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". ppiltc1pal abj.ctt ... of the " .... ch d •• cr1bed tn thi. "pert haw 

been to acld.w iJIprowcl undern&Dd1ft1 III th. butc phJ81cal p-oc ••• ". 1ftft1 ftd 

in the dt.,....t ~ airbarne _tertal 1ft tho t... a .. ptaer.J and, 'k»oatabl1ah 

8IIp1r1cal nlatt .. bt.pe be1Men batr dittu1_ JIIIr-ten _ cl1Not .'-ero1oc-

ftl"1ny of ,8neral .... ther cor.dt tlane. Then object1 ft. haw boen acb1ewc1 

hr~11 _ tile renlt or a ... i •• ot cCBpreheneift t1~ld. ab ... ftt1aae in,",lY1lW 
- \' 

"eiEltafteaal _uur •• lnu bttth of dittue1cn and tile structure ot atnoepheria ---_. \ - \ 
t'll"b\tleee. !he dittu.iaa _~ftte c~18~, l~ft awrac. CCIM)eni.rl.UOM . 

of nl.tW-cl1oz1d. IU eattW tr". ! =e::t11'lloa. point .ourao ,...,. ~CNId lG'N1, 

at trawl dlltanc_ tJ"aa SO to 800 • traa the relaue-polnt tw tho tracer. Th. 

_tear01oc1cal ohM,....t,~en. 1nc1uc1s __ ... irIS lpoeda, fNqul'107 d1atr1buttane at 

probable ft:I"1at1~ 4.11 basic d1ttutlt1.on pa-_ter. owr trawl d1staftc .. ot the 

orc!lIW!' of 1 .. 1ft all l'!ordlt1one of th~ .• trat1t1cat1an. 
L-



Anal78i8 01' the"e _uuretlent. 1ndieate. that the predicti"n ot d1s-

ptrl.l ttll' •• 11-8Ca1e Jl'oc ••••• i. 1\ r.L1tiftl, I~J.. -..mer. SaUstact0J7 • 

est1at.e1 ot ctitlusion !rca a cant1nuOWl point source De .. grOUDd le.,.1l are pro-

rided b1 a 1cn000ledp ot source Itrength, _an wind speod, ancI the trequ.nc7 

diltribution ot aSUllth wind dlreetien. In the pres.nc. of temperature 1nwr~ 

sions, ttae eltt.atel tar a particular lite are la.ewhat iapro.,ed b7 the inclusion 

ot a measure ot thel'Ml ItratificatIon, lUeh .. Richardson'l nwaber or the 

Stahil1t1 Ratio. The di.tribution ", :zimuth wind direction appears to contain 

implicit intarmation on lite roughne8. and other tactorl attectinl dispersal, 

\ 

&lad the .tanda'd d.n.tioD ot u1ln1th wi,-,d db:ection Ihowe promil. ot sernnc 
\ 

\ 

as a uniftrsal ditf'tl!lt'lon ~.ndicatar; .·lsurea or tIler_l stratiti('ation, 011 the 
\ 

ether hand, appear to be largel, independ.nt ot site characteristics. Th. ex­

~ntal rc=ults fUg~st a s1:ple ~,eoretical diffulion 20del that is utilised 

in the deri~tion ot a cOMPlete set of small-.eal. diffusion equations applicable 

to eleated al well aa gr('Und-le~l IC\urces. 'ftle equations are closel, s1m1lar 

in tona to those ot O. O. Suttcln and dUter principal17 in the sub.ti tution ot 

direct _tearolopcal indicator., the standard deviations ot u1au+"h IUld ple-

vation ansle, tar generalised eoettioients dori.ed frOB tho Y8rt1ca~ protile ~r 

_an wind wpeedJ and., in the aDleftl.:e :-t restriction on the value ot the power-

law exponent on trawl distance. Quantitatiw elti_tes ot Nx1Dr.un ground-level 

concentrations associated ~th ettlu~nt emis.ion from tall stack! are obtained, 

t:1'" B wide range ot ther.al stratitination (!'lear-neutral to extreme instabilit7). 

troa til., equations .and ~he experiMntal data. The ros~l.tl scatter about, Sutton 'I 

esti_tes ot -.xi .. arOQm\-le..-l cone.n~at1on which appear to be reliable tirRt 

/" . 
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-a"pron_ticns, hnwenr, the d1stanccs trom tho ~aso ot the st·aek at whh.'h thc!tc 

concentrations occur arc slgniti:ant1y smaller than Sutt~nls ~stimato. 

'aat-re.ponse data. obta1n(.'Ci mins Frojuct. Prairie Gras. trOll tiY(' 

to! Yanes and h(;atec:l-ther"~CNp1e anomomct(!%"3 alignod <:1 thcr para11~1 :lr l.(lrlll1 

t.t'hniques t.o proYldo cs1ii_t.es ot pOfft:r spectra and th, Eu1,;riUl scales cf 

turbulence wi thin the frequoncy range trOll at-cut 0.5 te 0.01 eyoe1es :sec-1• 

Anal.y!ris ot 8("a1e est1matcs tor the eddl vc10ei ties, bfl80d ~n the rc.sulta trOll 

twelve experiments, indicate the .following t<:ntatift conclusions: Fluctuat.1ma 

in the .-component are suller than tht: mi~ separat.ion distance flt 6 !Il used 

in the exporimcnts analysed to 'iat.e 11M n" de~~led s:alc estimates are possible. 
\ 

During the dayti .. , 1M at night in ta'le presence ot tb(;rma1 Wta~i1it7' thoro 

is a c"ntlnuous sp~ctrua or eddy sizes tor tooth thc u- and v-comron~nts within 

tho fJoequeney rafl80 _raced by the l!Casurcl!l\.nt!l. Only :slight dirtorcr.cos are 

noted bttRten tho ·olat1~ dimrn!i~na ~t th~ u- ~d y-eomp~~cnts .nd botwcen 

Y-eompon"r.". Ill' "ou' loe .: .. la&rgor than those tor tho u-compon",nt ami thoro 1s a 

tendency for th6 rl ... c tuatiana in b.,th ccmpononts to be e1ongatod in tho dirt."ctlon 

the loogi tuciinal sea]ol and til\) !'luctua t.iona in the 'Y'-cOlllpcn~n~ ~ond to bo larger 

t~U! +.hosc in th~ u-N""poMn~. Tho spectrum at c.diy sizes to"ll'.t1 during tt'.o night-

tir:\:l ohscrfttlonl itlt not. eontLnua\6s owr tbo wholo trbqutlncy ranv.~; low trccr.lo~y 

fluctuations ero pro!ltC'nt nn17 in &bcut hill!' thCl C!lSCS .tud1od. When tho seale 

'" 



a elol' linear l".lationah1p l'.~on th • .ari.tel 11 indicat.d. ~,Tt.ber.DII1n-

cU:rection of _an tlOll .. e equ1 .. mlent and &l"O related b7 tbe uual 8Uba\it1lUon 

X·" t. It app8U'1 tIlat the da)"tt. ,calo oltiute, will be of liIIited UI. 111 - --
ezplaln1, .. the lo-.1n d1ttusion alUUre.nU ,tnt'e the _jer teatures of the 

ti ...... pl __ pr1neipa1lJ l".t1&ot the Whence ot 'fluctuations with frequen­

ciel bolow 0.01 c,cle, ,.c-1• 

'ft\e variatian in buic diftu.ion parameter. •• a 1'Unction of the period 

of lupling we, inwltigatac:l in a .oriee of neld oxpcrimonta condueted at P.oulld' 

Hill durin« the taU c.t 1957 J INltUl"-d1ox1de ,a, trOll a continuous point 'CNJ'ce 

lnelltAtd Mar grour .. 1 luft1 was qail, ,",sed a. \ .. tr"eer. Tho • ...,11111 1LIT&7 com-

priled tmoe. iJD ... penc!ent1,-oporatod, OftJ"lapping i'(;tworks 10eated at a heilbt 

ot 1.S • at trawl distance. of SO, 100, and 200 a; 11Jll1ted coneentrat1on data 

were also &.ilablo alone the \'\:rUcal coordinate tor tho layer fra. 0.5 to 

2.S It. iftl .. expr1.Jlonta wore basod on lamplin~ intervals ot O.~, J, and 10 ain. 

Rosult, of the data analJ8i •• ha.r that, at night, averago peak eoncentratioM 

ffJf' the 0.>- and J-min parioda are about 1.3 u ... lU"gor than the obo8l"wd 

l"-"dn "lull... nur1n« the daytiM. a~'!".~'t peak ooncentrationl for the 0.5-

and 3-ta1n l..,l1nc periods exceed tho lo-.1n ft.lu'l b7 factors of about 2.1& and 

1.5, re~ctiY8lJ. Th. IhfJf'tar-perlod ~iation. in b.sic plume eharlotoriaticI 

.,.. hilh17 cOl"l"ttlated w1t1l lo-.tn ltandarcl clenationa of uiJllutb w1ncS cHrocUonJ 

th, •• rolatior.ahi,,1 arc utilised in obtai~ e.ttatel cf the probable nria-

tions. at tile three trawl d1.tar.~es, in peak concentration f':!r a.IlpUn« periods 

hAl 0.5 to 10 II1n oW!" a range of tbcrmal stratification ftxtcndirag trc. nuU''' 

9'\eu~.l to extr .. inatabili\7. 



·:t11~;!_llIJ411'.1~~"J.Il •• ,~lJIj.'M.'~~~~~"~~~~".;., -.. 
.... de ... ~nts in a.!tearolopcal 1n8t.ru.ntation 1nelud. low-inertia 

of 1111l' tft tall Oft a ....,to dio4e onc. cNrlnr .ach rota tim of the eup whoel. 

ft ... tMtr __ u an rart!cuw17 uaehl1n obta1n1nc nw:reaentatl"" MUU!'o-

MIlU of ttl _an wtncl apeod 1ft the pI"O"tlee or ptab18 +..b~ .t.r.tlt1catlon. 

Ccnsiderable .ttert hu beeD dewted to th@ '!ie.ten and c'.'Mt1'Uctlon ot a .JlltOlll 

tar the aute.tic eollacticn and ..... entation of data t-... the t •• t-respons. 

abstraetiaa and reductlcm attart betare the .uur_nts ar'(; 1tl • fer. SUitable 

i • \ 

ter h1........, •• d cOlllMtatlona. ",. s,ste" ""at· h~ owlwd ,...tonu toar _jer 

twlo~1~ I encocSinc Cti anaJ.cc "ntarmattcm (shatt\ I"ota tion. wl ta!@, ete.) fro. 

~ rela7 ••• 01', unUl the, can M placed on paz-tar.ted paper tape, deeocl1", or the 

pepel" tape I and, Jr .... tatlOft of the data 81tber 1n the tora or .equence. print.ecl 

on an !lit electric t,.,...iW!t cr u entri •• on l-"UI1:h eU"d.. Construetion or the 

or anal", to btJlU", con,. w. m the II1C1'otarqu, potentiometers nN used 1ft 

the b1ftJ11., a iiiliilber ot satillrfactGr1 t1P8tt Id"t:: a""llable. 
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t~ hellhts on portable tower ~ur1ng the dtttusion experl-
aents DX1l 

, 
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I.IJft'RCOUCTIC« 

The dUtuslcm or a1rbcrne .terial in the 10Ml1' atmosphere 18 ot parti-

cular 1nteNn to _tecrolopsts tor at le .. t two re .. ons. Firlt. th ... an IUIIJ 

practical prob~. ncb aa S.,1ea eereen1ftg. 811d.a81on of cont.ud.nanta trail tall 

ataelea, .te •• which "qtdr. dependable quantltstl" .stt_t.s ot dispersal in s 

wide ftl'iet,. or .att.r condlt1ana. Seccnd, MII7 of the unaolftd pl"oble.. in 

the physics of the .arth's bGWll!&1"7 layer depend fer solution upon t.pr0YecS 

mCMledge of the edd,. transt .. process.s responslbl. tor the ftl"tlcal cl1ttullon 

ot characteristlc a1r pr"operUes. such &I heat .... nt .. and water yapar. All 

th... phenaama occur aa a ccnsequence or turbulent IId.x1.nc and It appearl UlealT 
\ 

that the s .. basic I118Chan1~ are 1Jnoolved in each lnatanee. D1ltuslcn .tuelles, , 
\ 

therefore. serw s dllal pur po-J the7 contrlbut. \21ot only ~o t';" solutlon ttl 

ba.lc prcbl_ 1ft _teorological ph,aies, but also lead to the resolu1.icn ot 

.an)' .... ctical flI'cblnl. 

TIl ... haft been t1IfO principal 1J.nec o£ attack tollowed In atmolpheric .. 
~aicn I'tudl.s. Th. older approach, identified with the well-known "ork of 

Sir arah .. sutton Iftd other British 1ft~ •• t.1gatCll"s (1. 2; lJ la). utiUles till 

Yeniul II'mient of mean wind speed &I the primlry _teerolcgical fActor in 

predlct1ftl diapersal. Th. el1t!'u&iw. "'''eeries thua deriYed appl,. strictly to 

s.ll-scal.e dUtuaian 0ftI' a r.lati.,.l,. smooth surt .. ,... in the presence or ne&!'-

neutJ't.l thermal strstit1cat1on. Ext.enaion o£ the theeri.s t.o the lIICI'e-rrequent11 

encountered thermal stratlticationa ot temperature lapse and inversion. to rouah 

surtaces, mel to tra .. l distances in exces, or ] lea has been qu .. tioned. R@If!ent 

dittueicn .asurelllllnt. (Sa 6; 7) appear to cantin the •• l.im1tationa. HCMe'ftJl". 

.",' -
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1ft n... ot the ca.plex1 ty of .tmoepheric dUtua 10n an1 the l1m1 ted earp1r1cal 

data aft1lable •• the tt. the above theorie. were toraulatec1, the wart of 811" 

Wi thin the put decad., 1ftvestiaationl of atmorpheric dittualon h .... 

been pided b1 a d1tterent polnt or ft_ which bolds that 1I:Foved und .. s~ 

ot dupersal proc •••••• ..s consequ.nt s1llpl1fs.cation of p-ed1ction i.echD1quea, 

d.pends upctn incre.sed ICDCM1edg. ot the atruct1.1Z". ot t1.1Z"bul.enc., i ••• , tluctu-

Hlll Fi.ld Station or the Hus.chus.tts Institut. ot Technolo;7. In the initial 
\ 

r ••• arch POop'''' attention "AI toe,.ed lD"incipally on the deftlo_nt ot 
\ 

\ 
_uv .. nt technique. '''itabl. ttlit' st·!"\)'ing tluctuation. in ,,1M "lOCit7 and 

on thl utili.ation of tMS. techniqu.s to }:i'o91CS. basic 1ntor_tion on t1.1Z"bu1ent 

.truot ... (8, " 10, U). DuriDI the "..io4 covered by th1. "port, the r ••• arch 

pl"ogr_ hal had QIo princllMl1 objectiftsl (1) To obtain silllltaneOWl, compre-

h.ftli w ... ttUr .. nt. W..h at ditfusion, dewntl,Ud trom • continuous po1nt .CW'ce 

loc.ted near grClW'ld lewl, and of the .t.rueture of turbulence in • wide ftr1.ty 

of ..... &1 ... atMr condltionl. (2) To •• taba.h, from these data, esrqW1.cal 

tar8lUlatins t.echnitlu •• for prodding :Jat1atactcr7 quantitative dUpersal 81ti-

_te.. Achi • ."..nt or th •• e objectifts haa ih part depend.d upon an ext.nsive 

... 1., of d1ftUlien .zper1a8nt. in wh1ch .ul.tlIr ... ..1ox1d. ,a. .. used aa a tracer. 

Midpt 1IDp1n;era conta1n1n1 10 III ot cUlute hl'drog.n-peroxide solution .... 10-

catcd at "l'Brj OUI distanees d~ trfWl a cont1r.UCN' point, .ource. During the 



experiMft.. the 1apincers wer. aerated at a lcncMn, constant rate J sultur 

dioxide pres.nt ln the -1:' samples reactlPd 1"d th the h7drObel'1 perox1r!e to tor. 

_lturlc acld. tJru incre .. ins the electrical conducti\i.t)· of thl solutlona. 

Tl ........ ~ concentratlone tor the 10..oId.n .ampllft! periods were deten1ned trOll 

laberatorr anal,.e. ot the conductance or the aerated solutlons. This technique. 

which ~ond ftry reliable, 1s eapable ot deteeting concentl'atlonsotorie rart sul-

IUr dioxide 1n one hundred million parts or"air. DurinG 19~ and 1955. twent,-

nine dUt-Ja10n expert.nts were conducted Oftr a 200-. rAnGe at the ROI.1nd Hill 

Fleld Staticn. In the aur.aer or 19$6. appraxiwata1y sevanty ,.1m1lar experl-

menta were conducted oftr a Mx1 •• ranse or 800 n dur1n,l Pro::ect Prairle Or .. s. 
\ 

U .xtena1 ft serle. ot dUtus10n exper1menta sponaored br the Air Force Cubrldal 
\ 
\ 

Ite.earch Center at • t1~ld site near (\ltf.ill, Rebl'uka. The Project Prairle 

Gr ... ap8rWntl aleo included an at.ene1ft eerle. or .. asurementa or tluctu­

atlons 1ft Wind "loci tr. utiU.atnc tift bl vane. equipped with ; .. ated-thermocoupll 

anelftOMtersJ these lnst.rwlents were IIlOWlted at a helrj1t or 2 III abo' .. the r;rcund 

and placed either parallel cr normal to the 1liiian wind. t!1rectlon. Analyals ot 

these data to pz"mc!e intormatlon on powtrr spee1i!"a and the scales ot turbulence 

1. proceed1n!. Durine the taU or 19$7. • new series ot d1tfUsion experi."I!nts 

u a function at the duration ot the peri.Of"! ('It lampl.1nt;. Throe 1Jxleperdentlr-

operated supllns netwcrkl at trawl t! :tatance. ot 5'0. 100, and 200 III were utllised 

in lllluurl.l1I 'ft!"age conclntrationa tor SUlpl.1.ni perl0d.8 ot )0 svc. 3 min, and 

10 min. In the course at the d1ttulon uperu-nt8, certain 1mpro~t. were 

Mde in e x1sting _teorolo;,lcal il18t.rW:.nt.at1cn ancl .oMl progrees achieved in 

the devel~nt ot a cs.ta-reccrd1n,l S,.t.ea_d881£Ded t.o t~111t.ate the handl.1nc 
L-

/' 
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of both rut- aid l].(w.nlpo.e _teorolOllcal obe8rftt1ons. 

ftUch of the r •• eU"Ch Mntionecl abo_ hal alzoead7 been d •• aibed in 

detail in ftM.C'UI pabliahed ~""I (12; 131 lll) c:a' in • GeophJ81cal Rel.arch 

Paper to be lined in the .... future b7 the Air Porc. Caaln-14p R •• earch center. 

Th. ,."1"&1 pIa of thil r.part 18 to eu.arl •• brlet17 the __ 1&1 that 11 

aft11able ellMMhft"@ aid to deme pr1nelpal attention to those aspectl of Ute 

\ 
\ 

\ 
\ 
\ 

.. 
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II. DtmlSIOIF ttr.&StN21!Ift'S AT ROUHD MItt AND O'NEIIJ" taRAS. DURIHJ 195b-19S6 

A. Briet... '7 of aperUIIItal techD1ques 

APPI"ox1_~l~ OM hundred t1e14 exp .. ,..nt., utlUs1ftc sultul'-cllox1de 

,.. • a trac .. , .... cond~ tect c:tur1n& the period trca 19$1& thrOUCh 1956 at 

two .it,... Round HiU 1ft(! O'leW, Nebra.ka. About bait the expvt.ntI at 

each lite .... caTled out in the presence of unltabj .. , th .... l s trat-Uleatlon 

and Nlt in ttle pre.ence ot t.perature inwrslont. Twent.,...n1ne .ot.a or d1t .. 

at s.lected polnts dGlll'lldncl tJoom • contlnuO'Js polnt sCIUJ'Ce lacated near I!'cunci 
\ 

1ewl, ,..... obtained at, Round Hill dur1nc 1951- anrl19SS. Th •• ...,U~ network 

\ 
consl.ted ot 183 deign ~er. MUnted at a helght of 2 • alq ~hr" .em.-

\ 

circular arcs at tl"aft1 diat&nc •• ot SO. 100, and 200 .J an angular .. pare­

tlon ot 3 des between lndlnctual illplns8l'" was u.ed at all. trawl dlstance •• 

The ~." ..... upiratect a~ tho rate or 1.S 1 min-1 b~ Man. or _cuua 

.OUZ"C .. po.t tlaMd at the lIid-pointe ot the arc.. The suUuZ'-c:llox1de ~enel"atOl" 

utilised a lOO-lb c7l1J1der of llquict INltv 41ox1de ilDl"sed ln a conetant-

or the tracer' .. wg.l,. 1UT'r11-.d b7 the "at.er. thll facilitated maintenance 

ot A COftltant n1llicm rate (S to 10 I •• c·l ) thrCJlghCNt the lQ-adn • ..,11"1 

p~iod. The total ~nt or gu released dur1nc each IXperinent regl.tered 

an ttte dlata of a lars. p. _.. Atter pas .... through the m.tel", the tl"ac.1" 

as condueWd i:.hroueh a lOG-rt. le~th of c0l'T!eI' tub1n(: and released ftrt1cl.ll,. 

at a heir;ht of 30 OIl aboft lI"ound laftl. Prlor to the st&I"t of the lQ-lIl1n 

.<r_~. _____ .---~ .. -

·'-""'l: .. ~.'~~'-}i::;f~"l"""4r. 
",- ":'<" 
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network, .atlJ"ce Optration continued tor a .hert u.. &ftc' the •• pl1nc period 

laW tberllDCOUpla, iD8talled at tour 1ewla an a pc:rtabla t.aw.r, tf1l' MUUI'­

inc wrtical aradienta of _an wincI .peed and air temperature J a cup aM­

.-t. ... and ... ..ncS-d1rection .... , 1ccat.ed at a height ot 2 III near the re1eae 

point, rtlr det8l"ll1ning ... an wind apetlCla .... tr .. quenc7 d1awibut!cn. or u1auth 

wind direction, tmU" bi.,.,.. equipped with heated-t.herllOCouple &n8lllcaetezo. 

tield 1natallation 18 pre.ented 1n tile 1. T.tnallr 8W1111m"ie. ot the coneen­

wation .. suremer.t., Aid alteor01o;1~a1 oblerfttians obta1ned Jur1n8 all ot 
\ 

\ 
\ 

the experimlnu are presented in Appen!1.x A. Descriptions of the exper1l8nt.a1 
\ 

t.echn1quee and di.cua.iona or the restl1 ta or data anal,.i. -7 be tound ela ... 

where (13. lJ&). 

Sewnt7 lets of sW1.r concentration data were obta1ned at a neld 

lite !War ('· ... ill, Nebruka 1ft the ~ or 19S6 durinG f'rojeet. Prairie GrUI. 

at a heiaht of 1.5 • alonj t1..,. concentric aem1c1rc'~:ur .rCI located at waft1 

distancel c4 SO, lOC, ~OO, hOO, ar.J 80C a. An angular separat.ion of 2-d ... wu 

used alone t.he tour i .... arel while a l-<!eg I.plration •• "led at 800 m. 

