Har 1 8  near furnace 0 0 0 . 5  9 1 9  2 . 1 1 � 2  2 1  

k i tchen 0 0 

F ORCE D  Har 1 8  near furnace 0 . 2 5 0 5 . 3  1 9 9 8  2 . 9  1 .  4 2 1  

k i tchen t r ace 0 

P O S T  S P ILL Har 1 8  near furnace 0 0 

k i tchen 0 0 

C O N TROLLED Har . 3 1  -
I A pr . I near furnace 1 1 1 1 8 I .  7 3 . 3  2 1  0 . 0 1 2  0 . 0 9 4  1 0 3 5 9  

A pr . l -2 • 0 . 5  1 0 56 2 3 . 3  2 1  0 . 0 4 9  0 . 3 66 4 5 9 5  

A pr . 2-3 I 1 . 1  1 36 1  2 . 3  1 . 8 2 1  0 . 05 7  0 . 20 7  8 1 6 7  

A p r . 3 -4 I o . s  520 3 . 8 1 . 6 2 1  0 . 05 6  0 . 2 64 9 5 2 4  

A p r . 4-S I 1 . 1  1 2 1 5  2 . 3  1 . 6 2 1  

A !)r . 5-6 
. . . I 0 . 06 6  0 . 2 6 9  1 5 2 1 4  

A p r . 6- 1  • 
1 . 1  1 59 0  1 . 9  2 2 1  

A o r .  7-8 • 0 . 8 1 3 8 3  I .  7 1 . 5  2 1  0 . 0 7 6  0 . 1 5 9 9 5 3 7  

A p r . 1 1 - 1 9  • It H . S . lt  0 . 9  1 3 42 1 .  0 9 . 9  2 1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AVG . 0 . 8 8 1 1 98 .., .., .. . ..  3 . 1 2 1  0 . 0 5 3  0 . 22 7  

I T HI E [l  Har . 3 1 -
A o r  . 1  near furnace 0 . 5  6 5 5  2 . 4 2 . 7  2 1  1 1 7 0 

Aor . 1 -2 I 1 6 9 5  2 . 3  3 . 8  2 1  4 5 0  

A o r . 2-3 I .., 'l 
.. . ..  5 6 8  2 . 3  2 . 2  2 1  4 5 0  

Aor . 3 - 4  I 0 . 8  772 2 . 3  1 . 9 2 1  3 9 0  

A p r . 4- 5  I 
1 .  6 822 2 . 6  1 .  5 2 1  300 

A pr . 5-6 I 1 . 1  7 3 5  3 . G  2 . 4  2 1  1 5 0 

A pr . 6- 7  I 1 . 1  983 .., 'l 
.... . ..  2 . 3  2 1  2 4 0  

A pr . 7-8 I 0 . 0  8 2 4  1 . 9 1 . 5 2 1  2 7 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AVG . 1 . 1  757 2 . 45 2 . 3  2 1  

� N O T E :  H . S .  = HASS SP ECTROHETER DON E ,  



HOUSE W-4 

VJ (· DAT1�:  HQ53C5 I U  SCHMS 
u-1 /L·VS7 1 2: 37: 00 CAL I :  CG!54 1 e lt20 
SAMPLE: SAMPLE BAC 1200 - BUCHAN. LAWTON t� f'AREHT - 50ML INJECTED 
COHOS. : SE30 30M. 50-200C @ 1 0C/MI N .  INI T . HOLO 4MIN . 
l':AMGE: G 1 > 1500 LABEL: H O, 4 . 0 G!UAH: A 0 ,  1 . 0  J 0 BASE : U 20 , 3 

1 TO 1 �·0� 
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HOME PROFILE 

I .  HOUSE IDENTI FICATION: No. W-5 

2 .  HOUSE DESCRIPTION: 

Tota l  F loor Area: 2 1 6  m2, sp li t- level ,  sing le detached 

3. SPACE HEATI NG: 

Fuel: natural gas 
Heat Distribution: forced air 
Location: enclosed furnace room 

4. DOMESTIC HOT WATER HEATING: 

Fuel: natu ral gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: firep lace 
Fuel :  wood 
Frequency of Use: once per season 
Chimney Type: insu lated meta l 

6 .  EXHAUST FANS FREQUENTLY USED: 

main bathroom 
clothes d ryer  

range hood 
both upstairs bathrooms 
central vacuum 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 

8. FAN TEST CHARACTERISTICS: 

1 .83 Air Changes per Hour (@ 50 Pa) 
0.034 Equivalent L eakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years and older: 2 
Occupants under 1 8  years: 2 
Number of occupants who smoke: 0 

,., 
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I 

I 

S P I L L A G E  
T Y P E  

P R E  S P  I L L  

F O R C E D  

P O S T  S P I L L  

D ate 

Har 1 9  

Har 1 9  

Ha r 1 9  

A i r  A na l ys i s  Res u l t s  o f  R es i de n t i � l  Combus t i on S p i l l aqe M o n i t o r i nq 

A dd r es s : ws C i t y :  IJ i n n i p e q  F •J e l  T y o e : G .3 s  

- - - G AOTEC Tubes --- - --- - -- - -----Bag Sa m p l e s -- -- - - - - S or b e n t  Tubes Pum p . 
- - - L oca t i on - - - - N02 NO:·: S02 co C02 CH4  H . C  02 NQ2 NO T i me 

( D D RI )  < o p n1 > ( p p m ) ( p p n1 )  < p p m ) ( p pn1 ) ( p p m ) ( % )  ( p p m )  ( p p m > < s ec . > 

nea r fur n ace 0 0 1 . 9  1 2 4 9  2 2 � 1  2 1  
l i vi nq r oom . 0 0 

n e a r  f u r n .3ce t r a c e 7 . 5  0 . 8  3 5 6 8  1 . 5  ., 2 1  ... 

l i v i n9 r oom 0 t r a c e  

n e a r  fur n.3ce 0 t r ace 
l i v i n 9  r oom 0 0 



HOME PROFILE 

I .  HOUSE IDENTIFICATION: No. W-6 

2. HOUSE DESCRIPTION: 

Tota l  F Joor A rea: 235 m2, sing le storey, single  detached 

3. SPACE HEATING: 

Fuel: natural  gas 
Heat Distribution: forced ai r 
Locat ion: open basement 

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: none 
Fuel : n/a 
F requency of Use: n/ a 
Chimney Type: n/a 

6. EXHAUST FANS FREQUENTLY USED: 

main bathroom 
clothes dryer 
master bedroom bathroom 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
garage door 

living room window 
k i tchen window 

8. FAN TEST CHARACTERISTICS:  

1 .95 Air  Changes per Hour (@ 50 Pa) 
0.04 1 Equivalent Leak age Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 1 8  years and older: 2 
Occupants under 1 8  years: I 
Number of occupants who smoke: 2 
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A i r  Ana l y s i s R e s u l t s  of R e s i dent i a l  C ombu s t i on S p i l l a ge Ho�i t o r i ng 

