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HEADQUARTERS AlIR FORCE WEATHER AGENCY { AFWA)

OFFUTT AIR FORCE BASE, NEHRASKA

3 1 AUG 1999
AFWA/CC

106 Peacekeeper Dr STE 2N3
Offutt AFB NE 68113-4039

Mr. John Greenewald, Jr.

Dear Mr. Greenwald

We received your Freedom of Information Act request, dated 28 Jun 99, referred
to our office by 11 CS/SCSR and received in our office on 1?2 Aug 99. In accordance
with DoD 5400.7-R, your fee category of "Other" results in assessable search and
duplication costs of less than $15.00; therefore, we have waived your fees.

Attached is the document, Radioactivity Fall-out and Radex Plots, responsive to
your request for which Air Force Weather Agency is the releasing/denial authority.

[t you have any questions concerning your request, please refer to AFWA #99-
005 when you contact us. The point of contact in this agency 15 Arline Rockwood,
HQ AFWA/SCB, at the above address or at phone (402)294-6265.

Sincerely

Chades (- barels

CHARLES W. FRENCH, Colonel, USAF
Commander

Attachment
AWSM 105-33, Radioactivity Fall-out and Radex Plots, 2 June 1952
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AIR WEATHER SERVICE HEADQUARTERS
MANUAL 105-33* AIR WEATHER SERVICE

WASHINGTON, D. C,, 2 JUNE 1952

Foreword

1. General. AWS Manual 105-33 is published for the information and
guidance of ali concerned.

2. Purpese. This manual cutlines methods for determining areas which

may be contaminated with radioactive particles after explosion of an atomic
bomb.

3. Scope. The procedures contained in this manual are intended as a
guide to construction of radicactivity fall-out and RADEX plots.

4. Supply of Manuals. Additional copies of this manual may be obtained
in accordance with the provisions of paragraph 4a of AWS Letter 5-3.

The stock of this manual will be located at Wilkins Air Force Base, Shelby,
Ohio,
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Section 1000

GENERAL

1100. PURPOSE

This manual has been prepared to give

instructions to Air Weather Service person-
'nel on some of the methods used to locate
potential radioactive areas after the explo-
sion of an atomie bomb.

1200. FALL-QUT

The term “fall-out’” refers to contaminated,
radioactive material in the bomb cloud which,
when acted upon by gravity and winds aloft,
drops to lower levels. This material 1s com-
posed of particles of the bomb itself, plus—
if the bomb explodes near enough to the sur-
face—particles of earth or water carried
alof! by the explosion.

1210, In the early days of atomic weap-
ons, it was popularly believed that fall-out,
and consequent ¢ontamination of the earth’s
surface, was a very serious danger. The radi-
“ation hazard was overemphasized at the ex-
pense of the blast and thermal effects, which
are actuaily of much more importance in
producing casualties. As more information
became available, and after further tests, the
original conception proved to be erroneous.
In fact, in “The Effects of Atomic Weapons”
(U.S. Government Printing Office, page 35,
paragraph 2.20) it is concluded that: “Only
in exceptional circumstances would fall-out
constitute a hazard upon reaching the
ground.” These circumstances would occur if
the bomb burst near the ground, in which
case great amounts of dirt and debris would
be sucked up into the cloud. The same situa-
tion mighi exist if the bomb were exploded
at low levels over water.

1300. REQUIREMENT FOR THiS MANUAL

According to U.S. opinion, the greatest
total destruction is not obtained from a low
level burst, and such use of an atomic homb
would be an uneconomical empioyment of an
expensive weapon. If we assume that all
other potential users of atomic bombs share
this belief, and then further assume that
there i3 small likelihood of an accidental low-
level burst, then calculation of fall-out (at
least for the surface) would be of little or
no value.

1310. Recognition of even a remote pos-
sibility of either a deliberate or accidental
low-level explosion sets up a requirement for
predicting potential areas of contamination
on the surface, or at levels aloft where some
contamination is possible regardless of the
height of the explosion. Air Force base radio-

logical defense plans usually include a refer-
ence to the hase weather station as the local
agency responsible for predicting areas of
contamination. This manual has been pub-
lished to serve #s a guide in preparing such
predictions.

1400. TYPES OF BURSTS

Based on the location of the dreball with
respect to the surface of the sartn, there are
three rvpes of atomic bomb explosions. Fea-
ures of 2ach are briefly discussed below,

and illustrated in a very Zan=ral manner in

figure 1.

1410. Air Burst—the fireball, assumed to
be about 5300 faet in diamerer. does not in-
tarsect the earth’s surface. Particles in the
bomb oloud are verv lighi, and azcend fo
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great heights (probably to the tropopause).
Very little, if any, surface contamination
exists. Nearly all of the damage and casual-
ties are caused by the blast and thermal
effects of the bomb, and no fall-out computa-
tion for the surface is normally required.

1420. Surface Burst —- the fireball inter-
sects the surface, and the explosion point is
at or above the surface, but below 500 feet.
In this case it is probable that large gquanti-
ties of fairly large particles are sucked up
by the bomb cloud, some of which reach the
tropopacse. These particles fall out at fairly
large distances from the explosion point, de-

pending {(among other things) on weather
conditions.

1430. Sub-Surface Burst—the point of ex-
plosion is below the surface. This type of
burst results in a tremendous amount of ma-
terial being blown aloft, and contamination
near the explosion point is very heavy.

3 mty
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FIGURE 1. Probabls hetght of burst and relative
contaminaiion.

1500. SURFACE BURST

Targe amounts of material can be carried

. for long distances following a surface burst.

Fall-out plotes made for this type of burst
wili often show a large area of contamina-
tion. The distance a particle will move from
the origin depends upon the following con-
sideraiions:

2
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1510. The size of the particle. When acted
on by the same wind, large particles will fall
out sooner (closer to the burst point) than
amall ones.

15620, The wind speed. A particle acted
upon by a 75 knot wind will be blown farther

from the origin than if the wind were only
20 knots.

1600. RADIOACTIVITY PLOTS

There are two basic plots which can be
used to locate areas of fall-out. Other sys-
tems are used, but they are usually adapta-
tions of those described bhelow.

1610. Ground fall-out plots. In this method,
all fall-out i3 assumed to have terminated.
The plot gives the maximum probable area-
of surface contamination and, by considering
particle size, this area 13 subdivided into
portions where “heavy” and “light” con- .
tamination can be expected.

1620, Radex plots. These consist of—

1621. Ground radex piots, which can be
made for any {ime after the explosion, before
or after complete fall-out. This latter case is
another method for determining ground fall-
out, although radex plots do not define sep-
arate areas of heavy and light contamination.

1622. Air radex plots, which are made
for a selected level in the air, at a specified
time. These plots are obviously of consider-
able significance in the operation of aireraft
near the vicinity of a bomb burst.

1700. OTHER CONSICERATIONS

171C. For purposes of radioactivity piot-
ting, a contaminafed particle 13 assumed tfo
have a constani and unvarying amcunt of
radicactivity, and the larvest particles are
assumed to have the most radicactivity. Ae-
tually, there is a natural decay of radio-
activity exponentiaily with time. That is,
the amount of radioactive energy in a par-
ticle Ave minutes after the exmpiosion is a
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great deal more than remains in the same
particle 30 minutes later. The ground fall-
out and radex plots given in this manual do
not take this decay into account; they merely
establish the location of radioactive particles.
Although the actual amount of radiation
present in these locations could be measured
by “meter readers,’” such a determination i3
the responsibility of agencies other than base
weather stations.

1720. If rain or snow occurs along the
path of the smaller particles, they will adhere
to the falling precipitation and fall out closer
to the origin point. The plots discussed In
this manual make no attempt to take into
account this decrease in the area of con-
tamination.