The reaa1n1nc 5Ia 1ap1ng.1 were 1lDUDt.ed at. nine 1 • .,.11 an .ach ot .ix llaht.-

_ight towere erected alone the 100-. arc. Aspiration wu pronded b7 cleftn 

fteUWI uni te 8'.:i t.abl:, poet to!",'*'- til th1n the aampl11'111 network. The sultur-

.- .. - . _ . .-.. ,--.. ~ ----- --
, 
• 
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dioxide generatinG apparat'" wu basically s1cilar'te that previc'.u,ly 'Jsed at 

Round Hill tout. due t~ th., longer travel distances involved, capable of main­

taining source strengths within the r~e trom 50 to 100 g sec-l • To lllini-
, 

mile the disturb.nc~ or the natural au' rlOl\" in the vicinity or rel~ue point 

t~ the tracer. the genert-tine apparatus wa~ set in a shallow trench and the 

gas conduc tee throu:;h a SO-m length o! buried pluti'~ pipe berore being re­

leased horizontally at a hei:;ht ot La6 cm above ground level (see fig. ll). 

A contour map of the Prairie Grass field site showing the location of the 

arcs of the samplini, network and other lnst.alla.1.ions appears in rig. 2. A 

schematic diagram ':f t.he "ultur-dioxide benerator is presented in tig.) and 

\ 
rhotographo ot various cor.tponents or tne ti_ld installation are shown in tic. 

I 
\ 

!.!. P1etecrologlcal JA,str'Jr.'Wllntation included., cup anel':lOr.teters and tdnd-clirec-

tim vanes mounted at a hei:;ht of 2 Cl both near tl'.e release point tor the 

tracer and at a distance of La50 m directly downwind (north) of the release 

point; tive bivanes, outt1tte~ with heated-therooco~~l~ anemometers, mounted 

at a height ot 2 m at t~e northern bOuMr.y ut the field site. Measurements 

or Yertical profiles of Clean wind speed and air teClperature wr.re made by 

Texas A & H. Neteorological observations Mre madf! over a 2o-ad.n sampling 

netwark "u rlaced in operation 1mr.1ec.iately prior to the start or tho ~as 

release and continued in op4ra~ion tor se~ral minutes atter the end of the 

.,.. .. 1 ease, \'lntil the tracer had cleared the 800-m arc. ~etailed descriptions 

of the conduct ot the experit.lents, discussion ot the reliability ot the meas-

ure:::ent.:!, and .(;~:;lPlete· tab~l:lr su.."T.Iaries 0: conctlntration data ancl I118teoro-· 

"("I~1cal obs~vations are avail;~le 1:t· 0. ··~eo"hvsic&1 :~el:(!.:-ro~· ta.,er currently 
E:-

/-
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Fig. 2. contour map of tield site tCIf' P!"oject Prairie Gruft ahorr1.ng location ot 
sam;:-ling arcs in dirrusil:ln network (dashed lines) and other instAllations. 
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(b) 

'Fir.. h. Pbotop"apha of Project Prairie GrU8 ditru8ion 1natallatior.s I (s) !!t1ltur­
dioxide generating apparatu8 J (b) release-p:)1nt tor trr. ~er ~ (c I lId.c1&et 
1mpirIger 1Mtall.ed on one or the 60-", tOftrS J (d) intericr or labcratC'l"7 
building 8hOldng sterage 8helTe8 ter iJIp1.nI!er bukltts. 
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b~lng prerared r~r di'tributi~ by the Air For~e C~mbridge Re~eareh Center. 

Oth-.r del~r1rtion8 otthe d1ttusi~n ... suremant. ~ the results of data 

analys18 _y be round 8laMtlere (12; 11). 

It sh~ld be poin~ out that ~urtae. rou~hness eharaeter1sti~~ at 

th.- t,,~ sitt·s are ~Jite ~irrC!"cnt. The ~f:'el11, !!etra=~ ::!tc i:: ".:.":'..t::u:lllj 

smooth ( s" <1 CII ) with an unobstructect upwind retch ot at least 1 km. 

The Rcund Hill site il unusuall7 rough ( '0) 10 CD )J trees, houses •• slMll 

buildings, and ditterp.neea in ele.,.tinn or the order ot 100 rt are found 

within a distance ot C.; to 1 km immediately upwind from the test area. 

\ 
B. R"~ul ts of data analysis \ 

\ 

1. Basic relationships 

Rnr1zontal and ~rtical cross-secttons tor ,everal time-mean ga~ 

pluM'!! obtain@d tiuring the Project Prairie irras. ditru.icn experi,...enta 

are presented in rigs. $, 6. Thrse sxamples indicate the variations in 

characteristic plume teatures (width, heisht, axial concentration, form 

~t the cnncentration ,rotile, etc.) observed over a wide range ot general 

wrathpr contii tions. The f\~nchul1entAl problem is that of re.1.atin« thes" 

nbserved variations ~.n diff'tl!io.~ parameters to metenrologieal quantities 

which may t~en b~ used &I useful indices ct dispersal. 

All the diffusion experiments reveal a very close relationship be-

t~en th~ strwcture or ";he ti~-mean gas plume and fluctuations in ali-

mutt. wind direc tion. The d ~ind axis. ot the plume is found ap~ox:1mately 

/-
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narlSOl1ta1 cross-sections tar selec ted PrAirie Gr .. s dUtua10n apel"1-
::lints. caocentratioD 1sorlet.ha U'e in III a-3 tw standard source strength 
C't 100 g sec-1 and .un w1Dd speed at S :IlL sec-1 • <a> narrCIR, s,...tr1ca1 
pJ.u. characteristic of stable thenaal stratU'1cat1on; (b) excf.'pt1ona117 
ftIII"I"CIIf, s,...tr1cal cla)'t1Jle pJ.u. ulaciated wit.h high w1nc1 speeds; 
(e) d.~.i~ ~,~~~ in ~hieh th~ ~h~re ~r th~ e~~ntrat1on pro!11~ ehLft~e! 
s1p1tic'Ult17 wi ttl travel distan.;e J (~> .wide, 1lTeguhr pl.wae character-
iaUc ot strong Ilidda7 cODftCtion. E:-
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along the direction o! t!:.e ""'~'l .. .ina and the lateral distribution of ~on-
I 

centratian at all travel distancos corresponds closely tC' the frequency 

distribution of azimuth wird direct1cn. This corresj:'(,:Mf!lnee is be!'t lit 

short travel distances and tend! to decreue with increuing travel dis-

tanee due to enhanced dilution at t he edges of the plume. Concentration 

profiles at three t.ravelJ1.st.ancfts anJ .rl·e.~u.u~~y distributicnl ot ui=t. ... 

wind. direction tor one ot the ("Neill, NebruJca nightt1a experiments are 

presented in f'1g. 7. Over trevel distances of the order of 1 kill, the time-

mean gas plume thus ~ppears to be cOl"lposed ot el.amentar7 fiLaments that 

ha.,. traveled dormwind trOll the source alan~ lines ot conaulnt azimuth 

beari,.. Recent, experiments in England (15) and 1n this cCluntry (16) in .. ' 
\ 

dicate that Yertical ditfusion ~1 La d~scr.ibed similarly. Basic features 
\ 

or plu. structure (peak concentration \ p \, 1nteb!"ated-crosftWind CODeen-

tration X CIC • plume width !! ' etc.) are consequently highlr correlated 

with the standard deviaticn ot uillll1th wind direetian () A. In th(' presence 

o! thermal instability, carrelat10n c"etf1cients between () A and the var­

iates mentioned above lI1"e approxir.la~ely 0.9 at all trayel distancesJ dlll-i.ng 

staJ)le thermal stratitication, the correlations are about 0.8. Features at 

plume etructure, particularly )( CIC ' are alao s1gnit1oantly related t.o 

measures ot therNl strat1!'1c lltion such as r:1chardson's Number R' or the -
etat111ty Ratio~. I\e,,'.:l~:J or IftUl+~~la ccrrclnticn !tudi~! show that Art 

index combining both ':j- A am either B! or §.B is or advanta.::e 1n predicting 

n1vhttime peak ,:oneentrations am daytioe intecra~ed-croe!'W1M cc.:ucantra-

tionsJ dr.7time ?8ak concentraticns and plume wi1th 1n all !tability strati-

rlcations ar~ t·ut predicted by C· A ~W~C; 

predic ted by §B or !!! alone. 
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Whe~ the Rcu.nd }l.ill and C"::eill .. l!ebra,jka .ll!'f~~icn It~asurt"mcr.t.! fer 

the same travel distance ar~ plotted aga!~!t :;-A' thp lea~t-sq~ares re-

g:-ession lines for both seats ot data &re e.lmost identical. Peak coneentra­

t1cns at 100 III trom both sites are shown in fig. 8;1 no adjustment· hat beer. 

made tor the s1l2ht d11'terence in !amplln.~ hei~ht ret.,.,een RC'Und Hill (2 Ill) 

and Ofl'eill (1.5 m). If ~i:!1ilar d11't~sion data are .,lot.tcd again."t f! or 

1! . ~!:., Round Hill and C'r~eill data cannot easily be recencl1ed. The dis-

erepancy is pr1n:::ipally exrlai:led by the ditterence in rou&hnf'lj~ f'f the two 

si tes z at Round Hill, neutral stratification corre~ponds to 0 i. valuett of 

about 13 rleg; at O'Neill, neutral stratitication is idelltified with .TA 
\ 

7 dett. The :~"' . .lenee is (-tuite conc.:lu.sive th'at the standard deviation of 
\ 

as1muth wind direction contair.s implicit inf\'rmation on sit .. roughnesl and 

,.ther tactors (such as air !DUs) that determine d1.t'tusion; further investi-

gation may estat-lish it as a universal d1.ttusion imex. It is ala" apparent. 

rr~ close inspection of the data fre:"l the two sites that ]a teral and verU-

cal diffusion are not completely ind~~ndent (as frequently assumed in theo-

retic&! treatments) but must bl! at least quasi-de~nC::-.t. ':his point is 

further discussed below. 

For reasons indicate~ .bove, the results of the small-seale diffusion 

measuren'l!lnts are mo:,t conveniently IUI!Ir.\uized in terms ot the standard df.'vl-

'J 

at1t:1n "f uimuth "tnt! '!1re~tien.' EstirMte!! c:[ the variaHen in both (;-1.. 

and the standard deviDt10n of elevation an:,le (..J£ with thermal stratifie.\-

tion and site roughness arCl presented in table 1; entries in the tahle are 

, 
-Cr.:r.eer.trAti:!': :jr,tI'. ~-:': .. ~ ·:-e:+,e·! ~. :". ~\"::.~:·ct:"·a.l 1~3;- ,:' ~ .. !·i: ~(:r ~,:1,lt1ol1. 

2 So-
~· .. ~ept for ni~htti:-:e "r~.1')"! -;;f i!'l~e:,r3tt"j-er=s.!winr: cor:eentrClt.i~n. 
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Man wind speed or S • sec-1• Rourn Hill data are 1Ddicatect by .WIbo1 
x L"ld. O'Re111, Nebraska data by open circles. S.,Ud l1nea are least­
squares regression linea. 
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}:lased upon biTee .aaurellMt.s 1Ii&d@ at O'Neill. (17) during the Great Plains 

Program and other data. The Talue. applJ lenerally "i thin the layer tran 

grcund leTel to • he1gh~ t:!If 1M .J bath (r, and O-B tend to increase with 

h.1g~t duri"£ th~rmal inatability and to deerea.e with hei,ht durlnR thermal 

ltabillt7. FOI" au_ble .tratllicat1on. the larger values or both parameters 

apply near ground level and the lmaller .,.lues apply at higher levels; the 

situation is reTera.d in the ease or unstable thermal strat1ticati~. 

\ 
,'able l. Estimated ra~e in at5.:idard de-J1.tioM Or azinuth wind direction 

\ C:, and elevlIl't1 ~ ~le (S E {or variou~ atability atratitications. 

stratification Sllooth lite Rcugb Site 

CJA (dec) O"! (deg) v;: (dIg) (IE (deg) 

Extremel)" stabl" 2-b 0-2 2-6 0-) 

P1oderat.ely stable 4-8 2-b 7-1$ 3-$ 

~ar-n~t:ral 6-9 )-$ lo-l~ 1l-6 

Moderately unstable 10-1S 4-6 15-20 6-8 

!xtremel~ unstable 20-2$ 7-9 2$-30 9-11 

."... -
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~ 

P.ulc ditfusion J)IIrar.!P.t~s tor twe"ty-t.,,') daytillll! and twenty nighttime· 

Prairie Ora •• experiments (selected on th~ b~1s or e~~lete con~entra~i~l 

data and metecroloc1ea1 ob.ervations) han been correla ted with moteoroloei­

eal par ... ter. ( (~, or §!)J re.ults or the regre •• ion analJlli ... e pre­

sented in figs. 9 to 14. Concentration data, corrected tar evaporationa! 

lwa ut blpl,~.,r 8olu'-lon durilC the ~Xp.rll1181\l.l, Al·e .wjuB"'~ to " .t.a.;ai&rd 

.ource strenJth ot 100 I .ec-1 and a mean wind speed of S • 8ec-l • The 

anal,.is technique involved determir.tion or least-squares regression lines, 

COr' U.e logarit~.ma at the variate .. , at. each traftl dutance. Estimates of 

the dittusion ~arameters r~ selected values or the meteorolo~cal quanti ties-

were then obtained, at .afOh traftl d1stane" trOll the ragession equations 

\ 
and the a:,propri~te pointe connected by str~~ht lines. A detailed account 

at the analysi.;: technique and tabulated values ot correlation C:.ail"1C1ents 

and standard 81"1"01" or estiNt. are availablo elsewhere (1la). It should 

be menti~ned that the concentrations shown in rig •• 9, 10, 11, 12 refer to 

measurement. made at A lleh;ht or 1.S II C!I::(Jci.ltcd wI th continuous ems don 

of the tracer trOll a point .ource at a height or abO\lt 0.5 ID. At shcrt 

travel d.1.stances (50, 100 m), the plume axil te~ to b" locat.e~ below t~'! 

hei6ht of the aa:plin.; network; thus, the lIICasured concentrations are !IC11le-

.-hat lower than the axial ~~.,e ... ntraticns. Studies ot ~:ert.lcal concentration 

profiles obt..dned at. • t.rav .. l dist.ance or 100 ... Jurilltl thP. O'Neill exper1-

~nt8 indicate that the measured ~oncentrMtions, at a height ot 1.$ m, should 

be 1ner~.sed by 10 per cent, on the averaJe. tor both daytime and ni~i~t1me 

'tas rfl!leases to secure reasonable cst·imates of axial concftntration (12). 

1Conc.ntratiana tor daytu.e exper1ae~te_ were aaocthed b7 a weighted three­
term 1Il0nng aftl""Ce at all traTel d1at~a. 

, . 
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The correction at SO mis est1materl to 'be abO'Jt 25 per cent. At trawl 

distanc .. create than ZOO m. it. appears that the 1.; III .asur"LaCnt.s ade-

quate),. represent ulal concentration e.~t'~t in t.he presence or extremely 

stable theral stratification. The coneentration measurements are also at-

tected by retlec'tion trom the ground; this taeter 18 judged 1nstgn1ticant at 

trawl dl8tances ~oater than 100 m in c?lftparison with the standard errors 

of estimate or the regression technicrJe and est1mates oi 'th" :,!"Ullh1Hty ot 

the basic measurements. !!1ghttiJ:le 1z'lte6%"ated-crosswin.:1 concentratians I:ave 

been p!'esenteci as 1\tnctionl of t.he St.abil1ty Ratio :since, for the se1eeted 
\ 

cess (which represent lIlOderate stability), \X CIC is almost in"l.1"iant with 
\ . 

(\1' It the whole rarJie of str.hle thermal \ strattt1catian 1s considered, 

the yred1ct1an value or a-A increase~ J hOtever, since variations inx...CIC 

occur &wst entirely as a result or the ftrtical spread or the plume, SR -
il the !lOst 11kel,. irK'.ieatcr. Values ~r SR used in the analys~.s were ob--
tained tr(llll the ratio o! the teftlJ"er"t"t!"~ ditterence between the L- and 1-m 

levels and the square of the wirxl sneed at a hei!,ht ~ 2 m. 

Variations in basie dUfusion parameters with travel distan":e Illy be 

expressed in terma ot simple power 18ws or thp ~eneral torm 

(x) b • 

where! 1:1 the travel di3t~r:~f'! n~ b i~ !. e"n!t."t.. The power-1ur e~onent 

~ has 'been eftluatec! !or rour intervals ilt travel distance (50-100. 100-200, 

200-"00. "00-000 Ill) with relpect to peak concentration, and tJ1e standerd 



deviations of cO!".centrati('ln alon;: the lateral and vertical coordinat6o;. 

,,:,,~.P1i"r.,f{~"~",oF""~ 

~ 

Estill'Ates ot the value ot the exponent on O-z ,..re obtained by tak1n& the 

d1tror~nce ~ C ~ p ) - b (::'v ). Result! or these computations may be sum-.. 
mariled .s tollowsl 

Tn near neut~al .tratirication~ the power-law exponent on all three 
dittusion parameterl tends to be invariant with d1stance. , The average 
value ot ~ on axial concentration 1s about 1.8, ~ on cry is .bout 0.8. 
anet ~ on v'. il thus about 1.0. These values are in suDltantial acree­
mont with those obtained b,. Sutton (1) in the Portcm experiments. 

In un!ltable theraal straUtlce.t1on, t.he exponent Oil axial concentration 
Ir..creases markedly wi th distance from about 2.0 to values in excesl or 
3.0 (extreme instability). The exponent on (5",. tends to be invv~ant 
wi th distance (0.8 to 0.9). The exponlnt on (-,-. increases trOll about 
1.0 to v.lues in excess at 2.0 (~xtreo~ instability). This behavior or 
the power-law e~nnentl on axi.l coneen~rat1on and on Gi. is not ex­
plained ry ex1ftti~ dittulion th~~i~s ~ich do not permit a va1ue in 
ucess or 2.C r':!r ~ ( X p ). 

In stable thermal Itratification. the exponent on axial concentration 
tends to decrease with distance tro~ ab~ut 1.6 to 1.0 (extreme Itability). 
'i'he exponent on <.J-,. il prob.bly invariant wit~ d1.stance and 18 about 
0.6. The power-law exponent on 'J 1 ' theretore, must decre.se with 
incl· ... sing travel distanefl! from abO\lt 1.0 to O.ll. Although there is 
serious question about the absolut~ value ot theso estimates tor ex­
tremely stable stratification, the results are at least in qu.litative 
agreement with measur.ments z:ade by !'fillt (7) using ~~ elevated source. 

Th~ sbow results indicate that sir.ple pewer la?:s adequately expl:11n dis-

persa1 rr~ eontinuous point sources, loeated near ground level, only in the 

J...!"f.sence of near-nflUtral thermal stratification. As the strati1'1~...:·tcm 

be :omee increasin~l;{ .11: ~~Jlt, or un~table, simple power laws becor.\l incroas-.. ' 
tnt-Iy les8 .ftective in describing the distance variation in basic plume 

parame ters. 

The power-law ~nAl~~is deseribed above em~hAsizes the i~ortance or 

Vft!"t.ical dirfusion in detttrminiru; the ~~te of deerease in a.:..:.ial coneentra-
L-

tion wi th increasing travel distance. The only direct rnea:rurements of ver-



tical d1ttusion ~e during the Prairie Grass experiments ~re at a travel 

distance at 100 m. Et'timates or u. at other travel distances were obtainf1:i 

by tIIo indirect methods. (1) Results ot the regression analyais ot ob-

serYed Taluel ot CiA and or; at 100 • were extrapclated to other travel 

distances under the assumption that the vertical spread ot the rlume was 

'"ectillnear. (2) Values tor peak concentrations (ad.1ustedto axial) and 

0-
1 

shown in tics. 9. 10, 1),' 1h were used to calculate lTz at all travel 

dlstancesJ the procedure tollows trom equation (~) on ~c le and inv~lves 

the assumption that the distributions of concentration along the lateral 
\ 

and vertical coordinatftft or the plume are \approxiaately (,·aussian. Therfl 
\ 
\ 

is good ~ee_r.t. at 100 • betw~en t.~e restllts obtaint'd tram the latter 

_thod and the estimates derived trom the regretlsion Anal)'llis of measured 

values at u.. The est1_tes presented in fig. lS were cieri ved &8 tol­

laws I At 100 Il, the U z values were d)tained tram the re~ression anAlwis 

nt actual measurementa; the estimate~ et SO Il were oetain-.d br extrapo-

latin" ~r the results at 100 m, assuming rectilinear vertical spread of 

the plume. Daytime values tor <7. at travel distances teyoond 100 11 were 

toravel distance!' ".~re c:a1culated b~ to"h lnethods and the swler valuef: 

selected r or use in the figure. The results show very c:learly the re-

~~able vertical growth ot tte plume in the presence or unstable thermal 

stratification and the suppression ot vertical growth during stable thermal 

stratification. 
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2. Application at redults ot ,l6l8 analysis to dirfusion th~a.ry. 

Rem t.I ot the anal)'Sis or tne dirtu6ion .uurements reported in the 

prenous section support the s1.mple d1ttu!1m mf!'riel shown Ich~matically 

in 1'11. 16. The medel 11 rf!tezored to a c'.IJ"v11ine1r coordinate system with 

the c:'tn"!,o,,,ous point source at the ariginJ ! (y .; 0, • • u) il a10ncttle 

M8I'I wind, Z ancl ! are directed alcm~ arcs in the i'lor1.lont."l and vertical 

planes, respectively, at distance r from the lource. The ertluent travels -
dcwnwind and spreada laterally oYer an I.J"C segment detined by the angl.e 

~ A Whteh is given by th~ extremes or the rrequenc7 distribution of a.imuth 

wind d1rection _asured at the source. Lat,r·ral boundaries 01 the plume are 

indieatett by tho (soUd) .traitht 11n .. s in 11.;. 16a, plume width, detined 

on the buis ot the CU.~0lIW'7 1/10 11m1ts, is shCMll by the dashed lines 

and 1. a.tNaed equal to b.3 cr 7 ,where (J 1 I. the standard deviation 

or eoneentration in the z-dlreotlon. This r~latic·nahip is well s'appcrted 

by the O'Neill _&SUrement.. The dU'tusion measurements indicate that the 

~llr plW!18 width decreases ,,1 th traWil d1.ta~e; r..,;.r ~·h~ source, 

GA· U 1 but at langer traftl d1stance (S J.. ") G 7' Vertical .pread 

ot the plume is cOl".rln~ "ithin th! .traight !!nes defined by the angle 

e E identitied wlt.'l the e~~1t.: ..... ·~ or the tre'lueney distribution of ele­

vation angle measured at tot •• low-ce, daalled line. de .. ot.e t.he 1/10 1111L1t.. 

used to detine the vo!rtleal extent nf' t,h~ plume. It the vertical spread 

is reetil1r.ear, G • E (3-z at all travel dietances, otherwiseJ the 

e~·Jality exist. only in the illlllediate vic1r.lty ot the source. ExJ:.er1.lllent • 

. Ii:-
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in Eng~ (l!) fftdieate that the vertical spread is approximately recti-

UDell" tttr t.ra.,.l didtaneel ot the crcler of sao • in IlOderatel,.ltable, 

r.~pr-n~Jtral, and moderately-unstable strat1tiration. The O'Neill exper1-

mentl, an the other hand. indicate that the vertical apread il re~tillnear 

onl7 1n IWazo-neutl'al .\ratitieationa in th~ presenee or therMl instab11-

it), the plume expands ftl"ticaUy, the rate ot expansion 1ncreaslnC uric-

the C '!feill data inU.t'ate a suppression ot the ftrtical growth ot the plUM, 

the rate ot sUJ)rression incr", .. i,. with tr"".l dilt.ance. l1easureMnta 

based on photographs ot smoke plUMS in ftI"/ Itable atmlph .. e indicate 
\ 

ne«l1«ible vertical growth at tra .. l distanCe. in excell or about 0.5 ka 
\ 

\ 
(7). It Ihould be po1ntttd cut that 101M d1tterences are to be exp!cted 

in tittuian patterns trca ground-leftl and elented lourees due to such 

tactors al wind shear, ftl'iations in the pORer spec~ o~ the vertical 

veloeit7 component. etc. 