Addr e s s : WG C i ty :  1J i nr1 i pe9 Fuel  T y o e : G .3 s  

S P  I L L A G �  - - - G A S T EC Tubes---- -- - - ------- - 8 � 9  Sam p l e s-------- Sorbent I •Jbes Pump 
T Y P E  D a t e . ---Loc a t i on---- N02 N O :{ 5 0 2  co C02 C H 4  H . C  0 2  N 0 2  N O  T i me 

( p p m > C p pn1 > C p pm > C p p ni )  ( p p m )  ( p pm ) ( p p � )  ( % )  ( p p m ) ( p pm ) < s ec . )  

P R E  S P ILL  Har 20 r1ear  furnace 0 0 
l i v i n9 r oom 0 0 

F O R C E D  H a r  20 near fur nace 0 . 2  .., .,. w . J  3 . 6  2592 3 . 3  2 2 1  
l i v i n9 r oom 0 0 

r·o s r  S P  ILL Har 20 near f u r n .3ce 0 0 
l i v i nq r oo m  0 0 



HOME PROFILE 

I .  HOUSE I DENTIFICATION: No. W-7 

2. HOUSE DESCRIPTI ON: 

Total F loor Area: 2 1 3 m2 , two storey, sing le detached 

3. SPACE HEATING: 

Fuel :  natural gas 
Heat Distribution: forced ai r 
Location: enclosd furn ace room 

4. DOMESTIC HOT WATER HEATING: 

Fue l :  natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fi rep lace 
Fuel: wood 
Frequency of Use: once per winter  month 
Chimney Type: insu lated meta l 

6. EXHAUST FANS FREQUENTLY USED: 

c lothes d ryer 

7. DOORS/W INDOWS FRE GUENTL Y USED: 

main entrance 
garage door 

k i tchen door 
k itchen window 
side door 

8. FAN TEST CHARACTERISTICS: 

2 .34 A i r  Changes per Hour (@ 50 Pa) 
0.062 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 2 
Occupants under 18 years: 3 
Number of occupants who smoke: 2 

... 
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S P I L LAGE; 
T YPE Date 

P R E  SP ILL Har  22 

FORCED H.:ir  2 2  

f' O S T  SP I L L  H a r  22 

C ONTROLLED Har . 3 1  -
A pr . I  

T IHED  Har . 3 1  -
A or . l  

A i r  Ana l y s i s  Res u l ts o f  R e s i den t i a l  Combu s t i on S o i l l aqe M cin i t o r i n q 

A dd r es s :  W7 

---Loca t i on----

near f •Jr nace 
1 i v i n9 r oom 

n e ar f u r n a c e  
l i v i n9 r oom 

near f u r n a c e  
l i v i n q  r oo m  

At furnace 

A t  furnace 

C i t y :  W i n n i pe'3 F u e l  Ty o e :  
- - - G A S I EC Tubes---- - - - - - - - - - - - - 8 a9 Sam p l es--------

N 0 2  N O x  5 0 2  co 

( p p m )  C p p11 ) ( p pm ) ( ppni >  

0 0 
0 0 

0 . 3  t r .:ice 1 . 1  
0 t r .:i c e  

0 0 
0 0 

1 

0 . 5  

C02 C H 4  
( p pm )  ( p pm )  

2567  3 . 2  

535 3 . B  

4 7 3  4 . 1  

H . C  
C p p ni > 

1 . 5 

2 . 7  

') C" ..., • ..J 

02 
en 

2 1  

2 1  

2 1  

G .:is 

Sorbent Tubes P•J111 p 
N 0 2  N O T i me 

( p p m ) C p p nd ( s e c . ) 

1 98 

5 4 0  
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N MANN TESTING LABORATORIES LTD. 
5550 McADAM ROAD, M ISS ISSAUGA, ONTARIO L4Z 1 P1 

PHONE: 890-2555 • TELEX: 06·960496 

June 15 , · 1 9 8 7  

Buchan , Lawton & Parent Ltd .  
5 3 7 0  Canotek Road 
Ottawa , Ontario 
KlJ 8X7 

Attention: Mr . Mark Lawton 

RE: MASS SPECTROMETER INFORMATION 

I n  response to your telephone cal l  of June 5th ,  1987 , I am 
pleased to submit the fol l owing information to assist you with 
the interpretation of your proj ect results . 

There are l imitat ions inherent in both the method of 
sampl ing and the mass spectrometer itself .  The mas s  spectrometer 
has a l ower detection l imit of l ow to sub ppb and detects only 
compounds with a molecular weight greater than 4 0 . The use of 
the bag sample technique l imits the analyt i cal detectabil ity to 
volati l e  organics . 

All of the samples submitted for GC/MS qual itative screening 
were analyzed for tota l volatile hydrocarbon and found to be 
under 10 ppm methane equiva lents : with samples # 2 2  and # 3 4  under 
2 ppm methane equival ents . As an example , i f  1 ppm o f  toluene 
( C7H8 ) was present it would trans l ate approx imately to 7 ppm 

methane equilval ents ( i . e .  toluene 7 carbons to methane 1 
carbon ) . 

The samples , therefore all contain ppb l evels of the 
compounds found . 

I f  you have any further questions please contact e ither 
Betsy Cli ffe or mysel f .  

WRBLvs 

Yours truly , 

M/--,JSTING LABORATORIES LTD. 

,,, : • I f  • 
.. . - <  "" '- •• ...... ,___ . ,  

W . R .  Burges s ,  B . Sc . , c .  Chem . 
Manager , Occupational Health 

Members· "5SOC•allon ot OH1clal Racing Ct1em1s1s. Ame11can Chemical Soc 1e1y, Canadian Soc1e1y ol Forensic Science, Ctiem1ca1 1ns1o1ute or Canada, 
American Socoely lo• Testing and Mate1111s. Canadian Federalfon ol lndependenr Business. Bener Business Bureau. Assocfa11on ol ll'le Chemical 
Ploltu1on or Onta110. Assoc•at1on ol Proless•onal Eng11\eers ol the PYovince or Onla'4o. CanaC111n Assoc1at1on of Fire Ch1el5. 
American Industrial Hygiene Assoc1at1on. "" Polluhon Control Assoc1ahon. Canadian Soc1e1y 01 Sarery Eng1nneJ1ng. lnternahon11 Soc1e1y for lleso11atory Protection 

, 



MANN TESTING LABORATORIES LTD. N 5550 McADAM ROAD, MISSISSAUGA, ONTARIO L4Z 1 P1 

PHONE: 890-2555 • TELEX: 06-960496 

Buchan , Lawton & Parent Ltd . 
5 3 7 0  Canotek Road 
Ottawa , Ontario 
KlJ 8X7 

Attention : Mr. Mark Lawton 

April 2 3 , 19 87 

RE: MANN TESTING FILES 876723/876728 
MASS SPECTROMETER RESULTS 
BAG SAl\·t l·U::S 22/34 

Dear Mr . Lawton : 

Y o u r  t w o  b a g  s a mp l e s  
Chromatography/Mass Spectrometer 
conditions : · 

Inj ect ion Volume : 
Initial Temperature : 
Initial Hold Time : 
Final Temperature : 
Temperature Ramp : 
Column : 

w e r e  
(GC/MS ) 

a n a l y z e d 
under the 

50 mL 
5 0°C 
4 min . 
2 0 0°c 
l0°C/min 
3 0M ,  SE3 0 

by G a s  
fol lowing 

The samples were analyzed us ing a Universal Automated 
Concentrator Instrument Model 7 8 0 ,  which passes . the released 
organics through two sorbent traps of l arge . and small bore . The 
l atter trap serves to reduce the sample to a smal l  concentrated 
plug prior to its separation with a 3 0  meter superox GC capillary 
column , and subsequent analysis by a Finnigan Model 3 2 0 0  Mass 
Spectrometer .  

