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1. The method describec herein is desigrei w»it! an oblective that is intermediate
between operational requirements, and t-e reg.irements of a strictly scientific
investigation., It is cesigned *o inciude w4 are assumed tc be the most
important. factors that determine a fall-r it mattern, with the idea that we might
find out enough abou" wnat 1is going or t: - i.ce & good simplified method for
operational use. OUnes simp.if:ec versix ‘"z wss used fur local fall-out
forecasting is descr.bed ir I:icl. 3, lise-i “:irecasting by New Techniques
Developed after BRAV( , Tat 7 "Fal.-out Pcrecacs: ng Technigques™ of the Task

Force Castle Report. I+ seemed good enougnh @ ‘ustify further investigation of
the basic ideas as ajpplicabis *2 sry range .’ 1:stances over which a constant

wind field could be ass .med



The basic assumptiors 7 the met: @ &re -u fn. lows:
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a. The whole c.cud wur tc :'s he. g' ! «tanilization, is formed instantaneously
at the time of aetonatior. Tris 3 w-a' we call the "initial cloud".

b. In any heigtt .ave~ <’ tre initia . .u1, the concentration (radioactivity
per unit vo.ume; is distribitec acc r7: g to the Gaussian law

c’{h,r‘,ac s oeyh exp - a

where c(h) 318 the can~ra concentra’.w at heigtt h, r is the radial
horizontal aista-ca, and a, ie & "m read parameter™ {analogous to
standard deviation  t at is a.sc . a.s dered to be a function of height.
From this assumpt ior 't follows *"&° . e tetal amourt of radiocactivity
in a slice o” un * vertical trick: e .8 Tcolh, ag<.

¢. Throughcut & i @ sny sucr lays:, “re ~ailoactivity is distributec
normally wit' reupent ¢ the logaritrn 7 the rate of fall of the
particles, 7Thus st ary distan-e - ‘re ‘raction of radiocactivity that

falls with syeed: 1= tne -ange £ . 7 4 4f is given by

1 exy P
;.l ih 2 "

S,
R s 5
20 fTh g' s

where f{(h' is the fa.l-rate o:r part. .es of greatest radioactivity,
and © (also consite~sc to be & funct .n. ¢ neight is the standard
deviation of ~ns - ogarithe ¢f fa..-ra*+s, weighted according to radioactivity.
f(h) and C(ri are ~onstant thruowt - s Layer.

d. The rate of fil. * ans partic.a remal i3 onstam until it reaches the
grourd,

e. Any particle ~hat starts from t-e e/t -u. axis will follow a path strictly
ir accordance wit tre wind pat-er:, w . .e all otrer particles that fall

at the same rute “rcm the same _eve. w .. diffuse laterally from the

central parti e ' © surh & way ‘ta' ¢ ¢ gaussian distribution is maintained.

Lt AeeITIED
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During this oro ess, the {rcreans & spreac parameter is described by

o
: v it o ‘
-- LB ‘ . . 0 )
8, Ba, Lo b e
where 3 is re ist& ce trave. (s ' e rentra. particle until it reaches
the ground. 1% 15 t¢ be nctac rnat is not tne straight-line distarce

frow the origin te tre landing po vt s .ecs all winds at all levels are
ir the same directior;, B arn: z are perametric quantities that may be
used tc¢ describe toe amovrt of di"fueiin. They are not at present

regarded as func i>ms of height ™ e .artity £ 18 merely an abbreviation

for the quartis: 1 rrazrets),

i’
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From these assumpt ic<s it 2" i~w- ' 4+ iie dose rate on the ground is
| “ g‘m !
. 5T e P :‘L-‘ ‘:\}T ‘: . 5 ;z'_m | ¢

where K is iose rate per uni' 7 9.0 ‘ae q oncentration, H is the height
of the tor »f t'e ~loud, anc =~ ¢ v + *ne distarce from the point at
which the d ,se ~ate 's estimm-ec =: ~ac- of the landing poimts cf central
particies., Trese Lardirg points wi. epend or “he wind pattern below the
level from wti-! *"e central ;ar .-.« .riginated, so that r is a function
of h, The 'smil g pcints alsc 2epe - o+ tme ra‘e of fall, so that r is
also a functisr 7 . Crargirg -~ xte f f&.. to time of fall, one
obtains
~ D S S " ‘
where (X,Y, are e ractangu. B - cates of the point where deose rate
is estimated ar 1, ¥ &re the w 4 - mponents ir the same co—ordirate

system, Bveraren .yt tha el

We may &ls0 =xpreas

noting that w is e average speec regardless of directicn. (u and ¥ are
not, in general. -ne components - ° w T+3is exmression is correct if one
is satisfied that the diffusioc: de-e:s or the total horizontal distance
travelled by a rent~al partic.ie. .7 e wishes to assure that the vartical
distance shoL.c b+~ " nc.uded, p be’ mes m. r more complicated.

