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ABSTRACT

Most studies which seek to determine uncertainty bounds in predicting
long-term indecor raden concentration from short-term measurements, do so
assuming radon variability to be a random quantity. The objective of this
paper is to evaluate the potential of decreasing these uncertainty bounds if
one assumes indoor radon variations to be in part influenced by certain time-
varying known physical driving forces. From daily averaged data from three
occupied unmitigated residences, for which continuous measurements were taken
for about a year, the stack effect (as also the ambient temperature) has been
identified as the predominant physical driving force. We find that the
uncertainty bounds for predicting long-term radon concentrations, when explicit
recognition is given to the year-long variation in stack effect, are reduced
drastically in one house, less so in another, and marginally in the third.
Probable physical causes behind these observations are also discussed. A
general mathematical equation is derived for predicting these uncertainty
bounds in terms of climatic variability, a factor dependent on house and
surrounding soil characteristics, and the strength of the physical model.
Though the mathematical equation is correct within the framework of the
assumptions made, more associated studies and analysis involving a larger data
base are required before the benefits and scope of this technigue could be
fully appreciated in terms of practical applicability and relevance.

This paper has been reviewed in accordance with the U.S. Environmental
Protection Agency’s peer and administrative review policies and approved for
presentation and publication.!

STATEMENT OF PRCBLEM

The issue of defining tounds to the uncertainty associated with predictin

‘This work was funded by the U.S. Environmental Protection Agency
under Cooperative Agreement No. CR=817013.
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the long-term (by which one generally implies, yearly) average’ of indoor radon
concentrations from single short-term (i.e., 1 to 15 day period) observations
has generated great interest in the radon’ research community. This has arisen
not only because of the practicéal implications in terms of health hazards to
inhabitants, but also because of mandatory indoor radon testing laws .required
for realty transactions. The problem is especially complex given that indoor
radon concentrations vary widely during the day, from day-to-day, .and often
show strong seascnal patterns which are house specific since they depend jpon
soil type, 'climate, house.construction, house dynamics, and occupant behayior
(1-5). Though the number of -studies addressing the issue of predicting yearly
indoor radon levels from short-term screening tests is relatively small, it
would nevertheless be approprlate to start by taklng stock of past research in
this area.

There are basically two types of research thrusts: (a) one ;hat involves
analysis of survey data from a large number 6f houses, for exampla (6}, and (b)
one that involves detailed: analysis of a few houses in which continuous
measurements have been performed (3-5). The advantage Qof approach (a) is that
it enables statistically rational and generalizable uncertainty bounds to be
determined, while the disadvantage is that the uncertainty bounds are rather
large. Ref. (6) finds an uncertainty range of 5 times the short-term screening
value for 95% confidence level when no consideration is given to time of year,
and. -of the order of 3 times when one explicitly considers the.season during
which the single measurement was performed.  One way of decreasing these
uncertainty bounds is to perform additional survey  tests wlth stratified
sampling which:consists of partitioning the populat;on into.groups each of
which is more hemogenecus than the populatlon itself. The stratified sampling
could distinguish between season, geographlc locaiion, soil type, house
construction and equipment type. - Such an approach which bas been used in
previous studies, for example, Ref. (7), could be investigated in the framework
of certain current programs, for example, the Flcrlda Raacn Research Program
(FRRP) (8).

The basic disadvantage of approach (b) is that prac¢tical and generalizable
uncertainty bounds are difficult to establish given the wide differences from
one house to another. However, what such an approach does provide is insight
inte the day-to-day variability of indoor radon concentrations and how and to
what extent these are affected by the various climatic and house-specific
parameters. Such information“would also enable sound experimental design and
proper identification of the sample strata in the framework of approach (a).

