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‘A FALLOUT FORECASTING TECHNIQUL WITH RESULTS
OBTAINED AT THE ENIWETOK PROVING GROUND

[OPTRN

v Frog: Comoanding Officer and Dirsctoar
To: Department of Defensze Agencies on Distribution List far Repart

Subj: U, 8, Naval Radiological Defense Laboratcary Report mDL—TB-B9, . .
. formarding of : Research and Development Technical Report USNRDL-TR-139

Encl: (1) U. S, Naval Radiological Defense Laboratory Repart USKRDL-TR-139 : R NS 081-001 :
entitled "4 Fallout Forecasting Technique with Results Ubtained - . . U.S. Army

at the Eniwetok Proving Ground"

1. A msthod for foreca3tirg fallout areas was developsd to supply the : i

operational needs of scieatific projects at t.he Eniwetok Proving Grounds, i 3 April 1957

Tho zethod employs a simplified cloud medel and distribution of particles

in the cloud based on paramsters osbtained from previous weapons tests !
N . -, and from thoory. The particles are tracked to the sarth's surface by .

considering treir, fallinb speeds and effects of the winds existing aloft.

Tracking is simplified by use of the plotting device dascribed in a

previous report,

by

E.A. Schuert

2. The end product of this technique is a plot showing the periueter of
the fallout area, the "hot line”, or line through the center of areas of
hig,heat rzdiation intensity, and the time of arrival of fallout through- o
out the arsa, The mathod doas not yield ths intensity of radiation in the !
arwa. However, relative intersities can be surmised assuning a radiation :
gradient from the hot line to the perimster. H

Physics . Technical Objective
AW-7

Radiological Capabilities Branch

3. Falloui forecasta msde with this technique for four £- sts at a recent T. Triffer, Head

operation are compared with areas of measured fallout, The comparison is -
excelient and it is evident that the technique works as well for water
surface as for land surface detonations,

4. This iwthod is simple, fist, and suitable for fisld use, It can, . i Chemical Technology Division
t.hororcro, be adapted to the needs of mJitary forces in the field, °  E. R. Tompkins, Head

. ‘Q.md__ ) < "%—{?’QW Scientific Director ' Commanding Olficer and Director
RICHARD S. MANDXLKORN . P.C. Tompkins - *  Captain Richard 5. Mandclkorn,USN

" U.S. NAVAL RADICUOGICAL DEFENSE LABORATORY .
. San Francisco 24, California
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) * ABSTRACT ) 4 SUMMARY
) A generalized fallout forecasting technique is presented The Problem

with detailed computations of input parameters which were

used at the Eniwetok Proving C:sound. A fallout forecasting technique is needed to qualitatively

describe the fallout hazard resulting from nuclear detona-

Results obtained at a recent weapons test are briefly tions. This technique should have such flexibility that its

discussed by comparison of forecast fallout with preliminary employment is valid for field usec.
measured data. L
- - . Fxndu_gi

A summary of the latest experimental and theoretical con. -
siderations has resulted in the development of a tecknique
whone complexity is dependernt on the reguired accuracy of
. the results desired. Such a technique has been satisfactorily

: . . tested at the Eniwetok Proving Grounds for land surface and
. - . " water surface bursts.
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1 INTRODUCTION

Fallout research continues to seek a theoretical workiag model
that will describe 1n detail ihe mechanism of fallout. Aside from this
long-range problem, consideration must be given to making available
a working tonl that will meet the needs of the military for solviug fall-
out problems in the field, Such consideration requires a simplified

sezelts,

rapid system capable of preducing gualitative if not quantitative raszl

Within a program studying fallout at a recent weapons test opera- .
tion there was a fallout forecasting assignment that had many aspects of
the practical field problem yet, at the same time, required quantitative
results for use in reducing otber data, This program needed positicaing
data such that three ships could be located properly in the fallout to obtain
data on its parameters. Also, aerial und oceanographic survey projects
required knowledge of the fallout to instigate their navigational procedures

properly,

To meet these requiremeénts a technique for rapid fallout forecast-
ing was developed which not only satisfied the needs of the fallout program
but also was accurate enough tc allow comparison between the meteoro-
logical aspects of model work and the results obtained {rom surface
measurements. This technique was restricied tc describing quantitatively
the perimeter of the fallout, the axis of the "hot line, " and to deterrpining
the time of arrival cf fallout throughout the pattern. No attempt was made
to quantitate the expected levels of gamma activity or te devslop radiation
contour lines.,

