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Tne'steariy-state heat ìoss of a house can be expressed as tne sum of
conduction loss, the below-grade conduction loss,and the infiltration
solar ga'in. Eacn of these tenms js tne product of a weather related
coefficient tnat descrìbes a pnysìcal cnaracteristic of the nouse.

If the infiltration driv'ing force is properìy defined, the infiltration coefficienl
i s the equi val ent leakage area i Tnus a mul ti I i near regressi on analysi s of the totatr
energy consumption of the nouse (including internal gains) against, tne four weatner parameters
wilì yìeld values of the four coefficìents, incìuding tne equivalent leakage area..

lnis tecnnigue nas been applied to two Rouses. Tne equivaìent'leakage areas determined
correlate welI enougn with those measured by a blower door, indicating tlìat, the metnod h¿ls
promi se "

I'NTRODUCTIO

. There is a great potential for sav'ing energy at reasonable cost. by sealing air 'leaks ìn existing
,nouses. - Tnere is also tne potentiäl for overseal iflg houses and lowerìng ,a'ir quality below
acceptaÞle levels or creating problems witn excessive numid'ity. Tnese latter problems can be

, solved by mecnanical ventjlation, but few nouseholders would be pleased to pay for ventilating
equìpment to increase airfìow when they nave just fìnisned paying for sealìng air leaks to
qeduce it. - :

An aif)sbaling cont,racto!" whò uses a 'blower door to test before and after iealirig côn uuoi¿
tni,s Tne results of nis preliminary airt'igntness test wiIì,a'llow nim ate
þr,net a house is leaky enough t,o be sealed without creat jng ai r ,quality arìd

. Lrovl' tne seaì'i ng inouì d' be " However, tnere i s a,- prãcti cal' probie ni s
r appr tne t'irne ne has tne resuìts nf tne preìimìnary aiCtigntness Cest,. tor
has me and money t,o make a sale and to carry out the test. Tnose nho walk away from

,tne h.ouses,that are tight eñÕugn aìready wiìì lose money and, as a nesult, will nave to change
r¡oiJè for sealing other houses. Others may be tempted to proceed anyway ano seal houses tnat aie
qìready tignt to tne point where potential aìr quality proÞìems exist. : ! .:

.i' In many energy aud'it metnods növg, bee timating, s of
rtouses., Some of tnese on the ASHRAE air lengtn m RAE,
1981). Hoyever, these re orìginal ly int neating to
infi ltratiun, for desig Tney ds not wide in
infiltration cjue t,o hidden differences in apparently identicaì houses. 0tner ener"gy audit
pro¿jects:'rely on moisture ðs: .a trôcer gàs t,o determine .iof i ìtration,¡ Howe:yer, widç.,,di fferences
i n rnoi sture .pnodue ti on rates nlake tn ¡ s rnethod l ess tnan rel i abl e .ì - . :. :...

'.i
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If a cheap metnod could be developed to provide an estimate of airtìgntne-ss of nouses, it
wouìd be a boon to tnose administering energy audit programs and to air-sealing contractors.
It would also allow tne identification of unusualìy 't'ight houses tnat may be a health hazard
to their occupants. one possìbility is multilinear regression anâlysis of fuel consumpt'ion
against weather parameters, includìng an infiltration driving force. The coefficient
dãtermined from the regressìon anaìysis for the infiìtration term wiìl be tne equivalent
leakage area (ELA) of the house.

If this tecnnique were successfuì it would allow utilities to an-alyze customersr bills to
determine ELAs.' They could then notify these cust,omers of the airtightnesq of their
houses and of tne desirability of air sealing or ventilation. Tne cost of carrying out thìs
analysis would be m'inimal for utilities witn computerized bill'ing systems.

To investìgate the feasibil'ity of us'ing this tecnnique, fuel consumption_data from two
houses in ñortnern Canada were anaìyzed. These nouses were chosen because the fuel data were
avai lable and because tnei r ELAs had been measured wìtn a bìower door. The fol lowìng
chapters describe the analysis tnat was carried out on these houses and the results
obtai ned.

THE STUDY

Oescriptìon of Houses

The two houses analyzed in this study were two storey builclings without basements and witn
open crawl spaces. House No. I was built in 1978 and House No. 2 was bui'lt in 1980. Tne
two nouses had oil fi'red furnaces and domestic water heaters.

