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J~,;:o<t!$ .:Ii ~ht m:1;dmum .1Vcrilllen OU:5l~e _w,.,· ::".lrlclll [!tllr.

zontJJ .,)r vr:!I~11) Jnd tnt m.ullnum ItlSI.Je .. "~:·.,'"fJlt 1~1Ir.

~ontJi "r '.w;.:.1]).

B\Jil,jin~1 I :Ina 2, ~t1~I!.r'3mil}" ,JeIJ..:~rJ :es.J,el""
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sam~l£l. "JO: oJ ma~lrnlJm ml!:m-tI~t:ln..:.tie!:J J",""IJlllJll ":
l""r<i~II!1.!~r~ .:~ JB';I[ 50 U(z. de.:r":l'lfl~ .: .• ,.... ,,".~:Il~ r.
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8Utll!il1~ :. J ~lnlll.:.fJmlly (ISHJ...",·" \linn ~Jl' '~I JIUIIU

nu ,
. ~ ~~{It.

~!l.Iin~, i'lJU J 1T1C::~11 m;.lIl'll!lt<:./il!ltI J.ll~nll:JII.JII ,,;,.,:. "
. ~ ~ I.belween U~IJ JnJ oJB (rlolm ~o Ii.HJ: 10 HO ~IHl....:;.·~S,I.

• h"
13 dB Jl .;00 ~IHz. The m~]n~lurric·rieolLl JI :(:\~JtIU~"

8\1ljJln~ : ......hi,h pe~ked at j I J8 ~l 50 kHz. ":1.~>~ Ih~r~~.
118 (rom I MHz lo .000 MHz. and In.:rc~u'" (I) i" ~6 J~ •

.'tfH.z, : . I
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office l)uildln,

IU£ TJII,AHSACT10,.S ON fL£CTltOtol"C;,.,CTIC C:O... ,,,TlallITY. VOL. I!we·zo. NO· ~. AUC:USfr

~ •• u ••

'""-..
~.

~I t.n\l~ rion. ' .....nly-"Ory
(BuUdil\l. NQ. 'l.

RES L'l TS~;-';D DISCt:SSION

• ,0' __ • _ , ....

:~ -

l<-

....... ,,~.:.A. wA,,,,t '. ·~'-'Ourl....~.;, v, ..JII· ......y, ·"'-o-O"'l~".,.
':' "t.:." "' •• lJI ~/-'''o-OUtt.'''''''l

••,CI II

"'-

416

Th~ E· ~nd H-tldu buiIJ:nI\·;w.nuatHlll l'II~uju (er ltl~ S~VCll

builJlngs .lee IlhclI ill Fi~. r ·1-4 Th~ ~r:lpn$ I\)r 8ualdin!!J !-~

tFittlc, l-!!) show tl1-: nll:::lSI.JrCU d:IIJ ptJinu 3nJ mUn 1I3Iu., ;)1

eJ~h l'requllm;~·. <lJ.:h meHurcrJ dal3 p\)inl ~urronpondin, (u 3
.:lillo/rcllC (UI:JIlUII wt(hin rhe buil.tillil Jt that !·rr.:julln.:~

Bt~J~ of (hI! brgll number 1,11' mr~sur,lJ tiJr;J pl,linls. olll~

11UJII y:J1uti. jl v:uiolls JhIJII':~S. frvll1 ttl<! l,Jull:r WlllS. JI"lE

pl\lIl.:J t'~r 8uiJuln~5 j~; I FI~~. <J-t ~I.

