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EXECUTIVE SUMMARY 
This report, commissioned by the Toronto Workers’ Health and Safety Legal Clinic, as part 
of University of Toronto’s Capstone Design Course, explores and recommends changes to 
the Ontario Building Code (OBC) with respect to the harmful effects of radon exposure. 
Radon gas, a known carcinogen, is the second leading cause of lung cancer after smoking 
and estimated to be responsible for 800 deaths each year in Ontario [1]. 

Presently, the OBC mandates that only three townships in Ontario [2] require remediation if 
indoor radon concentrations are above a certain threshold. This is deemed insufficient as 
radon is a provincial wide problem. To address these concerns, modifications to the OBC 
have been recommended. 

The proposed design suggests a reduced indoor radon air concentration of 100 Bq/m³ or less 
as recommended by many studies including the World Health Organization (WHO) [3]. 
Indoor radon air concentration (‘x’) and the prescribed course of action are summarized in 
the five cases as described below: 

• Case 1: x < 100 Bq/m3, OBC recommends passive sub-slab depressurization 
(SSD), sealant and natural Ventilation 

• Case 2: 100 Bq/m3 ≤ x ≤ 125 Bq/m3, OBC recommends active SSD, block wall 
(situation dependent), sub-membrane depressurization (situation dependent), 
sealant and natural Ventilation 

• Case 3:  x > 125, OBC mandates active SSD, block wall and/or sub-membrane 
depressurization 

• Case 4: x = unknown, OBC mandates C-NRPP or test kit inspection and then 
reference to the three cases above 

• Case 5: For new construction homes, the OBC mandates installation of gravel 
layers, polyethylene sheet, a venting pipe and sealing before building the home. 
Thereafter, a test should be conducted and Cases 1 to 3 should be consulted. 

Also within this document are the revisions to the Supplementary Standard SB-9 from 2006. 
This is a supplementary document cross-referenced by the OBC intended to help architects 
and engineers in the design specifications of radon remediation.   

Lastly, this report includes a brief economic analysis in the form of Benefit-Cost Analysis 
(BCA). It finds that presently it is not economically viable to mandate the Radon reducing 
measures recommended, but due to the sensitivity and high uncertainty, this model does not 
necessarily provide the best analysis.  

In conclusion, by implementing the design recommendations outlined in this report, studies 
with a common goal have shown that, on average, 233 lives can be saved annually [1]. 
Indoor radon exposure is a serious health concern and this report can serve as a model for 
future national and provincial legislation changes as a government response is in dire need. 
The next and final deliverable for this project will be the Design Showcase on March 24, 
2016 where the team will present their overall findings. 
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1. PROJECT REQUIREMENTS  

The following outlines the problem specifications and addresses the corresponding functions, 
objectives and constraints. 

1.1     BACKGROUND AND SCOPE 
Radon is a chemically inert gas with radioactive isotopes and is found occurring naturally in 
the environment in the form of geological radioactive decay [4]. The gas can seep into 
building structures via openings in walls and floors. This can result in an accumulation of 
radon gas which could pose health hazards including cancer [4]. For example, radon gas is 
the second leading cause of lung cancer after smoking and the primary cause among non-
smokers [5]. 
 
Of particular concern is Radon-222‡ considering its nuclear decay by-products are solid 
particles. These particles can attach to dust which can later be inhaled by building occupants 
[2]. Once inhaled, the particles are further broken down in the lungs and emit ‘alpha 
particles’ [4]. These particles destroy lung tissue by releasing bursts of energy which have 
been shown to be a cause of lung cancer.  
 
In 2007, Health Canada revised the guidelines of the National Building Code of Canada 
(NBCC) for radon by reducing the Becquerel (SI units for radioactivity) per cubic meter of 
indoor air from 800 Bq/m³ to 200 Bq/m³ [7]. However, recent studies by the World Health 
Organization (WHO) as well as the International Atomic Energy Agency (IAEA) have 
demonstrated that concentrations lower than 200 Bq/m³ have also been linked to lung cancer. 
Consequently, the World Health Organization recommends a national reference level of 
radon indoor air concentration of 100 Bq/m³ [3]. 

There are currently no legal requirements in Canada for radon testing or mitigation where 
homes exceed indoor radon levels as recommended by the NBCC. These guidelines are to 
serve as a national model and are currently unenforced. On the other hand, the Ontario 
Building Code inadequately addresses the recent changes recommended by international 
organizations and fails to set out enforcement requirements regarding radon mitigation and 
testing, even though it is an enforceable regulation under the Building Code Act. As a result, 
residents of Ontario are increasingly at risk of the dangers associated with radon exposure. 
 

 
 
 
 
 
 
 
																																																								
‡	From	here	on,	Radon-222	and	Radon	will	be	used	interchangeably.	
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1.2    QUANTIFYING RADON 
The overall radon concentration per unit volume is typically measured in the SI units of 
Becquerel (Bq) per cubic meter (m3). It is also comparable to the non-SI units of Picocuries 
(pCi) per Liter (L) which was used much frequently before [8]. It is not uncommon to find 
these two used interchangeably, especially in the United States, and the conversion between 
the two is as follows [9]:  

1 pCi/L = 37 Bq/m3  

 

Additionally, another unit, known as the Working Level (WL) is associated with the 
cumulative concentration of potential alpha particles per liter of air or per cubic meter. That 
is, WL calculates the concentration of radon daughters from the overall radon that emit the 
alpha particles. The Working Level unit is an old unit (used very little now) associated with 
miners being exposed to radon, especially during a one-month time period (hence, Working 
Level Month (WLM)). It was assumed that miners spent on average 170 hours per month 
working in the mines, therefore 1 WLM = 1WL exposure for 170 hours [9]. 

 

• The units of WL are quite small for residential buildings and therefore overall 
concentration of radon is used (Bq/m3).  Although WL might seem small, the number 
gets bigger as years accumulate. In addition, the radon daughters’ concentration is 
included within the overall concentration of radon.  

 

The absorbed dosage of radon by an individual is represented by the SI units of Gray (Gy). 
Daughter alpha particles do greater harm than beta particles, gamma rays and x-rays (all of 
which are emitted as radon-222 decays). To account for this difference, radiation dosage is 
expressed in equivalent dose in the SI units of Sievert (Sv) [8]. Recommended average 
annual dosage is 0.05 Sv or 50 mSv. But, the risk associated with exposure to large radiation 
of radon at one time varies with doses [8]: 

§ 20 mSv is the threshold limit value (TLV) for annual average dosage, averaged 
over five years. 

§ 50 mSv is the TLV for annual average dosage for radiation workers in any one 
year. 

§ 100 mSv is considered a risk of cancer later in life (5 in 100). 

§ 1 Sv is considered a risk of cancer later in life (5 in 100). 

§ 10 Sv is considered a risk of death within days or weeks. 

 
 
 
 



	 7	

Example of Radon Exposure 

 

• Annual inhalation dosage of radon, alone within Toronto, averages around 0.8 mSv /year 
[10]. In some regions, it is higher and in others it is lower.  

• Over time this can accumulate, especially depending on the region. 

• When the average concentration of radon is between 200 Bq/m3 and 800 Bq/m3, it 
translates to an annual effective dose of approximately 1 to 5 mSv [11]. That is not to be 
taken lightly.  

• A survey performed by Health Canada in 2011/2012 shows that in the Province of 
Ontario [12]: 

§ Approximately 91% of homes are under 200 Bq/m3, while  

§ 7.3% of homes are between 200 and 600 Bq/m3 and  

§ 0.9% of homes are over 600 Bq/m3. 

Since the population of Ontario is approximately 13.6 million [13], it implies that nearly 1.12 
million homes have a concentration of over 200 Bq/m3. Once again, the severity of the issue 
is prominent.  

	

1.3     PROBLEM DEFINITION 

For this project, the team critically examined the Ontario Building Code with respect to 
radon gas including “design and structural controls of radon gas, and for machinery-driven 
controls; and for monitoring and signage requirements.” However, high levels of indoor 
radon concentrations are often a symptom of several larger, more systemic problems: 
 

• Legislation/Enforcement 
o Radon testing and mitigation have not been enforced by building code regulations 

across Canada including the Ontario Building Code. 
 

• Education 
o In general, there appears to be a widespread lack of understanding, especially on 

the part of the public, that radon exposure is a health hazard. 
 

• Engineering 
o Lack of oversight in implementing radon mitigating practices in new construction. 
o Inadequate action taken on the part of building owners to test for radon levels. 
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1.4    FUNCTIONS 

The design has a set of criteria that it must fulfill. This includes primary, secondary and 
unintended functions as outlined below: 

 1.4.1    Primary 

• The design must enforce strict laws, protocols and/or regulations to the Ontario Building 
Code regarding the mitigation of airborne radon levels: 

o This will have a direct effect in controlling radon levels and its isotopes from 
decaying into residential buildings, hospitals and various other working areas 
[14].  

o Additionally, the health hazards and mental awareness associated with this 
problem will be brought into attention through the changes that are imposed 
[14]. 

1.4.2    Secondary 

The following functions are complementary to the ones listed above: 

• Design must educate the public regarding the dangers of radon gas and its isotopes at a 
much deeper level than the enforcement above in the primary section: 

o To raise awareness of such issues especially to the general public and workers 
who are unfamiliar with its effects would be important. 

o Health concerns can be highlighted, detailing surveyed facts and results based on 
radon studies conducted in Ontario (or Canada). 

o The public can develop an awareness to radon protocols that are enforced in 
their work/home environment and possibly take action if the latter requirements 
are not satisfied. 

1.4.3    Unintended 

The following functions outline the possible features that the design may perform, but was 
not necessarily designed to do: 

• Design could raise awareness about other possible health hazards across Ontario (or 
Canada) and require further research into mitigating those issues. 
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1.5    OBJECTIVES 

This section outlines the various objectives that the design should achieve. The list is as 
follows: 
 
• Effective 

• In houses and buildings that contain a radon concentration above the 
recommended limit, the guidelines should produce a reduction in radon 
concentration of 50-99% [15]. 

• In houses and buildings that contain a radon concentration below the 
recommended limit, the guidelines should help to maintain current levels of 
radon or produce a reduction in radon concentration of at least 30% [15]. 

 
• Understandable 

o The design should be easily interpreted by Ontario Building Code users 
(architects, engineers, designers, builders, suppliers and manufacturers) with 
regard to construction projects which are regulated by the Ontario Building Code 
[16]. 

o Additionally, they should be clearly understood by building owners, including 
those who are not aware of the effects of the decay products of radon-222. 
 