1730. As a final simplification, the plots
given in this manual assume thzat the winds
aloft over the explosion point are not affected
by the explosion itself, and vertical currents
are disregarded. This may or may not be
the case, since it seems reasonable to assume
that the tremendous thermal effects of a burst
would alter the vertical wind structure, but
the nature and extent of the effect is ob-

AWSM 105—33

viously an intricate problem beyond the scope
of this manual.

1800. USE OF THIS MANUAL

The background, uses and limitations of
radioactivity plots, as outlined in section
1000, should be thoroughly understood by
weather forecasters and observers before pro-
ceeding to make the actual plots. Section 2000
of this manual gives a suggested list of
equipment.

1810. The basic diagram in radioactivity
plotting is 2 wind vector diagram. This is
explained in section 3000.

1820. Section 4000 gives detailed insiruc-
tions for making ground fall-out plots; sec-
tion 5000 gives the procedures for Radex
nlots. Each of these sectiona contains running
examples, all of which employ the same wind
vector diagram conatructed in section 3000.

1830. The tables contained in section 6000
will materially cneed up the production of
plots, and the appendices are also designed
for quick reference.
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Section 20C0
EQUIPMENT
2100. GENERAL "
< 3or4d =»

The material listed in this section should
be assembled into 2 kit to be kept in a con-
venient location in the base weather station.

2110. Maps. Large scale maps of the local
area (extending at least 200 miles radially
from the base) should be procured. Standard
Aeronauntical Filight Charts (FC Series),
which have a scale of 1: 1,000,000 will prob-
ably be the easiest to use. However, it may
be more advantageous to employ other types
of maps to meet local requirements.

2120. Trocing Poper. Sheets of a good
grade of tracing paper should be obtained.
These should be about 24 x 24 inches. Two

sheets will normally be required for each
plot.

2130. Protractor. A protractor, preferably
4 to 8 inches in diameter and either 180° or
360°, will be required.

2140. Compass. An ordinary drafting com-
pass will be needed in making Radex Plots.

2150. Scales. A steel or celluloid straight-
edge, large triangle, or T-square should be
obtained. It will be found helpful to mount
4 map scate applicable to the base map to be
used. Appendix B gives details on construc-
tion of map scales.

2180. Twenly Degree Marker. A twenty-
degree angle, cut from cardboard (or, prefer-
ably, plexiglass), will be wusefyl in making
ground fall-out plots. MMark the line hisecting
this angie, az shown in dgure 2.

4

MARK
THIS
LINE

F1GUEE 2. Twenty degree marker,

2170. Penctls. Black 3-H or 4-H pencils
and red and blue pencils should be available.

2200. DATA SHEETS

The data sheets illustrated in figures 3 and
4 may be locally duplicated and used for
tabulating data. Different sheets are required
for ground fall-out and radex plots since
procedures vary slightly.

2300. MANUALS

2310, AWSM 105-33. One copy of this
manuai should be kept in the kit.

2320. AWSM 50-1. One copy of this man-
ual ("Radiological Defense for Weather
Forecasters”) should also be available as a
reference ror radiological defense officers,
and as a zource of information on more ad-
vanced techniques.

2330, AWSY [25-21. One copy of this
manuai (“Upper Wind Codes™) should ba
available for deccding wind data to be used
in the wind vector plot. This manual con-
tains decoding instructions on ail uprer wind
codes, U.S. and foreign.
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CROUND FALL-OUT DATA SHEET
COMPUTED 195 BY BASE WEATHER STATION
Column / 1 2 3 4 = 3 T 1 3 | 9
Wind
Mesn Crintancen d
Vectorinl I}i{}idcd wind
Direction Spoed ma d apeed Min Mean Max
Deg True
Konts MPH
— p— ——
Bfe
5,000
10,000
15,000
20,000
25,000
20,500
WINDS ALOFT DATA: TIME STATION

REMARAKS:

FIGURE 3. Ground foll-out data 3heel.
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Section 3000
WIND VECTOR DIAGRAM

3100. GENERAL

The methods presented in this manual are
graphical. The basic construction is the wind
vector diagram, which will be discussed In
this section.

3110. When a particle falls to the ground
from a given height, it is acted on by gravity
and by winds. The influence of gravity, for
all practical purposes, is constant with space
and time. On the other hand, the influence of
the winds is more comrlicated, since winds
vary considerably nct only with height but
also with time. Ideally, to compuze the effect
of the winds, wind forces from the given
height to the ground should bhe integrated
over the time of descent of the particle. This
procedure is not only impossible under muat
operating conditions, but it is also unneces-
sary for practical purposes. As a substitute
for the integrated wind, in this manual we
will use the mean, or average wind between
the given height and the ground or another
given height. This wind ia obtained graphi-
cally from the wind vector diagram.

3200 WIND DATA

The first step in constructing the wind
vector diagram is to tabuiate winds aloit for
each 3,000 foot level abave the surface, as
weil as the surface. In examples 1o this man-
ual, the top of the bomb cloud iz assumed to
be 30,000 feelt, 3z no wints are ftzbulated
above that level

3210. The pest sonrce of wind data is the
latest feletype winds aleft report, although
winds may be estimated {rom constant pres

sure charts or cloud movements. The example
in the next paragraph is a winds aloft report
from Mitchel Air Force Base, and this ex-
ample will serve as the basis for all further
iltustrations of radioactive plots in the re-
mainder of this manual.

3211. Example: The latest winds aloft
report is as follows:

H2M03 0347 3505 23420 38 43322 1224 G31IR
3031 B2915 2938 p2BIS 22635 42340 —— 63240
42315 g2148 52443 02669 52772

Note. Winds extraeted for the data sheet in Figure
S are italicized above. The 15,000 foot wind is de-
termined by interpolation between the 14,00¢ and
16,000 foot winds. (Missing winds may also be inter-
polated). Wind Data are tabulated in columns 1 and
2 of the dsta sheet, as shown below:

Column # 1 2 |
Wind
Chrectiom Spesd
Deg Truc Enots
Sic 360 17
2000 220 26
10000 280 35
15000 225 3b
200} 230 48
25000 240 418
SO0 260 g

FIGURE 5. Data ahest, coiumns | and 2 completed,

3212, Heights in winds alofi messages
are given for levels above szea level, while
computations in this manual are based on
heignts above ground. For stations at high
altitudes, adjustment of the winds aloft mes- .
zages will be necessary in order to obtain fhe
nrover basic data for neights above the
cround. For example, if a sftation is located

7
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at 10,000 feet above sea level, a group will be
included in its winds aloft report giving wind
data for 15,000 feet above sea level. This
wind would be tabulated in the 5,000 foot
space, since it is actually the wind 5,000 feet
above the ground. Similarly, wind data from
other leveils will be redaced to heights above
the surface.

3213. Some winds aloft messages irom
foreign meteorological services are in metric
units of height: these units should be con-
verted to feet, and the values for the data
sheet then obtained by interpolation.

3214. The complete upper wind code is
contained in AWSM 105-21. For convenience,
an abstract of the Upper Wind Code used in
the United States is included as appendix C.

3215, In the event that wind speeds are
available in miles per hour record them in
column 3, and make no entries in column 2.

3300. KNOTS TO MILES PER HOUR

Tables 2 and 3 of this manual, which are
used in later computations, are based upon
wind speeds in miles per hour, while upper
wind reports give wind speed in knots. It is
poasible, of course, to construct new tables
based on knots, but due to the convenience
of working with statute miles in later opera-
tions, units of miles per hour have been re-
tained. Thus the next step is to convert col-
umn 2 entries from knots to miles per hour,
using tabie 1, page 48, and recording the
resilts in column 3. When this step has been
completed, the data sheet becomes

Columu = | 1 I r 3 —
l Wind
:- Direcricn t 3 peed 'u
! | DegTrue | Xnots | WMPH |
{ ste | 30\ 17 o
5000 | 30 25 | 20
15000 225 | 35 :0
20000 230 43 55
20000 =40 | 3 55 |
30000 © 260 | 39 | g

FIGTRE 6. Data ahest, solumn J compleled,

1 JUNE 1951

3310. As indicated in AWSM 105-21, some
foreign metcorological services report wind
speeds in meters per second. These may be
converted to miles per hour by applying the
relationship:

1 meter per second == 2.2 miles per hour

3400. WIND VECTORS

Using the information in columns 1 and 3
of the data sheet, the next step is to construct
a wind vector diagram on a sheef of tracing

“paper.

