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ABSTRACT 

Sixteen homes were continuously monitored to determine the frequency and 
duration of combustion product spillage from the furnaces and DHW systems. 
In the houses which did show spillage activity, event-controlled sampling 
was used to determine levels of air contaminants attributable to the 
spillage. 

Additional testing of the sample houses included: air tightness testing, 
air change rate testing and "forced spillage" contaminant testing. 
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EXECUTIVE SUMMARY 

In a previous research contract, Canada Mortgage and Housing Corporation 
(CMHC) had simple monitors installed in approximately 900 houses to detect 
spillage of combustion products from fuel-fired furnaces and hot water 
heaters. In this study, Ct>.'lHC found that a significant percentage of houses 
did have occurrences of combustion product spillage from these appliances. 

Buchan, Lawton, Parent Ltd. was contracted by CMHC to carry out a more 
detailed monitoring programme on sample houses which had experienced 
incidents of combustion spillage. 

The methodology incorporated two basic elements. The first, carried out on 
all sixteen 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 duration of spillage incidents, and the status of 
exhausting equipment and envelope openings during these incidents. Testing 
and recording of house details, such as envelope air leakage and occupancy 
characteristics, were also done. 

The second element was air sampling to determine contaminant levels 
attributable to combustion product spillage from the appliances. Two 
sampling technologies were employed. Tube sampling methods were used for 
NO, NO , and (in oil-heated houses and a limited number of gas-heated 
houses) ~02' As well, bag samples were collected for later analysis by gas 
chromatography for CO, CO2, methane and non-methane hydrocarbons. Three 
samples also lKIderwent furtner analysis by mass spectrophotometry for a 
more complete analysis 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 spill by use of a high 
volume door fan. On those houses where significant 'naturally occurring' 
spillage events were recorded, a pump sampling package was installed, 
controlled by the monitoring system, which collected bag samples and, in a 
limited number of cases, N02 sorbant tube samples through two sampling 
trains. One sampling train collected only on spillage events and the other 
was activated on a time controlled basis, thus collecting an 'average' 
sample. 

Monitoring activities were carried out in a total of sixteen houses, nine 
in Ottawa and seven in Winnipeg. Three of the Ottawa houses were 
oil-heated, the rest were heated by natural gas. Monitoring was done over 
a period of fourteen to thirty-five days on individual houses and a total 
of 322 days of usable monitoring data was gathered. 
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Of the sample sixteen houses, nine showed no spillage activity during the 
period they were monitored. Five gas-heated houses had significant 
spillage incidences and the remaining two houses, which were oil-heated, 
had brief, infrequent periods where spillage was detected. 

In two of the houses which showed significant spillage occurrence, spillage 
was found to correlate with the operation of other exhausting appliances, a 
fireplace in one case and exhaust fans in the other. The three other 
spilled even without those aggrevating factors. 

While some attempt has been made to correlate spillage data with 
atmospheric weather conditions (from Atmospheric Environment Service 
Weather Data), no direct correlation can be seen. This is not to say that 
there is no correlation, but rather, other factors such as exhaust 
appliance operation or poor chimney action overwhelmed weather effects. 

Air quality sampling results indicate that there is some increase in 
contamination levels attributable to combustion spillage from the 
appliances, but that the increase was not dramatic. 

It was found that during the forced spillage testing in some houses, 
contaminant levels, particularily carbon dioxide, did increase well above 
ambient levels (C02 concentrations up to 6636 ppm). In normal operation, 
even in those houses which spilled consistantly, the contaminant levels 
were below levels specified in existing standards and Health and Welfares 
proposed guidelines levels. 

The study concludes that considering that the sample selection was limited 
to houses previously determined to have spillage occurrences, remarkably 
few had significant spillage incidents. Furthermore, while contaminant 
levels attributed to combustion product spillage were higher than ambient 
or average levels and in 'forced spillage' tests reached unacceptable 
levels, the contaminant levels from 'naturally occurring' spillage incidents 
were below Health and Welfare proposed guidelines. 

It was noted, however, that the frequency and duration of combustion 
spillage and the levels of contaminants attributable to both 'forced' and 
'naturally' occurring spillage were very house-specific. While hazardous 
levels of contaminants were not recorded from 'naturally' occurring 
spillage in the relatively few houses in which spillage was monitored, 
there is reason to suspect that in a limited number of cases, contamination 
levels could be a problem. The results would, however, indicate that this 
should be rare. 
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1.0 INTRODUCTION AND BACKGROUND 

During the course of a number of previous projects, Canada Mortgage and 
Housing Corporation (CMHC) has been attempting to define the prevalence and 
impact of combustion product spillage in Canadian Houses. The most 
si g1ificant project was one which surveyed approximately 900 houses across 
Canada (Reference I). A simple temperature sensor was used to determine 
that combustion product spillage from furnace and hot water heaters had 
occurred in a significant percentage of the houses tested. 

The technology used in the broad survey was limited in that it did not 
define the actual duration and number of occurrences of spillage, nor did 
it attempt to determine the effect of spillage on the indoor environment. 
These issues were addressed in the present proj ect. 

Buchan, Lawton, Parent L td.'s response to a CMHC request for proposals 
offered to carry out monitoring of a significant number of houses to 
determine the number and duration of spillage incidents, what household 
operation characteristics influenced spillage and the effect an the indoor 
environment. To meet objectives within CMHCs stated budget constraints 
required some innovation and planning, especially considering contract and 
heating season restraints limited all preliminary work and field monitoring 
to a period from contract award on January 16th 1987 until the end of the 
heating season which was deemed to be the end of March 1987. 

This report is broken down into several sections. In section two one can 
find sub-sections discussing the selection of the case study houses, 
descriptions of the monitoring systems and methodology employed and a 
description of the air sampling methods used. Section three summarizes the 
field experience and the results of the program. Section four provides 
comments and conclusions. 

Appendix A provides the data for each house on an individual basis. 



2.0 PROCEDURES 

The approach employed was to use "IBM PC clone" computer systems as an 
eight channel status data acquisition system by the use of a standard games 
controller card. Four of these channels were used to determine whether the 
combustion appliances were on or off and whether spillage was occurring. 
The other four determined house activity status, including whether or not 
windows and doors were open (on two sides split by orientation), whether 
exhaust fans were operating and whether the fireplace was in use. 

This monitoring activity was carried out on nine houses in Ottawa and seven 
in Winnipeg. On those houses which showed significant spillage occurring, 
further work was undertaken to determine the effects of spillage on indoor 
air quality. This was done by using air sampling packages containing 
conventional aquarium pumps to draw air samples into mylar sample bags. 
The pumps were controlled by two output channels from the microcomputer. 
One pump was activated when a si gnificant spillage event occurred and the 
other was on a regular time cycle so that "average" indoor contaminant 
levels could be determined. 

Because of time and budget restraints, the project was limited to looking 
at "worst case" issues. The sample location was in an area near the 
furnace and near the ceiling (it was assumed that hot exhaust gases would 
tend to rise). 

2.1 Unit Selection 

The prime source of information on houses which had indications of spillage 
occurring was the data base buil t up by CMHC from previous projects. 
Initi ally, strong efforts were made to locate other spillage houses in the 
Ottawa area, as keeping the study within the Ottawa region would have a 
major impact on cost and flexibility. 

CMHC supplied the names of nine houses that were "three dot failures" from 
their previous work (Reference I). Of these, five agreed to the detailed 
monitoring program described in this report. Four other houses, with 
spillage frequencies, were found through contacts with the contractors who 
had carried out the previous study and through heating service firms. It 
soon became qJite evident that finding additional houses was going to be a 
problem under the very tight time constraints of the contract, especially 
si nce these houses had to be found at the ti me of year when spillage was 
assumed less likely to occur (cold weather with frequent winds). Buchan, 
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Lawton, Parent Ltd. was forced to look farther afield and made arrangements 
with G.K. Yuill and Associates in Winnipeg to contact some of the failure 
houses which had been located in Winnipeg during CMHCs previous work. 
Seven houses were found for the project in Winnipeg. BLP personnel went to 
Winnipeg to install the monitoring systems. On-site sampling and data 
gathering was carried out by personnel at G.K. Yuill and Associates. 

House descriptions and data for each house covered in the program are 
included in Appendix A. Thirteen houses were gas heated and three were oil 
heated. Air quality monitoring was carried out in two of the oil heated 
houses and seven of the gas heated houses. 

2.2 Monitoring Equipment 

The key to providing the level of information required in this project at 
an acceptable cost was the use of standard microcomputers, specifically IBM 
PC clones, as the monitoring system. These were selected because they were 
readily available and inexpensive to rent. When equipped with dual floppy 
disk drives and a "multi-function card" (as they are normally available 
from suppliers), they have adequate storage capacity, the avail abil ity of a 
limited number of input channels (through the joystick controller portion 
of multi-function card), a real time clock (again on the multi-function 
card), and the ability to provide output signals (using the speaker 
connection and the "request to send" pin on the serial interface). 

The monitoring systems and methods were designed around the capabilities 
and limitations of this building block. The games controller cards could 
provide four analog channels and four on-off status channels for data 
input. Because of some doubt about stabil ity of the analog input, analog 
data recording was not attempted. On those sensors which provided analog 
si gnals, output was converted in software to status format based on 
field-settable threshold values. For example, when the measured resistance 
of a thermister fell below the set threshold, status was changed from off 
to on (cold to hot). 

A description of the parameters measured and the type of sensors used are 
included in Table 2.1. It should be noted that some of the sensor 
selections were based on their availability within the time constraints, 
rather than selection of the best possible sensor for the application. If 
the equivalent system were to be used again, we would suggest some 
experimentation to see if thermistors could survive the undiluted flue 
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TABLE 2.1 
MONITORING CHANNELS AND SENSORS 

--- .. - -- -

Channel 
.! 

Channel Description 
, 

I, 2 Door and Window Status: These are monitored on two channels 
{north/west and south/east side of the house} by non-contact 
magnetic switches with external wiring. All sensors are ganged so 
that the information recorded is limited to whether or not anyone 
window or door is open on either of the two sides of the building. 

--,- --- . 

3 Fireplace Status: Measured with a thermostatic switch placed in 
the chimney, approximately 1.2 metres from the top, on a length of 
pyrotenax cabl e. The wiring is again external. 

4 Fan Status: Monitored with F M intercom transmitters wired in 
parallel to the fan. When the fan is turned on, a signal is sent 
from the intercom transmitter to the receiving unit housed in the 
data acquisition package. This approach eliminated the need for 
internal wiring. 

S Furnace S tat us: For liability reasons, a decision was made to 
keep our installation non-intrusive to the furnace systems 
themselves. Furnace status was being measured by a temperature 
sensor just upstream of the dilution air inlet. For simplicity 
and availability, a simple lOOk resistor was chosen as the sensor. 
This provided adequate signal differential and response time 
although its absolute accuracy was obviously not the same as a 
more conventional temperature sensor. However, the repeatabil ity 
was acceptable, so all this required was an on-site software 
calibrati on. 

6 Furnace Spillage: For gas units, the spillage condition was 
detected by a thermister at the dilution air inlet. On all 
oil-fired units, a smoke detector unit was used. 

7 Domestic Hot Water Status: Operation was done in the same manner 
as furnace operation. 

, . 

8 Domestic Hot Water Spillage: Spillage was sensed in the same 
mamer as furnace spillage. 

--
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temperatures used to determine combustion appliance status. The simple and 
readily available sensors used {standard lOOk resistors} worked adequately, 
but were the most unreliable component in the system. 

One novel technique used during this study proved successful beyond our 
wildest expectations. This was the use of the FM intercoms to monitor 
exhaust fan status. There was only one house out of the sixteen in which 
this approach was not possible. The use of the intercoms eliminated the 
need for any internal wiring in the house. Costs associated with using the 
intercom were probably equal to the cost of wiring but the benefits in 
terms of home owner co-operation and convenience were tremendous. 

It should be noted that using the standard games controller to accept card 
inputs from sensors was not entirely straight forward, requiring software 
elements such as software fil tering and minimum trapping to obtain adequate 
signal reliability and response times. 

