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Abstract

three differenÈ types of ¡nethods for estinating ventilaÈiou
rates in resijences have been preseuted and the resulls of each
nethod discuseed. Field measurement experiences have helped to
identify the poteutial errors of these methods. To date, Ehe best
correlatioue .obtained have been between the constant emission
tracer methods involving perfluorocarbon aud tracer gases. It is
Erpected that a better understauding of the paranet,ers that
affect all of the techniques, specifically, urixing volume, l¡ill
lead Ëo improved accuracy.

Int,roduct ion

The field assessment of ventilation raÈes using several
nethods has been conducted in a total of 130 hones. The uethods
used were the fan pressurization technique (214r5rl0), grab bag
SF^ tracer decay measurements (6), continuous SF. emission tracer
neËhods (l2) and perfluorocarbon tracer (3). fhe data set con-
sists of homes from three studies. All four types of assessment
nere not conducted in every home.

Tventy-four homes were Èested in conjunction with a r¡ood
smoke study in I{aterbury, Vermont during January and Februáry of
1982 using graÞ bag SF^ tracer decay meÈhods and fan pressuriza-
Èion techniques. Details of the results and methodology f,or the
air pollution neasuremeDts have been presented elsewhere (9r13).

In a second study, fifty-nine homes rÍere tesled during a
follow-up vieit to houes in the Portage, t{isconein area in
February and March of 1983 ueing the grab bag SF^ decay Eet,hod
and fan preesurization technique. the deÈailed reeu"Lta of the air

-pollution measuremeut6 are pre6enËed elsewhere (ll).
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Methods

Fan Pressurization: The fan pressurization (brower door)tests in the three studies were perforned using a brower doorsupplied by Energyworks of Newton, Massachusetts, usA. rngeneral, the tests were performed in áccordarrce n,ith AsrM srethod#8779-8L (Ð and merhods'developed at Lawrence Berkeley Labs (5).since many of lh" tests rrere performed in the cordest months ofthe winter they were conducted' at linit or just above those8.11. For example, the
rdas in exce66 of.2goc in
erbury, Vermont .liomes.- For

roached 4.5 n/s. In hones where,of heat, building depres_
ended by ASTlt. Fan calibra_

manuf ac ruT g{,f o. de rernin ing f row .r. 
" "t".I :t?T'ol:i" "ot"rtlhu::;pressure difference.

tracer decay measuremenÈs werehones. These EeasuremenLs treree methods used by NBS (6) andnation-free gas sample bags verer a Ëwo to four hour tiure inter_
occur.

University of
IIsing a meÈhod deve lopedI{isconsin l2 ntegrated aver age ventilationrates sere obtained for approxiurately 24-hour per iods. sF6

amp I
tracergas nas released atac onstant rate and integrated s es werecollected .ri.n contaninat ion-free sample bags using a tined aam-pling mechanism. These measuremeDts were performed on the fift vMadison erea weatheri zation retrofit homes during both wint erseasons (rggz-rga3 and 1983-1984), atrhough the discussion hereis linited to Èhe fir st set of these u¡e asurementg.

rate : Average ventilation
subset of the I{isconsin

ter of f982-t993 (g) using
ional Labs (3). During the

mea6urements nere increaeed tothod uses two t,o f our con6tent
sources and passive capillary
ecause of the high eensitivitieã.
precautiona were taken to avoid
sÈorage.
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Reeulte and Discussion

The results and discussion irhich follow pre6enÈ Èhe possible
sources of error for each ¡nethod and suggesÈions for iurproving
the accuracy of each meÈhod. The resulÈs ere presented in Tables
I and 2.

Pressurization Tests: In several homes the direcËion of the
motor (forward or reverse) was changed rat,her than physically
turning the fan around. The EoÈor wes calibrated, RPM vs. pres-
sure difference, for both directions. Ilowever, because Èhe fan
nas not physically turned around, but run in reverse, there is a
potential error in the determined Effective Leakage Areas (nf,¡s -
building leakiness expressed es area open Èo ouÈdoors). Fifteen
homes in the Portage, f{ieconsin study trere pressurized or depres-
surized with the fan run'ning in ' both the for¡rard and reverse
direction¡ so that the principle differences should be at-
Èributable to random error or to the effect of fau directiou
(table l). The everage absolute difference in calculàted ELAs
when fan ra6 reversed na6 found to be 5.22 (etandard deviation
3.02) , indicating that this was not a najor source of error in
these meesurements. For I total of 69 homes (table l) the meau
difference was LL.7Z (standard deviatiou 23.82). Orher possible
errors can. result from pressure-induced openings or closings
duriug Èes-ting. All -of the data reported here was scanned for
differe¡ices exceeding 202, and then checked for evidence of
opeûings (upward sloping) or closings (donurrard eloping) in the
tesÈ plots. Only pressurizaÈion measureuenta lrere conducted in
homes vith rrood stoves or fireplacee for eafety reesons (Water-
bury, Ver¡ront).

Fan Calibration: The accuracy of calibration of the fan, in
both directions, directly relates to Èhe accurecy of the test
results. This nay not'be a lirear relationship (square root of
preesure differencee is used in calibration equation). There
appears to be Boue variability in the flov aÈ a given RPll et
different pressurizations. This nay also be effecÈed by the sindI '(gusting) .'