2^- -ô
House I had 175 ma of fjoor area. The waìls and floor were insuìated to RSI = 4.7o m'oc/l{ and the
ceiling to RSI = 5.8 n'ocllrt. All windgws were double gìazed. House Zrnad 183 m'of fìoor area.
Tne walb were insulated to RSI = 7.L n¿"C/ll, the flooi to RSI = 8.1 m'.oC/¡J, and tne roof to RSI

= 8.6 n¿o1lll. All windows were triple glazr d; House 2 nad an air-to-a,ir neat excnanger
installed in the ventilatìng system and a soìar domestic vrater heater. Both nouses were
fitted witn electricity, fue1 , and water meters.

Botn houses were reìativeìy airtìght. The ELA of House I uras measured to be .0290 m2 4s
Canadian General Standards Board metnod (CGSB, 1985). That of House 2 was .0330 m'.
houses had aìrlock entrances witn vestibules large enougn that one door would be closed
the other was opened

w

where:

Uj = tne conductance of the jth above gr und surface of tne house enveìope (t¿/nz "C)

Aj tne area of the jtn above ground surfac'e ofrthe house envetope çm2)

Ta temperature d'ifference, interior to ambient (oC)

the area of the kth beìow ground surface (m2)

ing the
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The Regression Model

If transient effects are neglected,.tne net neat requ'irements of a house during a time perìod'- t can be calculated as: ..

Q¡ (> urn,

+ Lp

)lT.r + ( ukAk)

c AT¿ r \t ¡T
a

f Qi T v{ì ( 1)

aTot

P
sp

sAFfws

PU2
h,

+

&

1,



A g

where:

These three
consumpt'i on

ï = temperature difference, interior to ground (oC)

= effective leakage area (m2¡

= density of air (rg/m3)

ELA = the
1981

L

p

. co = specìfìc heat of aìr (kJ/kg *"c)

I ,, = stack parameten (a coefficient for buoyancy induced ìnfiltratìon) (m2 t t2l"C)

P* = wind parameter (a coefficìent for wind induced infi ltrat'ion)

! = wind velocity (m/s)
ir

fj = i nteri or gai n uti l i zat'i on factor

Q¡ = internal neat gaìns during the time perìod (kJ)

Fw = fraction of solar rad'iatìon penetrating w'indow

fs = sol ar uti'li zati on f actor

Awi = area of windows facing in the ìtn direction (m2)

S... = solar flux per unit area rincident on tne w'i ndows fac'i ng tne itn d'i rection
'-wì duri ng the t'ime peri o¿ (t'li m')

In tne present case, the below ground term does not apply. If fi ìs estimated to be 1.0, the
interñai gains term can be added to QL to leave tnree terms wit uriknown variabìes in them.

it would be posSìbìe to determine P" and P, by regression anaì_ys'is, but to reduce the ñumber

of unknown coätticients and to keep lne equation linear, a simpler approacn has been taken.

Iypical.values of P" = ..015 .nr/s, xoC and P* = .015 nave been used so that the equatioh is
l i nea|in three weatnèr rel ated f,erilts.

The tnree coefficients are:

(2)

(3)

ct = 2 urA,

CZ=L=X(ELA)

equivalent ìeakage area of the nouse (12), us defined by CGSB Metnod (ASHRAE,

).

X = the nat'io of effective leakage area to equivalent leakage area = 0.53

C3 = Fnf,

coefficients may be determined by multilinear regression
data against tnree weather Parameters. These parameters are:

(4)

analysis of tne energy

xl = the degree-hours bel.ow tne indoor temperature during tne week

j

x, = ZaTu (5)



l{nere:

wnere:

Stati stìcal Anal ysi so Meter Readi nqs

I = the sum over all tne hours ìn the week

x2 = tne infiltration heat loss drivìng force

x2 =f(oCOaT.

x, = thê radiation incident on tne wìndows of the house durìng the week

t3 = Z \iswi

) = the sum over

\.i = tne w'indow area on tne itn wall (tZ)

S,..¡ = the solar radiation falling on a unit area of verticaì surface facingrlr the itn direction durìng tne-week (l{/m¿)

Ps aTa + PlY u2) (6 )

(7)

ln

variqus -walì
expected from

f

Botn nouses u,ere equipped witn meters on tne oil lines to their furnaces and hot water
tanks as weìl as on their electrìcity supplies. These meters were read weekly for a fuìl yeãr.
Also available.rære nourly values of the requìred weather parameters (temperature, wind
speed, and solar radiation) for tne perìods of interest.