3410. Draw two lines at right angles on
the tracing paper in black pencil. Label the
intersection point as “0”, and the appro-
priate axes as “N” (North), “E"” (East),

SMQM A ALY . EENITY VKT Y
\OuL), anu o v 1 EEt}, as shown in

figure 7.

3420. Wind directions (column 1) are
given in degrees clockwise from true north
(N). The wind direction is the direction from
which the wind i3 blowing. That is, 8 wind
of 270° is blowing from 270°, or from the
west. This wind would be drawn from point
“0’ toward the east (E).

3421. Use the protractor for laying off
the wind directions, and use the scale of the
base map for plotting wind speeds, i.e., if 1
inch on the base map equals 10 miles
(distance), then 1 inch on the tracing rep-
resenta 10 miles per nour (speed).

3430. The first vector to be drawn 13 the
surtace wind. Using point “O’" as the origin,
lay off the =uriace wind direction with the
protractor (unnecessary in this case, since
the direction line is already drawn—J60°’
ig the linpe O 0 S). Lay off the wind 3p=ed,
using the scale described in appendix B, and
mark the end of this line ag “3".

Erample: The zurface wind speed i3 20
nutles per hour, from 360°.
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N
LAYOUT
PGINT II.DII:
W - - E
=
E':
SCALE ———>
B_L «— POINT "S"

i

S

AS DRAWN ON TRACING PAPER
| N

TIGURE 7. Surfoce wind apeed vector.

3410, Bisect this vector, and mark it3 mid-
point as “A”. The reason for this step is ex-
plained in paragrann adby.

ATSM 10533

FIGURE 8. Surface wind speed vector bisected.

3450. If the surface wind speed is calm,
(reported as 00), mark the origin point “O"
as both *‘s” and “a”.

3460. The next wind vector to be drawm
is the 5000 foot wind. The actual 5000 wind
is assumed to be the mean wind for the layer
from 7500 to 2500 feet, and hence is assumed
to cause the drift of particles as they pass
through that layer. Similarly, the surface
wind speed is assumed to countrol the drift of
particles as they fall from 2500 feet to the
surface. Note that this layer is only half as
thick as the layer represented by the actual
5000 foot wind. Therefors, in the wind vecror
diagram. the surrace wind vector is aaived,
which is the reason Ior disecting 1 a5 direcred
in paragrapn o440. The actuai 3000 Ioot
wind vector is then plotted, using point “a”
as the arigin (and NOT point "0}, Mark
the and of this vector a3 "3,

ramole: Jurface wind 2557, 20 myph.

G0 foor wind 2257, O0 mpn.



LAYOUT

POINT “Q"

in

320°

| N POINT "5
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AS DRAWN ON TRACING PAPER
w S
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10 SIGURE B Surfoee wind and 3009 foot wand vestors,
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3470. The next step is to draw the 10,000
foot wind wvector. In this case, the 10,000
foot actual wind represents the mean wind
from 12,500 to 7,500 feef, a thickness of
5,000 feet, The actual 5,000 foot wind, as
previously explained, represents the mesan
wind from 7,500 feet to 2,500 feet, also a
thickness of 5,000 feet. Hence in this case
the 5,000 and 10,000 foot winds act through
the same thickness of layer, and point “5”
13 used as the origin for the 10,000 foot wind
vector.

Ezample: Surface wind, 3180°, 20 mph.—5000
foot wind, 320°, 30 mph.
10,000 foot wind, 280°, 40 mph.

(See figure 10.)

AWSM 10533

3480. Using point “10” as the origin, draw
the 15,000 foot wind vector, and mark its

end as “15”. Proceed similarly for the re-
maining vectors as tabulated below:

Poiot uased Draw wand Mark
as origin vector for end as
15 20,000 feet 20
20 25,000 feet 25
25 30,000 feet 20

3490. Returning to the original example
data, the completion of this step is as shown

in figure 11.
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LAYOUT

NOTE: N-S, E-W AXES
. FOR POINT "5" may
/FO'"T 0 EITHER BE LIGHTLY
E DRAWN OR VISUALLY
ESTIMATED.

280°

_ POINT "5"
1,

POINT "10"

-
L] - L ]
L]
......

[ ] L .

-
L.
L]
o

......
1 =

AS DRAWN ON TRACING PAPER

3

IGLRE 10, Surfaece, 3000 and {7008 faot wimd veetars,
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30

SGALE

0 "

0O 20 40 60 80 100
S 10 30 %0 70 90

Figure 11. Completed vwnind vector diggram.
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Section 4000

GROUND FALL-OUT PLOT

4100. GENERAL

In order to determine the position of a
particle on the surface after it has fallen
from a given height, it is necessary to know
two things: |

4110. The mean wind speed and direction
in the layer from the given height to the

ground, and the mean wind direction in that
same layer,

4120. The rate of fall of the particle, This
determines how long the mean wind in the
layer will influence the particle.

4130. Figure 12 illustrates graphically the
trajectory of particles from 20,000 feet.
These particles are acted upon by the mean
wind from 20,000 feet to the surface, and
will move away from the origin in the direc-
tion of, and proportional to the speed, of
that wind. Heavy particles, however, will fall
out faster than light particles. The ms=an
wind, therefore, will exert less effect on the
heavy particies, and they will fall out closer
to the origin than light particles. For the
purposes of the ground fall-out plot, it is
assumed *that all the particles in the cload
can be divided into three clasgses—amail, me-
dium, and large sized, From Stokes’ Law,
the rata of fall of a particle in air, influenced
by gravity, i3 0.35d2p, where d iz the diametar
of the narzicle in microns, and p is its density.

1140, Krowing the rate of fall of the three
31zes of particles from a given neight, and

14

the mean wind from the surface to that

- height, three points can be computed which

will represent the limiting ranges of dis-
placement for each of the three sizes of par-
ticles on the ground. That is, the majority
of small particles will fall out between point
“A” and point “B” on Figure 12, the ma-
jority of all medium-sized particles around
point “RB,” and the majority of large par-
ticles between point “C” and point “B." A
certain amount of dispersion of the particles
13 to be expecied, and it has been found ex-
perimentally that the particles will scatter
about ten degrees on each side of the mean
linear displacement (line CBA). Thus, in
figure 12, the Plan view shows a triangle
with an angle of 20° to indicate the probable
dispersion of the particles.

4200. MEAN WINDS

In constructing the ground fall-out plot,
the first step Is to find the mean wind between
the suriace and each of the conzecutive 5,000
foot levels. This involves an analysis of the
wind field, which can be done mathematically.
Howaver, for the purposes of this manual,
a soiution invoiving strict mathemarical pro-
cedures 13 not necessary. Tne determinaiion
of contaminated areas is an anproximation
by the very nature of the problem, and the
metheds outlined below, aithougzh a simnlica-
tion and not sirictly accurate, azatisfy the
practical requiremen:s for an acceptable 30-
lution,

1210. In order to determine tre mean wind
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from the surface to 9,000 feet, the pertinent
portion of the wind vector diagram given

NOT TO SCALE

N 5000 —
0
N — E ,
'\\ 2500 -
\
d \
sl b
| 5
o SFC. ~

- 2 JUNE 1932

1n figure lﬁ; and a diagrammatic sketch, are
given below:

5000" WIND
A
/2 TOTAL
DISTANCE
__uenul WiND '3
5000'-SFG.
- 1/2 TOTAL
DISTANGE
FC A 4
WiND

FIGURE 13. Mean 1wind, surfoce to 5000,

In line with the approximation discussed in
paragraph 4200, we will assume, for pur-
poses of this manual, that wind direction
and speed vary uniformly between the sur
face and 5,000 feet. As a further approxi-
mation, made solely for simplification, we
will assume that in the fall of a particle
from 5,000 feet to 2,500 feet, the particle
ia acted on by the 5,000 foot wind; and in
its further fall from 2,500 feet to the surface,
by the surface wind. In other words, we are
assuming that the “net” wind acting on the
particle is one-half of the 5,000 foot wind
plus one-half of the surface wind. The 5,000
foot wind is represented on the wind vector
diagram as a3, and half of that vector js ab.
The surface wind is represented oy Oz, and
N

NOT TO SCALE

x
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-
=L
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14

T - d 1 . 2 a1
IWCTRE L4 Mean womd, quriaes s

half of that veetor is Oa. The veetorial sum
of ab and Oa i3 represented on the diagram
by the dotted vector Ob. This is the mean
wind vector from the surface to 5,000 feat;
its direction is the direction of Ob, and its
speed is represented by the length of Ob.