.. 

�ECEIVED APR 2 8 1S87 

Members: Associalton ol Oll1c1al Racing Chem1s1s. American Chemical Society. Canadian Society ol ForenS1c Science. Chemical lnS11lule ol Canada. 
American Society lor Tesling 1nd Malerials. C1n1dian Feder11ion or Independent Business. Bener Business Bureau. Assoc11t1on ol the Chemical 
Profession ol Ontario. Associalion ol Professional Engineers ol the Province ol Ontario. Canadian Association ol Fire Cr11ets. 
American Industrial H�iene Associalton, Air Pollution Control Assocoat1on. Canadian Society ol Safety Eng1neering. lnternat1onal Society lor Respiratory Proteclion 

" .. 



- page two -

The data thus produced are stored in the memory of the 
computer and matched with the spectra from the United States 
Environmental Protection Agency/National Institute of Health 
l ibrary , which contains mass spectra o f  over 4 0 , 000 compounds . 

The enclosed GC/MS chromatograms have been labelled with the 
compounds found in the respective samples . The most abundant 
compounds are saturated hydrocarbons which are al iphatic straight 
cha ined hydrocarbons ( e . g . CxH2x+2) • 

I f  you have any questions concerning this data , please 
contact Betsy Cl i ffe or mysel f .  

WRB/ j h ,  
Encl • 

Yours truly , 

MANN TESTING LABORATORIES LTD. 

/ / 
_l�.1:/ .. 
I , ' - ' · � vo. � o(.. -.J 

W . R .  Burgess , B . Sc . , C . Chem . 
Manager , Occupational Health 

...__ ___________________ MANN TESTING LABORATORIES LTD.  



.. 

NJ MANN TESTING LABORATORIES LTD. 
5550 McADAM ROAD, M ISS ISSAUGA, ONTARIO L4Z 1 P1 

PHONE: 890-2555 • TELEX: 06·960496 

May 4 ,  1 9 8 7  

Buchan , Lawton & Parent Ltd .  
5 3 7 0  Canotek Road 
Ottawa , Ontario 
KlJ 8X7 

Attent ion : Mr . Mark Lawton 

RE: MANN TESTING FILE NO. 876954 
MASS SPECTROMETER RESULTS 
SAMPLE BAG NQ. 200 

Dear Mr . Lawton : 

Your bag sample was analyzed by Gas Chromatography/Mass 
Spectrometer ( GC/MS ) under the fol lowing conditions : 

Inj ection ·Volume : 
Initial Temperature : 
Initial Hold Time : 
Final Temperature :  
Temperature Ramp : 
Column : 

5 0  mL 
50°C 
4 min . 
2 0 0°c 

1 0°C/min 
3 0M ,  SE3 0 

The sample was analyzed us ing a Universal Automated 
Concentrator I nstrument Model 7 8 0 , which passes the released 
organics through two sorbent traps of l arge and sma_l l bore . The 
l atter trap serves to reduce the sample to a sma l l  concentrated 
plug prior to its separation with a 3 0  meter Superox GC capillary 
column , and subsequent analysis by a Finnigan Model 3 2 0 0 Mass 
Spectrometer . 

Memtx1rs· Association ol OH1c1al Racing Chem1sls, Amerocan Criem1cal Society. Canadian Society ol Forensic Science. Cnem1cal lllshlule ol Cana.da. Amoricao Society tor Te sling and Ma1euals, Canadian Federal ion ol lndependenl Business. Ben er Business Bu1eau. Assoc1ahon ol lhe Chemical 
Proless1on ol On1a110. Assoc•al1on ol Professional Engineers 01 1ne P10V1nce 01 On1ario, Canadian Assoc1a11on ot Fire Ch1els. 
Ame11can lndus111al Hygiene Assoc1ahon. Air Polluhon Conltol Assoc1a11on. Canadian Soc1ely ol Safety Eng1nee11ng, ln1erna11onal Society lor Respiralory Prolechon 

" ... " 



- page two -

The data thus produced are stored in the memory of the 
computer and matched with the spectra from the United States 
Environmental Protection Agency/National Institute · of Health 
l ibrary , which conta ins mass spectra of over 4 0 , 000 compounds .  

The enclosed GC/MS chromatogram has been label led with the 
compounds found in the sampl e .  The most abundant compounds · are 
saturated hydrocarbons wh ich are aliphatic stra ight chained 
hydrocarbons ( e . g .  CxH2x+2 ) • 

I f  you have any questions concerning this data , please 
contact Betsy Cl iffe or myself .  

WRB/bc , 
Encl • 

Yours truly , 

MANN TESTING LABORATORIES LTD. 

/ 

J I  ·, . 

,I� . L I ...... ... -. - , 

W . R .  Burgess , B . Sc . , C . Chem . 
Manager , Occupational Health 

...___ ___________________ MANN TEST ING LABORATORIES LTD. 
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General Description o f  the NAHB Resea rch Found ation/ 
AIMS output Format 

June 1 9 8 7  

T h e  t o p  p o r t i o n  o f  t h e  s h e e t  shows t h e  proj e c t  t i tl e ,  house 
i d en t i f i c a t i on , s t a r t  and s top t imes and d ates for s ampling , 
final d ate that computations were made , and date o f  the analys i s . 

The R a t e s  S ection �ives the overall infiltration rate in cubic 
meters per hour (m /hr ) for all zones , and the air change rate 
per hour ( ACH ) , obtained by d iv i d i:ng the air infiltration rate by 
the t o t a l  v o lume . Fo r e a c h  zone , the z on e  l o c a t i on , s ource 
i n form a t ion ( g r a v i me t r i c  c a l i b r at ion r a t e  at 25 d e g r e e s  c . , 
quant ity , total emi s s ion rate adj usted for tempe rature , a ssuming 
an enthalpy of 6 . 8  kcal/mole ) ,  and exfiltrat i on and infiltration 
r ates with the i r  stand ard devi ations ( SD ' s )  a re g iven , followed 
by the z one-to- z one a i r  flow rates and SDs , and total flow in or 
out of each z one . 

The An alys i s  S e c t i on g i v es , for each z one , the volume , s ource 
type , ancra verage tracer c oncentration with SD ' s ,  followed by the 
i n d i v i d u a l  c a p i l lary abs orption tracer ( CATS ) analyses by zone 
with correction factors . 

The Notes Sect i on gives the SD ' s  ass i gned to the s ource rates and 
volumes . Conditions or results that should not e x i s t  are flagged 
by

_ 
printing in capital l etters . 

