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Abstract 

 
Multi-company installation of radon mitigation systems during and after new home construction 
can result in underperforming systems. One problem found is when the occupant’s low sound 
request is in conflict with a request to reach radon concentrations below 2.0 pCi/L. This was a 
challenge when a three-inch diameter pipe was routed inside an exterior wall close to an 
occupants sleeping location with hardly enough attic clearance between ceiling and roof for a 
fan. We experimented to find a solution void of overhauling the entire pipe routing that satisfied 
all requirements. This method was applied successfully to two other homes with four-inch 
diameter pipe with a similar conflicting problem. The solution, although in prescriptive terms 
violates the EPA standards, does not do so in its intent. The author suggests that this method, 
when applied judiciously, could be worthy to aid in finding solutions in the real world and 
should be considered in future guidance documents. 
 

Activation Problems of Passive Radon Mitigation Systems 
 

The post-mitigation radon test after activation of a passive radon mitigation system may fail for 
many reasons, such as the design of the passive system is flawed, the sub-slab material is not 
permeable enough, or the pipe system is not tied into a high permeable material via a low 
resistive connection. Other reasons are that a crawlspace may have not been tied into the vent 
pipe system, or that sump pit covers, rough-in holes or tub holes through the slab have not been 
properly sealed. This paper is about none of these more obvious issues that the experienced 
mitigator can easily recognize during the first inspection or when arriving at the house for the 
activation. Any of these issues can nevertheless add unexpected costs to the price of the 
activation for the unprepared home owner who thought the builder provided them with a proper 
and complete passive radon mitigation system. This paper is instead about the more subtle 
situation when a direct or indirect sound of the fan, when placed at the designed location by the 
passive installation company, generates a sound that is undesirable or unbearable to the home 
owner to listen to at night.  Sometimes the fan can barely fit vertically in the radon pipe routed 
straight from the ceiling of the highest floor level through the roofing with as little as 16 inches 
of vertical pipe visible. In such a case the tension on the pipe vertically down can also cause 
noises in the pipe chase. At other times one finds the pipe with 3.5-inch outer diameter 
sandwiched between two drywall sheets that are themselves only 3.5 inches separated. Any 
vibration in the pipe can act as a “hammer on a drum” and create or amplify sounds described by 
home owners as a low frequency “hum”. This sound can travel over an appreciable distance 
through a ceiling of a master bedroom when the fan is, for example, placed immediately above 
the master bedroom.  This sound effect can also be aggravated by a modern new “green” 
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construction technique whereby the attic insulation is sprayed against the compressed wooden 
(oriented strand board) sheets of the roofing in lieu of insulation on top of the ceilings of the 
upper floor bedroom(s), thereby having brought the attic inside the conditioned envelope of the 
house. After frequent sound isolation, wrapping insulation on the proper spots, and having 
customers for whom such low hum sounds in their new home especially at night was undesirable 
or unbearable, an alternative solution was investigated that was able to solve this problem 
without adding insulation (which usually does not work at the frequencies for which the home 
owner is irritated at night) or moving the vent pipe to a new location, which would be the only 
and last alternative. Finally, all of this must be accomplished while attaining lower resulting 
radon concentrations in the house, such as guaranteeing the radon concentration is under 2.0 
pCi/L as opposed to merely below a concentration of 4.0 pCi/L, which is the USEPA action 
guidance.  
 