4220. Having determined the mean wind
vector between the surface and 5,000 feet,
the next step is to construct the mesn wind
vector between the surface and 10,000 feet.
In that layer, a particle will be acted upon
half of the time by the mean wind between
19,000 and 5,000 feet, and the other half of
the time by the mean wind between 2,000
feet and the surface. The applicable portion
of the wind vector diagram, and a diagram-
matic sketch are given below:

jc0o' — / A

!

MEAN ‘WiND / /2 TOTAL

iGGGD‘-EL“:7 JSTANCE
|

5000 — I

TR

HIND

«200-/
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DNISTANMCE

;
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4221. The mean wind from the surface
to 5,000 feet is represented by vector Ob
(dashed). The mean wind from 5,000 feet
to 10,000 feet is represented by vector be
(dotted). Since each of these mean winds
acts on the particle for half of the time, the
mean wind from the surface to 10,000 feet
can be written as—

One-half vector (Ob plus one-half vector be, or
One-half (vector Ob plus vector be)

Vector Oc (dashed) is the vectorial sum of
vector Ob and vector be. Hence, 15 vector Oc
Is equivalent to the mean wind from the sur-
face to 10,000 feet. Thus, if we measure the
length of the vector Oc and divide it by 2,
we have obtained the value ¢f the mean wind
speed from the surface to 10,000 feet; the
direction is the same as the direction of
vector Oc,

4230, In order to obtain the mesan wind
speed from the surface to 15,000 feet, the
same reasoning is followed. The applicable
portion of the wind vector diagram, and a

diagrammatic sketeh are drawn below (see
fig. 15).

4231. Between 15,000 feet and the sur-
face, we will assume that a particle will be
acted upon by—the mean wind between

NOT TO SCALE
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15,000 and 10,000 feet, for one-third of the
time, the mean wind between 10,000 and
5,000 feet, for one- third of the time, the
mean wind between 5,000 feet and the sur-
face for one-third of the time, Vector cd
(dotted) represents the mean wind from
15,000 to 10,000 feet. Vector be (dotted)
represents the mean wind from 10,000 to
5000 feet. Since each of these vectors acts
for one-third of the time, the mean wind
between 15,000 feet and the surface can be
written as—

One-third vecter Ob plus cne-third vector be plus
one-third vector cd, or

One-third (vector Ob plus vector be plus vector
cd)

Since vector Od {(dashed) is the vectorial
aum of Ob, be, and ed, one-third the length
of vector Od will be the mean wind speed
from the surface to 15,000 feet; the direction
of the mean wind will be the same as the
direction of Od.

4249). Similar reasoning can be applied to
find the remaining mean wind speeds from
the surface to the remaining levels at 5,000
foot intervals. The table (top next page)
gives the fractional part of the total time of
descent that the mean wind within a layer

" acts on a falling particle. For ground fall-out

15000 — / T

" 1/3 TOTAL

DISTANCE
l

10000 - oy

MEAMN wiNG /[

MEAMN WIND

15300 - 10000

7{ /3 TOTAL
| iDDGD-EGDD'f DIST:‘.:-.HGE
5000 - ;'- v
WE AN ﬂ:uif' . rrf:'rm_
2000 - 570/ DISTANGCE
3FC, | / X

{

TIGURE 15, Mean wind, surface o 15,000 feel.
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computations, a list of divisors to be applied

to the total values of the lines measured from
the origin to the midpoint of each of the wind

2 JUNE 1752

vectors, is included. (Column 5 of the ground
fall-out data sheet incorporates these di-
visors).

Layer Ob Oc Od Oe O

0—-5,000 1 1/2 1/3 1/4 1/5 1/6
5,000—10,000 1/2 1/3 1/4 1/b 1/6
10,000—15,000 1/3 1/4 1/5 1/6
15,000—20,000 1/4 1/5 1/6
20,000—25,000 1/5 1/6
25 000—30,000 1/6
Divide by 1 2 3 4 5 6

42560. The theory cortained in the preced-
ing paragraphs on the approximate method
of determining mean wind speeds results in
the following simplified procedure. Vectors
ab, 6-10, 10-15, etc., are bisected, and the
mid-peoints are labelled as follows:

Rinect and
Yector mark midpoiat
a-b b
b-10 ¢
10-1H6 d
156-20 e
20-25 £
26-30 &

.__-—I'--
—— ———

4260. Vectors are now drawn, in red pen-
cil, from the origin point “0” to pointa b, ¢, d,
e, f, and g. Figure 16 shows the completion
of this step for the running example:

4300. VECTORIAL SUM

Returning to the Ground Fall-Out Data
Sheet, column 4 is now completed. This is
done by measuring the total length of vectors
Ob, Oc¢, Od, Oe, Of and Og, employing the
same 3cale used to lay ocut the wind vector
diagram, and recording the results in column

30

T iy e— GEE— S—

RED LINE
3LACK LINE

FIGURE 16. Completed wnnd cector annlysa.

13
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4. Note that no entry 18 made on the horizon-
tal line for “surface” data. Results for the
running example are as shown in figure 17T.

4400. MEAN WIND SPEEDS

As explained in paragraph 4200, each of
the values in column 4 must be divided by

AWEMA 105-X3

the corresponding number listed in column 5,
and the result tabulated in column 6, in order
to obtain the mean wind speeds from each
of the levels to the surface. This division need
only be carried out to the nearest mile per
hour. See figure 18.

Column § 1 ‘ 2 | 3 4
Wind
Yectorial
. Tﬁnq Spead Mam

Deg Tru Konta MPH

Sfc 360 17 20
3,000 320 26 30 24
10,000 230 39 40 o
15,000 225 35 40 7
20,000 230 48 39 109
25,000 240 48 55 159
30,000 260 69 80 220

FIcURE 17. Data sheet, column § compileted.

Column § 1 I 2 | 3 4 5 3
Wind
Meoan
Spesd Veatorial D:L'td-d wind
Drirewtion s o tpoed
Deg Trus
Koots MPH
Sfe 360 ¥} 20
5,000 320 26 30 24 1 24 Ob
10,000 280 3o 40 54 2 27 Oc
15,00X) 229 33 44) Ti 3 26 Od
20,000 20 | 48 55 109 | £ | 27 0e
25,000 240 ! 48 55 139 5 1 3206
30,000 960 | 59 80 295 6 |[ 38 Og

T'ICURE 18, Data shest, column 6§ compieted,

4500. DISTANCES

The Gral entries for the data sheet are
now obtained from table 2. This table lists
three distances for each level {one distance
for each of the three particle sizes—small,
medium, and large} for varicus mean wind
speeds. To uze table 2, enter the “Mean Wind
Speed’” cojumn with the value of Ob given
in column 8 of the data sneet. Record the

three vaiues in table 2 {opposite the vaiue of
Ob} in columns 7, 3 and 9, respactivealy, of the
data sheet. Proceed similariy ic:s each mean
wind speed; De sure 0 use the proper col-
umns in table 2, i.e., Oc coiumps Zor mean
wind sceed Cc, Od columns for mean wind
speed Od, ecc. When this step is completed,
the ground fail-cut data sneet i3 23 3nown
in figure 19,

19
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Cotumn # 1 ' 3 4 5 8 7 | 8 | 9
Wiad
Mean Drglances
Soved Vectanal Di;ided wind
Dhrection mm ¥
Deg True Min Menn Max
Enota MFPH
Sic 360 17 20
5,000 320 26 30 24 1 24 Ob 2.2 3.1 74
10,000 280 35 443 54 2 27 Q¢ 4.9 5.8 170
15,000 225 35 4 tri 3 26 Od 8.5 3.9 241
20,000 230 48 %) 109 4 27 Qe 3.2 13.5 33.3
25,000 240 48 Do 159 5 32 Of 13.7 2.1 40.6
30,000 260 69 £0 295 6 380g | 190 28.5 71.4

FIGURE 19. Completed ground fall-out data shest.

