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ABSTRACT 

This project, entitled West coast Ventilation strategies, was 
commissioned by CMHC for the purpose of evaluating various 
residential ventilation systems in southern British Columbia west 
coast applications. 

In addition to general observations and conclusions concerning 
residential ventilation, this report presents the results of 
detailed monitoring of 8 different types of systems, as they were 
operated over two years in actual residences. Various rates of 
ventilation were tested. 

The following items are addressed in the report: 

* Local construction, climate, and lifestyle. 
* Installation and operating costs. 
* Builder and homeowner response to the systems. 
* Indoor air quality performance. 
* Advantages and disadvantages of the various systems. 

The report provides an explanation of many factors which contribute 
to the success or failure of specific ventilation strategies. 





This project was funded by the Canada Mortgage and Housing 
Corporation (CMHC) and BC Hydro. The views expressed are the 
personal views of the authors, and do not necessarily represent 
the views of CMHC or BC Hydro. 
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1.0 EXECUTIVE StJMM.ARY 

This report provides evaluations of the performance of various 
ventilation systems in actual houses. The following systems were 
monitored: 

1. Central exhaust; negatively pressurized crawlspace. 
2. Positively pressurized crawlspace. 
3. Minimum BC Code requirements. 
4. Aereco variable air volume. 
s. Central exhaust with passively tempered make-up (Wall Pipe) 

in each room. 
6. Central exhaust with untempered make-up (Wall Inlet) in each 

room. 
7. Heat recovery ventilator. 
8. Heat recovery ventilator with dedicated air. 

Various ventilation rates were monitored. For all houses except the 
HRV, Aereco and Dedicated Air houses, these rates are defined by 
the B.c. Building Code; the high rate was equivalent to 0.3 air 
changes per hour (ACH) regulated by de-humidistat and the lower 
rate was defined as 0.15 ACH continuous. The HRV house was 
ventilated at rates common to HRV installations. The Aereco system 
is a variable air volume system and the Dedicated Air house was 
ventilated to the 0.15 ACH continuous, and according to CSA CAN F-
326. 

Strengths and shortcomings of the various systems, methods of 
control, and ventilation rates are analyzed. 

The results indicate that many variables contribute to the 
effectiveness of a ventilation system. The "human" aspects of 
system operation and occupancy load are among the most important 
factors; unfortunately, these cannot be determined prior to 
occupancy for most new houses. 
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a.o IN'l'RODOCTION 

Avalon Mechanical Consultants were retained by CMHC to act as prime 
consultant on the West Coast Ventilation Study, a project initiated 
by The Victoria Homebuilders' Association to investigate the 
effectiveness of various residential ventilation strategies in West 
Coast applications. It is a "real life" monitoring project. 
Conditions could not be controlled to result in a scientific 
comparison of systems, and the report does not purport to present 
objective rankings. Many interesting findings are highlighted with 
respect to ventilation system effectiveness, control strategies and 
operationa~ factors nonetheless. 
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3.0 PROJECT OBJECTIVES 

.1 To design, install and field-prove selected ventilation 
strategies which could be adopted on a uniform basis by the 
Victoria Home Builders' Association, B.C. Standards branch, 
local municipal inspectors and CMHC. Selected systems must be 
technically sound, cost effective, easily available, and 
acceptable to both builders and homeowners. Selected systems 
were installed and tested in "typical" new homes . 

• 2 To demonstrate, measure and analyze the effectiveness of each 
different ventilation technology. Specifically: 

i. To monitor costs and builder acceptability regarding 
installation, warranty and maintenance of various 
residential ventilation systems. 

ii. To monitor homeowner acceptability with regard to cost, 
noise level, maintenance requirements, pollution control 
and homeowner educational requirements. 

iii. To monitor and quantify air quality and determine each 
system's capability of achieving pollution control with 
respect to both building and occupant generated 
pollutants. 

iv. To monitor each system's performance with respect to air 
quality achieved when operating at different ventilation 
rates. For all houses except the HRV, Aereco and 
Dedicated Air houses, these rates are defined by the B.C. 
Building Code; the high rate was equivalent to 0.3 air 
changes per hour (ACH) regulated by de-humidistat and the 
lower rate was equivalent to 0.15 ACH continuous. The HRV 
house was ventilated at rates common to HRV 
installations. The Aereco system is a variable air volume 
system and the Dedicated Air house was ventilated to the 
0.15 ACH continuous, and according to CSA CAN F-326. 

v. To estimate each system's energy consumption at each air 
flow rate. 

vi. To present and recommend at least 3 technically sound 
and cost effective ventilation strategies for new, 
residential construction. 

vii. To present and recommend at least 3 technically sound 
and cost effective ventilation strategies for retrofit 
application in problem houses. 

viii. To compile a file, based on case studies, which outlines 
residential ventilation problems and possible solutions. 
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4.0 BACKGROUND 

4.1 Typical House Construction and Mechanical systems 

New residential construction in the southern Vancouver Island area 
is predominantly wood frame, single and two storey housing, resting 
on crawl space foundations or on slab-on-grade foundations. Crawl 
spaces are typically insulated around the perimeter, and heated to 
provide comfort to the uninsulated floor immediately above the 
crawl space enclosure. Alternatively, a small proportion of 
structures have unheated crawl spaces with insulated floors. It 
is required that unheated crawl spaces be ventilated to the 
outdoors, with protected openings sized at a ratio of 0.1 square 
meters ventilation per 50 square meters crawl space area. Typical 
slab on grade foundations are not insulated below grade. Homes 
with full basements are not common because of the close proximity 
of bedrock to the surface. Where basements do exist, it is not 
typical to provide any perimeter wall insulation, unless the 
basement is used as a living space. 

Current insulation levels are typically RSI 3.5 in walls, RSI 4.9 
in attics, RSI 0.9 in heated crawl space perimeter walls, RSI 3.5 
in floors over unheated crawl spaces. If basements are insulated, 
typical insulations levels are RSI 2.1. 

Windows are normally double glazed metal frame uni ts. Better 
quality construction projects will include window units with a 
thermal break in the metal frame. Sliding windows without bug 
screen protection are typical and well accepted as adequate for 
the climatic conditions. 

The air tightness of housing construction has been increasing over 
the past decade, and new housing is now subject to the 1987 British 
Columbia Building Code requirement for a continuous air barrier as 
defined in Subsection 9.26.5 of the 1985 National Building Code. 

The energy supply for space heating is limited to oil, electricity, 
and wood. Forced air, oil fired furnaces were popular in the past, 
but electric baseboard heat has now captured the largest share of 
the new construction market. Forced air electric heat is unusual. 
Woodburning fireplaces or airtight wood stoves are common alternate 
heat sources. Natural gas is expected to be available on the 
Island by 1992. 

Traditionally, ventilation air has been supplied through opening 
windows and by way of natural or mechanically induced infiltration. 
Because of the mild climate, many homes in the recent past did not 
include mechanical exhaust fans even in bathrooms, in favour of 
operable windows which provide for short term ventilation 
requirements. Where mechanically induced ventilation has been 
provided, it is limited to standard bathroom and kitchen exhaust 
fans. 
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Fireplaces have been a source of intermittent winter ventilation 
air because of the induced negative pressure created across the 
building envelope when the fireplace is operating. The typical 
fireplace chimney design places the uninsulated flue on an exterior 
wall. In this location, unless the fireplace is operating, the 
chimney is cold and does not provide a constant draft to assist in 
ventilating the home. Furthermore, since most new homes are 
heated with electric baseboard systems, no other chimneys are 
present to assist in providing a constant ventilation air exchange. 

Temperature driven natural ventilation provided to newer houses is 
seen less than in other parts of Canada because of the mild 
climate. That is, the temperature difference between the interior 
and exterior environments is small for most of the year, and 
consequently "stack effect" induced ventilation is minimal. Wind 
induced ventilation is often reduced because of the protection 
provided by the trees typical to most residential areas. The older 
housing stock, however, was extremely leaky, as compared to the 
rest ot' the country and perhaps this has contributed to slow 
acceptance of newer ventilation technologies. 

4.2 Ventilation Induced Problems 

The combination of circumstances described above has created a 
housing stock of poorly ventilated homes, and homeowner perception 
of these problems as being the norm for this coastal climate. 

Inadequate ventilation has caused structural and subassembly 
damage, most typically exhibited on interior surfaces as moisture 
damage at the ceiling/exterior wall junctions, beneath dripping 
window ledges, throughout bathroom interiors, and in cool, 
unventilated storage spaces. Deterioration of wood window frames 
is common. 

Mold and mildew are common on window surfaces, in bathrooms and 
closets, most typically on cold exterior surfaces, along baseboards 
and in grouting around bathtubs and sinks. Meld and mildew odours 
are common in living levels which are partially below grade, in 
closets and storage areas where temperatures are low and 
ventilation is minimum. These types of concerns are often seen 
(although not exclusively) in electric baseboard houses having 
minimal ventilation, and can be further aggravated by high 
occupancy. 

Downdrafting of fireplace chimneys is a common occurrence. Many 
of the older open door fireplace installations have been abandoned, 
or airtight woodstove inserts have been retrofit into these 
openings. 

In homes without mechanical exhaust systems, ventilation during 
the summer months can be inadequate because of the reduction of 
natural infiltration. The ambient summer temperature hovers close 
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to room temperature and there is little temperature difference to 
force air change through the stack effect. Wind speeds are also 
lowest during the summer months and less capable of contributing 
to natural infiltration. 

t.3 Climate and Lifestyle 

The Victoria area climate is described as a mild maritime climate. 
The normal degree days below 18 degrees celsius are 3,115. The 
99th percentile design temperature is minus 7 degrees celsius. 
Average relative humidity in the summer months is 79 percent, and 
average relative humidity in the winter months is 86 percent. The 
heating season extends from October through April and is generally 
mild with considerable cloudiness and periods of rain. A full 
description of the local climate is attached as Appendix 1, and 
includes meteorological data for two weather stations; the Victoria 
International Airport and at the Gonzales Heights locations. 

Comfort levels in the homes are often maintained at cooler 
temperatures, with zone heating employed to increase temperatures 
only in the rooms where required. This situation allows for mold 
and mildew growth because of the temperature and condensed humidity 
conditions created in the unoccupied areas of the homes. 

As described above, ventilation has traditionally been accomplished 
by a combination of minimal mechanical exhaust systems and operable 
windows. The current price of oil or electric heat (equivalent to 
$0.05 per kilowatt hour), reduces the desirability of providing 
constant ventilation through open doors or windows. 

The concept of continuous, controlled ventilation has had limited 
exposure in this market place, other than in "high-tech" houses 
which have utilized heat recovery ventilators to provide continuous 
exhaust and fresh air supply. 
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4.4 Generic Ventilation System Description 

Ventilation systems can be categorized as neutral pressure systems, 
positive pressure systems, or negative pressure systems. 

Meutral pressure systems consist of two fans balanced so that equal 
volumes of air are moving in and out of the building enclosure, and 
the dual fan system is not inducing a significant positive or 
negative pressure across the building envelope. Beat recovery 
ventilators fit into this category. The primary advantage of this 
ventilation strategy is that the balanced fans will not interfere 
with the performance of other air consuming devices such as 
combustion equipment. 

Meqative pressure systems consist of one or more exhaust fans which 
withdraw air from the building enclosure and induce a negative 
pressure across the building envelope. This ventilation strategy 
is most typical in Canadian and local housing. Potential problems 
exist due to the negative pressure induced by the ventilation 
systems, which can potentially create spillage of combustion gases 
into the building enclosure or, in severe circumstances, backdraft 
the chimneys of combustion devices. Negative pressure across the 
building envelope is considered beneficial with respect to the 
building shell, because relatively dry exterior air is being pulled 
through the wall assemblies and absorbing any excess moisture 
existing in the wall cavities. The systems studied herein which 
fall within this category are as follows: 

* Negative Crawlspace 
* BC Code 
* Wall Inlet 

* Aereco 
• Wall Pipe 

N.B. See section 5 for detailed descriptions of the systems 
studied. 

Positive pressure systems consist of one or more fans which deliver 
fresh outdoor air to the buildina. therebv creatinq a positive 
pressure across the building envelope. This ventilation strategy 
is common in commercial construction, but not typical in 
residential construction. There is some concern that positive 
pressure across the building envelope may drive relatively wet 
indoor air into the exterior wall cavities and cause long term 
structural damage due to moisture condensation. Positive pressure 
systems are desirable in that they assist in establishing a 
positive draft through combustion appliances, and minimize 
discomfort associated with uncontrolled infiltration. The positive 
crawlspace system falls into this category, although the bathroom 
fans, Jenn-Air, central vacuum system, clothes drier and fireplace 
are more than capable of offsetting the positive pressure. 

Air flow rates through any of the above ventilation systems fall 
into two generic categories: 

7 



The first of these is a "constant flow" ventilation rate, in which 
a constant volume of air is moved through the fan(s) when it is 
in operation. All systems studied, excepting the Aereco system, 
fall into this category. 

Constant flow systems do not necessarily operate continuously, and 
could have a high and low constant flow rate which can be operator 
selected depending on the ventilation requirement. An example of 
this system is the 1985 code requirement, whereby the code calls 
for exhaust fans capable of moving 0.5 air changes per hour based 
on the interior volume of the structure. All other Canadian 
precedents, as outlined below, are based on a constant volume 
strategy. The constant air flow strategy attempts to ensure 
adequate ventilation through the setting of standardized air change 
rates which are high enough to reduce all pollutants to a tolerable 
level. There is a concern that the air exchange requirements set 
for Canadian residential buildings are excessive, and that in the 
attempt to reduce all pollutants to a tolerable level (including 
building generated and human generated pollutants), excessive 
ventilation energy is used and relative humidity is reduced below 
the optimum comfort level. 

The second air flow strategy is termed "proportional flow" or 
"variable air volume," in which a varying volume of air is moved 
through the fan(s) according to a self regulating mechanism which 
senses the needs of the immediate environment and adjusts the air 
volume accordingly. The only system currently available utilizing 
this strategy is the French "Aereco" system which uses interior 
humidity levels as the controlling variable to adjust the orifice 
openings of exhaust grilles and air inlet grilles. The 
proportional air flow strategy attempts to ensure adequate 
ventilation through a self regulating mechanism which, in the case 
of the French "Aereco" system, utilizes indoor humidity as the 
control variable which adjusts the air change rate. 

4.5 Ventilation Rate Precedents 

In October 1987, British Columbia adopted the mechanical 
ventilation requirements of Subsection 9.33.3 of the 1985 National 
Building Code. This code was amended in September, 1988. 

Local municipal inspectors are interpreting and enforcing this code 
requirement differently in different jurisdictions. 

Further complicating the interpretation of the 1985 National 
Building code are the other ventilation precedents also operating 
in the Victoria building community. These include the ventilation 
requirements for the R-2000 Program, the B.C. Hydro Quality Plus 
Program, the proposed DRAFT CAN/CSA-F326-M, and the French "Aereco" 
proportional negative pressure system. Summaries of the 
ventilation requirements for each of these precedents are included 
in Appendix 2. 
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S,O PROJECT VENTILATION SYSTEMS INFORMATION 

The ventilation systems were selected according to availability, 
the 1985 National Building Code requirements, or other ventilation 
strategy precedents as outlined in Appendix 2. Builder proposed 
solutions to the 1985 code requirements were tested as well as 
commercial systems such as the HRV and Aereco systems. 

In order to monitor air quality at different air exchange rates, 
each ventilation system (except Aereco) was operated at least two 
different air flow rates. Air flow rates for each system were 
established by measurements on site to conform with the ventilation 
requirements outlined in Appendix 2. The French "Aereco" system is 
an exception in that it was monitored at its self adjusting air 
flow rate only. 

The design of the air distribution ducting, exhaust and inlet 
openings varied from system to system, based on the demands of the 
specific systems and the requirements for distribution as described 
in the ventilation precedents in Appendix 2. 

A description of each selected system is presented below with a 
partial summary of respective findings: 
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1. NEGATIVE CRAWLSPACE SYSTEM: 

This installation follows the 1985 National Building Code 
requirements and consists of standard bathroom, utility and kitchen 
exhaust fans, with a combined nominal capability of exhausting 0.5 
air changes per hour. Makeup air was introduced to the crawlspace 
via open grills in the exterior walls. 

Installation Cost: $360.00 

Builder Acceptability: The cost aspect is positive, but the 
marketability is questionable due to the 
image of the strategy as being primitive 
and the as.sociation with crawlspace 
odours, cleanliness etc. 

Homeowner Acceptability: High in this case. Heat was largely 
provided by wood which was obtained at 
below market cost. It is expected that 
this strategy may cause concern with 
energy costs in other applications. 

system Load: 7,408 ft3 of house volume / person 

Ventilation Rates: Low: 0.15 ACH continuous. 
DH: O. 3 ACH controlled by a de-humidistat 

having a 50% RH setpoint. 

Air Quality Index: l=poorest; 0.31=best see Appendix 3. 
Low: 0.32 
DH: 0. 31 

Enerqy Cost: $0.08 / ft2 yr ; continuous at 0.15 ACH 

Possible Applications: Single story, single family houses having 
extremely airtight upper envelopes, dry 
crawlspaces, high constant occupancy, 
adequate tempering in crawlspace, and 
evenly placed exhaust fans. 

Shortcominqs: Lack of air volume control, particularly 
in leaky houses. High energy costs. 
Combustion back-drafting must be 
prevented. It should be noted that 
emissions of radon gas are generally not 
considered to be a problem on Vancouver 
Island at this time. 
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2. POSITIVE CRAWLSPACB SYSTEM: 

This installation consists of a cemtral makeup fan discharging into 
the crawlspace. Open registers in the crawlspace ceiling admit air 
to the living space. 

Inatallation Cost: $450.00 

Builder Acceptability: The cost aspect is positive, but the 
marketability is questionable due to the 
image of the strategy as being primitive 
and the association with crawlspace 
odours, cleanliness etc. 

Homeowner Acceptability: The same home was used for both crawlspace 
tests. The homeowner appreciated that the 
deli very of air was more uniform and 
controllable with this strategy as opposed 
to the negative crawlspace. 

System Load: 7,408 ft3 
/ person 

ventilation Rates: Low: 0.15 ACH continuous. 
DH: O. 3 ACH controlled by a de-humidistat 

having a 50% RH setpoint. 

Air Quality Index: l=poorest; 0.31=best see Appendix 3. 
Low: 0.38 
DH: 0.47 

Bnerqy Cost: $0.08 / ft 2 yr ; continuous at 0.15 ACH 

Possible Applications: Single story, single family houses with 
dry crawlspaces, adequate tempering in 
crawlspace, proper fan location re: noise, 
and evenly placed exhaust fans. There are 
some advantages for houses having 
combustion appliances. 

Shortcominqs: Possible wall condensation in houses 
having high generation of moisture. 
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3. BRV, (Neutral Pressure system): 

This installation consists of a commercial HRV. The minimum 
ventilation flow rate (50 cfm) was equivalent to 0.3 ACH. The 
maximum rate was equivalent to 0.7 ACH. These rates are twice the 
rates recommended by the B.C. Building Code, but they are realistic 
in view of the specifications of most commercially available HRVs. 

Xnstallation Cost: 

Builder Acceptability: 

$1,860.00 

Acceptability has been growing as the 
system is perceived to be favoured by 
inspectors. These systems are usually 
installed by specialists who are seen as 
being somewhat responsible for IAQ in the 
house. HRVs are seen as a marketing plus 
due to an association with quality. Many 
installations have attic ducts and wall 
cavity branches which are positive from 
the perspective of aesthetics and space 
efficiency. Our poll of some 12 builders, 
however, indicates that half believe the 
system to be "overkill". The cost is seen 
as prohibitive by some. 

Homeowner Acceptability: The homeowner was without 
concerning the effectiveness 
system versus any other. 

opinion 
of this 

system Load: 

Ventilation Rates: 

Air Quality Index: 

Enerqy Cost: 

Possible Applications: 

Shortcomings: 
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Up to 977 ft3 
/ person + 12 birds in the 

second year. 

LOW: 0.31 ACH continuous. 
BI: 0.71 ACH continuous. 

l=poorest; 0.31=best see Appendix 3. 
LOW: 1. 0 
BI: 0. 64 

$0.046 / ft 2 yr ; continuous at 0.31 ACH 

Most houses. There are some advantages 
for houses having combustion appliances. 
Proper installation and commissioning are 
very important. 

As with all systems studied herein, 
overall airflow is a fraction of forced 
warm air systems. Highly occupied rooms, 
or rooms containing above average 
contaminant concentrations, may not be 
adequately served. Filters, cores and 
air intakes require regular cleaning. 
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4. "AERECO" Proportional Air Volume System: 

This installation consists of a continuously operating central 
exhaust fan ducted to self-regulating exhaust air extraction 
grilles in the bathrooms. Makeup fresh air is introduced to the 
building via self-regulating inlet air diffusers which are inserted 
through the wall close to ceiling level. Each room has either a 
makeup air inlet or exhaust outlet. 

Installation Coat: 

Builder Acceptability: 

$1,560.00 

The space efficiency and perception of 
quality are positive aspects. Lack of 
familiarity with the system, combined with 
its relatively complex principle of 
operation and high price, hinder 
acceptability. 

Homeowner Acceptability: The homeowners were satisfied with the 
system and had no comments regarding its 
performance. 

System Load: 

ventilation Rate: 

Air Quality Index: 

Energy cost: 

Possible Applications: 

Shortcomings: 
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2,733 ft3 / person 

approx. 0.18 ACH 
installation. 

due to improper 

l=poorest; 0.31=best; see Appendix 3. 
0.74 for entire monitoring period. 

$0. 07 / ft2 yr; based on cfm per %RH, 
and manufacturer's fan curve. Proper 
installation would have improved this 
cost. 

Most houses which do not contain 
combustion appliances. Multi-family 
dwellings with conducive layouts may be 
economical installations. Proper 
installation, commissioning and 
maintenance are very important. 

All things being equal, cooler houses will 
be ventilated more than warmer houses. 
Temperature setback energy savings can be 
reduced, and warm houses may not receive 
adequate air. Wind and stack effect can 
reduce ventilation to specific rooms. 
There is no provision for air filtration 
at this time. 
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5. MINIMUM BC CODE SYSTEM: 

This installation consists of common bathroom exhaust fans, with 
a wall penetration in the living area. 

In•tallation Cost: 

Builder Acceptability: 

$450.00 

This is the most commonly installed system 
.on Vancouver Island. The low cost is 
generally the most attractive aspect. 
Builders of custom homes often consider 
this strategy inadequate from a comfort, 
IAQ, and noise perspective. 

Homeowner Acceptability: The homeowner found the house stuffy when 
windows were closed, and found the 
bathrooms to be cold and drafty. 

Sy•tem Load: 

Ventilation Rates: 

Air Quality Index: 

Bnerqy cost: 

Possible Applications: 

Shortcominqs: 

18 

3,069 ft3 
/ person; the house was often 

unoccupied. 

Low: 0.15 ACH continuous. 
DH: o. 3 ACH controlled by a de-humidistat 

having a 50% RH setpoint. 

l=poorest; 0.31=best see Appendix 3. 
Low: 0.60 
DH: 0.69 

$0.09/ft2 yr at 0.15 ACH continuous. 
Fan wattage was much higher than that of 
the other systems. 

Large houses having low occupancy are the 
most applicable sites. 

Air distribution is seldom ensured for 
every room so moisture buildup, IAQ etc 
can be poor in areas. Fans are often 
noisy. 
Houses containing combustion appliances 
often provide makeup air through a single 
wall penetration. If this penetration is 
plugged, ventilation is significantly 
compromised. Make-up can cause drafts. 
There is generally no provision for air 
filtration. 
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6. WALL PIPE INLET SYSTEM: 

This installation consists of a central exhaust fan ducted to the 
bathrooms. Makeup fresh air is introduced to the building via 
inlet air pipes. These pipes (rain water leader), duct air from 
the lower exterior wall to the upper interior wall level where the 
air is introduced into the building through a 3" equivalent 
diffuser. The pipes are fitted inside the insulation and outside 
the drywall surface in order to prewarm air before it enters the 
building. Each room has either a makeup air inlet or exhaust air 
outlet. 