There was some concern about the risk of leaving an open, unattended 
computer system in the monitored houses. Consequently, painted plywood 
boxes were fabricated to house the microcomputer and keyboard. The monitor 
was left exposed on top of the box because it provided output information 
which the homeowner was requested to relay to us during phone calls. The 
box also housed a connection board which contained terminals for all 
connecti ons, the intercom receiver and the electronic circuitry required 
for signal conditioning of the other sensors. 

2.3 Monitoring Software 

The monitoring software used was a relatively simple program. It was 
developed by D. Marshall at SRO for this project, and written in BASIC, the 
program scanned all eight input panels and the clock on a continuous basis. 
On the analog channels, the signal was compared against thresholds for 
conversion to status output. Data was only written to disk when a change 
in status was noted and at this time the status of all eight channels was 
written to disk in one line. 

The program also controlled two output signals {the speaker and "Request to 
Send" channel of the serial interface}, which we used to control the air 
sampling pump package described in Section 2.4. The control software had 
user-definable settings for on-delays, off-delays and sampling pump run 
times. 
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The threshold values used to convert analog si gnals to status were also 
user-settable. 

The program was self-booting so that if there was a power failure or any 
other interruption, the system would self-boot, losing a minimum of data. 
Interruptions were recorded on a separate data fil e. 

A sample of the data is shown as Figure 2.1. Each column represents one 
channel matching from left to right the channel definitions of Table 2.1. 

Data analysis routines were developed to scan through this data at a rapid 
pace to find spillage incidents providing the edited data shown in Figure 
2.2 and to produce the summary tables described in Section 3.2.1. 

2.4 Air Sampling Equipment md Procedures 

There were basically three types of air sampling carried out during the 
course of the proj ect. 

On all houses, usually during installation of the data acquisition system, 
Gastec absorption tubes were used to check for the presence of N0

2
, NOX 

and, in some cases, S02' This was done at two locations in the house, the 
basement near the furnace and in the living space, usually in the master 
bedroom. These samples were taken before and during a period of spillage 
forced by the use of a door fan or blocking of the flue. In cases where 
detectable quantities of any of these contaminants were found during the 
forced spillage tests, additional tube samples were carried out at the same 
locati ons a few minutes after the forced spillage was stopped. Samples of 
air were collected in mylar bags from near the furnace. These were shipped 
to Mann Testing Laboratories where gas chromatography analysis was used to 
determine concentrations of CO, CO

2
, methane and non-methane hydrocarbons. 

On houses which were showing spillage within the first two weeks of 
monitoring, an air sampling package was installed. In each package there 
were two aquarium-type diaphram pumps controlled by outputs from the data 
acquisition system via solid state relays. Air drawn by these two pumps 
was collected in ten litre, coated, mylar sample bags. One pump activated 
when the data acquisition system detected a spillage condition longer than 
a user settable time delay (usually set at 15 seconds). This pump ran for 
the duration of the spillage incident and over a settable "off" delay after 
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FIGURE 2.1 Raw Data 
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14:44:01 0 0 1 0 1 0 0 0 0 0 
14:47:20 0 0 1 0 0 0 0 0 0 0 
14:48:22 0 0 1 1 0 0 0 0 0 0 
14:51:34 0 0 1 1 1 0 0 0 0 0 
14:51:39 0 0 1 1 0 0 0 0 0 0 
1~.'j:06:01 1 0 1 1 0 0 0 0 0 0 
15:06:17 0 0 1 1 0 0 0 0 0 0 
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FIGURE 22 Edited Data 
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the incident ceased. The second pump was activated on a timed cycle and 
operated for 30 seconds every hal f hour. This pump was equipped with a 
metering valve and flow meter so that the flow rate could be set. The 
unrestricted flow rate of the pumps used was alx>ut one litre per minute 
which was deemed adequate for the spillage-controlled sample. For the 
timed sample it was adjusted to reduce this flow to approximately one half 
litre per minute to allow a 24 hour sample in the sample bag. 

The bag samples were sent for malysis of CO, CO2 and organics at Mmn's 
testing lab in Toronto. A selected number of samples also underwent mass 
spectrography for a more complete analysis of the volatil e organics. 

It was recognized from the onset of this project that certain contaminants, 
notably nitrogen dioxide, could not be reliably analysed in a bag sample. 
Initial intentions were to draw samples through Gastec absorption tubes 
from the bags on-site, but even this was recognized as being somewhat 
unreliable because a sample could have been in the bag for up to 24 hours. 
With highly reactive nitrogen dioxide, this would be an excessive delay. 
While analysis for total oxides of nitrogen with Gastec tubes was also 
done, it was felt that, in those houses where significant spillage was 
occurring, it would be worthwhile to add additional effort to the nitrogen 
dioxide sampling. Consequently arrangements were made with the Ontario 
Research Foundation for the supply and analysis of a nitrogen dioxide 
sampler based on absorption of triethanolamine (TEA). These samplers ere 
made up of three parts: the first contains a TEA impregnated molecular 
si eve which traps N02' the second is an oxidizer section which converts all 
NO to N02 and the last contains the impregnated mollecular si eve which 
traps the converted N02• Laboratory analysis to determine NO and N02 
concentrations was done at ORF. 

These tubes use a pump sampling approach and the procedure required 
modification of two sample packages by the addition of two pumps mounted 
parallel to the original two. 

Flow rates were set using flow valves to approximately one half litre per 
minute. Pump sampling time was controlled by the same logic as the bag 
sampling trains. 

The computer program automatically determined pump run time so that the 
required sample volume calculation could be readily made. There was some 
startup instability in the pump flow rates. The flow meters used for 
setti ng flow rates had a specified accuracy of + I 0016 so there is some sample 
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volume errors but we judge it to be well within +20% accuracy levels 
desi red for this proj ect. 

2.5 Other Testing 

Two other procedures were carried out to provide support data for the 
spillage monitoring and air quality monitoring activities. 

Each house was subject to a fa1 depressurization test according to CGSB/CAN 
149.IOM86. In the Ottawa houses, this was done by Buchan, Lawton, Parent 
Ltd. technologists a1d in Winnipeg the work was sub-contracted to NRG 
Industries Ltd. Results of the testing were recorded on the house data 
sheets in Appendi x A. 

As support for the air quality data, it is desirable to know the actual air 
change rate of the buildings during the monitoring period, consequently, a 
time-averaged tracer gas testing procedure developed by Brookhaven National 
Labs was employed. In this procedure, two sources of a perfluorocarbon 
tracer gas were located in each of two zones of the building, in the 
basement and in the master bedroom. The sources used in the two zones 
emit, at a relatively constant rate, different tracer gases so that 
inter-zone mixing can also be determined. A sampler which absorbs the 
tracer gases was mounted in the same rooms as the sources end left in place 
for the entire period that air quality monitoring was taking place. These 
samplers are analysed by a thermal desorption/mass spectrographic process, 
from which one can calculate a time-averaged air change rate and inter-zone 
mixing. 

Supply and analysis of the samplers was sub-contracted to the National 
Association of Home Builders' (NAH3) Research Center in Upper Marlboro, 
MD. 
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3.0 RESLL TS 

3.1 Field Experiences and Problems 

As with any project of this magnitude, a number of problems had to be 
overcome during the course of the monitoring program. It is worth noting 
them in order to facil itate future use of equival ent techni ques and as a 
reference to help in explaining any data irregularities. Problems that 
were encountered included: 

3.1.1 Appliance Status Sensors 

Appliance status was monitored by measuring the resistance of lOOk 
resistors placed in the flue, upstrean of the dilution air inlet. The 
si gnal varied enough over the temperature range of a flue that a discrete 
status symbol could be obtained. 

While a more direct acting sensor such as the relay on the furnace would 
seem more appropriate, there were real concerns over liability issues. Any 
problems with the furnace systems whether or not they were directly caused 
by our actions could be blamed on the monitoring system. It was decided to 
use temperature as the status indicator. 

The resistors were chosen after some experimentation because they were 
available in the very short time frames required, they could be measured 
with the games controller card and they could survive the lX\dil uted flue 
t em per at ur es. 

With hindsi ght, we feel that the high temperature thermistors (6000 C), 
could be a more appropriate sensor wt the only supplier of these sensors 
had too few thermistors in stock for both the status and spillage 
i ndi cat ors needed. 

The resistor's reaction ti me was much slower than the tiny thermistors 
(which were virtually instantaneous) used for the spillage indicators, so 
there was some sensor delay (in general about 15 seconds on both the on and 
off cycle). This delay has to be taken into account in my data analysis. 

The change in resistance with temperature was not great (about 10 percent) 
between exposure to ambient and flue temperatures. There was a certain 
amount of trial and error in finding the correct threshold settings to 
obtain a positive response to status change. Otherwise, in a plateau 
region the computer recorded an event every two or three seconds which 
rapidly filled up the disk with data. This problem was accented by the 
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fact that the resistance sensors did drift significantly with time so field 
checking and calibration was necessary during site visits. 

3.1.2 Inconsistent Output Signals 

In this program sixteen different computers from three different suppliers 
were used at various times. All were IBM-PC clones, but there were some 
differences in how they were set up internally, notably with the speaker 
channel which wa; used as an output channel for the program. In the 
initial group of computers, we found that the output signal was strong, 
stable and acceptable for driving the solid state relay which turned on the 
sampling pumps. 

In one of the latter systems in Ottawa and all of the systems in"Winnipeg, 
it was found that this was not true. This channel produced a inconsistent 
si91al creating varying pump flow rate. For the bag sampling this was not 
much of a problem since the measurement of bag samples were done based on 
concentration, so the absolute volume of samples didn't matter. On those 
houses where N02 sampling with the sorbent tube was used, knowledge of the 
actual pumped volume was critical. Plans included sampling for N02 on both 
spillage-controlled and timer-controlled sample trains. The inconsistent 
flow on the output used for the timer-controlled sample train reduced the 
N02 sampling to only one channel on two Winnipeg houses. 

3. 1.3 Sampl e Sizes 

With the spillage controlled sample one can expect a great variation in 
sample size. A balance had to be drawn between sample volume flow md 
storage capacity. Ten and fifteen litre mylar bags were use for storage 
even though only about one litre was required for analysis. WhiJ e there 
was some capacity to adjust the sample time delays and to a lesser extent, 
the flow rates, the time constraints of the project allowed only limited 
refinement of these parameters on an individual house. Because of the 
variati on in sampling time, in some cases, unusably small samples were 
collected and, in other cases, bags were filled relatively rapidly, perhaps 
over one or two major spillage occurrences. 

3.1.4 Lost Data 

There were periods where data was lost. This can be traced to two sources. 
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In some cases, due to the problem described in section 3.1.1, disks were 
filled up much more rapidly than expected, and there was some elapsed time 
between the filling of the disks and site visits to replace them. 

The second problem was encountered with the Winnipeg systems. On at least 
three occasions, the data could not be read from the disks. We suspect 
that it was some software compatibility problems in the operating system 
between the DOS system used in Ottawa and Winnipeg. In these cases, it was 
found that data was resident on the disks CI"Id could be read in a "block by 
block" fashion, however, the blocks were not always in chronological order. 
Procedures were set up to process the data in order to determine what 
happened over a period but the actual time of events was difficult to 
determine. 

3.2 Monitoring Results 

The basic data obtained in this project can be broken down into three 
categories: house and occupant characteristics, spillage frequency and 
duration data, and air quality data. 

A summary of all data on a case study basis is included, by house, in 
Appendix A. For each house one will find: 

- a description of the house and occupant characteristics including the 
floor plan, 

- a seri es of tabl es anal ysi ng the operati on CJ1d spillage data, and 
- air quality sampling results. 

Three types of tables are included to summarize operation ood spillage 
data. 

The first table shows the frequency and duration of significant spillage 
events. A si gnificant spillage event was defined as 10 seconds of spillage 
(as determined from the spillage sensor) for a gas heated house and 5 
seconds for CJ1 oil heated house. 

The second table shows the effect of aggrevating conditions during 
spillage. In this table, the number of events CI"Id total time is binned in 
combinations of the aggrevating appliance status. These were defined as 
operation of the fireplace or woodstove, operation of any exhaust fans and 
the operation of the other fuel-fired appliCJ1ce (furnace or DHW tank). The 
percentage of time that the house operated in CI"Iy of the eight bin 
conditi ons is also shown. This allows assessment of the si gnificance of 
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the spillage data in relation to total time. The last column in this table 
shows the number of spillage occurrences recorded when any of the windows 
or doors were open. This informati on should be used very carefully since 
the normal operation of the house in the winter is, of course, with the 
windows closed. 