Proposed Solution 
 

In a few passive radon mitigation systems such a sound problem was solved, while maintaining a 
low radon requirement, by installing two fans into the pipe system. Depending on the details this 
combination can give a similar or improved radon removal characteristic, and each fan can be 
quieter than the original fan. In another case a midrange power fan was installed in the basement 
and a smaller ‘vacuum boosting’ fan was installed in the attic. The advantage is that any noise is 
distributed over several areas and by design the least noisy fan is installed closest to the 
bedrooms. In the rest of this paper the characteristics of such a system will be investigated and in 
the end address when this can be a solution, when it cannot be a solution, and whether it violates 
the intent of the USEPA standards (USEPA, 1993) and others (RRNC, ASTM 1465, ASTM 
E2121, ASD-RMS-2006 (AARST), ANSI/AARST RRNC 2.0) that state in one form or another 
that no fan can be placed inside or below a conditioned space of the house. To be specific for this 
study only 4-inch and 3-inch diameter vent systems with a highly permeable gravel layer under 
the slab of the house were studied and it had been verified there was a low friction connection 
from vent pipe to this gravel layer. The question will also be answered if there is a fundamental 
reason whether two fans placed in series in a radon mitigation system must be the same fans for 
life durability or that they can have different fan performance characteristics. 
 

Air Pipescape Calculations 
 

Measurements and calculations to analyze these systems were done to support adding fans and to 
anticipate the resulting changed vacuum pressures in the sub-slab cavities and the volumetric 
airflow rates through the vent pipe. Using the Air Pipescape program introduced previously 
(Moorman, 2008), a single branch system, installed by the original subcontractor, was simulated 
using only vent stack ‘1’ with a fan installed, as shown in Figure (1), and a lower section vent 
pipe ‘2’ that may or may not contain a second fan. The Air Pipescape program uses pipe 
diameters, di, equivalent length of the piping in each branch, Leq,i, cavity resistances, Rgi , and fan 
performance characteristics, fi. The calculation results in a complete characterization of the 
mitigation system by delivering the pressures on all of the characteristic nodes (i.e., pipe Tees) 
and volumetric airflow rates.   For this single vent pipe calculation the other cavity resistance 
parameters for pipe branches ‘3’, through ‘5’ were set to 100 minutes per cubic foot (min/cf). 
This simulates that these additional pipe branches were capped off. The cavity resistance 
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Figure (1): System configurations capable for calculation in Air Pipescape. 

 

 
Figure (2): Pressures by Cavity 1 calculated by pipe scape for two relevant pipe diameters.  

Connecting lines in these graphs are only drawn to guide the eye.  
 
labeled ‘Rg2’ was determined by adjusting the resistance parameter, Rg2, to the measured 
pressure at that cavity when the single fan was installed in vent stack ‘1’. The resulting value for 
the cavity resistance, Rg2, that fit this conditions was reflective of a gravel sub-slab material and 
low resistive connection of the vent pipe to the gravel bed. Using this cavity resistance value, all 
other air dynamics variables are known. For 3-inch and 4-inch diameter pipes with a small, a 



4 
 

medium, and a high power fan, as well as a combination of small and medium fans in series, we 
determined the cavity pressures that are shown in Figure (2). The cavity pressures for the single-
fan small and medium power systems and combinations were measured and verified to be within 
10% of the calculated values, indicating the accuracy of the simulations.  As can be expected and 
seen in the values shown, higher power systems of similar fans will lower the pressure in the 
vacuum. Figure (3) shows the calculated results for volumetric flow rates. Calculated volumetric 
flow rates, compared with measured volumetric flow rates for this program in the past, have 
shown good agreement, thus independent flow measurements were not needed for the vertical 
axis. 
 

 

 
Figure (3): Total volumetric flow rates through the system calculated by Air Pipescape for two 

relevant pipe diameters as a function of fan configuration. 
 

