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l. The msthod describec herein is desigred wit: an oblective that is intermediate
between operational reguirements, and t-e rag.irements «f a strictly scientific
investigation, It is cesigned o inciude w.a are assumed to be the most
importamt factors that determine a fall-c:t pattern, with the idea that we might
find out encugh abou" what 1s going or tc¢ prooi.ce & good simplified method for
operational use., OUns simp.ifiec versio 'n&z" was used for local fall-out
forecasting is described 4r T:icl. 3, llise-1: “:recasting by New Techniques
Developed after BRAV( | Tar 7 "Fal.-oul Fcrecarting Techniques" of the Task

Force Castle Report., I+ seemed good enougn . ‘ustify further investigation of
the basic ideas as applicabi= %o Bny range 2/ 1istances over which a constant

wind field could be ass med
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2. The basic assumptiors =7 ihe metr )¢ are -» ol lows:
@, The whole c.cud wup *o I's he.gr' " <tanilization, is formed instantaneously
at the time of cetonaticr. Thrie 2 v a' we call the "initial cloud”.
b, In any heigtt .ave~ <7 tte initia .. uwi, the concentration (radioactivity
per unit volume, is distrilbited acc-71¢ to the Gaussian law
glh,mac = o iR e e ok
where c(h) 48 the can~ra. concentra.. at heigrt h, r is the radial
horizontal dista ce, and a, ie & "8 read parameter”™ {(analogous to
standard deviation t-at is a.sc s derad to be & function of height,
Prom this assumptior 't follows " 'w° ¢ tetal amount of radioactivity
in a slice 0" un * wvertical thick: es- .8 T colh, ap<.
¢. Throughcut & @ - snv sucl layer, 7re —~aijloactivity is distributec

normally wit' rsasupent ¢ the logaritis 7 the reate of fall of the

particles, 7This 4t ary dostance - ‘re ‘raction of radicactivity that
falls with speeds i *ne range £ - f 4 4 is given by
1 exy | . c
— ' LT .
i T . [

where f(h: ic the fail-rate fo! part. .es of greatest radiocactivity,
and © (also consite~ec to be a funct.n. £ neight) is the standard
deviation of -he . ogarithm ¢f fa..-ra*ss, weighted according to radiocactivity.
£(h) and € (r &re ronstant thruow .t .ayer.
d, The rate of f3al. % an’/ partic.a -ema. i3 ‘onstant until it reaches the
grourd,
e. Any particle ' hat starts from t-e -et - Axis wiil follow a path strictly
ir accordance wit, tre wind pat-er-, w .e all otrer particles that fall
at the same rate “rcm the same .eve, w .. diffuse laterally from the

central parti e © surh & way [ ta' t'¢ gaussian distribution is maintained,
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During this onro esr, the drcr-eape e spreac parameter is described by
m
3 0 I e
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where S is .te istarce trave.ls i i'e rentra. particie until it reaches
the ground. 't s 't be nctsc rne’ is not tne strajght-line distarce

from the or @i~ e tre landing g« vt wo.ess all winds at all levels are

in the same directior ), B ard m are pearametric quantities that may be

used tc¢ describe tne amount ¢ diTfusicn. They are not at present
regarded as func i s of height ™ ¢ wuantity p is merely an abbreviation

for the quarti*: L ‘rratrets’,
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Froam these assumpticvs it fo'jow- ' s ite dose rate on the ground is
f.
I« X Cc.hj  ex oDy R ap oar
2T e e T 3 O I3
where K is jose rste per unit 7 3¢ ‘wee concentration, H is the height
of the tor » t'e <loud, anc = ir v + ' e distance from the point at
which the d ;se ~ate 's estimm'ec =: »sc- of the landing points of central
particies. Threse lardirng points wi. epend or %he winc pattern below the
level from whi:: t"e central part.-.= .riginated, so that r is a function
of h, The .amii.g peints alsc 2epe = » t-e ra‘e of fall, so that r is
also a functiozr ¢ " Crangirg -~ -st~ f fa.l to time of fall, one
obtains
~ .  &] r -3}‘{ s e in A?\”
where (X,Y) are 1 ractanguia~ - -+ .ates of 1t.e point where dose rate
is estimated ar 1, ¥ &ars *he w 4  mponents v the same co-ordinate
system, a&verayec i o the feghe
We may also =xyress
T o= i 4 %ﬁ%.{,_p
noting that w is “he average speec regardless of directicn. (U and ¥ are
not, in general. -re components " w T+18 exmression is correct if one
is satisfied thnat the d4iffusior demenca ©r the total horizontal distance
travelled by a rent~al particie. | e wishes to assure that the vartical
distance shouia be "nc.uded, ¢ be mes m.cr more complicated,
The significax= 7 P und m car v = |« =« sualizec., 1f m - 2, then