Air quality data is presented in a single table for each house. On this 
chart, you will find the results of all contaminant sampling, including results 
of tube-type sampling, bag samples or the pumped sorbent tube 
sampling for N02• 

3.2.1. Operation and Spillage Data 

Table 3.1 summarizes the number of monitored days, the number of days of 
data available and the number of days that were analysed in the above 
described charts of frequency, duration CI"Id aggrevating factors. A total 
of 363 days of monitoring was done. Approximately eleven percent of the 
data was lost due to problems mentioned in Section 3.1. Analysis for 
duration and aggrevating conditions data was only done on those disks where 
some spillage was recorded. This accounted for 96 days of data. 

Of the five houses with spillage, it was very obvious that one (location 
code 02) spillage was almost exclusively driven by the fireplace. In fact, 
since the flue for the fireplace and the gas appliances are side by side, 
the fireplace smoke would get drawn down the appliance stack and into the 
house through the dilution air inlet of the gas DHW system. 

In one other location (W I), the spillage seemed driven by other exhausting 
appliances, notably exhaust fans. 

In three houses 03, 06 and W4, spillage occurred regularly, even in the 
absence of aggrevating conditions. 

In two of the oil heated houses (OS, 07), onl y short spillage incidents 
were recorded. This is consistent with the "startup puffs" one would 
expect with a powered rurner system. There was some statistical 
correlation with aggrevating factors on a percentage of time basis but 
this spillage still occurred when the aggrevating factors were not present. 

Figures 3.1 and 3.2 show how spillage occurrences correlate with AES 
weather data. On these plots, daily maximum CI"Id minimum temperature and 
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TABLE 3.1 
MONITORING HISTORY 

OTTAWA 

Location Oil Heated Spillage Total Days Days Data Days Data 
Code Houses occurrence Monitored Available Analysed 

(N/Y) 

01 N 16 16 0 
02 Y 28 27 12 
03 Y 19 12 12 
04 0 N 14 14 0 
05 0 Y 29 19 10 
06 Y 35 30 19 
07 0 Y 27 21 17 
08 N 16 16 0 
09 N 16 16 0 

Ottawa Total s 200 171 70 

WINNIPEG 

WI Y 33 33 II 
W2 N 29 29 0 
W3 N 16 16 0 
W4 Y 25 19 15 
W5 N 28 28 0 
W6 N 19 15 0 
W7 N 13 II 0 

Winnipeg Totals 163 151 26 

Proj ect Totals 363 322 96 
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wind speed every six hours is plotted. Any direct correlation to wind and 
temperature is indiscernible with the data available. It is probably 
overwhelmed by other factors. 

3.2.2 Air Quality Testing Results 

Appendix A has a summary of quality testing results included for each 
house. The first three sections of this table show results of the Gastec 
tube-type sampling and gas chromotography sampling that was carried out 
before, during, and in some cases, after a period of forced spillage. The 
last two sections show results of the computer controlled sampling that was 
carried out in those houses which showed spillage. The samples labelled as 
"controlled" were drawn during spillage incidents and one labelled as 
"timed" was on a regular time cycling and could be considered average 
indoor levels. The computer controlled sampling consisted of gas 
chromotography analysis, in some cases NO/N02 sorbent tube sampling, and in 
three cases a more complete scan using mass spectography. 

In a number of cases, it was impossible to do both a pre-spill and a forced 
spill bag sample because the long delivery time of bags from the supplier. 
In these cases only one sample was taken, the forced sample which was 
deemed more important. 

Table 3.2 presents the maximum readings recorded on any of the 16 houses 
covered under the program. From this table, one can see that in the forced 
spillage tests, a fairly high reading of some contaminants, particularly 
CO2 and S02' were recorded but, in cases where naturally occurring spillage 
was monitored, contaminant levels would not be considered hazardous 
according to current standards and proposed Health and Welfare Guidelines. 
Interestingly, in many houses with the worst CO2 levels during "forced" 
spillage did not spill during monitoring. Table 3.3 provides a comparison 
of "forced" and "natural" spillage resul ts on those houses which did spill 
"naturally". 

The results of the three samples which underwent mass spectographic 
analysis (Houses 02, 03, W4) are included in Appendix A with the relevant 
rouse. In general, levels of all VOCs were in the sub-parts per bil lion 
range, and no "concern" levels of any compound were found. The Mann Testing 
Laboratories' report is included as Appendix B. It should be noted, when 
viewing the sample results, that the S02 peak is the result of a system 
contaminant from the thermal desorption process and does not indicate the 
presence of this contaminant in the sample. 
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3.2.3 Air Change Testing Results 

The NAt--B-produced results of the long term tracer gas testing are included 
in Appendix C. The measured, overall air change for the tested houses were: 

House AC/h 

02 .263 
03 .239 
05 .010 * 
06 .688 
07 .449 
WI .329 
W4 .378 
W7 .229 

* Impurities found in sample. Ignore result. 

For detailed results, including inter-zone exchange rates, refer to 
Appendix C. 
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4.0 COMMENTS AND CONCLUSIONS 

Although there were some problems expected during first time use of any 
field system, the low-cost, PC-based monitoring system used in the project 
worked remarkably well. We feel that this approach could be very useful 
for equivalent research projects, which require a limited amount of 
status-type data over a period in which capital and installation costs of a 
more complex data acquisition system are difficult to justify. 

Considering that the houses monitored were pre-selected to be those in 
which spillage incidents were thought to have occurred, remarkably few 
actually had significant spillage events. While one could hypothesize that 
this was due to misleading data from the previous surveys, it is also 
likely that, for a large number of cases, the combination of environmental 
and house operation characteristics most condusive to the spillage are 
relatively rare, and that in the monitoring period, these conditions did not 
present themselves. 

In examining the contributing factors to spillage problems, we are somewhat 
limited in our data. The possible correlation with temperature and wind 
effects is not immediately evident. The airtightness and air change 
testing data was collected to allow analysis of these effects. There has 
been no attempts at employing the results in correlations, as the effects 
of outside temperature and wind were marginal in the monitored houses. 
Applicance or venting system configuration and the effect of exhausting 
appliances are more strongly related to spillage incidents. 

In two houses, spillage was directly related to the use of exhausting 
appliances. In three others, spillage commonly occurred even when 
exhausting applianc~s were off, suggesting that poor chimney action is the 
most important contributing factor. 

In examining the effect of spillage on the indoor air quality, it is 
apparent, from the forced spillage testing that unacceptably high levels of 
some contaminants, particularily CO2 and S02' are possible when full 
spillage is occurring, as it was in our forced tests. 

On the other hand, the observed effects of naturally occurring spillage 
were not dramatic. Results indicate a percentage rather than multiple 
increase in the levels of contaminants. None of the readings exceeded 
industrial standards or proposed Health and Welfare Guidelines for 
residential indoor air contaminant levels. 
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Therefore, while the forced testing would indicate that the potential for 
hazardous levels is possible, the monitoring results indicate that such 
hazardous levels should be rare. 
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APPENDIX A 

House Data 

LEGEND FOR AIR QUALITY 

NO -
N02 = 
NO;·~ ... 
502 = 
CO = 
CO2 _. 
CH4 .-
H.C.= 
02 = 

Nitric O;dde 
Nitroqen Dioxide 
other Oxides of NitroQen 
SIJloher .lHo:dde 
Carbon Morloxide 
C.:ubon Dio~dde 
Meth:3ne 
Non Methane Hvdrocarbons 
O~·~y~en 



HOME PROFILE 

1. HOUSE IDENTIFICATION: No. 0-1 

2. HOUSE DESCRIPTION: 

Total Floor Area: 2 206 m , two storey, sem i-detached 

3. SPACE HEATING: 

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

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 FREQUENTLY USED: 

clothes dryer 
bathroom 
centr al vacuum 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
back door 

8. FAN TEST CHARACTERIST1CS: 

6.81 Air Changes per Hour (@ 50 Pal 
0.098 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 4 
Occupants under 18 years: 1 
Number of occupants who smoke: 



Fireplace 

LivinO Room 
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Kitchen 
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MAIN FLOOR 
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Furnace 

BASEMENT 

Bedroom Bedroom 

Bedroom Bedroom 

UPPER FLOOR 
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HOUSE 0-1 
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HOME PROFILE 

\. HOUSE IDENTIFICATION: No. 0-2 

2. HOUSE DESCRIPTION: 

Total Floor Area: 204 m2, two storey, single detached 

3. SPACE HEATING: 

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

4. DOMESTIC HOT WA TER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

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

6. EXHAUST FANS FREQUENTLY USED: 

clothes dryer 
master bedroom bathroom 
upstairs bathroom 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
side door 
kitchen windows 

8. F AN TEST CHARACTERISTICS: 

3.79 Air Changes per Hour (@ 50 Pa) 
0.070 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

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



Family Room 

Bothrm. 

Living 
Room 

MAIN FLOOR 

Furnace 

D 

BASEMENT 

Kitchen 

Dining 

·HOUSE 0-2 

Bedroom 

Bathroom 

Bedroom Bedroom 

UPPER FLOOR 

North :.... 

I I 
0 5m 



J. 0 C'J l i '", I , C n oj e : 02. 
Sturt d~t~:]CfE~87 
Iotal Numb~r of Days 
Iotul Numb~r of Days 

End oj Jte: 2:![,E:fnJ7 
Analy=~d in the5~ I~~le5: 4 
Monitored for this HOIJse:28 

TABLE1:FREDUENCY AND DURATION OF 
SPILLAGB EVENTS 

Spillage time Total Spillage Events 
Interval 
(sec) Furnace ~HW Total 

10-29 
30-120 
>120 
Total 

o 
o 
o 
o 

21 
9 
4 

34 

21 
9 
4 

34 

TABLE 2:AGGRAVAlING CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions 
Fireplace Fan Other 

Devices 

% Time 
Condition 

True 

Spillaqe Events Total 
Window Open 

Totals Time<min) Occurrences 
------------------------------------------------------------

OFF OFF OFF 87.724 0 0.00 0 
OFF ON OFF 6.962 0 0.00 0 
OFF OFF ON 0.746 0 0.00 0 
OFF ON ON 0.717 0 0.00 0 
ON OFF OFF 3.737 31 31.25 1 
ON ON -OrF 0.075 1 19.92 0 
ON OFF ON 0.037 1 0.18 0 
ON ON ON 0.000 1 1.88 0 

TOTAL: 34 56 

note: co 1 unm 87- Tinle Condi tion True· has device status forced 
on if device is spilling 

. . 