Installation Cost: 

Builder Acceptability: 

$600.00 

This option is seen as being low cost, 
but the extra feature of the pipes is 
questioned by some builders. 

Bomeovner Acceptability: The homeowners were satisfied with the 
system and had no comments regarding its 
performance. 

system Load: 

Ventilation Rates: 

Air Quality Index: 

Bnerqy cost: 

Possible Applications: 

Shortcomings: 

20 

3,257 ft3 
/ person 

Low: 0.15 ACH continuous. 
DB: o. 3 ACH controlled by a de-humidistat 

having a 50% RH setpoint. 

l=poorest; 0.31=best see Appendix 3. 
Low: 0.72 
DH: 0. 76 

$0.05 / ft2 at 0.15 ACH continuous. 

Large house or low occupancy house having 
combustion appliances and owners who are 
concerned with drafts. 

Infiltration, and therefore energy costs, 
can be high. Wind and stack effect can 
reduce ventilation to specific rooms. Fan 
location is important. Air filtration is 
not likely to be provided for. 
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7. WALL INLET SYSTEM: 

This installation consists of a central exhaust fan ducted to the 
bathrooms. Makeup fresh air is introduced to the building via 
inlet air diffusers which are inserted through the wall close to 
ceiling level. Each room has either a makeup air inlet or exhaust 
outlet. 

Installation cost: $480.00 

Builder Acceptability: Those concerned with the performance of 
the ventilation system see this as an 
improvement over the single penetration 
makeup scenario. 

Homeowner Acceptability: The homeowners did not perceive any change 
in performance between the 2 modes of 
operation, but they felt that the house 
was stuffy when the windows were closed. 

system Load: 2,733 ft3 I person. 

Ventilation Rates: Low: 0.15 ACH continuous. 
DH: o. 3 ACH controlled by a de-humidistat 

having a 50% RH setpoint. 

Air Quality Index: l=poorest; 0.31=best see Appendix 3. 
Low: 0.68 
DH: 0.61 

Energy Cost: $0.05 / ft2 yr ; at 0.15 ACH continuous. 

Possible Applications: Large house or low occupancy house having 
combustion appliances. 

Shortcomings: Infiltration, and therefore energy costs, 
can be high. Wind and stack effect can 
reduce ventilation to specific rooms. 
Make-up/infiltrated air can cause drafts. 
Fan location is important. Provision for 
air filtration is unlikely. 
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8. "DEDICATED AIR" SYSTEM: 

This installation consists of a standard HRV system with the 
capability of closing off the supply air to the living area at 
night (either automatically by a timer, or manually by a switch). 

Installation Cost: $2,500.00 

Builder Acceptability: This system is accepted primarily by 
builders who are involved and concerned 
with the ventilation issue. The added cost 
and complexity, however, serves as a 
deterrent in many cases. These systems 
ar~ usually installed by specialists who 
are seen as being more responsible for 
IAQ in the house. 

Homeowner Acceptability: The homeowner felt that both the low and 
medium (low plus night dedicated air) flow 
rates were insufficient. He, therefore, 
felt that the added cost of dampers and 
a timeclock were not justified, 
particularly in view of his use of natural 
ventilation from windows. 

system Load: 3,983 ft3 I person. 

ventilation Rates: 

Air Quality Index: 

Energy Cost: 

Possible Applications: 

Shortcomings: 

24 

Low: 
LOW + DA: 

High: 

!=poorest; 
Low: 
Low + DA: 
Hiqh: 

0.15 ACH continuous. 
0.15 ACH with living area air 
diverted to 4 bedrooms at night. 
0.35 ACH continuous. 

0.3l=best; see Appendix 3. 
0.59 
0.64 
0.46 

$0.03 / ft2 yr ; continuous at 0.15 ACH 

Houses with residents who do not 
frequently use their windows, and/or who 
enjoy technology. Superior bedroom IAQ is 
the feature of this system. 

Added cost and complexity. 
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6.0 DISCUSSION 

The following is a guide to interpreting the bar graphs contained 
in this section. 

ABBREVIATIONS: N.CR. 
P.CR. 
HRV 
AERECO 
CODE 
W.PIPE 

W.INLET 

OED.AIR 

Negative Crawlspace House. 
Positive Crawlspace House. 
Heat Recovery Ventilator House. 
Aereco House. 
Minimum BC Code House. 
House with Wall Cavity Pipes 
from outdoors to Room Air 
Inlets. 
House with Direct Thru-wall Air 
Inlets in each room. 
Dedicated Air House. 

GRAPH LAYOUT: There are 2 ventilation rates for all houses except 
the Aereco, which has one proportional mode of operation, and the 
Dedicated Air house, which has 3 modes of operation. 

The graphs are arranged so that the first bar represents the data 
for the indicated house when the ventilation system was operating 
at the "low" ventilation rate (see below) . The next bar to the 
right represents the situation at the "higher" rate. 

Some graphs represent the data from the first year of monitoring, 
some represent the second year, and others represent both years. 

VENTILATION RATES 

N.CR. 

P.CR. 

HRV 

AERECO 

CODE 

W.PIPE 

W. INLET 

OED.AIR 

LOW = 
HIGH = 

LOW = 
HIGH = 

LOW = 
HIGH = 

0.15 ACH Continuous. 
O. 3 ACH Switched by 50% de-humidistat 

0.15 ACH Continuous. 
o. 3 ACH switched by 50% de-humidistat 

0.31 ACH Continuous. 
0.71 ACH Continuous. 

Self adjusting. 

LOW = 
HIGH = 

LOW = 
HIGH = 

LOW = 
HIGH = 

LOW = 
MED= 
HIGH = 

0.15 ACH Continuous. 
o. 3 ACH Switched b)' 50% de-humidistat 

0.15 ACH Continuous. 
O. J ACH Switched by 50% de-humidistat 

0.15 ACH Continuous. 
o. J ACH Switched by 50% de-humidistat 

0.15 ACH Continuous. 
0.15 ACH with air diverted at night. 
CAN F326 (0.35 ACH) Continuous. 
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f,1 Test Conditions 

.1 The tests were carried out in a number of houses, including 2 
single family dwellings; one of which contained the dedicated 
air system (2nd year only), and one of which contained both 
crawlspace systems (1st year only) . The other systems were 
installed in 5 attached townhouses which are owned by a non
profit society whose mandate is to provide affordable housing 
to native families. This society owns the units and rents them 
to its clients. These townhouses contained the following 
systems: 

1. 
J. 
5 • 

HRV 
B.C. Code 
Wall Inlet 

2. 
4. 

Aereco 
"Wall Pipe" Inlet 

• 2 Occupants of the townhouse units were not particularly involved 
in the project; the society entered into the monitoring 
agreement during construction and before tenancy was arranged. 
Some units were unoccupied during key portions of monitoring 
periods, windows were opened in units at random, and occupant 
response concerning system performance (appreciation or 
criticism) was very limited . 

• 3 The occupant of the minimum code townhouse did not sleep in the 
master bedroom for at least one night during its monitoring 
period. This was particularly unfortunate as this system was 
anticipated to be the least effective in providing ventilation 
to bedrooms. Occupancy in some other houses varied considerably . 

• 4 All the townhouses, except the HRV house, were monitored 
simultaneously. One of them (Wall Pipe Inlet) had its 
ventilation rates reversed ("de-humidistat" first instead of 
"low") as a check for trends caused by weather . 

• 5 Following the monitoring peri od it was discovered that the 
Aereco system had been improperly installed. The fan discharge 
was restricted by a 4" Whisper Grill, rather than having a 6 11 

free discharge . 

• 6 Average weather conditions for the respective monitoring periods 
can be seen in Summary Chart of Project Results in Appendix 4. 

f.2 Monitoring Results 

Detailed data was collected concerning C02, temperature, and 
relative humidity for each year of monitoring. Formaldehyde levels 
were tested for each unit in the first year and in the two units 
where levels were the highest in the second year. Volatile 
organics and microbiological contaminants were sampled in the first 
year of the study only. Please refer to Appendices 10 & 11 for 
details. 
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6.2.1 Indoor Air Quality Index 

The overall performance of the houses, with respect to actual 
carbon dioxide levels, is represented by Figure 1. See Appendix 3 
for an explanation of the calculation of this index. 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 . 1111 

JNOC(R AIR GtflLITY INL!EX 
f[Tlfll C02 CIJ.IDITICNS 
LC'.J rutie r = gco'Jd I ffi 

lllJIJU~~~.l.~Uwu--._.1• JRQ 1ndex Q,Q I 

N.CR 

T ·~fi of Sy:: 1 err1s 
Low vent rate f 1rst, hi11 be::ide ri~t 

Figure 1 . 

The smallest bars represent the lowest co2 levels over the entire 
monitoring period . 

• 1 The HRV "low" ventilation rate, despite being more than twice 
the rate of the other houses' "low" rates, shows the highest 
co2 levels. This is due to very high occupancy (see Figure 2). 

:crom YEffi 
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mi 
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20JJ Figure 2. 

lOO'J 

0 •cu. f Voce 
H<V I I PIPE I 

FERECOHIH.COLE IHLET CED.AIR 

TIP. of 5',istr:m 
<Lt'J fir!t, H or Iii besi~ to ri~O 

27 



.2 The "wall pipe inlet" system's high levels are largely due to 
the low run time of the fan during de-humidistat control. High 
space temperatures kept relative humidity levels lower than 
those of the other houses • 

• 3 The house containing the Aereco variable air volume system 
reported high co2 levels. It is believed that these 
concentrations would have been lower if the system had been 
installed to the manufacturer's specifications . 

• 4 The code house was kept considerably cooler than the other 
houses. This resulted in long fan run times during de-humidistat 
control. This house was occupied the least amount of time during 
the monitoring period . 

• 5 Average co2 levels exceeded ASHRAE's suggested comfort level 
of 1,000 PPM in seven out of the forty monitoring periods over 
the two year study period . 

• 6 The overall relative humidity levels were lower during the 
second year of monitoring despite higher outdoor temperatures. 
This may reflect diminished "house drying." 

• 7 Mold formed on the exhaust grills of the Aereco, "BC Code," 
"wall pipe," and "wall inlet" houses by the second year. Mold 
was starting to form on the walls of the upper bathroom in the 
"wall inlet" house; perhaps a result of more frequent shower use 
than the other units . 

• 8 Formaldehyde levels dropped to undetectable ranges in the "HRV" 
and "wall pipe inlet" houses by the second year. This tends to 
support the premise that outgassing declines as a building ages. 

6.2.2 carbon Monoxide 

The crawlspace house was the only house which contained any kind 
of combustion appliance. The excessive natural ventilation of this 
house resulted in the decision to not monitor it for the second 
year. See Appendix 4 for results of first year co spot checks . 

• 1 No CO problems were encountered in the crawlspace house . 

• 2 The reason for high CO in code house at 10:00 am on March 28, 
1989 is unknown. The owner's car was in very poor repair and 
the driveway is directly adjacent to the front door. Perhaps 
car warmup was the cause • 

• 3 The high CO readings at the other 3 Jacklin Road units occurred 
during the burning of leaves by neighbours. 
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1.3 Mechanical Ventilation. 

Figure 3 shows the rates of mechanical ventilation used for the 
study. These rates were set using either a thermal anemometer or 
a hood flow measurement device. 

SEatID ~Effi 
0. 75 R:H '.I-=---
0.50 

0.25 Figure 3. 

0.00 •Mech R:H 
1-f(V CODE PIPE 

PERE CO INLEI !ID.AIR 

T~e of System 
<Low first, Hor IJ1 beside to ri~t) 

.1 The "HRV" house was ventilated at rates which ref le ct the 
average performance of common HRVs rather than any specific 
standard. The lowest rate was more than twice the minimum code 
requirement, and appears to have not been adequate for the 
application. As previously mentioned in 4.3, high occupancy 
appears to have influenced the HRV's performance . 

• 2 The "dedicated air" house "high" speed was based upon CSA F326 
requirements, which more than double the minimum requirements 
of the B.C. Code. The occupants found the higher rate to be 
acceptable, whereas the BC Code rate was unacceptable • 

• 3 No problems were reported concerning the tempering of makeup 
air. Members of the local industry, however, report that comfort 
problems and significant duct condensation occur in Victoria as 
a result of untempered makeup air. 
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§.4 overall Ventilation • 

• 1 Almost all the houses in which tracer gas testing was performed 
showed overall ventilation rates which were almost twice the 
mechanical rate. The exception to this was the HRV house where 
0.7 ACH was supposedly being supplied mechanically, but o.s 
ACH was calculated from tracer gas decay. The reasons for this 
exception may be tighter envelope, duct leakage and short 
circuiting from supply outlets to return inlets . 

• 2 Decay tests for the crawlspace house took place while the 
house was in the positive pressure configuration (with 
crawlspace holes sealed) and while the fan was off. This 
house was not tight enough to allow a blower door test; the 
required negative pressure could not be reached. Decay test 
results show very similar overall airchange for the crawlspace 
house (with its fan off), and the HRV house {with its fan on 
high speed) • 

• 3 The Aereco system demonstrated fairly uniform air delivery. 
It should be noted that the ACH measured during the decay test 
prior to occupancy was considerably lower than that of the 
other houses. It was discovered at the end of the monitoring 
that the system was effectively operating as a constant volume 
exhaust system at a rate of approximately 25 cfm. The design 
intent was for the system to modulate between 18 and 60 cfm. 
The ACH calculated from the manufacturer's literature for 
proper operation at average actual occupied conditions was 
very similar to those of the other houses, but the actual 
mechanical airchange was approximately 0.18 ACH (55% of what 
would occur with a system operating as per manufacturer's 
specifications) . 

• 4 The airchange in the "wall pipe" house was high, 
according to the decay test. Air distribution was more 
uniform than that of the "wall inlet" house which showed 
higher ACH on the lower floor than the top. It is believed that 
the friction resistance of pipe air flow, the resistance of cold 
air to rise in a pipe and the resistance of warm air to flow 
down a pipe may reduce the uncontrolled infiltration associated 
with thru-wall penetration makeup air . 

• 5 It was noticed that the decision to open windows in the houses 
was often more a result of philosophy than pollutant 
concentration. The "HRV" house, for example, seldom had its 
windows open despite the very high co2 levels . 

• 6 Figure 2 shows the amount of gross living space per occupant 
of the houses during the second year of monitoring. The least 
dense house ("dedicated air") reported that the minimum code 
ventilation rate was not adequate when windows were shut. 
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• 7 Figure 4 shows that the "B.C. Code" house reported high co2 
levels when in "low" ventilation (0.15 ACH continuous). To 
achieve O. 15 ACH, only one fan, located in the downstairs 
bathroom, was used and it had to be taped almost shut. The co2 
sample point was in the second story hallway. Two tracer gas 
tests produced confusing results. It is believed that the seed 
gas was being drawn downstairs to the exhaust fan. This 
prevented uniform decay. 
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Figure 4. 
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.B Figures 1, 5, and 6 indicate that IAQ was generally better with 
constant ventilation than with de-humidistat ventilation in 
these houses. This is particularly true for warm houses. 
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1.5 Bedroom Ventilation 

There is some concern that C02 levels may be excessive at 
night in bedrooms of houses which are ventilated to the code 
standard . 

• 1 Theoretical calculations indicate that a 225 square foot room 
which receives 5 cfm per person of outdoor air will reach C02 
levels of 2,016 ppm in 8 hours . 

• 2 Actual peak levels exceeded 1,000 PPM in every bedroom tested, 
and average levels, including daytime hours, exceeded 1,000 PPM 
in 4 of 13 bedrooms. See Figure 6. 

Peak C02 levels 

SECCllD 'lt:AR' S L'fHA 
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0 
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RERECO PlPE JHLET DED.AlR 

System T':Pes 
Low rate firs~; High rate t~s1de <right) 

Figure 6. 

•Max. C02 

.3 A further question is raised regarding multi-level houses 
having central exhaust fans and direct makeup air for each room 
through the building envelope: Are there conditions where 
stack and wind effect significantly reduce ventilation? 

.4 Air flow measurements indicated that the bedroom of the 
"Dedicated Air" house received 8 cfm during minimum ventilation 
(0.15 ACH total house), 12 cfm when the living area was shut off 
at night (0.15 ACH total house), and 20 cfm under CSA F326. It 
should be noted that the dedicated air rate (0.15 ACH with 
living areas closed at night) occurred over a weekend and higher 
co2 levels are likely a result of more continuous occupancy. 
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6.6 Relative Humidity as Controlled variable For Ventilation 

.1 Monitoring results indicate that relative humidity can be 
determined more by indoor temperature than occupancy. The first 
year of monitoring in the "B.C. Code" and "wall pipe inlet" 
houses demonstrate this. The occupants of the code house 
preferred cool temperatures (average = 18°C) and were not home 
during work days. The wall pipe inlet house was kept warm 
(average = 25°C) and was normally occupied. When ventilation was 
controlled by a de-humidistat set at 50% RH, the sparsely 
occupied code house fan was on 98% of the time while the 
occupied house fan was on only 12% of the time. See Appendix 5 
for real time co2/RH tracking . 

• 2 In houses where unoccupied temperature setback is practised, 
occupancy may reduce relative humidity due to the increase in 
temperature upon occupation. Carbon dioxide may track occupancy 
with greater accuracy than relative humidity. See Figures 7, 
8, and 9, for average temperature/RH relationships. See 
Appendix 5 for examples of the real time relationship between 
relative humidity and C02 • 

• 3 Fan run time under de-humidistat control is influenced by the 
outdoor temperature. For example, using the 46 cfm rate from 
both the "B.C. Code" and "wall pipe inlet" houses in a 
theoretical calculation, makeup air at 15.5 deg.C and 80% RH 
brings over 19 ounces more water into the house each hour than 
makeup air at -1 deg.C and 90% RH. 

8. 
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6.7 Inergy Ramifications of ventilation strategies 

Fiqure 10 shows the relative annual operating costs, per square 
foot of floor area, associated with the ventilation systems studied 
herein. Details of this calculation are presented in Appendix 6. 
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T·:!!=e.: of S·:1:~em:: 
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Figure 10. 

.1 The results of the tracer gas tests (see Appendix 4 ) seem to 
indicate that the reported costs should be adjusted to reflect 
the added airchange brought about by uncontrolled envelope 
penetrations (crawlspace, wall pipe inlet, wall inlet systems, 
and, to a lesser degree, the Aereco system). The HRV and Code 
systems would likely not be as affected . 

• 2 De-humidistat control can be seen as an energy saver in most 
cases, however, this mode of control also provided the single 
highest cost (Code house). Space temperature is the determining 
factor. For example, if a house is at 21°c. and 49% RH as the 
people leave and set their theermostats back by 6 C.degrees, it 
could be at 15°C. and 72% RH when they arrive home. This assumes 
that the outdoor temperature is low enough and that the air is 
not changed in the house. Results from the monitoring of the 
"B.C. Code" house demonstrate that the effect is real • 

• 3 The size of the house is significant. The 2 houses containin~ 
HRVs demonstrate this. The "Dedicated Air" house is 3,000 ft 
and shows a ventilation rate of 0.047 cfm/ft2 at 0.35 ACH, while 
the "HRV" house, at 1,220 ft2

• shows a ventilation rate of 0.094 
cfm/ft2 at 0.31 ACH. 
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• 4 The difference in annual energy cost between the "dedicated air" 
house minimum rate and the "B.C. Code" house minimum rate is 
$0.065/ft2 • This represents a $65.00 extra annual cost 
difference for a 1,000 ft2 code house. Estimating that there 
are 20 million ft2 (CMHC Victoria) of housing starts per year 
on Vancouver Island, this difference would represent 28 GWh/yr. 

7.0 CONCLUSIONS 

7.1 General 

Based upon Health and Welfare Canada's Exposure Guidelines for 
Residential Indoor Air Quality, no contaminant threshold limit 
values were exceeded in any of the houses monitored. The action 
level for formaldehyde was seen in the "HRV" and "wall pipe" houses 
during the first year of monitoring. Commonly recognized "comfort 
levels" for carbon monoxide (5 ppm) were exceeded in the Aereco, 
"BC Code" and "wall pipe" houses. Seven of forty monitoring periods 
reported had average co2 levels which exceeded ASHRAE's suggested 
comfort level of 1, 000 PPM. Heal th and Welfare Canada's re la ti ve 
humidity guideline (55%) was exceeded in 22 of the 40 test periods. 
The most highly ventilated home (HRV) came the closest to being a 
health concern with respect to co2 • The main reason for this was 
its very high occupancy. 

See Appendix 4 for a tabulation of results, and Appendix 5 for 
graphs of results. 

7.2 Indoor Air Quality 

.1 High occupancy, as seen in the "HRV" house, can cause poor air 
quality in a house ventilated at twice the minimum code 
requirement • 

• 2 System effectiveness can be seriously compromised by common 
installation practices and air distribution design. The "HRV" 
and Aereco houses demonstrate this for complex systems, and the 
"B.C. Code" house does so for simple systems . 

• 3 A reduction in "house drying" may account for lower RH levels 
in the second year of monitoring • 

• 4 The reduction in formaldehyde levels by the second year may be 
the result of diminished offgasing . 

• 5 Relative humidity levels exceeded 70% in only one of forty 
monitoring periods. This would seem to indicate that there is 
no concern with relative humidity, but the sample location was 
in hallways and bathrooms showed signs of mold growth. Based on 
the fact that mold was occurring, we conclude that the low 
ventilation rate (0.15 ACH), which the houses were operating at 
throughout the year, is not adequate. Furthermore, the proper 
location of a control de-humidistat would be important to the 
success of that control mode. 
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7.3 Carbon Monoxide 

.1 No serious concerns arose throughout the course of this work, 
but the only house containing combustion appliances was very 
leaky, and it was monitored for only one year. In view of the 
above, it is difficult to draw meaningful conclusions about co 
and its prevalence with certain ventilation systems . 

• 2 The location of plumbing and flue stacks, exhaust discharge, 
and parking (even open driveways), should be considered when 
choosing the location of makeup inlets. 

7.4 Mechanical Ventilation • 

• 1 The "dedicated air" house "high" speed was based upon CSA F326 
requirements, and more than doubled the minimum requirements of 
the B.C. Code • 

• 2 The volumes of air and methods of delivery specified by the 
current BC Code can easily result in under-ventilation of 
specific rooms in houses. co2 levels were high in almost all 
bedrooms. To have a re la ti vely high confidence in the air 
quality throughout a house, makeup air should be delivered to, 
or exhaust air be taken from, each room in a house continuously. 
Furthermore, it is concluded that the quantity of air be 
specified at higher rates than presently required by the code. 
See Appendix 7 for schematic drawings of recommended systems . 

• 3 Although no carbon monoxide or combustion gas problems were 
encountered in this work, common sense dictates that negative 
pressures in excess of 5 Pa should be prevented, through 
ventilation design, in houses with spillage susceptible 
combustion appliances . 

• 4 Development of certification for installers and/or 
inspection/commissioning of systems would improve actual 
ventilation performance, particularly for the more sophisticated 
systems • 

• 5 Use of the dedicated air approach (closing air to the living 
areas during the night) resulted in a 50% increase in the amount 
of air delivered to the bedroom. Although this was not noticed 
by the occupants, probably due to the overall low air quantity, 
the principle is proven to be effective. 
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.6 De-humidistat fan control can result in poor air quality in warm 
houses. De-humidistat fan control can result in high energy 
consumption in cool houses . 

• 7 Houses which do not contain fully distributed ventilation 
systems (balanced per room) and where special attention has not 
been paid to the location of both exhaust and makeup, can 
contain poorly ventilated areas • 

• 8 Houses which rely on a single point of exhaust draw larger 
volumes of "contaminated" air to that point than are seen at 
any point in comparable houses having multiple exhaust points. 
See 6.4.7 • 

• 9 Single point of admission of outdoor air with ducted 
distribution, is favoured, over one inlet per room, for its 
potential advantages in tempering, filtration, and controlled 
infiltration. If the exhaust discharge is located on the same 
orientation, with adequate clearance to prevent re-entry of 
exhaust air, the effects of wind can be lessened. The "wall 
pipe" technique, used in the study, can be used with the single 
point of entry to maximize tempering . 