• Feasible 
o The design should be easily implemented in new construction projects. 
o They should be easily realized in the retrofitting of previously built homes, 

schools, offices, stores, and factories. 
 

• Economical 
o The design should be cost-effective for homeowners and Ontario Building Code 

users. 
o It should be a set of standards that provides uniformity throughout Ontario, 

thereby providing cost savings to builders, suppliers, and manufacturers who 
conduct business on a province-wide scale [16]. 

o It should be responsible for part of the 50% reduction in energy usage in new 
homes built in 2017 than in homes built before 2006 [17]. 
 

• Safety-Oriented 
o The design should be a set of standards that helps to minimize the risk to the 

health, welfare, and safety of the public [16]. 
 

• Adaptable 
o The design should be sufficient for construction projects in both rural and urban 

regions (independent of the construction area). 
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o There should be minimum standards for a ±25% deviation of the recommended 
radon concentration. 

o It should be easily updated in the event of sudden or gradual increase in radon 
concentrations, future scientific discoveries, or modified technologies. 
 

• Scientifically Supported 
o The design should be supported by current scientific evidence concerning the 

risks and dangers of radon, sourced by credible scientific organizations such as 
the World Health Organization. 

o It should be consistent with the recommendations and data provided by 
governmental bodies such as Health Canada and Environment Canada. 

	

1.6    CONSTRAINTS 

The following constraints are criteria that must be met in order to deliver a feasible solution: 
 

1.6.1    Legal 

• Must not violate the NBCC (National Building Code of Canada) [18] 
o According to article 9.13.4.6 of 2010 NBCC, subfloor depressurization 

technique is required for all buildings as precaution measurement without 
exceptions. 
 

• Must not conflict with guidelines laid out by Health Canada [19] 
o According to Canadian Nuclear Safety Commission (CNSC), exposure limits are 

regulated for occupational personals and publics. Exposure limit for 
occupational personals and public cannot exceed 4 milliSievert and 1 
milliSievert, respectively, each year. 

o Government of Canada Radon Guidelines regulates that public buildings cannot 
exceed 200 Bq/m3. 

o  
• Must not conflict with other sections of the OBC [20] 

o Ontario Building Code specifies that regions in the (1) City of Elliot Lake (2) the 
Township of Faraday and (3) the Township of Hyman cannot have more than an 
annual average of 200 Bq/m3 of radon-222. 

 

1.7    CLIENT ETHICS AND VALUES 

The Toronto Workers’ Health and Safety Legal Clinic (TWH&SLC) is dedicated to 
providing low-income workers who face health and safety problems at work with free, easily 
accessible information to legal advice and representation. Funded by Legal Aid Ontario 
(LAO), the TWH&SLC’s commitment to providing high quality and sound legal advice for 
underrepresented workers is a pursuit that echoes our own commitment to excellence. 
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Indeed, this philosophy of delivering excellence is intertwined with our very own personal 
philosophy.  

Our responsibility to the client is to uphold the very same core values that the TWH&SLC 
has for its clients including professionalism, integrity, and respect in addition to putting the 
interests of our client ahead of our own. More specifically, our duty to our client involves 
keeping client information confidential and avoiding or disclosing any conflicts of interest. 

 

2.   ALTERNATIVE DESIGNS 

Since the main focus of this project is to change the structure of the OBC in regards to radon, 
the following will take a look at techniques and procedures that would be implemented in the 
OBC to mitigate and manage the levels of radon.  

This section focuses upon the top alternative designs chosen by the team that are thought to 
best fit the problem at hand. The designs were generated based on their functions, their 
workings and advantages and disadvantages. These were selected through thorough 
evaluation and iterative processes. 

The following stages were a part of the design generation:  

Ø Free Brainstorming (with basic research) [Appendix A1].  

Ø Functional Decomposition [Appendix A2]. 

These ideas were eliminated based on the following procedures:  

Ø Idea Generation Table [Appendix A1] 

Ø Multi-Voting [Appendix A3] 

Ø Weighted Decision Matrix [Appendix A4] 

For this design project, the client has suggested that the team explore various design 
alternatives with respect to radon mitigation which will then be recommended and 
transformed into enforceable regulation as part of the Ontario Building Code including the 
OBC Supplementary Standard SB-9. Based on the processes discussed above, the solutions 
have been enclosed within two categories:  

§ Mitigation Techniques 
§ Protocols 
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2.1     MITIGATION TECHNIQUES 
 
*Note: Cost in the following sections are compared to a benchmark design which is taken to 
be the Active Sub-Slab Depressurization system (~ $3000 CAD on average), since, it is 
briefly mentioned in the OBC. 
	
2.1.1    Active Sub-Slab Depressurization  
 
Active sub-slab depressurization (SSD) is a common and effective approach in reducing 
radon in buildings. This mechanism is named ‘active’ since it involves the use of a motor. 
Essentially, this technique involves installing a pipe through the foundation floor and adding 
a fan to steadily draw the radon gas from just below the home and releasing it outdoors [21]. 
 
To illustrate the installation process (Figure 1), a small hole is drilled in the foundation slab 
and a small quantity of soil is removed beneath this area known as the “suction pit” [22]. 
Next, suction pipes are inserted into the hole, which are connected to an exhaust fan 
releasing the radon gas to the atmosphere.  
 

 

 
 

Figure	1:	Schematic	Diagram	of	an	Active	Sub-Slab	Depressurization	System	[21] 



	 13	

Advantages Disadvantages 

1. Effective means of radon 
mitigation (50-99%) [15] 

 

1. SSD systems should be regularly 
monitored for air quality in 
addition to the reduced pressure 
beneath the slab [21] 

2. SSD mechanical components 
(i.e., fan and motor) should be 
monitored and maintained as 
they have a 10 to 15 year life 
expectancy [22] 

 

 
As seen in Figure 1, a pipe is cast into the floor slab of a home or building. The exhaust pipe 
leads to an outlet which may be on the side of the building or through the attic, releasing 
suctioned radon gas to the outside. In addition, the exhaust pipe must be tightly sealed to 
prevent any leakage of radon gas into the building. The cost for an Active SSD system can 
range from $2500 to $3500 depending on the type of home [21]. 

	
2.1.2 Passive Sub-Slab Depressurization 

 
Passive sub-slab depressurization has the same principles as an Active sub-slab 
depressurization system except the fact that it is reliant on natural changes in pressure (also 
known as pressure differentials) and air currents instead of utilizing a fan to push radon up 
from below the house [15]. 
 
This design is more beneficial in newly constructed homes as a radon resistant feature since 
it is not efficient in reducing high levels of radon from an existing property [15].  
 
An illustration of the process is shown below [23]:  
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Essentially, here, radon levels are lowered by using barriers to inhibit radon entry and a PVC 
pipe is attached from beneath the slab to the roof [23]. As mentioned before, the system 
works on natural pressure differentials. It also relies on air currents that occur between air 
inside the pipe and the air inside and outside the home [23]. 
 

Advantages Disadvantages 

1. Typical Radon Reduction is 
between 30% and 70%. It is quite 
effective but in comparison to its 
active counterpart, it cannot 
compete [15] 

2. Low Installation costs 
(approximately ranges from $550 to 
$2550 CAD) [24] especially when 
compared to its counterpart.  

3. Operating costs are nearly 

1. Not as efficient as active SSD.  
2. Best suited for newly constructed 

homes [15]. 
3. More effective in colder climates 

[15].  

Figure	2:	Schematic	Diagram	of	a	Passive	Sub-Slab	Depressurization	System	[23]	
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negligible, although it might incur 
some energy penalties [15] 

	
	

2.1.3 Sealing 
 

Sealing is an important mitigation method for homes and buildings. If there are any openings 
through which radon may seep into a home, these openings can be sealed to reduce radon 
concentration. However, it is highly recommended that sealing should not be the only radon 
mitigation method used in a building. This is due to the difficulty of locating, accessing, and 
sealing all possible openings in a building. For example, it is important to seal off exposed 
soil, voids in hollow block walls, foundation wall and cracks, and floor drains [21]. 
 

Advantages Disadvantages 

1. Added support in reducing radon 
concentration in buildings 

2. Relatively low cost: between $100 - 
$2000 [15] 

 

1. Inability to adequately seal every 
opening may compromise the entire 
mitigation system  

2. Proper materials and instructions 
are required to effectively reduce 
radon 

3. Generally used alongside other 
radon mitigation methods (such as 
sub-slab depressurization) 

 

	



	 16	

 
 

The figure above depicts an example of sealing a crack found in a foundation floor. As can 
be observed, the crack must be enlarged using a chisel to allow for sufficient space for filling 
in the crack using polyurethane caulking [21]. Although it is possible for homeowners to 
accomplish this task without professional assistance, it is recommended that the sealing is 
completed by a professional to ensure a proper seal [21]. 
	
	
2.1.4    Sub-membrane Depressurization 
 
While there is either no slab or a partial slab, a Sub-membrane depressurization system is 
used instead of the SSD. The gas impermeable membranes are placed under the floor to 
prevent radon gas from passing into the building [22]. Apart from that, the procedures are 
same as an Active SSD system such that pipes and a fan are used to create a pressure 
difference. This forces the air to go downward, allowing it to be sucked up and expelled out 
of the building. 

	

	

	

Figure	3:	Illustration	of	the	Sealing	of	Foundation	Wall	and	Floor	Cracks	[21] 
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Advantages Disadvantages 

1. Relatively effective (50 - 99%) 
when compared to the other 
methods [15] 

2. Less heat loss than natural 
ventilation in the winter [15] 

3. Low operating cost for the fan ($50-
$75 annually) [21] 

4. Low installation cost: around 
$2000-$3000 including material and 
labor [21] 

1. All cracks and holes in membrane 
should be sealed beforehand to prevent 
the existence of preferential pathways 

2. Recommended for a crawlspace 
structure with low radon level [22] 

 

	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
As seen in Figure 4, the floor of the basement is covered with a membrane, and the radon gas 
will be sucked out through the pipe by the pressure difference caused by the fan installed 
outside. 