Thi:: di~lriburlull ",- !tIC: tHJiIJlI\~·Jtr.rIl,\IJI;iJlI ,j:.lt~ IlIJ$

JS5Unttl.l tiJ De IU~·lIormJI ..~tlllr'lu.. llun Hr$l.l$ l"utlulln.::y ':ul'l"S
....,,~ pIIH!I'J ftvrn J ';Olllp\lltr·~d[l.rr:.Il..J "i(llh1fd~r pul:--nvn\l;2!

iie ,·fthe 11l....1n~ (C':\.;cpl fllr BUilliin~~. \Vh~rcl J tlmd·IJ(lJer tit
~';j$ u~c::d b~..:~u$C Uflhc ;p;lrsrf)' wi J,IU I

Th~ me:1Sur~.J clJIJ r<,~eJJel1 Ijn!~' ;l III_JI;; relJtllJnshlp

b(twun buiJJinlJ J!ten u;lt!~ln ll10 i'Ul:srtlJ 1~l.ln. WhiJ. th(
puIJt\JJlh.Jn Qr the exll:tlL)( :iltilis wu ....;!f)' priJn<:lurJ.:rd (pre·
JlJtrllnilntJ)' vrTth::11 in l!llt HF' b~nd :1o<.i h.:lrJlun l::llm (n" VHF
;2nd L'HF b:uIl1s). the tnltnor fiotlJs ~te mllnr ran UIJ mJ)'

polarized due 10 renl!~[Ions ::lIld SC;JUennl, ~or ltlll reaSOfl,
PObn%Olli()n W;2S ((moved ~s J p:ar3rnllller ;lOI)VI 7 MH% by 'Qm·

'~Il::---,-_-.-.-- .-;:::;'.------,.~_:;:'".---"':l.==llit::::::--~-.".....,
l.'~ .. ...c.
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tical sample size. Aboye appror.im.rtly 70 MHz. l~ .t1enua·
lion iJI Buildinl 7 iJ inci.pcnderu Qf distanCl. nus rtsult is
indic;ldw. of iI WlVtl\lld....bovcoCl&lO({ ptVpaJ11tOll' mod. In
lhe JrttetiOl of Ibis rtl.tively unclullettd buiJdinl.

Th~ lTInn-rlectrtc·(j.ld allcnu~tiOli c:u'r..·cs I.lota;",d by Aoltr
and W'lule in Jleel-fr.mtr omet buiJrtin[lS ;Jill pll;llted in Fiil. Q.

I1. and 13 for CQn1~ri~o(1 with 1M mulllSlofY officr bUlldin,
resulu pn~scnlt'd flereln. RIC;c·. rtlUlts al 3~ !l4H·z JJld I~O
MHz for IlIre mu.llistory ornce buildinFI ;U, .150 shown Our
rneasurem,nu al Ih. ,re:ll.r dislancellnto thlt bUildin~ (I' 10
;10 m) art ill generll 'Iraernent with ttlf resulcs of Ric,. ;and

wilh Mir .nd White's 14:m CUM. HOYo·evtr. b.:!o",· apprO\I'
OI:lt.l,., ,:10 MH2. our m"1\~I'(lnc:·fitld tlIel"lualioo ~urva~ '-oJ,
localium I;IOlcr !o the OUler walls (1 [C 10m I Jr, .;onmlc/Illy
Il>wer than Mir an<l Whil.·S ;l·rn cum.

The mtasl.lred dlla for the three :'t1ultislor~' buJldjn~ did
rlol revell an incruSt In fi.ld l!rl!'l'l~lh wilhin lh~ buL1dln~

wHh Il'Icteuin, noar lev.ls, This absence of a. nO!JCC30tc
heighl'lain trend could be due 10 the ca:l$lr\lction of Ihl!5*
bulldings (r;;orrIlIUed Sletl Ooors) Of It could have betn ;nJl;"~ d
by other. variables. IUce (~J and DtIIZ [;! 11\ow a ~tli:'l\lt

in.::r.." in siinal nFo!nSth wJlh InCreJllng noor j'~ls.

