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MINT FAN FOR SSD RADGN MITIGATION IN NEW CONSTRUCTION

by: David W. Saum
Infiltec
Falls Church, VA 22041

ABSTRACT

Subslab depressurization (SSD) systems in new houses constructed
with well sealed slabs and good aggregate beds will probably achieve
excellent radon mitigation performance with fans that are considerably
smallexr than the 80 Watt fans that are currently recommended. This
paper describes the development, testing, and evaluation of a low
power radon mitigation fan for installation in new houses, This "mini
SSD fan" uses only 10 Watts of power, and its radon mitigation
performance is shown to be almost as good as the larger fans. Since
the EPA plans to recommend the installation of SSD systems in hundreds
of thousands of houses that are constructed each year in high radon
areas, the long term energy savings involved in reducing fan power
could involve billions of dollars. In addition, the mini SSD fan
lowers the installation cost of the raden mitigation system, and this
might encourage more builders to follow with the EPA recommendations.
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BACKGROUND

Cne strategy for radon mitigation in new construction is for
builders in areas with high radon levels to install SSD systems in all
the houses that they build. Experience with SSD in new construction
suggests that when houses are constructed with SSD combined with a
well sealed foundation and a porous aggregate layer, then the
performance of SSD radon mitigation has been shown to be excellent.
Although many houses with these systems would not have had a radon
problem above the EPA action level of 4 pCi/L, even the lower level
heuses would probably experience some radon mitigation. Since most
radon exposure occurs in these lower level houses (due to their large
numbera), the net result of lnstalling SSD in all houses in high radon
areas 1is a substantial decrease in radon exposure for occupants of
these houses.

A primary objection teo installing SSD systems in all houses would
be” the costs, both for initial installation and for energy and
eventual replacement. This objection could be reduced by using the
lowest cost components consistent with good radon mitigation
performance, long life, and low energy costs. This paper describes
the development, test, and life cycle cost evaluation of a low power
SSD radon mitigation fan for installation in new houses. This "mini
SSD fan" uses 10 Watts of electric power compared to the 80 Watts of
the standard fan, and its performance is shown to be almost as good as
the larger fans. Since the EPA plans to recommend the installation of
SSD systems in hundreds of thousands of houses that are constructed
each year in high raden areas, the long term energy savings involved
in reducing fan power could involve billions of dellars, and these
energy savings might provide some assistance in solutions to problems
such as global warming and U.S. energy independence. In addition, the
mini SSD fan lowers the installation cost of the radon mitigation
system, and this mlght encourage more builders to follow the EPA
recommendations.

PREVIQUS EXPERIENCE

Although SSD is by far the most common raden mitigation
technique, the details of its operation are not entirely clear and the
size of the fan that is necessary for effective mitigation is not well
understood. As a result, most mitigators use 80 Watt fans for most of
their mitigation jobs, and most of the industry experience is based on
the use of these fans. For new house construction, it seems that
smaller fans might be successful if the builder provides a good site
preparation by installing at least a 4" depth of large diameter
aggregate under the slab, and by sealing all slab penetraticns.
Several documents have been written about construction details_for
radon resistant new construction, inc udlng a new ASTM standard*, a
Bonnegzl‘e Power Administration report and the EZPA new construction
guide Unfortunately, these documents do not contain much discussion
of fan performance versus size or of life cycle costs. The EPA will
soon issue recommendaticons on model code language for radon resistant
new construction, and there will be a technical support document with
life cycle cost calculatiocns.

However, there is one study that suggests that very small fans
might provide good performance: the February 1990 EPA Symposium Paper
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Radon Mit;gition Performance of "Pagsgive Stacks 1in Residential New
Construction® by Saum and Osborne. This research showed that one
builder's passive stacks (SSD systems without -“any fans) offered
significant radon mitigation performance in both summer and winter.
Table 1 shows a summary of the radon mitigation results for this
study. The.passive stacks -reduced the radon levels by about 66%, and
45 Watt. SSD fans reduced radon levels by an average of 98% of the pre
mitigation. levels. Most performance reductions in these passive stack
houses are thought to be due poor installation of the stacks, or to
depressurization -of the basement by leaky forced -air return ducts
which reversed.  the passive stack pressures. This -suggests that a
small SSD fan would boost the passive stack pressures ‘enough to
overcome most of these residual mitigation problems.