 
2.1.5    Energy/Heat Recovery Ventilator (E/HRV) 
 
Energy recovery ventilators (E/HRV) are mechanical ventilation systems which introduce 
outdoor air into the building. Typically, an E/HRV is used to control the indoor temperature 
of a building. Regarding the radon gas problem, E/HRV increases the ventilation of a 
building which effectively reduce the concentration of radon gas [21] 
 

Figure	4:	Schematic	Diagram	of	a	Sub-Membrane		Depressurization	System	[25] 
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Advantages Disadvantages 

1. E/HRV can remove other indoor 
toxins [21] 

2. E/HRV can improve the indoor 
air quality [21] 

 

1. Effectiveness of E/HRV are situation-
dependent. Their effectiveness depends on 
the concentration of radon gas and the 
amount of introduced fresh air 

2. E/HRV’s are estimated to reduce 25% to 
50% of radon gas. It is more effective when 
installed in the basement [15] 

3. It is important to maintain air flow rate of 
the system. In case of depressurization, 
more radon gas can be taken in 

4. The cost of an E/HRV is relatively 
expensive. It can cost up to $3500 
including material and labor expenses.  

5. Annual operating expense is estimated to 
be $75 to $500 [15] 

 

	

 
 

 
 
 

Figure	5:	Operational	Diagram	of	an	Energy	and	Heat	Recovery	Ventilator	[26] 
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As seen in Figure 5, the ventilation system draws in fresh air from the outside as well as stale 
air from the inside. The two air flows travel through the heat exchanger, allowing fresh air to 
flow into the building while maintaining a relatively constant building temperature. The stale 
air, containing the radon particles, is released to the outside, thereby reducing the radon 
concentration in the building. 
	
Heat/ Energy recovery ventilators are not recommended as a solution in this report because 
of its intensive energy consumption and high cost of system implementation. Other solutions 
are able to achieve same efficiency to reduce radon level with less energy consumption and 
less implementation cost. The reason it is discussed in this report is because certain 
homeowners do choose to implement these based on their situation.  

	
2.1.6    Natural Ventilation 
 
Natural ventilation is a process of exchanging indoor and outdoor air with natural forces. 
There are two types of natural systems: one is wind-driven and the other one is buoyancy-
driven [27]. In terms of wind-driven systems, wind patterns can be utilized for improved air 
exchange. Especially for new structures, wind patterns can be examined in advance. 
Subsequently, the position of windows can be set for improved air reciprocation. Regarding 
buoyancy-driven systems, it simply applies the principle: hot air rises while cold air drops 
[27] 

	
Advantages Disadvantages 

1. Natural ventilation can be easily 
achieved by opening doors, 
windows, etc. 

2. Natural ventilation is relatively 
cheap, annual cost is estimated to 
range from $200 to $500 due to 
utility increase (e.g. exhaust fans) 
[15] 

 

1. Natural ventilation is a provisional 
process to decrease indoor radon gas 

2. Natural ventilation will increase the 
cost of heating/cooling due to energy 
loss 

3. If windows are left open, they can 
pose security problems to buildings. 
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2.1.7    Block Wall Depressurization 
 
This is a radon mitigation technique that draws radon from the void network within concrete 
block walls and vents it to the outside. Block wall depressurization (BWD) is similar to SSD 
and is generally used together with SSD for optimal radon reduction. The concrete blocks 
used for many basement walls contain hollow spaces or voids through which radon might 
travel and enter into a building. Therefore, BWD essentially transforms the void networks 
inside the wall blocks into a vacuum via depressurization, forcing the air inside these hollow 
spaces to be drawn out and safely vented to the outside [28]. 

	

Advantages Disadvantages 

1. Very effective radon reduction 
(up to 99%) if major wall 
openings are properly sealed 
[15] 

2. Operating expenses are 
relatively average for a radon 
mitigation system [15] 

 

1. Can only be used for homes with hollow 
block wall foundations 

2. Usually used alongside a SSD system 
because it is sufficient to only remove 
radon from block walls [15] 

3. May not be successful if major wall 
openings are not properly sealed 

4. Relatively more expensive, total cost 
around $1500 - $3000, to install 
compared to other radon mitigation 
techniques 
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As seen in Figure 6, a pipe is inserted into the hollow space inside a block wall. Soil gas and 
basement air travel through block pores, cracks, and holes into the hollow space. Two 
options are shown in the diagram: radon can be suctioned out through the attic or released 
above the eave. Both of these scenarios are viable options and require the use of an exhaust 
fan. In order to obtain optimal radon reduction, all major openings must be sealed. It is 
worthwhile to note again that this mitigation method is used alongside an active or passive 
SSD system. 
 
 

 

Figure	6:	Schematic	of	Block	Wall	Depressurization	Process	[29]	
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2.2    PROTOCOLS 
 
Radon levels vary with seasons, typically reaching a maximum during the winter due to 
exterior ventilation being limited [22]. Health Canada proposes short-term measurements 
and long-term measurements for obtaining radon levels. It defines short-term as less than 
three months and long-term as between three months to twelve months [21]. Typically, most 
of the short-term monitoring devices can be set up by residences if they suspect there is a 
radon problem. However, they may not be accurate and reliable because radon 
concentrations vary throughout the year. Results from short-term measurements are not 
acceptable for building remediation. In order to acquire reliable test results, long term 
monitoring can be conducted by certificated C-NRPP experts [30]. Based on the newest 
guideline approved by Canadian Government on June 9, 2007, remediation will have to be 
conducted if radon levels are beyond 200 Bq/m3. 

 
2.2.1 Inspection 
 
All homes, including new construction, will be subject to a C-NRPP certified professional 
inspection in the form of enforceable regulation. The radon tests through C-NRPP cost $375 
plus tax and are not funded by the government. Therefore, homeowners are required to pay 
for the fee. The detailed testing and inspection procedures will be outlined in the Proposed 
Design section below through the use of different cases. It is recommended that the 
homeowner requests a professional inspection every two years [31]. 
 
C-NRPP is recognized and recommended by Health Canada [32], but is not the only way for 
a homeowner to obtain a radon test. Additional viable options, also recommended by Health 
Canada, include using do-it-yourself kits that homeowners can purchase by phone, over the 
internet and home improvement retailers [32]. These tests are relatively simple and 
inexpensive in comparison to the certified testing. They can range anywhere from $50 to 
$100 depending on the type of test (long term or short term) [32]. The main disadvantage 
with this method is that a professional is not present to assist the homeowner with 
installation of and understanding the kit. Although, Health Canada does provide guidelines 
that could be helpful for this purpose and can be found on [32]. 

 
2.2.2 Monitoring  

 
A.  Short Term Radon Monitoring Devices [21] [30] 
 
The following devices have been recognized by Health Canada for short-term measurements 
(less than three months): 
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• Activated Charcoal Adsorption 
 
These detectors contain activated charcoal. Detectors are open to air where radon is able to 
be adsorbed by charcoal. After exposing to a certain amount of time (2 days - 7 days), 
detectors must be sent to a lab for further analysis. These types of detectors are sensitive to 
humidity.  
 

• Charcoal Liquid Scintillation 
 
These detectors have similar functions to Activated Charcoal Adsorption. The only 
difference is the lab analysis method. A specific scintillation fluid is used to test charcoal. 
Similarly, the measurement time is recommended to be 2 to 7 days.  
 

• Electret Ion Chamber 
 
These detectors contain electronically charged plates. After being exposed to radon for a 
short period (2 days - 7 days), decay products from radon will have effects on the voltage. 
The deviation of the voltage allows for the determination of the concentration of radon.  
 

• Continuous Radon Monitoring 
 
These detectors have a pump inside that is able to continuously pump air into an ionization 
chamber. The detectors will estimate the radon concentration and provide readings hourly. 
 

• Continuous Working Level Monitoring 
 
These detectors contain filters which are able to trap emitted alpha particles from radon. 
Based on the trapped alpha particles, it will estimate the radon concentration. Typically, they 
require 48 hours of exposure before providing a reading.  

 

B. Long Term Radon Monitoring [21] [30] 
 
The following devices have been recognized by Health Canada for long-term measurements 
(up to twelve months): 
 

• Alpha Track Detector 
 
These detectors contain a layer of membrane that is sensitive to alpha particles. When the 
device actively pumps in the air, alpha particles from radon will damage the membrane. 
After a duration of time (1 month - 12 months), the membrane can be sent to a lab for 
damage examination. The results will determine the concentration of radon in the building. 
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• Electret Ion Chamber 
 
These detectors contain electronically charged plates. After being exposed to radon for a 
period (1 month - 12 months), decay products from radon will have effects on the voltage. 
The deviation of the voltage allows for the determination of the concentration of radon.  
 
 
C. Standards and Qualifications for Certification of Devices [21] [30] 

In order to provide standardized radon detectors for homeowners, the following devices 
listed are the ones recommended by U.S EPA and ISO9001:  

Detector name Detector Type Manufacturer Qualifications 

Landauer Radtrak 
Alpha Track 

Detector 

Alpha Track Landauer U.S EPA Qualification 

Radtrak 2- Alpha 
Track Device 

Alpha Track Landauer U.S EPA Qualification 

Rapidos Alpha 
Track 

Alpha Track Landauer U.S EPA Qualification 

Rad Elec E-Perm 
LLT(L-Chamber) 

Electret Ion Rad Elec U.S EPA Qualification 

Rad Elec E-Perm 
LLT(S-Chamber) 

Electret Ion Rad Elec U.S EPA Qualification 

Rad Elec E-Perm 
LLT-OO 

Electret Ion Rad Elec U.S EPA Qualification 

Sun Nuclear 1027 
Continuous Radon 

Monitor 

Continuous Radon Monitor Sun Nuclear ISO 9001 

Sun Nuclear 1028 
Continuous Radon 

Monitor 

Continuous Radon Monitor Sun Nuclear ISO 9001 

Sun Nuclear 1029 Continuous Radon Monitor Sun Nuclear ISO 9001 
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Continuous Radon 
Monitor 

Sun Nuclear 1030 
Continuous Radon 

Monitor 

Continuous Radon Monitor Sun Nuclear ISO 9001 

 

There are certainly many other products on the market that have been certified by other 
professional radon testing entities and can also be a viable option for radon detection.  

For this project, a digital monitoring device was used to show how readings can be 
interpreted. This is discussed in the next section. 

Practical Application of Monitoring 

The group decided to purchase and put to use an actual Digital Radon Monitor on the market 
called Corentium 224 Digital Radon Monitor (Corentium 224 for short). This product (not 
seen on the list mentioned in Monitoring Section C) was the easiest purchase option in terms 
of its availability and its guarantee to be shipped in an ample amount of time.  

Corentium 224 is certified and has been tested by the National Institute of Radiological 
Sciences (NIRS) in Japan, Federal Office for Radiation Protection (Bfs) in Germany and by 
numerous laboratories in the Czech Republic [33]. This monitor is capable of providing the 
following readings [33]: 

• One day  
• Seven days 
• Long Term (one month or greater)  

The group will be performing a seven-day test and will be displaying the result in the 
APS490 Design Showcase on March 24, 2016. The motive behind this is to show how radon 
levels in homes can be interpreted and the advantage and disadvantages of long term and 
short term testing. Essentially, the group will have a chance to explain how the product 
works to achieve the reading over time and how similar products will do the same. 
Additionally, this will also provide the incentive to discuss safety precautions that can be 
taken by homeowners.  