Th~ averaS' standard deviation of the nelds inside !11;~;"::~!l

j, a fOUf'SIOry offiCII! buildin&. \lollS 9.: dB (with a :an~~ :': ...,.,
0.5 to 19 dB). Snider r..porled slandard de\i'JUionso. ~ ~"J

8.5 dB 'tl80 and 750 MHz, respectIvely ..\I.·hil, Rice r.:!cr:,.;;

standard dt'viations 'of 14 and 9 dB al 35 Ind 150 ~H: T~t

Stal1dard d~vi.lloru me~sured by M,r and \Ilhilc wtre 5 :0 !J ~a

ill ~ m {rom [he Olll~r wall. and 10 to 15 dB 31 :.1m :'r..lm '~e

out.r waJI.
Tbeav.ras- standard .:!eviallon of rhe fields outside 6,,:;.::;r,~

5. wl\ieh were me:lsure::l at live dlil'trenl IO':3tions..... n : .;~

dB below 1.6 MHz and 4,41 liB above SJ ~IHz

Examination of lhe dara in Figs. 1-1 ~ leJds 10 the f.:!I!c-"'·~(

aerterlI observations. FirSI. there is e\idoln.::e of ~ ;:it3.. ~

~lecUjc·field buUding JHen~ljOn in Ihe It,quen.'y ~Jllg'.: 
50 kHz 10 100 :dil. (See FilP. 1.3. ill. Jnd 13\ .~.'.' .
'PPlrenl ""ale m (Tllj,tlol'lc·iJeJd 'l!lenua!lon o:lc:curs:n :11' '.-~.
oetwltnSOO kH~:tl1d :0 MHl. tSu Fip.;. 0 3. ;,j . = , .
j .11, Thets is a null 1M both electric ·ficld ~lId "l".~I1".: - .':
3ltenUIIIQnl between 50 MHz and .,00 \1Hz I ~Ol1 il:r.",r~ ..•

c.'lstence of the eJe~;f1.,;·fiejd·a:renu:alll)n 1'\ull fcunl1 ~. \ •.
Jnd Wlute ilt 70.\1Hn

Aboye 10 to :0 ~IH~. lhe tltctnc·iield In..J m4.1<:, . <

bUIlding 3lftnU:lU0115 .;~ p'lILIIC311:. Ic~n 1:':JI Btk..... .;
....lHz. t/'ll! electric· field J ~ :enualiOn 15 ~r.al;!r than I rtl! m~.;::"~

Ileid UlenLi-1lion. and the alfference In,r~4)tS "'Ith J~~.'t,. .:

ir.qilen.:~· (31 I.UI do..... " 10 Ihe 50·kHz 10. IOO· .. H2' .~.'

\Ii I'll: rll th, eJ,cmc·(jcld auenU3110n ptal( ",~urs I ~;.~ ~

anoLhl1 lIo'ay, b~fow 10 til ;0 .'1Hz. the \O'JH Imptd..n::e;· .t

tile buildlnp IS lrru th~n (:Orr n Jnd de:crc)scs lliiln dcc'~:\ -.~

frt'luenq.' down 10 )O.)f ; 00 kHz.
1\ IS also m~crtS[if\g 10 rial' lh;l! the e.\rc~lcd 31l~f'l",.l', -"

((01 bo.h el.~m; Jnd malfle~I" (j~ld.1 .t loca"I)(\S J'-.' ,n ....~

the wJlIs or some: m\l/liSIOry sleel.frame offi~~ bu,jdln~s .f •.of\

nOI difrcr gr'HJ)! (rom t!'le JlIenLJ3tlOn in sin~lc·(.lmll)o del., •. ~::
reSidences. This is illU5\r~led b:o COmp3tlJ1l! FIg:s. l-l ...·1111 .~~

!·m l:Ul"es in FiBS, 9- J 2.

I MJit <:/'::00 MHz.

50 ktb, __ r< I MHz

IOOkH.. <{),tlfz (i; ISO MHz

..,ITH : ATTI"Uf\T10N BY BU'L!)IIOIOI

'M' lIpproltimluoa to tile 'U"I$ Inel. allumin. the wave
,..,.danGt of the o.,tside fielda to ~, 1!01r 0). Dttininl ilia
"",de WIW ImpeanCir Z", as the raliQ o(,lh••1.cm,.n.lcI an4
~lic.n.ld maplitudts. the followill' approximation iJ
i~c1 for Buildin. I;

. .., {)lUh
ZlI/a 1.0" 150 '

..ltC,e {M K& il the frequency in ttlcl!~hettt,

,SlmiJar1y. fur Buildina ~

11lilt quite different In fol'l'Tl. thcse !J(.prtssions ,.....11 thaI. U
(Jltlower end of the spectrum. lhe ·....av. impeo3nee lnS)Qt t!'lt

,"udinp 15 len than tht' intflnsic iml'tdlnc:! of f,ee space Jnd
,jtC,usel with d.truSlnj! rreq~ancy (at lun dO'WTl [0 50 or
iOO IcHt).