Indoor radon concentiations ‘vary widély from day—to~cay and alsq: show
strong seasonal patterns’ (4,5). A former study {3) had suggested that.an
average oI screening measurements'taken during two different seasons of ‘the
year would provide a more satlsfactory estlmate Of the yearl” avarage than a

‘Current scientific thinking seems to assume that the arithmetic
mean cgncentration -1s, mere. representative’ of che exposure risk than are
other i“*lcas such’ _as median or:igeométric ‘mean.



single measurement. A short-term measurement strateqgy which involved
performing measurements during each of the- four seasons of the year (although
impractical in terms of actual lmplemeptation} was shown tc provide long-term
estimates Wlthln 25% accuracy (when the . associated instrument error is
overlooked) L s bk

Parameter sets affecting indoor radon concentrations can be d1v1ded into
three groups. The ‘£irst’ includes the intrinsic_ preperties of the soil and
the' location and”’ concentration of the radon source with.respect to'the house.
The second gét is made up of .the characterlstlcs of the building sub-structure
and super- structure and of the’ equlpment .in the ‘house:. The.third seticonsists
of climatic parameters like ambient temperature, and wind magnitude and
direction. The coupled influence of the second and third sets is generally
acknowledged to be the primary cause of the day-to~day year-long variability
6f-indoor radon concentrations, ‘while the mean concentration level is largely
influenced by the first set of parameters .Note .that the primary concern in
the present study is to capture the.varlablllty of radon :and not to predict the
magnltude of the meaﬁ concentrathn level as such.

Thus, predlctlnq lcng—term 1ndocr radon concentrations from short-term
measurements 1is essentidlly’ an uncertain process since indoor -:radon
concentrations vary during the year .. Most studies, though implicitly
acknowledging " that this" varlatlon is, the result of wvariation in certain
phys;cdl-drivxng fcrces, ‘have llmlted themselves to treating (i.e. analyzxng)
indoor - radon concentratlon ‘data as .made -up of :random observatlons “The
specific objective" of this study is to evaluate -a technique whereby the indoor
radon data are analyzed as belng the response -0f a-physical system subject to
varying input ohysxcal forces Sin¢e.random.effects are bound to be present
in any physical system, the total observed radcn variation over a year can be
visualized as- cons;stlng "of. two components: a deterministic component
resulting from certdin phy31cal forces, and an unexplained random component.
The practical relevance of such an approach is that it would have the potential
of decreasing the uncertainty bounds, at a. prespecified confidence level, in
predtccxng the- long—term Lndoor :adon cencentratlon when a single short- term
measurement 15 made . v .
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Th16~study is’ based‘on‘year-long continuous data collected by Princeton
Un;versxty in three occupied res;dences,_des;gnated H2;- H21; and H22, in the
Brinceton area of-New Jersey ""H2'1s a two-story structure-with a full basément
made sup off Apllows cznder block walls, and. an.attached.garage that was builft “in
19807 It ‘-has: very kxttle tree cQver, and 31ts ~in:the :middle "of "séveral acres
of ~epen-land.* Heating is proVvided by a gas fired forced air heating system
while cooling is supplied by a central air-conditioner. The house has a gravel

ced under the slab, while the soil underﬂeath ls re‘at*vel, ‘”Dermeanle

e“siegfefstorv ranchrstyle hcase dﬁeh a" ‘parti a;“baEemenﬁ;':he
the house being.of.slab-on-grade construéticn: This house, which



is about 30 years old, is surrounded with trees. The .basement walls are of
hollow cinder block. This house also has a gravel bed under the slab. The
heating system is a gas furnace while. a central air-conditioner supplies
cooling.

H22 is a 60 year old balloon-construction three-story house with a partial
basement and floor drains. There is tree coverage on two .sides while the other
two sides are exposed. Unlike the other  two houses, the subslab material is
soil. The house is heated by radiators, while cooling is provided by a central
air-conditioner. Because of this, the air handler is used only for cooling.
Detailed descriptions of the houses and of the continuous data taken during the
period the houses were unmitigated can be found in Ref. (4).

We have ‘screened and reduced the datd stored as 1/2 hour averages lnto -daily
averages since this is more appropriate for this study. Periods during which
data were available for all three houses are given in Table 1, while the
parameters selected for analysis are described in Table 2. Variations in
temperature differences are often more. appropriate than those of temperature
to explain indoor radon variations. (4). For example,, differences between TB
and TA have been designated as TBA in this study. Table 3 assembles the mean
and standard deviation of the various parameters over the entire peried during
which data were available. One notes that the standard deviations are
generally large compared to the mean values for most parameters. S

IDENTIFICATION OF PHYSICAL MODEL

The first step is to describe the system in terms of a Inodel One

approach is to construct a phys;cal model based on mass balances .akin to that
of, say, Ref. (10). This approach is not only involved mathematically but is

also house specific in that the physical geometry of the house dictates the
inclusion, or exclusion, of certain air and radon flow paths, which themselves
may be uncertain. An alternative approach, and the one adopted in'this study,
is to formulate a statistical model:;. for example, a simple,linear regression
model. We shall have to identify the mecdel parameters: (i.e., the lmportant:
driving forces) and the regression coefficients from the data at hand. ;