It the concentration in III .-3 is gi~n b,. -\. , then at all "\. y, I 

distmees r 

Q 
(1) -- • eonst. 

u 

fth'!n .9 i8 thfl 8('IU'I".,.e littreneth i., g "et--l , 11 is t.he mean wind lDeed in 

1Il sec -1, and I' ! are in radians. It can be shawn that the dltteren'!fll 

between the eurvillnear eoordinate s18tell and a eomentlonal rectanzula.,r 

IY!ltell1 are gen. ally negligible. Thus, the lim! tl ot 1f1tep;ration 
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I,. equaUan (1) are .tloect1 ... 1,! 00 • A.~ that the eftluent !.I 

.....uy distributed a1~ the.,.. and. .- coard.1Dates, 1t tollOll8 tZOCII the 

, 

Q 

a­• 
up[ 

I -

.zIT 
· ( u/Jj 

(1' • A 
(j • 

! cr. J 

and, .. atten (~) HeMee 

q 
(l) 

I' <rye( (1')', I' (I.at: (r'" • • 

r cr. • a-. (1')' I I' C- • 0,. (r)p • y A • 

.. en tbe abOft relatlonah1pe aN nbatttuted 1D equat1C1ft (2), ,.. obta1n 

(Ia) 
r-

aJ) I -
I 

~e b. P ... q. 

It <:r ~ cr. ftt7 with dlataae iD • lION cc:.plu anner, equation 

(2) _~ be ..alaated a' Hleoted .a1 ..... Gt !: {',.. which e.tiMtu t4 ~ 7. (j'. 

are aft11.'bJ.e. 

• 
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the abOTl~ d1ftusicn equations are at the .1Ile ,eneral tel'fA u t:'lose 

ot Sutton (1) and dUter p-:1ncipal17 in the use ot direct meteorolo..;ica1 

1ndicat.t'I!"s ( (J! ' u, ) in place ot leneraliled diftusion ca.tti.:.,ients 

d8l"i"fed tJoGa the vertical proti1e ot _an w1ncl speed, and, 1n the greater 

treedOil of variation in the ~nent on 41atance r. FoUCMim: SUtton" -
&rgu .. nt ot retlection, the source .trength 9 in equations (2). (J), eL) 

is doubled tar a source located at sround le .. l or in the case ot a plW18 

trOll an elentad souree that reaches the ground. 

The equaticna haft been tested against, the O'Neill Muureoents ot 
\ 

I 

\ 

peak concentration at 100 • (see f16s. 9, lQ). Axial bround-lewl con-
I 
\ 
I, 

centrationa were cucclated 01'1 the bU1S ot ~at1on (~) usina value. or 

() y (tiga. 13. lJa) and ot cr. (ril. 1S) at 100 III obtained tZ'AIl rttgression 

analysis. The calculated ald.al concentrations agree closely "ltl'l the 

measured yalues 1n nee-neutral strathicat4.on. For unstable th<!rmal 

stratitication. the caleulated value" .. e trom 10 to 25 pc!r cent lower 

than the .uure .. nta J this is hardly sur~ising in vie" ?t uncf:J'tain-

ties in the eati .. tes at Gil tor extr~ instability and prObabl~ de11-

ationa frCII normal distribut' onll. In moderately stable stratl1°ication. 

calculated axial e~ncentrat~~~ &~e approximately ~qual to the (adjusted) 

measured yaluos J tar extreme atabill ty, the calculated axial concuntra-

tiona are about tw.: ee u large .a the .... ur8f! (peak) values. This does 

not arPear ~nrea8onable in vi.w ot the he1:ht ot the samplin~ network 

(1.5 .). 

. £.-



• 

1f1 th the operation of the IIOdel 1h0llD in tic. 16 are deri. ... d Oft the 

bui. at equatian (1&) .etch dtl.crlbe. d1etance ftl'iattCIM 1ft the dUfue1aa 

par_t... l.T 7' !j-. 1ft t ... at a!mp1e ~ 1 ..... At. !i.von di.tuee 

! Ire!! the t-.". (If tN l!ltaelr. tha an[b ·7." 1. &~prt'x1ma~el1 ~iftn by 

(S) fJ • ! 
h - . x If 'J • • 

..tterel! is ""e height or the stack and " i. a poaiU .... lmIber. It tollowa 

that1 

\ 

h \ b 
(6) I • • \ 

• 
:T z \- ~ 

a .... ! 

TIle ratio betNen crcuzd-1na1 concentra~ton ")cat~.r'" )a t.. 

all~lftI tor retle~t1oft. 

~g 
2 ~ [-

h2 

J (1) - • 
" 2 • 

"1. 2( -)"" p U
E 

r 

fIN., t .... ll'alM 1",,1 oul.,entr.'1on 1. g1.wft by 

Q r h2 

(I) 
., . 

~L-.A, • b --. 2( u
E

)2 r 2p • 
i7~ .r--r U A VI 

It the aboft squ.ttcm 18 ep1.saed. - cbtaln the tol.l~ ezpNa81cn lor 

~.,. d1etanH troa the bue at t,b •• teet X. .. t which tho u2d=lm grC!Urld-leftl 

will be tawd I 

lxn the toUCMtftl dl.eu.11an. 1t is ... ..s that. x • r • 
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(9) r b2 P 1.1 . ,2p 

Z. L ( (."j;~ bj 

Per ...... tn1 atratU1clticm (b ~ 1.f,o, p • 1.0), the •• ttate tor .. 

h 
(10) • 

(11) ):, (au) • 

Q (
b1)- )b12P I ) b~p - 1 ,ff£ \ ... ' 

\ 
\ 

'or b • 2.0, p • 1.0 thi. reduc •• to 

(12) XI (-.x) • 
2Q l1i 

e1Tu h2 ~ 
A 

• 

b J · -
2p 

• 

astt. t • (13) ..... icn1 te'%' z •• 1d ~I (au) are practica11, 

identical lD tOl'll with equat.ions (10), (12)a 

)::<."X) 
2q (-1-) • ~ 

• 1; U h2 
\ C

7 i 
1 -,. h2 \ 2-. h 

• ''''''' 72) ......." 
\ l:z c: % 



~. Quantitative est1mate~ o! di:per:al from an elevated source. 

The Whsion equatior:~ ot thlt prO\1.cua SGct~1)ft provide qulfttitatift 

est1u~es C'f diapers.l "hen appropriate yalues tor the yarious IIl8teor01oc1-

e~ and d1tfUsion p .. aaeters are inserted. Estimates ot OA ' at are 

tound in table 1 and estimates tor the other dittusion raraE,tars are gi.en 

abcmt. It should be e~uiled that the d1ttusion data are based on .... -

urements exteri11n« only to a distance or 800 • trcra the sowce. Extrapo­

latton ot the .'asults to appreciablr longer tra,..1 distances appears sr.te 

in ~'!U'·neutral strat1.Cication. In the !'Tesenee ot lIlOderate thermal stabil-

\ 

ity or instability, extrapolation is less certain; tar extreme st&b11itr 
, 
\ 

or 1nstability, thn unc!rta1nty is .:r~aUy 1ricreued.. In other words, the 
\ 

suggested technique prnV1des fairly reliable quantit.tive dispersal esti-

.. tes tor travel distances or the order or 1 lea except in the presence 

ot near-neutral stratification "hen extrapolati~n to appreciably longer 

distances seems just1tied. As noted prevlouely, one aspect ot plume struc-

ture hu not been derin1 te1y estab11Shed empirically - the question ot 

wh.,ther the vertical spread ot the plume is rectilinear tar a "ide range 

ot thermal strat1tication (l$)J or whether, as indicated by the OlNlt111 

estimates, the spread is ree "illnesr ~~ly in near-neutral ~trat;..rlcatlon. 

In view at this uncerta1nty. it !ee~ advisable to consider both possibili. 

Protiles ot axial ground-level concentration ter three stabtlity strati· 

tiC'1tions are presented in tig. 17 J • stack l".ei6ht or 100 III is l.!'!IIUJIleci alld 

eoncentratiCl\s are adjusted to a standard ~ee strength at 100 g sec·l 

, 
, ,-

• f 
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and a mean ,,1M ':P'!fIci ot S rn eec-l • Axial concentrations for the e".. • ..,flted-

sourc. plUM were calct:lated trca the oy values in fig. 13, assWl11ng recti­

linear ftrtical ~\'I'ead (p • 1.0). Values a33U!I!'!d far UA ' 6!{deg) are. 

neutral ( OA • 7; (j'E • I.); lIOder.1te instability ( <fA • 12; <1E • 6); 

•• ~!ar.t w1~b thermal a~atitlcation~ Th. result~ show that, aa aicht be 

expected, the point of awd.1IIUIIl concentration mana closer to the stack 

as the iN. tab!] 1. t7 increases. Suttcn I s estir.ates tar !as are considerably 

lArger' than those in the figure. This me) ::e part17 explained by the fact 

that the valueD selected tor <rE apply g_,nerall)· to a rough site. 

\ 
The data Jr&6eiltad 'in the preceding ::.eet1on ot ihe paper cl~arly incU-

cate that there are a variety ot assumpti~ that may be made in obtaining 

quantitative dispersal 1st1matee within the tr~ork or the above dtttusion 

model. The results in table 3 are intended to shew the proba"le extreme 

r~e ot estimates ter. mAxir.Ium ground-19vo! concentrations that might be 

expected r cr various stabil1 ty stratUications. It has been assumed that 

the plume does not reach the ground in th~ presence of stable thermal strati-

by calculattn~ initial coneentratier,s .t r • 100 m !'rcm :J - in figs. 13. 11& 
- y 

am £rom <T; based on rect.ilinear vert1cal spread trom the source to 100 m. 

T~e~8 initial estimates were then decreased with distance according to the 

t.abulated values ot~. Entries tor ! and )'1 not enclosed by parent.hesis 

reter to rectilinear vertical spread (E • 1.0)J entries enclosed by paren-

thesis refer to vertical spread governed by t.he power-law ex!'onent E. 
L-



'I'hele cOIIlputationa ahOll' that in llear-ne.,t.ral .V.titieaticn, the max-

1II1II axial ground-l.vel eoneentrat.ion oeettrs w1~ a distnDce 'ot 1.5 

Jell trOll the stack, in unstable thermal stratU'i,ation, X. is gflnerally less 

than 1 lea. This.ana that the O'Ncir ,~ollCentrat1on mcuuretnents consti-

tute a r.Uable buis tor est1Mt1ng max:1mh .. , ground-level conc.ntrations J 
b 

the data in fig •• 9, 10 are .... 1,. multipUed b)t the tacter ,. -2-, ~ O.~ 
at the appropriate distance given by equation (9). tstillat •• tor Xg in 

table) IIteatte1'" about sutton's value ot O.iJ6 mg Ift-) , and it appears that 

the latter may satel,. be used u a fir.t approxiution to aaxillWl ground­
\ 

le .. l conc.ntration in all stability clansit1cationa (tOl" !! • 100 a). 
\ 

'~(,fI.·d1ng to equation (11), the variation or maximwl grQ,lnd-leve1 

concentration with stack height, is given by the expression 

/t I (max) oC • 

In general, theretore, the variation tollows the usual inverse-square law. 

Ha.te,er. in stable th~ st·rat11'ication, the variation with hei8ht is 

sOll8What less than that indicated b,. tne 1n· .. '!rao-squ .. e la,,; in unstable 

thermal 8trat1tieat10n. the he1bht vari~t1on 1s s~ewhat ereater • 

. E-

/-



Table 2. Maximu- ground-leftl concentrations r~r effective stack he1~ht c! 100 m. 
Con~~"tra~1onl are adjusted to .tandard .our:e ~tr.ncth of 100 g ~ee- and mean 
~1nd ~peed ot ~ ~ .ec-l • Estimates enclo.ed by parentheses ( ) refer ~o computa-
tions using valu~. of 2 -i' 1.0. 

Stahility stratification OA (el.,) ,JE(dtg) b xt:\(km) Xg(mg m-J ) -
6 3.0 1.70 1.0 1.u6 ----- 0.6 ..... _-

Near neutral 10 u.O 1.85 1.0 1.05 0.3 .. ---. 
14 5.0 2.00 1.0 0.d1 ---.... 0.2 ..._-.... 
10 u.O 2 '00 ., 1.0 l.el C.2 (0.2 ) 

flodeorately unstable 15 5.5 2.15 1.1 0.71 (0.1.2) 0.2 (1.3) 
20 7.0 2.)0 1.2 0.54 (0.21) 0.1 (0.6) 

\ 

20 7.0 2 .~tj 1.2 0.54 (0.21) 0.1 (1.2 ) 
~reme11 unstable 25 6.5 2.20 1.2 C.u6 (0.18) O.l. (1.0) 

30 10.0 2.20 1.2 0.39 (0.16) 0.1 (1.0) 
" . 



Ins~ntatioa t~ 1n~~tigating characteri~tie features or the struc-

t=-e cr turhul ~m''' hall' be&n uncleI' contim:~.18 developnent tor IIIAD1' 1"azos at 

. th. ileund Hill 'i.1.11 Station in connection with empirical Itudies ot dir-

.tu.ion and ataosphtfllc tUJ"bulelK'e. The tast-I'esronse 1natrumentl uaed dur-

il18 Pl'ojfte~ Prair1e Grass comprised tin llS-'lt!¥!1:ht b1va.nttlt and heatetl-

th~.ocouple anemomet~s. Prototypes ot these instruments have been de-

scribed prenousl,. (8) 9) 10, 17). A photogra.·h ot: one "r tho field &8-

\ 
semblies used dur1nr, the Prairie Orass .xpe-tt'!enta .\! shown in r~. 18. The 

. \ 
\ 

ftM is constructed or optical lena cleaning t!:u,Uf! Jemented to ~ tine wire 

tJoUMJtllfOrk; the total surrace area 1& ahtlJt 300 cm2 anCS the we1Ght or the en-

tire tail assembl,.. including the th:ln-waU aluc1numalloy shaft, is 2 g. 

Mowments ot the ftne in both the plano or th~ horllon and ¥ert1eall,. are 

trarunnitted to two Giannini Dlicrotorque poteT!.tiometers mounted 1n the base 

of the instrument, the azimuth ahaft or the biva~ iA r.aupled to one ot the 

potentiometers b1 a pair or 111 rreeision aluminum (ell"s. Vertical IIIOvements 

or the ....,e are transmi ttecl by Mans of ~ lute metal '!h"1,, that pODses ()v-ar 

two idllntieal aluaimD pulle:s (l~ated at the top and bcttOlll or the vertical 

shatt,; the seeon! potentiometer il connected to the shatt of the lower pulley 

by a tl"xible eoupling. 'the bin.ne ie lupported on three legs. one or which· 

is 180 de« trOll the electrical zero of the azimuth pot.entiometer and serw.s as a 

r!r~~~" tnt" m'ient~ the bivane with respect to the mean wind direction. 



..., • ..A~_' " - r 
• _ ..... l.' 

Fie. 18. JItlotOll'apb of b1 ftD8 ad h •• ted-th4ll'lD:ouple ..... tar MWlted Oft 

t.r1pocl (above), and (belCM) clos8Qp of the baa. of the b1n.ne aheM­
in! ndcro-tcrqu. potenticmetera and other COIlpQh8iltl. 
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IlL. rLASt!R!21EN'l'S OF '!'HE S!'!WCTtIt: OF TtlRBL'lENC:i: ~T O'!lEIU, t:F.BAA~Kl 

A. DHeription or r .. t-respol'lle _teorolorieal instrumentation 

Instrumentati~n r~ 1nYe~ti,at1ng charaeterist1e teatures ot the struc-

ture ct t~l"ul~rK''' NUt be&n under continu~.18 develo~nt tor m&n1' ,ears at 

. tt", nound. H111 '1.1.11 Stat10n in connection with empirical stucU.s ot dit-

.tu.ion and atllOsph.llc turbulerK'e. The tast-resronae 1natrumentl used dur-

ing Projfte~ Pra1r 18 Grass comprised tive l1C-~t!'!~i:ht b1v~nft!l and heatett-

thermocouple anemcmet~s. Prototypes or these instruments have been de-

scribed prmously (8, 9, 10, 17). A photogra~'~ ot: one ~f' tho t1eld as­
\ 

e..,11es used dur1nr, the ".a1r1e Orass .xpe-iJ"!enta '\! shown 1n t~. 18. The 
\ 
\ 

...,. il constructed at optical leu cleaning t!D~U" ~;emented to ~ rine wire 

tJoAlllMfOrkJ the total swotace area 1& ahrut )00 cm2 and the MiGht or the en-

tire tail assembly. 1nclud1.ng the thin-waU aluc1numalloy ahaft, is 2 It-

HOftlDents ot the Y&ne in both tt. plano ot th~ hor1lon and .ert1eal17 are 

tr&nall1 tted to two Oiam.1n1 micro torque poteT!.tiometers mounted in the baee 

of the 1natrwaent, the azimuth Iha.tt ot the biV&M 1 .. r.aupled to one or the 

potentiometers b1 a pair or 111 (recision w1m1ntlJll (ears. Vertical IIIOYe1II8nta 

~o id"nt1eal alu.1nus pullere (lneated at the top and bottom ot the vertical 

ehatt,; the seeord potent1ometer 11 connected to the shaft of the lower puller 

by a tlAnble eoupling. 'the b1vane ie lupported on three legs, one or Yftrich 

11 180 dq trOll the electrical zero or the azimuth potentiometer and. ser't'P.s as • 

rer~I!'~'" f".,. OI"ient~ the b1nne with respect to the mean wind direction. 



Sensinc elements or the hr.At~-thermoc-"".:pl. anemtlaeters e~::trrise 

thorr.lojun<-tiCl'ls made tram chromel-P and constantan wires measuring 0.00$ em 

in di ... terJ the wires are ~tt-welded by a spark-dischar~e technique !n 

the field ot a 10lIl power binocular Neroscope. TMs techn1q~. tacilitat.es rr("-

~ttom'ot junctiCl'ls at un1torm physical dl£~nalons. a condition requisite 

tor the UN fJt a s1r~1.e calibrat1cn curYe forsn.raJ. pl'otes •. The ther=~-

junctions are incorporated in an electrical circuit tirst developed by 

Hastings (18, 19). The probe r.onaiats ot tour copper studs, arranged in 

at-shaped patt4trn, that sU:'f'CI't the thenr.t"Couple "ir." two junctions are 

heated to a te~erature or a bout 300 C b7 a conatant-current a.e. power 

aupp1", the third junetion is unheated and usUmes ambient air t emperatu1"e. 

\ 
Pus.,e ot air OYer the he~ted junctions produc"e a cooling that results in 

a reduced tMrMal e .a.t • J :'luctuat1ona in ambient air temperature are 

eOr.tpenaated by the output or the unhe,,~ed jUl"I:t~"'" which oJ)l:'oset that or 

the other t"o. Satistactory operation or the prohes depends on the _inten-

&nce or a close1y-controlled (coMtant) haat.flr curr .. nt. In preperation for 

. the Pr&1rie Grass obseM'ations, the l".r. t.hcmocouple meters previously 

u3ed to .oniter the c'Jl"rent to individual probes were I' eplacec! by a singl. 

Weston a.c. milllUl:\eter (l1odel ~h33) which has a trequencj" r..,.e or 25 

to 500 cyeles •• c·1 and an ac~·· .... tle" o! about 0.7$ p!r cent. This meter and 

an equivalent inductance are IW1 tchec' from or.e hea ted -thenr.ocoup1e power 

~tched out ot a prObe ("ireuit, it 1, replaced by an equivalent d.c. re-

eist-ance. Thi. proeed'tll"e elic1n.te:: the r.eces!ity tm- eonl!id~r1nn.: t M 

)' 



currents. Af! an additional precaution, a Sorensen yclta~e regulat:n- (-:"ype 

100 A), capable ot IYlinta1n1n& the liDe voltage within O.S 1*" c~nt., ... s 

placed In the J1'imary ot the heater-eurrent supply circuit. As shown in 

rig. 16. the ~rob •• are IDOUllted on the ui1'luth shatt. or th. blvan8a so 

that th.y will be h.aded into the wind by the "etlon or the vane. Th. r.­

apm.. ot the prot.s i. • ••• nUally nondireet.ional nnce the heatee! t.hermo-

Junctions are eri.:nted parall.l to the plane ot the harllOft and are thus in-

•• nliti .. to the angle of attack or the wind vector. The response in the 

al1auth plane yarles as the co!ine ot the a~;le between the har1l0ntal wind 

ftctor and the heading ot the u111Uth vane J thi. is narull7 a sMll angle. 
\ 

\ 
Th. ealibrat!~ e~va ter th~ ~aated-~ermocoup1e anemometers used 

\ 

1n the Prairie Grass .xpert.ehts is presented 1n til. 19. The curve is a 

c~o.it. ba.ed on the result. ot a sPorie. ot calibrations in Ule Project 

"ind tunnel at O'Neill, Nebr •• a prior to the start ot the tield ptofraa. 

Scatter ot pC'ints about the eomt,osi te curv@ varies from an avera'J@ deviation 

ot about 10 per cent, at btrt.h ~T.t.r~!OOs or the wind-speed rlUlbe, to about; 

per cent within the 3 to 10 • 3ec-1 interval; this is in part due to uncer-

t.a1ntie. 1n deterll1nin« "ind-tuMel air speed., particularly at lew dratt 

.. 10eit1 •• , The abftolut. CALiQrat10r or the heat~-th~rlllOcouple prOb.s 11 

sensitive to large CUllerenees in .mb1ent air temperature, the O'Neill ca1i-

bration curve il lignificant.ly ulsplaced 1'rom that obtained at Houn:! Hill 

"Ihich r~f.r. to an .. hit)nt air temperature or about 18 C (as contralted fdth 

a value or about 30 C tar O'Neill.). Numerous other tactors. lu::h as dust 

("ollected on tne th~rmojunct.iona. unc"rtal.ut.ies in tho rcccrd!r-b :l~?:lr!.tus. 
/-
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~tc., also centr1bute to errors in absolut~ calitration. In ~actice, there-

tare, ab.olute values ot the wind speed .uured by individual prob •• are 

frequently not represe:'1t.ati ve. In "tat ist1eal tests to dJtcrmne the hf)llO-

respect to the (.aaured) _an wind apeed. Aa ahown il' • .r 4. 17 ,~h"rt" ill • 

contraction ot the calibration curve at hieh wind speeds w;~ch cakes it dif­

ficult to resolve wind speeds in excess of 11 m aec·l ) expansion of the high 

win~"3peed :Jection of t,he calibration curve haa so ru been achieved only 

at the expense of eli .. !l1nati~ important low wind-speed r~es. 