 
Technology 
 
Corentium 224 is a digital alpha track detector that bases its detection on the principle of 
radon gas diffusing into a detection chamber [33]. Upon decaying, radon atoms emit 
energetic alpha particles amongst other things (like Beta Particles, X-rays and Gamma Rays) 
[8]. These particles are detected by a silicon photodiode and consequently generate a small 
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signal current as it interacts with that photodiode [33]. This signal current is amplified by 
using a low-power amplifier stage to obtain a larger voltage signal. The amplitude of the 
signal is proportional to the energy of the alpha particle that hits the photodiode. These 
signals are then sampled by an analog to digital converter (ADC). A microcontroller is used 
for all this information as it registers the time and energy of each detected particle in order to 
calculate the mean radon gas concentration for daily, weekly and yearly time periods [33].  
 
 
2.2.3 Signage  
 
Through consultations with our supervisor, Professor Arthur Chan, and our client, Dr. 
Michael Grossman, it was determined that a signage requirement will be an effective part of 
the final design in the form of an enforceable regulation as well as a sign design.  
 
The signage requirement will be reserved for new construction and existing structures that 
undergo testing. It will designate that a home has been monitored for radon and are in 
compliant with the revised Ontario Building Code recommendation of an indoor radon air 
concentration of 100 Bq/m³ or less as also recommended by the World Health Organization.  
 
The design will be in the shape of an adhesive sticker which will be displayed in the building 
basement electrical circuit board. It will also give a reference number to an online database 
where the most recent radon test was conducted as well as the radon measurement. The 
Canadian National Radon Proficiency Program (C-NRPP) will be able to certify a building 
structure compliant with the new regulations [34]. Furthermore, independent radon testing 
results may result in signage or some type of electronic or physical certification. 
 
Figure 7 below displays an example of a signage design that may be selected to symbolize 
the ‘radon-free’ nature of a building.  
 

  
  
  
  

	
	
	
	

	
 

 

Figure	7:Example	of	C-NRPP	Signage	[35] 
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3.    RADON MAP 
A Potential Radon Map was released by Health Canada in 2012 and plotted by CBC News, 
encompassing approximately 14,000 homes across Canada [36]. The map, as shown below 
(Figure 8) [37], displays three zones that correspond to the severity of relative radon 
concentration hazard. Correspondingly, the map of Ontario was extracted from this (Figure 
9) [38].  

 

 

 

The advantage of this map is that it can be a great tool to determine the hazardous regions 
and consequently, allows taking construction and remediation actions accordingly. But, a big 
disadvantage is that it is not very accurate and thus relying on testing is the only absolute 
way to determine the level of radon concentration in a home/region [39]. Mr. Radon, a radon 
gas testing and mitigation company, claimed that their two highest radon levels (14800 
Bq/m3 and 9250 Bq/m3) were in homes located in Zones 2 and 3 respectively [39] which are 
within the Elevated and Guarded areas. This goes to show that the map cannot be the only 
measure of radon for a region, as it is prone to significant error. As can be seen by the title, 
this is a “Potential” Radon Map and therefore further testing and improvements are required 
to develop the actual map.  

 

Figure	8:	Potential	Radon	Map	for	Canada		[37] 
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4.    PROPOSED DESIGN 
Upon completion of the design selection process, it was unanimously decided that no design 
solution on its own is capable of being the most effective and/or economical for reducing 
radon concentration in homes and buildings. As explained in the Alternative Designs section, 
each design solution is effective depending on the target situation. Due to this reason, it was 
agreed that no further elimination of design solutions was required. Therefore, the proposed 
design consists of a set of five cases, each of which will prompt a course of action to be 
enforced under the Ontario Building Code. These cases have been revised and updated based 
on feedback from the client and the supervisor. It is important to note that a portion of 
homeowners may not be aware of the radon problem due to a lack of awareness. However, 
the problem statement provided by the client requires the enforcement of the Ontario 
Building Code. Therefore, increasing awareness of the radon problem through social media 
and education is not in the scope of this design proposal. 

Figure	9:	Radon	Map	of	Ontario	[38] 
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The cases and their respective solutions are listed below: 
 
Case 1 
Ø Radon concentration in the target building is below the prescribed limit (100 Bq/m3). 

• If there is no radon mitigation system already in place, the Ontario Building Code 
will recommend the installation of a passive sub-slab depressurization system 
and the use of sealant (around cracks, etc.) and natural ventilation. 

 
Case 2 
Ø Radon concentration in the target building is above the prescribed limit (within 25% of 

limit as mentioned in the Objectives section, i.e. between 100 and 125 Bq/m3 inclusive of 
both). 

• The Ontario Building Code recommends the installation of an active sub-slab 
depressurization system. 

• If target building contains hollow block wall foundations, the OBC recommends 
the installation of a block wall depressurization system alongside a passive sub-
slab depressurization system. 

• If target building contains crawlspaces or tight basements, the OBC 
recommends the installation of a sub-membrane depressurization system. 

• The use of sealant and natural ventilation around the house is also 
recommended.  

 
Case 3 
Ø Radon concentration in the target building is above the prescribed limit (over 25% of 

limit, i.e. greater than 125 Bq/m3). 
• The Ontario Building Code mandates the installation of an active sub-slab 

depressurization system. 
• If target building contains hollow block wall foundations, the OBC mandates the 

installation of a block wall depressurization system alongside a passive sub-slab 
depressurization system. 

• If target building contains crawlspaces or tight basements, the OBC mandates 
the installation of a sub-membrane depressurization system. 

 
Ø If the Radon concentration in the target building is above the prescribed limit, the 

remediation work for radon mitigation should follow these guidelines [40][41]: 
• If radon concentration in the target building is between 125 and 600 Bq/m3, the 

OBC mandates that remediation work begins within two years. 
• If radon concentration in the target building is above 600 Bq/m3, the OBC 

mandates that remediation work begins within one year. 
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Case 4 
Ø Homeowners do not know the radon concentration in their buildings. 

• The Ontario Building Code mandates either the request for a professional 
inspection by the C-NRPP for an accurate radon concentration reading or a test 
kit as outlined by Health Canada in [32]. 

• Upon completion of the inspection, the homeowner should refer to the previous 
three cases for further recommendations based on the inspection results. 
 

Ø In regards to testing, the following guidelines should be followed in order to determine 
the time periods between testing [42]: 

• If tested limit is below 100 Bq/m3, no follow-up testing is necessary and testing 
should be considered again in 2-5 years [43]. 

• If tested limit is between 100 Bq/m3 and 350 Bq/m3, another long-term test is 
recommended (usually over 90 days) [44]. 

• If tested limit is over 350 Bq/m3, another short-term test recommended (3 to 4 
days) [44]. 

• After second time, if tested limit is over 100 Bq/m3, reference should be made to 
Case 3 for remediation. There is no need to test again as long as the active 
mitigation system keeps running and is installed [45]. 

*Notes: 
• For buying/selling existing homes, a certification of test result within 2 years is 

required, and for new construction, a test is recommended right after home is 
built [46]. 

• Two continuous tests need only be performed because of major renovation, 
earthquakes or settling of the ground beneath building [47]. 

• There is a flow diagram [42] describing the process of Case 4 in Appendix B. 

Case 5 
Ø New construction homes 

• Testing should only take place after the home is built. It is more accurate this 
way because less variability and uncertainty is introduced [48]. 

• There are precautions that should be taken before building the home to ensure 
radon hazard is not overwhelming and the home is secured from the start. Not 
only is this safe but it is much more cost conservative in the long run [49]. 

According to the United States Environmental Protection Agency (EPA) [49] 
[50] and Health Canada [51] the following must occur before the home is built in 
order to prevent radon:  

o Installing a layer of clean gravel beneath the slab or flooring system 
o Inserting a polyethylene sheet (air barrier) or a vapor retarder on top of 

the gravel layer. The former is also recommended by the NBCC [51]. 
o Inserting a gas-tight venting pipe from the gravel level through the 

building up to the roof. Thus, even if radon concentration increases over 
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time, installation of a fan is all that is required (active SSD now) to filter 
out the radon.  

o Sealing and caulking the foundation thoroughly 
• Signage should only be posted if radon levels are below the threshold 
• Upon completion of the inspection, the homeowner should refer to the previous 

four cases for further recommendations based on the inspection results 
 
It is worthwhile to note that cases 1 - 4 are intended for homes and buildings that are already 
constructed or are currently being constructed. It is also important to note that in all of the 
cases aforementioned, sealing of all major openings is highly recommended by the Ontario 
Building Code. 
 
In addition, the proposed design includes inspection and signage provided by C-NRPP or a 
test performed through Health Canada guidelines. The Ontario Building Code will mandate 
an inspection at the following events: 

• Completion of construction phase 
• Sale or purchase of a home or building 

 
It is also recommended that the homeowner requests for an inspection every two years (as 
mentioned in the Protocols section) to be on the safe side of things. Subsequent to a 
successful radon inspection, signage (in the form of certification) will be provided by the 
testing company for public display and personal records. 

*An additional section dedicated to these cases is presented in Appendix C. It discusses why 
the team decided to ‘recommend’ some stipulations while ‘mandating’ others.  

5.    BENEFIT-COST ANALYSIS (BCA) 

The purpose of this section is to present a benefit-cost analysis (BCA) of the Ontario 
Building Code recommendations outlined in this report. Essentially, this section will attempt 
to answer the following question: would it be economically viable to mandate Radon 
reducing measures? 

BCA was performed using Microsoft Excel with assistance from [52]. The results are 
displayed as follows:  
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A few clarifications are in order:  

• Net Present Value (NPV): This is by far the most important quantity here and it 
indicates that over a 10 year period, the costs would outweigh the benefits and 
there would be a loss (indicated by the red color) of approximately $1.8 billion.  

• Discount Rate at 10%:  This quantity refers to the time value of the costs and 
benefits from society’s viewpoint and is marked at 10% for Canada (as obtained 
from the Treasury Board of Canada) [53]. It can be thought of as private 
opportunity cost of capital used in discounting an inflow of net cash flows of an 
investment project [53]. As can be seen, the Discount Factor is applied to Total 
Benefits to get to the present value. 

• Total Benefits: This column is the difference between Benefits and Costs.  
• A 10 year period is considered based on the fact that an active SSD fan has a 

lifetime of approximately 10 years [22].  

