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Abstract 
Mechanical ventilation exhaust system is commonly used in France to generate air renewal into 
building and especially into dwelling. It consists of a permanent mechanical air exhaust from 
technical rooms (kitchen, bathrooms and toilets) using a unique fan connected to exhaust ducts. 
Natural air inlets in living room and bed rooms ensure an air flow from living spaces towards 
technical rooms. 

To protect against radon into building, the most recognised efficient technique is the Soil 
Depressurisation System (S.D.S.) consisting in depressurizing the house basement.  

The aim of this study is to test the ability of the dwelling mechanical ventilation system to 
depressurize the basement in conjunction with air renewal of a house. 

For that purpose, a S.D.S. has been installed in an experimental house at CSTB during its 
construction. At first, tests undertaken with a variable velocity fan connected to the S.D.S. have 
characterised the permeability of the basement. It is shown that basement can be depressurized 
adequately with a relatively low air flow rate. At a second stage, S.D.S. has been connected to 
the exhaust ventilation fan used for the mechanical ventilation of the house. Results obtained 
show the ability of such ventilation system to generate sufficient depressurisation in the 
basement and to ensure simultaneously adequate air change rate in the dwelling.  

Further investigations should be conducted to define adjustments for the various system 
configurations encountered on field in conjunction with building basement characteristics and 
ground to be depressurised.  

This concept could be used to prevent against radon in new building and also for remediation. 

Introduction 
Radon is a radioactive gas which comes from the degradation of uranium and radium present in 
variable quantity in the earth crust and whose solid descendants can settle in the lung. Radon is 
one of the pathogenic agents of the lung cancer. It tends to accumulate in closed spaces, which 
justifies vigilance in the buildings. In France, few thousands of annual cases of lung cancer are 
thus attributed by the epidemiologists to radon exposure into buildings. In these conditions, it is 
necessary to maintain As Low As Reasonable Achievable the radon concentration into indoor 
environment.  

The presence of radon into buildings results from many parameters. The main source of radon in 
building is generally the ground under basement. Its entry into building is mainly due to 
convective forces due to pressure difference between the soil beneath the ground floor and the 
inhabited volume. This pressure difference is due to temperature difference between indoors and 
outdoors. It induces an air flow from ground porosity to the indoor environment via basement air 
leakages. So that, the intensity of radon source in a building is generally growing up with 
temperature difference. 
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The principles developed on different techniques consist in diluting the radon concentration in 
inhabited volume and to prevent radon incoming from the ground. In practice, from the various 
possible configurations for existing buildings, many alternatives techniques calling upon these 
two combined principles are used. The taking into account of these techniques for the new 
buildings, as of the design of the building, makes it possible to ensure good system effectiveness 
with a marginal cost. 

The principle of reduction of the entry of radon in the buildings the most effective is the Soil 
Depressurisation System (S.D.S.) under the building in order to prevent the convective air flow 
from the ground and loaded with radon towards the building (EPA 1993, Collignan & al 2003). 
However, it is important to realise good dimensioning of the system in order to keep a low 
energy cost. 

In this context, the aim of this study is to test the ability of the dwelling mechanical exhaust 
ventilation system to depressurize the basement in conjunction with air renewal of a house. 
 

Description of the test house 
An experimental dwelling called MARIA (Riberon.2002) as recently been built in order to study 
indoor air quality in housing sector. It is a five living room dwelling with two levels. 

 
Photo 1 : Experimental house MARIA 

During its construction, basement has been prepared to be depressurised. For that purpose, a 40 
centimeters thick gravel layer with a membrane under a concrete ground floor have been 
installed. Two sumps, one centred and one decentred, have been put on gravel layer to have the 
ability to test these two configurations (figure 1). Floor is around 80 m². 
 

 
Figure 1 : Soil Depressurisation System (S.D.S.) installed on MARIA house basement. 

 
Ten differents holes had been managed throught concrete floor to measure pressure difference 
between gravel layer and the inhabited volume. 



Characterisation of basement permeability 
At first, basement permeability characterisation has been undertaken. A variable velocity fan 
enabled to exhaust air from the gravel layer via the sump. A Pitot tube has been used to measure 
air flow rate. Pressure differences induced were measured with manometer at the ten different 
holes (figure 2). 
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Figure 2: Test principle for basement permeability characterisation. 

 
This characterisation has been conducted for the two positions of the sump (figure 3). 