For house 2, 18 ¡reeks of data in 1983 were cnosen for statistical anaìysis. These weeks
were selected from a set of 28 weeks with no apparent errors in the meter readings.. (Tne
other 10 weeks were saved for an ìndependent cneck of tne resuìts.) The statistical anaìysis
yielded the resuìts snown in Table 1.

The standard deviation of the predicted results from tne measured results was 528.4 t.l or
15"2f and tne mean deviation h,as 47 l,l or 1.351. Tnis latter number would be expected to be
small, since the correìation Þe'ing tested ìs based on the numbers against wnicn it is being
tested. The size of the standard deviation mignt be due to faults ìn the modeì, to random
variations not accounted for in the model, or to errors in tne data.

.There are faults in the modêì. One ìs tnat the seasonal variation in furnace efficiency is
ignored. Also, the effect of solar radiation on opaque walls ìs ignored, tne sensitiv'ity of
infiltration to wind d'irectìon is ignored, the variation of F, wìtn tne sun's altitude angle is
ignored, tne var.iation of f. witn solar load ratio is ignorë¿, and the gain/losses from the

,'domestic trater'system are Ígnored. However, these terms are all of lesser magnitude than the
three main terms that are considered

Tnere are also bound to be random varìations hot accounted for in the model, due to short-term
lifestyle cnanges. Finally, there are errors in the data. Tne most corrmon is tne m'isreading
of a single digit in a meter reading. Many of these were detected where the errolwas jn a
leading number tnat should not nave cnanged or in tne first significant fìgure. Errors, of
lorær magnìtude couìd not be detected or corrected and, undoubtedly, some of them have
contributed to tne scatter of tnis data.

Tne vaìue of the overall neat loss coefficient of tne house determ'ined from this analysis was:.

UA = 57 .4 ttl/"C

Tn'is compari son witn 55.08 t//'C pred'icted f rom the nominaì RSI val ues of tne
,surfaces and tneir areas. This 4% deviation is considerably less: tnan could oil
tnis: kìnd of anaìysis, and must be regarded as fortuitous. :

q



This comparison witn 55.08 lil'C predicted from tne nominal RSI values of tne
surfaces and their areas. Tnis 4% deviation is cons'iderably 'less tnan could be
this kind of anaìysis, and must be regarded as fortuitous.

various wal I
expected from

Tnis compares witn
measured wi tn the

methods is close

The product of tne snading coefficient and the solar util ization factor determined by this
= 1.33. This value is clearly impossibìe, since neitner of these numbers

.0. An expected value for a nouse wìth triple gìazed windows would be
This resuìt may be due to one of severaì factors. The first is tne

The eguivalent ìeakage area determined from this analysis rvas .0388 m2.
.033 m' measured with a blower door. Tt e deviation is 17.5% of tne value
bl ower door . Thi s agreement between the resul ts of two very di fferent
enough to jndicate tnat they are both reasonably accurate.

metnod was C^
can be greateJr
between 0.5 and

The standard devi ati on of the predi cted energy consumpti ons from the
consumptions lvas 349 l.l, or 8.7% and tne mean deviation was 23 l{, or 0.6%.
analysi s of House 2, this vari ance i s undoubtedly caused in part by the
made in developing a simplified mode'l, and in part by errors in tne recorded data.

=Ff
th;rl'l

0.7 .
effect of the solar not water heating system. No reasonable estimate could be made of the
amount of energy from the solar not water neating system that ultimateìy ended up in the
house, so this factor was ignored. If there was an apprec'iable loss of heat from the solar
energy system to the nouse, it couìd account for tnis apparent extra solar gain. A second
factor is tnat tne solan gain by tne opaque walls of the house is not accounted for in our simple
model. This will contrìbute to an increase in the value of F*fr.

Ïhe tnird factor caus'ing errors in any of the coefficients determined by mult'ilinear
regressìon analysis is correlation between tne ìndependent variables. For example, if tne weekly
solar r,adiation were perfectìy correlated with tne weekly average temperature, it would be
ìmpossìbìe to determine tne neat loss and radìation gajn coefficients. There is obv'iously
a relationship between solar nadiation and air temperature, altnougn not a perfect
correlation, and this aìlows variations in tne two coefficients from their true values.