At this operation the Task Force employed a fallout prediction unit
for determining the safe time to detonate the test devices. Altbough
many of their techniques for forecasting were similar to those described
in this report, their problem was of a different nature than that of the
fallout program. Several of their methods were unique in that portable
analog computers were tested as field instruments. Thése computers
permitted consideration of mmany complex parameters, One, in partic-
ular, obtained essentially an instantaneous solution to the problem oace
the meteorological data weyre available. R

-
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The faliout program aad the Task Force prediction unit functioned
independently. It was not fcasibie jor the two to employ the same tech-
nique because the post shot variability of the winds aloft were especially
critical in ship location probiems of lhe {allou! program, This problem
will be discussed in detail later, .

1.1  Objective

This report describes a technique for forecasting fallout employed
at a recent weapons test operation. The results obtained in the field are
iscussed as examples of the reliability of the techniques, Although the
technique was designed for analysis of land surface detonations where
the fallout is particulate, its application to wuter suriace detonations is
considzred.

2 FORECASTING TECHNIQUE

The forecasting technique uses marcy ideas from faliout model work,
Several simplifications, as well as a plotting device, have been developed
to the end that the time involved has been reduced greatly without sacri-
ficing accuracy. In general, an initial source of activity is defined
describing the “stabilized* nuclear cloud by appropriate spatial and size
distributions of racdioactive particles. These particles are tracked to
the earth’s surface by considering their falling speceds and effects of the
winds existing aloft,

2.1 Basic Considerations

In some cases the input parameters for the forecasiing technique
were obtained f[rom-~ezponstest measurements. In others, where data
were lacking, the parameters were derived from theory.

2.1.1 Source Model

The optical or visible dimensions of the initial cloud from a
nuclear detonation have been documented in past weapons tests. Avail-
able cata describe such parameters as keight to base of mushroom,
height to top of mushroom, and mushroom diameter as functions of time,
Vertical rise stabilizes in approximately 6 min post detonation, This
time is independent of yield towever, the expansion of the mushroom
diameser, particularly for the megateon devices, continues for perhapa
30 min, Available diameter measurements have not been made ir excess
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of H+10 min, however fairly reliable data are known for the optical
c.o2d dimensions as functions of yield to H¢10 muin. Tke ultirzate cloud
diameter can be extrapolated {rom low yield curves and some qualita~
tive data, Figures 1 ana 2 present values of the cloud dimensions from
Past tests. Tihe source mudel was assuived cylindrical bavang, for a
given yield, these dimensions. lts stem diameter was taken as 10 per-’
cent of mushroom diameter.

2.1.2 Activity Distribotion in Source Model

The greater part of the activity was assumed to be concentrated

.in the lower third of the musaroom. The lower two-thirds of the stem

was ignored; the remainder of the stem and upper two-ttards of the clood
were weighted lightly. This description (Fig. 3) of the activity distriboe
tion within the cloud apreared most reasonable in the ‘“ight of available
data and logical thesTztical considerations. The acti.itr vas coocen-
trated nearer the axis of syrometry of the cload than at its outer edges.

2.1.3 Particle Size Distribition in Source Model

All particle sizes were assumed 2t all elevations withiu the
cloud except the lower two-thirds of the stem. However, to cdtain
agreement with past fallout rneasurements and with the optical diameter
of the mushroom, it was necessary to {ractiorate the garticle size
distribution radially within the cloud. O:iberwise the ¢ormrputec fallout
area about ground zerc would be 100 large. The fractioration was
specified as follows: particles of 1000 microns in diarceter and larger
were restricted to the inner 10 percent of the muskroom radius or
approximately the stem racius; those from 500 10 i0U00 rricrons in
diameter were limited to the inner 50 percent of the cloud radics. Since
the relation of activity to particle sizeis some direct{unction otthe particle
diameter,” this fractionation tends to concentrate the activity about the
axis of symimetry of the cloud.

2.1.4 Particle Falling Speeds or Settliog Rates

Computatioas of the terminal velocities of the particles were
based on aerodynamic censideraticas for 2 still atinosgphere having
tempe rature and density distributions ypical of the Marskall 1slards
atmosphere in the spring moaths.