Buil4mJ' 3 alld 4. while borh smil"story concrete.block
,ilfUcrures. exhibit distinctly difrcrel'1: attenuation chll'lcrer.
!Sfi~.rhe mean' eleclric and mlgnellC 3Utnu;iItiOrt .:urves for
auil!dina 3 (Fias· 5 ~nd 6) closet)· rt50lmble those of Buildin! :.
Uil\ale·f1mily a~lach~d re~,den~. \lihue the cum5 for 13WJcltng
~·lFilS· 1 and 8) ue ~iml1ar [0 Ihe =urvet of the multistory
office b~lclinp it di.slanc:tS S m or ~reJlt'r from the out~r

..all- (sce FiBJ· 9~ 141. (Mcnurt"".n 1$ In Builainl4 were made
al distane-:s of :. 10.30. .tnd 50 m {rom !.he QUIeT walls. How.
,."r. III I;l)ntr~$t WIth [!'It mulliStory offic. building!. no
;ornt·l.tion belween allenuUlon ~na diSl3nc:t (ro/1\ lhe' oyter
'\·alJs W3.1 found for Ihis bilUdll1g.! The ~Ver~ge ell'lri.;.t1eJd
mtnu3tioft for ~ variety of ~m'il· and medium.size buildin~

NUUI1l(( by Snider 131 at i 80 ..iHz ,"d 750 MHz IS ~iso

~tllld ill FilS· 5 and 7 r"r ,omp~rl;on .~!rfemenr at 180
XHz :IS excellent. while at 750 MHt Snlder's ris\.Ilts 3re sliiht1y
:ow." tnan our n:tnpoilled tI'1ti~n ,;;urvt'S.

.\lun eleclric4ield.Jnd mlgncll .... rleld al[olnultionJ 11
nrious diSl~n~.s from lhe Ol/l~r II<)lIs oi the lhr~t mullislor....
,)Ilite buildinp (5-1} are !Ilv~1l In F,j;S 9-1~. The elmes rO't

'au;lOin~ 5 (FiS! t;l and 101 snOIl; ~ prOrO(!lonalC in".JSc In
IlUnu~tlOn 3S the diUilntc Into thc bUddins In~reases, IlihJch is
:ansiUtl1l wllh the rel:III\'C hom()II~~eIlY or" Ihe InlftlOr ~c)n.

Illucrion. i.e .. doublinl: lhe ,:hsl)n~~ from ~n OUler. W)J1 JpprQx,

nuely doubles lhe numbolr of 51eel 14')1I ;:lattl1l0m {5culennl

..,i~ce~1 belween fhe ret'elVlni Inlc~n~ ll'ld (he ol,ller 110'311.
Th" eu .....l'S fotBuildlrSIl 0 I h", ;, and I:, 5ho~ a sm'lll

ilere.:l~ on 111t'nUJ'lton from 1 l() 5 In rrom thc !,lUler wall, and
: tubs'I3nll:I!)y larlrr mete:!se IF' ~llcnU;lLJon rrom j to 15 m.
S.MJl"'rl~·. belQ,.,. 10 MHz. the ~"'''q rvr Budd'"l? (rip. lJ
IIld Iii} show IittJ,:dlfferenee Ln ~ILcnilJllon b~lwun f ~nd 10
Ill. bUI a larae fnc~cuc In allenI.lJI/lJI1 from 10 tQl J 7 Ill. TIm

omt!non is nOf rudiJy elf.pl~ln'lhle In Il!rms of bUlldinll
nSlIu,tion and may merely b~ Ihe 'esull or a ltmlltd n~lIs,

I

;,:Htlil al
JrJ whi,h
:H~. incrt
~t1cnu.1

.~s less
,,) I a ~a
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PREFACE

The bUilding attenuation measurement program presented in

this report ""as supported by the Lewis Research Center of the
National Aeronautics and Space Administration (NASA) r

Cleveland, ohio. The technical monitor for this program was

Mr. Richard C. Braley.