45600. TRACING

Returning to the original tracing, lay a
new sheet of tracing paper over the first, and
trace the red line Ob, Oe¢, Od, Qe, Of and Qg

on the new tracing paper in black pencil, as

well as the original N-S and E-W lines. Mark
the points as indicated in the following fig-
ure, which shows the completion of this step
for the running example.

SC&LE

Q 20 40 60 80 100
10 30 50 70 980

FICURE 20. Second tracng.

4610. The three distances tabulated In
columns 7, 8 and 9 of the data sheet for each
line are now laid off along the line to which
they pertain In order to illustrate this proc-

SRS T T S -
esd line U0 wih o8 eamvactsd from E:...r: 20

and expanded. See fdgure 21.

4700, DISPERSION ANMNGLE

The points plotied in paragraph 4610 rep-
resent ‘‘concentration limits” of large, meai-

Fal

um and small particles. However, as previous-
ly explair=d in paragraph 4140. 3ome disper-
sion of the particles is kmown to exist, and
this spread nas been observed fo aweep out

» *"-':F‘l'—"ll""l"“':ﬂ_ Ay Yy "jn Jnﬁ-.ﬂnn ;'n "'!""IJJ"'L m-l"'l-l.
i bk AL R LA ALES,  bEdh ek b WG L s Laa TYELILGLL YT LWL

apex at the ornigin.

4710. The twenty degree marker described
in paragrach 2160 (or a protractor) can he
udsed to draw lines 10° on eacn side o1 line QL.
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NOT TO SCALE
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FIGURE 21. Distances plotted on line 0b. Not to scale.

Use biack pencil for these lines, which need
only be extended just past the last point
plotted on line Ob (column 9 value}. When
the dispersion lines are drawn for line Ob
the figure becomes:

N
NOT TQ SCALE

L] |

TO PCINT B

FIGURE 22, Twenty degree dispersion (ines jor une Ob.

MARK POINTS AT 2.2, 3.1 AND

7.4 MPH. THESE POINTS SHOULD

BE MARKED IN RED.

TO POINT b

4720. Perpendiculars to line Ob are now
drawn in black pencil, at the points plotted
from data in columns 7, 8 and 9, and extended
to the dispersion lines drawn 10° on etither
side of line Qb. The figure in paragraph 2710
now hecomes—

N
NOT TO SCALE
Q -
W £ '
TRUNCATEZD
3 ;’ TRIANGLES
\>
!
\'d
TU ;::JI HT 11 _DJ
FIGUREI 23, Poriesuliciory Ionuwe.

21
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4730. The figure now comnsists of a large
triangle with vertex at *0,” containing two
truncated triangles. An expanded view is
shown below. The truncated triangle nearest
point Q" i3 shaded in red; the truncated tri-

N

S m T TR I MR e w e oM g LA AR - - a oa .

- g
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angle farthest from “Q” is shaded in blue.
(See fig. 24.)

4740, A similar procedure is now followed
for line Oc. At the completion of this atep
the figure is as shown in figure 25,

NOT TO SCALE

TRUNGATED
TRIANGLES

Figure 24. Expanded view.,

SCGALE

PIGURE 23. Areas for Ob and Ge.
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4750. When the same procedure is followed
for line Od, the figure becomeas—

SCALE

L{v I8 TO ¢
FI1GURE 26. Areas for Ob, O¢ and Od.

47€0. After adding the area for line Qe,
the drawing becomes—

ALUE

RED

FIGURE 27. Areas for Ob, Oc¢, Od and O=.

4770. When the areas for lines Of and Og
are added, the drawing appears as given in
figure 23.

43C0. QUTLINING AREAS

The figure now consists of a zeries of red
and bhiue truncated trianules, some of whnicn
overiap. A smoocth curve is drawn in red
pencii arourd ail the red truncated triangles.
Next, a smeoth curve in ofue pencil 13 drawn
around all the dlue truncatsd trianygles and
putside the recd line previousiy drawn. The
red lime enclozes the area Of pessiDle Deavy
contaminaticn, and the blue line =neclcses the

AWSM 10531

area of less intense, but still possibly danger-
ous contamination. (See figure 29.)

4810. The area around the origin point
“0y" is obviously highly contaminated. Con-
sequently, a circle is drawn with a radius of
one and 1Y miles (with the center at “0").
This circle may be shaded in red, if desired.
The area within the circle would, of course,
be seriously damaged by blast and thermal
radiation in addition to being highly con-
taminated.

4820. Up to thiz point we have been con-
sidering the movement of contaminated
particles thrown up to great heights by the
explosion. However, some of the radioactive
cloud, composed of extremely small particles,
remains near the surface and is presumably
acted upon only by the winds in the lower
levels. In figure 12, this portion is shown by
the lower part of the stem, or columnar
cloud. FOR THE PURPOSES OF THIS
MANUAL, we wiil call this lower portion
the “stem cloud”, and we will compute its
position separately; this is the last step in
constructing the basic ground fall-out plot.
1t should be noted that the dissipation of this
“stem cloud” will be controtled by turbulence,
terrain, etc.

4830. Since the ground fall-out plot has
the greatest significance when it reveals the
maximum fall-out, the time of the siem
cloud plot should be determined by the time
of fall of the smallest particies from the top
of the cloud. Values of small-particle time of
a1l from various levels are tabulated betow:

1 Smail sarticles, time

Cloud top {nrflch_:fuund,hnurst
3.000 { 031 :
50.000 | 0.62 j
13,000 ? .94 I

20000 125 |
i 25.000 ; 1.6 i
10,000 i 1.57 |
33.000 : 213 |
10.000 ' 2,39 |
15.000 .21 f
25,300 113 3

23
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% RED
_ 2]

FIGURE 28. Areas for Ob, O¢, Od, 08, Of and Ogp.
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Since the cloud top in the example was stated
to be 30,000 feet, we will construct the plot
of the surface position of the stem cloud at
1.87 hours. The distance to the center of cloud
is 1.87 x 20 {the surface wind direction is
360°),

4840. The stem cloud will disperse to a
certain extent during the 1.87 hours. It has
been observed that the dispersion area will
be included in a circle whose radius is one-
fifth of the displacement distance from “0”.
Hence, in this example, a circle is drawn
(with center at the point located in para-
graph 4830) of radius 37.6 divided by 5 or
7.5 miles. This is illustrated in figure 29.

4850. The minimum radius of this circle is
1.5 miles. That is, if surface wind speed mul-
fiplied by time in hours, and divided by 5, is
lezs than 1.5, the circle is still drawn with a
radius of 1.5 milea.