The cur rent PFT tracer codes are : 

� l 
8 
2 
3 

Tracer Name 
Perfluorodimethylcyclobutane 
Perfluoromethylcyclopentane 
Perfluoromethylcyclohexane 
Perfluorod imethylcyclohexane 

Abbreviation 
PDCB 
PMCP 
PMCH 
PDCH 



N A H B - R E S E A R C H  F O U N D A T I O N 
A I MS 0 7 - 0 1 - 1 9 8 7  

PROJEC T :  RES cnM� . s 
HOUS E :  0 2 

STAR T :  1 8 : 00 ( 02-26- 1 9 8 7 ) 
STOP : 1 5 : 00 ( 03- 1 6- 1 9 8 7 > 

F I LE :  ! B UCH 
ANALYZED : 06- 30- 1 98 7  

************************************ RATES ************************************ 

OVERALL I NF I LTRAT I ON RATE = 
OVE RALL A I R  E X C HANGE RATE = 

1 33 . 6 ± 1 2 . 7 < m A 3 / h ) 
0 . 263 ± 0 . 027 ( 1 / h )  

z 
0 Z ONE SOURCE RATE 

@25C QTY @T 
E XF I LTRAT I ON : ------- I NF I LTRAT I ON------- : 

N LOCAT I ON RATE SD RATE SD ACH SD 
< nL / m ) < nL/h )  < m""'3/h )  ( m A3 / h ) ( /h )  E 

l UPPER Z ONE 3 5 . 9  2 3272 
� BASEMENT 2 4 . 7  2 2253 

88 . 9  1 6 . 6 
4 4 . 7 1 1 . 2  

85 . 4  1 3 . 5 0 . 440 0 . 07 � 
4 8 . 2 8 . 3 0 . 1 5 3 0 . 027 

Z ONE- ZONE RATE ± SD ( mA3 / h ) Z ONE-Z ONE 
2 - 1. 

RATE � SD ( mA3/ h ) 
J - '::' . - 33 . 7  7 . 5  3 /' . 2  8 . 3 

: -------------------TOTAL FLOW I N OR OUT------------------------. --- : 
ZONE RATE ± SD ( mA3 /h ) ACH ± 50 ( /h )  ZONE RATE ± SD ( mA3 / h ) ACH ± SD C / h )  

l 1 22 . 6 1 8 . 9 0 . 632 I). 1 02 2 8 1  • '1' 1 2 . b (! . 26 1 i) .  042 

******** * * ************************* ANALYS I S ********* * * ************�********** 

z 
0 

VOL SOURCE 
TYPE 

AVG . TRACER 
CONC . 

N m-··.3 1 --------------------- ( pL / L >  ± SD------------------------------- : 
E PMCP PMCH 
!.. J �·i: FT'li.�F· 3 0 . 4 9 ± 3 . 05 9 . 54 ± 0 . 95 
.. � ;. ::. ·� F' M C H  1 2 . 5 4  � 1 . 2 5 3 1 . 4 5 ± 3 . 1 4  

CATS# CONCENTRAT I ON ( PL / L �  : --.-- --------·------·--------·------·-- --·---------------------------·- . 
PMCP PMCH PDCB PDCH 

l 4 3 0 . � 92 9 . 5 3 9 0 . 022 � . 202 
�·:_ _ -_ --· � · ·� � .  · �.� -! - �;:. �--'-=�� :_;,_��£! �: �· .�: l��. �I��::__ ����- �  ... �;·!Ji �.-�-- -�-.. · -�-�?�1;�� 
C.; .  �� . :  I- U C !.'.< F M L:F' F'!•i [ H  F L1 C H  C O E FT I C I E !-J.i' '.::· F l i _ �� 

(1 • 8 C.- () . 8 '? 0 .  9 7  U .  9 7  ::;;�d M 2 F  l"if·: 
************ ************************* NOTES *******************+*** �****�+***�* 

l n e s t a n d a r u  d e v i a t i on i n  � n e  sou r c e  s t re n q � n n a s  c een s e t  a� l U  
T h 0  s t a n o e r d  a e v : a t i o n i n  � h e  v o l u m e  m e a s u r e m e n � r 1 a E  b e e n  s e t  2 c  -

.. .. ... ... 



N A H B - R E S E A R C H  F O U N D A T I O N 
A I MS · .. <' - U J - J  "- :::: :·' 

P P O J � C l : � F e  roMB . S 
HUU S E : 0 3  S T AR T : 1 0 : 00 < 03-06- 1 9 8 7 > 

STOP : 1 5 : 3 0  < 03- 1 6- 1 987 ) F l LE :  ! BU C H  
ANAL Y Z E D :  06- : 0- 1 987 

************************************ RATES ************************************ 

OVERALL I NF I LTRAT I ON RATE = 
OVE RALL A I R  E X CHANGE RATE = 
z 

1 08 . 3 ± 1 5 . 0 ( mA 3 / h ) 0 . 239 ± 0 . 034 ( 1 / h )  

0 ZONE SOURCE RATE 
@25C ' GITV @T 

E XF I LTRAT I ON : ------- I NF I LTRAT I ON-------- : 
N LOCAT I ON 
E 

RATE SD RATE SD ACH SD 
< nL/ m )  < nL/h ) < m""'3/ h )  < m""'3/h ) ( /h )  

l B E D  35 . 9  2 3272 
2 4 . 7 2 2253 

6 6 . 5 25 . 6  � 1 1 . 9  27 . B  �0 . 053 0 . 1 2 3 
2 B A S EMENT 4 1 . 9  36 . 6  1 20 . 3 29 . 5  0 . 5 3 1 0 . 1 3 3 
ZONE-ZONE 

i - '.::: 
RATE ± SD ( m""'3/h ) Z ONE-Z ONE 

2 - 1 
RATE ± SD ·< m""3 /h > 

1 (15 . 3 39 . 3 1 6 :: . •  7 t>B . 6 
: -------�--------------------TOTAL FLOW I N OR OUT----------------------------- : 
ZONE RATE ± SD < m""3/h ) ACH ± SD < lh >  Z ONE RATE ± SD ( m�3/h ) ACH ± SD < lh )  

1 :i 7 1 . 7 4 E: .  5 0 . 759 0 . 2 1 ? 2 ""'IC: c­.:....:.:.,.; . _, c:i :  . . 7 0 . 990 �) . 28� 
***********************�*********** ANALYS I S ********************************** 

z 
0 
N 
E 

-· 

VOL SOURCE 
TYPE m····3 

�'. :::: b  F'i�1c,F· 
:.:;:..;: :::, ,.:;. i·JCH 

CATS# 

AVG . TRACER 
CONC . 

l --------------------- ( pL /L > � SD------------------------------- : 
PMCP PMCH 

3 8 . 05 ± 3 . 80 2 1 . 3 4 % 2 . 1 3  
1 7 . 7 6 ± 1 . 7 8 1 9 . 95 ± 2 . 0 0 

CONCENTRAT I ON C PL / L > 
: - - - - - - - - - - - - - - - - - - - - - - - ·- - - - - - - -·- - - - -· - - - - - - - - - - --- - - ---· - - - - - - - - - - - : 