1. OC.'3t 1 ".r. '- odC': :) 2 
'~. t :u t d'3 t E:' : 07/1 (\I' I; 7 L n d 0:1:1 t C : J :, MAP 8 7 
lotal Numbor of Days An3lyzed in thosE:' Tables: q 
Total Number ot Uays Monitored for this House:28 

TABLEl:FREQUENCY AND DURATION OF 
SPILLAGf:; EVENTS 

Spilla90 time Total Spillage Events 
Interval 
(sec) Furnace DHW Total 

-----------------------------------------
10-29 
30-120 
>120 
Total 

2 
o 
2 
4 

2 
o 
2 

.. 
o .. 
8 

TABLE 2:AGGRAVAIING CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions % Time 
Fireplace Fan Other Condition 

[Ievices True 

OFF OFF OFF 80.388 
OFF ON ot£' 4.401 
OFF OFF ON 0.222 
OFF ON ON 0.481 
ON OFF OFF 11.217 
ON ON OFF 3.034 
ON OFF ON 0.000 
ON ON ON 0.257 

TOTAL: 

Spillaqe Events Total 
Window Open 

Totals Time(min) Occurrences 

1 0.25 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 
4 22.50 2 
0 0.00 0 
3 41.37 2 

8 64 

note:column 'X Ti nle Conditior, True' has device st.lltus forced 
on if device is spilli n9 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. 0-3 

2. HOUSE DESCRIPTION: 

Total Floor Area: 186 m2, one storey, single detached 

3. SPACE HEATING: 

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

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fireplace 
Fuel: wood 

Type: woodstove 
Fuel: wood 

Frequency of Use: once per year Frequency of use: daily 
Chimney Type: masonry Chimney Type: insulated metal 

6. EXHAUST FANS FREQUENTLY USED: 

clothes dryer 
kitchen range 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
side door 

kitchen door 
front bedroom 

8. FAN TEST CHARACTERISTICS: 

5.3 Air Changes per Hour (@ 50 Pa) 
0.082 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 4 
Occupants under 18 years: I 
Number of occupants who smoke: 0 



Bedroom Bedroom 

Bedroom Bathroom 

Kitchen 

Livil19/Dining Room 

Wood
stove 

MAIN FLOOR 

Fireplace 

Rte Room 

Bathroom 

BASEMENT 

North 

o 5m 

HOUSE 0-3 



Loc:3t.ion Code': 03 
Start datc:24flB87 End d3tC:26rrB87 
Iotal Number of Days Analyzed in these Tables: 2 
Total Number of Days Monitored for this House:19 

TABLEI:FREUUENCY AND DURATION OF 
SPILLAGE EVENTS 

Spillage time Total Spillaqe Events 
Inter v:a 1 
(sec) furnace DHW Total 

10-29 11 22 33 
30-120 0 5 5 
>120 1 14 15 
Total 1 r) 

"'" 41 53 

TABLE 2:AGGRAVAIING CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions % Time 
Fireplace Fan Other Condition 

Df?vices True 

OFF OFF OFF 14.650 
OfF ot·! OFF 6.4.19 
OFF OFF ON 0.855 
OFF Qt,! ON 0.650 
ON OFF OFF 28.820 
ON ON OtF 46.436 
ON OFF ON 1.887 
ON ut~ ON 0.253 

TOTAL: 

Spill.!)qe Events Tot.ElI 
Wir,do~J Open 

Totals Time(min) Occurrences 

3 0.73 0 
7 37.48 2 
I 0.17 I 
0 0.00 0 
4 1.47 0 

21 61.50 3 
9 15.27 3 
5 49.28 1 

c':> .J ..., 166 

note: col/Jmn 'X Time Condition Ir/Je ' has device st::ltIJS forced 
on if device is spillin9 



1.,oc.3tiort Code: 03 
St.~rt. dT:tte:;;!.7'FEl;8'? hnd d.:lte:OI MAR8? 
Total Number of D~ys An31yzed in these Tables: 2 
Tot~l Number of Davs Monitored for this House:19 

TABLEl:FREQUENCY AND DURATION OF 
Sf'ILLA(jE EVENTS 

Spillage time Tot~l Spillage Events 
Interval 
(sec) Furnace DHW Total 

10-29 
30-120 
>120 
fot.al 

15 
1 
o 

16 

17 
8 
9 

34 

32 
9 
9 

50 

TABLB 2:AGGRAVATIN(j CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions X Time S pill :aqe Events Tot.al 
Fireplace fan Other Condition Windo"J Open 

Ilf?vices TrlJe Totals Iime(min) Occurrences 

OFr OFF OFr 29.355 7 37.02 3 
OFF ON OrF 28.465 7 ") ",") .:.. . .:.. .. 1 
OfF UFF ON 0.235 "'. \J 2.62 0 
OrF ON UN 0.131 2 ~10.43 0 
ON OFF OFF 16.375 6 1.63 0 
ON ON on;' 25.203 20 4G.27 ·9 
ON OFF ON 0.028 0 0.00 0 
ON ON ON 0.208 3 3.28 0 

TOTAL: 50 114. 

note:collJmn IX Time Condition TrlJe" h::3 S d~vice st.:ltIJS for'ced 
on if device is spillin9 



Location Lode:03 
Start date:0GMAR87 End date:l~MAR87 
Total Number of Days Analyzed in these Tables: 9 
Total Number of Days Monitored for this Housc:19 

TABLEl:FREQUENCY AND DURATION OF 
SPILLAGl:; EVENTS 

Spillage time Total Spillage Events 
Inter v.:ll 
(sec) furnace DHW Total 

10-29 88 123 211 
30-120 2 25 27 
>120 0 80 80 
lot:al 90 228 318 

TABLE 2:AGGRAVATING CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions % Time SpillaQe Events Tot:al 
Fireplace fan Other Condition Windo{,J Open 

Itevices True Totals Time(min) Occurrences 

OFF OFF OFF 70.229 182 190.02 42 
OFF ON OfF 2.977 21 57.88 2 
OFF OFF ON 0.318 19 70.30 3 

·OFE' ON ON 0.029 6 24..75 0 
ON OFF OFF 22.610 57 177.83 G 
ON on Ol'F 3.602 21 61.00 1 
ON OFF ON 0.14.1 I'') ... 28.65 5 
ON ON ON 0.031 0 0.00 0 

TOTAL: 318 910 

note:collJmn I/,; Time Condition l'rlJe" h:£ls device St:E3tuS forced 
on if device is spillin~ 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. 0-4 

2. HOUSE DESCRIPTION: 

Total Floor Area: 250 m2, one storey, single detached 

3. SPACE HEATING: 

Fuel: oil 
Heat Distribution: forced air 
Location: open basement 

4. DOMESTIC HOT WATER HEATING: 

Fuel: electric 
Location: basement 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fireplace 
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 
side door 

8. F AN TEST CHARACTERISTICS: 

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

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 3 
Occupants under 18 years: 0 
Number of occupants who smoke: 0 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. 0-5 

2. HOUSE DESCRIPTION: 

Total Floor Area: 180 m2, suburban, two storey, semi-detached 

3. SPACE HEATING: 

Fuel: oil 
Heat Distribution: forced air 
Location: enclosed basement 

4. DOMESTIC HOT WATER HEATING: 

Fuel: oil 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fireplace 
Fuel: 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 Pal 
0.137 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 3 
Occupants under 18 years: 0 
Number of occupants who smoke: 
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Loc::1tion Code:OS 
Start date:OGMAR87 End date:09MAR87 
Total Number of Days Analyzed in these Tables: 3 
Total Number of Days Monitored for this House:29 

TABLE1:FR£OUENCY AND DURATION OF 
SPILLAGB EVENTS 

Spill~ge time Total Spillaqe Events 
Interval 
(sec) furnace DHW Total 

5-29 
30-120 
>120 
Total 

] 1 
o 
o 

11 

o 
o 
o 
o 

11 
o 
o 

11 

TABLE 2:AGGRAVATING CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions % Time 
Fireolace ~~n Other Condition 

Dfl'vices True 

OFF OFF OFF 91.005 
OFF ON OPE· 5.995 
OrF OFF ON 0.000 
OFF ON ON 0.000 
Ot~ OFr OFF 0.000 
Ot~ (IN (IFf 0.000 
[I (I OfF ON 0.000 
ON ON ON 0.000 

TOTAL: 

Spillage Events Total 
Window Open 

Totals Time(min) Occurrences 

7 0.90 1 
4. 0.62 4 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 

11 2 

note: co IIJnln . :{ Time Conditiorl Tr IJe' h."3s device st."3tIJS forced 
on if device is spillin9 



Location Code:OS 
Star t d:ate: 09MAEW7 End d.!te: 15 MARS7 
Total Number of Days An3lyzed in these Tables: 6 
Total Number of Days Monitored for this House:29 

TABLEI:FREGUENCY AND DURATION OF 
SPILLAGr. EVENTS 

Spillage time Total Spillage Events 
Inter v:a I 
(sec) Furn~ce DHW Total 

5-29 
30-120 
>120 
Total 

5 
o 
o 
5 

3 
o 
o 
3 

8 
o 
o 
8 

TABLE 2:AGGRAVATING CONDITIONS DU~ING SPILLAGE EVENTS 

List of Conditions % Time 
fireplace Fan Uther Condition 

OPF OFF OPF 97.893 
OPf ON OFf 1.950 
opr OFF ON 0.156 
OFf ON ON 0.001 
ON OFF OFF 0.000 
ON ON OU:' 0.000 
ON OFF ON 0.000 
ON ON ON 0.000 

TOTAL: 

S p i ll.!qe Events Tot.!l 
Windo"J Open 

Totals Time(min) Occurrences 

I 0.10 0 
0 0.00 0 
6 o CO" .. .>J.J 0 
1 0.13 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 

E.l 1 

note: co IIJmn 'I. Time Condition Tr IJe· h.ns dt:''v'ice status' forced 
on if device is spi 11 irl';l 



A
ir

 
A

n
al

y
si

s 
R

es
u

lt
s 

o
f 

R
es

id
en

ti
al

 
C

om
bu

st
io

n 
S

p
il

la
q

e 
H

o
n

it
o

ri
n

q
 

A
dd

re
ss

: 
05

 
C

it
y

: 
ot

ta
w

a 
F

ue
l 

T
yo

e:
 

O
il

 

SP
IL

LA
G

I; 
--

-G
A

ST
E

C
 

T
u

b
es

--
--

--
--

--
--

--
--

8
a
9

 S
am

p
le

s-
--

--
--

-
S

o
rb

en
t 

T
ub

es
 

P'
Jm

p 
TY

P
E

 
D

at
e 

--
-L

o
ca

ti
o

n
--

-·
 

N
02

 
NO

:·: 
S0

2 
CO

 
CO

2 
CH

4 
H

.C
 

02
 

N
02

 
NO

 
T

im
e 

(p
pm

) 
(p

pm
) 

(p
pn

» 
(p

p
n

l)
 

(p
pm

) 
(p

pn
l) 

(p
pn

l) 
. 

(i
.)

 
(p

pn
» 

(p
pn

l) 
(s

e
c
.)

 

PR
E 

SP
 IL

L 
F

eb
.2

S
 

A
t 

fu
rn

.3
ce

 
0 

0 
0 

1
.2

 
63

9 
1

.6
 

0
.6

 
21

 
D

in
in

q 
ro

om
 

0 
0 

0 

F
@

C
£

[l
 

F
eb

.2
S

 
A

t 
fu

rn
ac

e 
0 

0 
0 

1
.6

 
52

£1
 

1
.5

 
0

.9
 

21
 

D
in

in
q 

ro
om

 
0 

0 
0 

PO
ST

 
SP

IL
L

 

CO
NT

RO
LL

ED
 

H
ar

.9
-2

0 
A

t 
fu

rn
.3

ce
 

I 
46

2 
1.

G
 

2.
1 

21
 

7
0

 

TI
M

ED
 

H
.n

.9
-2

0
 

A
t 

fu
rn

ac
e 

1
.9

 
51

3 
1

.7
 

3
.6

 
21

 
12

0 



HOME PROFILE 

I. HOUSE IDENTIFICATION: No. 0-6 

2. HOUSE DESCRIPTION: 

Total Floor Area: 317 m2, two storey, single detached 

3. SPACE HEATING: 

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

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fireplace 
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: insulated metal 

6. EXHAUST FANS FREQUENTLY USED: 

main bathroom 
kitchen - Jenn Air 

range hood 
clothes dryer 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
garage door 

back door 
five windows 

8. FAN TEST CHARACTERISTICS: 

7.01 Air Changes per Hour (@ 50 Po) 
0.176 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

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



bFULN. 
Ci 

DHW 

Family 
rm. 

Dinette 

Living r 

Rec. rm. 

Kitchen 

Bath 

Dining 
rm. 

rm~ 

Bed. Bath. 

Bath 

Bed. Bed. 

BASEMENT 

Garage 

Bed. 

Bath. 