The significaxe 7 P und m car + « 1+ v sualizec, 1f m - 2, then

sc that the litera. dimersions ! ary regmert of the cloud will increase

Ut CCASSIFIED
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as if the segment ha: ccme fromr « x .t scurce iocated at a distance ﬁﬂ

upwind., The sire ‘ncreases _inear.» w«'t. distance travelled by the central

particle. f m .~ greater thar ., - = ~rders ¢f the cloud will diverge

more rapidl-, an if o i= les« i ar  *-ex will diverge less rapidly.

One car. prevert. ary :.ncrease 'r -ize el-rer oy making ﬁ infinite or by
Yy

making Ar equa. ¢ zero, Thir me - f descrining the diffusive process

is similar 7c *rat 7 Sutton, ot nx exmctly £‘ne same,

If m= 2, ther & =uf®iciertis s g~ '+.ues of t, the area covered by a

segment of c¢.o .7 is proportional ¢ v square ¢ f the time, as in Felt's

method. Howsver e propcriisne it ‘ucv.r varies, as w varies with

height, and "umt-e:, *re overa. aver.ve oroportionality factor changes

with the cve-~al ! strergt! of e wir 2.0, anc¢ in these respects it

differs fram Fe.® ‘s methcii,

Returnirg tc the nasic ejuatic , '« « a.ge 0f variable from f to t changes

the argument =7 * w cgaritlm 1e

b £

h

and g_f_ becomes 2t
f +

One notes als: *rat corceantratiorns & ne initial cloud must be reduced
tc those that wru.c rave mxiste?: a ' o < ime for whicr the dose rate is

being estimtac.
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The informatior %'s '» needec fir w 4. .. aticn is ther:

o t1ED
&. The winds pat' e~ & ne.grta o . ‘\ERFL NV B
! N .
b, H, the helgt - ‘ie tr ol 1he o oo
C. &g, the ini~isl svread parsmetm . -ucdi lcrical radius, 8s & function

of height,

d. Co, the cen.ra. cirvertr-atior b« 6 7 oo lon of neigm in the initial
cloud, adlustes ‘¢ *re Time & . se wie watimation,

e. [, the loga-ithm.: mear ~a e "al (wr ,-ted according tc radiocactivityy,
as a functi r o~ terght n tre bkt il cicud,

f. (7, the logari' m!- starcda~c¢ devis® ¢ = "nis =istribution as a function
of height 1 tne inivial - .ou

g. P, diffusior parare'rr, . escrbe’ &% ve

h., m, diffusicr pararerer, cescribe 3+ ve

UNCLZ 118D
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Testing of tne metiicd reguires toe w. r rish l;iée‘ducgmkputing machinery,

With such ma:hinery one an maKe n.al "anges ir the guantities described
above, procesdins ¢r & trial asc arr.  sas:s, n order to achieve some

degree of ob‘ect vity, the Pcl.ow . rg rprroach is adopted,
The logarithm o tte wratis % &l .ls*ec ¢ observed dose rate is estimated
at a number : ¥ poirte for a piver a-or Tris quantity is called 1 (gamma),
T

Then the mear garva, and the stat s<i-a variance of the individual gammas
about tre mesr gamra, are calc lat e T .3 process is repeated for a
number of va. .es . ! suce parametr:  Tuamtity, beta for example. One then
plots tre varlance aszainst tets, ac g2 acts as the best value the one that
gives the least variar-e. {ne % a 5 7es an tc cther parametric quantities,
and treats trem §{ “'e sare wa., ~upiu i ha" there is not too much
correlatior betwesn tre affect: « © 1 .~ {,.ffarert types of parameters,
It will ne nc er et iria o Bppoicaticr ¢ tne "least squares™ method
discounts the ~ve-a . ratiu of “A. .ia .1 ‘o obssrvation. In principle it
is possircie t. ye ier variarce an ewmct it when each calculated
vaiue is, for examr.e, exmctly “er " _.mes te cbserved value. One would
then suspect 'hat X% ¢ {re raidicact: it rad remained in the crater.
If, however, ne snculc cbta.r a gooc "1 mit wit- only 107 of the observed
activity accontec f~-. cone woo.C rave ‘o ccnside- other possibilities,

One woulc first Lcok t: see whe'ne- ar. ‘arge Traction of the activity

was excluded {rom .ne calec: lavtiin. - -umerical intezration it is not
practical to st al . "he war fry ge- “~finite time, and part of the
activity migh* mavae fa.iern oits:iZe “ 0+ ime rarge chosen, If this

explanatior fe:l~, a o W the 7:v v ey good, 3ne has Lo concaude
that the least suarss rterior, a» ap el here. is nct useful, We

have not vet encourmtmre: f-1e g . a4 —bs~acle,
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The metrod % avrrvar > Lo SuY -

as foliows: r wibaivid.ng * o« o oal, Y tne rhoud at will, vou can

obtain a8 many ¢ isc-~wte pa-amet - v RS 8,5, co, [, etc, as you wish,

80 that vou snov 3 ve avie . flv s . rber . observations exactly.