\ 
\ 

Response ch~actp.ri~tie3 of the bivanes and heated-thermocouple an~-

\ 
r.'.:-~~tcr! are !!h~n in 1.~c ~O. Du .. t{\ thf' nature of the s anaiog elements, 

the response ot the bivane is a function of the wind s~ed, oart1cularly for 

spleds below 5 r.\ sec·1 • The 11rdt1ng factc,r in the speed of res;,oruse of the 

bivane, except tor Wlr:· law wind speeris, itt in the recordl~ system. Critical 

da~i~ of the azimuth en':! I!levat1on:'l ot·i.,n 01' the vane is achieved 1:'y use 

of appropriate electrical resistances in series with .the recorders. The re-

spense of th~ recorders to fluctuationa in ~z1muth and elevation angle is 

st'eAded un bv .. ans c£ r-c networlt-.s. :~ ito! (,~ ~ta fro", th .. h1.vAnps Ilnri heated-. . 

therlnocouple anel'\nlDBters are combin~d ~v \l'::~~ll~i.l'-''' th.., • .. c:tc.r v:!nd components, 

it is imrortant that the charActeristic times of both 1n!tr~nt' be clo~ely 

r.llltl',ed. The curves in fib. 20 indicate that this eort1it1on 1s satisfied fer 

wind speeds in ~xcess or abeu~ J ~ sec-1 , and that both instruments faith­

fully rpsolve fluctuations With [requa1leias le!! th,." 1 to o.s cycles sec -1. 



t 

Preparations tor the Prairie Grass exper~ntl involved the relocation 

ot the reeording equipment and auxilliarr apparatul for the fa~t-r~spon8e 

inet.n&Mntat1on in the 1r:teriar cf the International tr~~:'" shown in f~. 21a. 

Power rJJtPliel 10r both the bi va.,es and he.ted-therJ!lOCouple memOlMtterl were 

rebuilt and p2'O'rl.!icn made tor handlil1l Wormat10n t rom IU 1nstrut1lltnt al-

s.lIIbl1el. nata boca the sensine ell'r.lents are r elayecl to the jun.:tion bGx, 

locaWd on the lower left lide I..r the tru,k (see fiS. 21b), by insulat~ 

cable.. The intezoior of the truck is fitted tri. th six Itandard relay raclaJ. 

The racks on ~\e left side contain the power supplies for the heated-thermo-

coupl, ane~ometers and bivanel, Weston inductronic amplitiers tor the ane-

IDOMeters, 
\ 

vol tage regula tar, heater-eurrent \lftoni tor, and a ~::ter timer for 
\ 

slt(r..len~r. .. ·~.t1on of all '-he eq\,;i~nt (see tig. 2lc). The racks 

on the right side of the truck contain eight EsterUne-Ang'.ll dual recordari 

(0 to 1 mal, switehes, and othel' ,,':x111iary apr;uatus tor the operation ot 
./ -

the recorders (see fig. 21d). A tie point b~tween the amplifiers, power 

suppli", and recorders is provided cl ~ rew ~! terminal strips in the interior 

of a 6-rt section ot square duct ~O\lnt~ behind the relay racks. All of the 

wirinc from the recorders to the amplifiers and power supplies is enclosed 

in water-ti£ht, fleXible tubinc that CA.",-!' throur.h the walls and beneath 

the truck floer. A 200-watt, uOO-cycle ~ ... nll7ator, driven br an C.S hp elec-

tric IftOtor. is mounted on the, lower right side of the t ruckJ this a.c. source 

may be used for the anemomet.er heater circuits. rllumln&t1cri. ira ~he ~'Jek 

inter10r is proYided by two uO-Watt fluorescent lar-ps mounted on the truck 

walls behind the relay racks. 

-
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Fig. 21. rhotO«J"aJ3ha ot Yc-ioua cOllpCl18nta ot tut-re8ponse .teero1ogical. 
instrumentation s,stem used during Project Prairie GrUSI (a) In­
.t.rwI8nt truck. (b) connecter bnlt lIO'Wlteci OIl t.r\lck tor bi.,.,.. and 
h.ated-th8l'aOCoupl.e ~t.. cabl... (c) ampl1t1... and peRC' 

eu?Plla8 fer tast-response instrumentation and (d) high-speed reo­
c=~cr: =c--m~ed !.'1 't.:"..lct 1nteri=. 



B. Expr1mental p:o-ocecture. and data ab.traction 

Inft.ttaatiOll8 ot t.'l4t .t.&'"cture oL at.o.pherie turbulence are princi-

pall,. b .. .t em .. 1ect1ft anal,.e. at the _an .quare amplitude. (power .pectra) 

ani ehU'aeteri.~ic leftltth. (Icales) ot tluct.uatior.:s in wind .,.locit,.. Due 

to the broad .~ctrua at ec!d,. .1.e. norl!ll.U,. pre •• nt ill a~.phvic t'.ow, 

teehn1qa.. that ha.. been eucc •• etull1 applied in wind-tunnel .tudie. at 

turbulence (20) are onl,. of Yflr'7 l1=1ted use. Wit!'\in tile put decade, pre-

ci.e _thode ha.,. bHn de .. loped b,. Tub,. (21) and other. tor the spee toral 

and coepectr.l analysis of turbulent fluctuations at the t,..,. round in the 

10Rer atmo.~ere. The •• technique. utili •• ~ourie~ t.r~~tarms ~t autocarrel-
\ 

\ 

ation and cJ"o.s-car"lation f\1netioM Obt4~."~ trc.'!\\~t&tiClnar,. ar qua21-
\ 

.tat.ionAl"1 t1M ",.ie.. !f\DIII!roua inftstigators haft \deteJ'lld.ned pottCl' .pectl·a. 

at the wlnrl .. locit,. or ot ita componerlta (llJ 22J 23. 24J and other.}) 

heMe .. r, except tar prel1ll1narr .tulJies at Round HiU (8,2S), practlcall,. 

no Muurementl or the Eulerian .cAl~c ot atr.~pheric turbulence ere ayailable. 

en t.h.- Eulerian .cale. at turbulence ot the orthogonal callpCInent. ot the 

wind ... loci t,. wi thin the fIoequeM,. bad extendinr! trOll about O.S to 0.01 

C1Cle. see-l • ri ... blftft8. equipp.sd with t.~at.ed-therlflOCo"ple anemometer. 

_re arranged eit.her parallel or normal to the prnailln-; "ind direct.lon a. 

shown in ti~. 22 J t.he ,e'al1ne elellllntl "ere at a he1cht or 2 m. rrecice 

orientatlon of the a.::'lIlth .0&1 •• ot the blvane! with respect. to the ax.s at 

the arra,.. ,,&II aec~ll.hec:l in the following rrwmer I A small transit. W&S 

IlCJUnt.ed on t.he tripod. Wled \'0 ."pport. t.he b1vanes and ~. t.r1pod head 
E:-
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I 

rotat.ecl \Illtil the position of the reference le" of t.he b1Y&r!~, mentioMd 

Prencnw17, _:; nact17 (! 0.) deg) in ::.ina f'lth the axis of the UTa,. To 

facil1tate rapid chanps troa vANlftI"a. to longltud1nal orlentatlon, t,,:) 

Nte of tzoipoda and two caaplate a.t. of lnsulatact electrical cahlee weN 

util1zed. t.ha t.rlpoda M'" lett permanentl, in poel tlara (except for chAngea 

iJl tranw.. ...,araUon cJ1st.anc •• ) and cml,. the bl""" need.t to be 

8Oftd. nu" to the length of tiM required to p:-epare for .n aperbent 

(1 to 2 hr), there did not appear to be IUl7 .atlafactOl'7 alt.-nati.,. _thocl 

tor inlproftl'll the GJOlentaUon of the biftM8 with reapect to the _an wind 

directlon letaall, ob.erwcI dul"iDa tM upen.entlJ, experlence demonstrated 

\ 
that ferICaate of the .~nd direc:tlor. were not sufflclent1,. accurate to justl-

\ 
\ , 

Data were ootalned ttJr approx1Jute17 60 expertm.nta in Wlich the 20-

Id.n • ...,l.1ng period ,.. centered on the lI1d-point of the I" "leaa. ferr 

the d1ttwrion MuurMntl ( ••• p. 8). 'nIe 'XJ)\Jr1.-"ta ar. approximat.e17 

equal17 d.i"f'tded between loncltucJ1nal and trar..,vera. or!entatlona. Separation 

di.tancee of 6, 12, 2~. and "8 • (.ee fll. 22) were uaed tcrall 10n&1t.ucU.nal 

erient .. tiane and for abaut halt the trannwr.. orientatlons J th. re.ininl 

tranaft1"se exp .. t..nte utllised "Fat1~:18 or 1, 1&, 16. and 64 •• The 0"­
eer.ationa canpris. chart recCl'de (e"ntinuou. pen trace.) of tlul3tuationa 

in uilmtll anele, ele.,.tlOft &nile, and total windepeed at each inatnlMnt 

"",a1tiCll't4 nata Wl!!'e abstracted. trOll the ori~inal chart recorda at int..rn.la 

of 1.r67 aec and entered em IBM panch cards at Iowa State Cotl.~e under the 

direction of Proteaaer R. :1. Ste.rart, Jr. J this "u a~cOr.lpliahed by .ena of 



·uteatio .qu1~nt that included a ,*,otoeaetric .dann1nc dence tor readliul 

the ChL-t records. Detailed d •• criptions or th. data ab.tz-action techn1~ •• 

and the apparatua tdU .oeD be aYdIa!"t_ 1a a Sei'l1tWo Report ilsued b1 

IOWt Stat. Co11.« •• 

C. Brief d •• eription at data procel'1nI technique. 

B.tere .pectral anal7l'e •• , b. pertOl"Md, the raW data alit r1ra~ b. 

~~Ye2"ted into Yeloc1tr CompCMntl by ...... of a tr1Bonomet1"ic progr... Th. 

ft!"1ou •• t.p. tnw1ved in th1. progrUl are outllnf'd be1CM. Th. tol10R1nc 

intorlJlAtion 1. aft11abll Oft pur.eh cards lor tlauh instrument pOlt tion ror 

each exper1Mnta .lliath ancll (d.g) Ai' ~lIfttion angle (d.l) Ii' Wind 
\ 

speed (a •• 0-1) V t, Th.re are .S'!"'fT .... ""1matr:lf, U)O consecutive valu •• ot .ach 
\ 

of the above quant .... ti •• (.-1130) ln rt~ of the total 1C1"1th ot r.ccrd (20 

mn) and the tiM 1ntartal (1.067 •• c) between 1ncu.rtdual luplea. ~7 4.1'1-

nl t1on. the .l«.bralc IUllll&t1on. of the 1nd1Y1dual ftloc1t7 coraponente taken 

O"f'ft'l' the cCMplete 1UJ)l.1ng peried arc "':~t equal to lero. The 'rlrtual Man 

u1muth .1* and .1.ftt1on I· angle. r~ired to aatlaty thl. condition .y 

be Wl"1ttan in the tara 

* ' A • tutoA. ; 

and, 
H 

T Vi ain t;t 
E* • tan-1 1-! 

N • 
~' Vi COlI E1 
~ 

1-1 

~ 



I 

TM np-e •• iona tar the eemponent ... locitie. referred to • cartealau eomod1-

nat. s,.ta wJ. til the !-ax1s in the direction of the _ar. w1..nd thea bee ... 

-lli • lit -:; J 

• • • 
Y i ·.1 eoa (11 - I ) a1ft (Ai - 1 ) J 

"i ., il!" (!i - ~.)J 

u • 1-
If 

\ 

- - - 0 \ u, V, w· • 

The spectral anal,.t8 ptoV''' utWsaa the:auto-ocrrelatlon tunetion 

It 
p 

1 . - (0 ~ p := 60) J 

where Xi, ( 1 ~ 1 ~.) ia OM •• t or Ul ' Y1 ' or "1 to obtain smoothed .pectral 

densiti.s Ult (l~ k~S9) ttJr .ach "locit7 oamponent at each 8ampl1nc station. 

Coapectral analJlia utl11,.. the ~n~1ane. functions 

+ 

~ S • 1 
xl 71"" 

(0 ~ p ~ 60) J -., v.. .. _ . 
.. r 1-1 • 

- 1 
N-p 

S • - L: Xi+p 71 (0 ~ p ~ 60) J 
P N-p 

i-1 

./ -
i 

~::t, 



where 71 (1! 1 !: II) ls .nother "et ot the lue ve1oe1t.1 cOIIpOlJent repre.ented 

b,. xi tor an~ther lnatru.nt poaltlcm dur1nc til •• - uperiMnt. Froa those 

hnctlone, _oothed co.pectral e.tillate. 1x:NIr (1 ~ It !. 59) and llIOt)thed qulldra­

ture .pectral .. ttaate. ~It (1 ~ It ~ 5') ... obtained tor each w1oclt,. Cell­

ponent at 10 .eparatlon d1!ttanee. 111 .&eh elq)8r1aent. 

Accord1nc to 1'u'" (21), the UNit ' OOlfk ' tJQNk eatlutea u. a ... age. 

ttJr tJaequ.~J banda c.ntered at 

• "k 
At. 

\ 
\ 

the tr.quenc1 11m. tl tor eacn band U" 11 ... n \b7 

• 
\ 1 

7i (It .! i) 

At • 

J 

• 

In the pr •• ent caa., ~ t • 1.067 lite a'ld II, the ftUIIb .. of lac., 11 60. Th • 

•• tiaat •• th.retcn-e reter to .. groal rr~~.ienC7 r.,.e extending trOll ,&bcut 0.5 

to 0.008 c7C1e •• ee-1• 

The prol2"&lllld.nr ot the pwach Cll"dl tor hlch-speed eoaputatlona ot ... 1-

eel ty cOliponent., lpectral and cOI~.ctra1 ana17l1s wu pertoraed b,. the (\eneral 

.. lcetr10 C~7 in ~. f' •••• U~4\'" the supen1.1on of Lt. n. P. :1, and rfl". 

D. A. Jtaugen of the Air l"arco c.a. . .t:ridge Reftearch Center. Detailed delcrlpt10na 

ot the ~ooedure. are aY&1labl. in a OIOPh1l1CIl Re •• a~h paper.1 Tho actual 

c~t.tlona '"'" carriacl ~, on the Ceneral Electrlc IBtI 701a _ch1ne, 

1 
P&n~t~~ &nd D~ltnd (23) also present a d~tal1.d diseuos1on ~r th. ~omputl-
t1~r.ll prOf"tWt'-lrfll' t"f' determn1na IPfletra and eo:pectra. 

.. ".-.-



D. Renlt. 01 lNl1.1MP7 ea.le anal,..1. 

tbe DaleftlD leale. of t .. blale"". moe unal17 ~1t1Md 1ft tena ot the 

ccrrelatica ooettlcl_t It(.) b ....... tlucta.UOI'II .t two pointe I.par.ted 

":r • dletL"'2Ce 1- !he • .,.. ... ec!d7 cUa.ter or ecall ~ 18 c1ft1'l b:r the 1Iltecral 

0() 

L -1 I(e) de • 

tarw.'e at. .,leh the 81'&ttal c0l"l"8l.t10n funetion becomee 1na1gnU'1cant.. In 

etudnz. the lealAt. of tUl'bulaMa a •• ~i.t~ ?d the bread epoctrwi ot ..w, 
\ 

.1 ••• 1t 11 MO ••• ..,. to filter tf\. d.ta .0 that cOJ'"Nlat1on tunct10ne -7 
\ 

btl) detandned tor r.1&t1"'11 Mr!"(111 frequ-.c), baldeJ' Othlrw1M. the ra.ulte 

will pr1urtl)' r.flect tM W1ueDc. ot the lemp.t pertod tluotu.t1cna 

pr ••• nt 1D til. Map"'. Two quantiti.e aN dwlftCl flooa the autoc0YU'1ano. 

and oOftl"iane. tuftcU .. d.tiMd BOW th.t &2"- Malqou. to the .qulr •• ot 

lift ... carrelstion eMttiet.ate ".t.Hn tMO tias awi •• but ... , aleo, 

• 

qun-atur. t... (UQI) pIl"Idt. eoneideraU.on of tluctuat.ione th.t. ar. 90 del 

Gat of pIlu.) it ttl ... nuetuaUcn. are -mlecad. OJ" ... 1.nI1cn1ticant. th. 

expr ••• 1Cft sl~l1t1.. to 

• 
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S .. rl~ t:1nt• ~ th~ eeeelatiCin coetticienb RCOH ' Rces .., functions 

or trequ.ncT are p"e.ented 1ft t1l. 23J da+'~ rtter to tlu:tuationa in the .,. 

coepon~nt or ~nd ~l~c1t7 at two •• paratioD di.tane .. dur1nc a daytt.a ex-

aheolut- flla!nttud. tha" Reos' l.ltl'-t'Ulh !tees ~.! we, 1:7 t!ct!.'':1t!cn, 1J03iti .... 

it h .. b .. en gt.-n the .1an c: the coYaria.nce tera ~N accord1nc to the uauajt 

conftntiC'n. Th .... are no accepted at.aUstical te.t. tf1f' the ailnUicMce 

ot t"Nr"ctra1 .. ti_tes. An approx1mate ~alue tor the aign.1l'icanee 1eft1 

ot the cCJrrelation coefficient •• hewn in the abo.,. t1pre "7 be obta1nf1d 

aT ccnaiderinl the ~ft"tidenee limits tar ~.ar correlation coetticient. 

\ (9S per cent le.,.l), ueu. the nu&Gl' ~ de8l'ee. or treedOil eetabllal:ed tor 
\ 

the fIl)Ictral •• t1&attte fJNk• Acctll"d1~ to TunT (21), 't.he number 01 decreea 

or rreedca ! tor 1ndi ri.dual •• tblatea ot Ll'k i. 11 Yen by 

1 
" - T· t· 1 ~ 1.0. 
2~ 

This indicate. a aienitioanee 1eft~ of abcut 0.30 tor the RCOH ' RcOS. It 

a"J)lars tJ'ca \he ourft. ahewn 1n :i,. ~3 that there is no appreeiltt,le dU'-

f'f'!"ence 1ft the behaYitT at Ute two correl:.tion functi • .,na " ... tar A8 Re~l. 

co~tationl are concerned, the 1ne1usion or the quadrature eltimates "1-
sent.l.al1y results in randoa tluctuations'that are It.atictica11y ins1gnitt-

r:ant.. The results 01 IWMrOUS aoal. cOlllpUt.ationa ut.iliaing both correlat10n 

tunctiona support this conclusion. !n the scale d1ag.ra .. pre.ent/ad b.l1ow, 

only the R,=OS roue. haft been conaidered. 
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the ..-ca.panent or wind ftloc1t7 during a dayt._ aper1aent; data 
in upper d1acr- rater to 10ng1 tud1nal sepG"at1on distance or 6 • 
wh1la lGlMl" <11&11"_ rerers '0 a langi\,..clinal .epllrat.lon or c:. •• 
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L:au tor 12 exp8J"1:Icnt, have been analysed to obtain scale estimates 

tar the u- and v- ccaponent. of wind vel "Ci t7 fer s.lected trequenc7 banda. 

th. d~n.iona ot the tluctuaticr.. in the w-cc.ponent and no .cale •• tiaate. 

Mnt. utilised a Id..Ida1a .eparation distance ot la, .men spectral 'and co-

syM!:tral est1Mtes t~ tbe.e elC'p81"a.nte bec~ av-.1lable, it should be po.-
ib1e to obtain .ea1t .stilMte. Icr the tf-Component. Mean wind speeds, wiDd 

dtref'tions, and Ittandmod donation., .,1 uimuth wind direction to. thtt Prairie 

Or ... aper1.Mnts in '*doh .ea1e e.ti.lDate. haft been obtained are presented. 
\ 

in table 3. 
\ 

'ftte expmei •• ,ta eOllpl"ia" fi~ da~ and seven nightU. c ..... 
\ 
\ 

\ 

Table 3. n.an w!ncl .peeda V, _an wind c:l1Hetiona i, and .taDdard eleYiat-iOlaa 
ot ut.ath wind d1r.etiOD 0-. tcr the. Pl'a1ri. oz.a.. exper1aent. 
u.ee! 1n d.tend.n11'11 Euler1an .1cale. of turbu1ence.1 

Run No. Time ("ST) V (. sec-1) i (deg) OA (de«) 

6 L 16$5-1715 ~.6S 176 9.0 
7 L 13 $5-lla15 1..37 20) 22.0 
8 T 16S5-171S b.7$ 180 16.) 

10 t 1155-121S b.sa 207 17.3 
b3 L 11$5-121; 5.CO 167 ~.2 

17 L 19$5-201; 3.bO 172 5.7 
21 t 215S-2:Z1S 5.5~ 171 6.1& 
23 ... 2OS5-2l.15 6.17 126 6.2 
2b L 22~S-2)1S S.t'6 lJ.&O 6.0 
)2L 1?SS-201$ 2.22 171 3.9 
3S T 2257-2317 J.'S 139 s.s 
39 L 2225-2245 ~.78 126 10.1 

1 
'MI. 1 ••. ter L denote. loftsit.ud1nal (alonpinlS) arientat10n of \h. 1natrUM"tI 
and T zsi,n.\i le. tranawne (CZ'oeaw1nd) ar1enution. The moan w1Dl direotiorm 
and at&JVlard denationa at a1lNth angle are aftl'.., •• obt.a1ned trOll 1nd1v1-
dual bi.....,. reccrd.. Hean wind .peec1a are bancl on elat.. tre. cup aDftllOllleter. 
inat.allecl at. • helch' or 2 .. r .. ~_ tol,. 1ul.1""1D'-41ax1de loure. &;;d .t 1.)0 m. 



dL-ectiOl1 (1.80 des) 18 lesn than 30 d81 tar all the 4&7\i- exper1aentsJ 

hClM9er. thia d1ttu-ence exceeds laO d .. 111 tour of the n1ghtts.. cues. AI 

pointed aut below, the.. larae dn1ationa _Iat it d1tticult to spec1t:r the 

ettectift orientation or t.he inaf..rJMftt &r:":lj"S am result in scale e.tiaates 

that are cc.poei tel ot loncl tuc!lna 1 and vana..,.a. tactorl. 

SUpl •• cale dlacr- ot thl \I- and ... cGllpOnentl tor leftral experi-

.. nt. are pr .. ented in t1l.. 214 to 27. The Icale cU"'ftfJ are based on calcu-

lations ot RCOS tar .elected ftluell of the trequenc7 !J due to the larl. 

uount of ift!'onation aft1lable at !'liRh b'equenc~e •• no attempt hu been 
'. 

ucle to compute the cen-ttlat1.ona tt:rr' all ~"ible\~ ftluea. In d1"aw.t.nc the 
\. 

.cale cur ... I, the 10 ~uea at Rcas tar eaeh ~ were plotted at the appropri­

ate aepaoat1en di.tanc.a and th. Hlul tine pointa connected by Itraight 

11nel) ~ue. ot Rcm <.. 0.)0 wet"e consldered 11'181p1.ticant and arbitraril7 

•• t equal to '''0. 'Of' cOftftniem. 1n 1nt..lr.,..etins the resnl ta. the c.ntral 

1 b'equeneiea and baD! Jddtha of the trequ~tM:1 lnterftla ldentifled with the 

.eleeted ~ ftlue. haft been .. elsed inter. of period (inVera. Irequenc:r) 

am ar. entered ln table b. The .ow diqr_ prelented in tig. 24 are 

typical at the da:rt,t. c .... tht..!3 t;: a,.,..].: .. e4. The.e data 1nd1cate the 

preaence of a cont1."'lUoul speetrua ot ec!dJ .11 •• wi thin the period range Irca 

about 2 lee t.o 2 mi.-:; although the .cale CUl"ftI ter both components are r.en-

era.ll,. 1I11d~. the .cale. tar the 'Y-Cc.pc,nent appear to be .ClD8What larger 

than those tar the u-cClllllJOMnt It all rre':(Ucnci.s. 'nle Icale dlagrlUl8 pre-

1 
See Fq. 35 rOlf the aPJropriate tar_las. 

.-: .. 