PMCP PMCH PDCB PDCH 
d l �  � . 8 . U4 9 2 1 . 338 0 . 033 0 . 0� 3 
1 6 1  ·:� . . 1.t.�:.?si 1 ·- -1 "1 � .S:��� ��.'.�::: -o.�. !)Stl' -=:-_-:._.��::��. 1.E!Y 

:::; • F .  : 1.::· i: 1 1 .  I-:: i ' ' l · 1Cf-' Fl1Ch P O C H  C O E F F  ! C I  E r� T S  F l  :_i::: 
u . i:-:' .::.· u . 5 ·7 o . 9 7 · o . s .-r :::. i:.u 1·12 i:: f'1?� 

************* ************************ NO TES ********************************•** 

7 n e � T 2 n a a r d o e v 1 a t i on i n  t n e  � o u r c e  s "t r en q t h  n as b e e n  � e t  2t l � · % .  
l r 1 l'� �'" t: .:• 1 1  c: ::u - o C' E v  l a. "t l a n  l n "t h e  v o 1 u m  e rn e a  s •_l 1·' e m  e r i  "t h a s  b E:? E! n � t? t ::1 t' :5 1 . .  

:-:. :�'. �:: ' ! �: �- �- ·�; � ' I  � 1�:, !" 1 [: :: l 
: 1 : r-· 1 1  . . . , ·, . .  u r·J , . .  , ;- ; : L r-: u ,_,_  Z Li hl i=: ! 1 s  f\iEG ; iT 1 1.1 E 



N A H B - R E S E A R C H  F O U N D A T I O N 
A I MS 0 7 - 0 2- J � 8 7  

F·F-: O J E C T : 2332 
HOUSE : O S  

S T A R T : 1 7 : 00 < 03-09 - 1 9 8 7 ) 
STOP : 1 2 : 1 0  ( 03-26- 1 9 87 ) 

F I LE :  1 E< UCl-i 
ANAL Y Z E D : 0 6 - 3 0 - 1 9 8 7  

************************************ RATES ************************************ 

OVERALL I NF I LTRAT I ON RATE = 
OVERALL A I R  E X CHANGE RATE = 

74 . 2  ± 1 0 . 4 ( m A 3 / h ) 
0 . 0 1 0  ± 0 . 00 1 ( 1 / h ) 

z 
0 Z ONE SOURCE RATE 

@25C QTY @T 
EXF I LTRAT I ON : ------- I NF I LTRAT I ON-------- : 

N LOCAT 1 Ohl 
E < nL /m ) < n L / h ) 

RATE SD 
< m""3 /h ) 

RATE SD ACH SD 
( mA3 / h ) ( / h )  

1 BEf:O 35 . 9  2 3 2 7 2  
2 4 . 7  2 2253 

7 3 . 6 1 0 .  ::, 73 . "7 l. 0 .  4 o .  (l l(i 1:• . \_ . .  y::;: 
2 BASEMEt\I T  0 . 6 0 . 1 (• . 6  U . 1 (• . (H)i.j •. • . 1)1_l j  

Z OhtE-Z ONE RATE ± SD ( mA3/ h )  Z ONE- ZONE 
2 - 1 

RATE ± SD < m�3 / h J 
1 ..., ' - ..::... 0 . 4 0 . 1 0 . 4 0 . l 

: ----------------------------TOTAL FLOW I N OR OUT----------------------------- : 
Z ONE RATE ± SD < m�3 / h ) ACH ± SD < / h )  ZONE RATE ± SD < mA3 / h ) ACH ± SD < i h )  

1 . 7 i.i . 1 1 0 . 5 0 . 0 1 (1 0 . 002 2 l .  0 (; . 1 t_.I .. �:1•)7 •.' I ,. i � I  •I  ,!. 

* _..****** ****************..,********** ANAL VS I 5 ************ ... ********·th"'*********** 

z 
0 
N (;.. 
J ... , 

VOL SOURCE AVG . TRACER 
CONC . m .. "3 

7.:� :' .:'j 
J. � l  

TYPE 

FT·C � '  
i: 1·1L: 1 ·1 

: ---------�--------- < PL /L )  ± SD--- ----------�---------�------- : 
PMCP PMCH 

44 . 2 9 ± 4 . 4 3 1 2 . 3 3 ± l . 2 �  
1 8 . 7 2  ± 1 . 8 7 2249 . 2 9 ± % 2 2 � . 9 3 

CATS# CONCENTRAT I ON < P L / L )  ; - - - - - - - - - - - - - - - - - - - - - ----- - - - - - - - - -- - - - - - - -- -- - - - -- - - - - - - - - -- - - -- - -- - : 
PMCP PMCH PDCB PDCH 

'f r •  L•���� : �!��'.:t�' : ��� ,: 3 .330 - ����;�, L "" ''' E c i U 1 1 ,.  t_� ·-.-· t : i .. �:::S' C• . �,·�.: 1) .. t:r' -;; :3. r.·1 .l h �·�'. F  1·'! r::� 
* ** ************************* * * * � * **** NOTES ******** * * * * * * * � * * * * * � * * � * * * *� * �• • •  

i n ·:-:· s� t i!. :1 C! 2. r·""n c l �=· \t i �: ·c 1 o r� i �  t •-i r::? �::� O L t r c ,.:: 
� ; ·· .::? :: ·� ;;;\ r : :.'"" :�·. 1 � 0 n c.-.: \/ :! a 1. J u t ·; :: n 1; 1"1 E:. v c.1 i Ll rt 1 e  

f fll/l! re 
11\A.,P ti Y' , 'ft ".e �A )v u *'- ./ � 

�/,, J /4t'.s. c a  .. , �  rf �� 

!:.; t r e n q t n  i'l i.>.E u e E :·1 � ; e 1.: 2 t  J • • 1 . 
:i : e  �1. :.u. 1 "" t! ft� e r� 1.:.: ' 'L::t. s: r:; � �: r; =· r� 1: ::::!. c ·- -. ' 

-f.,. � <& /;' -f/t .>...- ( f"p4;-e �hl. ) 
A- C /I  0 .  0 1 0  .ft: be /,i..v 

4� j it... Qy -Jr •1 t t be  ,.,1� Ct J,/e . /(<. �"/�fl< <.. / fi C/I ,4._ 
·'f'"' I 'J /"'1J�J C j l ·..11' b-c �1 } lit r  Pl,_ �- 0/0 . 