This e t e, v procicie. B ~ ~a- et 3 set of values that look
reasonas.e, 37" -3 I gcaled 1 . -mi3 na-le way with yield over a wide

range, the metro car serve a wuse’ pera’.icna. purpose even thoush the

values Tight os mciestdfiaml 0 0w
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For machine integrati.on, Ldiig » e

those juantities ‘a

"

o~

(u, v, w,, whoc wre “unctiors . e

The total heig~ { “ne initia. |

VAN Mode

UHCLASSIHED

71 "Defense Calculator”,
& 1 7} and the mean wind componert s

2, maT te Joaded as tables of data.

-

, & subdivided into M equal

layers, eac- i1dentif ec oy ar intege = U, 1, 2, ,., (1), The time
variab.e i3 la . «r & Jogarithmd  sc: e, each time being identified by an
integer ! - L, ., 4. .. N Stcrage .imits the maximum value of M to 32.

N may be an; va ie "rat coesr t take °.. much machine time, and the minimum

and maximum 3iZ.s ¢ thne time imey

exponential fact r tre forpuis La
of the exporern® =x:eeis a va e i w .

The coding 1 =8¢ arra gec tnat tre ¢

rat . on mAay be changed at will.

The
‘e rried as zero if the absolute value

- mar be ss large as 10,

*1 r» ntegration is performed first and

trhe height l:tegratin sezond. 4' ea © iocatior, the fraction of the dose
rate that cames “r~ru sach init e :.¢ o iayer is ccmputed and may be

rrinted alon;, wit » tvr ca.culater ano

co-ordinates ¥ t-e scation, (- -

. tserved dose rates and the

e may ty-pas: this printing and obtain

only the sta':s":°s mesar gamwma ani vsr.ance T0- & preselected series

of locations

The codes are ot yet frozer, and ad ! i-na. features are being added from
time to time. we nuve twr ccdes # ‘ast "fixed-point" code as outlined

above, and (< & sl we:

is more Tiexin.e s e cesrects,

"rloat ing~oo

* ~pde thsw is xore precise and which

Ty AZSIFIED
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Six.u:o start ng 1 r tnia ,;;m‘hlun‘ ah . rever months ago, a sonsidersble part
of the time has neer spert or ooilig ar. de-buggiry, which we undertook
ourselves ir order ‘¢ learr " x L. uss e Model 701, Using Brawo fall-
ot data, we demrastrate? tha' .ess s uares solutions could be obtained
for the varisus parametri~ suantis les v ived, However, the “best" values,
as selected . t ir way, gave iistart *all-out predictions that were only 20

to 30% of the observe wh.ues, arc t'e “f1{" was Tiot good. We then turned

attention tc Aeveds da'a "o~ & wh . 8  ani tecare interested in an aprroximation

that seemed ': .f7e~ & hope of elimirating one o’ the two steps in the
double integra’ o . Hefore “7:s possi:i.i{'y had been fully explored,

Mo, ¥Yay sheltin iverwmo-e {nerat’ m Jivision, joined forves with us, amd
we worxed toget e " a weed un L., and UK-T, Mr, Shelton then took

our codes tc .ivermure and cork iruec w.~king on the Nevada data, while wa
turned attent cr sgai- t¢ the Brav wriv  Wr. Shelton has reported recently
that the metnc g vee satisfact . ~es .te for UR-1l and UK-7, and he is
contimuirg wo 'k or ct'er mncts.  we have corcentrated on the problem of
predictiing the Bravc fa.l-ou. o tre assumption that prectically all of the
activity in t'e iritia: clouil was located above tre tropopsuse, To date,
our method of ca.c.lation has not beer st .e to give satiafactory results,
ever wher the wincs were arbitrarily twisted to maxe the fall-out ocour in
more nearly t'e righ: place. 4t " .s point we feel, therefore, that we do
not. have any clond mode. ir shicr we nave confiderce. We have merely a

mechanise of caleu &' o1, tne walim ¢~ o irt s rot yst been proven as

Lty

far as Brave ‘s soncerned.
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lLacking any satisfactory ¢loud moce = 3ravc, we taekled the "homework"
predictions ‘v a guess-w ~k basie, w ' dcas not Justify a description,

The valuas t'a* we .nnd 34 ' e ga.cuintic ns are:

iM _50 MT

Height <’ cluw!  wea miles 1.5 19.0
Height c” stex | " ~ .0 7.0
a for mus-room ' o 0.94 4.58

for stan po® o C.4l 1.49
Beta: 9 1< » R Sigma: 1.0

Tre values . ! - were taks: ss tonatant up to the tropopause, and there-
afte; decrsase” wi' v pic danpit:, T mactine prograp reauires only the
ent.ry of relative va.ne , frin owncr it actual values are adiustec sc that

tmea total radisert ve ~intart ¥ e i is 0 accordance wit® the yield),

Logarithmic mear rates f Fal. we:r asr gre! Lo the 16 layers of the cloud as

follows, count 1y "=z “he bollom,  -&Ater Are in xnots’
layers 1 thr. 2
" 5 A Tat
» 9 b -
" 13 b
v pe L FIED
.
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