In spite of tne deviat'ion of the solar gains coeffìcient from tne expected vaìue, the
overaìì agreement between tne coefficients determinect from the energy consumption data and
tnose determined fnom the house description and blower door measurements is very good.

The final test of the coeffìcients obtained by the anaìysis of tne first 18 weeks of energy
use data was to use tnem to predict tne remaining ten weeks of data. Table 2 presents tnè
resuì ts .

The standard error of tne estimates is 792 lr{ ancl the mean error is 265 lrl, or 8% of the mean value.

A simiìar study was carnied out for House I using 34 weeks of data to determine the coeffjcients
ì n tl,ìe house model , arrd 19 weeks of i ndependent data to test the coef f i c'i ents . The
statist'ical analysìs yielded the results shown in Tabìe 3.

measured energy
As in the

approximations

: The , val ue of the overal I neat loss
93.5 lilloC, compared to a value calculated
unlikely tnat tne actuaì heat loss wiìl be
between these two numbers mus.t be due to

, regress'i on anal ysi s .

Tne equjvalent ìeakage area determined by tne regressìo¡ analysis was .0103 m2, compared to
.0290 m' determined by using a bloner door, and the value of the product F,.,f. determined by
regressìon analysis was 0.19, compared to an expected value of around 0.6. Tfele values are too
far from tne expected values to confirm tnem in ¿ny way. It is likeìy that this result isdue to tne fact that tne independent variab'les are not truly independent, but are correlated
wi tn one anotner

Altnqugn the coefficients determìned by the regressìon analysis are not inclividuaìly
accurate, the. prqdiction basecl on tnem can still be accurate if the errors compensate. Thi¡will'occur if ¡¡g' period for wnicn the coeffìcients are used fon predictìon sirows the.same
correìatìon between tne weatner parameters 'as the perìod used to determine tne coefficients.

coefficient determined by regnession analysis was
from the nouse descrìptìon of 111.5 l.l/'C. ,lt is
less tnan tne computed value, so the difference
the uncertainty in tne coefficìent determìned by

5



The chance of this correlation between weather parameters is best if a long period of time ìs
used.in eacn case and ìf the two periods of t'ime cover the same part of tne year.

The ìndependent test of tne nouse model d'id not meet this later criterion. The

coeffic.ients were fìttecl using data for tne winter period froúr September 18, L982' through May

15, 1gg3. Tney were tested against an ìndependent set of da period from May 15

to-september 24, tg83. The prediction of summer neating lo nallenging task for
a nouse tnermal model, because tne solar neat gain 'is of e as the conduction
ànd convection losses. In tne present case tne predictive well ìn spite of
this difficulty. Taþle 4 shows tne comparison of predìcted and measured energy consumpt'ions.

The standard dev'iation of the pred'ictions from the measured values is 285 l'¡, and the mean

deviation'is only 17 l,l or 1.8X of the mean value. Tnis comparison ìndicates tnat the house
model is a good bne, even tnough tne individual values of tne wind and solar coefficients are not
accurate. It snould be noted tnat tne large percentage errors in weeks 54' 57, and 60 are not
particularly signifìcant, since tney a.re errors ìn particularly smal l energy consumption.

DISCUSSION

Because of the limited budget for the present study, it l{as not possibìe to carry
out an expenìment to test the proposed method of determining ELA. It was necessary to make

use of data colìected by others at a remote ìocation tne author has not visited. If tne
results had been conclusively positive tnis would not have been a probìem. It could nave been
considered unì'ikely there trere errors in tne metered data and in tne house descrìptìons, whìcn
would result in ELAs that agreed with tne values measured witn the þlolrer door results in two
cases .

In the present situation, this uncertainty about tne metered data and tne experimental setup
creates a problem, because the results are not conclusive. Tne results of tne analysìs of
House 2 were good. Tne ELA determined by regression analysìs was 17.5f nigner tnan that
determined by tne blower door. This deviation is in tne direction tnat would be

expected, since tne former measurement will incìude tne averaged effect of door openings"
Hoh,ever, tne results of the analysis of House 1 were not good enough to indicate tnat
regression analysis will be useful in determining ELA. Tne value determined in this tray was
only 351 of tnat determined by a blotær door test.

