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The effects of retrofitt'ing for buiìdinE tightnGSS¡ air-to.air heat exchongens, and HVÁC
cireulation fans on radsn and radon progeny-levsls h,ùr{e jñytstlgattd uüinfl'tür m¡tched test
houses. One tèst house was retrôfitt¡d for ttghtness âr,td ûutflÈted rlth in ¡lt.to-air heat
exchanger. The two houses yúeré úftôcctlpied; ftIcCt¿d oôôrjÞúñt.¡rütdüad ætlvitje6 were
simulateú in a controì'led manner. Retrofit for tllhtrlcrf redudüd the ¡nnual äverage air
infJltration rate by 2414 anrJ jñcr'eased radÖt'l ¡nd rã¿ort ptogrny concenttrtisng Oi ã"ãimilu"
a¡nount. Ïhe air-to¿air heat crçhanger rÊduqed r¡d¿n ûñd rrdon prdgeñy conc¿rttrãfions
commeäsurabe with mechanical vent'llãtton. In
fan equålÍzed the upstairs/dowfistairs dohc.ñt
reduced radon progeny levels sirilfar to thôta
neductien). Seasons trad con¡ldtFâËld !illect
leveTs *re forlnù irT thê sutilêr atlt ffl'l ¡ur

Whether viewed in terms of energy cdhsurlptj0n ór lñ terme of indoöt å1r quälity, thl flttloor
efivjronment is affectecf by a cornplex iiltêrplay of outdoor cdhrlitions and irid¡lor factof¡"
Air exchange, particularly natur'al intiltrãtiór1, whiúh is the uncontrolle( air lcihaõe-
across the building ehvêlope, has an importartt influence dn energy consurl¡itlon and fñdoor
aìr qual ity.

. Energy consev'vatiotl¡ air al6hafrc{ê¡ fnddûl âii qualìty, and contro'l opiiont sucñ ag
air-to*¿rir heat exellungers havr béen-Etudiëd ([tarr¡d'äild Mit]s l9B0; vocuin 19Bl¡ piil ãt el
1981), hut ntany criticÀt ral¡tiotÉtllpr railrtrì.at u,ie quatitativa ståge.
: 

.In a major sturty r¡poñsdrüd by tne ¡ilectrie Pou¡er Reseafch Institute, we syitematlcally
exanined relatiosrships atlon$ all" êtchange rates¡ energy consrrnrption, and indooi äìr qs{liti
(Nagda gt gl.--19s5). This pap¿r sunmarìzes rilËaéured iäsults fbr raáon ¿nd rgon prodiny
under the influÉnces of nûr'rtt¿ì añd çoiürived HVAC opërðtlon,0þèr¡at'ion of an åir"to*ätr"
hèat exchangrli, and enèrEy consélvaúiort nteð¡úrl3 airtrcd at rá¿uäing natural inf j ltl.åt joñ.
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STUDY ELEMENTS
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To gain a reasonable degree of experimental control, two houses of identical design andorientation were constructed in adjacent lots. The floor pìan js shown in Fìguré 1. The
houses were monitored for several weeks. One of the houses, the experimentaì'house, "was thenretrofitte! fgt tightness and equipped with an air-to-air hèat exchanger. The other njuse'-
was maintained in its orìg'inal condition to serve as a control. - 

-- _:..

Six basic sett'ings (Iabìe 1) that v,ari-ed envirQnmentaì .condltions;within ttie houseÈ were
used for week-ìong periods" The measurÍng'prograrh wäS;iondi¡cted through the summer,' fall,
and winter. The test houses were unoccupjed; occupancy factors were s,ímulated in a'contrólled
manner.