Table 4 presents the correlation coefficients: [see any statistics book,
say (11), for definition] of the radon quantities - {RNB and RNL) with the other
parameters which are described in Table 2., TLA is strongly collinear with TBA
and has not been included in Table 4. - We npote .that. the -correlation’
ooezflcxents of H21l are strongest Whlle those of H2 and H22 are lower [whicHh:®
is consistent with Ref. (4).] .. What is most:surprising is that RNL variability:
is much better explained (i.e., has stronger correlation cocefficients) than
that of RNB, One would have expected the reverse since the conventional
understanding is that soil gas first enters the house via the basement from
where it finds ;ts__way to the -living area’ by a combination of several
house= spegific pathways. . The stack effect, reoresented-by-TﬁA (and TLA], Séems
o bé the most -important [again, .consistent with Ref. (4)]: The ezfect of "HAC
on indoor raden -values -is-smaller. (correlation coefflolents about-- 0.25) .
Moreover -Since, TLA -and HAC Aare:. colllnear ‘there does not seem to be much



incentive in using regression models for radon with HAC as a second variable
(4)®. Though TSB seems collinear with RNL for H21, the interpretation of the
TSB measurement as a physical parameter may ‘be spurious, given that the
temperature probe 1is close enough to the basement to be affected by both
basement and soil temperatures (4).

Table 5 assembles the values of the adjusted coefficients of determination
(11), i.e., the -adjusted R? values obtained by a linear regression of indoor
radon parameters-(RNB. and RNL) with four different models. We note that there
is much greater variation in quality ‘of fit (i.e., in R®* values) of the
regression models across houses than between models. Whatlever variability the
models fail to account for is dominated-by certain house-level -factors that are
not greatly influenced by the model parameter sets chosen. Radon models for
H21 are generally satisfactory (R” ~ 0.6 - 0.8) despite the fact that the
basement window was open during a large portion of the time. On the other
hand, models for RNB in H2 are extremely poor, an occurrence which could be
attributed- to the fact that the subsoil is relatively flne-gralned and
compacted ‘thereby offering large resistance to radon migration in the soil.
Consequently, for the same magnitude of the forcing functions, the resulting
variation in indoor radon levels would be less important than in other houses.
Models for RNB in H22 are‘:also poor: Probable causes are that the house has
distinct zones‘and prior experiments indicate the presence of short-circuit air
flow paths from the subslab to the attic via the walls.

We find that models with TA (Model 1)' or TBA (Model 2) are equally good
while there does not seem to be any advantage in including HAC as an additional
parameter. *~ A‘ previous  study (12) ‘had -indicated  that at half-hour time
intervals the physical mechanism affecting radon entry into the basement is
akin to a one-way valve dictated by -temperature differences” between soéil,
basement, and :ambient. Consequently, ‘we have also lnvesthated a model
explicitly separating the positive and negative -values of TBA. This pertains
to Model 3 of Table 5.: We'note that, though Model 3 has higher R*"values, the
improvement 1is ‘generally only -a-few percentage points and does not justify
the added CGmplQXlty in: the model structure when dally time scales of averaging
are used. - B oNOEE BT 4 3

.We ‘have also” investigated'model structures of the form RNB, RNL = £ (TBA -

c} :where c~is a. coefficient?ito be:- determlned by - reqression and the + sign
indicates that. only positive ivalues are“retained in the regression analysis.

This-m¢del structure, it will be noted, is akln to thar‘used in building energy

studies where comfort emergy requirements- ate often- regressad against degree-

days (13):~ Thé lmprovement-ln R values of such a wocel over. those of Models
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o "One of . the fﬂndlnqs of Ref~“(4j was. that‘thére was ILmlted Zif ‘no,
_anent;ve in ﬁo:malatlngaa_model for-indeor xradorn levels“ovér the-entire

- year ‘which K included HAC as a second :variable.. Howevér Tor models ‘en &
_seagonal bas;s,.’“e 1nclu510n :9f HAEC does: lmprove the ! wodeks— Thései
conclusions are fHowever specific: -to :the. scope’.of Ref..-(4) -which was '

limited to three residences in central New Jersey.