Basement exhaust flow (m3/h)

10

100

10 100Basement depressurisation (Pa)

point 1 point 2
point 3 point 4
point 5 point 6
point 7 point 8
point 9 point 10

Basement exhaust flow (m3/h)

10

100

10 100Basement depressurisation (Pa) 

point 1 point 2
point 3 point 4
point 5 point 6
point 7 point 8
point 9 point 10

 
 (a): centred sump (b): decentred sump 

Figure 3: basement permeability characterisation 
 
It is worth noting that pressure field into basement generated by the exhaust flow is 
homogeneous on the gravel layer. However, permeability characterisation is different depending 
on sump position (figure 4). 
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Figure 4: Comparison between centred and decentred basement permeability characterisation 

 
Because depressurisation is homogeneous into gravel layer, this difference can’t be due to sump 
position. It could be due to air leakage on the external pipe between decentred sump and fan. 
Other point to be mention is that soil permeability can have been changed between the two tests. 
Indeed, test for centred sump had been conducted with a wet soil and the other with a more dry 
soil. However, the important point is that a 10 Pascal gravel layer depressurisation is obtained 
with a 30 m3/h exhaust flow (or 0,37 m3/h/m²). 
 



Basement depressurisation using mechanical exhaust 
ventilation system 

Description of mechanical exhaust ventilation system 
The mechanical ventilation exhaust system is commonly used in France to generate air renewal 
into building and especially into dwelling. It consists of a permanent mechanical air exhaust 
from technical rooms (kitchen, bathrooms and toilets) using a unique fan with different branch 
take-off connected to exhaust ducts. High velocity exhaust running can be activated by the 
occupant to generate a more important exhaust flow rate in kitchen during cooking activities. 
Classically, fan power used for this system is around 50 watts for low velocity exhaust and 
around 100 watts for high velocity exhaust. Depending on dwelling technical room number, it is 
possible to generate different exhaust configurations with the fan (figure 5). Natural air inlets in 
living room and bed rooms ensure an air flow from living spaces towards technical rooms. 

General exhaust toward roof opening

Different branch take-off to connect to exhaust ducts  
Figure 5: principle of exhaust unit for mechanical ventilation exhaust system 

French regulation imposes following exhaust flows in a five living rooms dwelling (Table 1). 

Kitchen 45 m3/h 
Kitchen, high flow during cooking activity 135 m3/h 
Bathroom 30 m3/h 
Toilet 30 m3/h 
Optional other bathroom 30 m3/h 
Optional other toilet 15 m3/h 

Table 1: Exhaust flows in technical rooms for a five living rooms dwelling 

These exhaust flows should be obtained simultaneously or not. The exhaust unit previously 
described enables to generate these exhaust flows with the high speed option for kitchen. For 
branches take-off dedicated to bathrooms or toilet, self regulated registers enable to obtain 
required exhaust flow (15 m3/h or 30 m3/h). 

Basement depressurisation using mechanical exhaust ventilation 
system 
S.D.S. has been connected to the exhaust ventilation fan used for the mechanical ventilation of 
the house. Figure 6 presents the connexion principle. 

In practice, and for results presented below, ventilation system has been exactly installed in the 
dwelling as shown in figure 6, and particularly, air outlets were in specific rooms. Exhaust unit 
was installed under the roof. Duct connexion between S.D.S. and exhaust unit passed throught a 
chimney. 
 



 
Figure 6: principle of S.D.S. connexion to exhaust ventilation fan. 

 

Results 
At first, good run of ventilation system has been verified measuring exhaust flows for two 
different configurations: one configuration with a kitchen, a bathroom and a toilet connexion 
(table 2) and the other with an additional bathroom connexion (table 3). In addition, low and 
high exhaust flow for the kitchen has been tested.  
At second, for these two configuration system, S.D.S. has been connected to the exhaust unit. 
Exhaust flows in technical rooms and pressure difference between gravel layer and inhabited 
volume have been measured. Exhaust flow from gravel layer has also been measured.  
For this kind of ventilation exhaust unit, it is possible to impose different theoretical exhaust 
level flow at the branch take-off modifying self regulated register size at ventilation unit level. 
Three cases had been tested: 15 m3/h and 30 m3/h theoretical exhaust levels and one case with no 
register at the exhaust unit branch take-off. Table 2 and Table 3 show results obtained. 
 
