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Abstract A computational sensitivity analysis was conducted to
identify the conditions under which residential active soil depres-
surization (ASD) systems for indoor radon reduction might most
likely exacerbate or create back-drafting of natural-draft combus-
tion appliances. Parameters varied included: house size; normal-
ized leakage area; exhaust rate of exhaust appliances other than
the ASD system; and the amount of house air exhausted by the
ASD system. Even with a reasonably conservative set of assump-
tions, it is predicted that ASD systems should not exacerbate or
create back- drafting in most of the U.S. housing stock. Only at
normalized leakage areas lower than 3 to 4 cm? (@ 4 Pa) per m?
of floor area should ASD contribute to back-drafting, even in
small houses at high ASD exhaust rates (compared to a mean of
over 10 cm?/m? determined from data on over 12,000 U.S.
houses). But on the other hand, even with a more forgiving set
of assumptions, it is predicted that ASD systems could contribute
to back-drafting in some fraction of the housing stock — houses
tighter than about 1 to 2 cm?/m? - even in large houses at mini-
mal ASD exhaust rates. It is not possible to use parameters such
as house size or ASD system flow rate to estimate reliably the
risk that an ASD system might contribute to back-drafting in a
given house. Spillage/back-draft testing would be needed for
essentially all installations.
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Introduction

Active soil depressurization (ASD) systems for indoor
radon reduction utilize a fan to draw radon-containing
soil gas from around the foundation of a building -
e.g., from the fill underlying a concrete floor slab — and
exhausting this soil gas outdoors (Henschel, 1993).
Typically, 20% to 80% of the gas exhausted by the ASD
fan is indoor air that has been drawn down into the
depressurized sub-slab region through slab openings

and has then been drawn into the system’s suction pip-
ing. The ASD system thus has the effect of a continu-
ous building exhaust fan.

If sufficient house air is exhausted by the system and
if the building shell is sufficiently tight, the house de-
pressurization induced by the system exhaust might be
sufficient to exacerbate or create spillage of combustion
products from any natural-draft combustion appli-
ances in the building. Spillage could potentially expose
occupants to hazardous levels of carbon monoxide, if
the spillage continued for an extended period and if
the products of combustion contained high concen-
trations of carbon monoxide. Consequently, current
standards governing the installation of residential ASD
systems specify that post-mitigation spillage/back-
drafting tests must be conducted when natural-draft
appliances are present (EPA, 1993).

This article describes a computational sensitivity
analysis, to predict the conditions under which ASD
systems might create back-drafting-induced spillage in
practical residential applications, or exacerbate a pre-
existing back-drafting condition. A key objective was
to determine whether the risk of back-drafting might
be predicted to be sufficiently low at specific combi-
nations of house size and ASD exhaust rates, so that
even in the absence of other information on the house
or vent system characteristics, a radon mitigator might
safely decide not to conduct spillage /back-draft testing
under those conditions.

The focus is on gas-fired natural-draft furnaces and
water heaters, since these are the combustion appli-
ances most prone to back-drafting.

Approach

Basic Equation

The calculations use the power law equation com-
monly employed in characterizing the tightness of
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house shells,
1993):

as described elsewhere (ASHRAE,

Q=c(Ap)" 1)

or

Ap=(Q/c)'/" @

where: Q is the airflow through the house shell (m®/s);
c is an empirical flow coefficient [m>/(s - Pa™)], which
depends upon the shell leakage area and the geometry
of the shell openings; Ap is the pressure differential
across the shell (Pa); and n is a dimensionless empirical
flow exponent dependent on the flow characteristics
through the shell openings. For the calculations here, a
value of n=0.66 was used; this value is typical of those
observed in the field, and was found to be the mean
for 554 modern U.S. houses surveyed in one study
(Sherman et al., 1986).

In these calculations, shell Ap values were computed
using Equation 2 as exhaust flows Q (from the ASD
system and from other exhaust appliances) and house
leakage characteristics (i.e., values of the flow coef-
ficient c) were systematically varied through a wide
range of practical values. These computed shell Ap
values were then compared against two selected values
for the maximum mechanically induced shell depres-
surization, above which the exhausts might cause
back-drafting in cooled combustion appliance vent
stacks.