The opinions expressed in this report are those of the

authors and should not be construed as representing policies
and doctrines of NASA.
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THE ATTENUATION OF UHF RADIO SIGNALS BY HOUS~S

P.I. Wells* and P.V. Tryon**

This paper presents the results of a measure
ment program which ~as conducted to determine the
attenuation of UHF radio signals penetrating to the
inside of a typical house. This program is part of

:a study to determine the feasibility of using direct
satellite communication to disseminate disaster
warning messages. The measurements were made in a
manner to determine the bUilding attenuation as a
function of frequency, construction type, climate,
and the elevation angle to the signal source.
. Attenuation measurements were made in five
citie$, Boulder, Colorado; D~luth, Minnesota;
Kansas City, Missouri; Little Rock, Arkansas 1 and
:Houston, Texas. The measurements were madeillt three
:frequencies, 860 MHz, 1550 MHz, and 2569 MHz, using
:the ATS-6 geosynchronous satellite as a signal
'source. Most measurements were made on two prine ipal
house types, wood frame with a wood outside surface.
and a wood frame brick veneer outside surface.

A brief description of the measurement program
and an analysis of the measurement results are
presented .

..- Key words: building attenuation, ultra-high
frequency, direct satellite communi
cation, disastQr warning

1. INTRODUCTION

The measurement program discussed in this paper is one part

of a broader study to asses~ the feasibility of using a 9&Osyn

chron9us satellite tor direct broadcast of warnings of impending

natur~l disaster, such as tornadoes, floods, etc. The feas

ibility study is being conductea by the National Aeronautics

and Space Administration (NASA). The purpose of this measureMent

*The author is with the Institute for Telecommunication
Sciences, Office of Telecommunications, U.s. Department of
Commeroo, Boulder, Colorado 80302.

**ThslaUthor ie wieh the St«tistical Engineering Laboratory,
Natio~al Bureau of Standards, U.S. Department of Commerce,
Bould~r, Colorado 80302.



progr~n w~s to study the addi~ional attenudtlon of ultra-high

fraque:nc:y (UHI') radio signals penetrat.ing to the inside of a

t~ypicaJ. :-:ouse.

Building attenuation measurement.s were m.ade at three

frequenci~s in the UHf' band, 860 MHz, 1.350 MHz, and 2569 MHz,

using t:.:l(~ Applications Technology Satelli te No. 6 (A1'S-6) as a

signaL source. Measurerllerlts were made between October 1974 and

June 1975 on r·;cveral typical wood frame, wood siding and wood

frame, . brick veneer houses in each of five geographical
locations. Measurements were al~o made on two houses during

the pt!t'i.oct the A:rS-(j was being moved from i t[i geostationary

position of 94C'W longitude to a new position over East Afri.ca.

rrhe measurements were made by sampling the signal level at

sixteen loca tions ou,tside the ho~se, then stl,mpling the signal

level at 5ixb~en locations in each of two rooms in tho houst.'.

Due to satellite scheduling constraints, measurements were not

made at 3.1.1 three frequencies on alJ. houses. 'rhe datil samples

wete then c.::omparQd using stati.stical techniques to determine

the avSrage attenuation and the standard deviation of the data
~;ample~.

T~e design of this experiment is described in a previous

r~port by P.I. Wcll~, et 81., An experiment dAsign for the

measurement of bui.lding 1.i.ttf.mu8tion (Office of 'r•.'!lecommunications

'rechniC:',"11 Hemorandutn 75-199, of limited distx:'ibution). The

basic experim~nt aPP~Odch described in that reyart was followed
during ;the mEo)a surernent program. There were, howevl~r, a number of

change~ made, particularly in the statistical techniques used for

the anaiysis of the measured data. A brief discussion of the

experiment design and measurement techniques are presented in

1~his report fox: complete:res5.