A - By e

B s s

a0 Fa,

sc that the latera. dimersione »f ary regmert of the cloud will increase
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as if the segment ha:! ccme from &« 'x .t source iocated at a distance Pﬂo
upwind, The sire increases . inear.v w t. distance travelled by the central
particle. f m .» greater thar ., ° = =orders «f the cloud will diverge
more rapidl s, an? 4f m i= les« 1 a: *mey wili: diverge less rapidly.
One car. prevert. ary ‘ncreass .r -.ze e:vrer oy making p infinite or by

A
making st ewua. w¢ zero, ™Mhir me - f descrining the diffusive process
is similar ¢ *tat o7 Sutton, ot 1ox exactly the same,
Ifm = 2, ther 8" =uf”lciertis s g~ '~.ues of t, the area covered by a
segment of c¢lo i i+ rropertional ¢ 0= sgquare of the time, as in Felt's
method. However e propcriiona it ‘uct. - varies, as w varies with
height, and "umt e:, ‘ne Hvera. aver.wve Droportionality factor changes
with the cve~al ! strergtt of e wir i».r, an¢ in these respects it
differs fram Fe.® ‘s methoil,
Returnirg tc the mas.c ejuatic , '« soge 0f yvariable fram f to t changes
the argument =7 ¢ e ogacitlo 1c

£ £(n

h

and df becomes <t
f +

One notes als, frat rorcaptratiors 41 -~ ne indtial cloud must be reduced
tco those that wri.¢ have wxiste: a° *° . <ime for whicr the dose rate is

being est imatac.




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

o

&, The winds pat*e~ &' ne.grts wo o . U t‘ L i : \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 i tne intrial = .cu

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

h. m, diffusiocr paramecer, fesgr he a- ve
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Testing of tne metiod reguires t-e e o 1 irh lﬁé@d”cgﬁgu;ing machinery,
With such ma:trinery one ran maxke war ©  aiges 1ir the guantities described
above, proceeding (r » trial anc aryr  wasis, In order to achieve msome
degree of ob'lectivity the Tcl.ow.ng rprroach is adoptad,
The logarithm ¢® 're ratic of &1 .ia'ec e observed dose rate is estimated
at a_number ¢ poirts for a piver srot Tris quantity is called 4 (gamma),

Y

Then the mear garta, and the stat swi-a variance of the individual gammes
about tre mesr gamra, are calc latad T .8 process is repeated for a
nurber of va ues ¥ scme parametr. Tuantity, beta for example., One then
plots the varlance agzainst btetsa, anc s= acts as the best value the one that
gives the least variarn-e. (ne %' s ‘& 7ms on tc cother parametric quantities,
and treats tlem i 'e sare wa., pu < ha” there is not too much
correlation btetwesn tre affects - 1+ 1.fferent “ypes of parareters,
It will ne nc er net Pria applicatior o f nie "least squares" method
discounts the rve-& . ratiu of ~a. .03 ..r to observation. In principle it
is possivie t. ye' ier variarce an ewmot it when each calculated
value is, for examr. e exactly “er * .mes " e cbserved value, One would
then suspect ' hat 9% ¢ tre radicact: it? rad remained in the crater,
If, however, one =arculc cbrtain a gooc "1 mt wit® only 10Z of the observed
activity acco .ntec fo-. cpe wouC rave ‘o conside- other possibilities,
One woulc first ook ': see whe'he- ar. .arge Zraction of the activity

was excluded fromr wne calcilabion. [ rumerical integzration it is not

practical to sc ai e war [rop ze« “=finite time, and part of the
activity migh' nave ’a.ien cits:ze . + _ine rarge chosen, If this

explanatior fe:l-, a .« L% the 7' = -mi - pood, One has Lo conciude

that the least srmuar-s -~r.terior, a= = ..ed nere. is not useful., Wwe
have not vet e~courmmere . %roie mar. & obsT.acle,
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The method ¥ arrroa » o= Sul ‘&0 & nmkneyeﬂj"“‘o’ld“x:ﬁ'(,'idiﬁmi %‘u}ﬁmg
as fol.iows Poscbdividong te o oal, " 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

reasonah.e, a7’ - a e graled L - teis nacle way with yield over a wide
range, “he nette o car serve a use’ pera’.icna. purpcse even though the

values Tight re mclentdfioal
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integer * - L, .,
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I SUIV- I 7L "Deferise Calculator?,

juantities ‘a, | « 1 f) and the mean wind componert s
wre functiors « ie 1, mar te loaded as tables of data,
i he indtial b =, i3 subdivided into M equal