Maximum Allowable Mechanically Induced House

Depressurization

Considerations in Selecting Allowable Depressurizations

The level of mechanically induced depressurization

that will cause cooled-vent back-drafting in a given

house depends upon many variables. These include

variables that influence:

® the theoretical draft in the vent stack — including the
height of the stack, the outdoor temperature, and an
array of appliance and vent system variables that
can affect the mean stack temperature when the ap-
pliance is off (e.g., the characteristics of any pilot
light, the length of any uninsulated horizontal con-
nectors, and the characteristics and location of the
chimney);

® the thermally induced depressurization of the house
at draft diverter height, which counteracts the theor-
etical draft — including the position of the draft di-
verter relative to the neutral pressure level, the out-
door temperature, and the indoor temperature; and

® the vent performance - including vent installation
and maintenance parameters such as vent blockage,
which could hinder performance.
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With this large number of house-specific variables,
any target value selected here as the maximum allow-
able mechanically induced house depressurization
would be too conservatively low for some houses, and
too high for others.

A companion issue is what exhaust appliances are
present in a given house, what their exhaust rates are,
and which of these exhausts are operating when the
combustion appliance is off. A number of the intermit-
tent exhausts might well not be operating when the
combustion appliance is off, or might be operating too
briefly to establish stable back-drafting. Again, any as-
sumptions here regarding the characteristics of the
house exhaust appliances will unavoidably be too con-
servative for some houses, and too lenient for others.

The two cases selected below are felt to represent
depressurization levels and exhaust characteristics that
are reasonably conservative (with the first case being
somewhat more forgiving than the second). These
cases are intended to provide perspective regarding
the potential of residential ASD systems to create back-
drafting. However, in view of the preceding dis-
cussion, it must be recognized that any given house
might be more or less prone to back-drafting than
would be computed from the selected cases.

An additional consideration is that this analysis can-
not address spillage that might occur as the net draft
is reduced, prior to the onset of back-drafting, i.e.,
prior to actual stable flow reversal.

Accordingly, while the analysis here is believed to
provide useful insights regarding when ASD systems
are more or less likely to contribute to spillage, it is
clear a priori that the only way to guarantee the absence
of spillage in every house would be to conduct suitable
spillage tests for every ASD installation.

Focus on Cooled-Vent Back-Drafting
The two cases selected below focus on back-drafting of
cooled (rather than hot) vents. The theoretical draft in
a cooled vent (prior to the onset of back-drafting)
might be 2 to 10 Pa or less, depending upon the tem-
peratures outdoors and in the vent stack, and upon
stack height. This draft is potentially subject to being
overwhelmed by mechanical exhausts, resulting in
back-drafting. Once such cooled-vent flow reversal be-
gins with the appliance off, the hot combustion prod-
ucts can be hindered from entering the vent when the
appliance cycles on, and a substantial amount of com-
bustion product spillage could occur before the hot
vent draft can be re-established (Moffatt, 1986).

By comparison, the theoretical draft in a hot one- to
two-story vent can be above 8 to 10 Pa, even with rela-
tively mild outdoor temperatures and with some con-

207




Henschel

ditions that would reduce the mean vent temperature
(such as uninsulated horizontal connectors leading to
the vent stack and high excess air downstream of the
draft diverter). With colder outdoor temperatures, hot-
ter vent temperatures, and/or taller stacks, the hot the-
oretical draft can exceed 20 Pa. Except under extreme
conditions (combinations of short stacks, reduced vent
temperatures, very tight houses, and/or high exhaust
flows), it is unlikely that mechanically induced depres-
surization would cause flow reversal in a properly in-
stalled and maintained hot vent.

The maximum allowable depressurizations used in
Cases 1 and 2 below assume that the vent is properly
installed and maintained. No adjustments to the allow-
able depressurizations have been made to compensate
for any reductions in vent performance caused by, e.g.,
vent blockage.