. The meaÉr¿riing¿stnategy involved,fcun::indo'orÈ:zones corl_ering ,the upstairs.iand ¿ownifàiiiin each..ho,usq-Êl$Ê.a ¡ìagìe or{tdoor zonè- ,.MeasrJr'eFenls,tnçludéd , it'äxchange, enè"qy¡ðõniuiipr:'tion, air qual ity, and environmental þananeter¡r Es"'sunmari.ied in Table .Z'i, ÉAil.utanii'lex,alniñe¿: j
included carbon monoxide, oxides of nitrogen, fonnaldehyde, inhalable particulates, radòn, and
radon progeny.
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Hourly average WL was ca'lculated using the general algorithm deveìoped by Marley and
Geiser (1977):

t,/L = 
KYr

EV

Y¡ = number, of-counts during
K = 5:6 x 10-¡ t¡JL/a per.lìt
E = counting efficìency
V = sample a'ir volune.

i

the houm endirrg at time T

(2)
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Retrofi tt i e experimenta'l house incre ased indoor radon concentratibns by an amount
consistent with reduction jn air exchange.
(Tabìe 4), averag
control houle pri

e concentrations in the expeni mentaì house weÈe s the
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This rel atìonship did not hold fòr the w'interidäse. ÇöncëniÈationàl.wëLê.re]åt.ively low
in both house8 duilfig uiirtteltii ThTs.iír'åtiri¡riüåb{'Ë to lowei rfltonientrJ'#eiåi ån¿.iìgnär rir
elchange rates in'thé wjnter:than in the other,seasons. .Nqnetheless,-the-:lìåè'lç of difierence
betweeñ the two housed.ticÉü,ld'not:6e'eiplå1nä¿',;êxcðpt:ttrat" tËe ráðon ðònðåitËâfiöns wènã-- 
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al venti'lation was near 0.6 with thê c'{rcu- ::"'
perating the heat exchanger incredsed the ,
adon concentrat'ions and l'lL were reduced.
concentrations, the plateout of free progeny
by the opération of the heat excltanger. 0n

tion f an'decreased the €qui'ì'ibrium f actorto-'r-
osition of ProgenY

Recircuìating air through the house ductwork magnifies the oppo_rtunit'ies for pìating.out
tree prõgeñv àn¿ ãepositing áttached progeny; dilutión also occurs from natural infiltration.
Heat äxcñanger operation prov'ides for dilution only.

ferent levels of circulation fan act'ivity.
ere between 0.8 and un'ity, indicating rela-
al mechanisms. l'lith the circulat'ion fan
pproximateìy 0.5, indicatìng stronger renoval,
ess'ion reveaìed the fol'low'ing expression

. l' 'lr' "
F = -7.27 x 10-3x ¡ 1.75'f l0jli? t,,g;p;,;lt,;.:t 

',,',1'''ï'- ':' u: ' (3)

where

F - equilibrium
[ = percent of t
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TABLE 1 I. :

Experimental Conditions t)ef inpd-Accgtding to,-
Circulation Fan and Heat Exchañger Sett'ings

Exper i ment al
condi ti on

Fan setting
(both houses)

Heat exchanger- setting
(erperjmentr.i, h9i.i)-,,,

':iV i "'

1

2

3
4
E

.6

Off constantly
0n constantlY
Autoa
Auto
Auto .,"--- -J' :..
Auto j +1j4r: -:i . :,

0ff
0ff
0ff
Low
Medi uln
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Me as,urement .P ar ameters

'.(

Air.exchange , ' ..rc, 
Lr,.,

"A-ir leaÈaç-rates -under pietsuriztd.-and .depressurìzed conditionS (blijúéi door)
Air exchañge rates under naturaìly occurring conditions (tracer gas decay)

¡- 4rt

Energy consumption

-' :*$-'- f6¡þOn' mOnOX'ide

Totf,J house consumption '

Heatf'ng/cool ing consumPtion t,

Qnlöit-status õf individual appl iarìbe3i'
- Central air c'ircul ation fan
- l,later heater , ,., j,
- Ciolhes washer and:clothes d"ye!r..ü:_ lìl
- 0ishwasher

