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U ~~ C L A S S I F l E D 

1. The mthod describec herein 18 desii;1· e.::: •l,t ! 811 ·Jbjective that ie intermediate 

b4atveen operational reqi... trements, and t·" .··eq ... :J.rement ~ of a strictly scientific 

investigation. lt le d.engne<:l ',<> h1cJ.1..X1e w· a e.re assumed to be the most 

illlportant. factor-a that detl'!!rmirnt a fa l l-r .t rWlltter~1, with the idea that we might 

find out enough abou whar l.~ p;orng or t..1.. c·· i .ce .. good simplified method for 

operatioo1al U!!!e. Jnfl simp ... ifcea lfersur '":.&' ,..&s "-'ed f:ir· local fa.11-out 

forecasting ie desc !" .. bed :Lr 

DeTeloped after BRAV< , 1'at 

'" "'·"'"--'- _., se- L .:.i:r~ca.et1n.g by New Techni({\;es 

'' PaJ .. -out F'crec&•' ~:·1~\ Techn:!.quee" of the Task 

Force Ca!!tle Report. 1~. seernf'ld good el'XJ\:lilt',1 » '1.H!1ti fy furl.her investigation of 

the baeic ideas as &J•J:l Hat:., +. '.• any r&n'1""' / n 1rta.nces over which a constant 

vind field could be ass llnf'!d 

l .. ·' 
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2. The basic assum~:Jt )or s : ' ~ t f-· met;• >C 11 :·f· 

a. The whole c. cud uc 'c ; '~ hi!' g~ · ·' •t ao~.lizat ion, is formed instantaneously 

at the time of det 1riatior. T' i· 1 '"a.• we ca.l: the "initial cloud". 

b .. In any heigtt .a:.re·· ~ Ue Lnit~a .. 1i l, the Cilncentration (radioactivity 

per unH vo:1.J.1De; i!I di.strihuted a:r ··t·lP :o the Ga~si&n law 

:: I)·. h ..... Iii., "· 

"here c'.h) 1.s U;• er.· .. ra: conce~l't:·a .. )t at heig.+-t h, I' is the radial 

horizontal at~. a c". ~Uld a, t t1 a ·• .e ··~-,a(~ para.met er" (analogous to 

!Jtandard devia•. i )fl· t at :Ls a ... 9< ,. !:! 11er•ed to be a function of height. 

From thi~ as'3ump1' iClr t !':)llo11ts ··.a· e t.utal amount of radioactivity 

c. Throughc•ut a.. : <iny si..c~. La,.v<R.r ,, · r P .. a.noactivity is distributec: 

normally wit· re:i;:·e·~ 'c th~ :~ .. )ga:-itu " the rate of :rall of the 

•I'" "?·action ·•:if radioactivity that 

lf :us given by 

where f(h i1' ~J1e f••J--r-ate ;'ol par-t .. ,es or great.est radioactiTity, 

and ·~ ( a.lso c msi 1e~ec to b~· a. f'u ~ict ~n. .~ '1eight) is the standard 

dt!Viation of ·,n" DKar1.tha <1' fa..~. ra' 's. weighted according to radioactiTity. 

t(h) and rui arf' ··cmsta:~t thn.iou'! ' .. ayer. 

d. The rate of r.i::._ "a.n' partk ·~ ""el!lh.: ,, :<)r,stant wrtil it reaches the 

ground. 

e. Any rarti cl e h.at star-ts ~·ram t · e ei t 'H iuis v:L.l tol1o-w a path strictly 

ir accordance v.1.t. t re vind pat~ .. er·,. ., .e tll otner particles that fall 

at the same !"i1.tf" "N:lll 1 h~ M.me .ev~ ....... di!fW!le laterally froo the 

central part: . e- 8\ll r .B. way ' r.a' ~.' 1 l(llUBS i&n :Hstri'bution is maintained. 



.. -
Dur:i.r.g t.t'.i~ ;Jrcr e·;., ~Ll" hl(·~eai; ... .f' erreac pararreter is described by 

Dl 

a e ..... - .... ·-&o i;a. 

where S is 'f' :!'ti.: c~· ;raye .ll"c •· " < e~tra · partic:e W1til i.t reaches 

the grc:\.1 nd .. ' .. • ls t c h~ net 'iC • na i 1.11 ~ t '",e straight-line distance 

fror: the or·p:1·1 ':.ft.'•~ .:.andfo.<; ~~: .. rt •u .. "~s al.: vinds at all levels are 

in the same dirl"Ctior ,1. B e.r11 .:r 11~~ ;-erliunet!"ic quanU.ties that may be 

used tc desc r1 bf' t ·· e a mot n1 ··" d:, ,.., .. .i• ; .•. ~, They are not at present 