HOUSE 0-6 

N 

T 

MAIN FLOOR 

o 5m 

UPPER FLOOR 



I..OC.3t i on Code: 0, 
Start date:03MAR87 End date:OBMAR87 
Total Number of Days Analyzed in these Tables: 5 
Total Number of Days Monitored for this House:35 

TABLEl:FREQU£NCY AND DURATION OF 
SPILLAGE EVENTS 

Spillage time Total Spillaqe Events 
Interv.31 
(sec) furnace DHW Total 

10-29 45 10 55 
30-120 87 0 87 
>120 0 0 0 
Tot.3l 132 10 142 

TABLE 2:AGGRAVATING CONDITIONS DURING SPILLAGE EVBNTS 

List of Conditions % Time 
Fireolace Fan Other Condition 

Devices TrlJe 

OFF OFF OrF 89.747 
orr ON OI-·r 6.356 
OFr orr ON 2.155 
OFr ON ON 1.443 
ON orr orr 0.000 
ON ON Ol:-'P 0.000 
ON orr ON 0.000 
ON ON UN 0.000 

TOTAL: 

Spillaqe Events Total 
Window Open 

Totals Time(min) Occurrences 

129 67.53 22 
9 4.57 2 
1 0.23 0 
3 0.80 ·0 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 

142 73 

note: co 1 IJmn . -,. Time Condition 1'1' IJC • h.3S device !:; t:!ltus forced ,. 
on if device is spillin9 



l..oc':1tion Cc)de: 06 
Start date:13MA~87 End date:27MAR87 
Total Number of Days Analyzed in these Tables:14 
Total Number of Days Monitored for this House:35 

TABLE1:FREQUENCY AND DURATION OF 
SPILI..AGl:: EVENTS 

Spillage time Total Spillage Events 
Interval 
(sec) Furnace DHW Total 

10-29 
30-120 
>120 
T()ta 1 

121 
201 

o 
325 

20 
-4 
o 

24 

141 
208 

o 
349 

TABLE 2:AGGRAVATING CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions X Time 
Firepl~ce F~n Other Condition 

Devices TrlJe 

OFF OFF OFr 94.364 
OFF ON 01:'1: 4.250 
OFF OfF ON 0.831 
OFF ON ON o C'c:c: • ..J..J..J 

ON OfF orr 0.000 
ON ON Ol.'P 0.000 
ON OFF ON 0.000 
ON Ot·! ON 0.000 

TOTAL: 

S pill :~qe Events Tot.':ll 
Window Open 

Totals Time(min) Occurrences 

319 166.78 60 
11 4.50 7 
16 8.82 8 

3 1. 52 3 
0 0.00 0 
0 0.00 0 
0 0.00 0 
0 0.00 0 

349 182 

note: co llJmn ·X Time Condition True· h:!ls device st.':ltIJS forced 
on if device is spilling 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. 0-7 

2. HOUSE DESCRIPTION: 

Total Floor Area: 288 m2, duplex (upper floor, lower floor) 

3. SPACE HEATING: 

Fuel: oil 
Heat Distribution: forced air 
Location: enclosed furnace room 

4. DOMESTIC HOT WATER HEATING: 

Fuel: electric 
Location: in basement 

5. SUPPLEMENT ARY COMBUSTION SYSTEMS: 

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

6. EXHAUST FANS FREQUENTLY USED: 

none 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance door 
lower unit - side door 

8. F AN TEST CHARACTERISTICS: 

Access Refused For One Time Testing 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 3 
Occupants under 18 years: 0 
Number of occupants who smoke: 2 
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Location Code:07 
Start date:IOMA~87 ~nd date:27MAR87 
Total Numb~r of Days Analyzed in these T3bles:17 
Total Number of Days Monitored for this House:27 

TABLEl:FREGUENCY AND DURATION" OF 
SP ILLA(il~ EVENTS 

Spill.:tge time 
Interval 
(sec) 

Total Spil1a~e Events 

Furnl l'urn2 Total 

5-29 14 0 14 
30-120 1 0 1 
>120 0 0 0 
Total 15 0 15 

TABLE 2:AGGRAVATING CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions % Time SpillaQe Events Total 
Fireplace Fan Other Condition Window Ooen 

Devices Totals Time(min) Occurrences 

OFF OFF OET 99.591 13 1.77 0 
OFF ON OrF 0.000 0 0.00 0 
OPF orr ON 0.409 ~) 

.:.. 0.22 0 
orf" " ON ON 0.000 0 0.00 0 
ON Ofr orf 0.000 0 0.00 0 
ON ON OFF 0.000 0 0.00 0 
ON Ofr ON 0.000 0 0.00 0 
ON o t~ ON 0.000 0 0.00 () 

TOTAL: 15 2 

not.e:colIJmn .~ Time Condition TrlJe" h.35 device 5 t::ltIJ~ forced 
on if device is 5pillin~ 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. 0-8 

2. HOUSE DESCRIPTION: 

Total Floor Area: 278 m2, one storey, single detached 

3. SPACE HEATING: 

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

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fireplace 
Fuel: wood 
Frequency of Use: never 
Chimney Type: masonry 

6. EXHAUST FANS FREQUENTLY USED: 

clothes dryer 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
garage door 

8. F AN TEST CHARACTERISTICS: 

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

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 2 
Occupants under 18 years: 0 
Number of occupants who smoke: 0 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. 0-9 

2. HOUSE DESCRIPTION: 

Total Floor Area: 132 m2, two storey, single detached 

3. SPACE HEATING: 

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

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fireplace 
Fuel: wood 
Frequency of Use: twice per winter week 
Chimney Type: insulated metal 

6. EXHAUST FANS FREQUENTLY USED: 

clothes dryer 
upstairs bathroom 

main bathroom 
range hood 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
kitchen window 

rear door 
two bedroom windows 

8. F AN TEST CHARACTERISTICS: 
3.97 Air Changes per Hour (@ 50 Pa) 
0.067 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 2 
Occupants under 18 years: 0 
Number of occupants who smoke: 0 
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PROFILE PAGE 

I. HOUSE IDENTIFICATION: No. W-I 

2. HOUSE DESCRIPTION: 

Total Floor Area: ISO m2, two storey, semi-detached 

3. SPACE HEATING: 

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

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 FREQUENTLY USED: 

first floor bathroom 
second floor bathroom 
clothes dryer 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
kitchen window 

8. FAN TEST CHARACTERISTICS: 

4.51 Air Changes per Hour (@ 50 Pa) 
0.046 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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Locat ion Code: W , 
Start date: 14mar87 
Total Number of Days 
Total Number of Days 

End date:25mar87 
Analyzed in these Tables:11 
Monitored for this House:33 

TABLE1:FREQUENCY AND DURATION OF 
SPILLAGE EVENTS 

Spillage time Total Spillage Events 
Interval 

(sec) Furnace DHW Total 

10-29 0 33 33 
30-120 0 10 10 
>120 (I 6 6 
Total 0 49 49 

TABLE 2:AGGRAVATING CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions 
Fireplace Fan Other 

Devices 

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

i~ Time 
Condition 

Tt~Lte 

89.998 
8. 183 
1. 1 '.;·::i 
(). 62:"$ 
0.000 
0.000 
0.002 
0.000 

TOTAL: 

Spillac:te Events 

Totals Time(min) 

0 0.00 
26 14.82 

4 2.45 
19 34.57 

I) 0.00 
(I 0.00 
I) 0.00 
(; 0.00 

49 c:-~. 
;.J ..... 

Total 
Windo~.., Open 
OCCUt~t~ences 

c) 

0 
(I 

1 
(I 

0 
(I 

0 

note:column ,,:,~ Time Condition Tt~ue" has device status fot'ced 
on if. deVIce is spilling 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. W-2 

2. HOUSE DESCRIPTION: 

Total Floor Area: 170 m2, one storey, single 

3. SPACE HEATING: 

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

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural 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 
clothes dryer 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
kitchen entrance 

8. FAN TEST CHARACTERISTICS: 

2.07 Air Changes per Hour (@ 50 Pal 
0.034 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants J 8 years and older: 2 
Occupants under J 8 years: 2 
Number of occupants who smoke: 0 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. W-3 

2. HOUSE DESCRIPTION: 

Total Floor Area: 321 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 SYSTEMS: 

Type: fireplace 
Fuel: wood 
Frequency of Use: once per week 
Chimney Type: insulated metal 

6. EXHAUST FANS FREQUENTLY USED: 

main bathroom 
central vacuum 
master bedroom bathroom 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
kitchen window 

basement door 
garage door 

8. F AN TEST CHARACTERISTICS: 

1.88 Air Changes per Hour (@ 50 Po) 
0.051 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

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



N~>----

Central 
QVac. 

Furnace 

Diji BASEMENT 

I , I 
5m 

HOUSE W-3 



A
ir

 
A

n
al

y
si

s 
R

es
u

lt
s 

o
f 

R
es

id
en

ti
al

 
C

om
bu

st
io

n 
S

o
il

la
g

e 
M

on
it

or
in

q 

A
dd

re
ss

: 
W

3 
C

it
y

: 
W

in
ni

pe
q 

F
'J

el
 

T
yo

e:
 

G
.3

S
 

SP
 IL

LA
G

E 
-
-
-
G
A
~
I
E
C
 

Iu
b

e
s-

--
-

--
--

--
--

--
--

B
a
g

 S
am

p
le

s-
--

--
--

-
S

or
be

nt
 

I'
Jb

es
 

P'J
Rt

p 
TY

PE
 

D
a
~
e
 

--
-L

o
ca

ti
o

n
--

-
N

02
 

NO
:·: 

5
0

2
 

CO
 

CO
2 

CH
4 

H
.C

 
02

 
N

02
 

"N
O 

T
im

e 
(o

Pn
t) 

(p
pm

) 
( p

 pn
t) 

(p
pm

) 
(p

pm
) 

(p
pm

) 
(p

pn
» 

(%
) 

(p
pn

» 
(p

pn
t) 

(s
e
c
.)

 

f'R
E

 
SP

 IL
L 

M
ar

 
17

 
ne

ar
 

fu
rn

::
tc

e 
0 

0 
1

.9
 

66
9 

3
.1

 
2

.7
 

21
 

li
v

in
9

 r
oo

m
 

0 
0 

FO
RC

Er
l 

M
ar

 
17

 
ne

ar
 

fu
r n

·3
ce

 
0 

tr
.3

ce
 

1
.1

 
12

68
 

2
.7

 
2

.1
 

21
 

li
v

in
g

 r
oo

m
 

0 
0 

PO
ST

 
SP

IL
L

 
M

ar
 

17
 

ne
ar

 
fu

rn
.3

ce
 

0 
0 

li
v

in
q

 r
OO

ll1
 

0 
0 



HOME PROFILE 

I. HOUSE IDENTIFICATION: No. W-4 

2. HOUSE DESCRIPTION: 

Total Floor Area: 237 m2, one storey, single detached 

3. SPACE HEATING: 

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

4. DOMESTIC HOT WA TER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

5. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fireplace 
Fuel: wood 
Frequency of Use: twice per season 
Chimney Type: masonry 

6. EXHAUST FANS FREQUENTLY USED: 

clothes dryer 
master bedroom bathroom 
main floor bathroom 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
garage door 
workshop window 

8. F AN TEST CHARACTERISTICS: 

3.18 Air Changes per Hour (@ 50 Pa) 
0.072 Equivalent Leakage Are~ (m2) 

9. HOMEOWNER PROFILE: 

Occupants 18 years and older: 4 
Occupants under 18 years: I 
Number of occupants who smoke: 3 
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Location Code: W4 
Start date: 18mar87 End date: 24mat'87 
Total Number of Days Analyzed in these Tables: 6 
Total Number of Days Monitored for this House: 19 

TABLE1:FREQUENCY AND DURATION OF 
SPILLAGE EVENTS 

Spillage time Total Spillage Events 
Intet'val 

(sec) Furnace DHW Total 

10-29 0 57 57 
30-120 0 47 47 
>120 (I 59 59 
Total (I 163 163 

TABLE 2:AGGRAVATING CONDITIONS DURING SPILLAGE EVENTS 

List of Conditions 'l. Time Spillage Events Total 
Fireplace Fan Other Condition Window Open 

Devices Tt'ue Totals Time(min) Occurrences 

OFF OFF OFF 84.743 71 604.88 23 
OFF ON OFF 14.845 78 62,). 77 18 
OFF OFF ON 0.411 14 36.15 ~ 

'-' 

OFF ON ON 0.000 <) 0.00 0 
ON OFF OFF 0.000 0 (I. (H) (I 

OI'.l ON OFF 0.000 0 0.00 (I 

ON OFF ON 0.000 0 0.00 0 
ON ON ON 0.000 (I 0.00 0 

TOTAL: 163 1262 

note: column "% Time Cond i t ion Tt~ue"· has device stCl.tus fot'ced 
on if device is spilling 



