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A Metn od of Est.imat Lag HAC. cactive Fal i—Out

1. The method describec herein i8 designed eit! an objective that is intermediate

between operational requirements, and t°e sec lirements of a strictly scientific

investigation. It ie cesigned +: inciude wa are assumed to be the most

important factors that. determine a fali-c .t mattern, with the idea that we might

find out enough abou what i8 going or ti pr-i.ce # good simplified method for

operational use. one simp.ifiec versio, ‘te° was used for local fall-out

forecasting is descr.bed tr I:ici. 3. Cl. se-.: 7o recasting by New Techniqves

Developed after BRAV , Tar > 'Fal.-out Forecatting Techniques" of the Task

Force Castle Report, 1% seemed good enougn .. ‘ustify further investigation of

the basic ideas as appiicabi~ to amy range 4? Jistances over which a constant

wind field could be 48s imec
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2. The basic assumotiors °:f the met’ x ace .& *y) lows:

a,

WECLASSVELEYi

oy he

The whole c.cud ur‘tc its he. gt’ :* «tantlization, is formed instantaneously

at the time of cetomatior. This 4 e+ at we cali the "initial cloud",

In any heigtt .ave> 7 the initia -.:us, the concentration (radioactivity

per unit volume, is distributed ax o-t:.g to the Gaussian law

Gh, ry &e 7 ty) hl exp oe

where cih) is the - an ural concemra.,o at heigtt h, r is the radial

horizontal dista'ca, and a is a “s reac parameter” (analogous to

standard deviation: t at is a.sc 023 dered to be a function of height.

From this assumptior t+ follows '"s° 0 # total amount of radioactivity

in a slice c* un" vertical thick:es- 8 Teolh, a@oé.

Throughout @ . > any suc’. layer, ‘re castoactivity is distributec

normally wit’ respect 2c the Logarditr;: ° the rate of fall cf the

particles, “his at ary distance . tre *raction of radioactivity that

falls with speed: ic tne vange 7. ° «+ df is given by

to els
1 exp oo. 40 |

O (hoo 2 | _fth,nh ae

a STR -

where f(hi is tne fari-rate fo: pari. .es of greatest radioactivity,

and. (also consiietec to be a funct:o. % neight} is the standard

deviation of «ne .ogarithm cf fai.-ra*es, weighted according to radioactivity.

f(h) and © (Fi @re vonstact thrucut c+ ayer.

The rate of fal. ° an’ partic 4 -emA: 13 :o1stant until it reaches the

ground,

Any particle hat starts from t-e ertca. axis wiil follow a path strictly

4r accordance wit: tre wind patver', « .¢ all otner particles that fald

at the same rate ‘rom the same eve. wo: diffuse laterally fram the

central parti .e ° sur? # way ‘ha’ t’* gaussian distribution is maintained.
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During this nroexs, the dm reage | \@ spreac parameter is described by

bt
- mm art

a.” ba ~ aeea Ba. L bobo

where Sis ore istace trave.ier ot: erentra: particle until it reaches

the ground. +." t8 'c be netac tne is not tre straight-line distance

from the or gin te tie landing mort cur.ess al! winds at all levels are

tyin the same directior), B arn are nearametric quantities that may be

used tc describe tye amoum ct adi **usicn. They are not at present

regarded as func i-'9 cf hetett. .* » jvantity p is merely an abbreviation

for the quarti*: i tractrets..
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From these aseumrticus (f Slows . 4% ‘be dose pate on the ground is

| fe
Te KO genieg th at

, ats GR an ~ acpa f

where K is tuse rate per unit «* av ae concentration, H is the height

of the top of tre cloud, anc * ie * + + >e distance from the point at

which the dose -ate s estimp sec «2 eac’ of the landing points of central

particies, There iarding points wil iepend or the wind pattern below the

level from whic’ *%e centrmi vart.:.* originated, so that r is a function

of h. The amiiswe mints aise dene " tre rate of fall, so that r is

also a functis: % %, Changing ’1: at» ff fal. to time of fall, one

obtains

mo yak ; co, r a "

where (X,Y) are oe rectangucar os: ates of toe point where dcse rate

je estimated ar 1, ¥ are the wood. mpcnents i: the same co-ordinate

system, aversavet it tf tre se ,gre

We may also xpress

, twit;po: rete

noting that w is the average speec regardless of direction. (u and ¥ are

not, in general. «1% components» ° “tis expression is correct if one

is satisfied tnat tre diffusio: devescs oo the total horizontal distance

travelled by a cent al particie. 9° +e wishes to assure that the wartical

distance shotid be nc.uded, ¢c de mes mucr more complicated,

The simificars 7 Pand ma car: = (* '' sualizec, If m- 2, then

_ = Bac + uu

ao Fa,

sc that the latera. dimersions of any regmert of the cloud will increase

Uh co CASSIFIED
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as if the segment ha: come from # ix. 1 source located at a distance Pao

upwind. The sive increases .inear.. w ti distance travelled by the central

particie. ‘f mis greater thar .,° » sordera :f the cloud will diverge

more rapidl’, ai if mis leas 7 a: ‘cey wilt diverge less rapidly.