• 10 systems should be designed, or at least be approved, by 
trained, third party designers who will choose the appropriate 
system based on site (ground moisture, wind, solar exposure 
etc.), the application (multi-family/single family, high 
occupancy and so on), use of combustion appliances, and floor 
plan . 

• 11 The arrival of natural gas service to Vancouver Island is 
likely to result in a marked increase in the use of forced warm 
air systems . 

• 12 Improved pricing for developments in co2 control, occupancy 
detection, variable air volume, ventilation options for 
hydronic and electric baseboard systems, fan noise abatement, 
and combustion appliance interlocking will continue to 
increase the capabilities and complexity of residential 
ventilation. 

38 



.13 The range of installation costs for the systems outlined in 
Section 5 is $450 to $2,500. Whether the added cost of the 
sophisticated systems is justified is a widely debated topic. 
Similarly, there is debate over whether it is the individual's 
responsibility, or an agency's responsibility, to ensure 
healthy environments in private residences. This report is 
promoting practices which will help ensure good air quality in 
houses. The effects of energy efficiency on the province's 
electrical generating capacity (see section 6.7.4), and the 
effects of gas and oil furnaces on global warming should also 
be considered. 

Installation Cos~ 
30'JO Dollars 

cJJJ 

2(ffi 

1500 

lOJJ 

:co 

0 

SECTMJ 'TEffi 

~V CODE PIPE 
FEP£CO ltiLET DED.AIR 

Tl:Pe oi System 
<Lou first, H or IJl beside to rii;t1t) 

7.5 overall Ventilation 

Figure 11. 

•Inst.Cost 

.1 The positive crawlspace system provided more controlled 
ventilation (less infiltration) than the negative crawlspace 
system • 

• 2 Mechanical ventilation, as measured at the fan, can be 
significantly less than effective ventilation in the space. Duct 
leakage, short circuiting from supply to exhaust grills, and 
undistributed systems can contribute to this • 

• 3 Undistributed systems having single or multiple wall 
penetrations can result in high infiltration rates which vary 
with wind and temperature conditions. Highly visible "straight 
through-wall" inlets are often plugged by occupants who are 
concerned with draughts or energy costs. 
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7.6 Bnerqy Ramifications Associated with ventilation systems 

.1 The simple calculation of fan and heat energy associated with 
mechanical ventilation does not tell the whole story. The impact 
that these systems have on natural ventilation should also be 
considered. The type, location and size of makeup air inlets, 
for example, is important • 

• 2 De-humidistat control results in considerable cost savings over 
continuous fan operation for dwellings maintained at occupied 
temperatures. Houses where lengthy setbacks occur, and/or where 
occupied temperatures are low, however, can be over-ventilated 
and have higher energy costs • 

• 3 Based on the calculated difference in annual energy cost between 
the "dedicated air" house minimum rate, and the "B.C. Code" 
house minimum rate, and an estimate of 20 million ft2 of housing 
starts per year on Vancouver Island (CMHC Victoria), up to 28 
GWh/yr extra consumption would result from the installation of 
all minimum "BC Code" systems, as opposed to all HRV, if all 
heating was electric. This extra consumption is enough to 
provide the complete energy needs of approximately 1,100 Quality 
Plus houses; each containing a family of 4. 
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ilNtJ.AL ME'nOROLOGICJL SUMMARY FOR - VICTORIJ., B. C. 

.. 
CLIM.A.TE Page 3 

Victoria, B. C. enjo)"S a mild, maritime climate. Situated u it i• on 
the southeastern t.ip ot Vancouver Island, it 1• bounded bT vater on the •outh 
and •st. .la.an de l\ica Strait, acme 18 miles vide, to the south ot Victoria, 
lies betvem southem Vancouver Island and Washington State, tJ. s. A.. Baro 
Strait, the Oult Isl.ands and the Strait ot Georgia lie to the northeast be
tween eastern-Vancouver Island.and the mainland. 

The Olympic Mountain Range in Washington, some 25 to )() miles to the 
•outh, rise• •barpl.7 to 4000 to 5000 teet vith Mount jngeles at a height of 
6500 feet and Mount 011mpns at 7913 teat. This range ot mountains tends to 
shelter us ~rem the major precipitation effects or man7 Pacific stonns, since 
moist.ure laden air, from a southerl7 direction, may be dried considerably in 
passinc northward across the mountain barrier, to produce a rain •badov across 
this region. Some increasing in shower acti'fit7 results over the area vhen cool 
moist air f'rom the northwest is forced to rise on the northern slope• ot this 
mountain range. 

J. lovar range of hills or 9011Dtain• on southern Vancouver Isl.and ranging 
trom 1000 to 3000 teet give protection trom moist westerl.7 vinds trom the Pacific 
Ocean with the air being dried cCDsidarabJ.7 as it drops mch ot its moisture on 
the windward or western •lopes. 

lfonna117 thi• area is under the infiuence ot a mild ve1terl7 circulation 
or air tr= the Pacific Ocean which in 11W11111er lives rise to pleasantlr var. 
veather with ah1nd•nt sunshine and •oma •hoverr period•, vhlle in th• winter 
provides generall7 llild weather with considerable cloudiness and periods ot rain. 
How.Tar period• of northerl7 winda in aumiller Civ•• ri•• to clear bet weather, 
vhile these vinds in vinter keep the weather cool tmd mostq cloud7. Masses or 
Ter'T cold continental Arctic air, vhich tram time to ti.me pour •outhvard into 
the interior or British Colwabia and the Prairie Prorlnce•, T8%7 infrequently 
reach Victoria, during th• vinter •••son. These outbreaks or cold, dr7 air are 
accompanied b1' a period or mov ud strong nortbeaaterl.7 viMs and tolloved bf 
clearing and 1111ch colder veather. Thi• 1• normal.l.7 tolloved within a fw da19 
b7 a trend to milder weather with mow cbanginc rapidly to rain as the temp
erat.ures rise vith the arriTal ot the 111.lder air trom the Pacitic Ocean. The 
highest temperature recorded during the SW1111er bas been 95.2 degrees on Juq 17, 

·1941 while the loveat vi.Dter temperature bas been 3.8 de~••• on December 29, 1968. 

Extr•el.7 lov humidities are not common but do occur vith the varm cir)" 
northerly vinds tor short period• in the 9Wllller and the a0ol d17 Arctic air 
vhich intrequentl7 in't"&de• thi• area 1D the winter. ATerage relatiT• bumidit7 
tor Victoria in the wmmer months 1• 79 percent and 1n vinter 86 percent. 

The prevailillg v1nd direction, a• detenlined by the llUllber or hours the 
vind blows trom each direction, i• trom the lorth, during the months or October 
through to Febru&r)", and trom the Southveat during the period Ha.7 to Sept•ber, 
and trom the West during March and April. Winda ot cale torce tro• the South
east and Southve•t, precedinc and t'ollov1..nc Pacitia atora• onto the cCML1t, are 
quite co1m1oa in the vint.r months while a ••a breeae tram the Soutbve1t 1• 
common duriDc the 8Wlller attemoon•. 
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ANNUAL METF.OROLOGICJ.L SUMMARY FOR - VICTORIA, B. C. 

Page 4 
C L I M .l T E (continued) 

The cooling effect or this sea breeze is felt at Gonzales Observatorr 
and along the southern shoreline or Victoria, and to a lesser degree north
ward •WB7 from the shoreline. Therefore temperatures experienced here 'With 
the afternoon sea breeze will be lover than those further inll:t.lld from the 
vater and the extent will depend upon the strength or the resultant pene
tration or the.cooler air over the land areas. 

With northerly winds, air reaches this observing point after passing 
over the land area to our north. Therefore temperMtures as recorded here 
with nort.herl7 winds are repreaenta.tive of the Greater Victoria are~. •1th 
clear skies and light winds at night, the cooling air collects in low lying 
acre sheltered areas and temperatures are nonn.ally much lower in these lll'eas 
than they are at the Observatory. The mixing and stirring or the air produced 
by the vind tends to minimi1e the temperature difference under stronger 'Wind 
conditions. Therefore temperature observations ta.ken in acre sheltered areaa 
of Victoria tend to be higher on the average during the 1NJ11Der months and 
lover during the winter •onths, than those recorded here. However over the 
year, the average temperature for all atations is near 50 degrees. 

Victoria bas the highest average number or hours or bright SUllShine 
in British Columbia and one or the highest in Canada. Its average of just 
over 2200 hour• of eun•hin• 1• exceeded by less than 100 bcurs ey eevenl 
atationa on the southern prairies. 

Patch•• ot toe torm troa time to time, in lov l71Dg area•, durl.ni 
the Fall and Winter aeason• bu.t vide1pread h••TY fog occur• T•r"f intrequentl7. 
During the Summer montha banlcs ot tog rorm in a northvesterly circulation of 
air along the We•t Coast ot VancouTer Island, drift eastward through Juan de 
Puca Strait and mq invade the Victoria ehoreline in the morning hour• ILZld 
retreat rrom the ahcrelin• durin& the da7 • 

• 

• 
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MONTHL y ANO ANNUAL EXTl'EMES OF AECOAD/EXTAEMES MENSUELS ET ANNUELS AUX REGISTRES 

ti I TIMl'IAATUAE/TIMPiAA1UAE 
• 

l'AEClf'ITATION / f' .. EClf'ITATIONS 

z z 
MONTH : ~ :> ~2:> ... ,.. ... ~ ... ... ,.!;!~ ... o ... ...,.. ... ~ .. 

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

:> :> _, cw c.: ..... rl~ c.: Z.1-' c.::: ............. 
c.: ...... ~_,_, .. : ... ~ ...... ~ c.::: MOIS :> :> _, e:c ... ~ C·"' ..120 ... ..120 cz ... c :I Cz ~~ cz c;:a- cz .,. :,.."'c cZ ... ~ ... 2;:1 Cz 

Oi(• wZ o-• ~~ c ... _:>J 
~z i ''""ii: ,.z .. z. •z •z -- •z wz wzLlll- .z "'z •c• c ,. c ,;;oS ii!c >c oZ! >c :o!:z~ >c -'ouz! >C cOOZZc >c 

:2< •j< za s:x Slll:I Ju'"' ~111"'2 ol~ j:i c 2 0 WJJ c2 c L L 

JAN/JAN 15.4 l984 -15.6 1950 6.) i198) -4.4 19.50 358.9 195) 19.0 1985 81.S 1950 
FEl/FEV 18.) 196) .. 15.0 11950 7.) 196) 2.1 1956• 176.0 11961 )8.6 1966 '44.S 11949 
MAR/MAR 20.0 1~ -8.9 tl.951 9.0 1941 ).? 1955 1~.s 11972 17.0 1965 )1.2 11951 
Al"A/AVR 24.4 1971 -).9 ll9S6 11.) 11941 6.4 1972 104.7 119?0 2.0 19.56 7.1 119.55 
MAY/MAI )1.5 198) -1.1 19.54 14.2 rt.9.58 9.8 19?4 102.1 11948 8.9 1972 TR tl 9.55 
JUN/JUIN )).) 1942 2.2 ll9?6 16.9 19.58 12.4 1971 82.8 11.956 2.5 1951 
JUL/JUIL )6.1 11941 4.1 1979 19.1 19.58 14.4 1955 49.8 11966 Nil 19.58 
AUG/AOU1 )4.4 11960 4.4 ll97J 18.0 1~2 14.S 197J 96.5 !1975 Nil 1986 
SEftT/SEft )1.1 1955 -1.1 19?2 15.9 1957 11.9 19?2 86.4 11959 1.8 1987 TR 1972 
OCT/OCT 27.6 1987 -4.4 19.56 12.1 1944 8.1 1949 207.) ~975 1).6 1987 TR 1984 
NOV/NOV 18.5 1975 •1).) ll9S5 8.9 ~~9 0.7 1985 267.0 11955 29.0 194) 45.6· 1985 
DEC/DEC 16.1 1940• -14.4 1964- 6.) 1950 1.1 1961 294.9 1972 22.9 1985 74.7 1968 

YEAR )6.1 Jul -1,5.6 Jan 19.1 JW. -4.4 I.Jan ),58.9 Jan 
Nil Jul 81.s Jan 

ANN EE L941 L950 19.SS ~950 19.SJ 19.58' 1950 

.. HRIOD OF RECOAD,.ERIOO D! .. !GISTIU: 1941 - 1987 
• a Indiea tes first ot llOI'• than one occurrence/Indictu• le premier de plusieurs 

for/P041r VICTORIA. IN'lERNATIOMAL AIRPORT YEA,./ANNEE: 1987 
MONTHLY AND ANNUAL DEGAEE·DAVS/DEGAES·JOUAS MENIUU .. S ET ANNUELS 

MONTH 
DEGREE-DAYS AIOVE/DEGAEs·JOUAS MJ OESSUS OE DEGREE-CAYS IELOW/OEGAEs·JOUAS AU DESSOUS OE 

MOIS 5 •c 18 •c •c •c •c 18 •c •c •c •c •c 

JAN/JAN 24.9 425.0 
FEB/FEV 47.6 J25.9 
MAR/MAR 7) • .S )41.J 
Af'R/AVA 1)7.8 2,54.2 
MAY/MAI 229.) 17).7 
JUN/JU IN 294.4 2.6 97.2 
JUUJUIL )47.7 s.1 60.4 
AUG/AoUT 357 • .S 6.8 S2.J 
SEft/SE, 29).9 s.1 101.1 
OCT/OCT 186.S 219.1 
NOV/NOV 76.2 )18.9 
DEC/DEC 22.2 4,50.8 

VEAR 2091.s 19.6 2819.9 
ANNEE 

) 

--·· . ...... .::... ... . . .... ... .. · ~ .. ..;. '.; • • .t .... . . . .. ~ ~ .............. ·'" .. . .j,j~~ ~:::. .~ . .::...:: ... : ........ . 
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lllETt:°"Ot.OGICAt. DATA FOft THE VIA" I OONNEES METEO .. OLOGIOUE POUR L"ANNEE 
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•: llllill~u""..., -"'• •-• l"luie: Milli,,..l•ft •• d••.._ •-"' ..:C....._,,.. .... _ ........ N .... : C.n1;,,..,,... el di• ...... ICfttl 
al~ .. ,;..: Mill~•--- -lfl• C-t "r4cipiui1ioft fo..._: Mill~1re1e1 df••-• CftWt1I 
• lol9d: KilolNlrft '* ._. Cklll/tll Vh- du -•: KilolMlf'ft pw "9ure CluR/hl 
•Oitwct'-: OiNct'°" ,.,__...., ,,......,..... ,._.,.... ........... Oi1WC1ion du-•= Oirwc•iOll Cn0111 9io1r.,,..1Quel d"ou II-• toull ... 
-ncft-e: KHop 

7 .................. '"'"•' 

l'rwuioft l•--41rique: Kil~s el _,.._ C1tP1I 
..... : ~Md leftd\I Of twitftl ........... lnaof••iofl: NClfftbff d"heurw •• di•.e. ... Cl"in1ol•1i0ft e1Cec1i ... 

TIMl'EllAl\IRE I T...ERAl\IRE DEGREE DAYS 

MEAN I MC>YENNE NO,_..AL I HOMIALE EXTREME I EXTREME OEGRES JOURS 

-· .. 
JffTH :I ~ >=: ~ :I Ill :I =: :I .. =>u -' ... 
IOIS ::> ::> 

_, _, ::> ::> ~~ ::> c .., ::> -' "' ~ u g•o c _, 
! ~ %• :I :I !! ... :E "( ... _, .C!: ~ :E c ... ::> <( 'i ! c a: ~ x i • z .,, )( z Ill ,.. 

)( )( 0 Q "'•o 0 a: 
~ oz ~ :I 0 _z . - .., 

j j c <( :I i zi ~ :I ; :I :I :I :I ::>o 
c 

IJAN 7.5 ).6 5.6 6.1 2. 1 L. 1 u .. 3 11 -1.) 15 )ql..7 1.)0.0 
1111iv 10.0 s.s 7. CJ q.2 ).4 5. ct 1 ).2 10 2.9 2R ~~6.9 )1.5. 1 
,.~AR 11.7 s.s 8.6 9.6 ).7 6.7 17.5 )1 t o.6 1 2~.9 350.7 
•IAV.. 1).7 7.0 10.1. 12.6 S.6 9.1 20.) 26 ).1 17 229.) 266.) 
YMAt 16., ~.s 12.9 15.7 7.9 11.9 21 •• 6 q 6.2 16 161.0 191.~ 
1/.IUIN 19.1 10.1 1L.6 17.7 9.~ 1).8 2R.2 25 6.1. 2 10).~ 129. 1 
J.IUIL 19.5 11. J 15.1. 19.7 11.1 15.1. 25.6 17 !I.~ 15 "1.7 lf7.1 
G/AOf.n 20.7 11.6 16.2 19.J. 11.) 15.) 29.5 )1 c;.) 21 6'!. 1 q5.9 
TISEP' 19.5 10.9 15.2 1~.o 10.4 11 •• 2 29.1 1 7.9 27 'f7.6 117.0 
flOCT 16.L -..! 12.6 1).7 7.9 10. tJ 21.~6 1 5.) 21. 169.) 22).1 
VIHOV 11.1 6., 9.0 9.) s.o 7.2 11..0 9 2.2 17 :"70.6 )'.5.2 
:JDEC 7.2 ).0 5.1 7.2 ).) 5.) 10.7 " -0.1. 21. 3c;q.6 )95.L 

Aug .ian 
u .. 11..1. ., • 7 
NNE£ 

11.1 13.1 6.~ 10.0 29.5 )1 -1.) 15 2531.5 29L~.7 
. 
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torloou•VICTORIA, GONZALES HEIGHTS, B.C. YEAA/ANNEE: 19S7 

METEOROLOGICAL DATA FOR THE YEAR I DONNEES METEOROLOGIOUE POUA L"ANNEE 

) SUNSHINE I INSOLA TION WIND /VENT 

... c NORMAL MAX FOR I MIN HIGHEST GUST 

z Ill ..,iii "'"'" 
Ill ::> _, 

Clzz"' MORMALE MAX POUR I MIN RAFALE MAXIMUM O..rc...1111 ~ ...... Q;;; "' "' Ill MONTH 0 C 111cc111 <( .... c .J ::>Z _, 
_, _, Oo.,Z ~00 ... cc ..r- - z z ~ :::>-111 c:i IC ._iiiz ... • Ooi~O J J c.:z _ ....... DIAECTION I DIRECTION MOIS cOICJ::> Z1111110iij 11.1:111..,"' c ..... cuuz ... 0 ANO ANO "' cJ:::>o~ 111 0U.-111 o ... zc111 IC IC •a.t-> >"'"'- 0111 ~ 

.. .... Ua.1t:>O 00 >•-o 1111C1C:I 111111 ... 
$PEED :izOz . oia;~ ..... u Sl'EEO c c 

o- -o ~11.:>oa. zz <( > ~ IC--o IL t- Ill DIAECTION 0 OlflllCTION 0 
ILOO z o"' 

1Loa 0 111- CIC IL > Q ET VITESSE ET VITESSE z 

JAN/JAN 7.t..~ 27 I. 6~. 1 16.9 fl 19.2 N E 79 2 ESE 11 g 2 
I FEB/FEV 96.5 J.4 J 96.0 16.9 N 1.~. 5 N w 76 1 w 103 , 

MAR/MAR 121..9 )I. 5 151.0 15.6 N , ~.) ilS'.I S"'w 60 25 SW 90 25 
APR/AVA 197.7 4~ J 201.'1 16.9 S'J 1 q.2 , 'JS".J I s 60 'l SW 98 7 
MAY/MAI 299.6 63 0 276.~ 17.0 S;J 1~.6 WS'J I SE 52 2 ESE 81 2 
JUN/JUIN )51.S 73 0 271..! 16.9 SW 1A.6 I WSW SY 1..7 A WSW 69 15 
JULIJUIL 2~.7 59 0 )J..1.8 M M 17.L \/SW M K M WSW 76 15 
AUG/AOln )60.5 'l1 1 2,8.4 14.5 I S\I 16.4 ! ilS'J S"'iJ 55 I. WSW 72 I. 
SEPT/SEP M K M 205.7 1).9 SW 11..0 I WSIJ w J.7 1 \/SW 71 2 
OCT/OCT 220.9 66 1 11.4.9 11.7 N I ti s 42. 2 WSW LS 2) 15.~ 
NOV/NOV 62. 1 22 6 ~J.O 15.6 N 18.2 H ~ 77 JO ESE 116 )0 
DEC/DEC 70.J 27 10 5i:t.7 19.) ll 19.7 N E 71. R SSW , , I. 9 

Jan Jan 
YEAR K M M 2191.0 15.9 SW 17.7 WSW E 79 2 ESE 11A 2 

ANNEe 

• 
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J"' J Ill "' ... :I Ill J"' ..I"' MOIS Ill ::>..I ..I - zi :> _, ::> _, <( _, zZ :1' Ill 

:> ..I <( < :I <( 
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B.C. BUll..DING CODE 1985 

FIRST REVISIONS 
SEPTEMBER 1988 

• SUBSECTION 9.33.3. MECHANICAL VENTILATION 
(See Append~ A.) 

Mechmical 
ventilation 
requirements 

9.33.3.1. Except as required in Article 9.33.3.2 .• dwelling 11nits 
shall have a mechanical ventilation system capable of providing, 
during the heating ~ason, at least 0.5 air change per hour or 
according to Table 9.33.3.A. 

9. 3 3. 3. 2. Mechanical ventilation systems in dwelling 11nits 
designed in accordance to Part 6 to distribute ventilation air to or 
from all habitable rooms, but excluding such rooms as storage, 
foyer, laundry or mechutical rooms, shall be capable of providing, 
during the heating season, not less than 0.3 air change per hour or 
according to Table 9.33.3.A. 

9.33.3.3. The rate of air change in Articles 9.33.3.1. and 
9.33.3.2., and Table 9.33.3.A shall be based on the total interior 
volume of all storeys including the basenunt md heated crawl 
spaces, but excluding any attached or built-in garage. 

Table 9.33.3.A. 
Forming Part of Articles 9.33.3.1. md 9.33.3 .2 

MINIMUM REQUIRED VENTILATION RATE 

Max. Total Max. Total Floor Minimum Ventilation Rate 
Interior Area.0> Based On 

VolumeO>, Standard 2.44 m 0.5 Air Change 0.3 Air Change 
ml Ceiling Height, m2 per Hour, Us per Hour, Us 

122 .50 17 10 
146 60 20 12 
171 70 24 14 
19.5 80 27 16 
220 90 31 18 
244 100 34 20 
366 1.50 51 31 
488 200 68 41 
610 250 85 51 
732 300 102 61 
975 -400 137 82 
1219 .500 171 102 
1463 600 205 123 

Column 1 2 3 4 

Notes to Table 9.33.3.A.: 
(I) For rooms or spaces IO be included or excluded see Article 9.33.3.3. 
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Rooms or 
spaces 
without 
natural 
ventilation 

Automatic 
or 
continuous 
operation 

B.C. BUD-DING CODE 1985 
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SEPTEMBER 1988 

9.33.3.4. Where a habitable room or space in a dwelli111 """ ia 
not provided with natural ventilation described in Article 9.33.l.S,. 
mechanical ventilation shall be provided to that room or space that II 
capable of providing 0.5 air change per hour if the room or space ii 
mechanically cooled in summer, Ind 1.0 air change per hour if it is 
not. 
(See Appendix A.) 

9. 3 3. 3. 5 • A portion of the ventilation rate required by Artie la 
9.33.3.1. and 9.33.3.2. shall be controlled automatically by a 
centrally located dehumidistat, or be provided by a continuously 
operating fan during the heating season. This portio• of ventilatiofl 
rate shall conform to Table 9.33.3.B. (See Appendix A.) 

Table 9.33.3.B. 
Forming Part of 9.33.3.5. 

MINIMUM REQUIRED VENTILATION RATE CONTRC)LLED 
AUTOMATICALLY OR PROVIDED CONTINUOUSLY 

Max. Total Max. Total Floor 
Minimum Interior AreaU> Bued On Minimum 

VolurneU>, Standard 2.44 m Ventilation Rate, Ventilation Rate, 

m3 Ceiling Height, Controlled Pro•ided 

ml Automatically, lJs Continuously, Us 

244 100 20 10 
366 ISO 30 15 
488 200 40 20 
732 300 40 JO 

915 and over 400 and over 40 40 

Column 1 2 3 .. 
Notes to Table 9.33.3.A.: 
(I) For room• or 1pace1 to be included or excluded see Article 9 .31.3.3 . 