Effect on Radon Concentrations  
 

Having measured the radon concentrations in several configurations of these two systems we can 
make a graph of measured radon concentrations against the volumetric flow rates. Figure (4) 
shows this graph for the two houses under consideration that had the noise problem and where 
we experimented with different fan combinations. Due to noise concerns with the medium power 
fan the homeowners rejected any experiment with the high power fan in their houses, which 
explains why the radon concentration data for these situations is not shown. The data indicate 
that in both cases the first measurement after activation with the single fan (the data points 
around 40 cfm) brought the radon concentration below 4.0 pCi/L, but not below 2.0 pCi/L in 
these cases. This is one of the reasons why we pursued a further solution, namely to reduce the 
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radon level further with the medium power fan that lead to the need to solve the low hum sound 
problem generated by the medium power fan immediately above the ceiling. By placing the 
smaller fan in the attic and the medium fan in the basement the radon concentrations were 
measured again. At a flow rate of 83 cfm with the 4-inch diameter pipe system, a steep decline to 
0.6 pCi/L was measured, whereas at a flow rate of 75 cfm with the 3-inch diameter pipe system a 
smaller reduction to 1.75 pCi/L was measured, each measured as the average of two 
simultaneous EPERM devices, located side by side. This latter concentration was consistent with 
a measurement obtained initially for the 3”-diameter pipe system in which the medium power fan 
was installed in the attic that resulted in a radon concentration of 1.9 pCi/L, which is shown at 60 
cfm, but where the system generated too much sound in the bedroom.   

 

 
Figure (4): Measured radon concentrations vs. total flow through the system. Red lines reference 

EPA 4.0 pCi/L guidance level to ‘recommend mitigation’ and 2.0 pCi/L, to ‘consider to 
mitigate’. 

 
Comparing Air Dynamics Diagrams: Fingerprints for the Operation of a RMS 

 
To understand these systems, we will show all air dynamic variables in one diagram. Figure (5) 
shows the result of the calculation for a single pipe system with a single fan for the 4-inch pipe 
diameter system. Calculated pressures and flows in each node (pipe Tees, with labels referred to 
in Figure (1)) are displayed. The bottom half of the diagram shows the negative pressures 
(vacuum) with respect to the outside sky limit, Skylimit, whose values can be read on the left 
vertical axis. The calculated volumetric air flow rate through each node is shown as bars in the 
top half of the graph with its values indicated on the right vertical axis. The diagram also shows 
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that all nodes to pipe branches that are capped off have a pressure equal to the node they are 
connected to. On the right side the diagram shows the fan pressure ‘boost’ indicated by a rising 
pressure (a decreasing vacuum).  Similarly, the vacuum in the cavity (green square) is 
established and the drop in pressure in green from Phole to P1below fan represents the pipe pressure 
drop (vacuum increase) through the pipe system from cavity to fan. A small positive pressure 
calculated immediately above the fan drops down to the pressure at the limit pressure in the sky, 
defined as the reference zero value for the pressure scale. This reference zero pressure for any 
house is offset by the outside pressure at the elevation where the house is located above the 
discharge point. Referring to the air in the pipe as a vacuum thus means that it has a negative 
pressure with respect to this reference zero pressure (a real absolute negative pressure cannot 
exist). Stating the pipe is pressurized in this context means that the pressure inside the pipe has a  
 

 
Figure (5): All air flow characteristics of the operation of a radon mitigation system with a single 

vent pipe and single fan in attic. This is a fingerprint of the operation of this radon mitigation 
system.  

 
positive pressure with respect to this reference zero pressure. The stack effect generated by warm 
air rising inside the house results in a small negative pressure at the bottom of the building and 
small positive pressure at the top of the building and would modify these statements if we want 
to determine pressurization and vacuum across the wall of the pipe at any given spot along the 
pipe inside the house but it does not alter the dynamics inside the system as long as no leaks or 
holes exists in the pipe wall. 
 
Compare this diagram to the diagram in Figure (6) for two fans in a single pipe system. Figure 
(6) was calculated by moving the medium power fan to the basement and adding a small fan in 
the attic at the location where the medium power fan was located for Figure (5). We see that the 
total flow increased and the cavity pressure decreased (indicating a higher vacuum in the cavity). 
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The fact that there are two fans is immediately clear from the characteristic that there are two 
pressure lines with upward going (positive) slope. 
 

Is it Violating the Intent of the EPA guidelines? 
 