One c&r. orevert ary .ncrease wr -.ze eltrer ov making Bp infinite or by

Ts

making oroecua. cc zero, “his mene oe descrining the diffusive process

is similar +. ‘rat 0! Sutton, ovt um exactly tne same,

If ms 2, thar a «uf"dorertis ta ge 141,ue4 of t, the area covered by a

segment of c.o 4 is ccopertiona: .<c : 18 square <f the time, as in Felt's

method, However ¢*e nropertiona: it "acu. 7 Warles, as w varies with

height, and Curt e:, ‘me overa. aver.ve oroportionalit; factor changes

with the cveral: streret! of ce wir: “.# 1, anc in these respects it

differs fram Fel: 2 nethon,

Returning te the cas.c aquatic , °° « ) 5 we of variable fran f to t changes

tne argument (ff toe ccma@rithun ors

t_£(h
h

and df becomes ot

f ‘

One notes alas: that corceamtratiors 41 '# initia: eloud must be reduced

tc those that wru.c ‘ave existet a ' © wtme for whicr tre dose rate is

being es* imatac.



The informatior t’a °8 needec fir w#ova .,aticn is then:ee

& The winds patter~ at nelarts a. \ YO . : \ \ED

b. H, the helig* ~ Pe tas th me la,

Cc. @o, the iniv.el svread oaraneta “uGi Gcededi radius, as a function

of height,

d. Cg, the cenvra: corceantvation o* a 5 . 0 of meigmt in the initial

cloud, adfusted +c t'e *.me . 1 gewe astimmtion,

e. f, the logacithn.: mear cate "al otwe exerted according tc radioactivity),

as a functi : belgrt oon thea us ite cuicud,

f. , the logarit mir stardasc deviat o7 -' "ris tistribution as a function

of height i: tre dinitital toc:

g P, diffusior parare’es, escr be ave

h. m, diffusio: pa:arever, teior be oat ove
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Testing cf toe metioc requires tre oes fo teh jadecomputing machinery,

With such machinery oe van make agar ‘anges ir the quantities described

above, proceeding ¢r 4 trial anc err  ovasis. in order to achieve some

degree of obtect vity tre fco..ow.ng tprroach is adopted,

The logarithm cf "he ratie of » @i° ua" a te opserwed dose rate is estimated

at a_nmumber * mirts for a giver arc Tris quantity is called > (ganma),
Y

Then the mear garia, and the stat os.ica variance of the individual gammas

about the mesr gama, are caic lated ™ .8 precess is repeated for a

number of va ces ?% sume parametr. miantity, beta for example. One then

plots the variancs against beta, acc 96 acts as tne best value the one that

gives the least variarce. (ne i
F ‘se oc ras an te other parametric quantities,

and treats trem io ote sare wa., «pire ta there is not too much

correlation between tre affects ° t « t.fferent types of parameters.

It will ne nc er ovet fra app licatie: of the "least squares” method

discounts the ve-a:: vat.o of sa. 204 27 10 observation. In orinciple it

is possible t we ver vwardarce an eget Tit) when each calculated

value is. for examrle. exactiy ver  .mes tne coserved value. One would

then suspect ‘hat Wt ff tre radicacti:it.- tad remained in the crater.

If, however, one atcale chain a good “1 mut wit’ only 10% of the observed

activity acco ntec f{>°. sone wood save '. consider otner possibilities.

One woule first iLeok t: see whetre- an large Traction of the activity

was excluded from une caic: lation [oo vumerica. unmtezration it is not

practical to pc 4; ¢"e was ror te~ "finite time, and part of the

activity migh’ “ave ‘alien crotsiie 7% 0 + (ine range chosen, If this

explanation féa:l-, ac Af the Pie 8 cma. > wood, ome has to conciude

that the least stTu4sres comteraor, 4a" 4; ..e3 nere, is net useful. we

have not vet errounttere: traf mech oc a cbsvacie,

i I 1. 1 | k 3 Y by
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The met nod Arriva " 51 Sub c@st 4 nackneye¥old criticism ruming

as follows boos bdivis ne toe ai, "ne t.oud at will, you can

obtain @8 many «iscteie pacamet~ ov 44 fF a,, Co, f, etc, as you wish,

Bo that vou 819) die azie * fo: aw . .wtber .f observations exactly.