9.33.3.6. Except as provided for in Subsection 9 .33 .4. or as 
olherwise stated in this Subsection, mechanical ventilation shall 
conform to the requirements of Part 6. 

13 
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Makc-upAir9.33.3.1. Except as provided in Articles 9.33.3.8. and 
9.33.3.14., mechanical ventilation systems for dwelling units shall 
include provision for introduction of fresh make-up air From the 
exterior for the ventilation rate controlled autom1tically or provided 
continuously as described in Article 9.33.3.5. 

Make-up Air 9.33.3.1. Mate-up air u described in Articles 9.33.3.7. and 
not required 9.33.3.13. is not required. if the dwelling unit does not contain a 

naturally-aspirating fuel-fired heating appliance, or if all fuel-fired 
appliances are isolated from the dwelling tinit atmosphere. 
Acceptable appliances include induced draft or sealed furnaces, gas 
fireplaces and hot water tmlks, with combustion air directly from 
outside and with sealed flues; or fll'eplaces and space Maiers that arc 
equipped with tight-fitting, gaskcted doors with all air supply 
requirements directly from the outside into the firebox . 

Malec-up Air 9. 3 3 • 3 . 9. Make-up air shall be tempered as described in Articles 
tempered 9.33.3.10. to 9.33.3.12. 

~ 

9.33.3.10. For locations with winter design temperature not less L~ 
than -10°C make-up air may be tempered by being supplied by ~ 
ductin1 into secondary U'eas such as utility or storage rooms, by 
specially designed individual room or space through-wall diffusers, 
by methods described in Article 9.33.3.11., or by other acceptable 
methods. 

9. 3 3. 3. 11. For locations with winter dcsiga temperature less 
than -10° C mate-up air may be tempered by being supplied through 
a forced air heating system as described in Article 9.33.3.12., by 
heating/fan unit, by heat recovery ventilator, or by other acceptable 
methods. 

Malec-up Air 9. 3 3. 3 .12. Mate-up air tempered through forced-air heating 
tempered by systems shall be provided by a duct connected to the return-air 
forced-air plenum. The mate-up air duct shall be at least 100 mm diam or an 
heating equivalent combined duct with the furnace air s~ly. The malte up 
systems air duct shall be provided wi.lh a motorized dampa that is interlocked 

with the exhaust fan controlled by the dchumidistat so that the 
exhaust fan only operates when the damper is in the open position. 
The dchumidistat shall also be interlocked with the furnace air 
circulating fan so that the furnace fan wilt operate when the exhaust 
fan is on and the damper is open. 
( Sec Example (c) in A-9.33.3.) 

1A ""' 

I 
\ 

r 

\ 

4,J 

,.,; 

t,,J 

Make-up air 
for other 
exhaust 
appliances 
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9. 3 3. 3 .13. Except u described in Article 9.33.3.8., additional 
sepU'ate make-up air for the entire capacity shall be provided for 
other exhaust appliances installed in the dwellinf unit with a rated 
exhaust capacity exceeding 0.5 air change per hour, or according tc 
Table 9.33.3.A. Non-forced make-up air shall conform to Table 
9.33.4.4. for the rates indicated, otherwise the mate-up air shall be 
provided by a fan-forced unit of equivalent capacity interlocked with 
the exhaust appliance. 

Combination 9.33.3.14. A naturally-upirating forced air heating t)'ttem 
forced air/ serving a maximum total heated floor U'ea of 460 ml is acce,table 
ventilation u providing the ventilation requirements, if the system is capabh 
sytem of providing mt leut 0.3 air changes per hour during ill lleatin11 

operation or has an air supply according to Table 9.33.3.C. The 
system shall have a ventilation rate controlled automatically or 
provided continuously by the furnace air circulating fan as require<l 
by Article 9.33.3.5., and have the required air supply according u 
Table 9.33.3.C., provided directly to the return-air p~1111m. 
(Sec Example (b) in A-9.33.3.) 

Table ,.33.3.C. 
Forming Part of 9.33.3.14. 

MINIMUM AIR SUPPLY DUCTCl> DIAMETER FOR A 
COMBINATION FORCED AIRNENTILATION SYSTEM 

Max. Total Interior Max.Total Aoor Area<ZJ Minimum Air Supply 
Volumc<2>, Based On Standard Duct<l) Diameter, mm 

ml 2.44 m Ceiling Height, 
m2 

536 220 100 
805 330 125 

1122 460 150 

Column l 2 3 

Notes to Table 9.33.3.C.: 
(1) The air supply duct has been sized for one duct to provide boch for the air 
supply as required by the furnace innallation c:ocle and for the ventilation air 
required by this Subtectioa. 

(l) For rooms or lpKel to be included or excluded see Article 9.33.3.3. 

1 C\ 
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9. J J • 3. I S. Special purpose air exhausting equipment such as 
cennl vacuum cleanin1 systems, downdraft cook tops and clothes 
dryen shall not be included in calculating the capacity of the 
ventilation system. 

9. J J. J .16. Systems deai1ned to provide combustion and/or 
dilution air for fuel-bumin1 appliances shall not be used to supply 
make-up air for the ventilation systems unless their capacity is 
sufficient to serve both functions simultaneously. An acceptable 
combination system inchxles a forced air heating system as described 
in Article 9.33.3.14. 

>und rating 9. 33 .3. I 7. Wall and ceiling fllll required by Article 9.33.3.5. to 
be controlled automatically or operate continuously, shall be rated 
by the manufacturer not to exceed a sound level of 60 dBA or 2.5 
Sones. 

xhaust 
Jets 

ccess to 
~ntilation 

1uipment 

9-33.3.11. Ezllaul d11e1s shall discharge directly to the outdoors. 
Where the exharul diu:t puses through or is adjacent to unheated 

space, the duct shall be insulated to prevent moisture condensation 
in the ducL 

9.33.3.19. Ventilation equipment shall be accessible for 
inspection, maintenance, repair and cleaning. Except where the 
kitchen exhaust grille is located at least 1.2 m horimntally from the 
range, kitchen uhaiul tl111:ts shall be designed and installed so that 
the entire duct can be cleaned where the duct is not equipped with a 
filter at the intake end. 

ir intake 9.33.3.20. Outdoor air intake and exhaust outlets shall be 
1ield shielded from weather and insects. Shielding from insects for 

ventilating equipment may be by an accessible filter at the 
equipment and by a 6 mm mesh screen at the intake or exhaust hood.
Screening if used shall be of rust-proof m1terial. 

'UCl 

:quirements 

•oors 
1dercut 

9.JJ.J.21. Ventilating ducts shall conform to the requirements 
of Part 6 for supply ducts, except aharut d11ets that serve only a 
bathroom or w1ter-closet room may be of combutible material 
provided the duct is reason1bly air tight and constructed of 1 material 
impervious to water. 

9. 3 3. 3 . 2 2 . Interior doors for dwelling units shall be undercut 1 
minimum of 12 mm or the rooms shall be provided with a grille of 
an equivalent area. 
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B.C. BUD...DING CODE 1985 

FIRST REVISIONS 
SEPTEMBER 1988 

SUBSECTION 9.33.4. BASIC MECHANICAL 
VENTILATION SYSTEM 

(See Appendix A and Example (1) in A-9.33.4.) , 

9. 3 3. 4. 1 • A basic meehanic1l ventil1tion system shill complJ 
with the requirements in Article 9.33.3.l. and shall consist of on1 

or more exh1usl fans, without an air circulating ductwork syste111. 
The exh1usl fans shill be located in some or 111 of the kitcheftl 
and b1throoms. The ventil1tion system shall conform to the 
appropriate requirements of Subsection 9.33.3., e•cept the syste• 
need not conform to Part 6. 

9.33.4.2. The exhlust fans required in Article 9.33.4.l. shall 
be rited for sotmd as required in Article 9.33.3.11. and conttolled 
autom1tically by a dehumidistat as required in Article 9.33.3.5. 

9. 3 3. 4 • 3. The mechanical ventilation c1pacitJ of the exhlUlt 
fans in Article 9.33.4.1. shill be assumed as the total of the 
individual fans, rated by the manufacturer 1t 1 differentill pressure 
of at least 50 PL The exhaust duct size shall conform to Table 
9.33.4.A. 

Table 9.33.4.A. 
Forming Part of Article 9.33.4.1. 

EXHAUST DUCT<t> SIZE FOR A BASIC 
VENTILATION SYSTEM IN SUBSEC1ION 9-33.4. 

Maximum Exh1ust Fan Min. Exhausl Duct(I) Dia. 

Ventilation Rate, Us Smooth Duct Aexible Duct 

10 75 100 
25 100 125 
45 125 150 
70 150 175 

Column l 2 3 

Notes to Table 9.33.4.A.: 
(I) The exhaust ducu shall not exceed IS m in length or have more than lwo 

90" elbow1, Olherwise the duct shall be increased lo lhe nexl diameter 1i:r.c. 
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SEPTEMBER 1988 

take-up 9. 3 3. 4. 4. Make-up air shall be provided for the ventilation rate 
ir controlled automatically or provided continuously as described in 

Article 9.33.3.5. and shall conform with Articles 9.33.3.7. to 
9.33.3.11. The non-forced air opening size for make-up air for a basic 
ventilation system as provided for in this Subsection sh.all conform 
to Table 9.33.4.B. Forced make-up air equipment shall be rated by the 
manufacturer to provide for the required air flow rate. 

T•ble 9.33.4.B. 
Fonning Put of Article 9.33.4.B. 

MAKE-UP AIR OPENING SIZE FOR A BASIC 
VENTILATION SYSTEM IN SUBSECTION 9.33.4. 

Maximum 
Ventilation Rate Mimimum Make-up Air Duct 

Controlled 
Automatically or 

Provided Vent AR-. cm2 Diam, nun 
Continuously, Us 

8 47 80 
12 66 90 
15 85 100 
17 95 110 
20 114 120 
25 142 130 
30 170 150 
35 199 160 
40 227 170 
45 255 180 
50 284 190 
55 312 200 
60 340 210 

Column 1 2 3 
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B.C. BUILDING CODE 1985 

FffiST REVISIONS 
SEYTEMBER 1988 

Reference 

9.34.1.7. 

9.35.1.5. a: 
9.35.1.6. 

Appendix A 

Appendix A 

Revision 

In the fourth line change: "0.018 m2• to 
"100 mm diam or equivalent area". 

Add new Articles: 
9.35.1.S. Except as req•ired in Article 
9.35.1.6., electrical wiriftg and cables 
installed in buildings pe1'1nitted to be of 
combustibll! corutriu:1io11 shall conform to 
Sentence 3.1.4.1.(3). 

9.35.1.6. Where a concealed space in • 
floor or ceiling usembly is used as a pl1!111Un, 
electrical wiring and cables within the pll!nturt 
shall conform to Clause 3.5.4.3.(l)(a). 

Add new note: 
A-3.l.4.l.(3)(d)(I) The term raceway ii 
defined in CSA C22.J, "Canadian Electrical 
Code, Part 1" and includes both rigid and 
flexible conduiL 

Add new Note: 
A-9.6.6.4. Hla1e nd Strlllepl•tt 
Futeala1. When hinges and s1riteplate1 
are installed lhey must fasten into solid wood. 
Screws should be sufficiently long to either 
pass through a thin door jamb, cross a 
shimmed back space and penetrate at least 25 
mm into structural framing or, in the case or a 
door with a sidelight where the mullion may 
be the structural component, S>eJ1etrate at least 
25 mm into the mullion. 

lQ 
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Reference 

Appendix A 

SEPTEMBER 1988 

Revision 

A-9.7.2.t. Windows. The CSA 
Standard CAN3-A440, "Windows", includes a 
window classification system that rates the 
assembly according to air leakage, water 
leakage and wind load resistance. the ratings, 
shown below, are marked on the window and 
indicate the level of performance that can be 
expected. Units can then be selected which 
are most appropriate for the design 
conditions. 
Air Leakace 
Al-intended for use primarily in low-rise 
residential (i.e. building of 3 storeys or less 

and having an area not exceeding 600 m2), 
industrial, and light commercial use. 
Al-intended for use primarily in medium-to 
high-rise residential, institutional, and 
commercial use. 
A3-intended for use in high-performance 
institutional and commercial applications. 
Water Leakace 
BI-moderate climatic conditions 
B2-severe climatic conditions 
BJ-extreme climatic conditions 
Wind Resistance 
Cl-lowest wind load resistance 
Cl-medium wind load resistance 
CJ-highest wind load resistance 
Article 9.7.l.1. has specified the lowest 
grades since the NBC is a collection of 
minimum requirements only. Designers or 
builden may wish to consider windows with 
higher ratings depending on the height of 
buildings, climatic conditions and occupancy 
classification. 
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Reference 

Appendix A 

Revision 

Delete atl existing Appet1.dix Notes 
Subsection 9.33.3. and substitute t 
fotlowing: 

A-9.33.3. & A-9.33.4. Mechanic 
Ventilation. Subsection 9.33.3. conta 
the general requirements for mechani• 
ventilation systems for dwelling units. 
also references Part 6 for the design of I 
ventilation systems, except for the "Ba 
Mechanical Ventilation System" described 
Subsection 9.33.4. Part 6 ih tum requiJ 
good engineering practice. nch as fo1Uld 
ASHRAE handbooks and HRAI Digest for t 

design of ventilation systeml. 

Subsection 9.33.4. "Bask Mechanic 
Ventilation System", contains the 1peci 
requirements for the installation 11 

verification of a simple ventilation syste 
utilizing exhaust fans and make-up air 
requiled. 

The following examples illustrate differ• 
ventilation systems and how the requiremei 
can be satisfied depending on the heati 
system used. The house used in the 
examples has two storeys with 100 m2 
floor and contains an open fireplace. 
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Example (•): shows the Basic Mechanical Ventilation System as described 
in Subsection 9.33.4., lhis can be used with any heating system. For lhis 
example lhe following would apply: 

1. 9.33.4.l. - 0.5 air changes per hom or from Table 9.33.3.A. for 

200 m2 a minimum ventilation rate of 68 L/s is 
required, this is provided by kitchen and bathroom 
exhaust fans; 

2. 9.33.4.2. - the bathroom fan to be rated for a maximum sound 
rating of 60 dBA (2.~ sones), be controlled by a 
dehumidistat and from Table 9.33.3.B. a minimum 
ventilation rate of 40 lJs is required; 

3. 9.33.4.3. · fans to be rated at a minimum of SO Pa. exhaust duct 
size according to Table 9.33.4.A.; 

4. 9 .33 .4.4. - make-up air is required since there is an open fireplace; 
from Table 9.33.4.A. a 170 mm diameter duct is 
required for the 40 Us balhroom fan and in this case it 
is provided to a storage room in the basement; and 

S. 9.33.3.22. - doors to be undercut a minimum of 12 mm or a grille 
of an equivalent area provided. 

D 
~, .. 
doolW und91cU! 

~ loar .,_ • 100 mZ per floor 

__, llNplm» 

In llvtng room 

(a) BASIC MECHANICAL VENTILATION SYSTEM -
0.5 A.C.IH. WITH ANY HEATING SYSTEM 
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B.C. BUll..DING CODE 1985 

FIRST REVISIONS 
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Eumple (b): shows a ventilation system utilizing • naturall1-upirating 
forced air heating system with a two-speed furnace fan u describdll in Article 
9.33.3.14. A permitted alternate arrangement could utilize a dehumidistat 
which would control the furnace air circulating fan for the ventilllion rate u 
required by Article 9.33.3.S. This is a combination heating/ventilating 
system where the furnace provides the heating u well u 1uPJ>lying the 
required house ventilation air. In this example, one air supply duct is 
provided to the return air plenum to provide both for the air supply u required 
by the furnace installation code and for the ventilation air required by 
Subsection 9.33.3. For this example the following would apply: 

(b) 

I. 9.33.3.14. - 0.3 air changes per hom or from Table 933.3.A. for 
200 m2 total heated Door area a minimum ventilation 
rate of 41 Us is required; 

2. 9.33.3.14. - minimum continuous ventilation rate of 2t> Us from 
Table 9.33.3.B. provided by the two-speed t\imace fan; 

3. 9.33.3.14. - the furnace and ventilation outdoor air supply provided 
by a 100 mm diameter duct directly to the return-air 
plenum from Table 9.33.3.C.; 

4. 9.33.3.2. - the system design to Part 6, which alSC> ref en to 
ASHRAE handbooks and HRAI Digest for design of 
ventilation systems; and 

5. 9.33.3.22. - doon to be undercut a minimum of 12 mm or a grille 
of an equivalent area provided. 

t 
,,.,., ... c1r111 

a-i• 
....... ..-.i 

Floor-· 1001'1'12 per lloar 

..-wr• 
~ol-"*1•11./11 
CDfllnuol.- .... 20 I.la 

VENTILATION SYSTEM WITH A FUEL-FIRED 
FORCED AIR HEATING SYTEM - 0.3 A.CJH. AND 
CONTINUOUS VENTILATION 
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Eumple (c): shows a ventilation system utilizing a naturally-aspirating 
fuel-fired forced air heating system with a single speed furnace fan and a 
bathroom exhaust fan. In this example, an additional 100 mm make-up air 
duct with a motorized damper is provided to the return-air plenum for the 
make-up air required by the bathroom exhaust fan. This additional make-up air 
could also be provided by increuing the furnace air supply duct and installing 
a two-position motoriud damper. For this example the following would 
apply: 

1. 9.33.3.2. - 0.3 air changes per hour or from Table 9.33.3.A. for 
200 m2 total heated floor area a minimum ventilation 
rare of 41 1.Js is required; 

2. 9.33.3.5. - minimum ventilation rate conttolled automatically of 
40 1.Js from Table 9.33.3.B., provided by bathroom 
exhaust fan; 

3. 9.33.3.12. - make-up air is required since there is an open fireplace, 
this can be supplied through the forced air heating 
system by a separate 100 mm duct with a motorized 
interlocked damper u described in Article 9.33.3.12; 

4. 9.33.3.2. - the system design to Part 6, which also refers to 
ASHRAE handbooks and HRAI Digest for design of 
ventilation systems; and 

5. 9.333.22. - doors to be undercut a minimum of 12 mm or a grille 
of an equivalent area provided. 

I 
Nturlll drmft 

~lar 111 open, .. ._ 
~ ,.,.. /f' Iii' In llltlng IOOm 

door9 unclerm I 1' i 
..._ .... ---··--'= --

Floor - • 100 ml per llDor 

(c) VENTILATION SYSTEM WITH A FUEL-FIRED 
FORCED AIR HEATING SYTEM - 0.3 A.C./H. AND 
BATHROOM EXHAUST FAN 
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FffiST REVISIONS 
SEPTEMBER 1988 

Reference 

Appendix A 

Appendix A 

Revision 

Add new Note: 
A-9.33.3.4. A mechanical ventilation 
system capable of operating on a year row.I 
basis is required for habitable rooms ot 

spaces which do not have opertable window1. 
The ventilation system rot these rooms may 
be combined with the whole house 
ventilation system described in Articles 
9.33.3.1. and 9.33.3.2. In most cases lo 
comply with this requirement. an exhaust fat 
controlled by a switch or dehumidistll 
capable of providing 1 air change per hoar 
(where summer cooling is not provided) hued 
on the room or space volume would be 
required. 

Add new Nore: 
A-9.33.3.S. Autom•llc Control. This 
Article requires that the fan(s) of a required 
ventilation rate be controlled automatically 
by a centrally located clehumidistat. In a 
typical example, where the bathroom exha•t 
fan(s) are controlled by tllis centrally located 
dehumidistat, the exhaust fan(s) should alSC> 
be controlled by a switch or timer located in 
the bathroom. In all cases the centrally 
located dehumidistat would be the overridinc 
switch. For the most effective use of the 
dehumidislat, it is recommended tha1 tile 
setting be between 40qj, to 60% relati•c 
humidity IO maintain a healthy envirorunenl 
and lo control any potential moisture 
problems . 
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Reference 

Appendix A 

SEPTEMBER 1988 

Revision 

A-9.33.3.7. Malle-11p air. Mike-up 
air ii not required for the entire ventilation 
capacity only for the ventilation rate 
controlled automatically or provided 
continuously. However, in Article 9.33.3.13. 
additional separate mike-up air is also 
required for any exhaust appliance with a 
capacity exceeding 0.5 air change per hour. 

Thia acltnowledge1 the fact that although 
houses are being built tighter there is still 
enough air leakage through the envelope that 
can provide the ldditional air requirements of 
approximately SO Us to 1 OOL/s at 5 Pa, 
depending on the size of the house. This is 
based on a leakage rate or NLA of 1.08 
cm2/m2 as established by a BETI/EMR 
survey of airtightness of housing across 
Canada. The 5 Pa depreasurization has been 
e1tablished u the muimum permitted 
depreasurization to prevent b1eltdrafting of 
naturally-upirating appliances. 

I - indicates N.R.C. errata ( issued Januuy 1988 ) 
•- indicates B.C. errata 

Note: N.R.C. issued revisions (or errata) do not automatically become part of 
the B.C. Building Code, they must be adopted by the Province. 
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9.33.l.6. 

9.32.S.3. Where a public sewage system is not available, the building 
sewer shall discharge into a private snMige disposal system. 

SUBSECTION 9.32.6. SERVICE WATER HEATING FACILmES 

Scn:ice - 9.32.6.1. Where a hot water supply is ~uired by Article 9.32.4.3., ="'Js equipment shall be installed to provide to every d~lling unit an adequate 
supply oC service hot water with a temperature range from 60°C to 75°C. 

~ion m 9.32.6.2. Service hot water may be distributed from a centrally located = hell heater to supply the entire building or may be supplied by an individual 
.service water healer for c.ch dtwlling unit. 

lmlallllion 9.32.6.3. Every service water heater and its installation shall confonn to 
Part 6. 

Siona• wm 9.32.6.4. Where storage tanks for service water heaters are of steel, they 
shall be coated with zinc, vitreous enamel (glass lined), hydraulic cement 
or other conosion-rcsistant material . 

Riel-burning 
~Kz waa.er 
hellers 

Healing 
coil$ 

9.32.6.S. Rici-burning service water heaters shall be connected to a 
chimney flue confonning to Section 9.21. 

9.32.6.6. Heating coils of service water heaters shall not be installed in a 
flue or in the combustion chamber of a boiler or furnace heating a building . 

SECTION 9.33 VENTILATION 

SUBSECTION 9.33.1. GENERAL 

Scope I 9.33.1.1. This Section applies to the ventilation of rooms and spaces in 
resitkntial occupancies by natural ventilation and to self-contained me
chanical ventilation systems serving only I dwelling unit . 

Non
iaideotial 
bl&ildina$ 

Stonge ....... 

9.33.1.2. Mechanical ventilation systems serving more than I d~lling 
Pit shall conform to Part 6. 

9.33.1.J. •tilllimtnfrooms and spaces in other than r1sidln1ial occu
pancies shall conform to Part 6. 

9.33.1.4. A storage garage for more than 5 cars shall be ventilated in 
accordance with Part 6. 

9.33.1.S. Rooms or si-:es in dtwlling units shall be YCntilatcd during 
the non-heating &eaSOD by natural means in accordance with Subsection 
9.33 .2. or by a mechanical ventilation system confonning to Subsection 
9.33.3. 

t.33.1.6. A space that contains a fuel-fired heating appliance shall be 
provided with combustion air in accordance with Section 9.34 . 
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t.33.U. 

SUBSECTION t.33.2. NATURAL VENTILATION . ..,___ 

Minimum 9.33.2.l. The unobstructed ventilation area to the outdoors for rooms 
:::.i ...... _ and spaces in residential buildings ventilated by natural means shall con

fonn to lllble 9.33.2.A. Where a vestibule opens directly off a living or 
dining room within a dwelling unit, ventilation to the outdoors for such 
rooms may be through the vestibule. 