./ . 
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Sl!nted in t1l. 25 reter to a nighttiM 8X1)e1"1Jnent conducted in the ~elencti 

oi conwctl.,. act.1't1.tr (lUI indlcated by intAra:i.tt.ent l1sht rain IhOMrl at. 

the tield .1 t.e and thunder It.ara ac tl Y1 ty wi thin t.'1e ,.eneru araa). The 

general ~p~arance at the cl1.acrama 1n tlg. 25 11 very l1a1l.r to t'lat ot the 

Icale diacr" in ttc. 2~ fItl1ch are reprelentatl" ot Itrong dayt1.J'II' (theraal) 

':'Oi,·u,ction. 'I'here 11 a marked ablence ot lO!1l-per1od tluctuatiON! 1mieat.ct 

in the scale d1aIrau ot t1&. 26 which are repre.entatift at a nighttime ex-

peraent conducted in t.he prelence or lIot!erl.te wind .peeds L"Yl a 111&ht tftlPer-

ature 1nYer.icn. A1IO, as noted in .tll. 24. the tluotuat10nl in the y-;:omponent 

appear to be somewhat larger than thOle tor the 'l:..eOllpOnent. The 8cale d1a· 

grams ;'l1"'e".nted in t1«. 27 rewa! the prlts-nce of lGing-per1od fluctuationll 

inlpection ot azimuth .,ane r~crd. show a tp"adual turning ot the wind 1n the 

uiJluth plme during the oblerfttion per1od. this eradual Ihirt in wind dl-

recticn i. also apparent in the diffusion Masurementl obtained tor the s .. 

experiment. These data alao incticate that the .horter-period tluctuation. in 

the v-eomponent are I~!tt larger than tJ,ose ter the u-component. 

Seale estimatel tor the u- and .,-component. of the ~ velocity have 

are •• beneath the scale cur",. In orde:' to haft a bull tor cOl:lpU'inc the 

results tr~ the varioul experiments, the 30ale estimate. thus obtained ha .. 

been plotted as 1"unctiona at inverse waft number. The dayt1.w re~:'~,j. pre-

senteel 1n tig. 26. show that the l~i tud1nal .cale e.tiate. tor both u and 

., are linearly relatM to the imrerse ... ,"" I'lUCIbPr. The lolid 11nel in the 

t4..gure were fittAd to the lq1tud1nal data by th. _thod or leut lquarel. 
£.-
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'able 4. Central ftoequenc1 •• &UI1 tH''''' .... 11~~!!I fOr rt-"'r-!~N!: ~~+~""'.!! p"!~"'e1ated 
with •• lected ftlu •• of ~ ueed In obta1.n1nc .cale •• t1MtuJ tor cor.­
"rd..ne., data are inwrted and apr ••• ed in ten. ot perloci :-:ther 
"'- fltequeno1· 

IE - T • l/t (lee' ee' B~id "ldUl (.ee) 

1 126 256-8S 
2 6b '85-Sl 
.) U3 51-37 
I, 32 37-28 
S 26 28-23 
6 21 2)-20 
IJ 16 17-1S 

l;J 12.8 lJ.5-12.2 
1.2 10.7 11.1-10.2 
15 8.S 8.8- 8.2 
20 6.b 6.6- 6.2 
21& S.3, 5.1&- 5.2 
,3\) 11.25 4.)- J..2 
1,0 ).20 3.216- 3.16 
S9 2.18 . 2.l.9-2.1S 

Th. ICale .. tiMte. tor Run Jo. 8, Yilich ret .. to a tranner.e orl.nt&ticn, 

haft not b •• n 1ncluctcd 1:1 the :-~~s.icn calculatlcu; th... ..t1-.te., partlc-

spondilll 10lIl1 tud1.nal .ew.. The 11De.. r.1& t.ianeh1p betMten the 10l'Il1 tudl-

and t~ spectra; 11'l other "tI!'(ts, c~t1al oan-elations d.tenn:1ned at t1=d 

point. on th. autooon"elation carw (bued Oft ....,. .. nta at a .fixed point) 

-z • V T , 

.mere i i. the _aft wind apeed InCI ! 1. t1M in .ee. Th1e equ1 Tal.nee baa b.en 

, 



the Pl-drle Gru. tut-reeponee data (26). The re!l'e".a1on UnftS in r i.e. ,8 

show that, mil. the da,t1M 10l1litud1nal acale. tor the u- and y-caapon.ntl 

... clDe.l, .i!dlv, the ac:ale eat1aatea tor th. -...ca.pcment tend to be .lllht-

1, larew, (particular17 tar large iImIr •• "a. lNIIbera). Although data tar> 

w;-,ly one vanaftra. eri.ntation .... a.a1lable. the •• suaeat that there 18 no 

tluctuations dari,. the da,t1M. 

Plot. of the nigbttiM scal ••• t1ll3te. ftl'ft8 ilmlra. _. J'lUIIber (a •• 

F1&. 29) tend to tall into twG lI'oupa both of ftbich shaw a linear relationahip 

\ 

batMen the -.0 Yariat.M. Approx1Mtel, halt t~ data tend to acatter about 
\, 

the scale efltt~.N.t~~ tar t.ha transftr •• orientation. (Run Moe. 2.3, 35) tit the 

laMr recrea.lon line; Run No. ~Ja alao tita thia regre •• ion l1ne and, in 1'1 .. 

ot the _an wiftI.t cSirection, .. t. "Ate coneidllJrecl or doubtful orientation. Th. 

cluaiCD waulcS app!~ to be t.~t, at n1Iht. the al.crtp1nd diMnaicna ot both the 

11- and .-c:OIIIIpOnanta are conaiderabl, weer than the croe8W1nd d1Mnliona. 

J'anofsk7 et al (26) haft r.ached • .,@ ., .. conclu.ion bued on a c1Utarent 

tr.at.nt ot the dAt_. T"ne l'~ea8icn linea in the tigure alao aug •• t, AI in 

fig. 28, that ttt. dw.naions ot th. fluctuation. iD t~ y-e'I!!}"Ortent are same-

what larttw than tho •• in tho u-e~MIlt at all tr~wenciea lnftat1gated. 

S~.s ot the Icale •• t1utel tar th. 1»- and 'Y-Ca.tIOMnts adj11St.d to a 

_aD wind speed or ~ • see -1 J!..1'!d ba!ed em ._~ha ragr-6ititlcm lines in rigs. 2t5, 

29 are pI".~entecl in table S. 
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Tai.'le 5. !~t~ .. t~. or th~ seAles 0: t~bu1ence tor V .1 5 m .p'~-l as f"Jncti ons 
·=f the period T (sec). 

T(.ee) 90 60 )0 20 lS 10 5 
longitudInal orientat1~n 
(darti .. and n1chttime1 ) 

Su (a) N) 1,0 20 1) 10 6 .. .3 

Sy (.) 81 ~ 21t 11. 10 ~ J 

Transver.e orientaticn 
(nighttime1 ) 

S", (!Il) 12 e S 3 ~3 <3 <3 

Sv (Il) 20 15 9 t! .. ' .. .3 ,) ;, 

1 \ 
\ 

~Iightt1=e spectrum of eddy 8ile8 i8 not nee~ssarily continuous within the 
range ef period 8peei!'ied in the tabl •• \ 

\ 
\ 

The s~ale estimates obtained tram Spat1al e~relations refer to the 

a .. rage dimensions or r!uetuation. measured oyer halt cyeles and thus cor-

respond to halt .ve lengths. It is aopal·ent rl"OIIl the data in table 5 and 

fr~ the re~e.sion lin~s in ri" •• 28, 2~ th_t the "ave length. thus indi-

cated by the longitudinal .eale estimate. are ab~'t. t.hrlte time. smaller than 

the simple wa.,. l~"«ths obtained trC::Il the expression x • V T. This is ar-

prcximately the .... relation~"'i.p r"\Jnd be1.,~en the Eulerian and Lacrang1 an 

seales or turbulence (26). Since the validity of the expression x • V T 

d.n'''\li~ un"n t.he Mrdstenee or the tuJ'bult nee in the direction or the .&.11 . . . 
wind. 1 t is sugge.ted that the ractor or ) noted above 1. es.entially due to 

important yariations in azimuth wind direction that continuously alter the 

effective orientation or the rixed im,t.rument. &rra1 dW".i.II~ UJe ~O-i!J.rJ swpl1.'a! 

, 
~ 



A. Introduct10n 

Most ava1lable ;11rfusion meuurements co.1se average Ot' time-meM 

concentrat1~~ muasurod at :1xc~ point3 ever :~=p1L,g p«ricd~ o! J to 10 

min. ThT~-'ll1.nute s .. ples were widel,. used in the "ell-known Por "on ex-

per1ments (1) and lo-m1n sampUng has been employed tor the dittusion meu-

urments IllAde at Project Prair1e 01°.3S and tar the earUer "orr. at Hound 

Hill. Satiefactory understandir.g of dispersal procees.. aro~ oax1JIlum ut1li-

.ation ot these dA+.a requ~e detail~d knanle~e of the probable variation 
\ 

in co~entration and other d1tr~!!cn par~ters as a fUnction of sampling 

pe:rsal theories as well, it is estenti.l to know the instantaneous distri- / - . 

out1on ot concentration "ithin the plumo tram • continuous point source. 

Recent studies or smal~-,cale d1s~rsal have shown that the standard de vi-

ation of as1muth "ind direct10n mY: the Stabilit1 Ratio are usetul meteor-

olo,ical 1ndicatorl' or "!itfusion .(14) Oft!' eamp11n~ per10ds (If 10 min dura-

tion; the utiU ty ot theSfI pr.,d1ctors in .stimatinl! short-period tiispersal 

1s or considerable in~eAt. 

Frevious inveetigations of the -1nstantanerus" fi Id· of concentra-

tion ~~ been based largel,. on interr,retations of photographs of ~isible 

smoke plw.s (7j 16). Thie technique is eubj.,ct to certa1n limitations in-

herent in the determination ot vieual r&n£e and doe. not Fo-.ide intorma-

tion on the distribution of eonoentration within the p1um.-. Direct IIIII!IAsure­
L-



_nt at etfiuent concentraticns OWl' :::hort sampUng periods requires detailed 

and co._hensi.,. experiJDIntal pE"ocedures ut.ilizing a tracer technique ot 

wide tlexibility. During the tall ot 1957. a series ot dU'tusion experiMnte 

ot this type was canducted at the Round Hill Fleld Station. SUitable moditi-

e.t-1one in the sulf'ur-dloxide sampling network were made· to permit s .. pUng 

O"lUJ" periods u sharot u 0.5 min without app-eclable loss 10 preclsion. 

B. Description ot experimental techniques 

The sampUng array consiet£ nt three o\~rlapp1ng. independently-operated, 

\ 

netRcrlca at traftl distance. of SO. 100 an4 200 a. Dur1nc the experiMnts. 

tl ___ '.!i ~oncentrations tor saapl!!1g intervals ot. O.S. J. and 10 m.n "ere 
\. 

obtained at each tra.,.l dist·;t.nce. A Ichematlc diagram ot the field lnstal-

lation is shown in tig. )0. The lQ-min net.work comprised lndi vidual statlon!' 

located at a h~i~ht or 1.5 m and spaced at 3-deg intervals along 180 deg ot 

arc; lim1ted Tertlcal aamplinc. was also ca.rri~d o.:t at l$-deg anguu.r sepa-

rations at heights ota 0.5. 1.0. 2.~ m (~0 m); 0.5. 2.5 m (100 ~nd '00 m). 

Sampling atat.ians tor the 3-min and 0.5-min net"arlas wer~ at a ilei~t.t of 

1.5 .. and spiced at 1.5 deg interval.", along arcs or 150 and 120 deg, re-

spec ti vel,.. A sectionot +hll ~CO-m az'c "ith mid~et l~p1nger~ in position 

is shown in tlg. )2. 

The aultur-dioxide ,ener.taro used throu~hout :?roJ,.ct Prair~.fI ~,..".,s 

1 
supDl.led the tracer. The installation ot the cenerlting equip:ll!nt at t.he 

1 
See tia. 3. D_tula ot source operation are dtUIt!1"1hM in II ~n~hY"1,..1 

R8search paper to be dlstributed by the Air Force Cambri1ge Research center. 
£.. 

., . 
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Fig. 31. Photogr.phs ot l'Ul.tur-d1ax1de gener.tor (abow) aDd. rele .... point 
for the tracer (below). Qenerat.or comprises 1nftrted tank ot liquid 
sultur c11az1de sheltered b7 galyw.zect-lron C7l.1Dder. water bath 
containing ftporiz.tion chamber, and large 8a, aeter. Pla.tic pipe 
ccmnected to outlet ot g., .. ter c.,nducts w.c .. to r.le ..... point 
,hown in lCMft' ph~.pb *1ch .is .t re1ght of 1.S m. CUp &lie­

... ter and uimuth wind. direction VIllI! are shCMft .t the lett. 
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l"':S.g. 32. F-lotograpb of a se-:tion ot the l()().ta &1'0 (&bema) showing cedar poets 
of the 104iD ftfttwclrt aDd steel tene. posts utilized in the O.S- aDd 
3-II:1n netwcrka. The l.cMer photograph shCMII the vacuua puapa. taDJaI. 
and regulatCl's tor operating the three supl1ng networkB at SO Ill} 

-nrtical 8amples are obta!ned at he18hta of O.S. 1.0, 1.$, and 2.0 • 
on cede poet IhCMll at extreme .. left. 

L-



tield site 18 ahclm in the uppe:- photor.!"_ph of ti.;. )1. Aft.er pass1~ throilgh 

the .. ter the 1&8 "as conducted underr,round through 2-in. plastic pipe to the 

release point (lower photogra!lh of fig. )lj "here it _s emtted horizontally 

into t~.e at~ph.re at a height ut 1.5 m. A source st.l'ength 01" about 100 g 

rat. ot halt that amount was autficient under ni;htt1M conditions of thermal 

stabl1i ty. PriC'l' to the start of an e~r1ment. the tracer was permitted to 

traverse the enUre n~t~k; the tJU"ee sampling net"orlal were then turned on 

simultaneously and each orerated tor the acpropriate le~ith ot time. Aspira-

tim ot the 1.mp~ers was provided by 10 vacuU',a ta:,ks. r.ach of tne three 
\ 

\ 

networ~ at each travel distance was r;\;f-~'lt~d bf • s1r.ele vacuum SOU!"CfI, with 
\ 

e_ftpUon or the O.S-:nin I.-mpllng network cf the 200-0 arc. To obtain the 

desired lpeed of response tat' this net"ork, the 120-deg section was divided 

into two equal ~rts and each section ;.rovided with its cwn vaCU'lm pump. 

The vacuum pumps, tanks aDl t'egulators used tor the thr-"! network!'t nf t.he 

so-m arc are shown in fig. )2. '!:Leu'.'!!! !" • .,urcc!! were controllcJ from a panel 

loc,ted upwind from the rel~ase point (see fig. )0). Solenoid-operated valves 

were used on all vaCUUIll 80tU"ce8 of the l-min and a.S-min networks to ensure 

minimum time-dela,y in reach'~: t~e proper rate of aeration of the saoplers. 

The aetails or one ot tile vacUWIl sources may be "ften in ft£: • .3.3. During a 

gas release, the equipment functioned as rellews: (1) Tr.e vacuum pump was 

turned on to evacuate the tank to a predeterc1ned ·;:1lue wt'.ich waa maintained 

by the rft«ulator at tho right. Thi8 vacuum was just sufficient I~ rapid 

efteuaUon o! the 11M t.n ~~e Pl'''P'!!" ftlue at the etert of t.~e !!!.!:pl1ro: rer1:x!. 



r 
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Fig. JJ. Photograph ot relllOt&-centrollecl vacUUIIl sCUI'ce show1nc (!rOlf. l.tt to right) 
vac.U\IIl rs~~CIIZ'. solenoid-operatecl n.1.vu, IIO~ tar r.-:utS puIIP, reh7 bex 
t,r operating solenoid vuna. vacuua pump, gauge and reaulltClE" tar 1.J:d.tial 
t.uW vac"JUIIe 

.; 
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_( ~ ) At the beginning at the aUlplln,~ Fer 1--'<1, a ! .,leno1d-operated valve between 

the tank and the vaCU'.lm line to the 1mplngers WIUS opelAd. The V~uWll regu-

lato!" at the extreme!att then IlAintained the vaeuulll ot the system at the 

-1 ( leftl required rer :u": =:,:~ion rat.e or 1.5 1 min 100 mel at cere~). 

(3) At the e~ at the sampling perioa, the pump "as turned orr, the l1ne d~- . 

. comected !rca the tank by the tirst solenoid valve and opened to the atmOs-

ph~e by a :second sc.lenoid yalve. Error. 1ntroduced into tne concentration 

measurement. by the above operation ~r the ~acuum system are est1mat~ to be 

leas than S per cent. 

Meteorological instI"U_ntation included I a bUp llnelftOllleter and sen.1-
I 

tiw 
\ 

u1Jluth Y4ln8 located At • height ot 2 !'t near th~ source; cup anemometers 

and ftnUlated thert'.Occ'Up1es .t, height. or 1.5, 3, 6 and 12 III on the portable 

tower J and tar 1I0.t L"1)4II'!"iments, ti ve bivanes equipped "1 th heated-thformOCCNple 

anemometers oriented alone a line ~allel to the base l1ne and spaced at 

intervals or 1, L, 16 and 6L m. The oJ:'eration c.: all meteorological inst.ru-

!'!entation "'S I!f!)ntrolled by A tilllf"!" It"lcAted "N1 thin thf! rec",.dinp truck. A 

~O-cdn G~dervation period centered on the lo-min gas-sampli~ period "as 

e1'lployf!d ror the meteorological measurer.lents. The loeation ot t.he meteor-

olod.cal insvumentation at the i'lltlei sit.. 1111 shewn 1n tig. 30. 

c. Data analJSis ann discussion ~tresults 

1'eIl field experiments Mre carried out dur1n~ the period from 21~ 

Septembp1" to 3 Deo""" -.mdor a variet.y or "eather corullt.icn::l. or these, 



• '" '<o(,:!"l'f'?~''''; 1 '" ~ ~ • """".""'I-'·"-~.tM .•... 

reo=- nremsd. dur1nc the da)'tiM and .1x wer. carried out 1n the .ftIl1nc under 

1mwalan cond1 tiona. Appendix B co.ntaiDI tabular au.ari.. or the .t.eoro101-

lc.1 J.ta and concentr.tlon _anr_nt. obtained dur1ng tid •• erl •• 01· experl-

_nta!. Concentr.tlone Ire p'e.enwd in table I, .ource .trength, and correa-

ter the eftpOl'atlonal loa. of 1IIp1ftcer .01u~on dur1nc .eration, are entered 

in table IIJ b .... line wind I!peed.a and .tancWod deri.aUon of ui_th wind 

directlon O"i fer the thre •• ...,11. ):IIrlode are lw.arlled 1n tab~ IIII 

protlle data tflf' wind .peed MIl teaperature are contairled in table IV. Tile 

tran.lt t1M aero •• the netwar1.. ,,~. ueuall, cCtMl"ft'ab1'I1".at.er than 30 .ec. 

\ 

Separ.te detend.aatiOlll .t each ~:lnl diStance ar. ther,fore requ1l'ed to 
\ 

•• tabU." approprl.te •• U-te. of the O. S-llin wlnd .pee.i and 01 ft1ue •• 

Becau •• ot inherent uncena1ntle. inw1wc!in ncb ctetend.natlon., onl7 rough 

.Ittute. of the _an wind .peed tar the O.s-.tn period, .pplicable to ill 

tr.ft1 di.tueel, &H J!l"esented. E.t1Mtee at 0-. tor the O.S-lI1n period 

... e obta1ned b1 dlnd1na the I"rxir.ua renae in u1Jluth wind direction ob.erwd 

during O.s-mn lnterftla of the b •• e-l1De ... record by 4.9.1 The .tart ot 

the O.5-tdn •• ctiona ..... d.1_J8d w1th zoe.peat to the .tart or the O.5-lI1n 

• ...,l.in« period. b,. lOO/v .ec. r"lfT. V 1. the •• t1_t. of the O.S-ad.n wind 

speed in • sec -1. Th... a-
1 

e.tiMte. are, therefore, ..o"t c10sel, related 

to th. concentration .anr_nte _de at the 100-. arc. Standard .se·"iat.1ona 

of .. 1Blth willIS dir.ctlon tor ~ • ...,lilll ts... Mre oC8pUted dir.ct1,. 

no,. t.h. wne record. (data ab,tracted at lnteftl8 ot 2.5 .ec). 

1 
,",is approxlatlOil assaa. that ~e ftM data aoe normal.l.7 d1.tr1buted. 

;{ 
,ji 



HOI"ilootal coneentrati~ pratiles ror tour experiments are present"<i 

1ft f1,. lb to Ulu.trate pMral teatUl"e. of th. ,a. plUM.. The Fretiles 

were Gbtained b1 elqre,.ing the concentratlons at 1nc!iTidual sampling stations 

-lcbted 3-t8l"ll aovinl a""lge; ftightttme data woe Uft8IIOothed. The.e protile. 

MClIlIf the ettect ot saapl1nl tt. upon plu. width and upon the di.tribution ot 

eomlntraticn aaGe. the pluM. Fie. )4(a) shCllllf8 protile. obtained at SO • 

undttrcr.'!.tlcns ot strt'ftI 1Id.dd..,. heatiftg. The 3-111n poottle tend. to be 

b1Jlodal but 1. otherwis. q'llte .imill. r 1.0 the l.o-csin distribution, in contrast. 

the C.;...tn poot1le is mM Dm"I'OIIf82" a.r;d a.ont p.aked thar. e1th .. of the.e. 

F1«. )b(b) show. protil.. ~t 200 2 obtained under .111ht inwrs10n cond1 tions • 

'cain • ..,e"t tm' it • ..rted billodal charaet ... the J-mift protile is sWl.-

to that of the lo-tdn .uple and the O.S-.s.n proflle 18 narrower and more 

1'8abd than the other Wo. ne. 3L(c) l'hCMII protlle. at 50 II obtained under 

tilee are rath~ st.ilar. but shClillf 1nereas1ng irregularity with decreasin« 

-..pllng tt.. as I!li~t be expee~. Fie. )4(d) SheMS protiles at 100 II 

was near 11 invariant wi ttl. smpl1nl tu... 