MINI FAN DESIGN

The: flrst step in thlS prOJect was to design a low power and low
cost fan that could be used in a conventional new home SSD system. It
was assumed that the builder: would install a 4 inches of coarse
aggregate under the slab, seal all slab penetrations, -and run a stack
pipe (3" _or 4" PVC) up through the slab and’ exiting though the roof.
In order to take advantage of . the passive’ stack~ effect, -‘the stack
should run through the heated part of the-house. ° The -desirable fan
characteristics were considered to be low power, long life, and low
cost. Conventional radon fans use about 80 Watts, have an estimated
100,000 hour life, require 2 pipe couplings to connect to the stack
pipe, and the total cost of fan and couplings:is about $150.

" 'The final mini SSD fan desién ia;'éhown in Figure 1. The

‘conventional radon fan system consists of a fan ‘motor, £fan housing,
‘and’ two pipe couplings. To reduce noise, the conventional 45 or 90

Watt radon fans use a backward inclined blade, but 10 Watt fans are so
quiet that a conventional low-cost axial fan blade can be used. For
simplicity and lower <cost, the mini fan 4is built into one pipe
coupling which serves as--a combined 'fan housing and pipe coupling.
The final mini fan design consists of a high quality 10 watt, 3°
diameter, axial. fan.mounted-in a 3" diameter PVC ring, and enclosed in
a 3" flexible pipe. .coupling. When a'3ﬂ:stack-pipe-1s used, the fan
housing serves as:-the pipe coupling... If a 4" stack pipe “is used, -then
two 4", to 3" pipe couplings can ‘be:used to couple “the' fan to- the 4"
stack. The use of 3" stacks would be recommended because of the low

~air flows, the. reduced -costs, .and-the consistency with-the-use of 3"

plumbing. stacks already installed in housesg. -To” complete the ‘radon
control system, a pressure gauge capable of monitoring-‘the - low
expected stack pressures was developed from the commercially available
"Fancheck" type pressure indicator. The Fanchéck is a 'modified- Dwyer
air flow meter that consists of a small ball in a tapered clear-
plastic tube, The -conventional Fancheck -indicates .pressures greater
than about 0 ZP'wc, but th;s dev;ce was deifLEd for use Hlth the mini

......



v G CQST- ESTIMATES
;FAN PARTS COSTS - - -

J;‘“ The parts cost Qf the mini SSD fan is less than $20, and the
‘mog;fled pressure: gauge is about the :same cost (about $10) as the
Fancheck ;gauge. Therefore the mini SSD fan- could ‘be sold to builders
for considerably less than a standard radoen mlthatlon fan ‘system
ccnsxsts of an: 80.Watt fan_wlth 2 pipe couplings+ (about- $150), and a
.pressure indicatoxr: ($10). It is anticipated that--the mini SSD fan
'system could be sold:to buiiders for about 575, half the ccst cf the
» standard‘BOrWatt fan system._;

0 .

LIFE CYCLE COSTS

The largest cost savings aré in the life-cycle costs, not the
initial installation costs. Table 2 shows a comparison of life cycle
costs between a 10 Watt SSD.fan and a standard 8- Watt SSD-fan. Three

.- types of recurring costs are assumed: electric-cost*for running the

.. fan continuously, wasted 'heat costs for warming--house alr that is

exhausted through .the -fan, and fan replacement’~costs. f These

.. calculations show:;that the :mini SSD fan would* cost'-about " 329 per

.average year, while_ the standard 80 Watt fan would cost abcut 3135 per
year to operate contanuously. Aod £

.
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= _ If bulLders fcllow the fc:thcom&ng BPA recommendations that all
-'houses in radon prone-areas have radon resistant features built into
"them, then it is reasonable to ‘assume that at least 100,000 3f the
1,000,000 new home built every year will have SSD fans installed.
Under these assumptions, the testimated savings for installing a 10
:Watt fan, rather than an: 80 Watt fan, are shown' to be §1l1 million in
the first year, -$476 million in .10 years, and- $4,6 billion. in 30
.years. v 0 FFETE L pSeRiSs -
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Ideally we would lzke tc'kncw uhe performance trade-off between
o n—pcwer and radon: mitigation. performance‘undar a ‘wide variety of
,,,,,, onditions: :- geology, : i&limate. > zones, bulld;ng . practices,
heat;nq/cccling_-system- variations, 'contractor ‘variables,  failure
modes;: ete, -»: With-athis:-type . of ~data, "-we -could -begin to make a
g calcu;atlcn ©0f. the costiper life:isaved with-different SSD fan systems.
ranMinfortunateldy;:. this type,ncf Lstudy - LS far beycnd the scope of this
hcﬁproqgcn‘-_.:;ﬁ** e eldogrr sLaSp 8%
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Te58uTY »ﬁh&rp&SSlve,stack;experamant-daba-shown in-Table’1 Buggeifs ‘that
. .sthei-mini ~SEN. fard radon-reductidhs'iin ‘néw houses" shbﬁld “be 30mewhere
1c betweam: thenrperformancei:ofe the” passive ’stack aystEms ‘(gbout’ 66%
reduction) and the performance of the 45-Watt’ fan‘tYStems {about 98%
reductions) . It seems likely that if the performance of the passive
stacks is based on the extremely weak forces of stack effect, then the
performance of 10 Watt fan systems will be much closer to the 45 Watt
fan systems than to the passive stack systems. We believe that is not
unreasonable to assume that the mini SSD fan will give at least a 90%
average reduction of elevated radon levels in new construction,