"'-tiond 
apeainp 
IUpplying ..... 
ftdil.iion 

~ 
.-il.iion 
~ 
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Tai* 9.33.2.A. 
Forming Part d Anicle 9.33.2.1. -

NA11JRAL VENTILATION 

l..oailion 
Minimum 

Unobsuucled Area 

Bmuooms or water-closet rooms 0.09 m1 

Unfinished basrnvnt spm:c 0.2 per cent of the 

Within noor are• 

dwrllin1 Dining rooms, livina rooms 
llllit Bedrooms, kitchens, combined rooms 0.28 ml per room or 

Dens, recralion rooms and all combinarion of rooms 
ocher finished rooms 

Bllhrooms or waler-closet rooms 0 .09 ml per water-
closet 

Sleepina aras 0 .14 ml per occupant 

Other than Llllndry rooms, kitchens, 4 per cent of the 
within m:rulion rooms noor uea 
dwrllin1 
unit Corridors, stonge rooms and 2 per cent of the 

ocher similar public rooms nooruea 
or spm;ea 

Unfinished basrnvnt space noe 0.2 per cent of the 
used on • shared basis nooruea 

Column I 2 3 

t.33.2.2. Openings for natural ventilation other than windows shall be 
constructed to provide protection from the weather and insects. Screening 
shall be of rust-proof material . 

SUBSECTION 9.33.3. MECllANlCAL VENTILATION 

9.33.3.1. ~llint IUlir.s shall hmve a mechanical ventilation system 
capable d providing at least one half an air change per hour during the 
healing season, based oo the intmor finished volumed the dwrlling unit. 
The system shall be controlled either manually by a switch or automal
ically. (See Appendix A.) 

9.33.3.2. Where rooms or spaces in dwelling units are provided with 
mechanical ventilation 1ystems in lieu d natural ventilation as required in 
Article 9.33.1.5 .. the systems shall be capable d providing II least I air 

'--' 

.__,, 

·,__,) 

.J 

Mm-up 
oir 

Emmit 
diochqe 

Alxaa ID 
>enlilmoa 
equipment 

Air intake 
shield 

Celllnl 
healina 
1yS1e1111 

Air
condilioftina 
1yllmll 

~ 
in buildinp 

= 

93'.t.•. 

change per hour where summer cooling is not provided or• least half ui air 
change per hour where summer cooling is provided. 

t.33.3.3. Mechanical ventilation systems ror dwelli"I tu1its shall in
clude provision for introduction d fresh make-up air from the exterior. 

9.33.3.•. Mechanical ventilation systems in combinllion with central 
heating or cooling systems shall confonn with Part 6. 

9.33.3.!. Exhmut ducts shall discharge directly to the outdoon. Where 
the exhaust duct passes through or is adjacent to unheated space. the duct 
shall be insulated to prevent moisture condensation in tit duct . 

9.33.3.6. Ventilation equipment shall be accessible for inspection. 
maintenance, repair and cleaning. Kitchen uhaust ducrs shall be designed 
and installed so that the entire duct can be cleaned where !he duct is noc 
equipped with a filter at the intake end. 

t.33.3.7. Outdoor air intake and extuust outlets shall be shielded from 
wcalher and insects. Screening shall bed rust-prod maltrial. 

9.33.3.1. Ventillting ducts shall conform to the requimnents d fVt 6 
for supply ducts. except exhaust ducts that serve only a bllhroom or Wiler
closet room may be d combustible maaerial provided the ht is reasonably 
air tight and constructed d a material impervious to wlltr. 

SECTION 9.34 HEATING AND 
AIR-CONDMONING 

SUBSECTION 9.3'.l. GENERAL 
9.3'.1.l. The design and installation d central heating systems shall 
conform to the requirements in Part 6 and to this Section . (Sec also 
Subsection 9. IO. IO.) 

9.3'.l.l. The design and installuion d air-conditioning systems shall 
conform to the requirements in Part 6. 

9.34.1.3. Residential buildings intended for use in the winter moolhs oa 
a continuing basis sh.all be equipped with heating facilities capable d 
maintaining an indOor air tempe~ d 22"C al the outside winter design 
temperature except as provided in Article 9.34. 1.4. All athet buildings 
shall be equipped with healing facilities d sufflcient capacity to maintain 
the des.ired indoor air temperature , commensurate widl the use d the 
building, at the outside winter design re~. Wmtcr design tem
peratures shall be detenniocd in conformance with Sub&ection 2.2. l . 

9.34.1.4. Healing facilities shall be provided which tllall be capeble d 
maintaining I temperature dnoc less than l8"C in ID wifmished ba.JDrvnl 
in buildi1'gs d nsiden1ial occupancy. Where aawl spaces are required to 
be healed, the healing facilities shall be capable d maintaining a tem
penture d noc less than 1 s0c. 
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A-9.34.2. 

A·9.33.3.I. Mechankal Ventilation. 1bc tcndency coward 1ehieving higher levels 
of ainigh111ess in housing and Olher concerns over energy conservation indicate I.hat 
na1ural ventilation is noc sufficient 10 ensure acceptable air quality during the winter 
heating season. The mc:chanicaJ system l'CljUited by thi~ Article is, therefore, indepen
dent of natural sources, including windows and air infiltration. 
This Article docs noc require that a centralized ventilation systcm be provided wilh duct 
wort leading to all pans of I.he dwelling unit . The l'Cljuircmcnt may be satisfied by means 
of exhaust fans located in kitchen or barhroom areas where a fresh air inlet is provided at a 
locBlion remote from the exhausr oullet. A ventilation system operating in conjunction 
wilh a central heating or cooling system comes under I.he jurisdiction of Pan 6. 

A·9.34.l.7. Combustion Air and Tight Houses. The operation of an air exhaust 
system or of a fuel-burning appliance removes I.he air from a house. creating a slight 
negative pressure inside. In cenain cases I.he natural flow of air up a chimney can be 
reversed, leading 10 a possible danger of carbon monoxide poisoning for the inhabitants . 
Newer houses are generally more tightly constructed than older ones because of im
proved construction pracrices. including righter windows . weather stripping and caulk.
Ing. This facr increases the probability thar infiltrarion may not be able to supply enough 
air to compt".n~11tc- for simultaneous operation of exhaust fans, fireplaces, clothosdryers, 
furnaces and space heaters. M.inher information is available in Canadian Building Digest 
222, "Airtight Houses and Carbon Monoxide Poisoning." available from the Division of 
Bu.ilding Research. Narional Research Council of Canada, Onawa KI A OR6. 

A-9.34.2. Installation of Stons, Ranges and Space Heaters Burning Solid 
Fuc:J. Where tesrs show thar minimum clearances or mounting techniques olher Ulan as 
specified will resuh in an cquivalenr level of safety. they arc pcnnitted under the 
provisions of Sec lion 2 .5. Where tesl resulrs show that appliances musr be installed with 
minimum clearances greater than specified in Subsection 9.34.2., the greater clearances 
should be maintained. 
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Table #1: 
Ventilation Rates 

ROOM TYPE CONTINUOUS INTERMITTENT CONTINUOUS 
VENTILATION EXHAUST EXHAUST 

Double/Master Bedroom 20 CFM(IO L/S) 
Basement 20 CFM(IO L/S) 
Single bedrooms 10 CFM(5L/S) 
Living room 10 CFM(5L/S) 
Dining room 10 CFM(5L/S) 
Family room 10 CFM(5L/S) 
Recreation room 10 CFM(5L/S) 
Other habitable rooms IO CFM(5L/S) 
Kitchen 10 CFM(5L/S) 100CFM(50L/S) OR 60CFM(30L/S) 
Bathrooms IO CFM(5L/S) 50CFM(25L/S) OR 30CFM(l 5L/S) 
Laundry 10 CFM(5L/S) 
Utility IO CFM(5L/S) 

Quality Plus 
Program Partners 

Represenlcd by: 

Mr. Brian Usher 
President, CHBA-BC 
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The French "AERECO" Proportional Negative Pressure System 

Excerpt from 1982 Building Code, France: 

Chapter 1 Built-in General Ventilation 

Art. 2 - Ventilation system components 

Air inlets must be used in all principal rooms (PR) ducted to the 
outside wall, whether passive or mechanical ventilation. 

Air outlets are located in the technical rooms, (TR) kitchen, 
bathrooms and toilets, and must be connected to vertical ducts for 
passive ventilation or ducted to a fan for mechanical ventilation. 
For multi- family buildings, if one technical room is mechanically 
ventilated all must be mechanically ventilated. 

Intake air must move freely from the principal rooms to the 
technical rooms. 

If one room is used as a principal room and a technical room (Like 
a bedroom with cooking equipment), it must have one air inlet and 
one air outlet. 

Art. 3 - Ventilation systems, whether mechanical or passive, must 
be capable of the following extracted airflow as shown below at 
moderate winter temperatures. 

The extracted airflow from each technical room must meet the 
following installed capacity requirements simultaneously according 
to the number of principal rooms. 



PEAK EXHAUST CAPACITY REQUIRED 
c============•=z=~==~======== 

Number of 
Principal 
Rooms 

Main 
Kitchen Bathroom 

with or 
without 
toilet 

Additional 
Bathrooms 

Unique if 
House has 
only one 
toilet 

if house 
has more 
than one 
toilet 

~================================================================= 

1 
2 
3 
4 
5+ 

75m3/h 
90 

105 
120 
135 

15 
15 
30 
30 
30 

15 
15 
15 
15 
15 

15 
15 
15 
30 
30 

15 
15 
15 
15 
15 

================================================================== 
N.B. Kitchen extractor set to these rates when string is pulled. 

In the dwellings where there is only one main room, the bathroom 
and toilet, when they are separated by a wall but are side by side, 
may be served by one extractor only located in the toilet room, and 
the extractor must draw 15 m3/h. 

In the absence of a wall between the bedroom and a living room, 
this room is considered as two principal rooms. 

If a range hood is installed, less ventilation is required. The 
additional amount required is determined by the efficiency of the 
hood and approval of the ministry of construction and ministry of 
health. 

The toilets are considered multiple if at least two are used in 
the dwelling even if one is located in the main bathroom. 

Article 4 modified 28.10.1983 

Art. 4 - Individual adjustment devices will be allowed to reduce 
the airflow of article 3 under the following conditions: 

In general terms, the total dwelling exhaust and the kitchen 
exhaust may be reduced to the following figures. 

1982 LAW CONSTANT FLOW 

If a constant flow system is used rates must be a minimum 
of (30 + 15 x #PR) 



NUMBER OF PRINCIPAL ROOMS 

1 2 3 4 5 6 7 

Minimum gontinyous total 
exhaust in dwelling (m3/h) 35 60 75 90 105 120 135 
continuous minimum (CFM) 20 35 43 51 60 68 77 
Minimum continuous 
exhaust in kitchen (m3/h) 20 30 45 45 45 45 45 
Continuous minimum (CFM) 11 17 26 26 26 26 26 
===================================================================== 
If a system is mechanical, if automatic, if it will control pollution and 
condensation except for brief periods, the following reduction is possible. 

The use of this reduced airflow system must be approved by the minister of 
construction and the minister of health. 

The total extraction rate must be at least as follows: 

NUMBER OF PRINCIPAL ROOMS 

1 2 3 4 5 6 7 

# of extractors required: 1 1 1 2 2 2 3 
Minimum continuous 
total exhaust: 10 10 15 20 25 30 35 
Continuous minimum (CFM) 6 6 9 11 14 17 20 
==============================================================·====·====-=== 

Art. 5 The air inlets plus the equivalent leakage area must allow enough 
make-up air to achieve the required rates outlined in article 3. 
Note: cfm = .57 x m3/h 
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C02 INDOOR AIR QUALITY INDEX 
--------------------------------------------------------

The index below is an arbitrary index developed for this project 
and is based upon the C02 data accumulated. The fol lowing quote 
from the recent ASHRAE 62-1889 Ventilation Standard provides some 
justification: 

Carbon dioxide concentration has been widely used as an 
indicator of indoor air qua I ity. Comfort (odour) cr4teria 
are likely to be satisfied if the ventilation rate Is set 
so that 1,1&& ppm C02 is not exceeded. 

The index below gives equal authority to average C02 
concentrations, maximum concentrations, and percent of time that 
C02 levels exceeded 8&& ppm. The 8&& ppm level was chosen because 
I eve I s , par t i cu I a r I y i n the f i rs t ye a r , were genera I I y I ow, and 
because it is generally agreed that IAQ problems can start at 6&& 
ppm. 

Each period's data was averaged into the calculations. The lower 
the index, the better the IAQ. 

SYSTEM Av.C02 Max C02 % >S&&ppm INDEX 
----------------------------------------------------------------------------------------------------------------------------------------
NEG.CR.L 567 1&33 1% &.32 
NEG.CR.DH 6&4 915 &% &.31 

POS.CR.L 6&7 11&6 1&% &.38 
PCS.CR.DH 745 1176 2&% &.47 

HRV LOW 112& 2413 75% 1. && 
HRV HI 82& 1698 36% &.64 

AERECO 1 1&&& 1579 51% &.74 

CODE L 699 1263 5&% &.6& 
CODE DH 847 18&7 43% &.69 

WALL PIPE L 82& 1481 62% &.72 
WALL PIPE DH 888 1447 87% &.76 

WALL INLET LOW 788 1215 63% 8.68 
WALL INLET DH 741 1348 45% 8.61 

DA HRV .15ACH 8&6 1476 34% &.59 
DA +ded.air 924 1&21 51% CIL 64 
DA HRV F326 724 1189 24% 8.46 
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WESTCOAST ViNTILATION STUDY; FIRST YiA& DATA SUMMAiYI APRIL, 1989 

NOTE: "L" denotes t.15 ACH; "DH" denotes 1.3 ACH by dehuaidislal; TLV denotes threshold liaiL 'alue 

SYSTiM NEG.C&WLSP POS.C&WLS HRV AiRiCO CODi WALL PIPi WALL INLET HWC TLV 
L DH L DH LOW HI I 2 L DH L DH L DH 

::: : : :: ::::::: : :: : : : ::::: : ::::::: :: ::::::::::::: : ::::::::: : :: ::::::::::::::::::::::::::::::::::::::::::::: 

NUMBER OF OCCUPANTS ( ( 4 ( 5 5 3 3 3 3 4 ' ( ( 

OCCUPANCY (Hi/Med/Lo~) L L L L B H M L L L L M B H 
OCCUPANT SATISFACTION H H H H M Ii Ii 

MiCHANICAL CFM 7( 1(8 74 H8 5t 115 
. . 23 (6 23 (6 u (I 

INSTALLATION COST UH '375 U,551 U,311 '375 15tl Hll 
OPERATING COST/YI 1177 Ill 1177 116 154 Ul5 $68 191 IUI 1131 $58 116 . 05 u 
EQUIV. LBAIAGE ARIA ab' range 1152 347.4 386.( (Z(. 386 H6.9 
TRACER GAS CALC'D ACH 1.46 t.(8 1.33 1.33 1.57 1.(6 
FAN ON Tl.ME ltt% 3% IH% 5% IH% IU% 111% 111% 111% 98% 111% 1Z% 111% 3% 

AV SPACE TEMP (DEG.C) 19 21 17 19 23 22 u 19 18 18 Z5 25 22 33 
AV SPACE &EL HUM % 58 52 51 51 0 (1 n 58 58 58 (5 (4 H 0 
AV SPACE C02 (ppa) 567 68 4 617 745 859 687 951 672 716 662 939 1119 189 7 H 
AV OUTDOOR TEMP (C) 5.( 3. 5 -2.2 3.( 1.7 3.2 6.4 5.1 6.( 5.1 6.( 5.1 6.4 5.1 

TIMi OF RH > 71 % 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 
TIME OF C02 > 8ft pp1 1% 8% 11% 21% (3% 17% 6(% 39% 25% 18% 68% 83% 28% 16% 

MIN SPACE TEMP (C) 17 18 12 16 Zl u 19 13 I( 13 u u 21 31 
MIN SPACE au % (3 (8 (6 45 36 38 u (I 47 39 39 37 38 31 
MIN SPACE C02 (pp1) (16 (15 ,.. (16 (8 5 (8 5 383 39( 411 39( 411 394 HI 413 
MIN OUTDOOR TEMP (C) 3 1.8 -It. -t.4 -3.2 -1.2 4.4 3.5 (,( 3.5 (,( 3.5 .. , 3.5 

MAI SPACE TEMP (C) 22 u u 22 26 H 26 25 23 33 37 ZS 25 25 
MAI SPACE au % 55 55 55 56 68 49 59 68 76 71 51 51 5( 51 55 
MAI SPACE C02 (ppa) lt33 915 1116 1176 1291 1177 l(Zl 1253 1316 1186 1651 1((1 lZll 1219 3611 
MAI OUTDOOR TlltP ( C) 7.9 6.9 8 7 6.2 7 8.9 7.1 8.9 7.1 8.9 7.1 8.9 7.1 

MAX CO (SPOT CHECIS) ( ( 3 3 3 3 5 6 u 5 6 5 5 5 u 

IITCHEN HOOD CFH 121 m 165 51 75 35 15t 

FOIKA1DBHYDE (ppa) I.It I . L I. I I.It l.U 1.1 l.U 1.15 

NITROGEN DIOXIDE (ppa) I • ' ' ' I I 1.152 



WISTCOAST VINTILATION STUDY: SECOND YIAR DATA SUMltAIY - JUN& 18, 1991 

NOTI: 1D.0.1t.• denotes DAILY OUTDOOR JtlAJj te1perature 
1 DA1 denolea dedicated air t.15 ACI 

SYSTIN HV BRV AIRICO AIRICO CODI CODI WALL PIPI WALL INLIT DIDICATBD Ali 
LOW II 1 2 L DI L DI L DI L DA IIGI 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: : : ::: : ::: 

NUKBll or OCCUPAJITS a 9 3 3 3 3 3 3 3 3 I 6 • OCCUPAJICY (cu.rt./person) 977 977 2733 3733 3169 3169 3357 3357 am 3733 3983 3983 3983 
OCCUPAJIT SATISFACTION 8 . I ll I I L L I 

ltlC&mCAL CFll a 115 - - 33 46 33 48 31 41 61 61 141 
ltlCIAJjICAL ACI t.31 t.71 1.18 t . 18 t.15 t.3 t.U 1.3 t.15 t.3 t.U t.15 t.35 

INSTALLATION COST tI '861 u,m Wt sm Hat u,m u,m U,5tt 
OPERATING COST/SQ.FT. Yi $t.t46 St.198 $t.t7t $t.t71 $1.193 $1.118 u.m u.rn u.w u.mu.m u.m u.ut 

IQUIV. LIAlAGI ARIA 347.4 386.4 nu 386 H6.9 
TRACll GAS CALC'D ACH t.48 1.33 t.33 t.57 1.(6 

FAN ON TIMR 1U% 111% 111% Ut% 111% Ut% IU% ltt% 1H% 
IITCBIN HOOD CFM m 5t 75 25 LU 
FORllALDIHYDI {pp1) undetectable not aupled not supled undetectable not aupled not 111pled 

llAIN LIVING ARIA 
·--············· 

AV SPACI TIMP (DIG.Cl 23.2 22.5 18.6 21.5 19. 4 u. 4 12. 7 U.t 22.3 n.t 22.6 U.5 U.9 
AV SPACI RIL BUM % H.8 46. 3 51. I 51.l 48.7 St.8 0.9 43.9 37.4 37.6 41. 9 45.1 41.9 
AV SPACI COZ (pp1) 135 5.5 997 • 8 989.7 1176.9 821. 5 784.5 836.9 815.8 882. 4 m.9 nu - 645.2 
1(1,ijj OUTDOOR TEMP ( C) 8.3 U.7 6.2 8.9 6.2 8.9 8.9 6.2 6.2 8.9 6.t 9.3 3.6 

NIH SPACI TKMP (C) 2 !. 8 19.8 13.7 17. 7 16.3 17.Z U .5 17. 2 18.3 18.9 21 .1 21.5 19 .z 
MIN SPACE RH % 41.8 u.2 43.1 H.1 41.1 U.3 39 .7 31, 7 JU i8. l 39.3 (i,( 38.i 
NIN SPACI C02 {ppa) 519.5 339.3 m .t st9 .1 436 .8 464.3 m.5 559.5 m.t 413.5 566.t - 475.5 
MIN D.M .O. TEMP (C) 8.3 11. 7 6.2 8.9 6.2 8.9 8.9 6.2 6.2 8.9 3.3 7.8 3.i 

llAI SPACI TIMP (C) 24.8 25.5 U.6 U.9 23 .1 26.I 35.5 16.5 U.9 U.9 U.8 U.4 15.1 
llAI SPACI RY % St.6 55.9 59.8 57 .4 66.3 61. 4 48 ,4 52.4 43.5 U.6 u. a &t.9 Sl.5 
llAI SPACI C02 (pp1) 2932.t 2174.1 1951 . t 1661.t 1569.1 1411.t 16t5.t 1455.t mu 1396.t 957.t - 838.t 
llAl D.M.O. TKMP (C) 8.7 Lt, 7. 9.t 9.9 9.t u 9.9 9.t 9.1 9.9 8.2 lM 4.3 

TIMI OF RH > 71 % t% t% 1% t% 1% '" t% H '" t% H t% t% 
MAIN - TIMI OF C02>8tt pp1 98% 66% 55% 43% 67% 53% 49% 66% 58% 53% 181' - 3% 



SYSU:M HV BRV AlllCO AIRICO CODI CODI WALL PIPI WALL INLIT DIDICATID AIR 
LOW II l z L DI L DI L DI L DA IIGM 

--------------------------------------------·-·······--·---------------------------------·------------------------- · ··- -- -·--- -·-··------------------------------------------------------------------·---------·-------------------------------- ---------~- ------ - - ---------
llDROOM 

--------
AV SPACI TlllP (DIG.C) u.z U.3 H.7 U.3 l9 .5 19.3 U.6 U.6 U.8 u.1 H.5 U.7 U.3 
AV SPACI llL IUM % 46,( (6.6 51.3 (6,9 H.8 67 •• U.3 41.4 38.3 39.4 47.8 49.5 46. 7 
AV SPACI COZ (pp1) 1144.1 774,5 1151.6 1158.9 H5.Z 1195.1 683.5 817.9 693.5 834.( 884.3 934.3 8U.t 
AV OUTDOOI TIMP (C) 9.7 U.6 8.7 9.1 8.7 9.1 9.1 8.7 8.7 9.1 6.t 9.3 3.6 

MIN SPACI TIMP (C) 18 .6 H.7 18.4 18.5 17 •• 17' 7 18.8 H.7 18. 9 19.5 18.3 19 .5 17.8 
MIN SPACI RH % U.9 41. 4 U.9 41.4 45' 1 49.9 U.3 38.7 3J.8 33.3 U.5 H.8 U.6 
MIN SPACI COZ (pp1) 431.t 396.8 818.5 616.1 411.1 519 •• 461.3 367.8 393.1 443.8 669.1 486.1 445.1 
MIN D.M.O. TIMP (C) 8 .1 9 .1 7.8 8.4 7.8 8.4 8.4 7.8 7.8 8.4 3.3 7.8 3.3 

ltAl SPACI TEMP (C) Z3.8 Z4. l Z3.9 34.1 31.5 31.6 U.7 35.6 U.7 35.8 33,5 13,3 u.t 
W SPACI IH % 55 .1 55.7 58.3 56.9 56.7 78.9 51.4 46.5 U.5 43.5 55.9 66. 7 U.4 
W SPACE C02 (pp1) 3116.1 1744.1 1395.1 1894.1 1114.1 3826.1 1189.. 1454.t llU.I 1439.1 1994.1 llU.I 1179.1 
tlAl D.M.O. TEMP IC) U.l 15. 6 9.4 9.9 9.4 9.9 9.9 9.4 9,4 9.9 0.z lt .5 4.3 

TIMI OF RH > 71 % 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 
BIDIM - TIMI OF C02>811 pp1 8(% 37% 53% 59% (8% 58% 69% 53% 47" 68% 51% 83% 45" 
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VENTILATION RELATED ENERGY COSTS 

The operating costs of the respective ventilation systems are 
calculated using the following formula: 

(FAN kW* 8768 H/y *USAGE%* .8.8467/kWh) + ((CFM * 1.1 
* (TiAV - 43)F)/3412 * 5488 H/y * USAGE * .8.8467/kWh) 

WATTS, USAGE and CFM from actual studied houses. 