      The following table displays how the Costs were obtained in the table above: 

 Costs 
Tests to measure radon level $424*4800000 = $2,035,200,000.00 

Initial Investment $3000*384000 = $1,152,000,000.00 

Operating Costs $60*384000 = $23,040,000.00 

TOTAL for Year 0 (all three added) $3,210,240,000.00 

TOTAL for Years 1-9 (only operating 
costs) 

$23,040,000.00 
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       The information in the table above was obtained as follows: 

• In Row 1: $424 is the approximate cost charged by C-NRPP for getting a home 
tested. This includes taxes. Additionally, there are 4.8 million single family 
homes in Ontario that need to be accounted for [54]. 

• In Row 2: $3000 is the average cost of installing an active SSD system in a 
home [21]. Additionally, since approximately 8% of homes in Ontario get 
affected by radon concentrations of over 200 Bq/m3 [55], the amount of homes 
that need remediation work out of 4.8 million are 384,000.  

•  In Row 3: $60 is the average cost to operate an ASSD system [21].  

The Total for the first year (Year 0) includes all the occurring costs, while only operating costs 
have to be considered thereafter. 

The following table displays how the Benefits were obtained in the table above: 

 Benefits 
Value of preventing statistical fatalities $6500000*233 = $1,514,500,000.00 

Cost of illness $8500*233 = $1,980,500.00 

TOTAL for Year 0 (both added) $1,516,480,500.00 

TOTAL for Years 1-9 (only cost of 
illness) 

$1,980,500.00 

 

• In Row 1: The value of preventing statistical fatalities (VPF) is the maximum 
amount that is reasonable enough to pay for a safety measure that will reduce the 
expected number of premature deaths by a factor of one [56]. In Canada, the VPF 
is approximately $6.5 million for lung cancer [57]. Additionally, as a research 
study stated, there are, on average, 800 lung cancer deaths in Ontario alone of 
which 233 could be saved if the level is dropped below 100 Bq/m3 [1]. 

• In Row 2: $8500 is the health care cost of preventing one lung cancer case in 
Canada [57].  

The Total for the first year (Year 0) includes all the benefits, while only the cost of illness 
saved have to be considered thereafter. 

Therefore, taking all this information into account, the Benefit to Cost Ratio (BCR) amounts to: 

BCR = 0.45 
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Discussion 

It is apparent from the analysis above that costs significantly outweigh the benefits, meaning 
that radon reducing measures is a cost to society. But this is not necessarily the case. The 
reasons are as follows:  

1. Although the BCA is simple and efficient, it is only an estimation tool and cannot be 
the only tool used to consider as the actual budget of a project [58].  

2. The discount rate and VPF used for the calculations is slightly variable and will 
provide different NPV’s [53]. 

3. Non-monetary costs such as time are assigned monetary values in order to compare 
initial costs to the expected profits. This provides room for subjectivity when doing the 
analysis [58]. 

4. The biggest reason is related to how sensitive the BCA is in this case to the change of 
occurring costs. Therefore, a Sensitivity Analysis was performed using Microsoft 
Excel and the result is displayed as follows:  

 $50 $60 $70 $80 $90 $100 $424 
$1000 $750 mil $700 mil $650 mil $600 mil $560 mil $510 mil $1 bill 
$1500 $560 mil $510 mil $460 mil $410 mil $360 mil $320 mil $1.2 bill 
$2000 $360 mil $310 mil $270 mil $220 mil $170 mil $120 mil $1.4 bill 
$2500 $170 mil $120 mil $76 mil $28 mil $19 mil $67 mil $1.6 bill 
$3000 $19 mil $70 mil $115 mil $160 mil $210 mil $260 mil $1.8 bill 

• mil = millions 
• bill = billions 

The first row and column represent changing costs in radon testing and mitigation 
techniques, respectively. Radon testing, as mentioned in this report, can vary from $50 
to $100 if done by the homeowner themselves, while the costs for installation can vary 
for different systems and for new construction homes, that could have the necessary 
work done as the home was being built.  Everything in the middle represents the NPV 
where negative numbers (that is costs outweigh benefits) are shown in red while the 
rest are positive (that is benefits outweigh costs). The last column in just for 
comparison since $424 was the cost taken to calculate the BCA. As can be seen quite 
clearly, the costs for the project can vary the NPV from a positive benefit to a negative 
cost. The result, from the smallest ($50 with $1000) to the largest ($424 to $3000) 
differs by approximately 60%. The latter shows that uncertainty with variability is a 
big factor in the BCA analysis.  
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6.    HUMAN FACTORS  
This section will discuss the possible impacts that the proposed design could have on the 
community in terms of three important factors [59]:  
 
1. Political (i.e. legal allocation, laws, regulations) 
2. Organizational (corporate culture, reward structure, staffing level) 
3. Psychological (information contact, structure, cause/effect relation on users) 

 

Psychological  
 

• Individuals may be more satisfied when they see the signage and 
monitoring system 

• Individuals may feel safer knowing that their home/building is 
protected and tested for 

• Individuals may be curious and want to know more about the 
radon problem 

• Individuals could be hesitant to pay for the cost of testing and 
mitigation. The negative costs could potentially outweigh the 
positive benefits  

Organizational  
 

• Some health organizations may create an individual department 
for radon inspection and monitoring 

• Brings awareness to other provinces across Canada 
• Scientific communities could have a further incentive to look 

into the radon problem and come up with short term devices that 
can be used on a regular basis to track radon levels 

Political  
 

• Signage and monitoring systems can be added to the OBC to 
perfect the existing legal system 

• Can produce economical and career acceleration in the radon 
technology industry 

	

7.     STAKEHOLDERS 

The completion of the design project will require consultation with various stakeholder 
organizations, as it is an integral part of each phase of the project, which include the 
following categories: 

• Designers  

• Major Contractors/Builders 

• Authorities/Policy Makers 
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• Building Owners/Occupants 

The following is a list identifying the stakeholders impacted by the completion of the design 
project: 

Stakeholder Interest 
Designers/Major Contractors 
Architects/ Building Contractors (E.g., 
PCL, KPMB) 

• Whether their new and past designs are compliant with 
OBC standards 

•  The impact that the new design will have with respect 
to building costs 

Radon Mitigation Professionals • New standards will impact radon mitigation techniques 

Authorities/Policy Makers 
Toronto Workers’ Health & Safety 
Legal Clinic/Legal Aid Ontario 

• Primary stakeholder  
• Provide workers with legal advice with respect to the 

hazards of radon gas 

Ontario Real Estate Association 
(OREA) 

• Real estate transactions; May impede the sales 
transaction of some homes 

Workers’ Unions • Ensure safe working environments for workers in 
particular underground environments 

Health Canada • Help Canadians have healthy home and work 
environments 

Municipal Affairs and Housing • Perform investigation and decision making activities 
upon the approval of construction projects 

Ministry of Labor • Enforce labor legislation in order to promote safe 
workplaces 

C-NRPP • Train professionals in radon inspection and mitigation 
services 

• New standards and new devices that would need to be 
implemented due to the new OBC changes 

Building Owners/Occupants 
Residents/ Home Owners  • Ensure their living environment is safe 
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• The financial impact that remediation methods will 
have 

Workers • Raise questions about radon gas to the primary 
stakeholder 

	

8.    PROJECT MANAGEMENT PLAN  
This section discusses the progress of this project and ensures that all deliverables are 
planned according to their respective deadlines. Client and supervisor meetings were 
constantly held to ensure that the project was headed in the right direction.  
To make sure all deadlines were met, ample time had been afforded in the project 
management plan for the completion of each task taking into account buffer periods to 
accommodate for unforeseen circumstances. Stringent team rules had been set to ensure that 
internal deadlines were being met.  
Some of the important dates are mentioned below (Completed tasks are indicated while the 
rest are pending):  

 
Task Name Date 

Client Meeting Before Submission 10/23/15 (Completed) 

Project Requirement Submission 10/30/15 (Completed) 

Review the Feedback of Project Requirement 11/10/15 (Completed) 

Client Meeting Before Submission 11/26/15 (Completed) 

Design Proposal Submission 12/06/15 (Completed) 

Review the Feedback of Design Submission 12/18/15 (Completed) 

Design Review and Critique 02/07/16 (Completed) 

One Pager Submission 03/03/16 (Completed) 

Final Report Submission 03/14/16 

Design Showcase 03/21/16 

	

The detailed plan is modelled as a Gantt Chart using the smartsheet software [60]. Since the 
chart was quite large to accommodate onto this document it can be accessed by the following 
link:  
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[Link to Gantt Chart] 
https://app.smartsheet.com/b/publish?EQBCT=982fbd2209384bf3bd8bc80dfc861280  

 
Additionally, a copy will be attached to this document [Appendix D] 
 
*Note: The Project Plan is open for revision and may be subject to change. 

9.    CONCLUSION 
This report marks an end to this project. It includes revised and updated content from the 
previous reports and presentations encompassing all the information into this final proposal. 
The details were thoroughly mapped out throughout the school year, and, through client and 
supervisor meetings, the team was able to achieve the ultimate goal for this project.  
A vast number of solutions were devised and planned to tackle the problem at hand. These 
are essential in trying to mitigate the radon levels and implement strict laws and protocols 
into the OBC. Based on the analysis presented throughout this report, the following 
conclusions were drawn: 

Ø There are five cases in which techniques and protocols are stated for different 
situations dependent solely on the user.  

o Case 1 suggests precautionary steps (such as passive SSD, natural 
ventilation and sealing) that can be taken if radon levels are already below 
the threshold 

o Case 2 suggests steps to take (such as active SSD) if the radon levels are 
within 25% of the set threshold.  

o Case 3 suggests and mandates steps to take (such as active SSD) if radon 
levels are above 25% of the set threshold. It further provides remediation 
times for radon work to begin.   

o Case 4 suggests and mandates steps (such as inspection) if the 
owners/occupants do not know anything about the radon problem in their 
respective buildings/residences. It also outlines how frequently the 
inspections should be carried out. 

o Case 5 suggests and mandates steps to take (preconstruction measures like 
an air barrier) before constructing new homes. Furthermore, it explains why 
testing should be performed after the home is built. 

Ø All techniques and protocols chosen as the proposed designs satisfy the functions, 
objectives and constraints optimally.  

 
Upon submitting this document, the team will begin preparing for the upcoming stages of the 
Design Showcase which will take place on March 24, 2016. A poster will be drafted and will 
assist to outline and describe the problem, the ways in which it was tackled and how the team 
arrived at the final solution. 
 
*The final OBC Change Form, OBC e-laws and Supplementary SB-9 are attached to the 
end of this report. 
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11.    Appendices 
 
Appendix A 
 
Selection Iteration Criterion 
 
Given the various alternative designs outlined in Section X, an iterative selection process 
was used to determine the most effective design to address the problem at hand. This section 
will outline the selection process and describe the critical analysis techniques and evaluation 
methods used throughout each step of the process. 
 