The utiUt, ot the standard de'f'1at10n ot u1111Uth wind direct.ion ",..-

:..; A. 

as a predict.or of plu. characteristic. MuurecS Oft!' • lo-Idn period haa been 

,..11 eetabl1.bed in .... -dau. expertMnta. The data pr'esented in ttcs. JS and 

:;6 1.m1cate the usetulnes. ot .::r;. in .8t1_~1n« (lispersal 0"Ar shorter time 
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1.fttenala. In tic. 35 the .tandard denat10n or cross-plUM concent.ration at 

100 It trr the three 'UlpUnc t1r.e1 ha. been plot.ted -cainst OA tor the ._ 

period.. In ttc_ 36, peak ccmc.ntratiOl"" at 100 .. adju=~ to a etandard 

It"'''' tlt1oeft!th of 1 It no·l and a _an wlnd ..,.ed '01 5 .• lec -1, are plotted 

(tar the thre. 'UPliDa tt.e.) .. a1nat the reoiprocal ot 0'1- Daytt.. and 

nilbtUM data an l.~e.ted b7 open and tilled 1,.,011, "'lpectift17J leut-

~ •• rlll"ftes1on linee haft been titted to the cOlllb1Ded data. Theae t.wo 

fta'ar •• 1UI,..t tt.at. th. relationships pranoua17 tound bettwe .. n CA Lt.'!! rhla 

charac~: !.ticI OWl" period. ot l~ duration .till holcl tar per10dl al 
\ 

Ihort .. 0.5 1I1D. The .catter at p,1"t,p tor \the 0.5 111ft oblervat1ons U7 be 
\ 

lart.17 due to uncr.ta1nti •• in •• tabl1iJJ1ng the sropll" _lue of OA. The 

wp eTA ftlue tor the point enclOled b7 par.nth.... in till. 35 and )6 

resulted troa a .ingle lar&e !luctuat1on or ftl"7 bigh frequency. tb'der luch 

lIJIIUrual c1.Joc~tanc.&. the detera1I11.,,1on at OA fJ"CII the rang •• bCMn by the 

ftM record clear 17 leade to doubttul re.ul tit. 

ooncentration, peak cOIlcentratiCID, and 1nt..g1'"ated-crOlls,dncS concantrat.1ca) tor 

indindu&l dittul1m experwnt. arc 8W111181"ued in table 6. The adjusted con-

centrAticna 11". bued in part upon rough e.t1_te. of the Man wind .peed dur-

Yllr1at10D ill the o=eaatratlcaaJ 111 t.he extre •• cb ... Yed ftr1atioll' in the 

0.5-m1n peak concentrations -7 be red~ b7 about 20 par cent by thi. factor. 
L-
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Table 6. 1'1U1111! characteri,tics tor 'U'.rep periods t)t sampling.l 

(a) Crose-plume standard deviation ot concentzation c-: (de,-) 7 ' 

traftl distance SOm 100 III 200 II 

~."T' in;;; time (min j 10 ;5 0.$ 10 :3 O.~ 10 .) O.s 
Run Po. 

1 S.7 ~.2 4.6 ).8 3.la 3.8 2.7 2.4 2.3 
2 lla.9 11.7 8.1 lla.O 10.6 4.0 1~.1 10.4 5.1 
3 8.1 7.0 ~.4 6.4 6~ 4.) S.o S.S b.o 
4 15.1 10.2 10.7 lb.) 7.1 8.) l2.5 7~ 8.7 
5 7.) 6.2 1..7 5.2 4.7 4.2 .3.1 2.6 ).0 
6 9.2 6.2 6.5 7.7 S.l 4.1 6.7 3.7 4.0 
7 10.4 8.1 8.7 8.3, 6.7 5.7 6.4 6.0 3.9 
8 9.2 8.2 8.8 

\ 
6.8 7.2 5.9 5.4 5.5 7.) \ 

9 11.6 10.9 9.7 9.4 B.S h.8 8.1 7.1 h.7 
10 17.3 10.6 6.3 16.7 9.9 5.6 17.5 6.5 2.4 

(b) Peak concentration ): ~IIII .-) adjusted to a source IItrength ot 
1 C sec-1 and a ~an speed ot S • s8c-1 

Traft1 distance SO .. 100 II 200 II 

SapUng twa (111ft) 10 3 0.5 10 3 0.5 10 ) 0.5 

R"" Plo. 
1 1&.02 S.68 8.38 2.44 J.2e ).18 1.00 1.1.2 0.)) 
2 1.13 1.21 1.87 0.19 0.26 0.54 0.05 0.06 0.17 
) 2.72 4.04 2.93 0.71 0.98 1.3$ 0.2) 0.21 0.)3 

" 1.)6 2.75 ).22 0.)8 0.69 0.74 0.10 0.17 0.22 
S 3.21 u.!.6 11.99 l.~u 2.10 ).64 (\ Ao v.v, 0.60 0.20 
6 2.52 !, .• l,7 h.41 0.85 1..46 2.02 0.27 0.48 0.2) 
7 1.la4 1.88 1.G, O.SO 0.68 0.$9 0.:'7 0.17 o.t)t.£ 

8 1.5~ 2.78 1.90 0.$6 0.68 0.9S 0.16 0.18 0.24 
9 2.02 2.19 ).4) 0.67 0.61 1.SI, 0.19 0.20 0.44 

10 0.91 1.96 1.96 0.22 0.36 0.16 ,.. (\'2 f'I "A f'I ,~ 
""' . .""., v.vv '.I .... "" 

lAdjusted concentrations in part~ (b), (e), or the table ret~r to soure~ 
stren~ths and wind speed e3timates ~o~ in t~~lA8 TI. III of Appendix B. 

,'. 
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Tab1. 6. (cont.) 

(~ ) Integrated-croaswind. concentration ere (mg .-2) adjusted te a source 
.tr.",th of 1 S •• 0-1 and a _an wind speed or S III .ec-1 

Travel distance SO- 100 • ~OO III 

Sampling time (IILin) 10 3 0.5 10 3 O.S 10 3 O.S 

Run "". 
1 4S.38 S3.97 $9.01 11.)0 19.02 22.03 4.11. 1£.33 1.39 
2 2".80 1S'.08 15.9 5.0'7 4.70 2.98 1.13 1.1h 1 •. 26 
3 J2.10 37.SO 27.72 8.57 9.S6 9.S9 2.17 l.O9 1.6·, 
4 )0.81 )5.82 S7.98 1.61 8.22 9.1a 1.12 1.79 2.L9 
5 41.1) 43.49 31£.33 l.8~5 18.61 26.SO 1£.83 2.89 1.09 
6 )6.90 ~O.oe ta c21 10 e SO ., 11.99 13.78 2.56 2.82 1.55 
7 2; .17 2$.92 :;1..99 6.'99 6.69 3.81 1.69 1.SO 0.33 
8 2$.73 28.66 21.C~ 6.69 7.)1 7.02 1.72 1.88 1.1£8 
9 4".21£ 37.)4 1£5.02 10.87 10.28 13.4.3 2.$3 2.39 3.~ 

10 27.OS 26.77 21.42 $.S6 5.05 1.31£ 0.87 0.78 0.68 
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Tabl. 7. !ttect ct lampl1nc tt. 011 p1a. par_tara at three va .. l c!1a~.e. 

(a) 

Run Mo. 

1 
2 
3 

" $ 
6 
7 
8 
9 

10 

(b) 

RUD No. 

1 
2 
3 
4 
$ 
6 
7 
8 
9 

10 

Val ... for 3-t111n ad ~.s-m.n eupl.1nc tiMe .. e DOZ'Ul.1secl wi tli r8:Jj)eet 
to the 1o-.1n ft1ue •• 

Creel-' • .... .tandard d.Y.la~1cm of ef)ftCentration -
'.1 7 • 

v;. (3 1I1n) / Gj (10 mn) a: (O.SIIdza) 
7 

/(17 (10 min) 

se. loa. 20Qa liean so. lOQn 20'll Mean 

0.92 0.87 0.88 0.89 0.80 0." 0.64 0.88 
0.78 0.7S 0.79 0.77 0.54 0.28 0.J9 0.1.0 
0.87 1.00 1.10 0.9; 0.67 0.67 0.£1) 0.71 
0.67 o.so 0.$9 0.59 O.il o.ss 0.;0 0.66 
0.8S 0.90 0.83 0.86 0.64 0.80 0.97 0.60 . 
0.67 0.66 0.56 0.63 

\ 
0.71 0.S3 0.61 0.62 

0.78 0.81 0.93 0.84 \ 0.84 0.69 0.60 0.71 
0.89 0.93 0.92 0.91 0.9S 0.99 0.93 0.96 
0.91. 1).90 0.08 1).91 0.83 0.51 0.S8 0.64 . 
0.61 0.S9 0.37 0.$2 0.36 0.34 0.14 0.28 

,..ak concentraticn )" ~. Concentrations tor each sampling t"'- ad- . 
justed ty a 8mzrr.. str ngth ot 1 g s.c·1 and a 118an wind speed ot 
S • s8O- • 

Xr () lib) /,Xp (10 min) X p (O.S 1Ilin) / X P (10 II1n) 

SCa 10Qa 2~ "ean sa. l~ 200II Hean 

1.b1 1.3b 1.12 1.29 2.08 1.30 0.33 1.2b 
1.01 1.36 1.34 1.:!S 1.6S 2.81 J.t ... , :.69 
1.b9 1.27 0.91 1.22 1.08 1.7S 1.LJ 1.la 
2.02 1.79 1.7b 1.B$ 2.37 1.9J 2.26 2.19 
l.la 1.lla 0.66 1.013 . 1.5$ 1.98 0.23 1.2S 
1.8$ 1.73 1.79 1.79 1.7S 2.)9 0.8$ 1.66 
1.31 1.)4 0.97 1.21 1.28 1.17 0.26 0.90 
1.7$ 1.22 1.17 1.38 1.19 1.7l 1.53 1.b8 
1.08 0.91 1.06 1.«r 1.70 ~.~t:' 2.)2 2.U 
2.10 1.61& 2.39 2.Ob 2.10 0.73 4.97 2.60 



Table 7. (Cont.) 

(c) Inte6l"ated-cr08sw1nd concentration CIC. Concentrations tar each 
aMp!!", U ... adjunecl ito a source strength of 1 & sec-1 and a 
__ wind apeed of I • eec-1• 

CIC (3 :lin) I CIC (10 mn) CIC (0.5 1II1n) I CIC (10 1Iir.) 

Run No. sa. 10Qa 200. Hean so. 10Qa 200m Mean 

1 1.19 1.10 0.91 1.0'7 1.30 1.27 (1.29 0.95 
2 0.77 0.93 1.01 0.90 0.63 c (~ e. 1.12 0.78 
3 1.17 1.12 0.96 1.08 0.86 1.12 0.86 0.95 
4 1.16 l.08 1.04 1.09 l.~~ 1.21. 1.45 1.52 
5 1.06 1.02 0.60 0.89 0.83 1.145 0.23 0.814 
6 1.09 1.14 1.10 1.11 1.31 1.31 0.61 1.08 
7 0.95 0.96 0.89 0.9) 0.92 0.S4 0.19 0.55 
8 1.11 1.1) 1.09 1.11 ·0.82 1.05 0.86 0.91 

I 

9 0.93 0.95 0.94 0.914 \ 1.12 1.214 1.21 1.19 
10 0.99 0.91 0.50 0.?3 \. 0.79 0.24 0.78 0.60 

Tab1. 8. SuIBIr,. o! ot:.erv.cl YMr1ations in pluM parllDeters tdth period. ot 
saap11nfr - .. d&yt1.'WJ and night tiM experiments; entries ar~ based 
on rati .... "10 .,. 

Da,-t,1IIe Nighttime 
Ratio 

Range HeaD Range Mean 

"'-

Xp (.3 min) / ):, (10 ~!'!) 0.91-2.19 1.SI& (1.27) 0.68-1.85 1.33 (1.~) 

,'- () ll1n) .) 1 I G7 (10 J1d.n) 0.37-0.91£ 0.70 (0.81) 0.56-1.10 0.8S (0.96) 

CIC (3 min) I CIC (10 III1n) 0.77-1.16 0.97 0.60-1.19 1.0) 

Ap (O.S min) I ;tp (10 Il1n) C.73-h.97 2.40 (1.~) 0.23-2 .3~ 1.3~ (1.26) 

~'1 (o.S II1n) I 0-; (10 1Iin) O.JJ.-O.8) O.SO (0.63) 0.53-0.99 0.78 (0.80) 

etc (O.S II1n) I CIC (10 Id.n) 0.21£-1.88 1.02 0.19-1.1£5 0.88 

So:-
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Variat.iClft. 1D chal"act.er1.t.1c plumtt par_ta-s wit.b sMpllng t.iM .. e 1Dc!1cat-ed 

111 tela 'I tIIft1cb p"esen~ raUOI ot V" I"'r • ID4 Cle MuurecS Ofti' )-A.' .' ., 

aDd O.5-td.n "..1* to their re.pecti ... lO-tI1D ftlue.. The dat.a 1n t.able 8 

a .... ar ratioe ot <rA, (O.s-mn and 3-II1n) t.o <1A. (lo-.d..n) obtained trOll the 

cCIIIPlete uiautJa ...,. r8Ccrdl • Accard.1JJc to the dataL in the tabla, peak con-

cent.1"atiCNI "'8\II'ed OWl' periods or O.S Nld 3 II1n .. e on fobe awrage about 

2.b and 1.S tiM. larger, r'.pectiftl;y. than the lo...1n ftlues tot' the daytiM 

U1*"iMnt •• At. maht, both the o.s- and J-m1n peak concentrat.ion. exceed the 

lD-tlln peak conc.ntration b7 a tOactc.r ol l.J. ~ th. dayt~ exper*nt.s • 
., 

th. O.~ and J-a1n u" ftluea are on the aftl" .. e about I).S and 0.7, r.· . , 

apeeUwl,., of thtt lo-.1n u.,. At n1&ht. both t.he O.S- and 3-ain ,r,. value • 

... about 0.8 ot the lO-tId.D 0-
7

- AI Id.ght be expect.ed, the indicated avera l 

"faI"latlon 1D CIC with • ...,l.inI tl. 1a almollt Mllllflble. These result. -7 

be compared with SUttoc's (29) ut1at. I!t O .. S? tor the ratio of the lnetan-

taneous plume tddtb at 100 aD to the 3-ain tW-IIGan width, in cond1t10ns ot 

tall .teck whlch show 1IIaxt-,· e't)tTe"tr.t.lona ter samplll11 tnternla at a r"" 

leccnct. that are 1 t,o la to*8 meer than sWl .. cancentrat10M tor 1- t(\ 

~ .... ---------------------.-------------------------------------... -1 
The s~':CIr.ee ot 2laO abs8l"fttima !':!' ... 1ICh lo-mtn period ".. subdi rtded into 
cona8Cutl"f'8 IUbe.ect.lena ot 10, 20, .)0, laO, 60. and 120 pointe. StaDiar;1 
den.at,lcne t. each .ub-.eet1an ,.... then ..... aced to obtain repoe.,entAti" 
ftlu.e. s.. t..b1e III oi Appendix B. 
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Some ot the UJ:C'wntal re-su.1ts are rather surpr!.:;1ng. Three ot the 

n1chtUM experiMnte (~un Noe. 1, S. and 6 in table 6) shCM O.~-a1n peak con-

centl"atian. at 200 • that are considerably lower thu the lG-m1n peak concentra-

tionaJ in each cue the O.5-a1n plw. width. Cu endenced b7 the (j- values) 
'1 

are leI. than the lG-ld.n width.. AsI'Ull1n8 that the concent.ration meuurfllments 

are approx:1Jlatel,. correct. t.be mo.t likely explanation for theee anaulie, is 

that the~e are occ~~i~~l large short-period .ariationa in the heiGht or the 

plume axia and/cr the vert.il!al distribution ot concentration. Far SOM purpoees 

it is desirable to :elllOft inhomogeneities. :,t this type rr~ the d~ta; thil may 
\ 

be accomplished b,. normal1s1ng the O.S- anti J-min CIC .,.luea at each \ra ... l 
\ 

d1 ~tance with rf!!'l'er.t to the lo-fId~ CIC. RatioD ot average peak concentration 

tor the .,arious SUlpl.1nl iz.terftla are then ,g1ven by the "lati ... heights of ~" • 

.. x:1alwI ordinatel of the lateral concentrat1.on protilea (aee tig. 34). U the 

data are adj".lsted i.n this Nnner, the averar.e ratioe of the O.S- and 3-min peak 

concentrations to the 1()..e1r, vr;.luR •• aJ"e 2 .69 and 1.S8, res~etively. tor the 

daytime experiments. For the nighttime drata, sW4r ratios have values of ] .1.8 

and 1.28. These result. do not appGar to difter ligniticantly trom those pre-

~Ol1.l,. obtained from un-normalized data. 

Although the results obtained during the d1tfusion experiments indicate 

that the .tandU'd denation of UUluth wind direction a-
A 

is a useful predictor 

of ditfUsion parameters OTer the O.S- to lQ-min range of samplinG 1nt.rv~1. it 

18 d1tticult to est,mUsh statistically signit1cant relationsh1ps between dit-

tusion .... asurements far the 3- and~.5-r.dn period. and -fA values for the ~L'H 

inter"'}.. Linear correlations between~ese variates are below the 18981 of 
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1 
eignitic~e unless the u~ are ave~ages obtained trom tt.e entire lenr,th cf 

ad.llLlth ftne record ~ see table III in Appendix B). Part ot the diffieulty 18 

explained by the slll&ll sUlple size and by the J..mp<'ssibllt7 of obtaining Itatj,s-

t.ctory short-period estimates of ~ and mean w1nC spe~ tram • .ailable met~or­

olotf1eal ir.!crmation. Hnwe.,..r, it apf'@vs liJntly that d1re~t relatir..nahips bf'-

tween 0-, and observed. plwDe ct.araeteristies must eventually bre,~k down &:i t.he 

length ot the "&l1li'11"1 i.nter,,.l approach-!! !lome 1(IP~ limit, say 1 aec. Whatever 

the exact nature of the T'h1S1ep ot the dia):)Orsal proces!!. the primary t~"tur"" "r 

the plUlllO at any given instant represent an integration ot turbulent strueturl! 
\ 

o".r ti_ and space. A wind-direction -,....n~ with. small characteristic time is 
\ 

\ 
responsive, over short thw! lnterftla, t.e a tine structure at ~\.rbulenee that 

MY bear 11 ttle relatior .. hip to the structurAl elements that determine the 

geonaetry "t the plume at a liven iM tant. 

It is possible, howeYer, to establish statistieally si,niticant rola-

tionships between the lo-min GrA values ~i~ ratios of the type presented in 

table 7. lstimates ot the ratios ot a; and ;t P tar the 0.5- am J-tflin int"r­

val:. to their resp.!ctift lo-min value .. kt all three traval d1sta&,~.s are entered 

in table 9. ':'he (tst1llUltes are based en leas1i-square rep"essi"n l1nes obtained 

trOll th~ 10garitJullS of th& var1.te~; the procedure is identical with that used 

tor the Prairie Grass data ahr.ftlm in rigs. 9 tc.~. Correlation cCletricients and 

standard erret's or ftst11Mi:.., appear in table 10. \::oncer.trat1ons used in the 

1ror 8 dep'ees ot treed .. , the 9$-per cent level ot s1~n1tlcance requires I 

correlation of abeut 0.70. 

.v 
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Table 9. 

Ji (deg) 

8 
10 
12 
15 
:''' 

\ .;.~ (tle,g) 

8 
10 
12 
15 
20 

...... f'\_ 
",. 

Estimates 01 the ratios or :r and ~r 1':1r O.s- and 3-min samplir.g 
peried~ tot' thou respecti w. l~min ftlues as £unctions or ""'i lar 
lo-.1n periods. Entries balled on rep'.ss10n anal.1I1s ot the og&rithlll 
ot the varia tes • Mean va1u'!)s ottained t-7 averaging obserwd ratios at 
the thr~e travel d1stL~es betore computing regression equations. 

Ily () ILin) / -:- '1" _ .. _\ /;- (0'; min) I . ~-:. (10 Jilin) -' y \ .......... , --' '7 < .. 
so. 100m 200m Hean ~ lOCaL 2001 Mean' 

0.95 1.00 1.06 1.00 0.92 1.C6 1.32 1.Ca 
0.88 0.89 0.91 0.89 0.81 C.S~ 0.92 0.85 
0.62 0.81 0.80 0.81 0.72 0.66 0.66 0.70 
0.75 0.72 o.6~ 0.72 0.63 0.)1 G.l.7 0.55 
'" I- () ,.. L." ,. ~~ ~ t ... 0.53 0.36 0.,)0 0.40 -e-'" .tI.V~ .... ~ ""'.-., .. 

\ 

)' P (3 min) / 
... (10 min) .A p (0.$ min) / l~ (10 min) ,.< p- • & 

$Qa .lOOra 200m Mean SOlI 100m 2001 Mea.., 

1.16 1.03 0.94 1.OL 1.33 1.04 0,i8 0.98 
1.28 1.15 :.09 1.18 1.46 1.36 1.JJJ 1.32 
1.1&0 1.25 1.24 1.3(\ 1.57 1.69 1.55 1.63 
1.55 1.39 1.45 1.47 1.72 2.21 2.27 2.11 
1.78 1.60 1.76 1.73 1.93 3.13 3.71 i!.93 

analysis were a:1.justed "'0 that the O.5-min ~"rI )-min etc "walues at each travel 

distance were equal to the lo-min eIe. This tends to smooth the ir.di vidual 

Rough e!t1m~ta! ~{ the average O.s- and 3-min standard peak ccncer.tra-

Bon t·:; te £:Xl'P~t.e!1 ~t t."',. thre{' tr:\vei distances are entered in tat-Ie 11 fer 

s~leeted values of :'A,. Tl'ese est iut.£s ,,~re obtained ~y applying the :De"-,, 

ratio3 sh~ in tAble 9 ~o t~e eoncentrations 1r~icated in fig. 9 for ~rpr~priate 

-r­
,- A' 

L-

Hon frl"lftl near-~ .. utral to extreme instst1l!.tYi the dat. de not pcrrn.i~ estimates 
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Table 10. Correlation" r between the logarithm ot the st.andarci deviation or 
utEth wind direction VA and the logarit.ha ot the 1ncl1ea~ed ratio •• 
Standard errorl ot estimate Sy arf' to be applied t,o ratio! prosentftd 
1ft table 9 and are ~xpre.sed •• tactor. by which ultimatel Iho~ld be 
wltipUecl to ,1". llm1t. within which a.ox1mate1y tfto-thirds of 

r 

r 

~. c ... e are t'01~. SMiple site 1~ 10. 

0; (J ain) / 

so. 10Qa 

-0.67 

1.11 
O.9t1 

-0.62 

.... ,.. . , 
A P \., IUnl 

0.66 

1.lS 
0.87 

0.63 

1.16 
C.~ 

/ 

-O.SA -O.6h 

1.28 1.17 
O;,tJ 0.65 

~ (10 &ir.) 
1\" . 
20Qn ~ean 

0.61 

1.17 
0.86 

\ 

,T (O.SlI1n) y 

SQa lOOll 

-0.59 -0.76 

1.21, 1.29 
0.81 0.77 

~~ l' (O.S IIdn) 

SCm 100M 

0.39 

1.26 
O.7~ 

0.76 

1.31 
0.77 

/ -r:. (10 II1n) 
1 

2001a "ean 

-0.77 -0.78 

1.2u 
0.80 

I 

1.,,1 
0.71 

0.84 0.77 

1.27 
0.79 

for stable thermal stratification. Tho extreme rango in, peak concentration that 

might be encountered during the shortor .amplinr peri~~ 1s indicated by the 

entries 1n table 8. A table ot cr:: est1.mAt.E''J r.!"Y he cons+,ructed by the !It""'" 
V 

procedure, using the results sh""n L"'l fig. 1). Y.1ore rol1~ble estimates require 

Vertic,l concentration measurements obtained during the 1957 dUfusion 

experiment! are s.urmarized in table 12. Far conveni(;!"!'C'~ ," all "ea3ure~r.ts haw 

be~n narmaliz~ with respect to the conep.ntraticr. at a hc~~ht of 1.~ m. Vcrti-

cal pr'otile. 10l!ated ncar the edges of the pl'f:ime "ere or:11 t tee: 1 ron the ealcula-
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tiona. The result, at SO •• how Mx18. concentrationa at a he1cbt or O.S • 

ttlr all the exper1aents. With th. exception ct Run Nos. 1, S, anc! 6 ... de 

du.rl • ., Usb" winda and llUdelo.te17 stable tht'1'81 .toratitleat1on, the tr.cer is 

it haa trawlled 100 • f!ooa the source. In ~fl presenco at l1cht winds and 

stable .trat!.!icat1on. approx1Mte unitora1t;, ia attained w1 thin th1s la,v 

br the tiaa the tracer reaches 20Ca. 