assuming the recommendation on the subslab aggregate layer and sealing
is followed.

MINI FAN PEREORMANCE IN ONE HOUSE -

. Only one prototype fan was available for experiments until last
month when an additional half dozen prototype units were received from
the fan manufacturer. The original prototype has been tested for
several months under worst case conditions: an older house with no
slab sealing and a poor subslab aggregate bed. These conditions were
expected to be much worse than would be ‘found in new houses built for
radon. resistance. -The data from these tests is shown in Figures 2-5.
These Figqures show that even in an older house with no sealing of
cracks and an uneven subslab aggregate bed, the 10 Watt mini SSD fan
lowers the radon level from 10 pCi/L to 2.1 pCi/L (a 79% reduction),
versus a reduction to 0.8 pCi/L (a 92% reduction) for a 45 Watt fan.
Figures 2 and 3 show the performance of the two fans over a month as
the fans are being cycled off and on every 3.5 days. Figures 4 and 5
show the averages of 4 on/off cycles so that the variations are
smoothed out. Note that both fans reduce radon levels within a few
hours after the fans are turned on, but the larger fan seems to have
depleted the radon under the slab more extensively than the smaller
fan, and it takes longer for the radeon levels to build up in the house
after the larger fan is turned off.

PERFORMANCE LIMITATIONS

Some general limitations of SSD fans that may apply to the mini
SSD fan have not been fully investigated yet: 1) problems with large
slabs, 2) problems when sand or other low porosity aggregates are used
below slabs, and 3) problems when the soil below the slab is very
porous. These situations are not well understood for even the
standard SSD radon mitigation systems., It seems likely that this type
of problem could be addressed by written guidance that would be
included with the mini SSD fan systems.

FUTURE DEVELOPMENT PLANS

The future plans for development of the mini SSD fan call for more
field tests of the prototype, refinement of the design, field tests
with cooperative builders, certification (UL or equivalent), volume
purchase agreements, and eventual sale to builders and mitigators.

DISCLAIMER

The work described in this paper was not funded by the U.S.
Environmental Protection Agency and therefore the contents de not
necessarily reflect the wviews of the Agency and no official
endorsement should be inferred.
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Table 1 A6 Radon Mitigation Performance Data from Passive Stack Study

.

HOUSES WITH PASSIVE STACKS, NO FANS

Tast * Stack Stack Radon
House Open Sealed Reduction
No. gggi/L% gggi/Lg ;%g Comment Commant
. 95% summer. data e Dk
126 0.1 13.6-- 99% winter data :
162 4.7 8.5 45% duct leaks, poor communication
40 8.8 12.8 31y duct leaks, poor communication
53 1.1 2:7 - 59% . Sk e : .
209 1.2 6.5 82% ¢ -
105 0.6 1.8 67% 5 L e W
42 1.9 9.4 80% duct leakage . o
84 “4.9 5.8 16% duct leaks, poor communicntxon
206 2,970 19 . 85% winter - duct leakage -
206 0.6 A 75% summer - duct leakage fixed -
KVERAG : S5 8.1 70% :