Appendix A1 
 
Idea Generation Table 
This section lists the initial ideas that were generated (through research and brainstorming) 
and preliminary eliminations based on unmet functions, objectives and constraints for this 
project.  

 

Ideas Functions Objectives Constraints 

Natural Ventilation pass pass pass 

Radon Fans pass pass pass 

Energy and Heat Recovery Ventilators pass pass pass 

Forced Air Heating  pass pass pass 

Sizing Ventilation Fans pass pass pass 

Sealant (caulking of radon entry routes) pass pass pass 

Carpet Suction (essentially the carpet acts as a 
membrane to trap the radon) 

pass fail fail 

Passive Sub Slab Depressurization pass pass pass 

Active Sub Slab Depressurization pass pass pass 

Series of pipes leading from the basement to the 
outside eliminating radon 

pass pass pass 

Block Wall Depressurization pass pass pass 

Sub Membrane Depressurization pass pass pass 
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Radon push press (essentially this system is 
installed under the house and a press encompassing 
the width of the house is installed on the bottom. It 
pushes the air down and by creating high pressure 
and forcing it to get eliminated from a different 
route) 

pass fail fail 

House Pressurization pass pass pass 

Radon sensor connected with home security system 
for monitoring 

pass fail pass 

Drain-tile suction with fan fail pass pass 

Sump hole suction with fan fail pass pass 

Home signage pass pass pass 

4-inch layer of gravel below the “slab” (new 
homes) [61] 

pass pass pass 

Plastic sheeting or vapor retarder (new homes) pass pass pass 

Vent pipe (new homes) pass pass pass 

Solid Particles (seed type material) that traps radon 
when put under/around the house 

pass fail pass 

Junction box (new homes) pass pass pass 

VICTORIA radon alarm and RADOSTAT smart 
mitigation system [62] 

pass pass pass 

Metal enclosing underneath the house to either trap 
the radon or have it eliminate from the sides 
(mostly applicable to new homes) 

pass fail pass 

Radon test devices: 
Charcoal canisters / liquid scintillation detectors 
Alpha track detectors 
Electret ion detectors 
Continuous monitors 
[63] 

pass pass pass 

Digging up and eliminating radon 222 causing 
agents before construction 

fail fail pass 
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Digital Radon Monitor [64] pass pass pass 

Radon test kits pass pass pass 

Home Inspection (every 5 years possibly and every 
new home)  

pass pass pass 

Radon 222 reactor (essentially a device that 
recognizes radon 222 and interacts with it to cause a 
reaction and neutralize the threat by producing a 
different non harmful compound) 

pass fail pass 

Radon 222 fighting gas (essentially a gas that is 
released into the house with high radon levels in 
order to reduce the concentration)  

pass fail pass 

 
 
Appendix A2 
 
Functional Decomposition 
 
The goal in this section is to decompose the revised functions of the design and break it 
down into smaller parts to show the ways or techniques in which function can be 
accomplished. This process makes it easier to understand the system and help answer the 
client’s needs by breaking down the complex problem into smaller parts [65] 
 
The decomposition of the design’s functions is shown in the following diagrams. Functions 
are broken down on the left of the arrow (in bold) while the ways in which the functions can 
be fully achieved (possible solutions) is shown to the right of the arrow.  
 
 

 
 
The only way to enforce stricter radon restrictions for the function above is to change the 
Ontario Building Code (OBC) directly that would include altering both e-laws and 
hardcopies. 
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In order to propose changes one can look into the possible solutions above. One thing to note 
is that changes to the OBC are most commonly made through legislation change forms. Yet, 
if further elaboration is required the following solutions would work very well. 
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To reduce radon levels is a big part of the design solution. Upon deconstructing this function, 
it is found that (above), to bring down levels in homes/building, special techniques have to 
be used (for example, Active Sub-Slab Depressurization, Passive Sub-Slab Depressurization, 
etc.) as mentioned in the idea generation table. But, first, radon level limitation could be 
reduced and in order to ensure that those levels are constantly being met monitoring devices 
could be used. Additionally, a mandatory inspection can be done on newly built 
homes/building. Owners of buildings/houses could get their homes tested by C-NRPP if it 
has never been tested.  
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Although the above is a secondary function, it is an important one. The group will work 
intensively on finding ways to incorporate this into the OBC in the most logical way. From 
the above it can be seen that in implementation of the OBC it would be difficult to use either 
social media, a brochure or website due to the scope of the project restricted to OBC as of 
the moment. But signage in correlation with inspection (as mentioned above for the previous 
figure) would be incredibly beneficial. Not only would the user know the reason, he/she will 
be alerted and curious about the test that is being performed. They would be much more 
aware of their living or working situation in a certain home/building and what could 
potentially happen if the latter doesn’t meet the radon requirements.  
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Appendix A3 

Multi-Voting 
 
Therefore, building upon the previous two sections, solutions proposed are eliminated from 
the idea generation to give the following table. From this table, the group further eliminated 
solutions based on a voting scheme, keeping in mind the client’s commitment and the 
functional decomposition, where each member was provided with 10 votes.  

 

 
Appendix A4 

Weighted Decision Matrix 
 
Subsequent to the multi-voting phase, the final decision-making tool that was used is a 
weighted decision matrix. A weighted decision matrix is used to determine the relative 
importance of each objective that the proposed design should meet. Each objective would be 
assigned a numeric value, as decided through consensus in the team, with a higher value 
representing a higher importance. The alternative designs were evaluated based on their 
respective capabilities of achieving each objective on the basis that it is the only mitigation 
system in place. The optimal design solution was determined by calculating the weighted 
sum of each alternative design. 

 

Code Explanation Weight (%) 
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O1 Effective 20 

O2 Understandable 10 

O3 Feasible 10 

O4 Economical 15 

O5 Safety-Oriented 20 

O6 Adaptable 15 

O7 Scientifically 
Supported 

10 

 
 

Mitigation Methods 

Criteria Active Sub-Slab Passive Sub-Slab Sealing Submembrane  

O1 93% 65% 48% 95% 

O2 95% 95% 100% 85% 

O3 65% 78% 90% 35% 

O4 55% 70% 95% 50% 

O5 85% 85% 95% 80% 

O6 80% 70% 95% 37% 

O7 100% 100% 100% 100% 

Total 81.85% 78.3% 86.1% 70.05% 

 

Criteria Block Wall 
 

Energy Recovery Natural 
Ventilation 

O1 60% 95% 15% 

O2 79% 80% 100% 

O3 25% 70% 60% 

O4 45% 30% 70% 
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O5 80% 85% 60% 

O6 47% 63% 70% 

O7 100% 100% 100% 

Total 62.2% 74.95% 62% 

 
 
 
Protocols 

Criteria Inspection  Monitoring  Signage 

O1 90% 95% 95% 

O2 100% 80% 95% 

O3 83% 95% 95% 

O4 75% 83% 100% 

O5 95% 95% 100% 

O6 95% 95% 95% 

O7 100% 80% 100% 

Total 90.8% 90.2% 97.25% 
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Appendix C 
	

Recommending	vs.	Mandating	
	
As mentioned in the proposed design, the cases described in the amended Ontario Building 
Code section pertaining to radon mitigation contain both recommendations and mandates. 
The reasoning for this distinction is motivated by the broad range of building scenarios as 
well as the need for simplicity and uniformity in the OBC cases. Research on the safety and 
mitigation of radon has provided evidence that concentrations of radon below 100 Bq/m3 are 
considered safe. As seen in Case 1, this implies that no remediation work is necessary, thus 
any action plan provided by the OBC is merely a recommendation as a precautionary 
measure. This line of reasoning is similar for Case 2 which includes buildings that fall within 
the range of 100 - 125 Bq/m3. This case was proposed to take into account the safety factor 
of 25%, which is the relative percent error of the radon testing apparatus. As such, buildings 
that fall under this category are relatively close to the prescribed radon limit, thus the OBC 
recommends certain courses of action depending on the specific building situation. However, 
there is no need at this stage to incorporate mandates. Mandates do become necessary in 
Case 3 where buildings have a radon concentration above 125 Bq/m3. At this point, the 
amount of radon in the building is considered unsafe and remediation work is mandated by 
the OBC. The enforceable measures will ensure that buildings with harmful amounts of 
radon will undergo remediation and reduce the public risk of radon exposure.	
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Ministry of Municipal Affairs and Housing 
 
 

Ontario’s Building Code 
 

OBC-NBC 
 

PROPOSED CHANGE TO THE 2012 BUILDING CODE 
 
 

                                     
CODE REFERENCE 

                                          
Div. A 3.1.1.2 & 9.1.1.7  

 

 
DESCRIPTION OF 

PROPOSED AMENDMENT 

 
Revise the requirements for Radon and include new notes to 
the Supplementary Standard SB-9 

 
 

 
 
 
 
 

EXISTING 2012 BUILDING CODE PROVISION(S) 
 
 
3.1.1.2. Radon 

(1) In addition to all other requirements, a building in the following designated areas shall be designed and 
constructed so that the annual average concentration of radon 222 does not exceed 200 Bq/m3 of air and the 
annual average concentration of the short lived daughters of radon 222 does not exceed 0.02 working levels inside 
the building: 

(a) the City of Elliot Lake in the Territorial District of Algoma, 

(b) the Township of Faraday in the County of Hastings, and 

(c) the geographic Township of Hyman in the Territorial District of Sudbury. 

 

9.1.1.7. Radon 

(1) In addition to all other requirements, a building in the following designated areas shall be designed and 
constructed so that the annual average concentration of radon 222 does not exceed 200 Bq/m3 of air and the annual 
average concentration of the short lived daughters of radon 222 does not exceed 0.02 working levels inside the 
building for, 

(a) the City of Elliot Lake in the Territorial District of Algoma, 

(b) the Township of Faraday in the County of Hastings, and 

(c) the geographic Township of Hyman in the Territorial District of Sudbury. 
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PROPOSED CODE CHANGE 
 
Revise Article 3.1.1.2 and 9.1.1.7. 
 
3.1.1.2. Radon 

(1)   In addition to all other requirements, a building in the following designated areas shall be designed and 
constructed so that the annual average concentration of radon 222 does not exceed 200 100 Bq/m3 of air and the 
annual average concentration of the short lived daughters of radon 222 does not exceed 0.02 0.01 working levels 
inside the building for, 

(a) the City of Elliot Lake in the Territorial District of Algoma, 

(b) the Township of Faraday in the County of Hastings, and 

(c) the geographic Township of Hyman in the Territorial District of Sudbury. 
           