Table 11. Est1ates at peak eoncflntrat10n <at he1aht or 1.S a) tor three 
per10ds at sampl1nc u t'-1nct1lln Or <TA. Ten-lI1nute coneentrat1or.s 
are ba •• d on Prairie Or •• s data o~ t1&. 9. Eet1Jl&tes tor other . 
I...,line intftl"ftlI MI"_ nbta1necl b,1 appl)"1n, mean ratios pre.ented 
1n table 9. Concentrations .are adjusted to souree Itrength ot 
1 I .ec-l 'lnd a .... an wind speed. at S • sec-l • 

,~:~1 distance SO. 

Suplinc ~iM \ Ift1n ) 10 

OA (des) 

S 

12 

15 

20 

.3 0.5 

Concentrat1on (III .-3) 

1~ II 200 • 

10 0.5 10 ) 0.5 

0.47 0.47 0.47 

0.)2 0.)7 O.L2 

0.60 0.78 0.98 0.15 0.19 0.24 

0.b4 0.64 0.92 0.10 O.lh 0.20 

0.06 0.10 0.16 
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Tabla 12. a.lau .... concentration at ft1"ioue "WGfIlin1 he1~hts expre.sed a. 
~centage at concentration at height or 1.5 ~. 

1'2" • .,.1 diltece Sa.. lCO:ft 20Qa sea 10Qa 2001 

H.1«ht (a) Run Ro. 1 Run No. 2 

2.$ 0.63 0.61 0.78 0.75 0.99 O.~J 
1.5' 1.00 1.00 1.00 1.00 1.00 1.00 
1.0 1 26 0.97 
0.5 1.42 1.31 1.10 1.07 1.0!& 1.08 

Run No. 3 nun No.4 

2.5 O.&. 0.96 0.91 0.76 0.91 0.97 
1.S 1.00 1.00 1.CO 1.00 1.00 1.00 
1.0 l.~) 1.16 
O.S 1.~ 1.06 1.06 1.17 1.09 0.97 

Run No.5 Run Ho. 6 

2.5 0.1.2 0.50 0.76 0.61 0.80 J.93 
1.S 1.00 1.00 1.00 l.OO 1.00 ' ,..,.. .... vw 

1.0 1.63 1.19 
0.5 2.59 1.30 1.15 1.24 1.20 1.02 

Run Jfo. 7 Run No. 8 

2.S 0.72 0.94 1.ota 0.76 0.92 0.90 
1.5 1.00 1.00 1.00 1.00 1.00 1.00 
1.0 1.13 1.ll& 
0.5 1.22 1.01 1.01 1.29 0.97 0.94 

Run Ho. 9 Run No. 10 

2.5 0.79 0.81 0.92 0.71 0.88 0.96 
1.5 1.00 1.00 1.00 1.00 1.00 1.00 
1.0 1.10 1.1) 
O.S 1.17 1.10 1.0) 1.22 1.01 0.95 

L-

/ . 



at. Round "111 durinl 1954-1955 and a" O'Ne1'!., Nebruka during Project Pr&1r1e 

Or .. s have .tarting and .topping .peed. 0' the order or 1 ... ec -1. Heuure-

ment. baed an the records of. theall j nstruMnt. are consequentlr not rep""'" 

.entat.1". tar _an fIf'lnd .peeds below about ~ 11 see-l • In order to obtain 

ot me photocell-t3'!'8 (27) haft been dewloptd. Deta1le ot the construction 
\ 
\ 

or the aftetlllOlWter. are shown in tig. 37.\ The cups are spun trom alWll1nwa 
\ 

.he.ts _.wr~"''' ~ .. o,e elll 1n thi..:kne •• and cadmiua plated as a protectJon 

qainst "eathering. The support arlU are.de trOll 0.lS9 em u.um1nwI tub1nC 

and taatsned to the cups b7 .. 11 (00-90) braes .cr..... The cupe are ).3S Clll 

in diameter and t·h~ I1tet.nce trom the cup center to the vertical .hatt is 

u.s ell. The vertical ehatt. !'\.'f.~ f!oom 0.23 ell h • .rdened-.teel drill rod, is 

SUPl'OI"ted at the t.o!, and bottoa by miniature ball bearings manutactured by 

Miniature Pr~e1.icn Bearings, Inc. J ..... l bearing. "1 aleo be ueed. The 

beam !rca the light eource, a grain or Ph ... t bulb aar,utacturfld by the Oeneral 

Elee~~ic Co., i. interr~pted by a e~ng~-8lo~ chopper (metal disk attached 

t.t) t.hfl 1 C'lM!'l" pl rt or the ft!"tical !!hatt). The slot in the chonpor parmi t. 

t.he light beam to rall on a Clairu photocell (type clI-j j <"nee dUring each 

rotation ot the cup wheel. Output or the photocell (photo diode) is ar:apll-

fied and shaped into • equare wave that drive. a bir.ary scaler; the .oaler 

pro-r-c!es • !'!!ear~ f= ~a.lv1.ng ~~c r.o.::ber ct cup ravolutiona counted by th. 
io..-
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Fig. 31. Close-up or lightweight an8lD01D1ter 
showing cadaiua-plated al"m1 nua cups 
(abOft) and (below) light aourc., 
rhotcoC.U. and choppJr fa: inter­
rupting light b .... 

\ 

, 
I •• \ 

• 

• . \' , \ 
~ 

....... --. 

• 

Flg. 36. Field installatiOn or l1ih~ight cup ane­
I!'.cn:.t.ers mounted at hei~t:s or 0.5, 1.0, 
and 1.:' a. 



a achanical cClW1t8'l' and the pen at an Esterline-A.ngaa O)peratioM racarder. 

Fi.ld iutallatlcn ot three ....... ,,81'. 1. ehCMft in t1~ • .38; :.n thia appl1ea­

tion. the instru.nts comple .. nt ",-"ical pl"ot1le intarMUon obtained fro. 

. 
'!'h. lmtru.nt. haft be.n t •• ted in the project tdnd tunnel to clet8l"ll1ne 

cal1bratlan characteri.tlc. and their re.ponse to rapid tluctuatlona in air 

.peeel. Bued Oft the relNlt. tor a r..,.. ot tUI'UWl .peed. trOll. 1 to 11 •• ee-l • 

the calibration 18 afJPl'ax:1at.1.7 glven b7 the l1DeU' relation.hip 
\ 

.mere .; 1. the w1nI! .peed 1D ••• 0-1 ud " ,18th. nuIIber or revo1ut1CN1 ot 

the cup ••• 1 pel" second. Inft.tlgatlona ot the deceleration and aceewatlon 

characteristic. or tttfll ..... "l!OIMter. ".1'. conducted wi til the instr.:.me placed. 

in the a1r .ve. at th. reat' IJ£ t~_ tunnel. In the d.c.l.at1on te.te. the 

1nat.ruaenta were al10M1d to reach equ111brlua wi threapect to variog. tur~l 

air .ede and were then nddenl7 l.olated traa the a1r .tream b7 .. ana of a 

large cardbOU"d box placed Oft!' the CU1'l', In acr..1eration t •• te, the box ".. 

1t. requ1.r .. 1 ••• t.han 0.5 •• c tar tJl. cupe to reach 6.3 per cent. or t.h. 1m­

j:'essed wind .~ed. within the rang. trOll 2 to 10 III .ec-1• S1m1lar character-

i.tic tiM. tar cleee1 .. at1on ftl"ied trOll. about 1 ."c, tC'll' an initial wind 

.pHd of 1C;:, '.0-1, to about 8 .ee- tf:lr an initlAl "inc! :peed 'Jt 2 III .ec-1• 
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Due to the many uncerta1nt1es involved in the test prccedure, these results 

prmde only rClltllh estillatel ot the actual response characteristics ot the 

inetrwllnti to sudde", change. 1n wim ,"locl t:;. 

8. Autout10 data hl.n4l1nc and processinl .,.teli 

~ of the mo.t taMl1dable preble. 1ft empirlcal lnnsticatlona ot 

_tearolO!l~al phenomena ls that of data reductlon. Fan-resJ)onee lnat..-u-

mentatlon, in part1c\lar, produces a tremendous number ot indlvidual obaer-

fttlC1ft1 witllin a Y8!"yah01't t1M. Success ~ obta1n1nc .asure.ntl ot the 
I 

requisite tJPe and in the quantity required tar further in.,.st1gat1ona of 
\ 

the Itructure of t\lZ'bulence depenc1D in luge ~anre u!'Oft the aftllabUl t1 
, -

of automatlc data hanc'l.ing ard processing technique.J otherwise, the t1JDe 

am . labor 1n"lOlftd in tile reductlon of t· .. data '"1',. I .. iousl,. lWtI the 

100pe of an,. lXI*"1mental prOSZ'aa that m1&ht be contemp1a ted. Abltz-actlon 

of the Pra1rle Grul tu",,-relponse ob(lvvai.lon! trca the arlginal chart 

8 IftOftths tar completion. Preeentat.1on ot the original data ln a more usable 

tera "ould haft eliminated the IllAjOJ" put or t.his effort. For these reUoM, 

considerable attent10r hu been tOCUled on +..he de.,.lOpMnt of a .,..te. for 

the automatic collectlon and presentat10n ot tast-response measurements, 

the SJlltl. hu purposely been made BUt!1c1ently versatlle so that intarmatlon 

b'OII other 1nstru.nts, partlcularly Ilow-reSJ)OMe t)'p8l, aay wo be ac-

cOllOdatecS. The data pl'ocesllng S,.tell plrtoru tour nuajor functions I en-

cod.1nl ot analO! 1ntenat1on (Ihatt rotat1~ tlllpeJ"ature, ~ltqe, eta.) 
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in a re1&, ..... , until the, can be placed on pertorated paper t.ape J decoc!1Dc 

of the pe'l"torated FApel' tape J and, pr.,sentation ot t.he data oi ther in to"ae 

ter:: of !equ~ne ... @t JTi.nted on an lIm typewriter or .. entries on punch card,. 

Photo(n"aphs ot nrious components of the '1St- are shown in tie. 39 and a 

block diagram ot the nrious s·."P8 irrY01~ in the data pl'CJces,irIg is poe-

,ented in t~ g. 1&0. 

There .. e a ftUIIbw ot lUi table analOC to b1nar, conwrters anil&b111. 
\ 
\ 

Two type, haft been tested &I possible sub,titute, tor the Oia.-m1n1 micro-

torque pot6n~i~f.t6r. used in t.~~ pr.,ent\~iftM'l aBencl1lt (Eclipse-Pioneer) 

conwrter (TJrfI 05-1-A1) J and, a perterated c1J"cular d1,k of our own de,1cn 

ter use "ith II'Jltiple light source, and photocells. In each case, Bhatt 

rotation i, reF~ser:t~ ~1 inte£l"al bin&1"7 ftUJlbers between 20 ancS ,-8 J this 

pel'lli te a IIinimuII reso1ut1oll of 1 ~4 deg tf%' a 36D-deg shatt rotation. In 

once eft!"1,econd and the 1nt~_tion ,toreci in 'f!parate rela,lI8lft01'ie,. The 

nuaber or ,ens1ng-e1ement outpltl that may be sampled simultaneously 11 11-

lid ted only by the 1JUJllbe.t' ~t lD8mer7 un! tl a-rallable J each un1 t. consists ot 10 

single-pole, double-thr~ rAlaya and il conne~ted "ith a lingle ar~os to 

binary converter. It the data are san:;let\ 'it l~er intervals (1111111, tor 

example) one re1&,. :'!Ie1lOr' can be used tor more than one analog converter. 

The prolrlUl!linl dilk perterM the roUow1~ £Unctions I detenaines the sampllnK 

sequence ct ob.ervation, and therlttA ot 8~linp: of the CNtput' of the analog 
£:.-. 
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<a) 
(b) 

:;ig. )~. Fror.t vll3W ot data read-Cl'lt panel (a> showing tape reader. r elal :n<!lllory I. a.o:~ control switches. 
Re:uo vi:w of ja ta read-out panel (b) showing I distributor ar:d p<1f'ar suppl1 t,x' tape reader; re-
11Y :":lel!ltry I; centrol rellYS and Jilotocell ampWiurs tor prcgra .. ~tng diskJ s:nchrcn(IUs :DOt:tr 
for driving prcr,rar.r.d.ng disk; ru,fh volt&.!:e porer SHrilly Cor photocell amplliillt'8 am 6 v d.c. 
?orwr s~pply. Cablo at lower r~.f.:ht leads to tinar:; to decimal converter W relay r:semary n. 

" 
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tc biftU'7 conwzoter, J selectl dats !rca the 1'.1&, l118e2rles and reads them 

into the ta~ perferator alone with an ident11'1catloa codeJ actlvate. the 

pRforatell" 1181Mts fth1ch cantrol tb. tape adn.nceJ clears the reuJ "1IlOI'1I. 

tar etOl"qe "t other data. The present t.ape perforatar w:t.ll accept 8 bi t:s 
.. . 

or 1D1'crMticn per .econdJ it additional capacit7 1, required, thelNllber 

ct per tOt'atar. -7 be inerea.ect 01" a tuter t.pe perfCll'ator or lIOre recent 

The deccd1. operation 1. controlled b7 • pl"O£S"aaUng dlsk s1a11ar, but 

le •• cCIIPllcated. than the one used in coding t,he input data. It. ftultlplex 
\ , 

tranell1tt.r (lledel No. lA.) ls oed to read the Perforated tapeJ the WorM­
\ 
'. 

tlcn le channeled into the proper sectlen ef the relq ~)" I by a relay 

d1,trlbutar. The bl1W"7 to deciJlal comvter decedes the b1nary lNIIIberl 

Itored in re1&, ._01'7 I and the resulting 4ta ct intorMtlon are Itored 1n 

re1&7 -01"7 II untll the7 can bfi pr1ntfKi out on an electric typewriter ant!/ 

ar entered en panch carda. 

Als..,17 ct the cClll!lonentl ot the data hanclUng lyatelll haa been com-

pleted only to the extent 1nd.1catect in rig. 39. Tbe binary to dec1mal con-

ftJ"ter, cClllpl'i,ed at a serl., '!'t telephone-t1J)8 relaJ8 which decode the b1nary 

b7 an electrlc t7t*'l'1ter, is cnl,. partlally ca.pletecl. 
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APPEHIiIX A 

'lable I. Ten-mnute averate concentrations ot Gulfur-dioxide gas 

and trequenc1 distributions ot azimuth wind direction. 

Explana~ory tfotes 

Coneentratiena rett!" to 1'le&£U1·~':t=r.ts at\height ot 2 !'!\ along three 
semicircular ;.u-c.,;; at travel dl:; t.ances ot. SO, 100, an:i 200 m rr'lCL 
a continuous yx'int soureG :;( sul!ur-dioxide ga~ loeated 30 t.ll :.Uove 
ground level. Individual sampling st.ations were spaced at inter­
vals of 3 dec and are identified in the table by post numbers ot 
the sampling network, post no. 1 beinr, located alor.: t~e base line 
ot the array directly north-narthe.dt ot the release point tor the 
Zas. 

Frequency d1str1bution.i or u1:.-.!th wind direction are based on 
records trOll a wind vane local.e'.; at A he1~ht. ot 2 In :"",ar the source 
for alDan ",inLi 8p"'eJs 1,1 .Xc::~::t" uf = in s~~-l; o t.herwi.:c , thc di:tri­
butions were obtained trom bi vane data. Entrie!:!re in t~!'!!'.s or 
perce'ltage frequency ot occurrence within 3-dob class i'1tervals re­
ferred. to the post numbers of the sampUng network. 

Although no data are aVIn.lable en ··n" ':=r~ical distribui.ion ot con­
centrations, it. is ap~ent. frOr.t th,. lIl8as'.U"e!:\ents that the axis or 
the time-I'lf'lan CIiS plula18 W&8 on occasion lower than the hei~ht or 
the samplers. This rhe:,:~"non is of rarticular sibnificc.nce at 
short travel di:t;mees in the presence cr stable th.;:rmal stratU'i­
cation and l1:;ht. winds. On the basis or indirect e\1.':ence. ~he 
following concentration data ar,. considered non-representativ~ or 
axial plumo concentration. At SO IIU Run Nos. 6,7,9, la, s.nd lJ; 
at leo 1111 Run Nos. 9. 10. 13J at 200 IIU R~ ;:08. 9, 10 are pas­
~ibly non-representative. 



.f 
.! 

-1-
I 

SiJIFUR-DIOXIDE CCNCMF.A!I·ji:3 .\:;J !'S~OCll.TE:J ITEOUElfCY DISTR:Z~.;:!:':I OF L:!!-!'_":'~ 

. iTIND DIRECTION 

TDIE 0915-0925 E.!:. T • 

8 Cone~ntrat1on ("g ~-) ... ... -.8 ~ ~ 

Arc 
~ II GI I I ... u c = .... ._-.... '-" 

100m 2001'\ 

+I Q 

~ ~ .~ 
~ - SOlt\ 100m 200. -.. 

~ ---+----t----t---- .,'" 2., o.a1$ O.O)S 0.0l$ ~ ... 
2 11 0.1a2 0.21~ o.~S O.alS 

....1:--t---+---+----+--- .- 34 2.90 0.2~~ O.or;~ O.Q]~ --
4 

~~---+---------'-' .. --, 
~ 

'3; 2 .. !'O 0.l8~ Q.Q7~ o.~o_ 

36 2J11 0.370 0.090 0.03S 

-37 1.~ 0J&3~ 0.100 0.C'la5 
J8\ 2.70 0.l7~ 0.015 o.~o 

J9 \ l.:!h O.J.aoo 0.060 n ...... n . 
40 

" 2.07 0.'9S ~.07S O.Osc . 
41 4.98 0.b2~ O.08S 0.0)0 
42 J!..S6 0~80 0.100 O.~L 
43 h.98 0.ge~ 0.150 O~OJO __ 
44 7.06 0.830 0.165 0.015 
45 6.23 0.91&0 0.220 0.030 --

'46 1.-': 2.90 0.9hO O.lbC 0.0)5 
47 S.aO 1.13 0.050 0.020 
48 10.7' 1.a. O.~ 0.015 
.~ 4.15 0.755 0.03S O.t:'OS ___ 

I ~o 2J&9 0.~9~ O.azo o.~_ ,-' 
.51 2.90 0.370 0.00$ O.OOS 
52 2.01 0.21&0 _ .. 
.L~ O,~ ".Me; --
54 1.66 O.01S - --.--
55 .--. 
56 

~L,_J~~ 0.160 0.09~ O.~f"_ 

1
27 0.83 I O.~ O.Ob~ O.04Cl_. 

. ~A 0.83 _ 0.2e>5 _. O.ObS _~.~-1-

?~ 1.2h _~Q.dlr; o.~r; 0'03.£.1 I 
'30 o.Bl i 0.135*,070 ! 0.020 . j 
31 1 .. 2h ~ o.16S 0.0)0 I 0.0]0 _ ~6~,.;..' ..;;1;.::.4:;u9:...-__ .......;. __ . ____ . 

37 0.L2 ---... 
5'3 2.0'7 -+- -j 
59 -1-..... -
60 I I I I -~ : OJa 

i 



:";T,.'U"L'R.DIOXIDE corzct::rr~rI"'JS MID 1.~~~r:.~IJ I ED fr.E~t1ErjCY DISTRIBUTION ~ .\ZHlUTH 
one; D!RFr.TIOtl 

tI,,, r:.: 7 Octobw 19S1& - Run '12 

I I 
c Concentration (1Ilg 111-) 0 ... .... -f 
~ ~ 
~ II 

P' - t; I s:: is ... Arc 
~ .. . 
8 '] b. - 100lIl 2001II p.. 

:w SOtit _. 
1 -
2 -I 
3 --
4 --
~ -
~ 

1 

8 
, -..----..---

9 -+_.-
10 

-~-----

11 -.-
12 _. 
13 --
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16 --
1-'i .. --.. 
~8 

19 -
~o --- - .. _4 
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22 --
2) --I 
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25 
~~. 

27. --
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-' 
?O I 

30 1 . ~'l I I 
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~ I ... U I .. I E ~ .: 
]~ J! 
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:32 0Ja2 

" 0.L2 
34 0.h2 
35 O.h2 
36 0.3) 

'7 1N.', 
:38 0.93\ -
10 1.66 .. ~ .. 

I 40 ' ~~ 
.J:L ... .2!S1 

42 7.h7 

~- i-
'7.fj8 

44 9.U 

~2 
f 46 1£"1:5 
_~7 I 7.OS 
48 ~J&O 

4q h~ 

-22..~6.64 
51 2.49 ' 
52 ! .I&.!S. 
53 l.13 
54 Ia.~ . 
~.5 '.!II) 

56 0.83 
_51_ ~_l.a.66 
!i8 1.'-h 
59 1.24 

, GO a.Cl 
~l O.fr 

.1 ~2 1 o.~~ I 

E.S. T. ----

Concentration (mg IIl-J ) 

Arc 

So. 10011l 

O.dio 
O.no 
n.'hn O.02~ 

0.l6~ 0.130 
0.!t3~ O.16~ 

0.935 0.22~ 

1.82 0.l6~ 

~.2'J 0.60( 
b.?3 1.U 
6.1S 1.92 
7.OS 2.06 
6.76 1.95 
6~ 1.45 
4.!&1 1.S8 
3.6S l.2S 

b.2' 0.980 
~.97 0.'72( 
3.16 0.69~ 

2.~ 0.68S 
l.n 0.68S 
1.80 O.~~ 

1.~6 0.?8~ 

't.~Q n_~~ 

0.~80 0.200 
O.60~ 0 ... 1.10 
0.98~ O.O;S 
1.09 0.C1~ 

0.770 i 0.00'; 
O .. ~3~ O.M 

-- ~ 
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~ 
.-
-

O .. OlS 
0.'20 
O.~ 
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o.1!tO 
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0.320 
('.h6C) 

0.4JO 
0.320 -
O.l)S 
0.280 
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O.lSS_ 
o.n~ 

C.llS 
O.14S 
O.~ _ 

0.060 __ ' 

n.~ 

I ---I 
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DATE t"" .... -
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~ 
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8 ----
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---~ 1) 
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1S -, 
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1? 
18 --
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SO 0.220 o.oso I '.2uO -

20 I 
I 

21 --t .,., 

2) --
24 --_. 
25 
26 
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28 --
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1 30 O.07~ I O.OSO , 
! 31 1 ~ I O.!a~ . 0.1))0 .t:.: _~. __ . 