Case 1: The CAN/CGSB-51.71-95 Case

Two Canadian standards (CSA, 1991; CGSB, 1995) spe-
cify that when open (natural-draft) combustion appli-
ances are present in a dwelling, mechanical exhausts
and fireplaces should depressurize the house by no
more than 5 Pa relative to the outdoors. Inherent in
these standards is the objective of reducing the risk of
back- drafting the cooled vents when natural-draft
combustion appliances have cycled off.

A specific protocol is defined for measuring the
pressure differential across the house shell (CMHC,
1991; CGSB, 1995). The current protocol specifies the
air-moving appliances to be operated during the test,
including, among others: exhaust appliances intended
for continuous operation (such as ASD fans); and spe-
cific intermittent exhaust fans (clothes driers, kitchen
exhaust fans, and other intermittent exhausts rated at
more than 75 L/s). Bathroom fans rated below 75 L/s
are not operated. If the appliances create an incremen-
tal additional house depressurization greater than 5 Pa
(beyond that already existing due to weather con-
ditions), the house fails the test.

One of the two cases considered in this paper is
based upon these criteria (maximum mechanical de-
pressurization=5 Pa, bathroom fans not operated).
This case is referred to here as “the CAN/CGSB-51.71-
95 case,” according to the spillage standard (CGSB,
1995).

Bathroom fans are excluded in the shell pressure
measurement in part to help compensate for the fact
that, in practice, intermittent exhaust fans will not all
be operating simultaneously for any extended period.
In addition, the consensus depressurization value of 5
Pa takes into consideration practical experience show-
ing that, when a combustion appliance cycles on, the
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hot products of combustion can often re-establish th
hot-vent draft within a short period of time in the fac
of some degree of cooled-vent back-drafting.

Case 2: A More Conservative Case

For the current analysis, the computed mechanicall
induced house depressurizations were also compare«
against a more conservative maximum of 3.5 Pa, calcu
lated with the bathroom exhaust fans operating (in ad
dition to the other exhaust appliances). This second ap
proach does not provide any allowance for the fact tha
intermittent appliances will generally not all be operat
ing simultaneously, or for the ability of the combustior
appliance to overcome cooled-vent back-drafting afte:
cycling on.

This more conservative 3.5 Pa maximum mechanica
depressurization represents the total theoretical draf
in a cooled two-story vent stack (about 5 Pa), minus the
competing thermally induced stack depressurization o:
the house at draft diverter height (about 1.5 Pa). Thes¢
pressures were calculated (ASHRAE, 1992; ASHRAE
1993) assuming;:
® height from the draft diverter to the top of the ven:

stack=5.5 m; '
® outdoor temperature=4°C;
® indoor temperature=20°C;
®* mean temperature inside the vent=24°C with the

combustion appliance off, warmed by the continu-
ous 230 J/s pilot light; and
® height of neutral pressure level above draft divert-

er=2 m.

To account for heat losses through the furnace and
duct walls, the 4°C increase of the vent temperature
by the pilot light is about half that which would be
calculated adiabatically. It is also about half that ob-
served by others (Dumont and Snodgrass, 1990). Once
stable back-drafting began, the inflow of outdoor air
would reduce the vent temperature to the outdoor
value, and the theoretical draft would drop to zero.
This calculation estimates the mechanical depressur-
ization that would be required to establish that back-
drafting in the 24°C vent.

Wind effects at the vent stack discharge, which
would usually increase the draft, were disregarced.

With colder outdoor temperatures, warmer vents,
taller vent stacks, lower neutral pressure levels, or
cooler houses, the maximum allowable mechanically
induced house depressurization would increase above
3.5 Pa, to 7 Pa and greater. With milder temperatures,
cooler vents, one-story vent stacks, higher neutral
levels, and warmer houses, this value could decrease
below 2.5 Pa. The value of 3.5 Pa is selected as being
conservative but reasonable.




The assumption that all intermittent exhaust appli-
ances (including bathroom fans) will be operating sim-
ultaneously represents a more severe situation than
would be encountered in practice. This is consistent
with the philosophy of making the Case 2 approach
conservative.

The assumption of simultaneous intermittent ex-
hausts also represents an attempt to account for a num-
ber of other exhaust sources that can be present, but
for which it is difficult to make generalized assump-
tions in a computational effort such as this. These other
sources include intermittent exhausts (e.g., high- ex-
haust kitchen ranges, open fireplaces, and wood
stoves) and continuous exhausts (e.g., as created in a
basement or furnace room by the return ducting to a
central forced-air furnace).