:::' - Refni gerator*compr'ess,o.r.-"anä-ilctr.ãst€p-'- - "...."-
- Bathroom and range exhaust fans
- Air-to-air heat exchanger
- Wood stove

,.r ,,-ì,. .-i! ',, ì ,

Air quariry ;¡i-: :T ïàn'ìi,'iî,,,i i:; , :

. ,Q¡ides of ni trogenr,,.,4 . ra ,ìÌ ::.. -----'- Fôrmal dehyde
- ' : *Inhalabl e-part-i cu l'*tes -- =-- - ----

.,¡, { -- Radon gas ;,F,

, Ð,ja-ri.- Rüdon progeny",.," r:1 -Íc )r' ;;

. .j,.') ( - r', t *..' (,,r iJrti i; I r-:

' , ¡¡+(

Ternperatuna i - 
i¡:i,

M ndspeed "1. .l: - .i 0C'

Relative humìd'ity
Sol ar radi ation
Barometric pressure

I

u'!
í¡.I tr

l- li,

P' i i..il

'l,hennal integÞity df'bui'ldin$,': .í,+: i ...'
Door opening frequencies :

He¿t exchanger f low rrates .a .: ji' ei' -,'

rVolùine of natural 'gáÈ'.consumed .dìrring rangq oper.ati.qn
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TABLE 3

Indoor Radon Concentrations in the.Controì .House: Weekly
Average Values and Standard Deviat'ions for Normal Fan Operation

Per i
Upstai

nCi
Downst 'irs 0u

nCi

1.44
ú.74

1.19
r0.37..

' '-jjrf

Ai r exchan ge rate

Summer
(August 26 to
September 2)

23
19

nC

r0

f)

1" 05
r0.36

0
r0

0
r0

96
39

59
26

0 0
r0

,0
r0

15
07

29
09'

,0, 61
r0.15

Fal l
(October 21 to
0ctober 28)

Wi nter
(December 23 to
December 30)

0.14
i üF ,t0.10

.0.53
$.?å

l't i

:¡i: ì :' 5,'nn:- :'.rtti" ilìr rr'

'Ì, ;,i¡; '": ': 
'l.,l: ' 

1,

:" . 'i,-

ÏABLE 4
Indoor Radon and Radon Progeny (Volume-tJeighted

Averages) for Periods of Nonnãì Operation

Control

Radon Air
progeny exchange(l¡lL) (AcH)

'tl "t.t 'Experlment, . *..
+

Radon Ai r i
Radon^ progeny excþange

( nC i /m¡ ) (llJL ) (AcH )

;- ütao9¡s

Radon
(nCi7¡3¡

'!{)¡ r ,

Radpn^
( nCi /m¡ )

--. Radon
. progeny

(tJL )

$ i:ì f'\ r ,:
Preretrof i t

Postretrofi t
Summer

Fal I

l.Ji nter

0.0038
r0. 0012

1.00
t0. 32

1. 11
r0. 30

0.30
10.21

0.0039
r0. 0012

1'

'i. i .. ì

o.0103 0. 11
r0.0045 r0.05
, ',51
0.0094 0.22

t0.0043r'if0:.08'
\''i:- I 'i1 :

14 ''':r 0.0010

7

J
004
002

0
r0

3 n*"!.', '0'.,0. 0077
i0.0020

1. 19
r0. 64

1.04
r0. 37

0.0075
r0.0044

0.15
r0.066

1.61
r0. 53

1. 44
t0.9hr '

' 0.23
t0. 19

0.29
r0. 093

0.57 0.0035 0.61 0.50 O:0033 '' "Q.46 r'
t0.15 t0.0014'¡ 10.15 ' 

-' 
,1.0_:1"[' t0¡00L1 lÛ,13 +;"

i

i;nt0;rÏ0

, 1+22
.'ü0.09

."r0. 0010

0. Q01B
" r0. 0006
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