An average indoor temperature (TiAV) of 28 C is presumed for the 
continuously operated fan calculations. The figure used for the 
dehumidistat control mode calculation is taken from recorded 
data. Continuous fan figures are likely to be of greater use in 
comparing the energy performance of the various systems. 

The calculations do not account for other heating season lengths, 
natural infiltration or costs of fuels other than electricity. 

SYSTEM WATTS USAGE CFM Ti AV •/yr a/SqFt yr 
------------------------------------------------------------------------------------------------------------------------------------
NEG.CR.L 84 188% 74 28 •105 .8.879 
NEG.CR.DH 115 3% 148 28 •18 .8.884 

POS.CR.L 84 188% 74 28 •105 .8.879 
POS.CR.DH 115 5% 148 19 •16 .8.887 

HRV LOW 63 188% 58 28 .56 .8.846 
HRV HI 97 188% 115 22 •128 .8.898 

AERECO 1 35 188% 28 28 •11 .8.862 
AERECO 2 35 188% 42 19 .94 .8.881 

CODE L 144 188% 23 28 a186 $8.892 
CODE DH 144 98% 46 18 .136 .8.118 

WALL PIPE L 35 188% 23 28 •61 .8.853 
WALL PIPE DH 35 12% 46 25 a11 .8.815 

WALL INLET LOW 35 188% 21 28 •57 a8.847 
WALL INLET DH 35 2% 41 23 •2 .8.882 

DA HRV F326 114 188% 148 28 $138 •&.844 
DA HRV .15ACH 69 188% 68 28 as2 .8.827 

NOTES: HRV sensible recovery efficiency = 78% low speed; 56% 
high. AERECO cfm' s calculated from manufacturer's 
literature. Al 1 fans but HRV, CODE 6 CRAWLSPACE are 
AERECO product. 

VENTILATION SYSTEMS: 
NEG.CR.L = NUTONE 672 C-B; NEG.CR.DH = BROAN 362 V 
POS.CR. = DELHI 538 HRV = VANEE 1888 
A ERE CO = FULL AERECO SYSTEM CODE L = NUTONE 695-B 
WALL PIPE = AERECO FAN WALL INLET = AERECO FAN 
DED.AIR HRV = LIFEBREATH 28& 









EXAMPLES OF RECOMMENDED SYSTEMS 

The following systems shown here: 

1. Minimum BC Code. (see section 5.5 of report) 

2. Heat Recovery Ventilator. (see section 5.3 of report) 

3. Central Exhaust with Fully Distributed Make-up Air. 

This is essentially the same as the HRV system except that it has no 
heat recovery. The cost is marginally less than the HRV, but care must 
be taken to locate the make-up air discharges so as to minimize 
"dumping" of cold air on occupants. 

4. Forced warm Air Furnace. 

The arrival of natural gas to Vancouver Island is expected to result in 
more installations of this kind. The installed cost of this system may 
be similar to the cost of electric baseboards plus an HRV. If an HRV 
is used in conjunction with the furnace, costs will likely be higher 
than the baseboard example. 

Outdoor air is filtered and distributed to every room served by the 
furnace, and combustion appliances are not likely to back-draft, but 
house can be at positive pressure which may increase moisture migration 
to walls. 

If long-term energy costs are of high concern the HRV addition should 
be considered. 

There is an energy penalty associated with the fan power required for 
the furnace. It is hoped that the heating industry will provide options 
such as high efficiency fan motors, integrated heat recovery, and 
programmable ventilation in the near future. 

CONTROLS: Any combination of continuous, switched, dehumidistat, rheostat or 
programmable control may be effective in a given home. Occupancy, layout, 
combustion appliances etc. are contrib~ting factors to the choice of system. 



SYMBOLS & ABBREVIATIONS: 

E/A 

O/A 

S/A 

W/R 

@ 

F 

HRV 

GENERAL NOTES: 

Exhaust Air 

Outdoor Air 

Supply Air (conditioned O/A) 

Washroom 

Fan 

Forced Warm Air Furnace w/ 2 speed fan 

Heat Recovery Ventilator 

1. Entire installation to conform to National Building and Fire Codes of 
Canada, B.C. Electrical Code, SMACNA Standards and manufacturer's 
specifications. 

2. Provide all materials, equipment and labour required to make complete 
and functional ventilation systems as per the drawings. 

3. The Mechanical Contractor shall arrange and pay for all permits and 
inspections necessary to meet local requirements. 

4. Any alternate equipment for layout changes must be approved by designer. 

5. All installed equipment to CSA approved. 

6. All rectangular duct elbows, not shown as radius, shall contain turning 
vanes (applies to tees as well). Radius elbows to h~ve R/D = 1.5. 

7. Maximum slope of rect. duct transitions not to exceed 1" in 4 11 • 

8. Maximum allowable continuous length of flex duct is 5 feet. 

9. All duct joints to be continuous and sealed using duct tape or gum 
sealant. 

16. All ductwork shall be separated from the outdoors by minimum of R12. 

11. Each S/A, O/A, and E/A branch duct shall contain a lockable quadrant 
volume damper. 

12. All motorized air handling equipment, other than propeller W/R fans, 
shall be mounted with vibration isolation from structure. 
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CHEMICAL TESTING RESULTS 

All results in parts per million (ppm) 

l'IRST YBAR UNIT 3 UNIT 4 UNIT 5 UNIT 6 UNIT 8 HECTOR 

formaldehyde 0.04 0.04 0.10 0.10 0.10 0.04 

nitrogen 
dioxide < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 

toluene < ppm < ppm < ppm <ppm < ppm < ppm 
range range range range range range 

xylene " II II II II " 
limolene " II II II II II 

# of 
occupants 3 3 4 2 5 4 

----------------------------------------------------------------------------------------------------------------------------------------------
SECOND YEAR 

formaldehyde 

# of 
occupants 

UNIT 3 

not 
tested 

3 

UNIT 4 

not 
tested 

3 

UNIT 5 

< 0.01 

3 

UNIT 6 

not 
tested 

3 

UNIT 8 
AIR 

< 0.01 

9 

DEDICATED 

not 
tested 

6 

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





JOHN MacRAE & ASSOCIATES INC. 
Environmental Health Services 

90 06 19 

Mr. Bob Landel 
Avalon Mechanical Consultants Ltd. 
4 - 1322A Government Street 
Victoria, BC 
V8W IY8 

Dear Mr. Landel: 

RE: Formaldehyde Sampling 
2749 Jacklin Road 

On 90 04 02 two (2) air samples (#1 and #2) were collected to determine airborne concentrations 
of formaldehyde. Sample #l was collected in Suite #5 and sample #2 was collected in Suite #8. 
The samples were collected with battery operated pumps and midget impingers following the 
Workers' Compensation Board's Method No. 2250: Aldehydes, C1 - C4 In Air. The samples, 
including a "blank" (#3) were submitted to an independent laboratory for analysis. 

The laboratory has reported results of <0.1 ug/mL for all samples resulting in a sample 
concentration of <0.01 ug/L and an airborne concentration of <0.1 ppm. All sample results were 
less than the quantitation limit. 

Attached please find our Air Sample Log. 

Yours truly, 

JOHN MACRAE & ASSOCIATES INC. 

/'~ 
John MacRae 

JM/ab 

100 -1144 FORT ST. 
VICIORIA, B.C. 
CANADA V8V 31<8 
Telephone (604) 380-3911 
Cellular (604) 727-1123 
Fax (604) 380-1123 





PROJECTi 

DATE 

90 04 oz 

90 04 oz 

START 
TIME 

12:16 

12:21 

90 04 Of Blank 

Housing Project, Jacklin Road 

READOUT 
TIME 

12:38 

12:41 

TOTAL 
MUIUTES 

22 

20 

COOllT 

11/ap 

11/ap 

All SBlllpLes less than quantitation li•it. 

FLOW 
RATE 

1.0 

1.0 

AIR SAMPLE LOG 

John MacRae & Associates, Inc. 

VOL./AIR LOCATION 
(LITRES) 

22 Suite 15 

20 Suite #8 

TYPE SAMPLE I 

Area 1 

Area 2 

Blank 3 

Page 1 of 1 

SAMPLE AIRllORllE 
COllCEllTIATIOll COllCEllTRATIOll 

ug/L 

<0.01 <0.1 PFJ9 

<0.01 <0.1 ppm 

<0.01 Blank 





J E1nii1U1tm,ntl11 Health Stroim; 

90 00 19 

Mr. ~ob land~1 
Avalon M~hanicat Con5ulmnt! Ltd. 
4 - 1 l21A Govcrnme.~t Strttt 
VictQ.rii, DC 
V&W IY$ 

.R.E1 For11aldehydt SHl'pling 
2749 Ju.kUa R6•tl 

Dc~r Mr. Landcl: 

On 90 Qd 02 two (2) ah samples r~I and -1112) wr;rc 1:oilcc\~d io determine airborne conccntrat1on~ 
or formaldeh)'dC . . Samnle #l ~-~$collected in Su!lc -~ 1Hlcl ~ettip~!' #1 wa~ 'ol!t~t-=d in Sliitc ~e. 
The !amp!(~ w::r~ ~oll~cu:d with ban~ry opcul~~ p'llmps .an~i midget imping~rs foiiowing the 

WNkers' Compensation 1'o9rd'!I M(t"1Jti No. 2250: Aldchrde.~. C1 · C" Ir: Air. Thr.: ~ampl;s, 
{ncluding ~ ~bl:u1k11 (#J} wc:re sub01ltted to an inde,xndcnl lalmrntory for anaiysis. 

The lnborstory h~~ r~ported rcsuh11 of <O.l u1/mL for all ~~mph;~ rcrtl!i.tins in a snrm:ile 
cr>n,et'ltration of -<0.01 uaiL and an 11.irbl>rnc concentration of <0.J ppm. All ~11.mple rc!1.!lti: were:. 
te.s~ the~ tllf'. quenrltation limit. 

Attach~d p\t1a!l~ finrl our Air Ssmpk Los. 

Yours trul~, 

JOl-IN MACStAE & ASSOCIATES INC. 

t7. ..;;.~#,,._ 
~/ 

John M1.H:Rne 

JMfnb 

l!liJ · 11. 44 R)HT ST 
VK1\1RI/\, fl.~ .. 

• (;\N.f\t1,\ VK-V :<KJ< 
Tcfo:ph1H1L ("°") JIID.3g 1 ~ 
C<"ll 'J\ir 1.~1 72io1 UJ 
F,i!( (Ml4) :lf>lLI m 

2Ed ~:£.;; u:11 m~ vc~ : or·~ ~ , JIES!:': 3J::i!elt!i,.; • .r:: l LZ :~"7 =.~ ~~-a::- · ,;-..: 
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MYCOLOGICAL TBSTING 

The mycological - biological tests were performed using three types 
of media to ensure a ful 1 collection of fungi present in the 
environment. The media used are described in the microbiological 
analysis included in this Appendix. Petri dishes were placed in 
each home environment for a period of half an hour. The 
Mycological Testing Results list the organisms identified in each 
of the samples. The results indicate that no alarming human 
pathogens exist in any of the samples. 

MYCOLOGICAL DEFINITIONS 

BACTERIA - Minute, unicellular organisms that exist on dead organic 
matter or as parasites. Bacteria are the chief agents of 
fermentation, putref ication and decay. Many are capable of 
producing disease or pathogenic. 

FUNGUS - Any of a large group of simple plants characterized by a 
lack of chlorophyll, such as molds, mildews, mushrooms, rusts, and 
smuts. Most have a filamentous body or mycelium and subsist on 
dead organic matter or as parasites. 

YEASTS - A semi-fluid substance consisting principally of the 
unicellular fungi which forms on the surface or as a sediment in 
fermented fruit juices; is used in inducing alcoholic fermentation; 
or in the production of medicine. · 





ANALYTICAL & TESTING SERVICES 

Attn : lar1 Par1niuk 
Client: ·I. I. I. 
S11ple: W2215 

&1uh. 

L-1 (Lanaford) 

L-2 (Langford) 

L-3 (Langford) 

L-4 (Langford) 

rl 

p-2 

,_3 

la1bers 
per Plate 

2 I 101 
4 

40 
4 
1 
8 
3 

1 I 102 
1 I 102 

1 
2 

l I 102 

1 I 102 
1 I 102 
4 I 102 

1 I 102 
1 I 102 
2 I 102 

1 I 102 
1 I 102 
1 I 102 
1 I lOZ 

28 
3 

1 I 102 
4 I 102 
3 I 102 
1 I 102 
1 I 102 
2 I 102 

Or1anisas ldentif ied 

CgrtobacteriRt f laccg1f aciens 
lbigopgs sp . i 
Penicillig1 si1pl1ciss IQI 
Penicillju1 &lAbilll 
Aureo_as1 __ _ b 'diDJ pullulans 
Bacillus coagulans . 
Staph1lococcus.~sulatus 
Arthrobacter s1hae1ol1tjcgs 
Staphtlococcus 111&.W----

Penjcilliu1 si1plicissi1u1 
Penjcjlliu1 '1Ahrlll 

Penjcilliu1 si1pljcissi1u1 
Penjcillju1 &l1hI.l2I. 
Staphtlococcus ~ 
subsp Wm 

5.m.ill sp 
lnterobacter agglo1erans 
Stapbtlococcus hae1ol1tjcus 

5..u.ciD.i s p 
Bretibacteriu1 frigorit~lerans 
Stapbrlococcus bae1ol1t1cus 

5..u.ciD.i s p 
Staphrlococcgs bae1ol1ticus 
Arthrobacter 11 siderocapsulatgs 
Stapbrlococcus ~ 

. li issj1u1 Penicilliu1 s11p c 
Penicilliu1 sp 

Sarcina sp iderocapsulatus 
Artbrobacte~u: baeiolrticus 
Stapb1lococ 101erans 
lnterobacte~ ae:1accg1facjens 
Curtobacter1u1l sjderocapsulatus Arthrobacter ' 

Likelt labitatfC011ents 

llacteria; soil 
faD(us; airborne, soil 
fungus; airborne, soil 
f111gus; soil, Yegetation 
fungus; soil, Yegetation 
bacteria; soil, Yegetation 
bacteria; skin, entiron1ental 
bacteria; soil 
bacteria; skin, entiron1ental 

fungus; airborne, soil 
fungus; soil, tegetation 

fungus; airborne, soil 
fungus; soil, Yegetation 
bacteria; ani1al skin; ani1al pathogen 

bacteria; soil 
bacteria; soil, vater, tegetation, sewage 
bacteria; skin, environaental 

bacteria; soil 
bacteria; soil 
bacteria; skin, environ1ental 

bacteria; soil 
bacteria; skin, entiron1ental 
bacteria; soil 
bacteria; skin, entiron1ental 

fungus; airborne, soil 
fungus; airborne, soil 
bacteria; soil 
bacteria; soil 
bacteria; skin, en•ironaental 
bacteria; soil, vater, tegetation, sewage 
bacteria; soil 
bacteria; soil 

-··) 
'/ /.-

.L) 1

, ~tr~logi~t---.____.,. '7' v 

MB RESEARCH 8. DEVELOPMENT LTD. P.O. BOX 2103 , SIDNEY, B .C . VSL 356 TEL: (604) 656-1334 



~RESURCH 
ANALYTICAL & TESTING SERVICES 
Client: Environmental Investigatic:ris Resear-ch Ltd. 
Sample: W1888 

Sa!!lQlg 

#8 

#3 

#4 

#6 

HPcto:---

#5 

NJ.mber-s 
~r- Plate 

3 
1 
1 
1 
1 

10 
7 

_, 
;'. 

1 

Li 

.J 
.., 
·-' 

•:> 
L. 

4 
c: . .) 

-, 
·-' 

., 
L 

2 

1 (! 

5 . 

1 
2 
1 
6 

l 

Or-canisms Identified 

Bac_il]u~ coagulans 
Trict'Oder-ma sp 
Penici 11 ium ~i!!!Ql icissimlJl!l 
Candida sp 
Hyalodendron pirinl!!!! 
§~hyloc;oc:cus ~'.:!:'§'I-.!_ 

Staphylg£_occy? tlQf:ni~i~ 
Staphylococcus saQ~.9...Qhy~icu~ 
E!'"oma sp 
Trict'Oden~ sp 

Penic;.!l_l ium sp 
St_fill_byl_ oc:a;_CL!'§ wa rn_~t 
D.Jrtobac ter-ium .!.l a~9:1!flf~<;.!_~§ 
p.ir-to~c;;j:er-iu~ ~.l _g_,!pum 
)'r-ichczjg_nna sp 

8.~otg_iy__!_2 rubr:::~ 

Staphy!._ocg;_cu? ~.;i_r:~~r.:_j 

~tapjiy 1 oc:occ~~ ~.§Q!:_QP_b_}'.'t_i_C:~? 

Ae~ococ:cu~ ~ 

~!:~pb_yjgc:.~c;!::!? ~~ l.y_t_i ~I}~ 
~!.UiQPE.tce ?21\-:lr:r:i_~J2 

P~JJ;_,iJl iu!.1} ~!.i!!Q.Uci_§.'§.~::!:-1_'\' 

~enicil.l_!!:!D:i. ~-~!'::Y_5-9.Q~\J..:~ 
Staphy] ococcus lia_einol yt .i.cus 

f'.~_ic_U_lj._µm ?..!-.~p) ~.i;:J_5-?.!.!!!:l.ir.l 
Penicill~~m cl~QC':.~~ 
Jrif;tQ;!_~r-~ ml vi riQ.~~ 
FE'f.l!Ei l_l:l.um sp 
~~rgUJus sp 
~:taptiyJ_~O!;~ >':Y..l ~1;:1;~ 
f.\r::t.tl.c.qba_fte.r: ml ~.tt~~.,,i~ 
l<l~bsiell~ ml ol.~.!J!:ic;.9J.~ 

P.~i~. !-.U.:iY.'!1 ml Q~§q!:--'-:1~ 
St{lpbyJ~o;_c;_I}~ waC1J_E.T i 
StaotJ...·d QfQ;..~'o-!? si.1::1.:::;i;s_~J.19. !") _-:, 
~.!-.'..~.'t'?:':lY~~~ SP 
r\1r-tb~.9 ;_gpf. 11 

Like~y Habitat/Ccrrments 

bacteria, soil 
fungus, airborne, soil 
fungus, airborne, soil 
yeast, soi 1, envin:Yimental 
fungus, soil 
bacter-ia, skin, environmental 
bacteria, pr-imar-ilv human skin 
bacteria, skin, envir-onmental 
fungus, soi 1, vegetat ior1 
fungus, airbome, soil 

fungus, air-bome, soil 
bacteria, skin, envir-onmc--ntaJ 
bacter-ia, vegetation; pl ant pat hoot>:• 

bacteria, soil, vegetation 
funqus, airbome. soil 

yeast, airbome, seasonal 
bacter-ia, skin, envir-cnmentc:il 
bar:ter-ia, skin, erw1n::nment-..:J j 
bacter-ia, C01'Vf0'1 air-bom~ 

bacter-ja, skin, environrnental 
yeast, soil 

fungus, airborne~ soil 
fungu.s, soil, vegetati.nn 
bac tE·r- ia, st< in, env i n:i111Tie11 ta l 

funqus, air-borne, soil 
fungus, soil, vegetation 
fungus, soil 
fungus. air-borne, soil 
fungus, soil 
bacteria, skin, envjronrrental 
bacteria, soil, dust 
bacter-ia, soj_ l, water-. vegetatJ o: 

fungus, soi J , vegetatJ on 
bacterj a, skin, envi 1-onrn0nta l 
bacter-iu, skin, Pat-

bar:tei-ia, air-001-nro. so1 1 
b21cte1-j,a, soil 1-::- sut· +.::-.cc:, ··r:t <"t· 

- ~ -' u~~~~~ 
f"1.1 Cr'"f.JbJ (_; i C""::::. ~=~ 

MB RESEARCH&. DEVELOPMENT LTD. P.O. BOX 2103, SIDNEY, 8.C. V8L 3S6 TEL: (604) 656-1334 



mllESEMIOI 
ANALYTICAL & TESTING SERVICES 

Client: E.I.R. Ltd./ Mary Parynuik 
Sample: #W1888 

!"ED I A USED FCF SAf"PL. I 1\13 : 

1. EPP 

2. WA 

3. PDA 

tryptone soya broth <soybean-casein digest U.S.P.> O><oid 01129 
0.5"1. <wt:voll sod)um chloride 
5. Of. roman b 1 ood (OU tda ted ) 
1.51. agar 

1 • 51. water .;:igar-

potato dextrose broth Difeo 
l .5/. agar 

MB RESEARCH & DEVELOPMENT LTD. P.O. BOX 2103, SIDNEY, B.C. V8L 356 TEL: (604) 656-1334 
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HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

Address: -:#- ~ ::]Ac.,.kJ...-1 w "°l<ob.t::> -----------------------------------

T\IPe of air handling system YE:J2.-€;.G.D -----------~-------------
L Type and size of home -~uAC-.l-l~_l.t_~1DE-S __________ _ 

2. T\IPe of insulation K 2v '-':/Al....L.S ""R..34- A-rr1'------------------------------
3. Humber of occupants living in the home? __ ,3 ____________ _ 

4. Generally speaking how much time do vou spend in your ·home in 
a ~4 hour time period? 

""' l B kw.rs 

In general. on a scale from 1 being t.he worst t.o 5 being the 
best. please rank t.he following •ith respect to= 
( please not.e any addit.ional comment.s > 

5. Temperature 2> -------------------------------
6. Drafts 

__ ! ______________________________ _ 

7. Ventilation ~ 

8. Air freshness __ ~ ---------------------------
9. Air movement __ \.\----------------------------

10. Odors __ !!:. ______________________________ _ 
11. Humidity __ 5 _____________________________ _ 

12. Dust __ 0 ___ have_!Q_ d ~l_L~~-P~!:. J.oi-----------

13. Molds __ 5-------------------------------

TOTAL 
~~~- - ~~~~-·~~~~ 



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

Please ansmer t.he f'olloming questions mith a "~§ or a riD® 

14. Does anwone smoke in this home? If so how often? 

--~5 -----~-~-~~~t"~ *~-I~~ 1-~---------------
lS. Does anyone living in this home have allergies? If so. what are they? 

Y"\OY\e_ ----------------------------------------
16. Do \IOU use \lour kitchen fan? If so. how often? 

--'{_~ ___ ..zj_\ +~~ +~VY'\€. . -----------------------------
17. Do you use your bathroom fan? If so, how often? 

~o +~~--------------------------------------
18. Do \ilOU open \ilOUr windows? If so. how often? 

--~~s ____ \s~ __ _j-~~~n_+~~-~or~\n~--------
iJ lf-i+- IT ? r-.o _ s 0 - Ll s VV'. ; '"" / ol.o '1 o p-e V\ 

Do you generally have problems mi th any of the f olloming: 

16. Colds __ ..f'_Q ______________________________ _ 

17. Coughing --~~-----------------------------
18. Sore throats _ _c...£) ___________________________ _ 

19. Faintness -~------------------------------

20. Nausea __ h.Q------------------------------
21. FatiSilue _ _h_Q ______________ ________________ _ 

22. Headaches _ _t\_Q_ ____________________________ _ 

23. Back pain __ n...Q __________ '----·--·- ·--------------

24. E..,e strain __ h__Q ____________________________ _ 

25. Watery eyes _h_O - -----------------------------
- \n~.\-\o..\~ +ol" . -\~e 

c:l,ss \~o.· -\tc:t 
f \r $-\- I...)~ ~ k 8- + '°'e"' ~ + 



. .. 

HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

26. Skin irritation __ hQ. _______ .:.... __________________ _ 

27. What cleaning products do you use in your, home and how oft.en? 
~<"1 o-th.._c- "'°''f 

_l.\r~Ll~~~r~o~ei~-~~~~~-~~J.er-~-/-LP-Lw~_~k 
28. What type of vacuum cleaner do you use and how of ten? 

__ ~Q!\~-~~~-,--~~-~-b~DYV\ __ ~~w--~~~-ou~, 
29. What is t.he most significant f'actor affecting the air quality in your 

home? • 

~u~{w ------------------~-~-r-----------------

30. What are the two or three aspects of living in this home that you 
would like to change or see changed? 

--~~a_SOM~ _ _i)~+h,vo~-~~~~-~-------------
___ 'Q_~~ -~+_po~~:_:t--~~--\._-~:k~~~- 7_ +h~r_o_p_~~-

__ _:\-~~-~~d~v~_~J~~---------------------
31. What two or three features of this home do \,IOU enjoy the most? 

--~-\-s_ cY~ S_Qo-.s:_E:.. __________________________ _ 

a I -~ . . --v~LD----------------------------------
--~o D~--~,e~-t__J~-\:_t-\~~~l.c_IA_ ________________ _ 

THAHK YOU FOR YOUR COOPERATION. PLEASE ADD ANY ADDITIONAL 
COMMENTS 

~ \~ d-. \ """'-3 J 00' ~~; e-f S ~ o.. \IV\ """'-e 0 \ -*" .\e \ \ ~°'" +t- I 





HOMEOWNERS INDOOR AIR QU8LITY QUESTIONNAIRE 

Address= -~-11_1._~ _______ JA..~~.L.\~-~-----------

Type of air ~=dlin::ste~-_B_ C = Col>E- _D.:o ~f&.i~) ·.1 ~ 
J~ T~pe and size of home A~.-tEJ> __ Z.~l>~-----------
2. Type of insulation _·R_ .. .ZO __ ~i.. ~--~~4 _ _5: L6''.,_ _______ _ 

3. Humber of occupants living in the home? _ _j_,A~~_k.-r --~--~.D.S.. 

4. Generally speaking how much time do you spend in your . home in 
a Z4 hour time period? 