" ~· i ..ar.t::..ty p is .merely an abbreviation 

ror the quarti• .: 
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3. a. Fran these &seump·'. L. ·~s '• ''·· 1 '."""' • ,, · t"' c:los .. rate on the grot:nd ie 

I • K -,,-..--• I 

., 2 ·r c 
... cc~h;_ t•x1 
~· ... ~ 

.... ~ .. - ..... __ _ 
"' 

dh df 
r 

where K is LJse ri.t"" ~r un:.~ c' :i .:·· a1. e .1 oncentration, H is the height 

of the toi: i" t' e · :oud, anc ,.. 1.E< ' • • ···~ jista.n:: e .!'rom the point at 

which the d 'se ··ate .s ertim'er· · · "ar· ·· cf t:'le .landing points or central 

;epend or tLe wine pattern below the 

level from l.f i ·· ~ + '' e t: ent ra l '· 1&~ /'ifinated, so that r ie ,a function 

,, t· e ra•.e or f.&.:l, so that r is 

: ~at.girl" ~· ... , : !I.'. . ., f fa. .. :. to time of fa1:l., one 

obtaine 
,,..., 

r"' -.\ 
'Y' I 

•: . .ate:i c,f t·1e point where dc:!e rate 

ls esti..':'.a t ed ar 1 , ,, ar • ·~ he )o. cl m.ri<n,.cts ~.r the same co-ord:...r.ate 

noting P·1at ), b :.hi" a·~erage spee1.: rejii&rril.ess of direction. (ti a.nd i are 

!!;Ot, in general ... ~, e componer:t.-. ~'.Js eri:r l!lssiori is correct if one 

is satisfied t ~at t '1e ·ii ffu:5:Li)· je·">e':'" ~ ,. the tot&l horizontal distance 

travelled by a "ent~a1 µiM.~1Cd'. e -.i shes ~...:::1 a.ssurr:.e that the nrtical 

c. The eignificar" ' f ·1ncl m :a.r , .. • ... ' l!IWili.zec: .. lf m = 2, then 

& 

ao 

SC that the l.itl!l"fl, d:i.mer.s:i.ons lf &rs r,egmi~ t of the Cloud will increaee 

U t, ~.·· '~. A 5 SI F I ED 
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,. ... ' ' 

as if the .eegment ha~ c:c.'TI'' :'.'r•)rr • x , t. 3ot:..rce l..ocated at a di stance ~ 

'" t; ;ti !'I tanc e tr ave 11 ed by the central 

particle. ·r ·ID .\f''· :~reat,,~~r tf",aJ .,, .()j"jers : r the cloud will diverge 

One c&r. nrevent arv ncrea'e .. r -;.z" f"'..'':,~er :r._;r rTAking ~.infinite or by 

making~ eoua. ··,c ze:-o. "'\11!' ne' ... • !" descr1t:L-ig the diffusive process 

,.. s·:p•are ( f tre time, as in Felt 1 s 

met hod. Yowev~; · ' e ;1ro pc r1 \. ma .i: • ., ' ·> :- var :. es , a~ w n:r ie s rl th 

height., arid ·u:-t .,~, "I'!~ )Ver.a .. 11ve.: 1 •"' .:lT'Of>Cr'tl.onalit;,· factor changes 

differs froo. Pe.· .f' ·nrlt,< .:. 

e. Returnir g tc th+> '.·;as .c e:i .la·1 i~ " .f'. t' ~ va.riat:e !rcu. r to t changes 

the argumer.t " • ~ (·.~:a~~t!Jr. 1 t 

&nd df bee ome 9 ::t 
f . 

One note~ als) ;. )-,,.· ·~or centra.t.br~ ii ' .. 1.r1H U. i cloud must be reduced 

·~ i.m• !or vhicr. tr:.e dose re.te ~ 

l' ~ t : D ·: 
l 



4. The in!onnatior v a .,at1cn le< ther.: 

b. H, the heig ·1 

of height. 

: • ,n of heigrrt i.1; tr.e in.it ial 

'.,, • "te,:i ace :irdi:-;g tc radioactivity), 

as a !uncti r ·,_cud. 