Experiment2l data from past tests at Enywetok Atoll indicated
Ln&t the particles were irreguiar in shape and had a mean density of
2.36 g/cu cm.

* Unpablished dita from & ceoent weapans test.

-3-
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It can be shown that partizles falling at !hé:r terminal s>eed

The limiting diameter 10 which Eq {1) holds is:

experience three types of flow in a fluid: streambime or laminar Sow - .

where viscovs forces predominate (1074 S Re % 2.2 :ntermediate fJow . s .

where inertia forces predominate (2 $ R, £ 500); asnd turbulent Gow . ' 4 = 36! )

where inertia forces predominate (500 £ R, £ 19%). Below a Reymolds : o= —-—-——-‘/,7-}—‘ for spheres and

number of 107% certaia corrections must be applied i the equaticms ) [ o c

because the particle diameter approaches the mean Iree path of tae fluid - /3

medium; the region above a Revrolds number of i£% is important only : g =f. 544 for i

in ballistics. These limiting cases will not be discwssed bere. = W or irregular.skaped particles.
° o .

The parameters actively aifecting a particie's falling speed .
are: its wcight; its drag coefficient; its density; as well as the S:nd . . o
density and fluid viscosity. i . For Imtermediate motice, 2.0 % R, £ 500

) : : ' - ' p. 2/ =
Most empirical equations developed in past experimental work : i v, =K ( ’ﬁg H .
have been for spheres dropped in various liquids. Scme work has been ’ 1 =% ~ %, 4 . 2)
done on irregular-shaped particles and some done in wind tunneis. The e o, :

equations’ used to determine tha failing rates for pacticles in a £.ud

medium follow, ¢ where
For streamline motion, 16 £ R, £2.0 ’ ' Q =d-1{a
’ > O\ "t ' : [ = 04for spheres
Vs = K, —7—-—9 ) (@) {(~Z ar .
( ° /i f =.0.279 for irregular shapes
where . d' = limiting diameter o which streamline rmorica applies
Vs = terminal velocity in‘cm/sec K; = 30.0for spheres
/° = particle density in gm/cm? = 19.0 for irregular-shaped particles.
/2 = fluid density in gm/cm? ' The limiting diameter ts wiich the Eq (2) kells iss
° . - -
. /s
d = particle diameter in cm : 2
' 2 ; ) a* = 4350 2 ? for apreres
a = absolute viscosity of fluid in poises : g/O" / !/ao g -
. . . . : ; o A
Ks = ccnstant incorporating gravity . . 2 )
P . an = 51 ————-%'————.-_ for.irregular-staped particles.
= 54.5 for spheres : g/oo /a"fz 7 : ’
= 36.0 fer irregular-shaped particles. .. For tarbulent motion, 336 S Re £ 10%
. PN . )
. Vi = Kg (———“-/o } 1y
® This equation ~ wakeo fzom Ref |, However, cerais constans have bu:. re-evaludted. ’ N ) Kt = 54.6for spheres ' o
. ) L. = 50.0 for irregular-s:aped particles,
. ) ® These oquat.ows were taxes from &;ﬁ. Hewrwes, ceruiz comuay tave yocs re-evalvawd,
UNCILASSIFIED - -5- :
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The average falling rate for a group of irregular.shaped particles
of a given sizc will be given by the equations. However, individual parti-
cles of the group may deviate from this average, :

2.1.5 Marshall Isiands Atmoszhere

Marstall Is:ands atmospteric conditions determined the values
for the density and viscosity parameters used in compating particle
" falling rates, A-ailzbie data on the temperature, pressare, density and
viscosity as funchions of alt:itude for the atmosphere common to the
Marshaii island area in the spring months follow,

It was not possidle to ‘use a “standard atmosphzre” in this
problem because such use introdaced a iarge crror in the particle falling
rate at high aititudes. This error originates primarily because an iso~
thermai layer is assumed above the tropopause in the standard atmos«
phere — an unreal’stic assumption.