.. " 



N A H B - R E S E A R C H  F O U N D A T I O N 
A I MS 07- 02- 1 9 8 7  

F'FWJECl : 2:;:32 
HOUSE : 0 4&  S T A R T : 1 0 : 00 < 03 - 1 9- 1 98 7 ) 

STOP : 1 1 : 30 ( 03-27- 1 967 ) F I LE :  l b UCH 
ANA L Y Z E D : 0 6 - 3 0- 1 98 7  

************************************ RATES ************************************ 

OVERALL I NF I LTRAT I ON RATE = 
OVERALL A I R  E X CHANGE RATE = 

3 1 8 . 4 ± 28 . 5 l mA 3 / h ) 

z 
0 Z ONE 
N LOCAT I ON 
E 
l BOYS BED 
2 BA SEMENT 

SOURCE RATE 
@25C QTY @T 

< nL/ m )  < nL /h ) 
35 . 9  2 3272 
24 .. 7 2 2253 

0 . 688 ± 0 . 066 ( 1 � h ) 

E XF I LTRAT I ON 
RATE SD 

(·m""3/ h ) 
2 2 i . 7  58 . 8 

96 . 7  54 . 1 

: ------- I NF I LTRAT I ON------- : 
RATE SD ACH SD 

< m""3/h ) ( / h )  
1 6 1 . 3  3 8 . 8 · 0 . 576 0 . 1 4 1 
1 5 7 . l 3 3 . 5  0 . 8 6 2  0 . 1 89 

ZONE-ZONE 
1 -· 2 

RATE ± SD ( mA3 / h ) 1 92 . 2 54 . 6  
ZONE-Z ONE 

2 - 1 
RATE ± SD C m"'-·3/h > 

2 52 . 7 7 1 . 7  

: ---------------------------TOTAL FLOW I N OR OUT-----------0-....:-------------- : 
Z ONE RATE ± SD ( mA3/h ) ACH ± SD C /h )  Z ONE RATE ± SD C mA3 / h ) ACH ± SD ( /h )  

ll J ll • (I 83 . 1 1 .  4 77 o .  306 2 :3'1 '7' . ::::. '! !_ .• • ::: 1 . 9 i e- · o . :�:s ' 
*********************************** ANAL YS I S  ************************ ********** 

Z VOL SOURCE AVG . TRACER 
0 TYFE CONC . N mA3 : --------------------- < PL I L >  � SD----------------------�-------- : 
E Pt1CP PMCH 

� 
· :--• 1 �· :··j ( L : •  

.! 1:<: ! 0 1-:L:H 
J 1 "  '7"- ' ±. l. . :I ;:,, 

6 .  ::1 5 :! u .. .::) �'  ��: ·�:�� �j· � ·,��'. ·� �· �� 
CATSff CONCENTRAT I ON < PL / L J  ------------------------------------ : 

_!. i.! .,. ·::., :�··-
PMCP 

! J r. '�/(i i 

. 6 I• ��! �·.S· 
PMCH 

$' -� �;-:: [ 
PDCB 

t) .. (17 8  1 j  .; ,_;·� ��� 
PDCH I�! ., 1 � 1() 1) 

C � (�.1 .. �:· C.1 
c .. 1 :: : t: L•t. b 1 - i··1 C: F' f='l''l i:: H F- D C H  c c::i c ;.:: ;:: 1 c H�i-- : T �-� ; : . !. '. , 

(.• . 8 :.. · 1.) . t-r7·.. (:i . c? �' c; .. s·'? :s f� i r"L�·: F. l"i i!.-·: 
**** ***** * * * ******************** ***** NOTES * * ******* * � * �*�******** •***�******* 

T n ,:;: �::. c :3n c : i!. rc! ci 1=· \ .. i a. t 1 on i n  t h e  s.ou. rc: e s t r e:� c:i 1: n h .:-c. -�- r.:> r.-? F P  -:::. ·:? t. e i� : 1. 1  .. .. .  
1 h �-:·: s: '!�. ::..�r i  c i.;.:. i · · c: c �:2 .., ... l 2. T. '.!. e r· 1 1  i �.- ;-: ::� '/C l Lt.111 �? m t::� a ::: Lt � ... r� ff1 e ri  -r; h �-. �� l :� ;: !-�:- r ·. =: e 1.� �� i: 

, 



- .. _ ,. _  - - -- - - - � --· -- · - -

N A H B - R E S E A R C H  F O U N D A T I O N 
A I MS •.) / -•:1 1 - 1 .::;;· 5 �; 

P R O J E C T : RES CDM� - 5  
HtJU S E : 0 7  S T AR T : 1 3 : 30 < 03- 1 0- 1 9 8 7 > 

S T OP : 1 4 : 00 ( 03-27- 1 9 8 7 )  
F l L E :  1 B UCl-i 

Al'-IAL.,r' Z E D :  Oc-30- 1 987 

************************************ RATES ****************�******************* 

OVERALL I NF I LTRAT I ON RATE = 
OVERALL A I R  E X CHANGE RATE = 

2 1 0 .  0 ± Z2 .  3 < m·····3 / h )  
z 
0 Z ONE 
N LOCAT I ON 
E 
l UF ' .  HALL 
2 b A S EMENT 

SOURCE RATE 
@25C QTY @T 

< n Ll m >  C nL/h ) 
3 5 . 9  
2 4 . 7  

2 
2 

3272 
2253 

0 . 449 ± 0 . 050 ( 1 / h )  

E X F I LTRAT I ON 
RATE SD 

< m  ...... 3/h ) 
3 5 . 2  1 5 ; 8  

1 7 4 . 8 3 1 . 2  

: ---�--- I NF I LTRAT I ON-------- : 
RATE SD . ACH SD 

( �A3/h ) ( /h )  
52 . 8  1 0 . 1 0 . 226 0 . 0 4 5  

1 5 7 . 2  25 . 1 0 . 6 7 2  0 . 1 1 2 

ZONE-ZONE 
l - 2 

RATE ± SD < m  ...... 3 / h ) ZONE-ZONE RATE ± SD < m""-3 /h ) 
50 . 6 1 1 . 5  68 . 4  1 5 . 5 2 - ! 

: ---------�-----------------TOTAL FLOW IN OR OUT----------------------�------ : 
Z ONE RATE ± SD < m  ...... 3 / h ) ACH ± SD < l h >  ZONE RATE ± SD < m�3 /h ) ACH ± SD < lh >  

1 1 c :; . 5 1 6 .  ::;. 0 . 4 4 3  0 . 073 2 225 . 6 "":'" C- ;:.­-..:·..J • ..J u .  9 6 4  I) . 1 5� 
*********************************** ANALYS I S ********************************** 

VOL SOURCE AVG . TRACER 
TYPE CON C .  

z 
0 
N 
E 
1 

m "'3 : --------------------- < PL/L > ± SD---------------------------- : 
PMCP PMCH 

234 P M C �  3 7 . 1 2 ± 3 . 7 1  5 . 7 5  ± 0 . 5 8 
T �.4 f'' f•ICH ! 1 • 25 :!: i . 1 3  1 1  • 7 :;; ± :!. • 1 7 

CATS# CONCENTRAT I ON ( p L / L >  
: - - - - - - - - - - -- - -- - - - -- - - - -- - - - - - - - - - - - - - - - - - -- - - - - - - -- - - - - ---- - - - - - - -- ---- .: 

PMC:P PMCH PDCB PDCH 

:L� ·- -��� . . _�-ii���� �.-IT:--�� .. �·- �- �- -:� r � f �t�.·-��: :B: 8t�=- _:· :_;:.: ;.-::�·s8 
(:; . F .  : F· lJ C B  f:·Mu:· Fl'i C H  PDCH C O E != 0:.- 1  c l  E-.iTS F l u� 

0 . 8 9 0 . 8 9 0 . 9 7 0 . 9 7 3A l M 2 � M� 
************************************* NOTES ****************�***************�** 

7 n � E t an o a �d d e v i a t i on i n  t h e  s o u r c e  s t re n q t n h 2s b ee n  s � t  � t  J ( • 
1" 1 1 c <.: 't �•. 11 '.J ,:l 1� ci  ci ev 1 a t 1 on i n  t: h e  v o i 1_1 rn e  m !? "- S· Lt r• e rn e n t h cl S  b r2 e r 1 s r,; t  t::•. t r.� 

.. ... 