· ris :.istribt.;tion as a !unction 

of height t: t '"" 1ni•ia: - .:: 

g. 13, diffusior par'l.:re· p·~, e!'lcrbe·· ~·,. '""" 

UNCL~ FIE D 



5. a. 

b. 

c_~ 

l ' ' 

L· .. 

a caacss s 

· &JJ.,cea ir tr.e quantities described 

above, proceeci:.tlll ( r " t rta '· 'i.'\C "~·r · 

The logari thra c I' • ·"~ raU • & ' .~&.·' "'' tc obsened dose rate is estimated ,P . .. 

at a number • -~ •.r'," l'or a "'~"er 1.1!··:··· 
f 

"'."r ie quantity .is called 1 (ganma). 

Then the mea.r ,gazn.a, 311d rh1" !Pat '!':.:·'l variance o! the individual gammas 

•· . s process is re:peated tor a. 

;u am it v, bei:..a .for example. One then 

plot8 the varianc"" <t.1<:a:J1~ t·et&, 'I •r' "'". 'K:le as the beirt. value the one that 

g:ives the l~st V>i:-:ar·e. <ne '-"' .::.• 11"!'· on tc cit.tier para.metric quantities, 

arrl treat~ tr en. i .. , r '·: ~.a the ~·e is not too .much 

't ~ ... :.Lrrerent • ... ,y-pes o~ parameters. 

•' ·:1lfl '"least squares" met.hod 

10 observation. In :orinciple it 

is possit:::e t ,ze' 'e!' VHriar a. a:: e IA· • !"it w+- er. eac:-: calculated 

Ta.lue is. for exa.mr:.e. en<·tt;· .. er ... m..!I ·:·If' cbserved value. One YOuld 

then susnect .. r .. at ::/('{ r t· e ra11:ioac:t:,. ,t. t.ad rem.a.ined in the crater. 

If, however, •nP' 11'"'c JU- cbta tr. M. ,vo<)C · -~ t ~·t.t rit · only 10'.t of the observed 

activity ace o JJt ec t ,.... ::r: f' :11fc c. ' .. c .a H" ··· c r:side~ otner. possibiJ..ities. 

·; . .imerlciL Lnte . .;ration i.t i~ not 

·! i.nite ti TM, and part of the 

·t ~;:.:: e ,. l11e ra.r.ge choser:. I! this 

'!'I;. 

P:J ·~ie.:-e, .:.s net ~eful. llie 

'. .. A 

l ' t' ·1 
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d. '!'he iret 1;od ··I •'Jl. • !''. 

!Jl··:--i. -r 1 r:1-=o 
.:J..; ~hd . t" i I I I ..... ,,, "lack neye _ aJ. i:r-1 ic sm running 

as fcLows 

~ '~ r & 0 , Co, .r, etc, as you wish, 

. :bt":- :· observations exactly. 

'ii .~et :1 set o!' values that look 

"""'l" na:le way w:.,th yield over a wide 

;:)!!! :-a·. iona.:: pu.-pose even t hou,~h the 



: '- &Ei!L -
6. a. For mach::..m • e 

those pa ran et··: ~us.-1titie!1 a, r: &ffl the mean rind (~Omponents 

'e <i' 1, m.a7 :te loaded as tables of data. 

'I'he total he:.€ ... .!. , ~s s·..;.bdivided into M equal 

layers, eac ·· .1.dl"'n1 i'. ec: JY ~:· j __ n1.e~e .. v, 1, 2, •• , ("-1). The time 

variab .. e i3 J..:1 : ,. lo1<a~it•·1m:. l'<cr. e. eac'I U .. "!l!I be1ng identified by an 

integer .: :: 1 •. • N :,tr ~a.gt ;r:;it s :he ma.xi.mum value .of M to J2. 

N may be ar ... v a.,. le • 7 at co•esr t ~ .. aK" much .machine time, and the minimum 

and maximum u «.: s ' t ·~ e t .:Ln!!< : ·~ e J :- a~ m 111&.y he changed at rlll. The 

1e.xponentiaJ. '.act ~ :· t'H' !ol"':l:G.~"" : ... ·1 ·e c rjed &!:! zero i!" the absolute value 

of the exponer>' ~xi:ee 1s 8 v;:l'. · •. e '' lof'· ma.· be as large as 10. 

b. The cod.:_ng i -~·· ar-ra .re1: t-1a.~ t',. • • 1:· :nt.egrat:on is performed first and 

: or~atior, tr:e fraction of the dose 

rate that ·c: :inee ""' :: eac: L1:i.t a : • (. 1 ia,:. e:- :Ls cc mputed arrl may be 

t:rinted al on,i w"..' 

co-ordinate~ !' ! e cat 0·~1. '· · " ·:.ao: t.y-::>as i th i.s p::-ir:ting and obtain 

only thP .sta• :. e·: · s mear 1;z;a.'.'l'lmB 1t..:"1 '"a~: .... a.nce fo·· a preselected series 

of locations 

c. The codes ar" ~.ot v~t ''ro-ier, arw:j 11.d·~ t:na. fea+u_res are being added from 

t::..me to t.i.me 1i1 •a ~t "fi..xed-J)Oint" code &!l outlined 

" ~,:><1e thb.~. :i..e :r.ore precise and 1'fhich 

is more r:1exi 1 ..• "' !"' :.l! e :~ s r ec '. .. ~-' ,. 