Location CO'::le:W4 
Start date:0lAPR87 End date:OBAPR87 
Total Number of Days Analyzed in these Tables: 7 
Total Number of Davs Monitored for this House:19 

TABLEl:FREQUENCY AND DURATION OF 
SP ILLAGB EVENTS 

Spillage time Total Spillaqe Events 
Ir.terval. 
(sec) Furnace DHW Total 

10-29 0 34 84 
30-120 0 32 32 
>120 0 66 66 
Tot·3l O. 132 132 

TABLE ~:AGGRAVATING CONDITIONS DURING SPILLAGE EVE~TS 

List of Conditions Z Tiwe 
Eireolace fan Other Condition 

Ilf?vices True 

orF OFr Ofr 85.783 
OFf ON Orf 13.691 
OFf OFf ON 0.506 
OFF ON ON 0.017 
ON Ofr OFr 0.000 
Ol~ ON Orf 0.000 
DU UrI.' ON 0.002 
ON ON ON 0.000 

TOTAL: 

SpillaQe Events Total 
t...lindow aDen 

Totals Time(min) Occurrences 

r· .... 
"J,j ::iB7 M 47 17 
72 70b .15 29 

c-
~. 67.88 1 
2 56.10 2 
0 0.00 0 
0 0.00 0 
(i =:'.0 C! (> 

0 0.00 0 

132 1420 

nG~e:column a% Time Condition True a has device stat~5 forced 
on if de\'icE' is spil1inQ 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. W-S 

2. HOUSE DESCRIPTION: 

Total Floor Area: 216 m2, split-level, single detached 

3. SPACE HEATING: 

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

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural gas 
Location: adjacent to furnace 

S. SUPPLEMENTARY COMBUSTION SYSTEMS: 

Type: fireplace 
Fuel: wood 
Frequency of Use: once per season 
Chimney Type: insulated metal 

6. EXHAUST FANS FREQUENTLY USED: 

main bathroom 
clothes dryer 

range hood 
both upstairs bathrooms 
central vacuum 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 

S. FAN TEST CHARACTERISTICS: 

I.S3 Air Changes per Hour (@ 50 Pal 
0.034 Equivalent Leakage Area (m2) 

9. HOMEOWNER PROFILE: 

Occupants IS years and older: 2 
Occupants under IS years: 2 
Number of occupants who smoke: 0 
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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. W-6 

2. HOUSE DESCRIPTION: 

Total Floor Area: 235 m2, single storey, single detached 

3. SPACE HEATING: 

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

4. DOMESTIC HOT WATER HEATING: 

Fuel: natural 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: 

main bathroom 
clothes dryer 
master bedroom bathroom 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
garage door 

living room window 
kitchen window 

8. F AN TEST CHARACTERISTICS: 

1.95 Air Changes per Hour (@ 50 Po) 
0.041 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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HOME PROFILE 

I. HOUSE IDENTIFICATION: No. W-7 

2. HOUSE DESCRIPTION: 

Total Floor Area: 213 m2, two storey, single detached 

3. SPACE HEATING: 

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

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: insulated metal 

6. EXHAUST FANS FREQUENTLY USED: 

clothes dryer 

7. DOORS/WINDOWS FREQUENTLY USED: 

main entrance 
garage door 

kitchen door 
kitchen window 
side door 

8. FAN TEST CHARACTERISTICS: 

2.34 Air 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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APPENDIX B 

Mann Testing Laboratories Report 



N MANN TESTING LABORATORIES LTD. 
5550 McADAM ROAD, MISSISSAUGA, ONTARIO L4Z 1P1 
PHONE: 890-2555 • TELEX: 06-960496 

Buchan, Lawton & Parent Ltd. 
5370 Canotek Road 
ottawa, ontario 
K1J 8X7 

Attention: Mr. Mark Lawton 

June 15, 1987 

RE: MASS SPECTROMETER INFORMA nON 

In response to your telephone call of June 5th, 1987, I am 
pleased to submit the following information to assist you with· 
the interpretation of your project results. 

There are limitations inherent in both the method of 
sampling and the mass spectrometer itself. The mass spectrometer 
has a lower detection limit of low to sub ppb and detects only 
compounds with a molecular weight greater than 40. The use of 
the bag sample techniqqe limits the analytical detectability to 
volatile organics. 

All of the samples submitted for GC/MS qualitative screening 
were analyzed for total volatile hydrocarbon and found to be 
under 10 ppm methane equivalents: with samples #22 and #34 under 
2 ppm methane equivalents. As an example, if 1 ppm of toluene 
(CTHe) was present it would translate approximately to 7 ppm 
methane equilvalents (i.e. toluene 7 carbons to methane 1 
carbon). 

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

If you have any further questions please contact ei ther 
Betsy Cliffe or myself. 

WRB/vs 

Yours truly, 

MA7 TESTING LABORATORIES LTD • 
./ ,--".. 

i~ I / I 

, . "" .... ( ... '- ...... ,. 1---' 
W.R. Burgess, B.Sc., C. Chem. 
Manager, occupational Health 

Members· Assoclahon of OHlclal RacIng ChemIsts. Amerocan ChemIcal SocIety. CanadIan SocIety of ForensIC SCIence. ChemIcal InstItute of Canada. 
Amerocan SocIety for TestIng and Materials. CanadIan FederatIon of Independent BusIness. Bener BusIness Bureau. AssocIatIon of Ihe Chemical 
ProfeSSIon of Onlaroo. Assoclahon of ProfessIonal EngIneers of Ihe ProVInce of Onlaroo. CanadIan Assoclahon of Fore ChIefs. 
American fllduslroal Hygiene Associahon, Air PolluhOIl Colllrol Assoclaholl, CanadIan Socoety of Safety Eng.neerong.lnlelllallonal Soc,ety for ReSPIratory Protection 



MANN TESTING LABORATORIES LTD. N 5550 McADAM ROAD. MISSISSAUGA. ONTARIO L4Z 1P1 
PHONE: 890-2555 • TELEX: 06-960496 

Buchan, Lawton & Parent Ltd. 
5370 Canotek Road 
ottawa, Ontario 
K1J aX7 

Attention: Mr. Mark Lawton 

April 23, 1987 

RE: MANN TESTING FILES 876723/876728 
MASS SPECTROMETER RESULTS 
BAG SAMI'LJ::S 22/34 

Dear Mr. Lawton: 

Your two bag samples 
Chromatography/Mass Spectrometer 
conditions: 

Injection Volume: 
Initial Temperature: 
Initial Hold Time: 
Final Temperature: 
Temperature Ramp: 
Column: 

were 
(GC/MS) 

analyzed 
under the 

50 mL 
50°C 
4 min. 
200°C 
10°C/min 
30M, SE30 

by Gas 
following 

The samples were analyzed using a Universal Automated 
Concentrator Instrument Model 780, which passes. the released 
organics through two sorbent traps of large and small bore. The 
latter trap serves to reduce the sample to a small concentrated 
plug prior to its separation with a 30 meter Superox GC capillary 
column, and subsequent analysis by a Finnigan Model 3200 Mass 
Spectrometer. 

... 
~ECEIVED APR 2 8 lSB] 

Members: Association 01 OII,clal Racing Cllem'sts. Ameflcan Chemical Society. Canadian Society of ForensIc SCience. Cllemlcal tnstltute of Canada. 
AmerlC8n Society for Testing and Matefl.ls. Canadian Federahon of Independent BUSiness. Bener Business Bureau. Assoclahon of the Chemical 
ProfeSSIon of On18f1o. Associahon 01 ProfeSSional Engineers of the ProVInce of On18f10. Canadian Association of Fire Clltefs. 
American Industrial Hygiene Associahon. Air Pollution ContrOl Assoclahon. Canadian SocIety of Safety Englneeflng.lnternahonal Society lor ResPiratory PrOtectIOn 



- 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 
library, which contains mass spectra of over 40,000 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 aliphatic straight 
chained hydrocarbons (e.g. CxH2x+2>. 

If you have any questions concerning this data, please 
contact Betsy CliffG or myself. 

WRB/jh, 
Encl. 

Yours truly, 

MANN TESTING LABORATORIES LTD. 

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

____________________ MANN TESTING LABORATORIES LTD. 



~" n MANN TESTING LABORATORIES LTD. 
5550 McADAM ROAD, MISSISSAUGA, ONTARIO L4Z 1P1 
PHONE: 890-2555. TELEX: 06-960496 

May 4, 1987 

Buchan, Lawton & Parent Ltd. 
5370 Canotek Road 
ottawa, ontario 
K1J 8X7 

Attention: Mr. Mark Lawton 

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

Dear Mr. Lawton: 

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

Injection Volume: 
Initial Temperature: 
Initial Hold Time: 
Final Temperature: 
Temperature Ramp: 
Column: 

50 mL 
50°C 
4 min. 
200°C 
10°C/min 
30M, SE30 

The sample was analyzed using a Universal Automated 
Concentrator Instrument Model 780, which passes the released 
organics through two sorbent traps of large and sma.ll bore. The 
latter trap serves to reduce the sample to a small concentrated 
plug prior to its separation with a 30 meter Superox GC capillary 
column, and subsequent analysis by a Finnigan Model 3200 Mass 
spectrometer. 

Members' Assoclahon of OHlclal Racing Chemists. Amencan Chemical Soc,ety. Canadian Society of ForensIC SCience. Chemlcallnshtute ot Canada, 
Amencan SocIety for Teshng and Matenals. Canadian Federahon of Independent Business. Bener Business Bureau. Association o! the Chemical 
Profession of Ontaroo. Assoclahon of Professional Engineers of the PrOVInce of Ontaroo. Canadian Association of Fore Chiefs 
American Industrial Hygiene Assoclahon. Aor Pollution Control Association. Canadian Society ot Safety Englneerong.lntern~honal Society for Resporatory Protect,on 



- 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 
library, which contains mass spectra of over 40,000 compounds. 

The enclosed GC/MS chromatogram has been labelled with the 
compounds found in the sample. The most abundant compounds are 
saturated hydrocarbons which are aliphatic straight chained 
hydrocarbons ( e • g. CxH2x+2)' 

If you have any questions concerning this data, please 
contact Betsy Cliffe or myself. 

WRB/bc, 
Encl. 

Yours truly, 

MANN TESTING LABORATORIES LTD • 

.. ' 

I' ",_ 

,I; . L - ~ j 

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

'__ ___________________ MANN TESTING LABORATORIES LTD. 



APPENDIX C 

Tracer Gas Sampler Analysis 



General Description of the NAHB Research Foundation/ 
AIMS output Format 

June 1987 

The top portion of the sheet shows the project title, house 
identification, start and stop times and dates for sampling, 
final date that computations were made, and date of the analysis. 

The Rates Section :§lives the overall infiltration rate in cubic 
meters per hour (m /hr) for all zones, and the air change rate 
per hour (ACH), obtained by divid±ng the air infiltration rate by 
the total volume. For each zone, the zone location, source 

. information (gravimetric calibration rate at 25 degrees C., 
quantity, total emission rate adjusted for temperature, assuming 
an enthalpy of 6.8 kcal/mole), and exfiltration and infiltration 
rates with their standard deviations (SD's) are given, followed 
by the zone-to-zone air flow rates and SDs, and total flow in or 
out of each zone. 

The Analysis Section gives, for each zone, the volume, source 
type, and average tracer concentration with SD's, followed by the 
individual capillary absorption tracer (CATS) analyses by zone 
with correction factors. 

The Notes Section gives the SD'S assigned to the source rates and 
volumes. Conditions or results that should not exist are flagged 
by printing in capital letters. 

The current PFT tracer codes are: 

~ 
1 
8 
2 
3 

Tracer Name 
Perfluorodimethylcyclobutane 
Perfluoromethylcyclopentane 
perfluoromethylcyclohexane 
Perfluorodimethylcyclohexane 

Abbreviation 
PDCB 
PMCP 
PMCH 
PDCH 



NAHB-RESEARCH FOUNDATION 
AIMS v7-01-1987 

PROJECT: RE5 cnM~.S 
HOUSE: 02. 