2. EXPERIMENT DESIGN

Thi!5 (?Xperilr,en:: ~".I.S deslgned to dl';!t.l~rmine t.he building

"d:.t .... ·nua!t. :i.Or~ of ~;;ldj,o l/;J..':Jn~].lii QlS 01 £un'::·l:.i.Qn of bui.l.c:linq

con8trll~;tion t.ype, frequency, climate, and the (~levation angle

2
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4.3. statistical Analysis of the Factors Affecting Attenuation

Each of the 203 measurements is classified according to

city (5); r frequency (4), construction type of building (S),

and type of insulation used in building (7). Each room was also

classified according- to effective window surface area (6 groups)
and degree of exposure (9 groups); i.e., classified by degree of

sheltering by other parts of the bUilding. The roof conditions

of the building were also the basis for classific·ation. Snow

(3 levels) and rain (3 levels) were considered.
In the analysis of these data, the statistical teohnique

df analysis of variance was used. The purpose of the analysis
was to determine the relative contribution of each of the ei 9ht

factors: listed above to the overall variability of themea:sured
building attenuation data. Thus, ~he initial analysis design

is an 8~factor analysis of variance (ANOVA). However, it is. .

badly uhbalanced with many combinations of factor levels missinq

due to practical reasons ranging from budget limitatio~s to the

uncooperativeness of mother nature and the fact that construction

and insUlation types are somewhat unique to different climate
areas ..

Analysis of the data was made possible by RUMMAGE, a

genera~ linear model computer package written by Del Scott of

the Pennsylvania State University and bmplemented at the National
·aureau :of Standards in Boulder, Colorado, by Janet R. Donaldson

of the iNBS Statistical Engineering Laboratory. RUMMAGE, which
is capable of analyzinq such unbalanced designs, is a mod'ified
form of the MAD package (Bryce, 1975).

I~itial analysis of all the data and all eight·factors
showed:that all factors except room aperture, snow and. rain had
statiseically significant effect on building attenuation. It

·should:not be concluded, however, that rain or 8n~w on a roof

·do not:Mve an effect since the number of measurements with

:anythin9' but dry roofs were very !imall. As always, failure. to

reject:a null hypothesis of no effect can only be interpreted

27
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as an :lndic~ttion of insuff':'cient. cvidehC~ dnd not. tha.t the

hypoth~sis is ~rue.

fl d
. . 2

• 'H~ a :Justeu 1\ for the eight. fae tor lill0.i:l r mode 1 ~as 0.7 J.

That is, 73% of the observed variability in the attenuation
measur:€!ments is explai.ned by the 8-factor linear model. The

residual standard deviation of the measured attenuations about

the fitted model was 2.4 dB. 'l'his is the combined effect of

the vat' iabi iity of the measurements and the vax: i.abU i l..:y of

individual buildings. Since it is only slightly larger than the

1.5 dB standard deviation estimated for the variability of t.he
measu:l::'ements, we conclude that this model represents this

s~t of d?"d:~ rather well.

B,,'C(iU5E:' of the numerous missing factor: level combinati()ns,

analyr:>is of all data to obtain quantitativp- es·timates Of the

effect of eact factor is impossible. A subset of the data was

selectoad by omitt.ing data from bUilding and insula.tion types
that were isolated cases. These are considered separately.

Retained in the data set were or.~y two bUilding types (wood

sidincr and bric)o{ veneer) and two insulatiOL types (blown .1.t1

ceil.lnq and ceiling and walls no metal). Room exposure WuS

re·clas!:ii.fied to two groups (ont"! 0:( more exposed walls and no

exposed walls). This is cons1sLent with the conduct of the

expe:r.:i.m<:mt since, of the t.wo rooms pex: hOUliG, one in each group

was generally cho:sen. The fa(.~tor "cit.y" cannot be used in the

model si.nce it is highly confounded with insulation type. In

int.erpn~ti11CJ the re$ults, it must be kept In mind t.hat

insulation type is generally specific to d given ~rea. For

exa~ple, blown in ceiling insulation and none in the wall~

applies only tu Boulder. We had only one of this type of

insulation .'In any other clirnat.L'! ar<~a.