These other depressurization sources are accounted
for in the Canadian test protocol (CMHC, 1991; CGSB,
1995). Thus, the consideration of this more conserva-
tive case might be viewed as an attempt in this compu-
tational analysis to compensate for the omission of cer-
tain depressurization sources that the test protocol
would be able to address in practice.

House Sizes

Three house sizes were selected, to represent a range

of possible field situations.

® 100 m? of floor area, representing a small house. Or,
this area could represent the case where the combus-
tion appliances and the ASD system are inside a
basement that is isolated from the remainder of the
house. When there is forced-air supply and return
ducting penetrating the shell between the basement
and the adjoining living space, it is unclear how well
the basement would in fact be isolated pressure-
wise, even if the basement door remained closed.

® 190 m? of floor area, representing a moderately sized
house.

* 280 m? of floor area, representing a somewhat larger
house.

House Normalized Leakage Areas

Five values were selected for house tightness. These

values are expressed in terms of the effective leakage

area (ELA) of a bell-mouthed nozzle (discharge coef-

ficient=1.0) at 4 Pa, and are normalized on the basis of

the total floor area of the conditioned space (including

basements).

®* 0.7 cm? ELA at 4 Pa per m? of floor area, represent-
ing a super-tight house meeting the specifications of
the tightest leakage class defined in ASHRAE Stan-
dard 119-1988 (ASHRAE, 1988). This tightness also
meets the specifications of the Canadian R-2000 pro-
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gram: 1.5 air changes per hour at 50 Pa, or 0.7 cm?
equivalent leakage area (EqLA) of a sharp-
edged orifice (discharge coefficient=0.61) at 10 Pa
per m? of house envelope area (including exterior
walls, top-story ceiling, and bottom-story floor)
(NRCan, 1994).

® 2.0 cm?/m? generally representing the range ob-
served in new construction (excluding super-tight
houses) in cold climates (Moffatt, 1986; Sherman et
al., 1986; Hamlin et al., 1990; CMHC, 1995; Grimsrud
et al., 1996).

¢ 3.5 cm?/m?, which appears to be reasonably repre-
sentative of the range observed in new construction
in less cold climates, according to published (Ham-
lin et al.,, 1990; Cummings et al., 1992) and unpub-
lished sources.

® 55 cm?/m? representing less tight new construc-
tion, and more tight construction among modern
(but not new) houses in less cold climates (Moffatt,
1986; Sherman et al., 1986; Hamlin et al., 1990).

® 9.0 cm?/m?, representing older, post-World War II
houses (Sherman et al., 1986; Cummings et al., 1992;
Sherman and Dickerhoff, 1994).

Mechanical Exhausts other than the ASD System

As shown by Equation 2, house depressurization does
not increase linearly with exhaust flow, but is pro-
portional to flow to the power 1/n (ie., to the power
of about 1.5). Thus, the incremental additional depres-
surization created by a given ASD exhaust flow will
depend upon the magnitude of other exhausts which
are occurring simultaneously.

For these calculations, representative values of the
actual exhaust rates of various exhaust appliances
were estimated from values reported in the literature
(CMHC, 1995; Cummings et al., 1992; Moffatt, 1986).
These exhaust rates are generally below the rated flows
of the appliances, due to the flow resistance created by
the ducting. The actual exhaust rate for a particular
type of appliance in a given house can vary dramati-
cally, depending upon the performance curve of the
specific fan and the details of the specific installation.
Recognizing the uncertainty created by this broad
range that exists in practice, the representative net ex-
haust rates to the outdoors selected for these calcu-
lations were:
® bathroom exhaust fan — 20 L/s;

e standard kitchen range hood exhaust — 50 L/s;
o clothes drier — 50 L/s.

High-exhaust range hoods commonly have exhaust
rates on the order of about 120 L/s, and open wood-
burning fireplaces about 80 L/s. Since the house is
being depressurized by the mechanical exhausts, there
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will be no naturally induced exfiltration flows influ-

encing the calculations.