.- •. ----

51 O.diO 0.020 O..Q29-i 
.52 O.diO 0.00$ __ 
C'1 

C.Q~-l .-'.,; 

. 54 O.OlS 0.010 

2'- 0.075 0.140._ .. Q.Q!l5_ 
56 0.02~ o.~, 1 
51 0.120 0_.0l:~_ 
5~ 0.060 I 
59. 0.U5--

Go' 0.100 
- - ---1 o.uo I 

61 -.!.--l_~.160 j I 
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TINE 203$=2045 te:.!i.T. 

& Concontration (",~ y-.-j,. ...... -
i +' ~ 
. I ~ ~ 

c.. '.' . . ... 1o .. 
+' 111 ~ l ~ -.'. 
)2 20.1'/ 

11 22.61 -
34 17.50 , 

.J.5_ _0 .• 17... 
36 1.~ 

37 \0.33 
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b1 
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-60 f 
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2r;.9 22.9 11.6 
17.1& 25.1 13.l. -

._}.a.Z4 .•. 5~.~. __ ~_.)'19 ... _ 
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SUJJI'UR-D"Y:OXIDE CO~ICE'tITF.~T'!""~ "_~'l~) ;.ssCCLa'I'El' rr.E~'JElICY t>I5't'RIF'~'ilC~J or- A.:nttlTJl 
"~ND DIRECTION 

')!\'l'! 27 October 195$ - nun t'25 

I ~ 
Ii 
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9 
10 
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1, 
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i ,3 
124 
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8 Concentration ( ..... 1Il-) a. ~_ .. .., 

.~ or, ~ 
§ I !» ~ • 
c I g ;. t Arc 
+I 

,! :§!-
,~ 100", 20011\ 

~ 

)2 1.99 17.4 2.30 O.OlS 

11 6.62 21&.7 102 ,_ ..•.. - 0.1~ ._ 
...,24 i 7 .. 78 2' .. 6 12 .. 8 2.68 --

'3'5 16.37 ~J' , .eY __ _~O.7 ".66 
36 17.88 27.0 24.3 6.~-' 

-2L \ 13.41 19.5 20.3 10.1 

J8 '10 .. 10 U.S 13.1 12.3 -I 39 \~.93 11.0 8.33 u.)_ 
_hOI~].1&8 11.2 6.60 11.1 
41 h.]O 12.h 6.2< 1.82 - -
!J2 2...2.8 8.lli 6.89 6.Sj __ -

_!Q 0.17 5.73 10.0 7.70 

I :- 6.37 8.99 6.6.3_ 
6.1&9 6.38 ~-. 

I lll5- G.53 7.62 U.J50 I , 47 ~.O3 6.~~ Q,.9~S_ 

48 3~W, 4.1&8 
~ 1.38 0.61&0 --. 
SO 1.96 0.03~ 

I~ 
0.160 
0.030 .--. 

-'1 -----
. 54 ---·-f I e; r; 
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-'9 I I 
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, I I', 6"l
w 

L 1~3~O __ ~Q~.~l7~I __ Q~.~4~OC~I __ ~O.~0~10~1 _____ 1 ~-~~--+-----+---.--~----
' ..... 31=--__ 2 .... 3_2 ...... _~7,.17 0.060' 0.020_:_ ' 

"0 I 0.030 , n!~t:' ~ I~~ 
-
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.. ~-
:) ~·; .. - .. m-r:lf)XI:'E Cc!~E~!'!~_".'1·!~!: A!'IT."n~.r.rt.~Tr.Tm F'f.E'X'Et;t;! DISTRIBUTION OF ,'·ZU-ttml 
: im uI~iEC!'ICt. 

DATl 31 October 19S5 - Run 126 

I ~ Concentration (ml': 1Il-) 
I ~ 

111 
c: 

I~ Arc ... 
..,J !. WI 

~ 0 -no SOm 100m 200m :w -. 
1 

2 

:3 . -
4 --
~ -
6 

7 
8 --.. 
~ -. 

10 ---
11 -
II --- .. 

. 1:) --
Il~ i i -

1,5 

1

16 .-
17 _. 

~1.e . 
. 1.9 0.21 -.-
20 0.21 -. 
21 0.41 

{}f 0.41 
I~ --

0.62 C.l4S O.ooS --- r- -.. . .. 
'?4 

, 
C.hl 0.610 0.010 

25 I 2.29 1.8$ O.OsO 
26 2.91 u.99 O.04S 

!:-t-i-:~ 8.34 1.66 0.08S 

12.6 2.94 0.380 
I 

"n B~7j 19.9 4.99 1.13 ! 

30 I ~.20 20.6 6.24 1.6L1 
I ... ., ,..,. 

TIME 21OS0-211S E.$. T. 

100m 

32 13.31 17.5 8.20 2.62 

" 
..)4-1'" ,-.l.7_.~2=-=8+--.=.:20..!t_O 7.1&9 2.29 .• 
._'w~~1~8·u·7~'-A17u.~9~-J~~1~~1~.~~:1~ 

I-JI. 316.::.....t-~· ...11:3;.:.. 7~h_-= l:.3c:.:.z..-3 +-_' ....... ~69--+-_0 __ ~;;;I"';~.\l-t 
1_":" J'7:......+oo_\...c.: 3~ .1.&,.:noC+-....:.e~.w, ~"-+-_~O::.:.~ 790;.-:~.02...L 
I JS 1.66 3.71 0.170 

~9-+---=-2&: .10Ql:)8,,"-_O&,W •. 9.710::.t-~0~.OlO==+" __ --f 

40 0.21 0.160 O.OO~ 

41 0.21 0.020 
4~ 0.21~--", __ -+ ______ ~ ____ ~ 

~ 0.21 

LJ4 0 .. 21 
45 i 
46 1 

---+.------~----~-----~------~ 47 
48 

__ ~o~ -+--.-4------+----+-----1 
.51 
52 

. ...::..54~_ ..... _-_+___-__'_-~f 
...:;.5&-+5_--+ __ -4-___ 04--__ , 

~ f 
57 ·-t 
~_+----4_----~-.----+-----~ 

58 I 
~~--4_---____4_----J---- -I 

__ 59, _--+ __ ~i--~I--.J 

I Go " I I ' 
~6=1_+ __ ---~ ____ ~1 __ -_~1~ ____ 1 

, 
---'---"';"--- ------:...-----' 



S'J'Lt":1T'R_DI~XrJS C"N("F.r:TR.'Ln·jtS ::r.l ;~-.sCC1."T::r· H·:F.~I'Et;CY J"ltrnIFUT!0:; ,~: ; .. ~l'.:n::t 
~~!l\~ ::Ir.zC!r:r.; 

DArE 31 October 19" - Run #27 --:-l.:" ?" .. ~o-. 2'OC 1~·.!:. - • ..J ::' •. -1. T • 

r-r--------------, -.-----------.-.-. 
I 8 Concentration ("'" ",-', II 'I I § _ I Ct'n"r.nt.r.·t" nn ("'K It,-3) 
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13 44 -" . .3.6 9.98 . 1.94 o.~O 

114 '- .... ----I 1, . 
16 .-
17 --

I 

4S '\ .11 8&12 o&A1l'l I 0.26.0_ 
I 46 I .? .... h9 1.a.2~ 0.1~ 0.1P.2. 

I I 41 1.04 3.69 0.610 0.010 -_. - . 
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-
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,~ 2.81 17.r; 7.r;~ ).u6 

~ -t S4 

~4 2.33 8.24 5.00 0.840 -'-- ... - --.... 
1 25_'_.?:.)3\_._ )~~ 0.660 0.210 --1--'_--

~6 2. ~.3 1.20 0.020 
21 o.s) 0.060 --. 

. ----j ~~- -. 
56 I 
57 i 
.2~ I - • _I 

28 O.li ---, 
I~ O.JJ . .1 
I.....:Jv~ __ ~ 
, "1 I 
.". 

--+----+---/ 
J9 ! I 

--i- . -1 . .£0 I 
-- --I 61 I ,- I It:::: 

I 

, 
_~ ___ 4" 

I 
~----------_____ ~ ______ J 



l 
1 
\ 
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20 6.31 ' u7.8 
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I ~4 i .19.10 I 4Z.~ 
I 2!j i _~.3C 17.7 
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Table II. Su......ary of snurec stren'tths Q for the 19$L-195S d1rrusiC''' .. ryw:ri .. 
m~nt6 and correction factors by which concentration data pr~~~nted 
in tab:" G 1 should be multiplied to coapent!te !-:r ewporat1onal 
10&s nr i ',,!,,1nz~ !olt!t1~!1 1=-1.00:; ~er:1ti:n. 

- .. - - _ .......... _-- . -..---- -- -_. -_ .. - _. __ - - o. 

I 
/u'c rac1ius(m) 

Run/ , 
Q(g see-1) "'1.'). i. Date T1me(£ST) . 2£ 100 200 I _. 

I ~-.". -.- ~ - . - ... _. -- . --- --- . 
1 8-13-c;!, 091S-0925 1.CO 0.93 0.93 0.92 
2 10- 7-5U 1100-11.10 h.ll) 0.91 0.91: 0.93 
3 10-21-~ 0?lC-C~C 11.J!;~ C.90 0.;:'1 0.92 
1. 10.28-$4 loL0-1050 6.67 0.91 0.S7 0.86 
5 11- 9-5b 1010.1020 8.82 

\ 0.95 . 0.9ll 0.96 
6 12- l-~~' lC'ft~'n~s 7.21: \ 0.96 0.91 0.92 
7 3- 2-55 I1h5-11S, 9.16 0.95 0.9ll ~.96 
8 3- 3-55 1035-101.5 9.)1 0.96 0.9ll 0.93 
9 )- 7-55 l~o-ll~O 9.81. 0.98 0.99 0.97 

10 3-23-55 m5-11,;;;5 10.01& 0.96 0.97 0.97 
11 3-2.3-55 151l5-1555 9.96 0.98 0.97 0.98 • 
12 3-25-55 1050.1100 9.92 0.97 "J~~f ,. u; ... , . 
lJ j-.i!o-~~ l505-1~'~ 9.98 0.99 0.96 0.97 
14 3-29-55 1120-1130 9.9(1 0.97 0.97 , 0.97 
15 3-)0-55 103O-10LJu 9.~5 0.97 0.97 0.97 

j 

2~0-20~0 9.~6 0.95 0.95 16 3-.31-55 . 0.95 
17 3-)1-55 221;:-22:5 9.86 0.96 0.96 0.96 
18 6-1)-55 20)5-20l45 8.: c: 0.98 0.98 0.98 
19 6-13-55 221:0-2250 8.,8 0.97 0.97 0.96 
20 6-15·55 2050-21(..'0 8.ll8 0.98 0.90 0.97 
21 10-19-55 22h5-225~ 6.23 0.95 0.9ll 0.91& 
22 10-20-55 (1(·~o-Oloo 6.ll2 0.97 0.97 0.96 
23 10-2~-S5 "J~-221:S ~.60 o.~9 0.98 0.99 
2ll 10-27-55 2035-2~5 5.72 0.96 O.~ 0.97 
25 10-27-55 2lL5-2155 ~.77 0.96 0.97 0.97 
26 10-)1-55 2105-~1l5 6.e7 0.98 0.98 0,98 
27 1(.'-)1-5~ 2250-2)00 6.65 ,~ .~8 0.96 

, 
0.97 

,A ,,_ A_~~ '130-~1t:" 7 01. .i ('I. f'I ",r- 0.9; ./ .. ....... '-' , ~ •• ' oJ 

29 11- 8-55 ?)1Q-2320 1.96 0.96 c.96 . 0.97 _.- - .-- .... -- --- .!.. - t 



-racle III. S'lIIIIW"Y of metrcro1ogi~al cu!&!rv.lti:n!l for 1)~-1955 !1clj experiments at 

Round Hill. Explanation of symbols, V zIT 2 dl'e tho mean wi nc! :speed. in 

m see-1 and the m8an air temperature in dee C, respectively (subscripte 

ref,.r to the height ~t the mca.~ureoM~:"I~~ in m); () E' C-A. are standard de­

viations of elevation and aziJm!tt: 8.llf,le, rospecti ve1y, in de~; 11 sign1 .. 

r1~s missing data. 

Rm ... Vertiea1 proti1es et mean wind speed and a1r teft~raturp - V12 T1.5 T) '6 T12 "e-. V2 (T"'E CiA V1.5 
.. 

~i 6 ~3 

1 2.17 n.l )0.'" n 11 rt 11 11 11 11 11 
2 L.~ 6.1 17.0 ., N M H H '" t'! 11 , , •• , ?,AL $.) 1~ .5 M I~ ~ It 11 !'! .. 

" ., .. . . 

'" 
2.62 10.8 )1.5 11 N 11 H tI H M H 

5 5.25 4.6 13.S! 11 H tt 
\ 11 11 M H tt 

, 
L.21 "'.9 15.5 ).7) "'.)'" 4.70 5.00 "'.00 ).7) ).59 ).)8 0 

7 8.76 4.0 8.'" 7.9'" 9.21 10.)2 \ 11 b.OO 5.69 5.4J 5.18 
8 3.86 5.7 19.8 ).5) "'.04 4.)9 ~.59 2.20 1.91 1.58 1.L4 
9 7.'J6 11 il.O 0.77 "1.79 8.65 9.146 0."'0 0.10 -0.15 -O.a.l 

10 7.12 M 16.6 6.77 7.84 8.65 9.56 5.10 4.91 "'.78 "'.61 
11 '/.7b M lJ.O 7.08 '" '"4 o.e: 8.95 9.71 ~.I}O 6.01 6.02 5.99 

" I, .~n ~ , ,R I- ., t'It'I • ,'" , ".- .- ...... - -- ,: ;." I. "7 I ~t'" ...... 
",'- - -.- _0'." ." :...&~; ... -." ;: .";'°w" ."., ..., "" .... ~ .... ... ,.,. 

1) 9.20 11 15.) 9.)1 10.7) 11.69 12.6;. 4.00 ).92 ).R9 ).81 

1'" 4.)8 5.1 22.0 4.)9 4.90 5.25 5.61 ).8C ).)2 ).01& 2.70 
15 L.46 5.2 25.9 L."'" 4.90 5.3~ 5.71 12.75 12 .';0 12 .01 11.76 
16 4.$6 7.'" 12.8 "'.70 5.35 5.?1 6."'';' 6.80 7 .07 7.2) 7.)6 
17 2.40 6.7 9.5 ? .26 2 .92 ).?) 3.48 6.60 7.30 ',.61 7 .85 
18 2.9L 5.5 10.8 2.62 11 ;.63 1..09 15.00 15.17 15.2b 15.31 
19 2.71 5.9 11.8 2.u7 11 ).4) ).78 17.00 17.~ 17.2~ 17.29 
20 1.0i 4.0 0.5 1.76 2.11 2.$2 2.9i :"'i' .~v i.i .2J 1., .40 17.54 
21 1."'9 L.2 7.7 1."';; 1.76 2.21 2.65 1).20 13.)1 1).3Q 13.45 
22 1.79 2.8 5.9 1.6'" 2.1) 2.65 3.13 9.70 10.09 10.33 10.55 
2) 1.74 3.1 7.5 1.84 1.91: ., '," ., ~'" 3.90 4.19 ~.~l L.60 -.... ~ ........ 
24 1.98 1.~ 5.1 1.S'3 2.10 2.69 ).43 5.70 6.';7 6.9l. 7 • .32 
25 J..6; 1.7 6.8 1.~S 1.89 2.47 2.$'1 4.50 6.39 7.03 7.43 
26 2.79 S.S 10.6 2.70 2.9'" 3.33 3.75 11.00 11.17 11.26 1l.)2 
27 .3.)~ 5.8 1).8 ).51 3.85 "'.26 4.52 11.50 11.59 11.60 11.59 
2B 1.79 2.9 ~.9 1.8~ 2.0'; 2.r;~ 2.76 5·10 ,.5) 5.76 ~ ·~o ~ , 
29 1.78 3.2 6.8 1.72 2.06 2.6'- 3.11 2.60 3.02 ).29 3.~4 

*Avera~es of \~lucs rr~ eup anem~ter near ~ource _nd from vertical profile data. 
H 
Avera~es of data from bivanes and vane near ~ource excent for wind speeds below 
2 m sec-1 "hen nn1v b1vane data were used.--

s-

'I 
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AfPr;!~IX E 

CETAlNED A.T ROl'ND HIU. !WRIl'C 19S7 

Table 1. Sultur-dioxide concentrations for three ptriods ot sampUng 

and lo-min frequency Qi~tribu~ions oi azimuth wind direction. 

ExplanatOry t!otes 

ConcI!ntraticn data ::-tIlprhe aVl!ran,e values. determineci at a heigh .. or 
'.5 Ill, for sampling perl.od~ of lv, 3. and 0.5 mJ.n at. travel di::;t.a.flC~S 
of SO, 100, and 200 m {l'om a continuous point source of sulfur-dioxide 
gas. The sampling network eonsisted ~t three independently-operated. 
overlapping arrays located along spmieireular ares. !he lo-min array 
extended over l8c de~ of are ::I"'" !ndivi,dual s+..atior.s were spaced at 
)-deg 1nterv'l1~; to:-.e )-min ar~'!iy ext~n(ecl over 1$0 dec of arc and in­
dividual stations were spaced at !~tarvals ot 1.5 des; the O.5-min 
array used a l.~-deg separation and extended ~ver an arc ot 120 deg. 
intrie. 1ft the table refer to consecutiVe post l1'.lmbers of the sampling 
network, post No. 1 bein~ Jirectly north-northeast uf Ule releas~ 
point tor the traeer. Post ros. 1 to 6 and 106 to 111 utilized a 
,3-deg sflparat.i,,,, irtcrvalJ the !3uparation be\'Pten all other consec­
uti ve post numbers ie 1. 5 ~e8. Vertieal sampling was also cArt'ied 
out wi thin the lo.ndn orr 8y at inte1"vals or l5-deC alon· each semi­
circ'Jlar arc. Concentration dSlt.ri Are available at these locations 
tor the tollowing ad~itional heiuhtsl (So-m are) O.S, 1.0. 2.S a; 
(l~ ~~ ?~~ ~~~~) ~.~, ?~ ~. 

The le-min frequency distributions ot azimuth wi~ direction are 
based on the reeords of a vane locatert $.it a he1~ht or 2 m near the 
sOUJ"ee. Entries repre~ent, perel.:n~ar.e treqllenc:; et oceuz'rence within 
)-deg el.as interval:: clJnured on ~"Ittt.s ot the sam~l1ng net.work. 

In t.i1~ conduct. or i..iu~ lill"ru::flun \:Apt"'·~lIl.:I. I..iu;: ~"'.c,;t:J:' "~:1 rt:ltl;&~eU 
h~r1zontally at a hpi;ht of l.S m and rer~~tterl to traverse the en­
tire array before the in~ividual s.~pler8 were s~t in operation. 
The three network! were turned on simultaneously and operation o~ 
paeh network t.erminated atter the appropriate sampling t,ime had 
elapsed. The emission ot the tracer was dlecontinupd after the end 
of th~ 1o..m1n sa.,pl1n.-; period. 
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rable II. SUIIaar)' c! source Itrengt~~~ auld <.;orrection factc::rs by ¥lhich concentratic..r. 
ciat.a present.ed in Table I should be multiplied to compensate fo:" evapora­
tional loss of impin5Er s~lution during aeration. 

Source streru::th (g sec-I) Correction ractor~ 
Run No. !:late T1ae(EST) 10-min 3-min O.S-mill lo-min 3-m1n O.S-min 

45.1 - ,.. .. ~ .... 1 9-24-$7 193$ u$.l 4$.1 0.90 0.92 U.U", 

2 10- 2-57 1120 109.0 llU.O 115.0 0.91 0.93 0.90 
3 10-10-57 2020 $).4 $3.4 $3.4 0 .• 93 0.95 0.95 
!l 11- 4-57 1200 100.0 108.0 108.0 0.92 0.92 0.91 
5 ll- 6-57 174$ 49.2 49.2 49.2 0.97 0.99 0.9R 
6 11-17-57 1700 $3.1 $4.2 ;4.2 0.96 0.98 0.97 
7 11-20-57 1700 -;6.$* c;6.$ S6.5 0.92 0.94 0.9$ 
8 11-~2-57 2030 S3.8 '71.2 11.'2 0.91 0.94 0.9$ 
9 11-26-57 1120 71.2 73.6 73.6 0.96 0.97 0.98 

10 12- )-5i 1120 93.4 97.$ 97.5 0.94 0.96 0.97 

.-
source strength decreased from ab~t 7') During last 8 min 0: release period. 

g seo-1 to about J: ~ ~ee-l. 

"At 200 In, ce~e~~ien r~~~~ 1~ O~~3. 

Table III. Mean wdnd sp4'eds and fttandard deviation.:; (Jf azimuth wind direction (Tj 
lit" uured at. heieht of' 2 r.t during diffusion exrerirnente. 

Wind spefld (Ill ,,,c-1 ) at • • 2 III -- (deG) at I • 2 m 
O.S-adn 

') A. 
* Run No. lo-fII1.n 3-ta1n 10-I!!1n 3-min 0.5-min 

1 2.11 2.10 2.1 ~.4 S.3 (8.3)** 4.1 (7.1) 
*: 

2 5.15 -' ~,.. G.O 16.-; 15.2 (15.8) B.L (12.i) ,.c:o 
3 3.00 3.16 ).4 12.9 10.9 (12.7) 9.1 (10.8) 
U 3.98 3.85 3.9 16.7 9.1 (11.5) 11.L (8.8) 
5 1.65 1.16 l.? 9.2 9.6 (6.9) G.] ('i .2 ) 
6 2.61 2.L3 2.7 11.8 10.L (10.9) 6.L (8.9) 
7 3.06 ).66 ~ .. d 13.5 11.2 Cl2. 7j 12.2 (l0.?) 
8 3.31 3.69 !l.O 12.6 11.3 (12.5) 10.1 (lO.!l) 
9 !l.39 h.u2 u.9 1.3.1 10.6 (12.0) 5.7 (8.9) 

10 L.O? !l.O$ 4.0 20.7 lll.4 (13. e ) 21.2 (11.0) 

* Estimates not enclosed by parentheses applicable strictly at 100 m. 
...... --Entries in parentheses are average ftiues based on entire length or record 

~ 10 ~n); aee p.$S or text. 
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Table IV. Summary ot mean wind speeds an::i air tccperatures measure::!. at !o'Jr 
heights on portable tower durint= the d1!t'.!sion experiments J en-
tries rerer to le-min sam:-'ing t1r.le. ./ -

Wind speed (m sec-I) Air temperature (deg C) 
Run No. .- -- ------.~ .. - - ------, .. -. 

Z(m) -1.5 3.0 6.0 12.0 I 1.S 3.0 6.0 12.0 

1 2.52 2.87 3.28 3.78 12.12 12.51 12.73 12;9h" 
2 5.36 6.12 6.57 6.98 j2n.00 19.51£ 19.33 18.97 
3 3.19 3.S7 3.97 4.J4 1.4.92 15.12 15.24 15.)0 
4 3.99 4.44 4.85 5.0; 13.40 1).27 13.19 13.09 
5 I t1 2.11 2.46 2.82 ~.45 ~.e6 5.09 ;.25 
[; ,2.88 :.27 3.61 ).97 11.60 11.87 12.OU 12.lJ 
7 ,4.OU 4.70 5.20 5.78 7.60 7.79 7.';2 8.0!& 
B 13•53 4.OU ~.L.9 5.00 4.)0 4.4~· 4.56 4.62 
9 i 1..29 1..80 ;.20 S.46 2.95 2.49 2.27 1.98 

10 14.OU 
I 

4.70 ;.10 5.46 3.75 ).37 3.16 2.?' 