Temperacure Distribution. From the weather data published
by Task Force Weatler Certral at Cperation CASTLE, {our published
radiosonde rurs obtaired tefmperature measurements to high aititides:

! March i954 0600 M Bik:ni
27 Mazch 1554 0600 M Bikini
7 April 1954 0620 M Bikin:
26 April 1934 0619 M Bixini

No d2.a were a-ailable above 67,000 ft. Fortunately two of these runs
pen-trated the tropopause whick was: iocated at approx:mately 55,000 ft,
To extend the measured data beyond 67,000 ft, climatological averages?
for latitude 12°N were emplovei. Agreement with mcasured data was
satisfactory except for the range f~om 50,000 to 55,000 {t where the
climatolsgical data indicated a well-defired isotheérmal layer. The
most significaznt finé.r§ from the meisured da'a was the complete lack
of an isothermal layer above the tropopause, Instead, a distiact and
rapid invers.on was observed which, when extrapolated as a straight
line, agreed wirk the climatologica. cata above 70,000 ft. Since the
atmosphere was to be defined to 120,900 ft, further extrapolation was
recessary. Temperature data a-ailable at these higher altitudes were
taken Yy rocke*s’ over White Sands, New Mexico, A plot of three points
from the rocket data just:fied to some extent a continued extrapolation
of the curve to 120,000 ft. - ’

-6-
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Thezefore the profile of the verticsl temperature gradient
(Fig. 4) was based on mecasured data to 67,000 £ 25.d extrapolated to
120,000 ft on the basis of stpporting climatological data and temnperature
measurements made at aigh altitcdes with rockets.

Pressure Distribution. Publisbed high aititode measurements

- of the pressure distritelia: wese obtained on two occasions at Operation

CASTLE. These measurements,® made a* Bikini on 7 April 1954 and
on 26 April 1954, were no: taken above 65,000 it. Abows tkas altitade
the pressure =as 2xtrapoiated 2% a straight lire o= semi-log paper to
120,00C ft. Agreement with pablished rocket data from White Sands,
New Mexico was good to 99,000 ft {Fig. 5).

R . asity 'st.tib;:tion. Tbe density distribation of the atmospbere
{Fig. 6] was calculated from the perfect g3s law using the avove pressere

and temperature distributions, N

P

Vo~

. where the gas constant was tzken for dry air. The assompion of no

moisture in the mixture introdoces an error of several Percen: in the
iower layers of the atmosphere where the relative humadity is high.
riowever, this assumption can be safely neglecied., Also, the laiest
theories or the composition of the stmosprere indicate it 1o be constant
1o altitudrs abave 150,000 {t which justified the assumplion of a noa-
varying gas comstant,

Viscosity Distribulion. The variazion of absolxze viscos:ty with

altitude was compcied irom the observed temperatcre distribazioa asit g
Sutherland’s formula,*

’ 2
o= o To + 113 T
T+ 1la To .

32
‘g = 0.01769 387.17 \ u \
4y + u:./ 373.17}

where tj = lemperature in degrees Kelvin and p is viscosity in cesnti-
poises. Tlese dzta are plottzd in Fig. 7. .

* tie. T.1.-13 Opeanion siero No. M. 3 Apal 1858

——— e e e e e e e o e e e




2.6

UNCSLASSIFIED ©

The data on pressure, temperature, dtnsx!y, and v:scos\ty in
100G -ft intervals to 120,000 ft are summarized in Table 1.*

Terminal Velocity Computations

The average falling speed through 5000 .t layers was computed
for four particle sizes over an altitude range from 0 to 120,000 ft. In
these computations all in-flight transition of the particles from stream-
line to intermediate flow had to be considered through use of the pl=t
show= in Fig. 8,

Four particle sizes (;15 100, 200, and 350 p diameter) were

‘employed since there was evidence from past tests that the 75-p particle
defined the lim ng drtance of failout of interest and the larger sizes

best described the ‘pattern within this limit., Table 2 presents the falling
speeds computed for the four sizes. Tables 3, 4, 5, and 6 display the
cumulative time of fall from a given altitude !or these particle diameters.

2.1.7 Meteorologxc al Procedures

It is necessarv to have available the best posexble description
of the winds aloft in order to determine the arrival points of particles of
various sizes originating at various altitudes, Such data are asually avail-
abel {from the normal upper air soundings routinely taken by Weather
Bureau and Military Meteorological stations. Although wind velocity as
a function of height varies continuously it can be described by an average
speed and direction in discrete layers. Such averaging can best be
obtaincd. from the WBAN-20 Form where the original data are recorded.
The technique employed in this report was to divide the atmosphcr> iuto
layers 5000 % thick and determine an average specd and direction for
each layer. When the average falling speed of particles through these
5000 -ft layers and the speed and direction of the wind are known, hori.