The total “worst-case” exhaust rates from the differ-
ent house sizes, i.e., if all exhaust appliances were being
operated simultaneously, were assumed to be as fol-
lows, for houses other than the super-tight (0.7 cm?/m?).
® 100 m? - a basement containing a clothes drier and

a bathroom exhaust fan. For Case 1, as discussed

above, only the drier was considered (50 L/s); for

Case 2, the bathroom fan was also addressed (giving

70 L/s total).
® 190 m? - a house containing a drier, a kitchen range

hood, and a bathroom fan (100 L/s total for Case 1,

120 L/s total for Case 2).

e 280 m? — a house containing a drier, a range hood,
and two bathroom fans (100 L/s total for Case 1, 140
L/s for Case 2).

For super-tight houses, it was assumed that, consist-
ent with the practices representative of the R-2000 pro-
gram, bathroom ventilation is implemented using the
heat recovery ventilator (HRV) specified for these
houses, so that the net exhaust by bathroom fans is
zero. Likewise, kitchen range hoods are recirculating
units, accompanied by ventilation of the kitchen using
the HRYV, so that net kitchen exhaust is also zero. Ac-
cordingly, the only net exhaust from the super-tight
house is from the clothes drier (50 L/s), which is the
same for all three house sizes.

All of the non-ASD exhaust rates listed above were
assumed to be those that would exist when there is no
pressure differential between indoors and outdoors. As
the house became depressurized, the flow through
each exhaust fan was reduced by 0.25 L/s per Pa of
house depressurization. This figure is a representative
value derived from analysis of a range of actual and
hypothetical fan performance curves for these appli-
ances. This flow correction reduced computed house
depressurizations by 0% to 20%, a small amount in
comparison with the uncertainty already inherent in
selecting the representative exhaust rates for each ap-
pliance.

Amount of House Air Exhausted by the ASD
System
Depending upon the capacity of the ASD fan, the per-
meability of the sub-slab region, and the tightness of the
house shell below grade, total exhaust flows from ASD
systems are typically in the range of 10 to 70 L/s. De-
pending upon the tightness of the shell below grade, be-
tween 20% and 80% of this total flow is drawn from in-
side the house (Henschel, 1993).

For these calculations, three values were selected for
the amount of air drawn out of the house by the ASD
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system, representing the range that might be encoun-

tered in practice.

® 5 L/s - representing the case where total ASD flow
is toward the lower end of the observed range (10
L/s), and the percentage coming from the house is
50%, a typical value.

® 12 L/s - representing the case where total flow is at
a commonly observed value (25 L/s), and the per-
centage from the house is 50%.

® 35 L/s - representing the case where the total flow
is at the upper end of the range (70 L/s) and the
percentage from the house is about 50%; or the case
where the total flow is not so high (50 L/s) but the
percentage coming from the house is toward the
higher end of the range (70%).

Results and Discussion

Case 1: The CAN/CGSB-51.71-95 Case

The complete results for Case 1 are presented in Table
1. The table shows the “worst-case” mechanically in-
duced depressurizations with and without the ASD
system operating, for the different ASD exhaust rates
out of the house. The shading indicates cases where
the total mechanical depressurization is greater than
5 Pa; i.e., where the ASD system would be predicted to
be exacerbating or creating the potential for cooled-
vent back-drafting of natural-draft appliances accord-
ing to the Case 1 assumptions.

Table 2 presents the Case 1 results in terms of the
minimum ELA (the maximum tightness) that could be
tolerated for each ASD exhaust rate for each house
size, before the 5 Pa maximum house depressurization
would be exceeded.

Table 2 predicts that, even at the worst-case ASD ex-
haust rate of 35 L/s out of the house (about 70 L/s
total system flow), typically sized houses (190 to 280
m?) should not encounter back-drafting of natural-
draft appliances until the normalized ELA drops below
1.6 to 2.3 cm?/m?, based upon the assumptions of this
analysis. This range is representative of new houses in
cold climates. Even the 100 m? house would have to
be tighter than 2.8 cm?/m? at maximum ASD flow to
exceed 5 Pa, tighter than new construction in temper-
ate climates.