HOUSES NITH FANS IN PASSIVE STACXS, TANS OIT

Tast Stack - . ‘Stack Raden
House: Open' °~ Sealed Reduction -~
No, -+{pCi/L) (pCi/L)" "~ (%) Comment -
383 % 1.8 13.0 B6% . - wintaer - 5 ' L
+:308: 7'4.5 na na na summer, duct leakage @ T !
308 .32 8.0 £ 33,5 76% - winter, duct leakage ™7 Ti!f
221 1.5 12.0 88% - winter, duct leakage tomt AW
~dBlive 6.7 7.4 9% stack in unheated garage
233 na 18 na 1.9 na not used, fan inside basement '::
237 7.4 13.7 46% stack in unheated garage e
184 12..7 26.4 52% duct leakage  .: S
AVERAGE: 6.3 11,1 64% . e
HOUSES NITH FANS IN PASSIVE STACKS, FANS ON - 2
[ .
Tast - Fan Stack Radon
House On Sealed Reduction 5
No. (pCi/L) (pCi/L) (%) Comment i o
383 0.1 13.0 39% wintar
308 0.4 na - na summer, duct leakags
1308 ¢ S e 33.5 99% winter, duct leakage - -
221 L 0.3 12.0 98% winter, duct leakage e
181 Lot 0.1 7.4 99% stack in unheated garage-
& 233 na 18 na, na - -not- used,- fan inside basemert ~
= 237 myL e AN 96% stack in unheated garage. -
‘184 0.8 26.4 97% .- .duct leakage-~ ’ =
AVERAGE:" 0.4 15.1 98% .
COMMENTS AND CONCLUSICONS PO Al i Tl 13

1. This data was collected by an EPA Office of Research-&-Development
funded study conducted in 1989-90-and- performed By TAfiltac and. Ryan Hcmasrfti?
2. All -radon measurements are averages of ona or more; waeks of hourly . ‘. - °.
continuous radon data collected with Pylon or Femtotech: monitors..:«: .i :7e.d
3. Passiverstacks ‘loweraed Tadon by about 1/3, fan systems by about 1/40
4. Pasaive stacks provided mitigation in summer as wall as winter. o
5. Passive stack performace appeared to be reducaed by duct Leaka and PETT
poor subslab communication causing .blocked .pipes.:- .« - :

7. A low power fan to assist the:passive .stack night overcome: many.at‘tha e
tha problems causad’ by _house .pressures .or poor ,commnication.. .z 7 L.

8. Limitations of atudv: oneé builder (Ryan Homes) ,..qone tregion -(D.C. M.trUJ,
small number of héuses (16), one HVAC type (heat pump).

9. All radon control systems were installed by thes builder without
suparvision by a raden mitigation expert.

10. Houses with summer and wintar data are included twice in averages.

6. FASsLivée’ stacks provided some mitigation in all casese- - - -u: BT

o p—



Table 2 Life Cycle Costs of the Mini $SD Fan and Standard SSD Fan

CALCULATION ASSUMPTIONS:

an ez 57 PR

GENERAL ASSOMPTIONS: | /ALUE COMMENT Z

Electric ratae r:§0;08 per kwh approximate U.S. electric rate
Gas rate . - - -¢rv. :.50.60 per therm approximate U.S. gas rate
Oil ‘rate -, .- | $1.00>per gallen approximate U.S. oil rate
Fuel cost eucalatlon 0.00% to simplify long term calec.
Inflation rate 0.00% to simplify long term calc.
New houses built 1 million/yr approximata U.S. average
Housae lifetime . 30" years used’' as long term limit

Naw, housas with SSD 10.00% of total SSD = SubSlab Depres. synt-m
New houses with SSD 0.1 million/yr this’ is a guess

HEATING ASSUMPTIONS: =~ VALUE COMMENT

Heating degree day 2000 dag F days approximate U.S. degree days
Gas efficiency 70% gas furnace and ducts

Gas heat for 1 cfm §1.12 per year gas cost/yr/cfm of exhaust
Qil efficiency 70% oil furnace and distribution
0il heat for 1 cfm $1.36 per year oil cost/yr/cfm of ‘exhaust
Elec. efficiency 30% -

e A elec.. furnaca & diicts .
Elec. heat for 1 cfm $4. 60 per year elactric cost/yr/efm axhaust
Heat pump efficiency .- 200% heat pump and distribution

Heat pump for 1 cfm :-° $2.08"per year heat pump cost/yr/cfm exhaust
Avg fuel for:}:efm $2.29 per yN / avarage cost/yr/cfm exhaust
FAN ASSUMPTIONS: STANDARD FAN MINI FAN COMMENT s

Fan power - 80 watts 10 watts continuous electric
Exhausted house air _ 25 cfm 3.125 cfm this i3 a gquess
Exhaust heat cost §57 /yr 57 avg oil, gas & elec.
Fan life 11.42 yrs 11.42 yrs rated @ 100,000 hrs
Fan & gauge cost $150-- - $78 cost to builder

Fan replacement cost $250 8175

fan plus install

ECONOMICS FOR SINGLE BOUSE: : .