. zontal displacement can br computed. Thus, for each particle size a

——

- . - S e e e ——— e v

vector may be drawn far the average particle displacement in a pasrticular
5000-ft layer, A-.lition of such vectors from all layers described the
tra]ector) projection of a particle of given size. Similar plotting for ail
particle sizes originating at 21l elevations within the cloud source will’
map the {allout on the earth's surface,

This lech'uque is valid for any atmosphere that bas negligible
vertical motion and is in a steady state conaition with respect to the
horizontal winds during the time needed for the slowest particle to fall
from the highest altitude to the ground. Such an assumption is not
realistic for situations.arising from many of the megatoa devizes be-
cause 15 to 20 hr are necessary to establish the fallout area. Conse-
quently, whken computing 'parlicle trajectoriés, an attempt should be

* A gieat deal of ex:ell::ﬂx_u;vpe: 2.t da:a for the Mlinhﬂﬁ.‘.-;:& was obiaiaed at Opzration REDWING
in 1956. Reduction of these data will result 10 2 much betrer desenipiion of tae Maihe ! slapds
armosphere thar. has beén previowsls available, )

UNCLASSIFIED

made to consider how the wind varies with titne and bow it varies with
distarce from. ground zero; what effect vertical motions bave on particle
falling speeds and how they vary with space and time. Sach considera-

tions complicate computation of trajectories extremely. In most cases

valia input data describing these variables are nut avuhbk. This phase
of the problem is discussed below.

"2.2  Plotting Technique

The use of "particle.-size* and “bcight" lines in mapping fallout is
a standard techniqee emfpioyed by most analytical metkods. This tech<
nique »imply describes a grid (Fig. 9) on the carth's surface indicating
where fallout particles of certain sizes will arrive and from wkat altitude
they came. These parz:neters are the basic data for describing the fall.-
out pattern. : .

Assuming steady state neeteorciogical coaditicns without vertical
motion o¥ space varidtion of the winds, it is very e2sy to cotstruct a
gnd describing arsivai points on the earth's surface for particles of
various sizes oviginating at different altitudes, [Ihis grid is constructed
by ignoring tke horizonatal distribution of particles in the cloud model
and by plofling those trajectoris s that origicate alcog the line s~urce
describing the vertical axis of the cloud.

Plotting trajectories for each particle size at every starting eleva-
:om is the first step in determining the resultant falloat pattern; howevers,
tks drafting involved is tedious and time—oansuming. This cffort can be
reduced greatly by plotting from the ground up, as is done in the con~
struction of a wird hodograph. Such a plet is made by stanicg at groand
zero and working up through the altitude increments to the desired eleva.
tion. Aithough this technigue does nci plot the trajectory of the particle,
it does define the arrival points on the surfiace of the carth of particles
starting at .each altitude increment (Fig. 10}. Tc plct these size-lines
one rmust make the preliizinary computations of sarticle-faliing times
through each altitude ircrement to obtain the displacement for various
wind velocities as described earlier in the Seclion on Terminal Velocity
Computauons (p 8).

A plotting device (Fig. 11), described elsewhere,’ facilitates the
computatious required for the size-lines of the fallout pattern. Such
devices were constructed for four particle sizess 75, 100, 200, and
350 j in diameter. With these plotters, trajectories or size-lizes can
be plorted from anv elevation up to 126,006 ft for the four particle sazes.
The plotters automatically acczunt for the variable particle falliog
speed. They also eliminate tbé need for drafiing equiptuent. After es-
tablishing the particle arrival points by either the usc of size-lines or
trajectories, heigik lines can be constrocted. These Yres, joining

- e -9-
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surface zero with the arrival points of all particles lron; the same cleva-
tion, are most descriptive for they define the ;ztb along which all particle
sizes will deposit from that originating altitude.

The heigtt lines describing the fallout irom the lower portion of
the mushroom immediat ly establish the “hot line.™ Tke "hot line" is
best defined as that porticn of the fallout area wherein the highest levels
of activity are found relative to the adjacert 2reas, Under most meteoro-
logical conditions this area is described by a line from surface zero
that coincides with the height liaés from the altituce layers that include
the base of the m\sshroom; for the source model was so delu\eu to con-
centrate the activity in uua volume .