N A H B - R E S E A R C H  F O U N D A T I O N 
A I MS (•7- ·�<:2 - 1 9 8 )  

PPOJECT · ·-::·<" '"'  . HOUSE� --w4 START : 1 5 : 00 < 03-3 1 � 1 9 8 7 ) 
STOP : 1 8 : 00 ( 04- 1 9� 1 9 8 7 ) 

F I LE :  
ANAL Y Z E D :  

l BUCH 06- ::0- 1 98 7  
************************************ RATES ********************************** * * 

OVERALL ! �F I LTRAT I ON RAT E = 
DVE�ALL A I R  E X CHANGE RATE = 
z 

2 1 8 , 4 ± 26 . 5 ( mA3 / h ) 
0 . 378 ± 0 . 048 ( 1 / M )  

0 ZONE SOURCE "RATE EX F I LTRATI ON : ------- I NF I LTRAT I ON-------- : 
N LOCAT I ON 
E 

@25C QTY @T 
< nL / m )  < nL / h ) 

1 B(-\SEl•!Eh!T ::.:, . •  7 2 2440 
� M A 5 1 ER BED � 5 . 9 2 3 5 4 4  

RATE SD 
< m"''3/h > 

2 06 . 1 4 5 . 0 
1 2 .  ::.:;. . 2 4 . 2 

RATE SD ACH SD 
< m-3/h ) ( /h )  

1 89 . 3 34 . 5  0 . 655 0 . J 2� 
2 9 . 1 1 3 . 9 0 . 1 0 1 Q , 04 8  

ZONE-ZONE RATE ± SD ( m-3/h > ZONE-ZONE RATE ± SD ( m·····3 / h > 
, :I - 2 1(1: . • ::. 2 8 . 0 2 - 1 l 2 (1 . 1 :.2 .. 6 

: -------------------------�--TOTAL FLOW I N OR OUT----------------------------- :  
ZONE RATE ± SD c m-3 /h ) ACH ± SD ( /h )  ZONE RATE ± SD c m�3/h ) ACH ± 50 ( / h )  

::.os . 4 5 8 . 9 1 • 07 1 0 .· 2 1 1 2 1 3 :� .  5 ��,c: .·-. .,:: ._J • ..::. (I , Li SB 0 .  t) 9 l. •  
*********************************** ANALYS I S  **********************+********�*� 

Z VOL SOURCE AVG . TRACER 
0 TYPE CONC . 
N m .. ·,3 : ---------------------- < s:iL/L ) ± SD------------------------------- : 
E. PMCH PMCP 

. 

:: Et �; F · �.-:L ... , 
- !: � ;;;c 1 :: ·!"! L >: ·  1 : . 3 1 ± 1 . 1 3  

B . 8 2 � 0 . 8 8 
1 4 . 90 ± l . � q 
3 8 . 3 7  ± � . 8 4 

CATS# CDNCENTRAT I ON ( P L / L )  : - - - - - - - - - - - - - - - ---- - - - -· ·-· - - - - - -- - - -- - -- - - - - - - - - -- - - - - - - - - - - - - - - - - - - : 
F'MCH PMCP PDCB 

- -, - . \  .. 
�.-.! J. ·!:: � � :  3:�1� -- .. :±.�: �:·tX . . . � 8-: 8K1_··· 

'-� . :- ., ,. F- !A b I ' ' I[ f::. F' l' i C: H  F' D C H  
1) . b �:! .. . • ..... . tj ·::;:· \) . '7'7 t. ) .. l?-" 7 

POCH 
lJ • I )\.J(l 
.l! .. •J.�)1 __ , 

L. O E F t-"" l C I  E�i"·-.: ·1 � r= I L C:  
��. �:i l l•i2 i:: !' l o· : 

*************** *************** * * * * * * *  NOTES ************•*******•**• * * * * * * •••*• 

: ne i;:; ·t: c:J.n '� <:'. r n  c1 L? '  .... i 2, i:  i o n J. n t n e  �:; u u r c e  E l.' 1··· e n c n ; 1 1  h c:•. s r.1 ef.?:-1 !:-'·e ·c a t  i C 
'j ' I  e !�:. {, ,::-. , ., d ;;.. j·"' O �-· t?. "../ '.i 2. i:: J. o n  l n t: ll E� \/ C _i_ L�IT\�� fl'i S' C.  � Lt �"' E� n ; e n  \,. r ·, =� =· ;_ :; E� t::' n :; t:-:· T C:\ t; , _ _  ; 



" 

N A H B - R E S E A R C H  F O U N D A T I O N 
A I MS •:. 7 - ·-·�- 1 .: >:.'. /  

F'F; OJ E C T : '::332 
HOUSE : W I  

START : 1 2 : 00 < 03-3 1 - 1 98 7 > 
S T OP : 1 8 : 00 ( 04- 1 6 - 1 987 > 

F I  L f:: : 
ANAL Y Z ED : 

1 Eiu C I-: 
(1 0 - ::::. •)- 1 '? 8 7  

************************************ RATES ************************************ 

1J'JERf� L L  l hlF I L  T RA T I ON RATE = 
UVERALL A I R  E X CHANGE RATE = 
z 

1 28 . 3 ± 1 2 . 3 ( m A 3 / h ) 
0 . 329 ± 0 . 034 ( 1 / h )  

0 Z ONE SOURCE RATE E X F I LTRAT I ON : ------- I NF I LTRAT I ON-------- : 
N LOCAT I ON 
E 

@25C QTY @T RATE SD RATE SD ACH - SD 
< nL / m )  < nL/h ) ( mA3/h ) < m-"3/h ) < l h >  · 

1 B P: S E:�hEh! T  2 -'i . 7 2 2 4 4 0  8 5 . 9  1 5 . 7 8 3 . ,  1 3 . 0 0 . 64� U . 1 05 
-.. t•if-l :i TE R  BED 3 5 . 9 2 3 5 4 4  4 2 . 4 1 0 . 2 4 4 . 6 7 . 6 0 . 1 7: 0 . 030 
ZONE- Z ONE 

1 - :: 
RATE ± SD ( mA3/h ) ZONE-Z ONE 

'.2 - 1 
RATE � SD < m-3 / h )  

3 0 . 5  6 . 7 �:, 2 . :; :t • 2 
: ----------------------------TOTAL FLOW I N OR OUT-------------------------- : 
Z ONE RATE .± SD t m A3 / h ) ACH ± SD C / h )  ZONE RATE ± SD < m�3 /h ) ACH � SD < i h >  

1. 1 1 6 . -4 l -.. 7 • • • j () • l:, .:7· =� o .  1 4 4 :2: ·7 ::1 .  1 1 1 .  Li (� . 2 e ;.;· t .. • .. 1 . J . :i c . 