1 and 2 was at most a few percentage points, while R’ values were lower than
those of Model 3.

ALTERNATIVE APPROACH TO ANALYZING INDOOR RADON DATA

In this section we shall seek to determine whether, and by how much, the
two following approches of analyzing data narrow down the confidence bounds,
or alternatively, the percentiles (11):

(a) entire variation of indoor radon concentration over the year is random.
As noted earlier, this is the approach followed by most studies to
date. In this case we shall merely inspect the data series of the
normal;zed variable (RN/RN} where RN could be either RNB or RNL, and
RN is the long-term (i.e., the annual) average of RN;

(b) variation of indoor radon concentration is partly the result of
variation in certain known physical forces which drive indoor radon.
Only the residual variation, or the variation in indoor radon not
explained by the model, is random.

The statistical analysis in the previous section suggested [as also did
several studies, say (4)] that the most influential parameter which explains
indoor radon levels is the stack effect, characterized by TBA or by TA. The
following model structure is used to describe the output of the system:

A { ) - Snd .
RN, = a + b - TBA, e (1)

where RN could be either RNB or RNL,
a’ and b' are the intercept and slope of the linear regression line,
subscrlpt i represents individual observations, and
RN is quantity deduced from the model rather than from measured data.

If TBA and Eﬁ are the long-term (i.e., the annual) averages of TBA and RN,
respectively, then
A D _—

(RN,/RN,) = (a" +b" *~ TBA,)/(a + b * TBA) (2)

~
Subsequently, replacing RN, by RN,, we have
A B BT : FLEFE ' . -
RN, = RN, ° (a'+b'- ' TBA) / (a'+b’ * TBA) . o 543 ks
f\ i . - =iy
Note that RN, would be the-value of the" long—term indoor radon concantratlons‘
predicted from an individual or sHort-térm observation RN, by applying the
tempe*au;-e correction approach. Finally, this value has been normalized by
dividing it by RN, where RN is the long-term average of RN deduced from data
(and assembled in Table 3). The data available for all three houses have been

processec zoth as explained above and also by assuming them to be random: i.e.,
by merely dividing the RN, values by RN.



The percentiles of the associated distribution of daily values without
(i.e., of (RN,/RN) data series] and with (i.e., of (RN,/RN) data series]
temperature correction are given in Fig. 1. We note that there is a marked
decrease in the uncertainty bounds for the indoor radon levels of H21, a
smaller improvement in H22, and negligible improvement for H2. These are
consistent with the R® values of the associated regression model, i.e., higher
the R’ value, more the improvement. The interpretation of the numbers in Fig.
1 is straightforward. For example, the results of RNL for H21l seem to indicate
that we could hope to narrow the 90% uncertainty bounds in predicting the
annual radon levels from a factor of 2.4 with no temperature correction down
to 1.4 when the temperature correction is applied.

STATISTICAL METHODOLOGY TO DETERMINE BOUNDS ON PREDICTION ACCURACY

The scope of the evaluatiocn in the previous section was limited since actual
data from only three houses in the Princeton area were available. Though we
were unable to demonstrate a significant advantage in our approach, reappraisal
in the framework of future studies seems justified. 1In this section, we shall
derive a mathematical equaticon to predict the theoretical uncertainty bounds
resulting from our physical approach. This would permit our approach to be
generalized to any climate and to different types of houses and soil
conditions.

We shall assume a simple linear model structure between indoor radon
concentration and a single driving force (say, ambient temperature since it is
a variable easier to obtain than TBA, and has been found to be as good a
predictor of RN as is TBA) such as: ;

RN = a + b TA (4)

Given inherent "noise" in the data and also that the effects of other
driving forces are overlooked, the model will not be a perfect £it. This can
be represented statistically as (11):

RN, = a + b " TA, + g, (S)
where €. is the error term in the individual observatlons

The model implies that the observed RN varlablllty could be due to a large
variability in the driving force (i.e.,:TA)» along with a' small coupling
coefficient (i.e., b) or vice versa. Thus we have separated thé problem of
long- term';ﬂcuo: radon variability into.a location-dependent. ¢limatic effect
and @ ci;race 1ndependent,_ locatlon— ,_and_,house —-characteristics-dependent
e::ect ST e = e s -8 s SR 5 TR w e
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If the variables RN and TA are assumed to be normally distributed variables’®
with no serial correlation, € will be normally distributed, have zero mean, and
a constant variance of 0? (g€); i.e., homoscedasticity is assumed in the basic
physical process. Let n be the number of observations and R’ the goodness-
of-fit of the model given by eq. (4). Then, from the definition of R? (1l1):
z (fz?q.ﬁ - RN)?
=

1

R? = (6)

T (RN, - RN)?
1=

1

where RNL is the model predicted value [from eq. (4)],
RN, is the observed value, and
RN the long-term average of RN.

