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A Metn d D*‘ Est {mat i:}g ‘hac::;.wuc%t:i.ﬁ Fll*-Out
D TEm e UNCLASSIFIED

l. The msthod describec hersin is desigre:d w1t an nblective that is intermediate
bstween operational requirsments, and t-e reg.irements of a strictly scientific
investigation, It is zesigned o inciude w4 are assumed to be the most
importamt, factors that determine a fall-c:t pattern, with the idea that we might
find out enocugh abou- whar is going or t< proi.ce & good simplified method for
operational use. One simp.if:e¢ wversior ‘ns” was used for local fall-out
forecasting is descr'bed 4r Ticl 3, iise-1. “:recasting by New Techniques
Developed after BRAV( , Tar 7 "Fal.-out Fcreca:r:ng Techniques" of the Task

Force Castle Report. I+ seemed good enougn . ‘ustify further investigation of
the basic ideas as aypplicabie *o srny range ’ Itistances over which a constant

wind field could be ass .med
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2. The basic assumptiors o7 the metr x& &re ~u follows:
@, The whole c.cud wp *c :'s he. gr® ! =<tanilization, is formed instantaneously
at the time of cetonatior. Thic 3 w-a' we call the "initial cloud".
b, In any heigtt .ave- <7 ttre finitia .. wi, the concentration (radioactivity
per unit volume, is distributed acc -7 g to the Gaussian law
(}(h,r‘,ac s 2.thl exp o
where c(h) is the an~ral concerntr-a~..w at heigtt h, r is the radial
horizontal aista'ce, and a&. is a "a read parameter” {analogous to
standard deviation . tat is a.sc . a3 dersd to be & function of height,
From this assumptior 't follows "'w° . ¢ Letal amount of radioactivity
in a slice o” un * wve~tical trick: es- .8 Tcolh, ap<.
¢. Througheout a @ ¢ sany sucr lays:, “re ~aijoactivity is distributec
normally wit' rsaupect ¢ the logaritrs 7 the rate of fall of the
particles, 7This it ary dostance - ‘re ‘raction of radicactivity that

falls with speed: i *ne range £ . f 4 4 is given by

1 axr
cin 5

At

o,z

TR z
where f{h' is the fa.l-rate for part. .es of greatest radioactivity,
and © (also consite~ec to be a funct .o, £ neight) is the standard
deviation of <he . ogarithm <f fa..-ra*ss, weighted according to radicactivity.
£(h) and C (r are ronstant thruow -t .ayer.

d, The rate of fi.. = * an’ partic. e rema. i3 ronstant until it reaches the
grournd,

e. Any particle “hat starts from %-e et . axis wiil follow a path strictly
ir accordance wit, tre wind pat-er:, w . .e all otrer particles that fall
&t the same rate ”“rcm the same .eve. w .. diffuse laterally from the

central parti e - surh & way ' ha' t'+ gaussian distribution is maintained,
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During this nro ess, the {rcreas~ . | e spreac parameter is described by
m
2 e 10 e ‘
— L P - ; . FEE ) i | A
8, Ba oo b
where 5 is re istarce trave s v e rentra. particie until it reaches
the ground. :1* s tc be nctac "na’ is not tne strajght-line distarce

from the or:gdin to tre landing p« .rt cwiess all winds at all levels are

in the same directiorj, B ara r are parametric guantities that may be

used tc¢ describe t-e amovmt o diTfueicn. They are not at present
regarded as func i.ns of heigrt. ™ ¢ u.antity p 18 merely an abbreviation

for the quartil*: 4 ‘rtrazrets;,
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Fram these assump? ic~s “* f: [ow- ' 4* 'te dose rate on the ground is
S o
I« "]'(",\":— | :.{,-C—)-’D.L o " w.v-»------rj + rz o dh _d_£
. T e ¢ BT - 3 T‘ pm 7

where K is ifuse rste per uni ¢’ 3. ‘wce concentration, H is the height
of the tor »* t'e <loud, anc = 1r v + *-e distance from the point at
which the d .se ~ate s estima'ec =: »sc- of the landing points of central
particies, Treme lardirg points wi. :epend or the winé pattern below the
level from whi-t t"e central :ar.-.= .riginated, so that r is a function
of h. The 'amii .g pcints alsc 2epe ~ s trne ra'e of fall, so that r is
also a functiosr ¢ “. Crargirg “~ . -st~ f fa.l to time of fall, one

obtains

where (X,Y, are ne ractanguimr - - -2 ates of toe poirt where dcse rate
is estimated an 1, ¥ ars “he w 4 - mponents ir the same co—ordinate
system, averupec .yt the melgrd
We may also =xypress
oz it %!‘:?4_%—”
noting that w is “he average speec regartdless of direction. (U and ¥ are
not, in general. -re components " w T+1s exyression is correct if one
is satisfied tnat tnhe 4iffusior de-mencs or the total horizontal distance
travelled by a cent~al particie. | e wishes to assure that the vartical
distance shouia b« "nc.uded, ¢ be” mes m.cr more complicated,