* * * * * * * ******** ******************** ANAL YS I S  *************************•�***+�** 

Z V O L  S OURCE AVG . TRACER 
0 TYPE CONC . 
N m"'··3 : --------------------- < P L/L > ± SD------------------------------- :  
E. PMCH PMCP 

:L 
+_ 

�· :;:, ,..i F ' !'' � f �  :· 
.� =· =._ i F-!· t �--· ; 

CATS� 

::..·.· ·s .. c-_· \'.:_ -,. 
..... u 6 1  ;_ :: " 3�� 

·-' · � .:;. 
J it " c_:. �.:) :±: t , Lt i:.:. 
=::�: ' :2 :' -r ·:; " .. :: . .  ..:: 

CONCENTRAT I ON C � L / L )  � ------------------------ ---- -----·----- ------------:--------------- j 
PMC:H . · '  .:-: ... ��: =: - ·-· '-·' ': �' '-�=� 

PMCF· 

� :;� ::-i :.;_3_ --
PDCB 

c� .  ��: i ·�, (, �� (.1 t; it_ 
PDCH 

(• . .  l , • t:n 1 
.. 

f .... '- ' .. Pl.J' -' 

c .. 1-.. .. : ::.·r · L f:  � !  .. ! c ::=· f·· ! .. i C h  F1DC. H  c: t.:i E ;:::·F �  .. �� T 1: :  .. : "'i ��: i .. :! i _ ::-
C· . 8 ��- 1._·1 •  �: �;· t. • q - (1 • s·· �.: :.f:� J. ;.-! ��:: ;�. ! · ; .::..·1 

* ** * * * � ** * * * * * * ****** * *************** NOTES * * * * * * * * * * * * * *�********** �** * � · * + • -

i n E" --� 1� .. � n o �!. l .., f-" n <� ... ..,. 1 i?-. 't 1 o ri l r·1 t M ;::. s rJL.t 1"·· c e s t  r<:on q 17 !'1  i-·1 c�. s tJ ��F?r: ·.:; E :.· �- "!" ; t;J "' 
- . .  = :: :: ::.� n e: =4. 1 · ·ci  r:! � ·..,· : :£;. 7 i C.• n  1 n +..: i ·� �'?: \··· o i Lt f! : e  rn t::\ ;;;·. c:;.U. I "  P m ��·! n  -�: 1 1  :;, �- :�' E·:· '":.� · • � .._,--:. ·r :.. • ..:: 

.. 



i'-I A H B - R E S E A R C H  F O Li l"\J D A T  I O N  
A I MS ,_, -i" - 1�1::: - 1 9E 7  

PF; C JJ' E. C 1  : 2332 
H O U S E : W 7 START : 1 7 : 4 0 < 03-30- 1 98 7 ) 

STOP : 1 6 : 00 < 04- 1 6- 1 98 7 > 
F I LE :  

AN A L Y Z ED : 
1 BULH . 
1)6 - :; 1:.- 1 '71 8 7  

************************************ RATES �*********************************** 

OVERALL I NF I LTRAT I ON RATE = 
OVERALL A I R  E X CHANGE RATE = 
z 
0 Z ONE SOURCE RATE 
N LOCAT I ON @25C QTY @T 
E < nLlm > < nL/h ) 
l BA SE!•il:'..1,I T 3 5 .  c;· 2 3544 . 
-. !·1AS T l:::F: BED 2 4 . 7 2 2 4 4 0  

1 4 3 . 9 ± • 1 6 � 5 ( mA 3 / h ) 
0 . 229 ± 0 . 02B < l l n >  

EX F I LTRAT I ON 
RATE SD 

< m  ..... 3/h ) 
1 1 7 . 2  1 8 . 8 

26 . 7 6 . (1 

: ------- I NF I LTRAT I ON-------- : 
' RATE SD ACH SD 

( mA3/h ) ( /h )  
1 1 9 . 9 1 7 . 6  u . 5 88 0 . 09 l  

2 3 . '? . 4 . 4 .U . 057 1) . (• l l 
Z ONE-ZONE 

1 - 2 
RATE ± SD ( m•'3 /h > ZONE-Z ONE 

2 - 1 
RATE ± SD t m·"-3 / h  > 

20 . 5  4 . 3 1 7 . 7 ::. . 7  
: ----------------------------TOTAL FLOW I N OR OUT------�---------------------- ! 
Z ONE RATE ± SD ( mA3/ h ) ACH ± SD ( /h )  ZONE RATE ± SD C m A3 / h ) ACH ± SD C / h ) 

l 1 �; 7 .  ! ::�u . 2 (! , 675 0 . 1 04 :: 4·4 . 4 6 . 5 0 .  1 1)5 (1 . �) l 0 

*********** *************** ** ******* ANALYS I S  ********************************** 

z 
0 
N 
E 
J 

VOL S OURCE 
TYPE m·· ·3 

. · 1 • .:.· �· ·· :  .. r:: F :! . . �"'! '� ; -t  

CATS:F. 

AVG . TRACER 
CONC. 1 --------------------- < P L I L >  ± SD------------------------------- : 

PMCP PMCH 
2 7 . 3 b ± 2 . 7 4 
! 2 . 6 2 = 1 . = 6 

7 . 5 3 ± 0 . 7 S  
5 8 . 4 � ± S . 8 4 

CONCENTRAT I ON C P L / L )  � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - -- - - -- -- - - - - - - - ----- --- - � 
PMCP PMCH PDCB PDCH 

·- '·. · � ·:-:.:· ., ·�' .;:. .. . ,.; ... • =.: :::, :� •J . (J E 2  : __ .• .  (_ i �i .;.. \. �-.... ··- i :: � . �;-�·) b .. ��---�·.::·.-���: �� ... �!· ;.,·�·- :�:.: . 0 �:-�(��· ��.:· .. . �.�-� � ,·: ... ·:. t�)<<�:-
; _ _ ;- .. � �: U L. . f·: f- I · !  l ': 1 .. • ::: !·! C H  t'.'· D C H  c : :.�; ::: f:,�:: �•·r.::. i. �.:.N r s  F 1 �- �:-

(.1 • ::·-:· :�·- C.1 • ��-:7: t) r 9 7  1::.i .. ::.r· ·i :� . •  ·�-� :· 1·r ::'.F� ! ··· : '_:: 
*** **********�*********************** NOTES ********** *** ****************�•�•** 

1 n�: :s ·:, a n c:1 ...::·: 1·" :i o e \.1 1 a. t  :L o n i n  t r. �? s cJ u r � E? :. t· r �? n i:..-:1 t: 'i  i-: =. s; :::_, �� r:: n � c..:i t  .:.�. t � •._·. · · 
T 1 •i �' � ·c e  :·; � :::1 r· o CJ E! '/ i. a t  i o n i n  t 11 E� vo 1 u m e  m ti �. s u  r t:, m t::• n t r i  :=>. E  c E' t:·: r i  : 1;;1 t "" t 
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