Analysis of the subset of 147 d~ta points using the reduced

4 facto,t" ANOVA model [Frequency (4 levels) r Construction 'type

(2 le~els), XLsulation Type (2 levels), and Room Position (2

levelS) J show!; that all but room poa:1..ticn arc:>, statistically

sign:i f ic"':ant {at the O. OS level of 5igni:f icance}. However: (

l 28 ad



this factor was retained in the model and the effect estimated

since, with the finer classification, it was shown to be

significant. The estimated effects are given in table 4.3.

Table 4.3. Estimated Effects·

Average 6.30 dB

Frequency 2569 1.16
1550 .39

860 V -1.69
860 H .14

Construction Wood siding - .58
Brick veneer .58

Insulation Blown in ceiling - .80
Ceiling and walls .80

Room Position Exposed walls - .30
No exposed walls .30

*'The standard deviations of the estimated effects are not given
individually by RUMMAGE, but confidence intervals for the
difference of effects for each factor are given in figure 4.1.

Table 4.3 can be interpreted in the following way. The

average attenuation is 6.3 dB. A frequency of 2569 MHz results

in 1.16-0.39:;;::0.77 dB more attenuation than a frequency of 1550 Mllz

and wood houses result in 1.16 dB less attenuation than brick

veneer. Confidence intervals for all such differences are given
in figure 4.1. The predicted attenuation for a room having any

combination of levels can be obtained by summing the effects.
For example, the predicted attenuation into an unexposed room in

a brick veneer house with insulation in the ceiling and walls at

2:569 MHZ is 9.14 dB. The standard deviation of this predicted

v~lue is 0.23 dB. The predicted attenuation for the opposite

extreme condition is 2.93 dB with a standard deviation of 0.27
dB.

The residual standard deviation for this mOdel is 3 dB,

~hich is consistent with the 2.4 dB for the full model. The

29
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interpretation that should be placed on it is that measurements

on individual buildings of anyone type will vary with a standard

deviation of 3 dB. The variation is due both to random measure
ment error as well as to the variability of the bUildings. For
example, the predicted attenuations for the worst case bUilding

above was 9.14±O.46 dB (!2 standard deviations). To account for
the variability among buildings, we might add ~2x3 dB to cover

roughly 95% of all buildings of this type, implying that an

att~nuation of 9.14+2[(O.46)2+(6)2)~=15.2dB should be allowed
for.

An alternative analysis might be the follo\tiing. The (3 dB)2

residual variance is the sum of the measurement error variance
(1.5 dB)2 (from our previous analysis) and the variance between
builaings, which must then be «( 3 dB) 2_ (1. 5 dB) 2) ~::::2. 6 dB. Thus-,

a ~2 st~ndard deviation allowance for building variability would
be +5.2 dB leading to a design attenuation of 14.8 dB (hardly

an impressive difference). The rough analysis above could be
put in the form of a tolerance interval, but the size of our
swmple hardly justifies any further work.

The adjuGted R2 for this model is only 0.14, but this is

because all of the isolated high attenuation cases have been

omitted, thus reducing the total variability relative to the

residual variance.

4.4. Discussion of Isolated High Attenuation Cases
Figures 4.2 thru 4.4 ~re plots of all the data versus city

(with separation of individual houses) versus construction type
with separation by frequency and v.ersus insulation type with
separation by frequency. Plots of data are difficult to

interpret when more than one factor is influencing the data.
However, by comparing several plots we can present an

explanation of the statistical analysis as well as a discussion

of the isolated cases that could not be included in the formal

analysis.
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Exhibit 10

Worker Health and Safety rules of the Nuclear Regulatory Commission provide a precedent and
mO,del for what States and local jurisidictions may require and what record keeping the
Cotmussion may require.
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t.et til. 8eenbv7 of Rnet"W7 J)UJ'SM1lt to
"IlYon .1(..) of t1ltl Depe.r~meh' of ED
UfY Oqr&nt_UoB Act (Pub. I .. Ilf.--Il. 9t
91.aL sa at. 517-{;VI. a U.S.€: 71&1 I-

lJmM ai, C!tJlt'DI'''lthM lUAC) ll1I!1l/t.!I
thl! IJDne~nt.Tluk!1I of .. !tlvll" ~10·