~~~DA~-l~~r-~ ______ \</E~~~~--Jo_H~----

In general. on a scale from 1 being t.he worst. t.o 5 being t.he 
best, please rank the follom§ng mith respect to= 
< please note any additional comments ) 

5. Temperature ---~---~ -~l,l~~"*s- -f~_k• •-~-~~~~--

'· Drafts ___ L __ JY<_~~12!_.Jdf'~~b~e2 ______________ _ 

1. Uentilation 5 

8. 5 ------------------------------Air freshness 

19. Air movement. 5 
10. Odors 4-----------------------------------
11. Humidity --~-___ _!:JP~~\R.S -----------------------
12. Dust 4----------------- -------------------
13. Molds s-----------------------------------



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

Please answer the f"ollowing questions mith a ll~g or a 6D® 

14. Does anwone smoke in this home? If so how often? 

__ li;s __________________ :>£LO:::>M ___________ _ 

15. Does anyone living in this home have allergies? If so. what are they? 

'hl.o ---------------------------------------
16. Do wou use wour kitchen fan? If so. how often? 

_ Y~s ______________ ~'vUAY~-~~'4__LJ::x:::>~·u~--

17. Do you use your bathroom fan? If so, how often? 

_ _yjo ___________________________________ _ 

18. Do 'WOU open \lour windows? If so. how often? 

_Y~~----6Alur<-b~::{_~--------~-------------
Uo-r ~ kJI f, WI 

J)o uou generally have problems with any of the f olloUJ1ing: 

16. Colds ____ Y~? ___ _{k.id~-~~~l _________ _ 
17. Coughing __ Y~s------~~---~----------------
18. Sore: th1-oats ll_ 

-~~----------------------------
19. Faintness ___ _bj_Q_ __________________________ _ 

20. Nau~ea ----~lt::..:~HAI _____________________ _ 

21. Fatigue ____ b.b ___________________________ _ 

12. Headaches 
___ Y~s ___________________________ _ 

aJ. Back pain Wo 

24. E..,e strain ___ Wo ----------------------------
25. Watery eyes __ f-:j$2 ___________________________ _ 



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

26. Skin irritation i.lo 

27. What. cleaning products do you use in your home and how often? 

_CJ2~1~T---~~_/~~&-------------------------
28. What type of vacuum cleaner do \IOU use and how often? 

W'P-' ~ H-T 2.... - ~ I\.~ K. ----------------------------------------
29. What. is the most significant factor affecting the air qualit" in 1::1our 

home? ~ 

_o~~A~~O±J6L __ _:?TA~E _ _A1~=--w~su_~~ut:o~~L 

J0. What are t.he two or three aspects of living in this home that you 
would like to change or see changed? 

_.:b,b~~~~---------------------------------

31. What. two or three features of this home do \,IOU enjoy the most? 

_\dAR..M £-12-_ _:/HA~-~VICA-lS_~\...-~S ~ ------------
~"'Pb.~OLl 'S -----------------------------------·------

THANK YOU FOR YOUR COOPERATION~ PLEASE ADD AHY ADDITIONAL 
COHHEHTS 



• I 



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

Address: ~ 5 OA.C-ti.-lu :f<b -----------------------------------

T\IPe of air handling system °WE:~.!... "°F"2... ./_ Vas.ct-L_KP~_l-.~~- ~P __ 

.1~ T~pe and size of home b...:r~ ~"'D __ 2..:...?.L..L::::€--:::. ---------

2. T\IPe of insulation _R ~ 2.o _JU~.l.::::1::~-j_R:_?~_.b...:r1LC... __ _ 

3. Humber of occupants living in the home? £ A1:>~~!2.~ 2._Lll::>~--
4. Generally speaking how much time do \IOU spend in your .home in 

a 24 hour time period? 

.:24- hr 
-----------~-----------------------------

In general. on a scale from 1 being t.he worst. t.o S being t.he 
best. please rank the following with respect 'to= 
< please not.e any additional comments > 

5. Temperature 5 

-6. Drafts _____ _? ---------------------------

7. Ventilation ____ 4----------------------------
8. Air freshness 4-

-J. 4--------------------------------Air movement 

10. Odors 4-

11. Humidity ----- A.. ______ _2\</Cb.."l.~--~XP __ .. ~ML )J_ ~ L.'.?_ 

12. Dust !$- ~ -----------------------------------
13. Molds 5 



• 

HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

Ple~se .answer the f ollo•ing questions mi th ~ ~=~ or a iD® 

14. Does anwone smoke in this home? If so how of ten? 

_Y~~--------~v~~-_p~y _________________ _ 

IS. Does anvone living in this home have allergies? If so. what are the~? 

}Jo ---------------------------------------
16. Do \IOU use \,lour kitchen fan? If so. how often? 

)I<- -ri t..;1 ~ ---------------------------------------
17. Do ':JOU use ~our bathroom fan? If so, how often? 

w..o r.A.~ ee.u1t:.o'-----------------------------------------
18. Do \IOU open \ilOUr windows? If so. how often? 

__ 1'1 ____________________________________ _ 
Ul&i.WI }-..lo -.. 

Jao vou generalliy have problems •ith aniy of the foil owing= 

\6. Colds 
____ 4-lo ____________________________ _ 

17. Coughing U o ---------------------------------
' I 

18. Sore throats i--...10 -------------------------------
1~. Faintness 

___ u..o ___________________________ _ 
20. Nausea 

____ Uo ___________________________ _ 

21. F atisiue Uo 
22. Headaches 

___ Uo ___________________________ _ 

23. Back P•in ~o 

24. E\le strain 'kl.~ ---------------------------------
25. Watery eyes 

_Hz_ ___________________________ _ 



• 

HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

26. Skin irritation 
_i::k? __________________________ _ 

2.7. What cleaning products do 1:1ou use in your home and how often? 

_(qv\~'----~u~s~---~?LCfSPA~-------------
c8. What type of vacuum cleaner do ~ou use and how often? 

_-PoR1 __ ~-~~w~~-[boov~) __________________ _ 
29. "-!hat. is t.he most significant f"act.or af"fect.ing t.he air quality in your 

home? • 

b~oKE- ----------------------------------------

30. What are the two or three aspects of living in this home that you 
would like to change or see changed? 

~~-~o~A~E---------------------------

31. What two or three features of this home do ~ou enjoy the most? 

_2 _ _b•~l~> _____________________________ _ 

THANK YOU FOR YOUR COOPERATION. PLEASE ADD AMY ADDITIONAL 
C0t1t1EHTS 





HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

Address= _-d:t_~ ______ QAL.J.::'.'..~~-------------------

T..,pe of air handling S\ils:tem 'IJ~:.-~-f-_tl.J._?1J::t..~ALJ_-"d6k:£- U~ 
1. l':IPe and size of home ~TIAc..J-4~_j_?1DE: ___________ _ 

2. T\IPe of insulation _}?..=_ 2.o_~AL-L-"S _j_ '°t2..:_~_ A 111,S:-S ___ _ 

~. Number of occupants living in the home? _1.~~..1..=C_ __ l __ k.Jj;:> __ _ 

4. Generally speaking how much time do \IOU spend in your . home in 
a 24 hour time period? . 

-~-_k_~-~l ______ 2Lh~--~q_ _________ _ 

In general.. on a scale from 1 being the worst to S being the 
best. please rank the following urith respect to= 
< please note any additional comments > 

5. Temperature 
__ L ___________________________ _ 

6. Drafts I ----------------------------------
7. Uent.ilation 4:: --- ----------------------------
8. Air freshness ±:: - ----------------------------
'· Air movement. _.:1-___ _ 
10. Odors _____ 4-----~; v-.._+-=- e-. + J; ~ i- Di<...-~ --=-
11. Humidity )_ ---------------------------------
12. Dust 4- ------------------------------------
13. Molds ______ t, __________________________ _ 

- ------• - - • • r -~- - -



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

?lease answer t.he following quest.ions with a II~§ or a liD® 

14. Does anyone smoke in this home? If so how often? 

--.fo-~~~.L_:J>A:::(_ _________________________ _ 
IS. Does an\lone living in this home have allergies? If so. what are they? 

__ _1.-)o_ _________________________________ _ 

16. Do you use \ilOUr kit.chen fan? If so. how often? 

y ~I ~J.;~ . -----------------·----------------------
17. Do you use ~our bathroom fan? If so, how often? 

_ Y ________ ~IL~~_::b_~---~-2--------
18. Do ..,ou open \lour windows? If so. how often? 

St:..L..t>O~ 

~1~41: -~o 
Do vou generallv have problems with any of the following: 

16. Colds w 
17. Coughing __ 1'J ____________________________ _ 

/ 
18. Sore throats _.] ____________________________ _ 

19. Faintness ~ 

'20. Nausea i-J 
21. Fatigue ====-1-J -------------------------~--

-----------------------------
22. Headaches 'f-J ---------------------------------
23. Back pain N 
24. Eve strain-~~ :{~~~-bo~---~~~--tor-rC1k-f _______ _ 

-----------1.7----------
25. Watery eyes W --------------------------------



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

26. Skin irritation _.hl ____________________________ _ 
27. What cleaning products do 'JOU use in your home and how often? 

_Mg_ G "'-bf:L)_P.:r ~~v~ r<..:(__):»s !:J.. ______ LL:~ L __ _ 

28. What type of vacuum cleaner do \IOU use and how often? 

-~~-----Yo~ABLJ§:. ___ ~~~~-z::;:-~ ___________ _ 

~~- What is the most significant factor aff ect.ing the air qualit':I in your 
home? • 

~\OJ:(___1 i.....1.C-i ----------------------------------------

30. ~hat are the two or three aspects of living in this home that you 
would like to change or see changed? 

---~~~s_ _____________________________ _ 

31. &.-Jhat two or three features of this home do you enjoy the most? 

tG-r-~c:,1 ----------------------------------------
S"'Pb..uo~> . ----------------------------------------

THANK YOU FOR YOUR COOPERATION, PLEASE ADD ANY ADDITIONAL 
COHHEHTS 





HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

flddress= -:tl- B ::JAUK_L' .....t Kb----------------
----~--------------

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

lwpe of air handling system Hi<V --------------------------
J.. T~pe and size of home _ls..1-1 :b..C-J.-..\~"D _ _2_p1 DE..-==----------

2. T\IPe of insulation "12..- 2o -~~A.L-L.--.S _ _j __ g :_=?:-4-_ ..A.-r:c~s ___ _ 

5 ----------------3. Humber of occupants living in the home? 

.q.. Generally speaking how much time do \IOU spend in your ·home in 
a 24 hour time period? 

---~-~-~~r~-----------------------------

In general. on a scale from 1 being the worst to 5 being th·e 
best. please rank the fallowing with respect to= 
< please note any additional comments > 

S. Temperature __ 5 ___________________________ _ 

6. Drafts ___ 5 _____ .c.ho -\='4-~-~---.th ~-s±J,-o ~~S..QQ ~--
7. Ventilation __ _5 ____________________________ _ 

8. Air freshness __ .:5_ __________________________ _ 

'· Air movement. __ 5_ __________________________ _ 

10. Odors _....c..Q.-L_J'-9 { i_c_~ o . bl_t;._ ___ ~----------------

11. Humidity __ 5 ------------------------------
l'l.. Dust LJ - -- -~--------------------------------
13. Holds --~n~ S -------------------------------



HOMEOWNERS INDO .OR AIR QUALITY QUESTIONNAIRE 

Please answer the following questions mi th a ~@6 or a Bil® 

14. Does anwone smoke in this home? If so how often? 
_ _n_a __________________________________ _ 

15. Does an..,one living in this home have allergies? If so. what ar"e th,e;;? ... 
. ,.). l>IS+ <'°'-fs a cica .;:, 

_.:2L,_j;Jo ~:2---,--U,-..l..... f~-:i'd.-_!~5-~_!_cl_1W\:jgf'w __ I_cc.$-L, ~ 
I~ ~I~ vr o :,J, h.o-.ve 1--.o-.o ,.,vs~ D ~f'..PdS 12._,.-5 t)j°'. " 

16. Do wou use \IOUr kitchen fan? If so. how often? OlA t- ; "" t-~t;.._1/-E' l 
( .SD ..-v1 4? -+-uO-::- . -+ \ I 

-~s __ ~v~~-~~~-~h~~£o~-------------~---
17. Do ":JOU use ~our bathroom fan? If so, how often? 

_nQ __ b~i~~bM_.f~~-----------------------
18. Do \IOU open \IOUr windows? If so. how often? (A.) he '/"\ c { €>0c. "" \ ,/"\~ 

-~~S------~v~~i-e·~~l~~ __ _soYy\~+-:;~~~-. .&:Ahr--vv~ 
l µ. -r..d I I I ' ---

\..._ \~ ·••' •.OvJ {)~-eV\ °'--.-. \"'~ V\ i w " h J_ \:>e'O'\ ,-vv VV'- ..._. \ ·-- - - ·-

J) o you \~e~erallv have problems with any of th~- following: 

16. Colds --~\.\ ~""!_-+h~ __ bo4s __ l..\J ~·:!_~-~\\er~ \·e.s _____ _ 

17. Coughing __ --1.t.. ___ ...!...!.. ___ ~----~~----~!....--------

18. Sore throats _!.!,.. ___ ,L.L __ _!....! ___ _!_1 ____ _!_~--------

19. Faintness -J-~~-~h~--.1!2~ __ 0\J. _ _,kso~~J~~~-otd 
?.0. Nausea no ----------------------------------? 
21. Fatigue ,. ,, 1, ll ., • -------------------------------··---
22. Headaches 1-;z__~ \3 r o\d 

-------~-------------------------
23. Back pain --~ s -~---------------------------
24. E\le st.rain --D2-----------------------------
25. Watery eyes __ 0Q_ ___________________________ _ 



HOMEOWNERS INDOOR AIR QUALITY QUESTIONN~IRE 

26. Skin irritation 'v.s+ -t-~e- l2 ,. a·,~ 
-~-----------~-----------------

27. What cleaning products do 'JOU use in \IOUr home and how oft.en? 

-~~~~l"'{q~-~l~~~L----~~~~--~~eK _________ _ 
2a What type of vacuum cleaner do ~ou use ~nd how often? 

_el~d:riJ.ltLL __ _?JOD _____ j_~v~'4--~~J_ol~----
29. What is the most significant f'actor affecting the air qualit\i in ':#Our 

home? ~ 

__ h.Q _____________________ ~--------------

30. What are the two or three aspects of living in this home that you 
would like to change or see changed? 

_f~~~-~~-+~~--b~+hr-oD~------------------

31. What two or three features of this home do \ilOU enjoy the most? 

-~~~~~--h,.b '.~-r __ soa\-~\~3--coLo~~--g\~~J~----
C/~ \ \ '('\+ . 

--~~--~~is-~-~-~~:-~1~~------------------
-----------------~---?e~----------------

THAHK YOU FOR YOUR COOPERATION. PLEASE ADD AHY ADDITIONAL 
COHMEHTS 





tiOMEOWNERS INDOOR ~IR QUALIT~ QUESTIONNAIRE 

Address: __ lC\5_~~~--~~d _____ ~.t_en_A_b~~-~~(~-. 
'\I· \ .. • 
"\~~\- ... 

------~~---------------------------
__ _Lm~~~h~-------------------------

TvPe of air handling S'iilStem ..J.Jx_~c::k+\v.e._(''§S~\"'2._ c~"'-'L~~-e.-P0? "'Pr< 

1. l':IPe and size of home _l_ 400 J-\=--------------------
2. T\IPe of insulation -~\Dt.t-~~~-¥~~---------------
3. Number of occupants living in the home? _ 4 --------------
4. Generally speaking how much time do \IOU spend in your ·home in 

a 24 hour time period? 

\ -, \0 <:.. ----------~~~~~-------------------------

In general,. on a scale from 1 being the worst to 5 being the 
best,. please rank the follow~ng with respect to= 
< please not.e any additional co.nments > 

!5. Temperature __ L\:_ ___________________________ _ 

6. Drafts __ 4:_ ______________________________ _ 

7. Ventilation _5_ _____________________________ _ 

8. Air freshness _!! ___________________________ _ 

9. Air movement. _ .3----------------------------
10. Odors -~--------------------------------
11. Humidity -~-------------------------------
12. Dust _ _3 1' -----------------=----------------
13. Molds _.!)one_r-~""-h<>Wl-~--------------------



HOMEOWNERS INDO .OR AIR QUALITY QUESTIONNAIRE 

?lease ans mer the f ollo•ing questions •ith .. im=~ or a &D® 

14. Does an\lone smoke in t.his home? If so how often? 

-~~~---~vt~~-~~~-~~-cl~----------------
15. Does an\lone living in this home have allergies? If so. what are they? 

-~Qn_E;._ _________________________________ _ 

16. Do \olOU use wour kitchen fan? If so. how often? 

--~s-~-~~~-~~~-cool~---------------~---
17. Do you use your bathroom fan? Jf" so, how often? 

-~~~i--~kow~~~~-~Q-~~~-~~~i"'-3-~lw~~s _____ _ 
18. Do \olOU open \olOur windows? If so. how often? 

_.n.~~_n_p± _ _j_b_j- '-' "--~i_:~l> _ w i..~+r..!-+_!iL._LA W'_W\ f> r ~ _ _2 ~'f---

Do vou generally have problems mi th any of the following: 

16. Colds no -----------------------------------
17. Cou51hin51 ~o ----- ----------------------------
18. Sore throats V'\ 0 -------------------------------
19. Faintness h0 ---------------------------------
20. Nausea 

_ _nQ_ _____________________________ _ 

21. Fatigue -1LP--------------------------~----
22. Headaches _ _rtO _____________________________ _ 

23. Back pain --~0------------------------------
24. E-..e str411in --"'0------------------------------

25. Water.,.. eyes -~0-----------------------------



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

26. Skin irritation nD 

27. What cleaning products do ~ou use in '!:fOUr home and how often? 

-~\.o..d.L~.,Y ~~l-e~Q..~B>O\~-=~~Lti.1£_cJfil..n..f. • _J.x i.vJ Ltl _ _3 If'(, 

fV'-'C"' "'p i-~ N.: 

28. What type of vacuum cleaner do \IOU use and how often? -lh-e. we~ 'f-

-~D1_~VL~-W~h-o.L~-----------------------
29. What is the most significant factor affecting the air quality in ~our 

home? ~ 

_n~VL~-----------------------------------

J0. What are the two or three aspects of living in this home that you 
would like to change or see changed? 

-~Q~~-----------------------------------

31. What two or three features of this home do you enjoy the most? 

-~~~~~~~~~t~~~~~-tb~~l~,o~-~~~$2 ______ _ 

-~~~~~~\___--------~--------------------

THANK YOU FOR YOUR COOPERATION. PLEASE ADD AMY ADDITIOHAL 
COt1t1EHTS 





HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

Address= -----~~~~-~-_}\~~~----~~ch~£h~~o _____ _ 
----~_]_~~~--~'~~~o~_Ro~J __________ _ 

------~~~~--~·~~--~~~-~~~----~n~-oo~o_ 
T'l!IPe of air handling S\Sstem __ "bc>.s~o~~-_!-..~\e."t":S _________ _ 

1~ T\IPe and size of home __.l_~\~~-..}~v~l__].~l_oo~----------
2. T\IPe of insulation 

~~\\d..~, ~J~d. 
3. Number of occupants living in the home? __ d--------------
4. Generally speaking how much time do \,IOU spend in 'WOUr -home in 

a 24 hour time period? 

5. 

6. 

1. 

8. 

,_ 
1'3. 

--~-~~h~~~~-----L--~~~~--~-~~~'~---------

In general. on a scale from I being t.he worst to 5 being the 
best. please rank the following mith respect t'1= 
( please note any additional comments > 

Temperature ----~--------------------------
Drafts _______ .3_ _________________________ _ 

Ventilation _____ lf_ _________________________ _ 

Air freshness ___ i _____ _.:, ___________________ _ 

Air movement. ---~--------------------------
Odors _______ '{_ _________________________ _ 

11. Humidity \ ---------------------------------
12. Dust ·3, 

~ ------------------....:...-----------------
13. Holds _______ l _________________________ _ 

-------·- - -------- ·-- .. -- . ·- - -



HOMEOWNERS INDO .OR AIR QUALITY QUESTIONNAIRE 

"Please answer the fallowing quest.ions with a II~§ or a liD® 

14. Does ~n..,one smoke in this home? If so how often? 

___ _p_f) _________________________________ _ 

15. Does an\ilone living in this home have allergies? If so, what c.re they? 

____ _b_Q_ _______________________________ _ 

16. Do \IOU use \IOUr kitchen fan? If so, how often? 

___ _n c-t ___ ~S!J~----- (_+~ ~--~ .,c. ~...s. + .:_1..o~ ~r-~-\-4_..Q. "'~ ld · 
17. Do you use your bathroom fan? If so, how often? 

--1---e_~---~~~~~-------------------------
18. Do \IOU oPen wour windows? If so. how often? 