This is true, 1 gr.cis.e boro. * ca” yet a set of values tnat look

reasonab.e, at° 4a ome scalec Los *eaa nacle way with yield over a wide

range, ‘he "etre a gearve a ase" oara’.iona. purpose even thoush the

values "igh? ce se en itis Bla, 2 Ou
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For machine int egrat.on, ding eo @ 3h More, Fl "Defense Calculator

,

those paranet. juaitities a, a : f) anc the mean wind componerts

(u, v, Wi, wean are Punctiora ie wt, may be loaded as tables of data,

The total hee7 f he initial oi: ~, a5 subdivided into M equal

layers, eac’ adentif.ec oy a intege . =u, 1, 2, ... (M1). The time

variab.e is ia. cr # Jogaritnm ec-.e, each tins being identified by an

integer $- 1, ., $, .. N. “Ste rage ..mats the maximum value of M to 32,

Nmay be an: vajue "tat coesr t take *.. much machine time, and the minimum

and maximum ii-r.s = { tre tame ivmtezrat.an may be changed at will. The

exponential fact roir tne fompuls .4 ceo ried as gero if the absolute value

of the exponen’ ex:ee13 a value » wt. * ma’ be as large as 10,

The coding i a arra.cec tiat t** +1 © integration is performed first and

the height i:tegratio second, aA’ #4 ' ioeation, the fraction of the dose

rate that comes "mec sact init a. tc: Llaper is computed and may be

printed alomy woo." * caculate an. observed acse rates and the

co-ordinates *f t-e -catoon. (> «es a. ty-pasi this printing and obtain

only the statist: :s mear @ammA ani variance for a preselected series

of locations

The codes are .ot yet frozger, and ad‘t i-vna. features are being added from

time to time. we rave two codasy ' wm fast "fixed-point" code as outlined

above, and (2 4 #iowe- "floating-ve > ° code tha. is tore precise and which

is more “Lexir.* ° Sa @® vesraces,



2 February 1955

Lt. lol. 4, b:. | arK:
Departmer.t of Defe s-
Arme:) Forces fpecde: searing Urn ces

wastington 2), !

Dear “oi, |} anris

Enclosed de tre compe is. cto othe @t> 8 ' our met nod cf fall-out

Caicilaticr api) Tomework opto hierar wev ad weth the AFSwr Fall-

out Symposium,

ary {mul yours,

“i MAS N. WHITE, leader

“adiological Physics Group
veal} Ddvdaden

TNH/e)h

Dist wibut ion -

co Lt. Sel. Eo tm kip
(w/ancl. “—t- 2 03 LA
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7. Since startong oor tn; . prohlem an st sever months ago, a comaiderable part

of the time has 2eer spert or oollig ar: de-bdugging, which we undertook

ourselwes ir ordar ic l@art ote 2 une fe Model 701, Usdng Brawo fall-

out data, we demmratrate* tha’ .es8 6 uares solutions could be obtained

for the various parametri- cuactities inwuivec, However, the "best" values,

as selected . % ‘is way, gave iistart “all-out predietions that were only 20

to 30F of the onserve wacuee, an t's "fit" wea not good. We then turned

attention te Nevads data “o7 a wh. oe ami becare interested in an approximation

that seamed ': f’e- s hope of eliminating one of the two steps in the

double integra. om. Hefore “1a possi: i.ity had been fully explored,

M-, Vay shelton dvemmoce (nerat: os Tiwiston, joined forces with us, and

we worked toget’e 7" ° a wees oo UR. anc UR-". Mr. Shelton then took

our codes tc Tivermure and cert tinued wovking on the Nevada data, willie we

turned attent.cr agai: tc the Brew wry ar, Shelton has reported recently

that the metro g¢ vee watisfact m tes ..te for UR-1 and UK-7, and he is

contimui.g work or ctter micts we have cancentrated on the problem of

predicting tre Brave fall-ouw. o tre asaumption tnat practically all cf the

activity in tie tritda cloud was located above tre tropopause. To date,

our method of ca.icuilation has not been at.e to give satisfactory results,

even wher the wincs were artditrariiy twisted to maxe the fall-out occur in

more nearly tre righ place. &t .°\s point we feel, therefore, that we do

not have any cloud mode. tr which we care confidence. We have merely a

mechanish of calcu a toi, tee wale «” wict hea rot yet been proven 48

poder yey\ : + . | :
far as Brave {4 > oncerned J Fn
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The values t’a*

the total radi>rarc:

follows, count :¢

Lacking any satisfactory ¢loud mote

Height «% clu

Height cc’ stexz

a for mus'-roor

fcr star

Beta: 9 1‘

a

Sravo, we tackled the "homework"

predictions © a giess-work basis, wr 6° dees not Justify a deseription,

we uped ¢r oe ga, culeticons are:

i MT 50 MT
 

‘aaa miles “.§ 19.0

mo 7.40 7,0

. 0.94 4.58

. 0.4) 1.49

a a Sigma: 1,0

The values  ¢ > were taker a8 tonstant up to the tropopause, and there-

after decraase- wi Rie denpit:, "ye machine progrsm recuires only the

entry of relative wa ue , fmaowtic’ to wctugl] values are ad‘ustec ac that

vem ortert of 4.e cana de dn accordance wit! the yield),

Logarithmic mear rates ¢ Pal. were are gred to the 16 layers of the cloud as

“ec he poltom, ~Ater are in kota:

Layers ifhor. 4 et
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