Rucl"'l1 I" all' WIllch. If nn...t.lu.d by tbf!
r!>re",,",~p mll-n rnr & 111'01' kinlf ye"" t'l
Z.llQO "OUN' unlter r.ondltll)lw or light
w..,,,k lInhf<I..t.to~ "'t~- l.~ <,ullolc metAl"
tll Rtr 1>f'f hour}. nlAlI}t" !n an In\4ke or
Hne ALl. UAC vallle& ..~ triVUl In 'fable
1. Column :\. of allllendh 8 to H20.IOOI
20.2401

Jla1ri.1lt"fI (Ii" cJJ1lC'f'nlratwn-hou' (DAC·
bour) i. th~ prOl1QCt. of the GQnce!ltl'&
Lion or radioactive ma~r1a1 10 alr toe.·
prNl8tld u • fr;v.tlon or mult.lple or t.~
ciRri..," Air \lOnullt.ratton for e.eh f'di
onlKJld.,l &,.,d Lbll t.lm!!! of eXVOIUI"e to
tbat. radtonuellde. III !lour.. It. lteen..,
mAY tAllfl 2.008 nltC·ho"... to ~,...nt.

0"" Al.l. equlvlllent w a committed ....
r"CLlvo d{III't ""lul.,lllefl1. Qf 1\ relNl (0.0&
B.,).

lloJw. r>r rndlilfioll doN til .. nneric
tI'-Tm thl\t. nl~llT1A abllorboM' 40•• do_
fl!qulvalent. 8rf~<:t1ve tic..., ....t\'alent.
rommtt,1.ed dotM:o "Jul".I_t. cornmtt.~
efleet.l \'e d~Il" eql)iY~_L. or t.o~1 flf
{"!octi .." 1l0l'.1l I!!q tJl""lento. .. lien ned. In
o1.hflr PRT~lIh. or thllllHlctlon.
nl)~ "flu/MI,-nl (fl.) rnfORn. ttl_ Ilrod~

u~t. of t.bA lLm.orl>Ad dOM! in L1MIIIIJ. qua"
lty f~tor. and all ot.h..r nec........v
mndll'Y)n1l' flL('f,(',1'II at. the lo...at1OIl Dr In
t.eT~t.. Tht> 'lnlt... of doM equ! valent. llre
the rem ann '!litlYert (~V}.

f."}n.~IT_1o' proaJrItJf' mMnt an Indlvtd
IIlll Dr 'lflfRnl7Aotlon t·hal'. JlTllt~uell Ilnd
PYahuat"R IWllvtdll1d monlt,orink ftquip
rrwnt. I,.. orr)..r to <11!t..nnlne ~ radl
IlM<tn doow <l<>.ltwrPrl t.o the equipment..

f.1ffY'ti.,.~ d"" ..,uiVal,n1 (Hr.) 'II t""
lIum Ilf '.1'1., P\'"Q"Juet~ l'r \hfl dOfltl eqlJllla
1~1I~ t.o t-h~ nrl!lI11 or thWll" 11..(r) llnd tbr
·_1,l\t.\.~ '1lo:I.PrII (w.1 Qppl\C!abll' to
I!".'t! of the 1;001' lJrp:l\nD '_'1" ~.j(lllUe1l thAt
are lrr.diat..." f~ " 1:11',",-).

ElnbTNf)/fellu mt"tIrtll thl!l lk..,eloplJllf
huml\" flr)rl\.niR!T\ from conr@ptl()n untn
t.he tIme of t)lrth.

""tTonef' or ItlTUS point meanR ~. 1::J.
cation thr():J~1! w~"I'.h Itn Indlvli1IlA'
oolild ."In ""'l'-f'flIl t" nulla-Mon areao or
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