AWSM 10313

4860. As an optional procedure, shading
may be added to the area enclosed by the red
line (in red), and the area between the biu.e
and red lines (in blue). Completion of this
step is shown in figure 29, |

4900. COMPLETING THE GROUND FALL-OUT
PLOT

The last step is to transfer the red and olue
smooth curves, and the cloud circles, from the
second sheet of tracing paper to the base map
This is done by placing the original point “Qr
of the tracing over the surface explosion
point {actual or assumed), and lining up the
N-S, E-W axes of the tracing with those of
the base map. If desired the red and blue
areas can be indicated by shading on the base
map. Figure 30 shows the areas computed in
the running example transferred to a portion
of World Aeronautical Chart 310 (Hudson
River), Scale 1: 1,000,000.

25
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MITCHEL
A.F. B,

SCALE
[ O 5 10 20 - 30 40 50 &0
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FIGURE 30. Completed ground fall out piot transferred to base map.
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Section 5000
RADEX PLOTS

5100. GENERAL

Another method of determining fall-out
. area is called the RADEX plot. The theory
and methods underlying the Radex plot are
fundamentally the same as those used for
ground fall-out, except that the RADEX plot
is mmade for a specified level (either the sur-
face or some level aloft) at a specified time.
Instead of 2 table of distances, as used In
ground fall-out plots, the Radex plot involves
a table of fall-out imes.

5200. FALL-OUT TIMES

Table 3 gives time, in hours, for particies
to fall from one level to another. The column
for each height of origin is subdivided into
two vertical rows, headed “L” and “8”. The
“I” column gives the time for particles in
the size range large-to-medium to fall out to
the levels indicated in the horizontal rows
from the levels indicated in the vertical col-
umns. The “S* column gives the fall-out times

for particles in the medium-to-small gize
range.

Ezxamples: Large-to-medium particles will require
108 hours to fall from 35,001 feet to the suTtacs;
medium-to-small particles falilng from 15000 feet
will take 0.08 hours to reach 10,000 feet, 0.16 nours
to peach 3,000 fast and D24 hours 0 reuch Ihe
surface.

5360. TIME OF PLOT

Ground Fall-out plots are constructed o
show the results of the total fall-out. Ground
Radex plois may also be drawn to stow com-
nlete rall-out, but the need may ex1st fo enn-
struct a ground Radex piot for an intermedi-

13

ate time between burst and complete fall-out.
Each problem will be illustrated below.

5400. GROUND RADEX PLOT, COMPLETE
FALL-OUT

This plot, when completed, will show es-
sentially the same affected area as the ground
fall-out plot shows, except that no distinction
batween heavy and light contamination zones
will appear. The problem states that the top
of the bomb cloud reaches 30,000 feet. Table
3 indicates that the time required for com-
plete fall-out will be 1.87 hours.

5410. The preliminary tracing for a
ground Radex plot i3 drawn in exactly the
same manner as in ground fall-out. Proce-
dures set forth in paragraphs 3200 through
4400 are followed step by step. The result 13
the wind vector dizgram shown In figure 31,
and the data sheet completed as illustrated

in figure 32.

5420, Vectora Ob, Oc¢, 0Od, Oe, Of and Og
are now traced on a second sheet of tracing
paper, paralleling procedures for ground fail-
out plot as given in paragraph 4600. This step
produces fgure 23.

5130. Column 7 of the data sneet 13 now
completed. The “3" column of Tabie 3 i3 used
o determine the time factors, since il partl-
cles from eacn level are agsumed to nave
sallen out. As the plot ia to be made for 1.37
nwours after =xplosion. that valua i3 entered
on the norizonzal line headed “Jurface’’, Ior
later use in Snding he peosition af the st2m
soud at tre time af the radex plot
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FIcURE 31. Wind vector diagram.

a9 M)

Wud
Mean
Speed ¥Yectorial Di;‘ic!& wind
 rection sum ¥ apead
Deg Trus !
Knots | MPA l X
Sfc 360 17 20 I
5.000 320 °6 | 30 02 L [ 2¢0n
10,000 280 1 3% w0 ! s 2 | 270
15,000 S - S T A 3 280
20,000 <" I 8 350 109 o 27 e
25,000 0 | 8 3 139 5 00 32of
30,000 . 260 | 93 5 1 3300
i 1' *

FIGURE 32. Ground radexr zia!, coiumn 3, compleied.
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5440. Entries are now made in column 9
of the data sheet. (Column 8 is used only for
Air Radex plots). Values in column 6 are
multiplied by the appropriate entries in col-
umn 7, and the result entered in column 9.
For the “Surface’’ line, the entry in column 7
{l.e., 1.87) i3 multiplied by the surface wind
apeed (20 mph) from column 3. At the com-

pletion of this step, the data sheet becomes as
ghown in figure 34.

5450, Dispersion Radius. The values in
column 9 locate points along each displace-
ment bearing line where particles are con-
centrated. However, to account for disper-
sion, the values in column 9 are divided by b
and the results entered in colummn 10. The
column 10 values will be used ag radii of cir-
cles centered at the points defined by data in
column 9,

5451. The minimum value to be entered
in column 10 is 1.5 miles.

a4b62. It should be noted that in ground
fali-out plots (zee paragraph 4000), disper-
sion covered an area 10° each side of the dis-
placement lizie. The concept of dispersion
radius employed in Radex plots gives a slight-
ly different result, as shown in figure 35.
Thus in the case of ground fall-out, a 20°
dispersion is assumed, while in the ground
Radex plot, the dispersion angle is 22° 38, a
relatively minor discrepancy.

5453. Ezample. The completed ground
radex data sheet 13 illustrated in figure 36.

2460. Laying off Distances. The distances
tabulated in column 9 ars now laid off along
the corresponding iine on the overlay, using
the scale of the diagram. A distance of T.4
miles 13 laid oif along Ob; 16.7 miles aiong
O¢, etc. ror Iocatinmg the stem c¢loud, see
naragrapn 5480,

1 JUNE 1732

5470. Drawing Dispersion Circles. The
next step is to draw circles centered at the
points located in paragraph 5460, with radii
equal to the values tabulated in column 10.
For example: A circle with radius 10.0 miles
is drawn centered at the point 49.9 miles
along Of. (Again, the minimum radius of
these circles is 134 miles). A dashed cirele,
radius 1.5 miles, 1s drawn with center at the
origin point “0O"” to indicate the original posi-
tion of the bomb cloud.

5480, Stem Cloud Positions: (See also
paragraph 4820).

5481. The position of the stem cloud at
the time of the plot must be indicated. Its
distance from the ongin is 37.4 miles, as
tabnlated in column 9: its direction is that
of the surface wind (360°), and its radius of
dispersion is given in celumn 10. This cloud
position is drawn as a dashed circle. The plot
now appears a8 illustrated in figure 37.

5482. The next step is to draw a smooth
curve around all the solid circles and to in-
ciude also the small dashed circle at impact
point. The area inside the smooth curve is
shaded in blus, and indicates the region of
probability of greatest contamination.

5483. The completed overiay is shown in
figure 38. If drawn on thin tracing paper. it
may be used as an overlay on a base map, or
if desired, the shaded area may be trans-
ferred to the base map by the procedure out-
lined in paragraph 4900.

5484. Comparison: Figure 39 shows a
comparison between the results obtained by
constructing a ground fall-out plot and by
constructing 2 gzround radex Dplot for com-
plete fall-out time. it should he noted that
the two systems are in close agreement.
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FIGURE 42. Final ground radex pIuE .25 hours sifter burat,

a level which is a muitiple of 5,000 feet. The
example illustrated below is an air Radex
plot for the 10,000 foot level, 30 minutes after
the burst. Wind and other data are the same
ag those in preceding examples.

5610. Wind Vector Diagram. There are
two alternatives involved in this step:

5611. If a ground Radex, or ground ifail-
out plot has already been made, the wind
vector diagram previously constructed can
be used, modified as explained in paragrapn
5630.

5612. If no other fall-out computations
have been made, 3 modified wind vector
diagram i3 constructed, as outlined 1n para-
grapn 5620.

5620. The air Radex piot 'will be made for
the 12,000 foot level, Hence the mean winds

9

from the surface to 10,000 feet will have no
effect on the particles falling to 10,000 feet
from above, and can be ignored.