Dy an intege = U, 1, 2, ... (B-1). The time

each time beling identified by an

¢, .. N tcrage oimits the maximum value of M to 32,

trat coesr't taxe much machine time, and the minimum

mezrat . on may be changed at will, The

foruis L9 re:cried as zerc if the absolute value

val.e » w'. - ma’ be as large as 10,

trhat thre vl g

:nr.egratzon is performed first and

meond, A ea incatior, the fraction of the dose

init. e, ¢ la er is computed and may be
sk pasculater arn. . b3erved dese rates and the

~e 28y ty-pas: this printing and obtain

"3 mear gAaTma ani variance Tor- a preselected series
yet froger, and ad 4 .i-na. features are being added from
ngve twe codas w "ast "fixed-point" code as outlined

siowe s "floating-oe - ~ode that is xzore precise and which

sy e resrects,



2 February 1955
H-6

it. Zcl. H, i, '&anK:

Departmernt of Tefe =

Armel Forces Spetiil weapoms Trpten:
was-ington 27, I

Cear Jci. tanris

kncloged de tre comyp e loo of e a0 oLr method ¢f fall-out
caic:iaticr @ o qamewcsk | prot,ems o uectad woth “he AFSWT Fall-

out Symposium,

~

ey trul. yours,

T+ MAS N, WHITE, Ieader
~adlological Physics Group
“wal-r Divisicn

T.\:h'//ﬁh

Dist ~{bution:

SCOLb. Scil kLol oA kis
(w/encl. ==b-"< 3 h
Mail & Feccrd ’
{w/c erc. =

Fileup




H=6-72

7.

S
- 1  “ : P B8R,y
Since start ng r tnis prohlem anc .t rever months ago, a sonsiderable part
of the time has near spert or ocilig ar| de-buggiry, which we undertook
ourselves ir ordmer ‘¢ leart "'w L. uss ‘e Model 701. Using Brawo fall-
out data, we demrnstreater tha' .ess’ s uares solutions sould be obtained
for the varisus parametri{- nua~ti'ies lLnwi.ved, However, the "best" values,
as selected - t !r way, gave ilstart “al.-out predictions that were only 20
to 30F of the observe vwh.ues, arc t'e 11" was niot good., We then turned
attentior tc Neveais da‘a "o~ & wh. 8 wxi becar e interested in an aprroximation
that aeemed 'c .f"e~ & hove of elimirating one of the two steps in the
double 1tegra’ o . Hefore “7:8 possi 1.1ty had been fully explored,
M-, Vay Shelton iivermoms Inerat’ nw Jivision, joined forves with us, and
we worked toget e Tor a4 weei o JL-. and UR-T., Mr, Sheltorn then took
ow~ codes tc .ivermore anxd cort tnued w.~king on the Nevada data, while we
turned attent . cr agai- tc the Brav: wror  Mr, Shelton has reported recently
that the metnx g ver satisfact .r ~es ..te “or Uk-1 and UX-7, and he 1is
contimui g wo 'k or ¢t er macts  we havwe corcentrated on the problem of
predicting the Bravc fa.l-ou. o t"e assumption that prectically all of the
activity in t'e {ritia. cloul was located above tre tropopause. To date,
our method of ca.c.iation has not beer at.e Lo give satiafactory results,
ever wher the wincs were arbitrariiy twisted to maxe the fall-out occur in
more nearly t'e righ: place. 4t " '3 point we feel, thersfore, that we do
not. have any clod mode. ir whict we nars confidence. We have rerely a
mechaniss of calcu &' o, Lre wale " # 2t YAs rot yeot been proven as

A A
far as Brave s soncwrned ! ~ P S
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8. lacking any satisfactory ¢loud mode *  SBravo, we tackled the "homework"
predictions = a guess-wr~k basis, w* ' dces not Justify a description,

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

iM 30 Mt

Hedght ¢ clow! [wea miles 1.5 19.0
Helight c” stex = " 7.0 7.0
a for mus-roonm ' v C.9% 4.58

for stan PR o C.al 1.49
Beta: 9 1i° » e Sigma: 1.0

Tre values ! o wers take: as constant up to the tropopause, and there-
after decrsase” wi b owi- Adeneit:, The wachine progrim renuires only the
entry of relative va ue , frin s it amotual values are ad‘ustec sc that
t-e total radisac: ve rirtert 7 e :isuc is in accordance wit! the yield),

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

follows, count g "~ “he dotilom, [ -aler are in knots)
layers 1 thr. & el
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CONDITION "A®™ - 50 M? and 1 MT
Intensity - "Raference” Time H ¢ 1 Hours
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Nautical Miles

CONDITION "B" - 50 and 1 NT

Intensity - "Reference” Tims H ¢ 1 Hours




Mauticsl Miles

CONDITION "“B® = 50 MT and 1 MT k
Dose - To 4B Hours
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