The significaxs 7 P and m car + = 1« « sualizec. 1f m - 2, then

a - Bae + L
o) Fa,

sc that the latera. dimersions »{ any regmert of the cloud will increase
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as if the segment ha! ccme from » x .t source located at a distance ﬁ&o
upwind. The size ncreases .inear.: w t; distance travelled by the central
particle. f m .+ greater thar ., ° = "orders «f the cloud will diverge
more rapidl s, a? 47 m i less 7 as *~ey wll: diverge less rapidly.
One car, prevert ary .ncrease .1 -.7e¢ slvrer ov making p infinite or by

AA
making #¢ ecua. w¢ zero, "hir e’ f descrining the diffusive process
is similar 1¢ *rat ! BSutton, out 1A exacily £‘ne same,
m= 2, thar 8 =uf”loiertis (a g~ -.u8s of 7, the area covered by &
segment of c.lo % is rroportional o v = square of the time, as in Felt's
method., However e propertiona it ‘usctr varies, as w varies with
height, and "urt-e:, "he overa.: aver~se propertionality factor changes
with the cve~al ! strergtt of e wir: i» .0, anc¢ in these respects it
differs fram Fe.: ‘& methci,
Returnirg tc the pas.c ejuatic , '«  s.ge 0f variable fram f to t changes

the argument =7 * e og&-itla 1o

t f£{h

h

and Ei_f becomes <t
f +

One notes ala, frat rorcantratiors i1 - ne indtia. cloud must be reduced
tc those that wru . ¢ nave mxisptat a ' . =ime for whicr. the dose rate is

being estimatac.




The informatior %'a s neede¢ fir & 4. ..,aticn is then:

o

6. The winds pat’ e = a® ne.gts 4. ' un ‘f’f“li \ED

b. H, the helg~ -~ (re tor ol (me o 0
c., 8p, the ini~isl sivread parsmets . -ucdi lceiral radius, as & function

of height,

d. Cg, the cen.ra. circart-atior &= s ¢ ;o0 of neigm in the initial
cloud, adiustes *¢ *t'e *ime 4 . se wie satimation,

e. I, the loga~ithz.' amear ra“e %8} (wr ,~Led according tc radiocactivity),
as a functi r ~ lreigrt n tre i il cicud,

f. (7, the logari' m!- =tarcda~ fevist ¢ ° “nis 2istribution as a function
of height 1 tne initial = .cu

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

h. m, diffusiocr paramecer, fesgr he a- ve
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Testing of tne method reguires t-e e . rirh lﬁé@d”cgmputing machinery,
With such ma:tinery one 24N MAKE LAl "anges ir the guantities described
above, proceading «r & trial anc ary »ad's, 1 order to achieve some
degree of ob‘'ect vity the fcl.ow.rg rprroach is adopted,
The logarithm ¢ *hre ratis of c&1° s’ e tc observed dose rate is estimated
at a_number ¢ pirts for a giver arct  Tris quantity is called 5 (gamma),
Y
Then the mear garta, and the stat s<i-a variance of the individual gammas
about tre mear gamra, are calc latad T .s process 1s repeated for a
number of va ues : 7 sume parametr: - ruantity, beta for example, One then
plots the varlance azainst tetsa, anc s= acts as the best value the one that
gives the least var:arn-e. (ne % a g es on tc other parametric quantities,
and treats trem i 'e Bare wa., ~upu: ha8" there is not too much
corrslatiorn betwean tra affect: 1 .« i.fferent types of parameters,
It will ne no oer et fhoa ogpplicatdic f “ne "least squares® method

discounts the ~ve-a . ratiu of ~a. 0@ .r to observation. In principle it

is possicie t. ye ier variarce an ewot 1t wher each calculated

value is, for examr.e exactiy Ler “.mes “ne cbserved value. One would
then suspect ' hat ¥ ¢ tre radicact:»itr rad remained in the crater.

If, however, one srculc cbtain a gooc "1 mt wit® only 10Z of the observed
activity accontec fo- ope wouoC rave ‘. ccnside- other possibilities,

One woulc first ook 't see whe*he- ar. .arge fraction of the activity

was excluded from .ne calcilabtion, 1 cumerical integzration it is not
practical to sc Al . e way rur ze~ “~finite time, and part of the
activity migh® -ave ’a.ier civts:ze ©  +» “1me rarge chosen, If this

explanatior fe:l-, a ¢ L7 the 7t* « my . good, dne has to concliude

that the least sruar-s “rterior, &= =p ..ed nere. i1s nct useful., Wwe
have not vet e~cournmere . %oie Par. s bhsTacle,
FIED
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The method ¥ arrroa » o= Sul ‘&0 & nackneyeé’dld critidi§ﬁ }u£ﬁing
as fol.ows Foostbdividong e el " oirne nioud at will, you can
obtain as many ¢isc-ete pa~amet v e o a4, to, r, etc. as you wish,
so that vou 870 3 he anle o ft w0 tber Uf observations exactly.
This ie t e, ‘1 proooicie, B ~ ~a . pet a1 set of values that look

reasonat.e, an"

range, the netro

values Tight ne

A = scaied 1 - "33 nacle way w.th yileld over a wide

o0 orAar serve a use’ perat.iona. purpose even though the

e opnt 4 g7
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For machine integrat.on, wditg » e 3¢ WMoze. 701 "Defense Calculator