The majority of the U.S. housing stock is much leak-
ier than this. A review of data from over 12,000 U.S.
houses suggests a mean greater than 10 cm?/m? (Sher-
man and Dickerhoff, 1994; Sherman and Matson, 1997).
Thus, in the large majority of cases, cooled-vent back-
drafting should not be a problem, even at maximum
ASD flows in small houses and isolated basements,
under the assumptions of Case 1.
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Table 1 Estimated mechanically induced house depressurizations (ASD systems plus other exhausts) for the CAN /CGSB-51.71-95 case

(5 Pa maximum allowable depressurization, bathroom fans excluded)

House ELA @ 4 Pa, “Worst-case” “Worst-case”’ Depressurization added by ASD system (Pa)
floor per unit exhaust rate mechanical when air being exhausted from house by ASD is:
area floor area of appliances depressuriz.
(m?) (cm?/m?) other than ASD with ASD off 5L/s 12 L/s 35L/s
(L/s) (Pa) ASD  Mech.  ASD Mech.  ASD  Mech
Nominal!  Actual? Adds  Total® Adds  Total® Adds  Total®
100 0.7 50 41-46 16.4 2.8 189 6.8 224 214 353
190 0.7 50 46-48 6.7 1.1 77 27 9.2 85 14.8
280 0.7 50 48-49 38 0.6 44 15 5.3 48 84
100 2.0 50 48-49 37 0.6 43 14 5.1 4.6 8.2
190 2.0 100 97-98 40 0.3 43 0.8 4.7 2.3 6.3
280 2.0 100 98-99 22 0.2 24 0.4 2.7 13 35
100 3.5 50 49-50 1.6 0.3 1.9 0.6 22 2.0 3.6
190 3.5 100 99 1.7 0.1 19 03 2.0 1.0 2.7
280 35 100 99-100 1.0 0.1 1.0 02 12 0.6 1.5
100 55 50 50 0.8 0.1 0.9 0.3 11 1.0 1.8
190 5.5 100 99-100 0.9 0.1 1.0 0.2 1.0 05 14
280 5.5 100 100 05 <0.1 0.5 0.1 0.6 03 0.8
100 9.0 100 99 1.1 0.1 1.2 0.2 1.3 0.6 17

Shaded numbers highlight cases where mechanically induced depressurization in the space (by ASD plus other exhaust sources)

exceeds 5 Pa, as discussed in the text.
Footnotes:

! Assumed combined exhaust rates of kitchen range and/or clothes drier fans when there is no pressure differential between indoors

and outdoors.

2 Corrected combined exhaust rates, accounting for house depressurization relative to outdoors.
3 Total depressurization with the ASD operating sometimes does not equal the sum of the depressurization with the ASD off plus the
ASD contribution, due to: a) rounding to the nearest 0.1 Pa; and b) for 0.7 cm?/m? houses, reductions in non-ASD exhaust flows

resulting from ASD-induced house depressurization.

On the other hand, Table 2 also predicts that back-
drafting could occur even at minimal ASD flows, if the
ELA were 1.2 to 1.7 cm?/m? or less, depending upon
house size. While such ELAs are substantially below
the U.S. average, they do represent values that will be
encountered in the housing stock (especially in new
construction in cold climates), and they are not as low
as values representative of super-tight houses.

Thus, while ASD-induced back-drafting would be
predicted to occur in only a limited fraction of U.S.
houses, it can occur in some cases even under the more
forgiving Case 1 assumptions. Thus, it cannot be ig-
nored. Without data on the ELA distribution among the
U.S. housing stock, it is impossible to estimate the frac-
tion of houses that are tighter than the 1.2 to 2.8 cm?/m?
range for which a potential problem would be predicted
from Table 2. Nationally, the fraction is probably small,
although it could be higher in cold climates.

Depending upon the house size, the ELA, and the
ASD exhaust rate, the ASD system can sometimes
create a risk of back-drafting. That is, a house that is
below the 5 Pa maximum with the ASD system off can
be raised above that maximum when the system is
turned on. For example, referring to Table 2, a 190 m?
house with an ELA of 2.0 cm?/m? - below 5 Pa with
the system off — would be predicted to rise above the

maximum if the ASD exhaust out of the house ex-
ceeded 20 L/s.