• START: 18:00 (02-26-1987) 
. STOP: 15:00 <03-16-1987) 

FILE: 1BUCH 
ANALYZED: 06-30-1987 

************************************ RATES ************************************ 
OVERALL INFILTRATION RATE = 
OVERALL AIR EXCHANGE RATE = 
Z 

133.6 ± 12.7CmA 3/h) 
0.263 ± O.027(1/h) 

OZONE SOURCE RATE 
@25C QTY @T 

EXFILTRATION :-------INFILTRATION--------l 
N LOCATION RATE SD RATE SD ACH SD 
E 
j 

(nL/m) (nL/h) (m""3/h) (mA 3/h) (/h) 
UPPER ZONE 35.9 2 3272 

~ BASEMENT 24.7 2 2253 
88.9 16.6 85.4 13.5 0.440 0.07~ 

ZONE-ZONE 
1 

,..., 
. - .:. 

44.7 11.2 48.2 8.3 0.153 0.027 

RATE ± SD (m~3/h) 
33.7 7.5 

ZONE-ZONE 
2 - 1. 

RATE ~ SD (m A 3/h) 
37.2 8.3 

l----------------------------TOTAL FLOW IN OR OUT-------------------------.----l 
ZONE RATE ± SD (m A 3/h) ACH ± SD(/h) ZONE RATE ± SO (mA 3/h) ACH ± SD(/h) 

1 122.6 18.9 0.102 2 81.'7' 12.6 CI.261 tj.042 

*********************************** ANALYSIS *******.*********.*****.********** 
Z VOL 
0 
N m"'·, • -..I 

E 
.!. 1. S": 

- ~:::. 4 

1 

SOURCE 
TYPE 

F'MU' 
PI"ICH 

CATS# 

AVG.TRACER 
CONC. 

:---------------------(pL/L) ± SD-------------------------------l 
PMCP PMCH 

30.49 ± 3.05 9.54 ± 0.95 
12.54 ± 1.25 31.45 ± 3.14 

CONCENTRATION(pL/L~ 

:-~-------------------------------------------------------------i 

c.~~.: l-'I:"Cr.:. FnCp P"ICH FPCt-j COEFFICIEN-j'S Fll_~:. 
t,~I. pc.. (!. 89 <). 97 (!. 97 :::::~) It'12F i'lf-; 

*******************.***************** NOTES *.*.******.*.****************+.*.*~* 
lne stsndaro aev1ation in ~ne source strenqtn nas ceen set ar IV 
in~ 5~2noera Qev:a~ion 1n ~hE volume measuremen~ na~ been set 2t 



NAHB-RESEARCH FOUNDATION 
AIMS '::;-'-,J-1;;'::-:·· 

P~OJ~Cl: RF~ rOMB.S 
HUUSE: 03 

START: 10:00 (03-06-1987) 
STOP: 15:30 (03-16-1987) 

!= 1 LE: 
?~I"AL ,"ZED: 

IBUCH 
06-:;:0-1987 

************************************ RATES ************************************ 
108.3 ± 15.0(mA 3/h) OVERALL INFILTRATION RATE = 

OVERALL AIR EXCHANGE RATE = 0.239 ± O.034(1/h) 
Z 
OZONE 
N LOCATION 
E 
1. BE.D 
2. BASEt"lENT 

SOURCE RATE 
@25C eTY @T 

(nL/m> (nL/h) 
35.9.2 3272 
24.7 2 2253 

EXFILTRATION :-------INFILTRATION--------: 
RATE SD RATE SD ACH SD 

(m"'3/h) (mA 3/h) (/h) 
66.5 25.6 -11.9 27.8 -0.053 0.123 
41.9 36.6 120.3 29.5 0.531 0.133 

ZONE-ZONE 
i - ::: 

RATE ± SD (m A 3/h) ZONE-ZONE 
2 - 1 

RATE ± SD '(mA 3/h> 
1<)5.3 39.3 15: .. 7 68.6 

:----------------------------TOTAL FLOW IN OR OUT-----------------------------: 
ZONE RATE ± SO (m A 3/h) ACH ± SOt/h) ZONE RATE ± SO (m A 3/h> ACH ± SO(/h) 

1 .' -1 -J.! III / 4E:.S 0.759 0.217 2 225.5 63.7 ().990 

************************~********** ANALYSIS ********************************** 
Z VOL 
0 

SOURCE 
TYF-E 

AVG.TRACER 
CONCa 

N m····3 :---------------------(pL/L) ± SD-------------------------------: 
E 
:: ~::::b 

',," 

Pj~ICF 

r"1"ICH 

CATS#: 

f'MCf' F'MCH 
38.05 ± 3.80 21.34 % ~.13 
17.76 % 1.78 19.95 ± 2.00 

CONCENTRAT I 0/11 (pL/U :---------------------------------------------------------------: 
F'MCP F'MCH PDCB F'DCH 

'::;.:-=.: elll.1~ j"i'ILi'-' FI1CH FDCH L'OEFF:!CIEr·HS Fli_!:: 
u. t:~' U.8'7 O. \:;7' O. SOl :::,AU·12f-I'IH 

************************************* NOTES *****************~**************~.* 
7ne ~~a~aard OEvIation In tne 
',Flf! ~·l'~:.nc·:::u"'o CiEV"la.'tlon In 'the 
_.'.~.~.. "! ~ .. : ... ;....':-::: "j ~?·i!··~ C:::J 
: I ;,-' J I ...... ', .. Ur'l I'" .. ,: t:. t-."C,~;·. :::'ul·.Ir:":: 1 

~:::OLt~"'r:~ s'tI· ... E-?nqth na,:~ been s~t 2.t It,' ".: 
volume mea5uremen~ MaE been set 3~ "-, " - ..... 



F'FOJECT: 2332 
HOUSE: OS 

NAHB-RESEARCH FOUNDATION 
AIMS 07-u2-ji~~ 

START: 17:00 (03-09-1987) 
STOP: 12:10 (03-26-1987) 

FILE: IBUCH 
ANALYZED: 06-30-1987 

************************************ RATES ************************************ 
OVERALL INFILTRATION RATE = 
OVERALL AIR EXCHANGE RATE = 
Z 

74.2 ± 10.4(mA 3/h) 
0.010 ± O.OOl(l/h) 

OZONE SOURCE RATE 
@25C QTY @T 

EXFILTRATION I-------INFILTRATION--------: 
RATE SD RATE SD ACH SD N LOCATION 

E (nL/m) (nL/h) (m""3/h) (mA 3/h) (lh) 
1 BEn 
2 BA5EfylENT 

35.9 :: 3272 
24.7 2 2253 

73.6 10.5 73.7 1.0.4 (I.Oll) l.'.V':'': 
0.6 0.1 ('. 6 tJ. 1 ('. ()()i1 '.'. ')1) i 

ZOhfE-ZONE 
1 - ? 

RATE ± so (mA 3/h) 
0.4 0.1 

ZONE-ZONE 
2 - 1 

RATE ± SD (m~3/h) 
0. il (I. L 

l----------------------------TOTAL FLOW IN OR OUT-----------------------------l 
ZONE RATE ± SD (m""'3/h) ACH ± SO<lh) ZONE RATE ± SD (m ..... ·3/hi ACH ± SD(fh) 

] . 74.1 10.5 0.010 0.002 1.0 '"' .. ,~, .' :.. 

*********************************** ANALYSIS ********************************** 
Z VOL SOURCE 
0 TYPE 
N m····3 
c.. 

.• :·~··I FT'CF' 
- ;. !,;,d ~ 1-1~!'i 

CATS# 

AVG.TRACER 
CONCa 

:---------------------(pL/L) ± 50-------------------------------: 
PMCP PMCH 

44.29 ± 4.43 12.33 ± 1.L~ 
18.72 ± 1.87 2249.29 ± %22d.93 

CONCENTRATION (pL/U ;---------------------------------------------------------------: PMCP Pr1CH POCB PDCH 

inc·? St:e."~:~f· ... n cl':=\/i21;lor~ : r! tr-:c~ SOL.tt ... c:~,? 
:, n 1;rlE' V01LIITIi? 

t::.tf""enc:rtn nd.~= r)eE:~'l ~:ec ~·t .i.1~.1 
; i'" ~::~ ::, 'C ;:;'\f"::' :;'·.i' 0 G E\ .... :~. =,1. 1 CJ!"; !liE:?:·Ut· ... E'fr.ep1:· .~~.~ r.;~g:-:n =.r7"r. :::';·.'C 

* 
were 

/ ""-/' ti y,' (I '-t! > A Iv ....... ./ -f'1.~e +'t~ - ( Sp4/e /?e,h",) P\A. It 

~i'tJ .,;4/.s. ca .. r-e d Ii< nell 0.0 1 0 .fc be /,,'u/ 

q~J 4..t:ly w 11:' t be ,..,/, ~ J'/e 7.« tle..r~ 1#./ /lef! k..." 

.-t',$ /l4J"J ~ ~'·~/' "'< A,-,"tr ~-- IJ.O/t) , 



F'ROJEC1: 2::::32 
HOUSE: O~ 

NAHB-RESEARCH FOUNDATION 
AIMS 07-02-1987 

START: 10:00 (03-19-1987) 
STOP: 11:30 (03-27-1987) 

FILE: 
ANALYZED: 

IbUCH 
06-3{)-1987 

************************************ RATES ************************************ 
OVERALL INFILTRATION RATE = 
OVERALL AIR EXCHANGE RATE = 
Z 
o ZONE 
N LOCATION 
E 
1 BOYS BE[' 
2 BASE/'1E1"H 

SOURCE RATE 
@25C QTY @T 

(nL/m) (nL/h) 
35.9 2 3272 
24 .. 7 2 2253 

318.4 ~ 28.5tmA 3/h) 
0.688 ~ O.066(1/h) 

EXFILTRATION I-------INFILTRATION--------l 
RATE SO RATE SO ACH SD 

('m""'3/h) (mA 3/h) (/h) 
221. 7 58.8 161.3 38.8 0.576 0.141 

96.7 54.1 157.1 33.5 0.862 0.189 

ZONE-ZONE 
1 - 2 

RATE ~ SO (mA 3/h) ZONE-ZONE 
2 - 1 

RATE ~ SD (m .... ··3/h) 
192.2 54.6 252.7 71. -::. 

:----------------------------TOTAL FLOW IN OR OUT--------------~--------------: 
ZONE RATE ~ SD (m"3/h) ACH ~ SD<lh) ZONE RATE ~ SD (m·····3/h> ACH ± SD<lh} 

"I j "I • (I 83.1 1.477 0.306 2 3'19. ::;, 

*********************************** ANALYSIS ********************************** 
Z VOL SOUF,CE 
0 TYFE 
r ... m""3 
E 

-~' ,:,"'j , ;";"tL L> 

.... .. r:~ - !'I':~H 

CATS~ 

.:.1 ... 1., 

AVG.TRACER 
CONC. 

1---------------------(pL/L) ± SD----------------------~--------~ 
PHCP PMCH 

1 1. ,. S"I ... :::r. ]. II j S" 
D. :5:5 ~ c .... 65 

CONCENTRATION (pL/U . . :---------------------------------------------------------------: PMCP 
.!. j : '~{Ci 1 
. i;,,~, ::' ~·.S· 

PMCH 

S' .. ~, .:.1 

POCB 
i) .. ('IS 
~:~} .~: i .• )·~ ~i 

PDCH 
(I .. I~I()I) 

~ .. (1'.>(. 

c.~ ~DLG !·~CP PMCH FDCH LOEFFl[lE~T~ ~.: 
0.H~ 0.8= 0.97 0.97 3AIM?~h~ 

*i>-*+**** .. **************************** NOTES ******+-*** ............. 1'" .... ******** .. **** .. *+++* 
Tn.::.::, cO'. c an c: e. ,.';:1 Ci'2V 1 2-. t 1 on in the =·OLI t'C ii2 ~;; t ~-'2!"; q 1;n rI2.S:. D e+::r-' .':.:?~. ~'i: ! ' .. ' 
-;hs::·! s.::·~·.!':C~~f·c: C:~:? .... l2.ticr· ill ~.;.~:-:~ • .... clLtt1!~? mea:::Ltt~E~fliE~!I·C h~~s:. L:;:~':;;~ £:t?1.~ ~!.'t , ... 