Since the plotted grid of size-lines and height-lincs was based oa
a line source of activity, each particle point must be expanded to the
appropriate cloud or stem diameter from which it ong'mted This
expansion, after taking intg coansideration the radial parucie size frac-
One
ther has a map indicating the fallout area and the path of expected highest
activity,

Curves of time of arrival of fallout through the pattern are estab-
lisked by simply assigning the appropriate value of falling tinxe to each
expanded circle about the arrival points and by constructing {rom this
network of values iso-~time cozlours that indicate the earliast time at
which fallout will arrive at a given distance from the shot point, Simi-
larly, the determmination of the time of cessation of fallout at any location
may be plotted. However, one is faced with the -juestion of tow to define
cessation. Very small particles that do not contribute significantly to
the radiation field continue 10 arrive for days after time zero. Canse-
quently, a plot which descrides time-to-peak activity seems more
meaningful. During the field operation time-to-peak activity was defined
as the time of arrival of fallout particles originating in the lowzr third
of the mushroom.”

This method determines the fallout plot under comditions that do
not involve several important meteorclogical variables. In tkis sense
it is most valia for a fallout of short duration and over a relativeiy smail
area, for-example, a 1-KT surface detonation. Megaton devices and
l1arge KT yields deposit primary fallout over lang periods and to great
distances. To map such extensive deposition of fallout necessitates
inclusion of ccmgl:x meteorological variables and consideration of the
fact that clouds from these large detonations extend to great heights in
the atrnosphere.

* A recent study of avzilabdle A2wa indicates that the thine-to-peak actieiry cas de excellestly dzftned
as twice the timc of arrival,
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2.2.1 Time Variation of the Winds Aloft

jn most of the cbservations made at the Erawstok Proving Ground -

the winds aloft were not in a steady state.
winds aloft were observed in as short a perio? «s 3 br.,
was probably due to the fact ttat proper firing conditions, which required
winds that would depocit the falloxt cortk of tke proving ground, occurred
only during an unstable synoptic situation of rather skort duratiom. It
was necessary to correct for this variatioe to keey irack of the predicied
fallout area, especially at great distanzes {rom surface zevo vhzte as
much as 20 hr elapsed before deposition.

€ignifirant changes in the
This variability

Since this variation could not be forecast, ballooa runs were
made every 3 hr {from H40 to H+24 and each particie trajectory employed
the winds as they changed with time. Tbe correct pa.nicle trajectories
were approached by a mathod of succeszive Lpprorimaticns as fuilows:
Tables 3 through 6 were computed for the four particie sizes and gave
their cumulative times of il such tkat starting at any eievation their
altitude at any time after H-br could be located. For example, the 75-p
particle originating at 70,000 ft extered the 40,000~{t layer in 7,18 by
and reackcol the surface in 19 hr. Since mew upper air observations
were obtained every 3 hr it was assurned that the balloon released at
H+0 represented the winds aloft antil H+3 hr and tke balloon released at
H4+3 hr represented the wirds until H+6 hr ard so on. Therefore, as the
particle settled to earth tke appropriate winds aicit were apnlied toit,

Tke first step was to 3lot size-lires for the zarticles based on
the H+Q-hr winds. This estatiisned a falloul plwt i1hat assumed the wirds
would not change with time. When the i#43-hy wizds becare available a
similar plot was made based on them. With the a1d of Tables 3 tkrough
6 the particles starting at various elevalions were located iz altitude at
E+3-hr points. These H+3-hr poiris are marked at the proper altitude ca
each si1ze line, The two size lines, Hr0 and Ht3,are tken overlay~d scch
that the H+3-hr points are coincident and the combined sixe-lices deter-
muned with the aid of & Jight-table. Tkis is done by takung tke upper
portion of the H+0-hr size-line and tk= lower portion of the H+3-hr size-
line. This {irst approximaticn then assumed that the Hé3-kr winds will
remain steady for the remainder of tke particies fligrt. Tke process is
repeated using the combined size-line and the new size-line for ike next
set of wind data unti] the particle reaches tke surface. Therefore for
each new wind observation a closer approximatioa of tke corrected time
variable plot is made until ultimately the plot is quantitative.