But if the ELA of that 190 m? house were 1.6 cm?/
m?, the threat of back-drafting would exist even with-
out the ASD system, due to the non-ASD exhausts. The
system would then be exacerbating a pre- existing back-
draft condition.

Table 1 predicts that super-tight houses (0.7 cm?/m?)
could often exceed the 5 Pa maximum which could
back-draft natural-draft appliances. Such houses will
commonly have induced-draft or sealed combustion
appliances, for which 5 Pa of depressurization will not
create a problem. However, in small houses or isolated
basements of this tightness, or with high ASD ex-
hausts, Table 1 suggests that the house depressuriza-
tion might sometimes exceed even the 10 Pa limit
specified in CAN/CGSB-51.71-95 for induced-draft ap-
pliances (with both continuous and intermittent ex-
hausts operating). It might also sometimes exceed the
20 Pa limit for sealed units. A radon mitigator should
be alert to this potential problem when working in
houses known to be super-tight.

Case 2: A More Conservative Case

Table 3 summarizes the results for the Case 2 assump-
tions, in the same format as Table 2.
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The more conservative Case 2 assumptions predict
that the normalized ELA would have to increase to 2.6
to 3.4 cm?/m? in the 190 to 280 m? houses before house
depressurization would be maintained below the 3.5
Pa maximum at the 35 L/s ASD house exhaust rate.
This compares with 1.6 to 2.3 cm?/m? to maintain the
houses below 5 Pa in Case 1. In the 100 m? house or
isolated basement, the Case 2 ELA for the 35 L/s ex-
haust increases to 4.4 cm?/m? (compared to 2.8 cm?/
m?). Thus, even using the more conservative Case 2
assumptions, it would be predicted that natural-draft
appliances should often not back-draft when the house
tightness is representative of new construction in tem-
perate climates (3—4 cm?/m?) or leakier, even under the
highest flows that might be expected in ASD systems.

The 4.4 cm?/m? ELA required to avoid back-drafting
at worst- case ASD exhaust rates in small houses and
isolated basements is still well below the >10 cm?/m?
mean reported for over 12,000 U.S. houses. Thus, even
using the more conservative assumptions, the majority
of the existing housing stock should not encounter a
back- drafting problem.

On the other hand, Table 3 also predicts that at ELAs
below 2.1 to 2.6 cm?/m?, back-drafting could occur
even at minimal ASD flow in the two largest houses,
according to the Case 2 assumptions. These ELAs are
representative of those encountered in new construc-

tion in cold climates (as well as in individual older
cold-climate houses).

Thus, like Case 1, the Case 2 assumptions also lead
to the prediction that ASD-induced back-drafting
would occur in a limited fraction of U.S. houses. How-
ever, under Case 2, this fraction is increased, as ex-
pected.

The Need for Spillage/Back-Draft Testing

Tables 2 and 3 predict that back-drafting could poten-
tially occur even in a relatively large house and at low
ASD flows, if the house is tight enough. Thus, even if
all of the assumptions used in this analysis were uni-
versally applicable, a mitigator would require ELA
data for comparison against Table 2 or 3 to determine
whether back-draft testing is required in a given house.
It would not be possible to use readily observed par-
ameters such as house size or ASD system flow rate to
make this decision. .

Of course, the assumptions behind Tables 2 and 3
are not universally applicable. House and vent system
parameters would vary from house to house, im-
pacting theoretical stack draft, thermally induced
house depressurization, and vent performance, as dis-
cussed earlier. Also, the actual exhaust appliances and
their capacities would vary. To be rigorous, all of these

Table 2 Selected results for case 1, the CAN/CGSB-51.71-95 case (5 Pa maximum allowable depressurization, bathroom fans excluded)

ASD exhaust out of house/ Minimum ELA @ 4 Pa, per unit
(approx. total ASD system flow) floor area (cm?/m?), to ensure
(L/s) house depressurization <5 Pa
for house floor area of
100 m? 190 m?2 280 m?