5621. Assuming a uniform (linear)
variation of wind speed and direction from
10.000 to 15,000 feet, it follows that in its

fall from 15,000 feet to 12,000 feet, a narticle

is acted upon by the 15,000 foot wind; and
in its fall from 12,500 to 10,000 feet, the
10,000 foot wind will govern its movement.
The mean wind in the layer from 15,000 to
10,600 i3 thus half of the 10,000 foot =1nd
plus half of the 13,000 foot wind. Drawing
the wind vectors and a diagrammatic sketch,
we obtain fgure 43. The mean wind vector
‘3 one-half of (5 to 10} plus one-half of {10
to 15).

Since: one-naif of {3 to 10 = cto 10
snd: one-half of {10 to 13) = 14 to 1,

the mean wind vector from 13,000 &g 13,000

el . T T

(- r = amar

e L e TR e ok T b Ry e S ey -
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(5.000" WIND
15000 — 2
’ lz TOTAL DISTANGE
12,500 — |
1 TOTAL OISTANCE
10,000 ~— 2 |
5,000 4 MEAN WIND
15,000 10,000
EFGI -

FiGurE 43. 10000 and 15000 foot wind vectors.

feet is represented by the vectorial sum of
¢ to 10 and 10 to d, or vector cd (dashed).
Its direction is the same as the direction of
cd, and its speed i3 represented by the lengt
of cd. '

5622, Between 20,000 feet and 10,000
feet, particles will be acted on half of the
time (between 20,000 and 15,000 feet) by
the mean wind from 20,000 to 15,000 feet.
The other half of the time (between 15,000
and 10,000 feet), the particle will be gov-
erned by the mean wind from 15,000 to
10,000 feet. The applicable portion of the
wind vector diagram, and a diagrammatic
gketch, are shown in figure 44. The mean
wind from 10,000 to 15,000 feet is cd. The
mean wind from 15,000 to 20,000 feet is vec-
tor de (dotted). Since each of these mean
winds acts half the time, the mean wind from

N
A

NOT TO SCALE

10,000 to 20,000 feet can be written as:

One-half vector ed plus one-half vector de, or
One-half (vector cd plus vector de),

Since vector ce is the vectorial sum of vectors
ed and de, it follows that one-half of vector
ce ia the mean wind veetor between 20,000
and 10,000 feet. Its direction is the direction
of ce, and its speed is one-haif the length of
ce,

5623. Between 25,000 and 10,000 feet,
the particle will be acted on by—the mean
wind from 25,000 to 20,000 feet, for one-third
of the time, the mean wind from 20,000 to
15,000 feet, for one-third of the time, the
mean wind from 15,000 to 10,000 feet, for
one-third of the time. The applicable portion
of the vector diagram and a diagrammatic
sketch are given in figure 456. '

20,000 -
HEAM WIND T%‘ TOTAL
20,000 - JISTAMNCE

=C F-Roiv,T} / i

15,000" — >

MEAN I
iN0  / -5 TOTAL

rﬁ,m‘_f DISTANCE
!'DPGG Ea

10,000 —

FictwE 44 10069, 13900 and 20000 foob wimnd vectors.

41
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NOT TO SCALE

FIGURE 45. 10000, 15000, 20000 and £5000 foot wind vectors.

Vector cd is the mean wind from 15,000 to
10,000 feet, vector de (dotted) iz the mean
wind from 20,000 to 15,000 feet, and vector
ef is the mean wind from 25,000 to 20,000
feet. Since rach of these mean winds acts
one-third of the time, the mean wind between
25,000 feet and 10,000 feet can be written as:

" Onpe-third cd plus one-third vector de plus on
third vector ef, or )

One-third (vector ¢d plus vector de plus vector
af}.

Vector of is the vectorial sum of cd, de and
ef, 50 that one-third of vector cf is the mean
wind speed from 10,000 to 25,000 feet. Thus,
dividing the length of vector of by 3 gives
the value of the mean wind speed; its direc-
tion 13 the same as the direction of ¢f. Similar
reasoning can be applied to determine re-
maining mean wind vectors for other layers.

5624, It shouid now be apparent that, for
practical purposes, the process described in
Section 4000 for obtaining mean wind speeds
has Ddeen iollowed exactly, except that the
origin point “O’" must be moved out to point

(3 L)

¢’”, for an air radex plot at 10,000 feet.

3625. A tabulation showing the “‘first
7ector” o be drawn, and the point to be used
as the “mew” origin for air Radex plots at
various levels foilows:

42

2 JUME 19452
MEAM WINDS
25.000" o l KXY
25,000 20,000' s TOTAL
DISTANGCE
20,000" - 'tl
20,000 3 TOTAL
. 15,000 DISTANGE
15, 000" — / I
|5,U‘DU' ETﬂTﬁL
10, 000" _+_ DISTANCE
10,000" — /
For air radex First wiod Origin
plots at vector drawn point at
b,000 05 b
10,000 5-10 c
15,000 10-16 d
20,000 15-.20 e
25,000 2025 f
30,000 25-30 o
25,000 30-35 h
40,000 36—40 i

5630. Thus, if a wind vector diagram has
already been drawn for either a ground fall-
out or a ground Radex plot, 2 new tracing can
be made, beginning with the origin point
given in paragraph 5625, copying the remasin-
ing wind vectors, and drawing the bearing
vectors from the new origin point.

5631, Assuming that this has been done
in the example under discussion, the new
tracing becomes as shown in figure 46.

5460. Mezan Wirnd Speed. The air Radex
data sheet 13 now filled in, a3 ahown below:

5630, Porticle Location. To determine
which partieles will be at 10,000 feet 30 min-
utes (0.0 hours) after burst, examine the data
{or the level in Table 3. The procedurs as
given in paragraph 5513 is followed axcept
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FIlcure 46. Wind vector analysis air radex at 10000,

that table 3 is entered at the 10,000 foot level
and the time interval used is 0.50 hours.
Since all particles from 15,000 feet will have
fallen through the 10,000 foot level in 0.31
hours, we can ignore any further compuia-
tions for that level, Some particles Irom

20,000, 25,000 and 30,000 feet will be at

10,000 feet 30 minutes after the burst. Thus
we will be concerned with locating only
particles from these three levels.

5651. Column 8 of the data sheet is
filled in as 0.5 hours. (Note: Column 7 is not
used for Air Radex Plots). The time 0.5 is
also inserted opposite surface wind speed for

later use in locating the bomb cloud at the
time of the Radex plot.

5652. Column 9 is completed by mulli-
plying values in column 6 by those in column
8.

56563. Column 10 is completed by divid-
ing each column 9 value by “5”. The mini-
mum radius of dispersion is 1.6 miles. Upon
completion of this step, the final data sheet
is as shown in figure 43.

£560. Returning to the tracing, the dis-
tances tabulated in column 9 of the data sheet
are now laid off along the appropriate lines
ce, cf, and cg, respectively.

T 2]

Column + 'i | 4 3 N 34
l Wind |
1|; | el i Dhiwid 1 HFE
, 3 i Yeotd ] vide | wiod
' DHrecuon ! > : arvemer] : by - sl
1 Deg Trus | | i i
: | Koo | MPH | i
i 1 |
| | | ' 1
10.000 (23 35 0| i
13,000 oees 0 33 L w0 33 1| 35ed
20,000 A T T 2 | 10ce
25.000 | 240 8| 35 . 132 | 30 e
3,000 s 9 | o 0 733 + | B
|
1 l | :

|

i
!

TIGURE 47. Data aheet column 5 compieis.
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65661. These three points are then used
a3 the centers of circles with radii equal to
the values tabulated in column 10. The

minvmum radius is 1l4miles.