'; ) l , 

-~lASS/ffED 

• 
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Lt. =cl. ...... .. ar.rc 
Dcpartmer.t o" f'·e r~· f • 

Arne:: Fc:-Cf''.' ~~·~ii -i'la: ")~ l"'. t'." 

has'.'.T.g+on 2 , : 

• ·<e ... : 

out Symposj um, 

Diet :'."i but ion 

'-' L :.., t . = c l " F . "A. k :: 
(ll/enc::. • ...;-ti- , ;; p 

M'ail & Pecc r:j 
{ w/ c err: 

File-.: 

'1'" ·r 
•,,, 

2 Februa17 195 5 

' 0 • ~· I'll' '100 c r !all-out 

"~,,. t~ yours, 

~ .;, J.AAS N • ..JHI"'.'E,. I.earier 
"..&di ological ~hyeice Group 
·.-11. l · ·~. rli vi• h'n 

.,. ~) 
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7. 
t Ii . t .,,, ~· /'} ! .;· 

,..,.,~tr •ontha ago, & cooaiderable part 

• ModeJ. 701. U•~ Bra-.o fall-

1.11 selected t :P va.y, ~an j 1et. 1.1 t. •"a} 1 ·-out pred1et1one that were onl.J 20 

attentior. t( '"f'1·i..11 cta·• a ·•o·· a vt. e u~:i bee&: e interested in an aprr-oxiution 

doublf' irltegra· <it, ~erore ')"'a poes1·L.i~1· had been t'ully explored., 

. .ire~r:i·•j0 ~ ;-,eraf. '\.II ' 11rl•1on, Joined roroe8 vit.h ua, &rrl 

"" wori<e:l Wf'e't-'e •, · a :ne·l .,>r, Jl>· tnt'.I UI':-'"'. Mr. She:!.tor. t..hsn t.ook 

turned attent or 1.ga.i ·· Le :.he Aroa•r 11r,,, i"tr. sr.elton h.as reported recentl.7 

continui:.g w::i ·~ )r C't·•r 11.....:t.s 

predicting th1• Br•v< r1, 1-··!>U'. o t"" u1n.111pt.ion tnat practically all of the 

activity in t•e lr1Ua cJoul wae :ocat eel •~boT• Ve tropopauee. To date, 

our ••thod of oa.e ilaU.on haa not t>.eri at ... e to giYe aatia!aotory result.a, 

-=>re ne&rly U e .rl~h· pl&.ce. &1 •. • · 11 r-o1nt .,. feel, tbere!ore, that w. do 

-.c2hanin of ca.lC"u a·~:, v·t· nl • { · '',rt taa r,ot ,..t. be.i proTWl &8 

l ,. ' I r I r r. 
I . 

1 ', 
' I 

' .. 
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e. Lacking &ll1 ea.t1ef'a<'t<n·y elo1.d nm'.!e '.~l"'&'f'O, W'9 tackled the "homework" 

piredictiona ir a (1_.trn>--.it ~k baei 11, . .,r r ::le es nc)'t. jut1t i.!'y a description. 

l MT 1Q MT 

Height ( .. C.} U'· J<~ IUta lld.1•" D .~; 19.0 

Height c' ll tel: ,, 7.0 7.0 

a ror 11Ul!l"-oom 0.94 4.58 

rrr ~t "91!. it• 0.4.l 1.49 

Beta: q l. r • Si~I l.O 

t>·.e1 total radi.)Ar~ .,,., ~. r~ er.~ ~· 1 it .• "'' bt .in accordance wit! the ;yield). 

Logarithm.ic ~u r•tt<.!' 'r f1:1.l ~ ~:. l'l~·I' #lI ed to tt. 16 layerl'I or the cloud •• 

. rolloVB, cour.t :.f · -.::. 'l' ~'e hoLtcir .. 

Laye re ' .,. hr t. 21. -
" .5 ll .... 

" 9 .. 
'··"- . ,, 

" lJ • ,,,,6 

\' 
.c\rtD 
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