One may question whether placing a fan inside the basement violates the intent of the EPA 
mitigation standard and other more modern standards. If the reason for this rule in the standards 
is that radon should not leak into the house caused by positive pressured air in the pipe above the 
fan, this diagram provides a good illustration that a positive pressure does not have to exist in the 
pipe in the conditioned part of the house. By examining Figure (6) one can see that the pressures 
does not reach positive values inside the vent pipe anywhere inside the conditioned part of the 
house. Thus as long as radon fans are certified by the manufacturer not to leak air through its 
housing, radon mitigation systems can be built with multiple fans that will allow no leakage into 
the house since all of the air inside the pipe parts in the home remain on a vacuum, keeping in 
mind the small value of the stack pressures in residential houses compared to the scale. A 
somewhat simplistic explanation of what happens is to think of the fan in the attic as a ‘vacuum 
booster’. 

 
Figure (6): Fingerprint of the operation of a radon mitigation system with a single vent pipe and 

two radon fans. 
 

Requirements for Different Model Fans in Series  
 

Of course one must be careful not to conclude that ‘every’ combination of two fans will have this 
same characteristic as there will be certain combinations where the air resistance in the total vent 
pipe at the volumetric air flow rates that are set up in the vent pipe in combination with the fan 
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curves of the two fans may work in such a way that the pressure above the basement fan can be 
positive. In our real system with the 3-inch diameter pipe we indeed measured a positive 
pressures one foot above the basement fan.  
 
For this 3-inch diameter pipe system we also tested the combination of two identical small fans 
in series which showed that it did not have a positive pressure above the fan in the basement 
inside the house, but unfortunately the radon test results were not satisfactorily low, as they were 
not under 2.0 pCi/L. In this latter case the owners opted to have us modify the discharge point of 
radon through the roof and reroute the pipe in the attic, allowing us the ultimate choice of 
relocating the fan further away from the bedroom and installing strain reducing elbows in the 
nearly horizontal pipe system in the attic. 
 
A final concern needs to be addresses whether there is something fundamentally wrong with 
placing two fans that have different fan curve characteristics in the same single vent pipe system. 
The answer is that there is in principle nothing wrong with this unless the fan characteristics plus 
frictions in the operating system cannot match each other properly, and this is exactly what is 
done by finding a solution for the system with the Air Pipescape program. Therefore the 
conclusions are:   
 
(1) If a solution, using Air Pipescape, does not exist, the fans and pipe frictions are mismatched 
and these fans shall not be used for this radon mitigation system.  
 
(2) If the solution allows for positive pressures in the pipe located inside the house, the solution 
violates the intent of the EPA mitigation guidelines and the fans shall not be used. 
 
(3) If there is a solution that shows there are only negative pressures inside the pipe located 
inside the house, then this solution indicates a good solution has been found. 
 

A Need for Audible Home Monitoring Alarms 
 

Of course conclusion (3) is valid provided only radon fans are used that are certified by the 
manufacturer not to leak radon through their fan housing. Moreover, this latter condition is 
needed for both fans when the attic has become part of the conditioned space of the house as is 
the case in some modern “green” energy efficient (or zero energy) homes with insulation foam 
sprayed from below against the roofs and where the attic tends to be not independently vented to 
the outside. It is interesting that in this case Figure (5) indicates that even with a single fan there 
is always a positive pressure immediately above the fan inside such a conditioned attic, thus 
providing the potential for leakage unless the fan nor the rubber connections above it leak. In 
either cases, two fans or single fan, the solution could be to require a permanent audible test 
device in the first space outside the attic for monitoring the radon level at that location by the 
home owner, similar to a carbon monoxide and smoke detector.   
 
Finally, inline fans used in the radon industry are usually self-cooling as the engine is placed 
inside the air stream. Thus placing two fans in series in a vent pipe is subject to heat generated by 
the upstream fan also going through the downstream fan, which will be less capable to dispose of 
its heat. This is not a concern in the discussed cases when an existing low friction connection to 
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the gravel bed allows a sufficiently high volumetric air to flow through the pipe to provide 
sufficient cooling for both fans. Low flow could however be a concern when tight soil situations 
are found under new home construction slabs. New calculations for flow and pressures would be 
needed for each individual situation or experimentally monitor the pressure a few pipe diameters 
downstream of (i.e. above) the basement fan can be sufficient.    
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