0/ (0) (ASD off) 1.6 1.7 12

5/ (10) 1.8 1.8 1.2
12 / (24) 2.0 1.9 1.3
20 / (40) 2.3 2.1 14
35 / (70) 2.8 2.3 1.6

Table 3 Selected results for case 2, a more conservative case (3.5 Pa maximum allowable depressurization, bathroom fans included)

ASD exhaust out of house/ Minimum ELA @ 4 Pa, per unit
(approx. total ASD system flow) floor area (cm?/m?), to ensure
(L/s) house depressurization< 3.5 Pa
for house floor area of
100 m? 190 m? 280 m?

0/ (0) (ASD off) 2.9 2.6 2.1

5/ (10) 31 2.7 21
12 / (24) 3.4 2.9 2.2
20 / (40) 3.7 3.1 2.4
35 / (70) 44 34 2.6




parameters would have to be analyzed, in addition to
ELA measurements.

This combination of house-specific parameters can
be addressed rigorously only through suitable spillage
and back-draft testing in the particular house. Thus, in
practice, a spillage/back-drafting test would likely be
warranted for every ASD installation. This is true even
though the reasonably conservative analysis in this
paper suggests that ASD-induced back-drafting should
not be a common problem except in relatively tight
houses.

If ELA data were available for a given house, the
ELLA would have to be conservatively higher than the
values in Table 2 or 3 before spillage and back-draft
testing could reasonably be omitted. Even though the
assumptions used in deriving the two tables are con-
sidered to be reasonably conservative, they might not
be conservative enough for any given house.

Conclusions

1. Even with the more conservative of the two sets of
assumptions considered here, it is predicted that
ASD systems would not create back-drafting of
natural-draft gas-fired appliances, or exacerbate a
pre-existing back-drafting problem, in a potentially
large majority of the existing U.S. housing stock.
As long as the leakage area of a typically sized
house were greater than about 3 to 4 cm? (@ 4 Pa)
per m? of floor area (6-8 air changes per hour
(ACH) @ 50 Pa), even the highest likely ASD ex-
haust flows should not create or exacerbate back-
drafting under the more conservative assumptions.
If the ASD system were in a small house (100 m?)
or an isolated basement, the leakage area would
have to be greater than about 4 to 5 cm?/m? (8-10
ACH @ 50 Pa). By comparison, the mean ELA for a
sample of over 12,000 U.S. houses is reported to be
>10 cm?/m?.

2. On the other hand, even with the more forgiving of
the two sets of assumptions considered here, it is
predicted that ASD systems could create or exacer-
bate back-drafting of natural- draft appliances, even
at minimal ASD exhaust flows and in large houses,
in some fraction of the housing stock.

Even at minimal ASD flow in the largest houses
considered (190-280 m?), back-drafting would be
predicted under the more forgiving assumptions at
ELAs below 1 to 2 cm?/m? 2-4 ACH @ 50 Pa).
With the more conservative assumptions, these
ELAs rise to 2.1 to 2.6 cm?/m? (4-5 ACH @ 50 Pa).
These ELAs are representative of new construction
in cold climates (as well as individual older cold-
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climate houses), an important if not large compon-
ent of the total housing stock.

3. It is not possible to use readily observed parameters
such as house size or ASD system flow rate to deter-
mine reliably whether the installation of an ASD
system might be creating or exacerbating spillage or
back-drafting. Spillage /back-draft testing would be
needed for essentially all installations where natu-
ral-draft appliances are present, even though this
analysis suggests that ASD-induced back-drafting
should not be a common problem. Only when the
ELA of a given house is known to be conservatively
greater than the applicable value in Table 2 or 3
might spillage/back-draft testing be omitted.

4. When an ASD system is installed in a house that is
known to be super-tight (meeting the tightness cri-
teria of the R-2000 program or of Leakage Class A de-
fined by ASHRAE 119-1988), a mitigator would be
well advised to consider back-draft testing even
when the house has induced-draft or sealed combus-
tion appliances. This is especially advisable if the
ASD system is found to have a relatively high exhaust
flow. In such cases, the target maximum house de-
pressurizations would be the levels (10 and 20 Pa, re-
spectively) specified in CAN/CGSB-51. 71-95.
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