N —_— n . —
z (RN, = RN)?* =L Db* - (TA, - TA)?

i=1 i=

—_ "TA;
= b? * TA - (n-1) - ¢o? e (7)
TA
Introducing this in eq. (6) we have
- RN, b? s ® TA,
RN - o —| @ — ¢ TR gt | — (8)
RN R? TA

From the above and from the definition of R?, we find

1 - R " TA,
a? (g,) = - B TR g [:_—-_—] (9)

R? TA

The standard deviation of the standardized quantity (&, /ﬁﬁ}, which is
analogous to the Coefficient of Variation (11), is finally obtained

E: 1. . RZ 1/2 " TAl : a -1 - . §
¢ |= "L T 1 Bk s ; (10)
RN R? . PO s N ;

Eq. (10) is simply an equation which correlates cthe variation (quantified

L i ‘Several studies -[Sor example Ref. (4)) have Zound that the variable
TA (and TBA) exhibits a normal distribution over an entire year, while
indoor radon variables have no consistent agreement with exthe' a norﬂal

or a‘log=normal distribution, though the latter :is usually bet

8



by the standard deviation) 'of RN not explained by the model in terms of three
sets of parameters describing:

(a) location specific variation in the ambient temperature; i.e.,
G (TA,/TA):
(b) house and surrounding soil dependent quantity specified by the factor

(a/b), which has units of °C; and

(c) strength of the regression model between RN and TA designated by the
R?> value. Recall that the physical interpretation of the R? value is
that it represents the percentage of the total wvariation in the
response variable explained by (i.e., directly the result of variation
in) the exogenous variable. :

Since the variables RN, and TA, are assumed to be normally distributed, the
critical values at different significance levels would correspond to the
uncertainty ratios at different probability levels. For example, a 95%
probability level would correspond to (2 * o) [see Ref. (11)].

The above derivation could be easily extended to linear model structures
with more than one driving force. One could adopt a similar methodology for
the more-often-encountered case when the wvariable RN 1is not normally
distributed while the wvariable TA is.

APPLICATION TO ACTUAL DATA

We shall illustrate how eqg. (10) could be applied to specific locations.

rom 1 year’s data of daily TA values provzded by NOAA (14), we find for the
Prlnceton area,..6 (TA)~ 8.5°C while TA = 12.8°C. Values o the parameters a
and b of eq. (4) are assembled in Table 6 for the three houses. From Table 6,
we find (a/b) factors for RNB to be 78 for H2, 21.8 for H21l, and 145 for H22.
Interestingly, H21 is a one-story residence; H2, two-story, and H22, three-
story. Thus one notes that (a/k) factors seem to increase with the height of
the building. This observation is perhaps premature and needs to be evaluated
further.

How the theoretical standard deviation of the variable teJﬁﬁ} would vary
with R for a wide range of (a/b) values for the Princeton area is shown in
Fig. 2 generated from eq. (10). From the limited number osf=houses studied
{tother than H21 where basement window opening may be an abnormal occurrence),
values of (a/b) are in the 80-150 range. Even for low values of R* (=0.2), one
notes that the temperature correction approach could result in prediction
_.intervals at the. 95% -confidence” level (iie., 2° standarz deviations) not
‘exceeding 1.4. This is a significant observation since it implies that
cncertainty bounds of ocedictio* can be drastically-—-reduced-by-uur physical
apprcach even 1in a house wher the indooxr radon:varizdility "is weakly
inELuenced%by vari tion” in" the st ack eFfect‘ » o @ SRR AT P -

Pl £ _,‘__,.;‘A__.
-

As '3 pr eilulnary 1l;u3t:q;ibntftab+e 7 assemblegzqglues:df ¢ (TA) and Ta
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for a few locations in the U.S for different averaging times. To within one

decimal accuracy, the arithmetic mean is essentially independent of averaging!