NAHB-RESEARCH FOUNDATION 
AIMS ')7-') 1-1 <:='Fi 

PROJECT: RES COMR-S 
HOUSE: 07 

START: 13:30 (03-10-1987) 
STOP: 14:00 (03-27-1987) 

FILE: IBUCH 
ANALYZED: 00-30-1987 

************************************ RATES ****************~******************* 
OVERALL INFILTRATION RATE = 
OVERALL AIR EXCHANGE RATE = 
Z 

210. 0 ~ ~. 3 (m·····3/h) 
0.449 ~ 0.050(I/h) 

o ZONE SOURCE RATE 
@25C QTY @T 

EXFILTRATION :-------INFILTRATION--------: 
RATE SD RATE SD . ACH SD N LOCATION 

E (nL/m) (nL/h) (m ..... 3/h) (~A3/h) (/h) 
1 UF'. HALL 
:: E-ASEI1ENT 

ZONE-ZONE 
l. - 2 

35.9 2 3272 35.2 15;8 52.8 10.1 0.226 0.045 
24.7 

RATE 
68.4 

2 2253 174.8 31.2 157.2 25.1 0.672 0.112 

~ SD (mA.3/h) 
15.5 

ZONE-ZONE 
::; - ! 

RATE 
50.8 

~ SD (m .... ·3/h) 
11.5 

l----------------------------TOTAL FLOW IN OR OUT-----------------------------: 
ZONE RATE ~ SO (m""3/h) ACH ~ SO<lh) ZONE RATE ± SO (m· ... 3/h) ACH ± 'SO<lh) 

1 16.3 0.443 0.073 2 225.6 35.5 1).964 O. 15~ 

*********************************** ANALYSIS ********************************** 
Z VOL 
a 

SOURCE 
TYPE 

AVG.TRACER 
CONCa 

N m"~3 l---------------------(pL/L) ~ 5D-------------------------------: 
E PMCP PMCH 
1 .2:~A f'1"IC.P 37.12 ~ 3.71 5.75 ± 0.53 

2::-~.4 F""ICH 11.25 z 1.13' 11.73 ± i.17 

CAT5# CONCENTRATION (pL/U 
:---------------------------------------------------------------~ 

1 

(:.. F.: ;::;'DCB ~:'!"!CF Fl'lCH PDCH COEFj.:" 1 L 1. Ei'-iT5 F 1 U~ 
0.b~ 0.8Q 0.97 0.97 3A]M2~M~ 

************************************* NOTES ****************+***************+** 
Tns stannard neviation in the source strenqtn has been set at J0 ~ 
TIlt:' ""t':;;.n:lal~d deV1.:<.t1on 1n the vc:t.i.Llme measLll'~ernent hCI~ t)f!'erl :f:'t: c\t ... . ... 



F'FOJECT' '";",,,;, 
'HOUSE ~ -w-,-

NAHB-RESEARCH FOUNDATION 
AIMS .:. /-, .• ,.;;;- J .;;~/ 

START: 12:00 (03-31-1987) 
STOP: 18:00 (04-16-1987) 

FILE: l.f::luCf-: 
ANALYZED: 0b-30-1987 

************************************ RATES ************************************ 
OVERALL INFILTRATION RATE = 
UVERALL AIR EXCHANGE RATE = 

128.3 ± 12.3(mA 3/h) 
0.329 ± 0.034l1/h) 

Z 
OZONE SOURCE RATE 

@25C (;lTV @T N LOCATION 
E <nL/m) (nL/h) 
1 BASEhEi'-!T 2'i.7 2 2440 
'-,' !"iRSTER BED ::,5. ~. 2 :;:.544 

EXFILTRATION :-------INFILTRATION--------: 
RATE SD RATE SD ACH SD 

(m""'3/h) (m""3/h) <lh) : 
85.9 15.7 B3.~ 13.0 0.644 0.105 
42.4 10.2 44.6 7.6 0.17~ 0.030 

ZONE-ZONE RATE ± SD (m""'3/h) 
1. - ~ 30.5 6.7 

ZONE-ZONE 
:2 - 1 

RATE:!: SO (m"'~3/h) 
~52. ? 7.2 

l----------------------------TOTAL FLOW IN OR OUT-----------------------------: 
ZONE RATE ,:!: 50 (m""'3/h) ACH ± SO(/h) ZONE RATE ± 50 (m"3/h) ACH ± SD(/h) 

]. 116.4 17.7 0.144 ." .. 
..:... '7S. 1 11.4 

*********************************** ANALYSIS *****************~******.*~.***.~* 
Z VOL SOURCE AVG. TRACER 
o TYPE CONCa 
N m""3 : --------------------- (pL/L) ± SD-------------------------------: 
.. PMCH PMCP 

1 

1. ':',1../ FT·:~·.~!
_~:::,,_, 1'",,:._; 

CATSif 

.... { .. : 

_: .;, ~ ~_.c_ "T 
, "';;-.': -... -", 

••• .1 .. 61 :!:. 

CONCENTRATION {pL/U 
~---------------------------------------------------------------i PMCH 

." .. ' .... _.- ~ (:.'~:...:. 

PMCP 
.1 L! • t;!.:.l.7" 
-.. .-:. -., -.'. . 
~' .-=:~ .. ":.'.~ .. -:":. -- . 

PDCB 
(~ !! :211) 
!.~.' ~. (.I i; ~.~: ... 

PDCH 
(' .. \.r(.II..' 

'_.' .,: (1\~.!17.' 

C.i::,,: r:'·I.·!~.E: ~ .. ~.,.![~::, f,·!~"tC:H !~::DCH Ci..jEF'FXC.~.I7..i"i~::: i--,I.i_~· 
( ... ~ . .:-. I· w '. i::;~;' t.). '7"7 (;. S'·~·: ::'f:~.I. t<.~::~:· !'·;t-"I , 

***.*~~***~*******+.+.*****~*****~***** NOTES *****+.~~*******+.*+.********~~*~ ••• *-
iriE· '-~1-:··~rIQ·~·.t"CI ~l(=\/l&'tlorl In tnr::::, ~,r)u.,·"·c~ ~.T,I·-·(~nq"G~ nc~.;:· lJ~=-E?f': . .:':::. :'::.';.' j!.) 

. ... ~~. ~~ ro D :£to r· Cf t:! ~-= 'v' : :'I. T i c;n 1 n t: n E \'/Ci 1 LU7;E fTlE.'.? ·:;·L!.f·-·i~m:::, n ,,:,: fi ::. S :~'\ i..:.:-:.:' . .~ .. ~-::'r _._ 



NAHB-RESEARCH FOUNDATION 
AIMS 07-02-1987 

PF-::OJECT : "";."':!".,...., 
HOUSE: ':"W4 START: 15:00 (03-31~1987' 

STOP: 18:00 (04-19~1987) 
FILE: 

ANALYZED: 
IBUCH 
06-:3;0-1987 

************************************ RATES ************************************ 
OVERALL !~FILTRATION RATE = 
OVEkALL AIR EXCHANGE RATE = 
Z 

218.4 ± 26.5Cm-3/h) 
0.378 ± 0.048(l/n) 

a ZONE SOURCE "RATE 
@25C caTY @T 

EXFILTRATION :-------INFILTRATION--------: 
N LOCATION 
E 

RATE SD RATE SD ACH 5D 
(nL/m) (nL/h) (mA.3/h) (m"3/h) (/h) 

L ~A5EMENT 24.7 2 2440 
HASlER BED ~5.9 2 3544 

206.1 45.0 189.3 34.5 0.655 0.12~ 
lL.:3. 24.2 29.1 13.~ 0.101 O.V4~ 

ZONE-ZONE 
oj _ ",":,. 
.\ k 

lONE-ZONE 
2 - 1 

RATE ± SD (m A 3/hl 
12(1.1 :;.2.6 

:-------------------------~--TOTAL FLOW IN OR OUT-----------------------------: 
ZONE RATE ± SO (m ..... 3/h) ACH ± SD<lh) ZONE RATE ± 50 (m'''3/h) ACH ± 50Uh) 

1 ~.t)s • 4 58.9 1 • 071 0.,211 2 . 13:~. 5 O. "iSH (' .. ~)'-f:..', 

*********************************** ANALYSIS *******************************~*. 
Z VOL SOURCE AVG.TRACER 
o TYPE CONCa 
N m""3 : --------------------- (~L/L) ± SD-------------------------------: 
~ PMCH PMCP 

L •. :::.1';' 1.13 
~:.. 82::!: (, • 8E! 

1/:,. '7'\):t 1 • ii (:;. 
3E.i. :~7 ± :::; .• t5£:: 

CAT5# CONCENTRATION (pL/L) 
:---------------------------------------------------------------: 

PMCH PMCP PDCB 

'_ .. ;- F Lq. E:; "'Iei' HiLH F'I:>CH L Ot::Ft: 1 [I Ei'.i ! = FILE 
I). b':::. ' . .'. :j~7' t). ~'7' (.1. \?"? ::::,;:': 1 f~i:::i:: r·h··: 

************************************* NOTES *+***+**********+.******.*+**~* •• ~.* 
:ne !:;t:£-1.li:·-:i3.I····(J t:1~?\""l.c,1:1Qn lri tne ~:;(JL~~"'Ce,. st:r'enq"r;n h2.S t)een ~:·eT: =-1; .I( 
"j • t E" ~:: t, .:;; ~., d ~ j'"' 0 ::: .. t~··~: i 2. i; :t on 1 n °C n f.~ \/c .1... L~fn~~ C',£:' c\ s: Lt !""'r~rrle:~n 1:. r", ;I,"E. IJ f.~E·n =: E-: t: e:i. t. ;'}'" • 



PF-:OJECT: 2332 
HOUSE: W 7 

NAHB-RESEARCH FOUNDATION 
AIMS 'j-i--!~'L- J ::;'S-; 

START: 17:40 (03-30-1987) 
STOP: 16:00 (04-16-1987) 

~ILE: 
ANALYZED: 

J.BULH , 
1)6--:;(,-1987 

************************************ RATES ~*********************************** 
OVERALL INFILTRATION RATE = 
OVERALL AIR EXCHANGE RATE = 
Z 
OZONE 
hi LOCATION 
E 

SOURCE RATE 
@25C QTY @T 

(nL/m) (nL/h) 
1 BA5E~ENT 35.9 2 3544 
~ MAS1~R BED 24.7 2 2440 

143.9 + 16.5(mA 3/h) 
0.229 ± 0.028(l/n) 

EXFILTRATION :-------INFILTRATION--------: 
RATE SD 'RATE SD ACH SD 

(m ..... 3/h) (m~3/h) (/h) 
117.2 IB.E· 119.9 17.b 0.588 O.~9l 
26.7 6.(1 ::3. c 4.4 0.057 t).('l1 

ZONE-ZONE 
1 - 2 

RATE ± SO (m"3/h) ZONE-ZONE 
2 - 1 

RATE:!: SO (m"'"3/h) 
20.5 4.~. 17.7 "5.7 

:----------------------------TOTAL FLOW IN OR OUT-----------------------------: 
ZONE RATE:!: SO (mA 3/h) ACH:!: SO<lh) ZONE RATE:!: SD (m"3/h) ACH:!: SO<lh) 

1 (,.675 0.104 4·4.4 lJ.l05 ('.')10 

********~************************** ANALYSIS ********************************** 
z 
CI 
N 
E 
j 

VOL SQURCE 
TYPE 

CAT5~ 

AVG.TRACER 
CONCa 

:---------------------(pL/L) ± SD-------------------------------: 
PMCP PMCH ="7 . : .. ::.~.:t ::. 7 i1 

J .:': .. t.': = 1. • ::6 
'7.5::::: ± (,:. ::.' 

::S8 .. "~~ ± 5.f~~ 

CONCENTRATION (pL/L) 
~----------------------------------------------~----------------; PMCP PMCH POCB PDCH 

0.S~ 0.H~ 0.97 v.~! 3A~M~F~u 

*.***.***+***~*****************+***** NOTES ***~*****************.*********~.** 

~~e s~anoar~ oevlstlon in tn~ Eour~e 5~ren~~~ h2E Deen eet a: ~~' 
;ne s~~n~ara oevlation In tne volume me?suremen~ n35 ceen ~et 2t 