 
 

  Kitchen 
exhaust flow 

(m3/h) 

Bathroom 
exhaust flow 

(m3/h) 

Toilet 
exhaust flow 

(m3/h) 

basement 
exhaust flow 

(m3/h) 

Basement 
depressurization 

(Pa) 
Low 

velocity 55 35 34   Only 
mechanical 
ventilation 

High 
velocity 149 30 30   

Low 
velocity 52 34 33 20 5.8 Sump with 

15 m3/h 
theoretical 

register 
High 

velocity 131 29 28 17 4.8 

Low 
velocity 52 35 33 32 12 Sump with 

30 m3/h 
theoretical 

register 
High 

velocity 140 31 30 28 9.9 

Low 
velocity 49 32 31 45 18.9 Sump 

connexion 
with no 
register 

High 
velocity 123 29 29 40 14.9 

Table 2: Results for the configuration with kitchen, bathroom and toilet connexions 
 
 
 
 
 



 
  Kitchen 

exhaust flow 
(m3/h) 

Bathroom 
exhaust flow 

(m3/h) 

Toilet 
exhaust flow 

(m3/h) 

2nd Bathroom 
exhaust flow 

(m3/h) 

basement 
exhaust flow 

(m3/h) 

Basement 
depressurization 

(Pa) 
Low 

velocity 54 34 31 30   Only 
mechanical 
ventilation 

High 
velocity 142 31 29 29   

Low 
velocity 48 32 31 29 21 6.2 Sump with 

15 m3/h 
theoretical 
connexion 

High 
velocity 124 28 28 26 19 5.1 

Low 
velocity 49 33 30 28 30 10.7 Sump with 

30 m3/h 
theoretical 
connexion 

High 
velocity 133 30 28 28 26 9.2 

Low 
velocity 45 30 28 27 43 17.2 Sump 

connexion 
with no 
register 

High 
velocity 115 28 28 24 38 14.1 

Table 3: Results for the configuration with an additional bathroom connexion 

Analysis 
The mechanical exhaust flows obtained for different configurations regarding the dwelling 
ventilation are quite satisfactory.  
When connecting the sump, the exhaust with a 15 m3/h theoretical exhaust connexion enables to 
generate a 5 Pa depressurisation in the basement. On the other hand, the 30 m3/h theoretical 
exhaust connexion, which generates more than a 10 Pa depressurisation, can be considered as 
satisfactory. For these two cases, mechanical exhaust ventilation of the dwelling is correctly 
ensured. Additional tests have been conducted with no register on branch take-off in order to see 
how basement depressurisation level can be obtained. The result is between 15 Pa and 20 Pa but, 
decrease of other exhaust flows is observed in this case and particularly for kitchen exhaust flow 
with high velocity.  
 
However, these results show that, based on the ability of ventilation system to ensure the 
mechanical air exhaust of the dwelling, the use of one branch take-off on the existing ventilation 
exhaust unit to generate adequate exhaust flow on basement is possible for different 
configurations of ventilation system in the dwelling with S.D.S. tested.  
It is important to consider that in our particular case, a current option of the ventilation fan was 
compatible with the necessary exhaust flow in the basement dwelling to generate a 10 Pa 
depressurisation. Other basement should need other exhaust flow level depending on basement 
and ground characteristics. Necessary exhaust flow level can be known with previous basement 
permeability characterisation like in our case. Specific register and fan performance should be 
adapted to make it possible modification of exhaust flow value for basement depending on its 
permeability, without perturbing other exhaust flows of ventilation system. 
 
Results obtained enable to say that on principle, many mechanical ventilation systems on market 
place (Mechanical exhaust ventilation system, balanced ventilation system or other) could be 
adapted to connect a S.D.S. previously defined. Further investigations should be conducted to 
define adjustments for the various system configurations encountered on field in conjunction 
with building basement characteristics and ground to be depressurised.  



Conclusion 
The principle of reduction of the entry of radon in the buildings the most effective is the Soil 
Depressurisation System (S.D.S.) under the building in order to prevent the convective air flow 
from the ground and loaded with radon towards the building. For new building, the integration of 
this system at the early stage of design enables to ensure good system effectiveness with a 
marginal cost. 
This study shows the ability to connect S.D.S. to the exhaust ventilation fan used for the 
mechanical ventilation of an experimental dwelling.  
Results obtained show the ability of such ventilation system to generate sufficient 
depressurisation in the basement and to ensure simultaneously adequate exhaust flow in the 
dwelling.  
Results obtained in this study enable to say that on principle; many mechanical ventilation 
systems on market place (Mechanical exhaust ventilation system, balanced ventilation system or 
other) could be adapted to connect a S.D.S. previously defined.  
Further investigations should be conducted to define adjustments for the various system 
configurations encountered on field in conjunction with building basement characteristics and 
ground to be depressurised.  
This concept could be used to prevent against radon in new building and also for remediation. 
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