(2)   When the annual average concentration of radon 222 in a building: 

(a) does not exceed 100 Bq/m3 and where soil gas control is not provided, the building shall have a passive 
subfloor system installed according to Supplementary Standard SB-9. It is further advisable to seal all 
major openings or cracks within the house and use natural ventilation whenever possible. 

(b) falls between 100 and 125 Bq/m3 and where soil gas control is not provided, the building shall have 
an active subfloor system installed according to Supplementary Standard SB-9. If the building contains 
hollow block wall foundations, the installation of a block wall depressurization (Supplementary SB-9) 
system alongside a passive sub-slab depressurization system is recommended. If the building contains 
crawlspaces or tight basements, the installation of a sub-membrane depressurization system 
(Supplementary SB-9) is recommended. It is further advisable to seal all major openings or cracks within 
the house and use natural ventilation whenever possible. 

(c) exceeds 125 Bq/m3, an active subfloor depressurization system must be installed according to 
Supplementary Standard SB-9. If the building contains hollow block wall foundations, the installation of 
a block wall depressurization (Supplementary SB-9) system alongside a passive sub-slab depressurization 
system is mandated. If the building contains crawlspaces or tight basements, the installation of a sub-
membrane depressurization system (Supplementary SB-9) is mandated. It is further advisable to seal all 
major openings or cracks within the house and use natural ventilation whenever possible. 

i. If radon concentration is between 125 and 600 Bq/m3, remediation work must begin within two 
years. 

ii. If radon concentration exceeds 600 Bq/m3, remediation work must begin within one year. 

(d) is not known, testing shall be provided by a professional agency or as recommended by Health Canada 
and thereafter sections (a), (b) or (c) shall be consulted. 
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(3)    For new construction homes, testing must only occur after the home is built. Supplementary SB-9 should be 
consulted to understand the measures that need to be taken before constructing a home. In addition, it is mandated 
that a gas-tight venting pipe shall be inserted from the gravel level through the building up to the roof. Sentence 
(2) shall be consulted thereafter to ensure suitable precautions are taken. 

 

9.1.1.7. Radon 

(1)   In addition to all other requirements, a building in the following designated areas shall be designed and 
constructed so that the annual average concentration of radon 222 does not exceed 200 100 Bq/m3 of air and the 
annual average concentration of the short lived daughters of radon 222 does not exceed 0.02 0.01 working levels 
inside the building for, 

(a) the City of Elliot Lake in the Territorial District of Algoma, 

(b) the Township of Faraday in the County of Hastings, and 

(c) the geographic Township of Hyman in the Territorial District of Sudbury. 

(2)   When the annual average concentration of radon 222 in a building: 

(a) does not exceed 100 Bq/m3 and where soil gas control is not provided, the building shall have a passive 
subfloor system installed according to Supplementary Standard SB-9. It is further advisable to seal all 
major openings or cracks within the house and use natural ventilation whenever possible. 

(b) falls between 100 and 125 Bq/m3 and where soil gas control is not provided, the building shall have 
an active subfloor system installed according to Supplementary Standard SB-9. If the building contains 
hollow block wall foundations, the installation of a block wall depressurization system (Supplementary 
SB-9) alongside a passive sub-slab depressurization system is recommended. If the building contains 
crawlspaces or tight basements, the installation of a sub-membrane depressurization system 
(Supplementary SB-9) is recommended. It is further advisable to seal all major openings or cracks within 
the house and use natural ventilation whenever possible. 

(c) exceeds 125 Bq/m3, an active subfloor depressurization system must be installed according to 
Supplementary Standard SB-9. If the building contains hollow block wall foundations, the installation of 
a block wall depressurization system (Supplementary SB-9) alongside a passive sub-slab depressurization 
system mandated. If the building contains crawlspaces or tight basements, the installation of a sub-
membrane depressurization system (Supplementary SB-9) is mandated. It is further advisable to seal all 
major openings or cracks within the house and use natural ventilation whenever possible. 

i. If radon concentration is between 125 and 600 Bq/m3, remediation work must begin within two 
years. 

ii. If radon concentration exceeds 600 Bq/m3, remediation work must begin within one year. 

(d) is not known, testing shall be provided by a professional agency or as recommended by Health Canada 
and thereafter sections (a), (b) or (c) shall be consulted. 
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(3)    For new construction homes, testing must only occur after the home is built. Supplementary SB-9 should be 
consulted to understand the measures that need to be taken before constructing a home. In addition, it is mandated 
that a gas-tight venting pipe shall be inserted from the gravel level through the building up to the roof. Sentence 
(2) shall be consulted thereafter to ensure suitable precautions are taken. 

 
 
 

RATIONALE FOR CHANGE 
 
 

 
 
 

Problem/General Background 
 
Technical 
 
The Ontario Building Code inadequately addresses the recent changes recommended by international 
organizations such as the World Health Organization (WHO) and fails to set out enforcement requirements 
regarding radon mitigation and testing. As a result, residents of Ontario are increasingly at risk of the dangers 
associated with radon exposure. 
 
 

 
 
 

Justification/Explanation 
 
Technical 
 
Recent studies by the World Health Organization (WHO) as well as the International Atomic Energy Agency 
(IAEA) have demonstrated that concentrations lower than 200 Bq/m³ have also been linked to lung cancer. 
Consequently, the World Health Organization recommends a national reference level of radon indoor air 
concentration of 100 Bq/m³. This is why the radon Becquerel requirement has been reduced for the three 
townships. 
 
Also, the new provisions mandate the installation of an active subfloor depressurization system for every building 
if post inspection radon results are 25% over the 100 Bq/m³ limit. Active subfloor depressurization systems have 
been shown to be the most effective mitigation system in addition to being cost effective.  
 
Additionally, upon having access to the radon map of Canada, ingress can be based on a particular geographic 
location. Ontario is a zone of high radon concentration and the changes made above reflect ways in which 
mitigation will be most effective. 
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Cost/Benefit Implications 
 
Based on the sentences mentioned above for both 3.1.1.2 and 9.1.1.7, installing a system to meet a specific need 
is highly variable on the location and structure of the area. Since design possibilities vary, some places will be 
accustomed to relatively high costs, in terms of maintenance and installation, while the rest would be adequately 
sound. Installing systems in prebuilt homes is considerably higher than that of preconstruction homes due to the 
freedom of construction present in the latter when compared to the former. 
 
More detailed information on the techniques and estimated costs are mentioned in Standard Supplementary SB-
9 and Appendix A, respectively.  
 

 
 
 

Enforcement Implications 
 

The proposed requirements are enforceable at any time pre-construction, during construction, and post-
construction. They can be enforced within the current and upcoming infrastructure.  

 
 
 

Who is Affected 
 
Designers  
Major Contractors/Builders 
Authorities/Policy Makers 
Building Owners/Occupants 
 



Building Code Act, 1992 
Loi de 1992 sur le code du bâitment 

 
 

ONTARIO REGULATION 332/12 
 

BUILDING CODE 
 

Revised: March 19, 2016 
This Regulation is made in English only. 
 
*Please note: Only sections relevant to this project are stated here. The remainder of 
the OBC stays unchanged. 
 

DIVISION B  
ACCEPTABLE SOLUTIONS  

 
PART 3  

FIRE PROTECTION, OCCUPANT SAFETY AND 
ACCESSIBILITY 

 
 
Section 3.1.  General 
 
3.1.1. Scope 
 

 
  3.1.1.2. Radon  
 

(1)   In addition to all other requirements, a building in the following designated 
areas shall be designed and constructed so that the annual average concentration of 
radon 222 does not exceed 100 Bq/m3 of air and the annual average concentration of 
the short lived daughters of radon 222 does not exceed 0.01 working levels inside the 
building for, 

(a) the City of Elliot Lake in the Territorial District of Algoma, 

(b) the Township of Faraday in the County of Hastings, and 

(c) the geographic Township of Hyman in the Territorial District of    
Sudbury.           

(2)   When the annual average concentration of radon 222 in a building: 



(a) does not exceed 100 Bq/m3 and where soil gas control is not provided, 
the building shall have a passive subfloor system installed according to 
Supplementary Standard SB-9. It is further advisable to seal all major 
openings or cracks within the house and use natural ventilation whenever 
possible. 

(b) falls between 100 and 125 Bq/m3 and where soil gas control is not 
provided, the building shall have an active subfloor system installed 
according to Supplementary Standard SB-9. If the building contains hollow 
block wall foundations, the installation of a block wall depressurization 
(Supplementary SB-9) system alongside a passive sub-slab 
depressurization system is recommended. If the building contains 
crawlspaces or tight basements, the installation of a sub-membrane 
depressurization system (Supplementary SB-9) is recommended. It is 
further advisable to seal all major openings or cracks within the house and 
use natural ventilation whenever possible. 

(c) exceeds 125 Bq/m3, an active subfloor depressurization system must 
be installed according to Supplementary Standard SB-9. If the building 
contains hollow block wall foundations, the installation of a block wall 
depressurization (Supplementary SB-9) system alongside a passive sub-
slab depressurization system mandated. If the building contains 
crawlspaces or tight basements, the installation of a sub-membrane 
depressurization system (Supplementary SB-9) is mandated. It is further 
advisable to seal all major openings or cracks within the house and use 
natural ventilation whenever possible. 

i. If radon concentration is between 125 and 600 Bq/m3, 
remediation work must begin within two years. 

ii. If radon concentration exceeds 600 Bq/m3, remediation work 
must begin within one year. 

(d) is not known, testing shall be provided by a professional agency or as 
recommended by Health Canada and thereafter sections (a), (b) or (c) shall 
be consulted. 

(3) For new construction homes, testing must only occur after the home is built. 
Supplementary SB-9 should be consulted to understand the measures that need to be 
taken before constructing a home. In addition, it is mandated that a gas-tight venting 
pipe shall be inserted from the gravel level through the building up to the roof. Sentence 
(2) shall be consulted thereafter to ensure suitable precautions are taken. 



PART 9  
HOUSING AND SMALL BUILDINGS 

 
 

Section 9.1.  General 
 
9.1.1. Application 
 
 
 

  9.1.1.7. Radon  
 

(1)   In addition to all other requirements, a building in the following designated 
areas shall be designed and constructed so that the annual average concentration of 
radon 222 does not exceed 100 Bq/m3 of air and the annual average concentration of 
the short lived daughters of radon 222 does not exceed 0.01 working levels inside the 
building for, 

(a) the City of Elliot Lake in the Territorial District of Algoma, 

(b) the Township of Faraday in the County of Hastings, and 

(c) the geographic Township of Hyman in the Territorial District of 
Sudbury.         