URCLASSIFIED

b4
those pararet~: gquaatities ‘a, | & 1 f) and the mean wind componerts
(u, v, W,, wic wre functiors . e g, mar re loaded as tables of data,
The total heig™ { “he initia 1 =, .5 subdivided into M equal
layers, eac " identi” ec oy ar intege = U, 1, 2, ..., (#-1). The time

variab.e is la.. «<r & Jogaritnm sc:.e, each time being identified by an

integer * - L, ., 4, .. N

Storage camits the maximum value of M to 32,

N may be ar; val ie 'rat coesr t taxe ‘.. much machine time, and the minimum

and maximum liZ.s ¢ the
exponential fact =~ ir tne
of the exponen' =x:eeis a

The coding 1 8¢ arra gec

the height {:teg-atio sge:

rate that c mes "~ o wsach
printed alony wit o frve cas
co-ordinates f {8  scat
only the statis*i-s mear

of locations

time imezrat:on may be changed at will., The
forzuis L4 cecried as zerc if the absolute value
val ue & w' . -~ ma’ be ss large as 10,

tat tre ¢t r ntegration is performed first and
ond. 4" ea ' locatiorn, the fraction of the dose
init s, ¢ v laer is computed and may be
culavec o - bserved dose rates and the

on. ©r e 7ay by-pass this printing and obtain

gatma ant var-ance for a preselected series

The codes are »mt vet froger, and ad- i i-na. features are being added fram

time to time we nuve twr

above, and {< & siowe  "lloating-1<

ccdes | 0 & fast "fixed-point" code as outlined

" ~ode ths® is zore precise and which

s more Tlexin.es o saxy e respecLy,
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7. Since start ng «r this problew an .t rever months ago, a sonsiderable part

of the time has Dear spert or ocilig ar | de-buggiry, which we undertook
ourselves ir order ¢ learr ~'w L uss e Model 701, Using Brawvo fall-
out data, we demrnstireater tha' .ess s uares solutions sould be obtained
for the vyarisus parametri- nuanti'ies Lnw.ved, However, the "best” values,
as selected .- t ir way, gave ilstart ‘“ajl.-out predictions that were only 20
to 30% of th= observe vwh.uer, arc t's "f11* was not good. We then turned
attentior tc Neva7s data “o- & wh. 8 wxi becar e interested in an aprroximation
that geemed 'c .f"e~ & hope of elimirnating one of the Ltwo steps in the
double 1tegra’ « . HRefore “~:s possi:1i.i'y had been fully explored,

M-, Vay Shelton ivermo-s Inerat’ nw Jivision, joined forves with us, and
we worked toget e Tor a4 weei un JL-. ana UR-T. Mr, Shelton then took

our codes tc _iverm.re and ccrt {nuec w.~king on the Nevada data, while wa
turned attent ¢r agai- t¢ the Brave wron Mr. Shelton has reported recently
that the metn ¢ g vee sat.sfact 7 ~es . te for Uk-1 and UX-7, and he 1is
contimuisig wo 'k or ¢t er mctsa.  we havw zorcentrated on the problam of
predicting the Bravc fa.l-ou. o t e assumption that prectically all of the
activity in t'e {r{tia: cloul was located above tre tropopause, To date,
our method of ca.c.iation has not beern at.e Lo give satisfactory results,
ever, wher the wincs were arbitrariiy twisted to maxe the fall-out occur in
more nearly tte righ: place. 4t " '3 point we feel, thersfore, that we do
not. have arny clod mode. ir whic: we navs confideree. We have rerely a
mechanies of calcu &' o, Lhe wale ¢° # it Yas rot yst been proven as

RO S R
far as Brave is :oncerned ! ; S
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lacking any satisfactory ¢loud mode *  Bravo, we tackled the "homework”
predictions v a guess-wrk basis, w* ' dces not Justify a description.

The values t'a* we used ir 're ga.cuisticns are:

iM X Mt

Hedght ¢ clou! [wea miles 1.5 19.0
Helight c” stex = " 7.0 7.0
a for mus-—oonm ' . Q.9 4.58

for stan Po® A C.al 1.49
Beta: 9 i¢ a .0 Sigma: 1.0

Tre values <! - were take: as onstant up to the tropopause, and there-
after decrsase” wi b wi- Adeneits, The wachine progrim renuires only the
entry of relative va ue , fron w1t motual values are ad‘ustec sc that
t-e total radisac: ve r~irtert 7 e :isuc is in accordance wit! the yield),

Logarithmic mear rates 7 fal. we:r ase gred Lo the 16 layers of the cloud as

follows, count g "~ “he Botlom, [ aler are in knots;
layers 1 thr. & Pl
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CONDITION ®"A® - 50 MT and 1 MT
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Naut ical Miles B
-
CONDITION "B" - 50 and 1 NT

"Reference” Time H ¢ 1 Hours

Intensity -
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