It is possiÞìe tnat thìs result ìs an indication that regression analysis cannot be rel ied
on to determine ELA. Anotner possìbility ìs tnat the present modeì ìs not good enougn. It
may be that House 1 nas an unusual spatial distrìbution of leaks, and tnat the typical
vaìues of P- and P,,, used are jncorrect. It may be necessary to develop a new model witn Pc and
P.., determiñed by'regression anaìysis instead of ELA. A tnird possiÞility is that tnere
aFe probì ems w'i th tne data , the nouse descri pti on , or tne ELA test . Because of tne
second-hand nature of the data, tne probaÞility that th'is may be tne case is hard to assess.

CONCLUSIONS

Although tne resuìts of tnis lìmited test are not conclusive, good agreement þetween tne
tþto methods of determining Equìvalent Leakage Area was obtained in one of tne two cases stud'ied.
This is enougn to encourage furtner work. l,{e are presently ,carryìng out a much Iarger and
better contrólleO study of the mult'iìinear regression analysìs tecnnique. It ìs noped tnat
otner researchers will be encouraged by tne results reported hene to carry out tneir own

investigat'ions of tne possibiììty that muìtilìnear regression analysìs of fueì bil ls agaìnst
weatner data can be an economical method of obtainìng informat'ion about nouse airtigntness.
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TABLE 1

Statistical Analysis of House 2
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2

3

4

5

6

7

I
9

10

11

L2

t3

14

15

t6

t7

18

54.7

55.2

58.4

54.2

52.7

53.9

52.1

43. I

50. 9

40. 4

23.7

24.L

26.9

28.3

28.6

42.4

3 5.6

50. I

-5.0

-3. 7

-5.8

-6. 5

-10.6

-6. 5

- 5.8

17.8

9.8

-30. 5

-r4.6

7.9

25.4

24.5

3 5.8

-0.6

6.t

39. I

1983 I I
1983 I t5

1983 I 22

1983 L 29

1983 2 5

1983 2 t2

1983 2 26

1e83 3 L2

te83 3 26

1983 4 9

1983 10 I
1983 l0 15

i983 l0 22

1983 10 30

1983 1l 12

1983 u 26

1983 12 10

1983 12 31

95635.0

109397.0

I r0317.0

l 15571.0

82155.0

120206.0

97r47.0

85357.0

r09054.0

63433.0

31059.0

38568.0

49839.0

49800.0

43989.0

101595.0

64555.0

92896.0

156.7

178. I

289.2

357.4

368.4

583.9

887.3

1153.2

186 1.3

2137.6

889.8

692.4

523.4

595.8

324.5

494.0

164.6

L78.7

5470.8

5737.0

5929.9

5752.8

501 1.7

5527.2

4366.5

2514. 3

2755.7

1402. I

1063. 7

t273.5

16r6.4

1616.4

1659.3

4210.8

3 158.4

3481 .0

5197.5

5524. 9

5583. 2

5377 .2

4¡180.7

5169 .4

4115.2

2961.3

3025.7

975. I

908.6

1373.8

2027.4

20t2.9

2252.8

4184.4

3352.5

4840. 5
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TABLE 2

del Predictions with an
t of Data for House 2
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49.8

48.9

45.2
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34.8

35.7

40.7

46.9

53.6

87475.0

100003.0

101449.0

73852.0

79585.0

6827 4.0

67815.0

73653.0

87678.0

105429.0

684.5

970.9

r517.4

2249.8

2538.7

47 4.7

373.7

268.3

163 .5

164. I

-10.0

26.5

4.2

-13.7

-56.7

38. r

53.4

10.2

12.2

20.1

8.6
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3934.0

3190.7

1349.3

970.8

2986.5
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3728.7
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33549.930892.6
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TABLE 3

Statisticaì Analysis of House 1

TEST NO.
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INPUT
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2137.3
2056,9
r938.2
1883.2

-15
-L7

s721.8
5361.1
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4829.1
3853.8
3439.9
3s76.4
2239.2
1617 . I
1651.2
2t42.1

lvllnzl
1982
1982
1982
1982
1982
1982
1982
1982
1982
L982
1982
1982
1982
1982
1982
1983
1983
1983
1983
1983
1983
1983
1983
2983
r983
1983
1983
1983
1983
1983
1983
1983
1983
1983

23.5
22.L
2t.r
20.0
28.8
34.9
26.6
34.0
36 .8
35.2
40.0
47.8
52.6
44.1
5s.l
55.6
55.2
57.4
54.2
51.7
54.8
53.9
52.r
49.8
42.2
49.8
50.9
44.3
40.4
42.0
27 .0
22.2
24.5
29.9