(2)   When the annual average concentration of radon 222 in a building: 

(a) does not exceed 100 Bq/m3 and where soil gas control is not provided, 
the building shall have a passive subfloor system installed according to 
Supplementary Standard SB-9. It is further advisable to seal all major 
openings or cracks within the house and use natural ventilation whenever 
possible. 

(b) falls between 100 and 125 Bq/m3 and where soil gas control is not 
provided, the building shall have an active subfloor system installed 
according to Supplementary Standard SB-9. If the building contains hollow 
block wall foundations, the installation of a block wall depressurization 
(Supplementary SB-9) system alongside a passive sub-slab 
depressurization system is recommended. If the building contains 
crawlspaces or tight basements, the installation of a sub-membrane 
depressurization system (Supplementary SB-9) is recommended. It is 
further advisable to seal all major openings or cracks within the house and 
use natural ventilation whenever possible. 

(c) exceeds 125 Bq/m3, an active subfloor depressurization system must 
be installed according to Supplementary Standard SB-9. If the building 



contains hollow block wall foundations, the installation of a block wall 
depressurization (Supplementary SB-9) system alongside a passive sub-
slab depressurization system mandated. If the building contains 
crawlspaces or tight basements, the installation of a sub-membrane 
depressurization system (Supplementary SB-9) is mandated. It is further 
advisable to seal all major openings or cracks within the house and use 
natural ventilation whenever possible. 

i. If radon concentration is between 125 and 600 Bq/m3, 
remediation work must begin within two years. 

ii. If radon concentration exceeds 600 Bq/m3, remediation work 
must begin within one year. 

(d) is not known, testing shall be provided by a professional agency or as 
recommended by Health Canada and thereafter sections (a), (b) or (c) shall 
be consulted. 

(3) For new construction homes, testing must only occur after the home is built. 
Supplementary SB-9 should be consulted to understand the measures that need to be 
taken before constructing a home. In addition, it is mandated that a gas-tight venting 
pipe shall be inserted from the gravel level through the building up to the roof. Sentence 
(2) shall be consulted thereafter to ensure suitable precautions are taken. 
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SB-9 Requirements for Soil Gas Control 
. 
. 
. 
. 

Here, Sections 1 and 2 are inserted from original OBC (omitted for the purpose of this project). 

 
Section 3   Soil Gas Control in Floors 
 
3.2     Providing for Subfloor Depressurization 
 

(1) Except as required in Sentence (3), granular material shall be installed below the floor-on-
ground according to 9.16.2.1. (1) of Division B. 
 

(2) A pipe not less than 100 mm in diameter shall be installed vertically through the floor, at or 
near its center, such that 

(a) Its bottom end opens into the granular fill described in Sentence (1), and  
(b) Its top end will permit connection to depressurization equipment. 

 
(3) The granular material descried in Sentence (1), near the centre of the floor, shall be not less 

than 150 mm deep for a radius of not less than 300 mm centred on the pipe described in 
Sentence (2). 
 

(4) The upper end of the pipe described in Sentence (2) shall be provided with a removable seal. 
 

(5) The pipe described in Sentence (2) shall be clearly labelled to indicate that it is intended only 
for the removal of soil gas from below the floor-on-ground. 

 
(6) Except as provided in Sentence (8), when a building constructed in accordance with 

Sentences (1) to (5) is complete, testing shall be conducted according to EPA 402-R-93-003, 
“Protocols for Radon and Radon Decay Product Measurements in Home”, to determine the 
radon concentration in the building. 

 
(7) A copy of the results of testing required in Sentence (6) shall be provided by the building owner 

to the authority having jurisdiction. 
 

(8) The testing required in Sentence (6) shall include basement concentration measurements. 
 

(9) Where the radon concentration determined as described in Sentences (6) and (8) exceeds the 
Canadian Action Level for radon in residential indoor air, as specified in HC H46-2/90-156E, 
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“Exposure Guidelines for Residential Indoor Air Quality”, a subfloor depressurization system 
shall be installed to reduce the radon concentration to a level below the Canadian Action Level. 

 
(10) Where a subfloor depressurization system is installed, 
(a) makeup air shall be provided as specified in Article 9.32.3.8. of Division B, and 
(b) measures shall be taken to ensure that any resultant decrease in soil temperature will not 

adversely affect the foundation. 
 
3.3    Providing for Passive Subfloor Depressurization 
 

(1) Except as required in Sentence (3), granular material shall be installed below the floor-on-
ground according to sentence 9.16.2.1(1) of Division B. 
 

(2) A pipe not less than 100 mm in diameter shall be installed vertically through the floor at or near 
its centre, such that its bottom end opens into the granular fill described in Sentence (1). 

 
(3) The granular material described in Sentence (1), near the centre of the floor, shall be not less 

than 150 mm deep for a radius of not less than 300 mm centred on the pipe described in 
Sentence (2). 
 

(4) The upper end of the pipe described in Sentence (2) shall be provided with a removable seal. 
 

(5) The pipe described in Sentence (2) shall be clearly labelled to indicate that it is intended only 
for the removal of soil gas from below the floor-on-ground. 

 
(6) Except as provided in Sentence (8), when a building constructed in accordance with 

Sentences (1) to (5) is complete, testing shall be conducted to EPA 402-R-93-003, “Protocols 
for the Radon and Radon Decay Product Measurements in Homes”, to determine the radon 
concentration in the building. 

 
(7) A copy of the results of testing required in Sentence (6) shall be provided by the building owner 

to the authority having jurisdiction. 
 

(8) The testing required in Sentence (6) shall include basement concentration measurements. 
 

(9) Where the radon concentration determined as described in Sentences (6) and (8) exceeds the 
Canadian Action Level for radon in residential indoor air, as specified in HC-H46-2/90-156E, 
“Exposure Guidelines for Residential Indoor Air Quality”, a passive subfloor depressurization 
system shall be installed to reduce the radon concentration to a level below the Canadian 
Action Level. 

 
(10) Where a passive subfloor depressurization system is installed,  
(a) makeup air shall be provided as specified in Article 9.32.3.8 of Division B, and 
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(b) measures shall be taken to ensure that any resultant decrease in soil temperature will not 

adversely affect the foundation. 
 
3.4    Providing for Sub-Membrane Depressurization  
 

(1) A network of 4 inch corrugated pipe shall be installed on the surface of dirt floor. 
 

(2) A 10 mm thickness recommended polyethylene vapor barrier (plastic sheeting) shall cover the 
entire dirt floor of the crawlspace area. 

 
(3) A four inch pipe shall exit to the outside, such that the pipe attaches to the exhaust fan. 

 
(4) Overlapping any seams by 12 inches and sealing them with duct tape or spray adhesive is 

recommended. 
 

(5) The whole wall shall be plastic wrapped at least 12 inches and sealed to the wall with either 
spray adhesive or urethane caulk. 

 
(6) The exhaust of the fan shall vent above the roof line. 

 
(7) The radon shall be drawn from below the plastic before it can enter the crawlspace and the 

structure. 
 
3.5    Providing for Block-Wall Depressurization  
 

(1) The point of discharge from vents shall meet all of the following requirements: 
(a) Be above the eave of the roof 
(b) Be ten feet or more above ground level 
(c) Be ten feet or more from any window, door, or other opening into conditioned spaces of the 

structure that is less than two feet below the exhaust point 
(d) Be ten feet or more from any opening into an adjacent building 

 
(2) The total required distance (ten feet) from the point of discharge to openings in the structure 

may be measured using one of two options: 
(a) Option 1: Directly between the two points 
(b) Option 2: Sum of measurements made around intervening obstacles 

 
(3) Radon vent fans used shall not be installed below ground nor in the conditioned space of a 

building, nor in any basement, crawlspace, or other interior location directly beneath the 
conditioned spaces of a building. 

(4) Openings in the tops of hollow block walls and accessible openings or cracks in the interior 
surfaces of the walls shall be closed and sealed with polyurethane or equivalent caulks, 
expandable foams, or other fillers and sealants. 
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(a) Openings or cracks that are determined to be inaccessible or beyond the ability of the 

contractor to seal shall be disclosed to the client and included in the documentation. 
 

(5) All block wall depressurization systems shall include a mechanism to monitor system 
performance and warn of system failure. 

(a) The mechanism shall be simple to read or interpret and be located where it is easily seen or 
heard by building occupants and protected from damage or destruction. 
 

(6) Immediately after installation and activation in buildings containing natural draft combustion 
appliances, the building shall be tested for back drafting of those appliances. 

(a) Any back drafting condition that results from installation of the radon mitigation system shall be 
corrected before the system is placed in operation. 

 
3.6    Sealing of the Perimeter and Penetrations  

 

Continuation for this section is same as the original OBC (3.3 is changed here to 3.6 to 
accommodate new additions to the SB-9) (omitted for the purpose of this project) 

 
. 
. 
. 
. 
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Section 4   Soil Gas Control before Construction 
 
4.1    Providing for Gravel Layer 
 

(1) A uniform layer of clean aggregate shall be placed under all concrete slabs or floor systems 
that directly contact the ground and are within the walls of the living spaces. 
 

(2) A layer thickness no less than 4 inches shall be used. 
 

(3) The size of the gravel shall be no less than ½ inch and no more than ¾ inch. 
 

(4) A grade beam or intermediate footing shall be installed beneath the slab to support a load-
bearing wall. 

 
(5) A few options can be used to avoid grade beam obstructions to soil gas air flow: 
(a) Option 1: Post and beam construction by setting teleports shall be used to support overhead 

beams on pads rather than continuous footing. 
(b) Option 2: Insert no less than two 4-inch pipe sleeves between the form boards or trench and 

pour the grade beam over them to provide air flow; No less than two pipes shall be installed at 
opposite ends of the grade beam; One pipe shall be installed every 10 feet; Tape the ends and 
remove the tape when forms are removed and before connecting to pipe loop if a pipe loop is 
used. 

(c) Option 3: A second riser shall be added on the other side of the grade beam and tied into the 
vertical vent stack; A 3- or 4-inch fitting shall be located wherever it is needed for the riser to 
extend through the pipe; No less than 8 inches of 3- or 4-inch PVC pipe shall be connected to 
a short stub. 

 
4.2    Providing for Polyethylene Sheet or Vapor Retarder 
 

(1) A polyethylene or equivalent flexible sheeting material, no less than 6-mil (or 3-mil cross 
laminated), shall be laid on top of the gas permeable layer such that the sheeting shall cover 
the entire floor area. 
 

(2) Separate sections of sheeting shall be overlapped by at least 12 inches. 
 

(3) The sheeting shall fit closely around any pipe, wire or other penetrations. 
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