Space Variatioa
The preceding comnutations assumed that tké winds alof:, as *

measured at the point of detonation, at a given time are the same through-
out the area for that time. Since the fallout ca~ deposithyadreds of m:les

-31=
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from surface zero, the ideal situation wculd be to take winds -aloft
measurements throughout the volume traversed by the particles. Cor-
rection for space variation of the winds is then necessary, however jn
most cases not as significant as is time variation. Most v’vealh.—r net~
works are not refined enough to allow quantitative correciion for these
errors.
2.2.3 Vcrtical Motions

In applying particle falling spceds to the torecqsling technique,
it is assumed that the atmosphere has no vertical vclocxty". .CompuuA
tions made at the Eniwetok Proving Ground® to 50,000 ft' indicated that
large cellular vertical moticns. in the atmosphere sometimes atta_med
speed: equal to and greater than the settling speed of a 75-p particle.

Az of tho

‘A time-space correction should be made for the falling speeds of ths

particies to compensate for this parameter. However, in the work at

the test site it was not possibie to inciude this effect in the fallout I?re-
casts, Certain anomalies discussed below may be duc to such an effect
and post shot analysis is being conducted to see whether tl_:ey are resolved
when the vertical motions have been taken into account. .

. . .

3 DISCUSSION OF FIELD TEST RESULTS

The forecasting techniqne described was employed by the fallout
progiam at the Eniwetok Proving Ground to satisfy certain project
requizements. One project had three ships equipped to collect {al_lout
and their positions bad to be determined for most efficient collecl_:on:
another sampled the ocean for fallout; while another made an aerial
survey of the contaminated area. The navigational schedules for these
latter projects were based on the forecast fallout pattern. Operations
were controlled through the Program Cuatrol Center aboard the Task
Force Command Ship where the forecasts were prepared.

The tmeteorclogical data were received {rom the weather ship at . .
Bikini atoll as well as from weatherstations at Rongerik atoll and Eniwetox
atoll. Furthermore,all forecasts made by the Task Force Weather Cen~
tral at Eniwetok atoll were usually available aboard the command ship
by facsimile through the ships Weather Station.

* Under rhe ducction of CDR Dagiel F. Rex. Joigt Task Force Seven, Metearological Center, fearl
Harbor, T.H. . -
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Upper air measurements were made at Pikini, Rongerik and Eniwetok
atolls every 3 br starting at H-24 kr and continuing until H+24 h4r for any
> The frequency of observaliwms was usually increasea
.during the pericd from H-6 to H-2 hr. The altitudes reached on tke wind
runs were reinarkably high and gave perhaps the best set of winds-aloft
measurements to date. The average termication altitude was approx.
imately 60,500 7t with macy 7uss over 100,000 it. Such excellent cove-
erage of the winds zloft was a major belp in the fallout forecasting.

Fallout forecasts were made every 3 hr starting at H-24 br.usizg
the mezsured winds available at the time. This process was continued
up to shot time and from then, onm the technique of correcting for time
variation, was employed every 3 bkr until the {alloct € vent was complated,
It was not feasible to correct for space varialion ami verticzl mutions
during this pericd because of the lack of time acd data,

3.1 Fallout Plots

The fallout forecasts determined at the weapoas test opsration
were based entirely on measured data ard guartitatively considered
time variation of the wind. No space variation correciioms or compuzed
values of vertical motions wére employed in their cons.ructioa.

. The area of measured failout from shot A is compared with the
forecast fallout plot in Fig. 12. Figures 13, 14, ané 15 are similar
comparisons {er shots B, C, 1ud D.. Although C ard D were water
surface shots, 1t is evident that the forecasting techrique sccceeded in
representing the measured fallout area as well 3s it éid for the land
surface detonations, A and B,

The comparison is excellent for all shots except B ard as yet the
discrepancy between the forecast fallout area and that which was roeas-
ured i3 unkuown., There 1s some indication that consideration of vertizal
motions will have to be made for shot B durirg :he time of falloa: since
computed vertical motions were sigeificxnt in magritude. Such analysis
including space variation is being carried out a1 thas time for all four
detonations and the refined data will be publisked later.