se4. e STANDARD FAN MINI FAN 8 "n‘mu v AVING
alectricity {/yr):. --.. -$56 97 ~ 849 —— 8%
heat loass (/yr)..&. r:oii $870.0W -2 87 i Tl 480 27 Baw
replacement: (/yz): =Rl T * §15 : 87 30%
Cost (/yr). =z z. «t - ~$13§ - ¥ 529 8106 - 788
Cost (/house life) 54,056 " . §885 . 83,172 188
T oy i A Lol PR P 5 (S
ECONOMICS FOR U.S.: A
) A o bamey ieT pav B o)
1-":;-5TAﬁDARD FAN = =£ - < MINI FAN ~ b:' .8 BAVING -5~ rpernet
Costs . flst year}“"s Te_--514 million ¢ g \ 53 million - B ...Exl.gilligﬁq 3
Costs (10 yearsjoos %o £2$608 m¥lliom © -~ 81733 m;llzan. : -3476 million .
Costs (30 years)z:i:fis rss,aaz-m;lllon ~~;* 91.?83‘MlLIL£on‘,‘ 34ﬂ599-nillion-
i -l::: :‘ug,_—_ ,_,; ‘t.: ;! s By aSee. s ; ;
NOTE: sn: Dolzel JoME YT SRLUDES YO Lo DA s {
1. Costs of p pe installaciom'@rd “dlay’ seaixng 16e they. -
tc both SSD fan systems:.sit - 4 51 GT.lS8p.-- TR s g it -
2. Exhaustl air: laakaq& wf. 25.0fm *for 780 ‘Watd " fan 14 "4 dde 880 . pm,ian3: mas
3. The estimate. «f:10% vf new "home ‘Builders xnstxt*ing sSSP sy ata@ asaumeg ¢
thec€2A will recommend riew hcme'SSD in :adon prﬁna nraag: s o

T kRSl HGL M bu, S RRDHEN lfet & S



Power Cord "

Fan ‘Blade ,
[ é
% - Exhaust- g
7 | T \Aé

%

% Es : 4
B
% Fan Motor
7
A v

3" Pipe Coupling - 3" Pipe ‘Section

Figure 1 Vertical Crogs-SectiQn Schematic of-Mini Fan
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Waynesboro, VA house, 20 years old, finished basement
Walk-out baserment, some aqgregate under slab, no slab seasiing

Single peoint SSD system draws 0.06" wec wilh 10 Watt fan
4 weekly fan cycles, fan on for 3.5 days each waek

Fan turned on

/

Fan tutned off

Radon (pCi/L)

------------ sssssss=e A T T T

179 189 1899 209

1980 Julian Day

--- Estimated lgwer miligation limit™ 67 2.1 pCi/L
— Radon (pCirL) S st

— L Sl
P .

- Mitigation

“pérformance of 10 Watt Fan
R T e

# ! IR el

Figure 2

F
e i
S b= -

. . Waynesbaro, VA house, %Oyel.rs old, [Inished basemnent] )
% " Walk=out_basement, some aggregate under siab,no siat) sealing
e sen v [ <Single Doint SSO systpm draws 0.7° we with 45 Watt fan

1 [" 4 weekly fan cycles| lan off for 3.5 days each week
5 r
1}
¥

L

Fan turned on

TFan shut off /

==+ Estimated lower mitigation limit of 0.8 pCi/L
— Radon (pCi/L)

-t piguie T§72Mitidae i6n Béztornahia oF 45 Watt Fan
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Wayneshore, VA house. 20 years cold, finighed baserment

Walk=out basamant, sema sqoregate under siab, no siad sealing
Singls paint S50 system draws Q.08" we wilh 10 Watt fam
Avarage of 4 week cyglas, fan on for 2.5 cays esch week

Fanm turrmed on\

Fan turned off

Radon (pCi/L)

e T

201 202 202 204 208 208 207 208

Day

-=+ Estimated lower mitigation limit of 2.1 pCi/L
= Hourly radan averaged aver 4 weeiklong fan on/off cycles

Figure 4 Average Mitigation Performance of 10 Watt Fan

20
- Waynesbore, VA house, 20 years old, [inished basement —‘
" Walk-out bagement, scme aggregate under slab, no siab sealing
Single paint SSO system draws 0.7" wc with 45 Watt fan
s Average of 4 week cycles, fan off for 3.5 days each wesk

3 Fan turned on l
3

Fan turned off

o
T

Radon (pCi/L)

0 L)

23 26 27 28 29 0 A 2
Sunday 8/5%

Average Days

--- Estimated lower mitigation lirmst of 0.8 aCi/L
— Average ol 4 weeklong fan cr/off cycles

Tigure 5 Average Mitigation Performance of 45 Wat:t Fan
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