43856.0
4331 3.0
39761.0
30234.0
50705.0
79990.0
417 38.0
66030.0
66251.0
83950.0
74101.0

140976.0
86746 .0
88266.0

102152.0
97944.0

109540.0
107854.0
115414.0
80025.0

L22857.0
85401.0
97011.0

100003.0
82968.0

103846.0
109221.0
7t726.0
63326.0
773s7.0
46297 .0
29636.0
4t202.0
53647.0

1806.4
1495. I
1516.4
942.7

1093.7
I 105.0
690.4
689.4
488.2
326.6
34t.2
237.t
327 .l
22r.3
237.0
239.1
303 .5
472.6
578.5
629.3
966 .3

I 165.4
1504.0
1663.4
205I.8
2680.4
3324.8
3957.4
3923.5
4501.3
3067 .3
3467.3
4780.5
527 4.8

3t2s.7
1847.7
1880.4
I s30.7
2594.4
383s.2
2900.1
3835.2
4479.3
4576.3
4415.0
4993. I
4995.9
4737.6
5752.8
5654.7
5962.6
581 7 .1
5414.4
501 I .7
5399..6
5494.5
5091.8
4834.6
4157.8
4786. r

-31.6
11.3
3.1

23.0
8.1

-7.2
-9 .5
-9.7

5

5
-7

l4
I
5

2804. r
3560.6
2625.1
3462.9
3767 .2
3765.3
4140.3
5319.6
5406.2
4638.7
5757 .3
577 3 .5
5799.6
5963.4
5684.6
5222.6

1410

925
103
109
10 16
l0 23
t0 30
It6
1l 13
1l 20
It 27
124
12 11
12 l8
12 24
12 3l
l8
115
122
129
25
212
2t9
226
35
3L2
319
326
4?
49
4t7
424
430
57
515

4866
3642
32s5
3863
2336

1627
2030

.2

.3

.4

.4

.l

.0

.7

.4

.9

.7

.2

.9

.2

.1

.I

.I

.8

.5

.0

.2

.0

.4

.2

.8

.8

.5

.8

.8

.7

.4

.1

.7

.4

.5

-6
I
I

-2
0
2

-2
2
5
4
6

-2
2
2

-1
0

-0

-4

I



TABLE 4

Comparison of Model Predictions with an
Independent Set of [)ata for House I

TEST NO.

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

I{EEK
EÎ{DING

ON

1983

1983,

1983

1983

1983

l9E3

I983

r983

1983

1983

r.983

1983

1983

1983

1983

1983

1983

r983

1983

522

528

64
611

618

625

72
79
716

t23
730

86
813

820

827

93
910

917

924

26.3

2t.9

18.8

18.3

17.0

14.l

t4.E

12.0

10.7

8.1

10.4

ll.6
12.8

L2.2

14.3

16.6

16.0

16.2

L6.7

41679 .0

47696.0

22t64.0

24876.0

24876.0

16851.0

22460.0

13498.0

1Ò784.0

8640.0

r3314.0

20858.0

12344 .0

14485.0

17180.0

17765.0

17854.0

23L7 4.0

28694 .0

5791.8

5245.0

5406.4

4702.6

344L.2

3747.0

2754.9

3479.0

3163.3

37s6.4

3144.5

2697.L

1862.3

1864.4

1795.8

2051.9

3013.8

2s19.3

1658.3

f.tEASURtD
ENERGY

INPUT
[I'IATTS]

1208.1

1560.0

338.4

935.1

1176 .5

289.9

789.6

966.7

322.6

128.6

418.5

902.4

1015.2

982.5

1337.8

L225.0

1499. I

1 595.0

1530.7

t822L.7

TEI,IP . I NF I LTRAT IOl{ SOLAR
D IFFER . t)R I V I NG RAD IATIOI{
[oc] FoRct [t{ATTs]

f l{/m ¿l

PREOICTED PERCENTAGE

ENERGY DEVIATIOl{
INPUT

IXATTS]

1640.8 35.8

1369.6 -12.2

882.3 -160.7

1004.9 7.5

1105.9 -6.0

7L7 .g 147.6

1012.9 29.3

552.7 -42.8

474.5 47.1

104.7 -18.6

470.9 L2.5

715.1 -20.8

928.4 -9.6

878.1 -10.6

1105.6 -17.4

t276.0 4.2

1039.9 -30.6

1184.9 -25.7

1434.7 -6.3

17899.0 t.77

lo
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