4 SUMMARY

The fallout forerasting technique described 1n ihis report was suc-
cessfully emrloyed for both land,surface and w2ter surface detonations

-13-
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at tie Eniwetok Proving Ground., With known meteorological data such
a technique will successfully quantify the area of faliout and indicate
qualitatively the relative intensity of radiation,

Precise determination of the fallout area requires consideration
of many complex meteorological parameters. However,from the above

analysis a practical field tool cas be developed that in most cases will
satisfactorily define the area of xnzere::.

Approved by:

£ R. Jophinw

E.R. TOMPKINS
Head, Chemical Techuology Division

For the Scientific Director’
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TABLE 1 TABLE 1 {Continoed)
Temperature, Pressare,’ Deasity, and Viscosity of the Atmesphere Over Temperature, Pressure, Density. and Viscority of the Atmosphere Over
the Marshail Islands Dering the Spring : . the Marshall Islands Daring the Sovring .
Alurude Temperature Presnue Dersivy Visomity ' Aluisde Tew Jerarure musswe Doty Visoorw
o0 °X) (mb) g cm3- 103 (potses-34) - [ Xy (ob) G emt-ieh (onses -10%;
¥ -
SEC . 301 1006 117 164 3E, 90 277, o j (31 ’ TATS
1,040 299 - 980 113 a3 : 35,000 225 3t} (51 1465
2.000 297 950 110 ! 48,0 223 208 ¥ -] 1AS¢
2% %30 1.06 43 .R% 220 H €31 1448
N ks 200 e 42,000 211 185 33t . 1430
2923 Ex( 1.9 ; 43,000 218 i3 .29 1.4£C
292 sEe $.57 : 44,009 213 bt (%1 1458
290 820 (] 45,008 21 P14 27 1.228
] 360 .91 45,6 24 150 [$- 1,380
288 ki .58 45,000 208 148
285 40 .88 45,000 2% 13
284 -20 0.8 48,000 201 <
282 €90 0.8¢ 5T, 000 iry 125
280 660 o-g SLXS 1% PRt
27 640 276 52,000 25¢ 314
. 276 629, 0.73 £3.650 1% S
274 530 0.71 . 54,00 b 0t
272 570 o£® : 55,500 b1 o5
27 550 £.87 56,56 b33] "
269 530 265 57090 192 BS
267 5ud 963 58,000 13 2]
285 450 .61 55,000 254 i
263 460 0.59 64,000 3 e ]
263 440 €57 61,009 pg =t
259 420 0.55 : 62,406 158 %
287 410 0.53 €3.000 : £ .
256 N a52 - 64,000 281 1]
252 370 .50 i 65,090 2 56
250 338 049 . 66,000 oy 53
248 340 0.4% , €7.000 205 50
2¢€ 320 548 ££,000 2 3
. 243 are 243 . $9.005 207 “
: 241 300 0.42 : : 70,000 08 I
239 280 [ l TL00% 21D 41
236 2%0 0.3 ) 2,000 H 28
23¢ 260 0.38 =3,000 2. 37
1 232 245 033 ~4,2%0 fal 5 .
! 230 235 0.36 . 5,000 218
{Connpoed) - - - ({Cant wod})
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TABLE 1 {Continued)

Tempe-ature, Pressure, Density, and Viscosity of the Atmosphere Over

tae Marshall 1slands During the Spring

TABLE 1 (Concluded)

Tempcrature. Pressure, Density, avd Viscosity of the Atmosphere Over
the Marshall Isiands Dering the Spring

Altitude Temperature Pressure Dew;rva’) i Vlwom':‘ : Altitnde - T avre E Dewsty I
(13 & ’ .3 1ses <% M a N
=) ] (N oty gem (o ) : ) K : (=) Wiy (ponses 104y
76,000 : 217 32 0.052 1418 112,000 55 %) X 1656
5,000 218 30 .42 1.420 i 113,000 268 4.5 0,064 1675
18,000 219 28 0.548 1,430 H 1i4,000 267 a4 0.0038
79,000 21 27 0.544 1.435 ) 118,00 %9 4.2 0.x54
£2,000 222 2 0.042 1.449 ! 116,000 270 39 0.005%
81,600 %23 24 ©.039 1.450 3 117.000 m 3T S }
82,000 223 23 6.037 1.455 H 118,000 233 3$ 0,044
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Cumulative Time of Fall for the 75-pu Parcticles {hr)

TABLE 3 (Continued)
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