Ìlodel EsÈinbtes:, t¡ih¿ and temperature influences on infiltra-
tioo-ããiãtffiãependentty (1i. See Table 2. rn addition, rhe
relationship of iufíltratíon to rind nay not be linear; logarith-
uic and quadratic relationships have been suggested.

the nodel does noÈ include active ventilation ,(e.g., exhaust
fans, door and window openings) or the influence that furnace or
other combustion appliances have on natural air infiltration. rÈ

,aleo doee not include the passive or active stack flow tbrough a
chi-.ey. These factors vould increaee the infiltration eatimate,
shile the differences re are observing (fabte Z) APPear to have

model over-predict the ACH (air changes p,er hour

A poÈential sourc e of error ie the
íng that Ëhe aír
concentretion as

lly, we are assum

)

f,

24

the LBL

the home hae the same average tr-ecer ges



480the air ineide of the home. TncomnlÂiô _¡.-:_^rhe air iniìr..",i;"'";;;#T:iot;;" îiî:"r.:l:l ril:.:.ïilrì;problems include the in-co-mî g -aír'ooi- l-"ir,g- evenry disperse{throughout the sËrucËure 
".rJ th" 

"*iôt"n-"å^.of ¿"r¿ spots, por_
ii:ii if" ?:?î:ïî"4{¡:,îi,:' parrítion"J-"""tioo, or rhe à","resulËs r.o, *,e. .."""1 -:;i,:?:L;; j?l,rr"*rr:n:: off:;:jinixi¡g'. These probleurs 1."-îîgre_sted by curve portions of theÈrace decay rines plorred oo-""ritog p_rjerl-ir" dead. air probreur;;;ii"ji "liJ:.'" 

rerated ìo 
-.r," 

tî"ïï;' ;; 1n ,êrrective va.

_ Approaches to _this probleur are-: I ) use the furnace fan ( ifpreËent) or f 100r,fans j;ï;p;"" ioiti.iii*i'g of the releasedtracer gas t".1_.1" ".*"."îãl zl îLi"Ë;;"^ï""rs berr¡een roomsopen (also doors to cabinets,,or other p".1itioo"a spaces); 3)take the air sanple rrÀr- r"rious ,poinrJ li-it " home.,. This re-quiree identifvi"g rh" ;;"i'lo'n" that shoui; ;" resred, based outhe tvPe of ntating 
"t"-.ä üu .r," tn"iir.r" 

avairabre for ex_illliil.otrr..rî, betJeeJ^ "rîr"î, .roo". 
-i;.;,.: fi¡sr and eecond

:_rlï be resring ".i"t"lr|";;oÍt""tt b"tto"o"th"ru zonea', you may
en r ire s r ru c ru re . 

-F "' . t'" 
" 

ã 
" 

t i;idrr.ï". "".""1î 
rå:å, ":i" i::":::gas rerease and collectio"-ri""r¿ o"",r.-ì.o-a=nï."rre teeting zone.l:::"."?i":"1?"'" use nultiple sources and collectors for dif-

- Effective Vo1unsingle) assumes atested may have sev

surements. Blorrer. doo
orrion of the pty"1ä
ano 

_ _the pathways fortùalls. Tracer te6_t6 operated at ther so rhe parhways rvailable }oï_lii. rro,and the effective nJr.rr", less than thatnodel estimates

ors and Sources _ At the beginning of theplaced in the ,"r" .oå, as the collecÈorLarer, 
!_hg cottecroii-,"r" Iocared in asource. 

-Thie procedure sas used to avoida room frosr the soure rest of the roon
we used nultiple cBNL collecCors)



problens.'Results will be presented 'ât the conference' r"' " '

Special precautions must be Èaken to avoid contauinaÈion of
the CÀtS samplers used in Èhe PFT urethod. Samplers and enitters
should not be shipped in the same package, or even on the same

ã"u (as was done with Ehose used in our study). Control field
iiåot" (for contarrination in Èransit Co and from houres) and tight
caps that should be routinely used.

Source Flow Rates - l{ith the SF^ ¡nethod there are possible
errors introduced in measuring the Ëource flow rates using the
nicro-pipette. !üe l¡ere taking three 'onlof.f. f lor¡s ' and averaging
these to-".ÈimaÈe the source flow râtes. This may have been more

of a probleur with the earlier tests (faff). For both the PFT and

SF. methods there are unresolved questions regarding the in-
fl$ence of changes in Èhe sor rce flow ra¡es over Èime at-
tribuÈable to tJnperature variations in the homes (<ir to Èhe

decay in SFr pr""s,tr""), larger SF6 flow raËes would rnininize
these problets

Collectors - The sampling raÈe of the CATS collectors is
assumed Lo be constant. Some coneideration should be given to
changes in the collection rate with tenperaÈure or face velocity'
The SF. collector sanples at a set rate (witt¡ some variation
betweeno collectors in Ëhe frequency and duraÈion of the
sanpling) r' aithough t,here have been Problegs sith connecting and

op"oirrg-ttte bags ãnd with obtaining enough air in the sanple for
the required testing.

Analysis Both sy6tems u6e gas chromaÈographic analyses.
Accuracy of the GC analysi-s procedures used depends on PrePara-
tion "oã 

.r"" of standards and columns as ltell as the voluure of
sample injected, For the PF]I nethod, there is some concern over
inÈerferences from other freons iu the home' ¡'

Both of the constant emiÊ8ion techniques esÈiuaÈe the average
infiltration rate over some sampling ínterval. If there are some

changes in the infiltraÈion rite during this time, this will
change the concenÈration of the tracer from Ëhe steady-6Eate
concentration which nay introduce some errors into the estimaÈes''
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