--~--~-~~--~\..0k_r ____________________ _ 

l>o vou generallv have problems with anv of t.he following: 

16. Colds h 0 -----------------------------------
17. Coughing nO 
l.8. Sore t.hroats _...!l.Q ___________________________ _ 

19. F aint.ness 
___ rtQ ___________________________ _ 

20. Nau~ea ____ DO----------------------------
cl. Fatigue ____ r~----------------------------
22. Headaches ("'1; 0 ---------------------------------
23. Back pain 

___ _!'O ___________________________ _ 

24'. Eve st.rain 
___ nn ___________________________ _ 

25. Watery eyes 
__ .I'O ___________________________ _ 



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 

26. Skin irritation __ nQ __________________________ _ 

2. 7. What cleaning products do 11:1ou use in ~our home and how of ten'? 

~~~cl_J_~~~-t-~~~\~~~----~~-1-"L~~----
2.8. What t\ilPe of vacuum cleaner do \ilOU use and how often? 

_\-\~O\J~c_ __ ~s~ht__.:. ___ J~ ~~~-l~--~CL~ -\-\.-.s ____ _ 

~9. What. is t.he most. significant. factor affecting the air quality in your 
home? • 

--~~~~~4--~--~~L-~~--w'~~Dws __ ~Qls._ ____ _ 

_ J~\<_o£_y~vj-~\_o...~DV'. __ ~_'\±-~_ \(~~\...~""--~~.:.£.oQ.)~-~~
ool o--.s-J 

30. What are the two or three aspects of living in this home that you 
would like t.o change or see changed? 

__ s~v~--~~~---~~\~--~~~J~':0 __ L_~-~~~~~~~~b, 
_a.~~~--°'"\- _t\.-.~- -h-o~\--_~c-~~~V'ct__ -=r ~s~- ~~ 

----------------------------------------
31. What two or three features of this home do ..,ou enjoy the most? 

_bd~t_L_b_~~rjk~~~s __ /_s~E~l_o_us_...1-A~~-o-.:....h~~~~~~ 
--~'°'-w \s~~~~-~-~~~~--------------------
-----------------------------------------

'THANK YOU FOR YOUR COOPERATION. PLEASE ADD AHY ADDITIONAL 
COMMENTS 





-1-}EU:WA Mr~ 
A~. 

Cot>e!. , 
~o 

Air Q~al~ty Q~est~o~~a~re 

Thank you for helping out with our air quality study. You were 
great, and I think we've learned some cood things about the 
different kinda of ventilation systems. 

As part of the study, we'd like to ask how you've found the comfort 
of your house in the last couple of weeks. If you haven't noticed 
any difference from day to day, then that'• use~ul information too. 

MARCH ZZ - 19 th MARCH 3e - APR 8 th 

TOO COLD 
TOO HOT 
TOO STUFFY 
TOO DRAFTY 
TOO MOIST 

If you kept your windows 
comfortable?_~..,k: __ 

How many people lived in 

closed, did it make the living area 
How about the bedroom? _11f-'~---

the house during the survey? __ ~----

leas 

Were you away at all during the survey?_~. 
when, please write dates down. ~f--

If you can remember 

~~ I 

r-A. (,;}.....- cJ.,_ 

k~ 
;2_J_ Jl. j l :ic.t I 31 

<o, 1, ~ \ ct 

Mas* o{ --\-l e --\--;""' .Q, -::S:: \.-.--d. · -\-c o \="'" w: '"'-j_ <-w s 

v...p S ~.,. s ~ c\ o\)JIJ\. ~ +;_'" v S ·: b "'-~ d;:;i 0'<' .\-.a ~-<:..-\-
+r~.....Jl.. .,,:-, .... ]:-t's ~ 4ao ~ .~ ~-
10crt <l_4~ I ,\vJ- u)cJ_ ~~,)- ;_,,_ ~ 
\J...o.X~-.,,~~ . ~~ A~~ /l-1~) 

--k-_h 
J - ~s 



cry < ('J:i:Ac_..--( , 

~ Ptpt& 

Air Q~ality Q~estio~~aire 

Thank you for helping out with our air quality study. You were 
great, and I think we've learned some good things about the 
different kinds of ventilation systems. 

As part of the study, we'd like to ask how you've found the comfort 
of your house in the last couple of weeks. If you haven't noticed 
any difference from day to day, then that's useful information too. 

MARCH IZ - 39 th MARCH 31 - APR 6 th 

TOO COLD 
roo HOT 
TOO STUFFY 
roo DRAFTY 
TOO MOIST 

If you kept your windows closed, did it make the living area less 
comfortable? How about the bedroom? 

How many people lived in the house during the survey? _ _3 ___ _ 

Were you away at all during the aurvey?_jl_~~-· 
when, please write dates down. """f 

If you can remember 

D. ~o u \ -\- L-...) D c)_C\"--\ ~ , )'l\o...c- c__\\ , 

-rk-l~ ... _____,' 
Ylr ,.. 
I 



'v(/A\-l- I t---1 L-e:I 
~. !")O 

Air Q~ality Q~estionnaire 

Thank you for helping out with our air quality study. You were 
great, and I think we've learned some good things about the 
different kinds of ventilation systems. 

As part of the study, we'd like to ask how you've found the comfort 
of your house in the last couple of weeks. If you haven't noticed 
any difference from day to day, then that's useful information too. 

MARCH 22 - 39 th MARCH 31 - APR 6 th 

00 COLD 
T 00 HOT 

00 STUFFY 1/ ~ 

T 00 DRAFTY 
00 MOIST 

If you kept your windows closed, did it make the living a~ea less 
comfortable?-¥-efr---- How about the bedroom?~~-~'Tl~~ 

How many people lived in the house during the survey? __ ~~---

Were you away at all during the survey~-· If you can remember 
when, please write dates down. 

~~ cf~'i'~~~~ 
c -:L~ ~ ~~ ~-'"'-~ 

..A"'-¥ .~~/ ~ 
.c/ ~~ ~,;# ~~ ~ .r-t-<-------~ . 

" .... 

I 1h k.._t .. 





VENTILATION QUESTIONNAIRE 

B.C. CODE H.R.V. FULL 
VENTILATION DUCT SYSTEM 

YES NO YES NO 

1) Does it meet air quality needs? i/ 

2) Does it effectively deal with: 
/ 

a) Moisture? 
/ 

b) Odors? 

c) Contaminants? 
,./ 

3) Is it: a> Excessive? / I I 
.... -. :" _,,,_,.,. .... . ~ f 

',_/ 

b) Necessary? 

4) Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms? 

$ I? I l 

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms? 

$ I ·;-· t :-:. 

6) There ls a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is: 

a) Necessary? ./ 

b) Unnecessary? 

Comments~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

MARKETABILITY OF VENTILATIOI SYSTEMS 

Easy to Difficult 
Market to Market 

B.C. Code System ,,--, -
3 \?I 1 0 1 2 3 _, 

HRV System 
Q) 3 l 0 l 2 3 

1 



MAINT!NANCI OF VENTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System 
Q_) 2 1 0 1 2 3 

HRV System (IJ 2 1 0 1 2 3 

AIR QUALITY EFFECTIVENESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
-~ 

,.., 
"-: 2 1 0 1 2 ( ~:~ 

HRV System <5t a-. 
• l 2 1 0 1 2 (3 J - 7 

\ .·· 

POLLUTION CONTROL !FFECTIV!HESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System ') 3 2 1 0 1 2 3 

HRV System ~ u 3 2 1 0 1 2 

INSTALLATION or VENTILATION SYSTEMS 

Easy to Difficult 
Install to Install 

B.C. Code System p . 3 2 1 0 1 2 3 

HRV System '£7 2 1 0 1 2 3 

2 



VENTILATION QUESTIONNAIRE 

B.C. CODE H.R.V. FULL 
VENTILATION DUCT SYSTEM 

YES HO YES NO 

1) Does it meet air quality needs? v- v 
2) Does it effectively deal with: 

a> Moisture? v v 
b) Odors? / v 
c) Contaminants? / ~ 

3) Is it: a) Excessive? 

b) Necessary? v '\,/ 

4) Approximately how much does it 
Venylation in an electric baseboard 

cost to install B.C. Code 
house with three bathrooms? 

$ i@! - ~o f(i)OC> 

5) Approximately how much does it cost to install an HRV Full 
Duct jystem in an electric baseboard house with three bathrooms? 

$ t6'W 
6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is: 

Comments 

T\.. e I; uj nl 9 °" ,., 1'1 

a) Necessary? / 
b) Unnecessary? 

1.±:..._ll 
L,....• ·,+\_~ 

S\ q e c d w ·~ .... ) 
I 

+-~ ~ h Of"'J't 

MARKETABILITY OF VENTILATION SYSTEMS 

B.C. Code System 

HRV System 

l 

Easy to 
Market 

® 
3© 

1 0 1 

1 0 1 

+0 

2 

2 

CQ-,t-Yo) 

Difficult 
to Market 

3 

3 



MAINTENAHCE or VENTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System 
@ 2 1 0 1 2 3 

HRV System 
© 2 1 0 1 2 3 

AIR QUALITY EFFECTIVENESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System (p 2 1 0 1 2 3 

HRV System 
cD 3 2 1 0 1 2 

POLLUTION CONTROL EFFECTIVENESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
@ 2 1 0 1 2 3 

HRV System a: 3 2 1 0 1 2 

INSTALLATION or VENTILATION SYSTEMS 

Easy to Difficult 
Install to Install 

B.C. Code System 
<15 2 1 0 1 2 3 

HRV System 
Q) 3 2 0 1 2 3 

2 



VENTILATION QUESTIONNAIRE 

B.C. CODE 
VENTILATION 

H.R.V. FULL 
DUCT SYSTEM 

YES ~ ~ NO 

1) Does it meet air quality needs? ;'/.?, // r-<J 
2) Does it effectively deal with: 

0 Moisture? 

~- Odors? 
~Contaminants? 

3) Is it: a) Excessive? 
--
~ Necessary? 

4) Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms? 

$ L.~ . &- ~~ D-r-- /.ke__._e, r.r?' ~ 
_./ {...' 

5) Approximately 
Duct System in an 

how much does it cost to install an HRV Full 
electric baseboard house with three bathrooms? 

/) . ~ 
$ ~£ 0-0-0 I ~ 

~ . ~p· 
'./~ ??--?== . ~?: ~ ~ 

~ 
6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is: 

&ecessary? ~ 
b) Unnecessary? 

Comments ~ ,k .""""' "- b-r, ~?,/ ,;zt;/ , 
/? ' 1 ~~~ / • 

/_ &.-. .. -«9 ..t:-071 ~ <-fu /-- (.~·-c;~~ 
, / 

MARKETABILITY or VENTILATION SYSTEMS / 

/~ ~::~e~o 
Difficult 
to Market 

1~ /I; •.: B.C. Code System (j:> 
2 

/:/. ~ 
1 0 1 2 3 cL' 

\:( ~/ HR~ ff tem 0 2 ~;; 1 0 1 2 3 / '.J 

(\/ ~\!~~ 1 
~:) 



MAINTENANCE OF VENTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System &2 3~~~. 3 2 1 0 

HRV System (j) ~ 2 1 0 1 2 3 

AIR QUALITY EFFECTIVENESS or VENTILATIOI SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System {j7-
3 2 1 0 l 2 3 

HRV System 6) 3 2 l 0 1 2 

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System @ 2 1 0 l 2 3 

HRV System CV 3 2 l 0 1 2 

INSTALLATION or VENTILATION SYSTEMS 

Easy to Difficult 
Install to Install 

B.C. Code System ~ 
2 l 0 1 2 3 

HRV System G 2 1 0 1 2 3 

2 



VENTILATION QUESTIONNAIRE 

B.C. CODE 
VENTILATION 

YES NO 

1) Does it meet air quality needs? ~ 
2) Does it effectively deal with: 

a) Moisture? 

"'" b) Odors? 
( 

c) Contaminants? "--
3) Is it: a) Excessive? I. 

b) Necessary? 

4) Approximately how much does it cost to 

H.R.V. FULL 
DUCT SYSTEM 

YES NO 

r/ 

v' 
a/ 
/ 

/ 
/ 

install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms? 

$ HU U - 1-{oo- '}1>0 

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms? 

$ I 3 ob -t'~ !£.ob 
6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is: 

a> Necessary? v 
b) Unnecessary? 

Comments~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

MARKETABILITY OF VENTILATION SYSTEMS 

B.C. Code System 

HRV System 

, 

Easy to 
Market 

3 2 1 

3 2 UJ 

0 1 

0 l 

Difficult 
to Market 

rP 3 

2 3 



MAINTENANCE OF VENTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System 
Cf) 3 1 0 1 2 3 

HRV System 
® 3 2 1 1 2 3 

AIR QUALITY EFFECTIVENESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
~ 2 1 0 1 2 3 

HRV System 
(2) 3 2 1 0 1 2 

POLLUTION CONTROL EFFECTIVENESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
@ 2 1 0 1 2 3 

HRV System @ 3 2 1 0 1 2 

INSTALLATION OF VENTILATIOI SYSTEMS 

Easy to Difficult 
Install to Install 

B.C. Code System 
(3) 3 2 1 0 1 3 

HRV System (j) 3 2 1 0 2 3 

2 



VENTILATION QUESTIONNAIRE 

B.C. CODE 
VENTILATION 

YES NO 

1) Does it meet air quality needs? fJ () 

2) Does it effectively deal with: 

a> Moisture? f'1'D 

b) Odors? tJe;, 

C) Contaminants? ~b 

3) Is it: a> Excessive? ~ 

b) Necessary? 0 

H.R.V. FULL 
DUCT SYSTEM 

YES NO 

~c:J 

j&~ 

'5t5 
'jL~ 

~ 

~")" -
4> Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms? 

$ ~~ 

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms? 

..... 
$ ,;... CJ» 

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal ls: / 

a) Necessary? 

b) Unnecessary? 

Comments~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

MARKETABILITY OF VENTILATION SYSTEMS 

B.C. Code System 

HRV System 

, 

Easy to 
Market 

3 2 

3 ~ 

r-

8 
1 

Difficult 
to Market 

0 1 2 3 

0 1 2 3 



MAINTENANCE OF VENTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System @ 2 1 0 1 2 3 

HRV System 
(j) 3 2 1 0 2 3 

AIR QUALITY EFFECTIVENESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 

CD 3 1 0 1 2 3 

HRV System 
(LJ 3 2 1 0 1 2 

POLLUTION CONTROL EFFECTIV!IESS OF VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System " 
3 2 CV 0 1 2 3 

HRV System r· 

3 2 1 C9 1 2 3 

INSTALLATION OF VENTILATION SYSTEMS 

Easy to Difficult 
Install to Install 

B.C. Code System rJ) 2 1 0 1 2 3 

HRV System 
(9 3 2 1 0 1 3 

2 



VENTILATION QUESTIONNAIRE 

B.C. CODE 
VENTILATION 

g HO 

H.R.V. FULL 
DUCT SYSTEM 

!ES @ 
1) Does it meet air quality needs? Yff /J.C. C..u Ct-

2) Does it effectively deal with: 

a) Moisture? ~t r ~.c_ ( q 17v-

b) Odors? 

c) Contaminants? 

3) Is it: a) Excessive? Au 1f! (<:)f)t" 

b) Necessary? 

4) Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms? 

$ :l-~ 0 
<) ;) 

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms? 
, IP o u v,J 

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is: 

a) Necessary? 

b) Unnecessary? ;z 
Comments~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

MARKETABILITY OF VENTILATION SYSTEMS 

B.C. Code System 

HRV System 

1 

Easy to 
Market 

® 2 

3 2 

1 0 1 

1 0 1 

2 

2 

Difficult 
to Market 

3 

3 



MAIHTENANC! or VEHTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System 

CJ 2 1 0 1 2 3 

HRV System 
3 2 1 0 1 2 3 

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System cs 3 2 1 1 2 3 

HRV System 
3 2 1 0 1 2 3 

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System " 3 2 1 CV 1 2 3 

HRV System 
3 2 1 0 1 2 3 

INSTALLATION OF 9ENTILATION SYSTEMS 

Easy to Difficult 
Install to Install 

B.C. Code System ® 2 1 0 1 2 3 

HRV System ® 2 1 0 1 2 3 

2 



VENTILATION QUESTIONNAIRE 

B.C. CODE H.R.V. FULL 
VENTILATION DUCT SYSTEM 

@) NO @ NO 

l> Does it meet air quality needs? 

2) Does it effectively deal with: 

a> Moisture? i./ 

b) Odors? V' 
c) Contaminants? / 

3) Is it: a) Excessive? V' 

b) Necessary? v' 
4> Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms? 

$ d I 2.J>-, 0:-0 

5> Approximately how much does it cost to install an HRV Full 
Duct System in a;,rlectric baseboard house with three bathrooms? 

$ di.).. on .. O:C) 

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is: 

a> Necessary? 

b) Unnecessary? Yes. , 
Fol'\. - Co45;-Comments I He-- /7J /S /()a/ 

A.Jc~ t'"! 5 kfl --L. 
MARKETABILITY OF VENTILATION SYSTEMS 

Easy to Difficult 
Market to Market 

B.C. Code System 
CV 3 1 0 1 2 3 

HRV System 

~ 3 2 1 0 2 3 



MAINTENANCI OF VENTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System 
® 2 1 0 1 2 3 

HRV System ® 3 2 1 0 1 2 

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS 
/ 

Not Very Very 
Effective Effective 

B.C. Code System 
® 3 1 0 1 2 3 

HRV System c0 3 2 1 0 2 3 

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
CD 3 1 0 1 2 3 

HRV System cD 3 2 0 1 2 3 

INSTALLATION OF VENTILATION SYSTEMS 

Easy to Difficult 
Install to Install 

B.C. Code System ® 2 1 0 1 2 3 

HRV System © 3 2 1 0 1 2 

2 
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VENTILATION QUESTIONNAIRE 

B.C. CODE H.R.V. FULL 
VENTILATION DUCT SYSTEM 

e===NO YES NO 

1) Does it meet air quality needs? ~ 

2) Does it effectively deal with: 

a> Moisture? / 

b) Odors? J 
C) Contaminants? I 

3) Is it: a> Excessive? f / 
b) Necessary? 

4) Approximately how much does it 
Ventilation in an electric baseboard 

cost to install B.C. Code 
house with three bathrooms? 

$ !1'10. ~ 
5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms? 

$ ~~-o-::> 
6) There ls a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is: 

a> Necessary? 

f bl Unnecessary? ~ 
Commentsli ~u J, 7<lAh~, ,,;,_ !2,.J., JR .wJ.., 
MARKETABILITY OF VENTILATION SYSTEMS 

B.C. Code System 

Easy to 
Market 

3 2 1 0 1 2 

Difficult 
to Market 

3 

/ HRV System ---------3 2 1 0 1 2 3 

1 



MAINTENANCE OF VENTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System 
3 2 1 0 1 2 3 

HRV System I 
3 2 1 0 1 2 3 

AIR QUALITY EFFECTIVENESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System / 
3 2 1 0 1 2 3 

HRV System / 
3 2 1 0 1 2 3 

POLLUTION CONTROL EFFECTIVEIESS OF VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
3 2 1 0 1 2 3 

HRV System / 
3 2 1 0 1 2 3 

INSTALLATION OF VEHTILATIOM SYSTEMS 

Easy to Difficult 
Install to Install 

/ 
B.C. Code System 

3 2 1 0 1 2 3 

HRV System 
3 2 1 0 1 2 3 

2 



VENTILATION QUESTIONNAIRE 

B.C. CODE 
VENTILATION 

(§) HO 

1) Does it meet air quality needs? 

2) Does it effectively deal •1th:~ 

a> Moisture? ( 

b) Odors? ~ 
c) Contaminants? ( 

3) Is it: a> Excessive? 

b) Necessary? 

H.R.V. FULL 
DUCT SYSTEM 

YES NO 

4) Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms? 

$ 1 DiJ Y\(}~ u :. c -- .•' \ o ~ -, .1 t ( ; ( < I ,.-, -..._ ·~ 

....... 

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms? 

$~~~~~~~~~~~~~~~~~~~~~~~~~~~-

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is: 

a) Necessary? 

b) Unnecessary? ')t(" 

Comments~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

MARKETABILITY or VENTILATION SYSTEMS 

B.C. Code System 

HRV System 

, 

Easy to 
Market 

3 2 

3 2 

1 

1 

0 1 2 

0 l 2 

Difficult 
to Market 

3 

3 



MAINTENANCE or VENTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System 
3 2 1 0 1 2 3 

HRV System 
3 2 1 0 1 2 3 

AIR QUALITY EFFECTIVENESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
3 2· 1 0 1 2 3 

HRV System 
3 2 1 0 1 2 3 

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
3 2 1 0 1 2 3 

HRV System 
3 2 1 0 1 2 3 

INSTALLATION OF VENTILATION SYSTEMS 

Easy to Difficult 
Install to Install 

B.C. Code System 
3 2 1 0 1 2 3 

HRV System 
3 2 1 0 1 2 3 

2 



VENTILATION QUESTIONNAIRE 

B.C. CODE 
VENTILATION 

YES NO 

1) Does it meet air quality needs? ~ 

2) Does it effectively deal with: 

a) Moisture? ./ 

b) Odors? I 
I 

C) Contaminants? .j 

3) Is it: a) Excessive? j 

b) Necessary? .J 

H.R.V. FULL 
DUCT SYSTEM 

YES NO 

/ 

... I 
./ 

I 
v 

J 
j 

4> Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms? 

$ t,.r 
h __,..: . 6 "_.,,. 

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms? 

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is: 

a) Necessary? 

b) Unnecessary? ~ 

·1 L /_ J 1i" / - ,...,. ·· Comments . · 17 I \ \ . {.( ! . . "' ,,.._._ ~ -( :1 <? i--:f\.sd-...-f- ::". 
) 

·'y -~ 1/ / . • -
""' -- . 9 • • ,. • • • · -z bt t . .. .(,,, 1 ~..-:<..<=j/ ,,:-..__ 4 ..... ,,,. .. .( . , . r: ( ,,,, __ _ 

' 
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MARKETABILITY OF VENTILATION SYSTEMS 

Easy to 
' 

Difficult 
Market to Market 

B.C. Code System ,., 

3 @I 1 0 1 2 3 

HRV System 

~ . 2 1 0 1 2 3 

.. 



r 

MAIHTIHANCE or VENTILATION SYSTEMS 

Easy to Difficult 
Maintain to Maintain 

B.C. Code System 
~ 2 1 0 1 2 3 

HRV System 

0 3 2 0 1 2 3 

AIR QUALITY EFFECTIVENESS or VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
3 2 1 0 ~· 2 3 

HRV System 
3 2 1 0 1 2 8 

POLLUTION CONTROL !FF!CTIV!IESS OF VENTILATION SYSTEMS 

Not Very Very 
Effective Effective 

B.C. Code System 
3 2 \JJ 0 1 2 3 

HRV System 
3 2 1 0 1 G~ 3 

INSTALLATION OF V!NTILATIOI SYSTEMS 

Easy to Difficult 
Install to Install 

B.C. Code System ;"'-... 

CV 2 1 0 1 2 3 

HRV System 
3 2 1 0) 1 2 3 

:? 







TBST BQUIPMENT 

The equipment used .in the sampling for this study are as follows: 

NOVA 5281 Carbon Dioxide/Carbon Monoxide Analyzer; 

BURKE l&&& Micro-processor Control Panel; 

Calibrated Air pump/impinger Formaldehyde Monitors; 

Advance Controls Technologies) Electronic 5% RH, and 
Electronic Temperature Sensors; 

Sling Psychrometer; 

Digital Thermometers; 

DWYER 47&-l Thermal Anemometer; 

Microbiological & mycological sampling. 
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INDOOR AIR QUALITY GUIDELINES 

Contaminant 

Carbon dioxide 
(Ashrae) 

Carbon Monoxide 
(Ashrae) 

Formaldehyde 

Respirable Particles 
(OSHA Standards) 

Micro-organisms 
(OSHA Standards) 

Bacteria 
(OSHA Standards) 

Maximum concentration 

600 ppm to 1,000 
(Problems start) 

35 ppm for 1 hour 
9 ppm annual 

0.1 ppm instantaneous 
3 ppm for 8 hours 

0.075 mg/m3 instantaneous 
RSP Particle size=l.0-10.0um 

Average particle sizes are 
as follows: 
Atmospheric dusts 0.001 -25um 
Bacteria .3-13um 
Insecticide dusts 0.5-lOum 
Pollens 10 - lOOum 
Tobacco smoke o.01-1um 
Viruses 0.004-0.06um 

500 CFU/m3 guideline 
Generally not a problem 
e.g. Legionella Pneumophila 

Source 

Humans and 
animal 
respiration 

Cigarettes, 
combustion of 
fossil fuels 

Building (ASHRAE) 
Products, 
U.F.F.I., 
glue and 
particle board 

Dust, smoke, 
plant spores 
pollens, 
bacteria 

Products, 
cloth, rugs, 
humans, pets 
humidifiers, 
plants, 
insects, air 
conditioners. 
Any organic 
material can 
support 
growth when 
wet. 

Found in 
buildings in 
standing 
water 



Contaminant Maximum concentration 

Mycological Potential fungi of concern: 

Aromatics 

Asper gillus f larus (At high incidence) 
Aspergillus niger (At any incidence) 

Aspergillus fumigatus (At any incidence) 
Stachybotris atra (At any incidence) 

Thermoactimonyces cadidus (At any incidence) 

In exposure studies, levels of 
(OSHA Standards) 5mg/m3 or higher were found to 

cause mucous membrane irritation 

- Toluene 200 ppm for 8 hours 

Xylene 100 ppm for 8 hours 

styrene 100 ppm for 8 hours 

Source 

Any organic 
material can 
support 
growth. Soil, 
decaying 
vegetable 
matter. 

Paints, glue 
varnishes, 
enamels, car
pets, lacquer 
cleaners, 
printed paper 
adhesives, 
paint strippers 
plastic, 
insulation. 