time interval while the standard deviation decreases with length of averaging
interval. If the standard deviation values for each location are normalized
with respect to the l-day value, we note that the decrease with averaging time
is fairly linear and location independent (Fig. 3). Thus, we note that an
averaging interval of 15 days will lead to a 35% decrease in the standard
deviation of the ambient temperature variability over the year as compared to

a l-day time scale of averaging, while an averaging interval of 1 week would .

result in a 20% decrease. Though an exponential fit to these data points would
be more accurate, we find that a linear fit to the normalized standard
deviation versus averaging time (in days) yields an Rzof ,0.93 with a slope of
-0.023 (SEM = 0.002).

The possible range of variation of the factor (a/b), representative of the
soil conditions and house construction practices prevalent in widely different
geographic locations in the U.S., 1is unknown at present. Either analyzing
existing radon survey data or gathering data explicitly for this purpose may
be tasks worth evaluating in the framework of future radon projects. An
alternate, and perhaps more promising, approach is to infer the parameters a

and b from the house response when certain simple "stressed" experiments on the .

house are performed. Such experimental protocols have yet to be satisfactorily
. formulated and validated, but initial attempts are underway in the Research
House Study of the FRRP (8). Efforts such as the above would, hopefully,

permit numerical wvalues of a and b to be specified dependent on generic :

building construction type and soil conditions.
CONCLUSIONS

The physical approach advocated in this study, whereby one visualizes indoor
radon variations as the response of a physical system acted upon by certain

varying and known forces, has'been shown to have the poténtial of decreasing !

the uncertainty bounds associated with the problem of having to predict long-
term indoor radon levels from short-term screening tests. The physical system
can be described by a regression model with the stack effect as the single most
influential driving force. How such a model approach fares with resSpect to the
conventional procedure, of assuming indocor radon variability to- be random, has

been evaluated with daily averaged data for over a year in th;ee occupied

houses. . It has . been found to be distinctly advantageous in one house,
moderately advantageous in another, and marginally so in the third.

The theoretical uncertainty bounds of pred;ctlon result;ng f:om Ehe physical :
approach can be predicted from a mathematlcally derived equation exprESSLng the ~

normalized standard deviation of the variation of indo6r radon not explained
by the model (i.e. the random ccmponent), in terms of three sets of parameters:
location-dependent statistics of' ambient temcerature, a factor descr_nlng the
coupling between the: soil ‘and “the house,‘and the strenquh of the regression
model;  :How the equatioen “could be applled to Lndxv1dual geographic locations
nas ueen illustraved by -generating d' figure of thé theoretical uncertainty
counds for the Princeton area. An important observation is that the strength

10



of

the regression model 4is not a significant parameter provided the

corresponding R? values of the regression model are greater than about 0.2,
thereby suggesting that the approach could be potentially useful over a variety
of hoosing stock and soil conditions. However, more associated studies and
analysis involving a larger data base are required before the benefits and
scope of the present technique could be fully appreciated in terms of practical
applicability and relevance.
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TABLE 1. -‘PERICDS DURING WHICH DATA WERE_AVAILAELE.

House Period No. of
Months
H2 10/15/1986 - 6/24/1987. . 8
H2 1 1/15/1988 - 10/31/1988 ' 10
H22 3/11/1988 - 9/28/1989 18

TABLE 2. DESCRIPTION OF VARIOUS PARAMETERS CHOSEN FOR THIS STUDY.

TA - Ambient dry-bulb temperature, (°C)
TB - Basement temperature, (°C)
TL - Living area temperature, (°C)
TBA - Difference between basement and ambient air temperatures, (°C)
TLA - Difference between living area and ambient air temperatures, (°C)
HAC - Fraction of the time during which the heating and air-conditioning

equipment was on,
RNB - Raden level in the basement, (pCi/L)

RNL - Radon level in the living area, (pCi/L)
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TEBLE 3. MEAN AND STANDARD DEVIATION OF CERTAIN IMPORTANT PARAMETERS FOR
ALL THREE HOUSES OVER THE ENTIRE PERIOD OF DATA AVAILABILITY.
H2 H21 H22

. Arith- Geo- Arith- ' Geo- Arith- Geo-

] metic o ‘metric metic St metric metic St metric

; Mean Dev. ‘Mean Mean Dev. Mean Mean Dev. Mean
™ (°C)! 7.4 8.52 — 12: 8 8.64 - 13.8 8.80 =
TR t°Cli 16.1 2.16 ‘16.0 19.4 2.06 19.3 23.2 3.75 -

'. L
o R e 19.8 2.73 19.3 21.1 2.81 20.9 21.4 2.44 21.3
TBA  (“C) i 8.6  6.72 5 6.8 7.92 - 9.4 9.48 &

]
TLA  (*C) | 12.1  17.99 - 8.2 6.61 - 7.2 6.82 -
HAC (- ) 0.20 0.151 - 0.18 0.214 - 0.16 0.273 -
RNB  (pCi/L) 22.8 10.21 21.4 93.0 106.25 42.4 63.6 46.44 49.9
RNL (pCi /L) i5.3 S.44 13.6 36.8 39.82 19.8 13.6 11.03 8.2

i TABLE 4. CORRELATION COEFEICIENTS OF RADON WITH PHYSICAL PARAMETERS USING THE ENTIRE

! DATA SET. ' THE VARIABLE TLA HAS NOT BEEN INCLUDED SINCE IT IS STRONGLY

COHIINEAR WITH: TBA AND THE STRENGTH OF THE CORRELATION COEFFICIENTS OF
THIS VARIABLE WITH RADON LEVELS 1S ESSENTIALLY SIMILAR TO THAT OF TBA.

| H2 ¢ H21 H22

Ta TBA : HAQ TSB TA TBA HAC TSB TA TBA HAC TSB
RNB G.12 - T 09" {-0.24 - -0.81 0.78 -0.20 0.04 0.05 -0.12 -0.23 0.04
RN, -0.52 0.49 0.29 - -0.84 0.87 -0.02 0.51 -0.56 0.54  -0.29  -0.09
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TABLE 5. ADJUSTED R? VALUES OF DIFFERENT INDOOR RADON MODELS USING DAILY
AVERAGE DATA.
Model 1 Model 2 Model 3 Model 4
RNB
H2 0.02 0.01 0.02 0.04
H21 0.66 0.62 0.64 0.67
H22 0.02 0.01 0.04 -
RNL
H2 0.26 0.23 0.26 0.26
H21 0.71 0.76 0.81 0.81
H22 3% 0.29 0.30 -
Model 1: RNB, RNL = f (TA) Model 3: RNB, RNL = £ [(TBA)", (TBA)’]
Model 2: RNB, RNL = f (TBA) Model 4: RNB, RNL = £ (TA, HAC)
TABLE 6. VALUES OF THE REGRESSION COEFFICIENTS OF DAILY AVERAGE
INDOOR RADON USING. THE LINEAR MODEL IN TA (Eq. 4).
RNB RNL
Intercept SEM Slope : SEM Intercept SEM Slope SEM
(pCi/L) (pci/L/°cy (pCi/L) (Bei/z/oe)
H2 olrT2 0.94 0.28 0.16 B g7 S0 3 B 0.43 -0.33 0.04
H21 218.30 6.70 -9.99 0.44 85.41 233 -3.87 0.15
H22 50.62 4,70 0.35 0.29 23.35 0.93 -0.71 0.06
TABLE 7. YEARLY MEAN AND STANDARD DEVIATIONS OF DAILY AVERAGE AMBIENT
TEMPERATURE FOR A-FEW LOCATIONS [FROM DATA SUPPLIED BY REF. (14)
FOR 1978]. THE ARITHMETIC MEAN VALUE FOR ALL LOCATIONS IS
ESSENTIALLY NOT AFFECTED BY THE TIME SCALE OF AVERAGING.
. = ki ! s
City - State “Mean Standard Deviation (°C)
% = ‘(fCJ l-day 3-day . 7~-day .15-day
1.Atlanc:s City . NJ T 12:8- 9.8 9.0 8.2 5.2
2.Housten - TK % 19.3 7.5 252 6.5 "5, 21 7
3.Miami e, FL: = Y 24.3 4,4 3.8 ~ 3.5 2.7 %
4.Newark NT | 2.6 96 8.7 REEE T By T
5.Portland CR 12.9 6.0 5.5 5.0 4.0
5.Tallanzss=2e Br 19.1 = T4 6.8 63 4.9
15
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