5670. Siem Cloud Positions. The displace-
ment of the 10,000 foot radioactive cloud is

computed by multiplying the wind speed at

10,000 feet (40 mph) by the time of the plot
(0.5 hours). Direction is given by the direc-
tion of the 10,000 foot wind. The radius of
the dispersion circle is determined by divid-
ing the displacement distance by 5 (mini-
mum radius 1.6 miles). For this example, a

AWIM 10533

dashed cirele of 4 miles radius is drawn wita

center 20 miles from point ¢, along the 10,000
foot wind vector.

5680. The foregoing steps result in the
diagram shown in figure 49. After enclosing
the solid circles with a2 smooth curve and
shading in the encompassed area, the com-
pleted air radex plot is as shown in figure 50.
This plot can be transierred to a base map,
which should be clearly marked with the
level for which the plot has been made, as
well as the time after burst.

FI1GURE 49. Air radez plol.

45
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Ficur® 50. Complsisd air radex plot for 10000 foot level, time 0.5 hours after burst.
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Section 6000
TABLES

6100. TABILE 1

This table is used for converting wind
'speeds in knots to wind speeds in miles per
hour, as described in paragraph 3300.

6200. TABLE 2
(GROUND FALL-OUT PLOTS)

6210. Surface to 30,000 feet. This table is
used for computing the distances in miles to
which radicactive particles will be carried by
the mean wind from the surface to given
5,000 foot levels. Heavy particles at a given
level will fall out faater (closer to the ex-
plosion point) than medium-sized particles;
medium-sized particles in turn will fall out
faater than light particles, Thus, for each
level three points can be determined: MIN—
the minimum distance from the explosion
peint where large (heavy) particles will fal
out: MEAN—the distance where medium-
aized particles will fall out; and MAX —the
distance where small . (light) particles will
fall out. The tables were computed by multi-
plying an empirical time factor, established
by experience and calculation, by a mesan
wind speed of the wind for various leveis.
These time factors are listed at thea end of
the table, and are given in hours, tenths, and
hundredths of hours. Figure 12, page 15 ia
a graphical explanation of tabla 2. The wind
arrow on the figure indicates the mean wind
from the surface to 20,000 feet, and i3 used
a3 an example only. Actually, contamination
from winds at lower levals would, of course,
exiat closer to the explosion point. .

56220, Above 30,000, Table 2 has been com-
nlefely worked out to inelude the 30,000 foof
wind vector. Cased may arise {for exampie.

whnen the tropopause is higher than 35,000
feet) when it i3 desired to carry the computa-
tions higher. In such cases, the time factora
listed below may be used:

Heigha Vestor Mean Min | Max
35,000 Oh 59 88 | 218
40,000 Qi .68 1.00 250
45,000 Qj 1D 1.13 2.80
50,000 Ok 83 | 125 | 313
55,000 Q1 90 1.38 3.44
50 000 Om 1.00 1.50 3.76

For ground fall-out plots with cloud top above
30,000 feef, follow the same procedures as
given in paragraph 3400. Continue drawing
vectors 30-35, 35-40, 40-45, ete., and mark
the midpoints as h, i, ), etc. After measuring
the length of lines Oh, Oi, Oj, etc., divide by
7, 8, 9, ebe. (respectively). The table given
above may then be used. For example, as-
sumne that line O] is measured as 360 MPH,
Dividing by 9 gives a value of 40. MIN dis-
tance is obtained by multiplying 0.75 by 40;
MEAN distance, by multiplying 1.13 by 40,
and 3MAX distance, by multiplying 2.80 by
40. The procedures given in paragraphs
4500-4600 are then followed.

4300. TABLE 3
(FOR RADEX PLOTS).

This table i3 uged fo find the times of fall
of particles from a given height of origin to
lavels below, including the surface. Particles
are copsidered to be of two ‘‘sizes’—large
to medium, (headed by “L") and medium 10
smail, (headed by “S”). Paragraphs 5200 and
5510 give detailed explanations on the uze ot
this tabia in consiructing Radex giots.

47
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Appendix A
Se— — rr— — p—— ——
Table 1. Knots to Miles Per Hour
EKnots 1] 1 2 3 . 5 [} T A ! | Knots
0 0 1 2 3 o 6 7 8 LY 10 0
10 12 13 14 15 18 17 18 20 21 22 10
20 23 24 25 28 28 29 30 31 a2 33 20
30 30 36 37 i Y 40 41 43 44 43 a0
* 40 48 47 48 50 51 52 53 54 55 56 40
o 5R 55 £ Al G2 63 Lty ili) 67 62 50
W H B 70 T1 T3 T4 r) ris) rri i8 80 60
70 g1 82 %3 84 a5 86 BE 89 a0 a1 T0
50 92 03 04 o 97 a8 59 100 1M 103 80
90 104 105 08 107 108 109 111 112 113 114 )
Knota 0 1 2 3 4 5 8 7 8 " Knata

1 Knot=1.1515 miles per hour.

Example: 46 knots =53 miles per hour.
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Appendix B
COMPUTATIONS FOR MAP SCALES

B1000

Map scales are usually given in “Repre-
sentative Fractions”, such as 1: 1,000,000,
ete. This means that one unit of measurement
on the map equals 1,000,000 of the same units
of measurement on the earth’s surface, i.e,
one foot of the map equals 1,000,000 feet on
the earth, one meter on the map equals
1,000,000 meters on the earth, etc.

B2000

On 2 map with scale 1: 1,000,000, since one
inch equzls 1,000,000 inches, one inch on the
map i3 also equivalent to (1,000,000 — 12)
feet on the earth’s surface, or (1,000,000 --
12 x 5280) miles on the earth's surface, or
15.783 riles. Using this equality, 1% inch on
an ordinary foot ruler equals 7.8915 miles.
Obvioualy, using the ordinary foot ruler will
result in a great deal of computations, for ex-
ample, in laying off a distance of 29 miles on
the map. It is much simpler to have a scale
laid off in units of iniles or tens of miles.

33000

Most charts have a ‘“har scale” printed

somewhere on the map, similar to the sample
given Delow:

[f the type of map to be uzed by the base
*eathai staticp in computing fall-out areas
2a3 suck 3 scale, graduated in siafufe miles,
t2e zcale may Le cut cut and zecuraly

mmounted on a straizhtedze. If no bar scale

P A A P—

i3 available, a scale may be constructed as
described below:

E4000

Using the map scale of 1: 1,000,000 as an

example, one inch equals 15.783 miles. A
prepertmn mey he eet up as:

: 7 , one mlle on
the eurfeee 18" represented by 0.06335 inches
on the map. Converting this decimal to a
close fractional equivalent, one mile on the

surface is about one-gixteenth inch on the
map.

85000

A bar scale similar to the figure in para-
grapn B3000, above, can now be constructed.
The spacing for the unit-milas in the first
ten-mile division will be one-sixteenth of an
inch; for suecceading 10-mile divisions the
spacing will be ten-sixteenths (or five- |
eighths of an inch. Upon compiletion, this
scale may then be glued or 3catch-taped to 2
straigntadee.

26000

Iractioral-inch cicza agwivaizntsy for -
mile 21 3ome 2ther ccmmoeniy
acales sre:
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1: S0 o00—9 i=-%
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Appendix C
Ref, AWSM 105-21
For meaning of dd and &, sea bolow
Conle Group HiGG Qddif H 2dAf d4¢t 4ddif ddff
MEANING | See Nota 1 Surface 1000 ft. 2000 ft. 000 ft. 4000 ft. 5Q00 ft.
See Note 2 Wind ind Wind Wing Wind Wind
Code Group Sdaff ddff 3ddfi ddf¢ Oddif
MEANING a000 £, 7000 £+, g0O00 ft. 9000 ft. 10,000 ft.
Wind "Wind Wind Wind Wind
Code Gronp 2ddf{ 4dd e SdAfe 3ddff Oddff
MEANING | 12,000 ft. 14,000 ft, 16,000 ft. 18,000 fL 20,000 I+
Wind Wind Wind Wind Wind
Code Gruup 3ddf¢ (This may or may not be sant)
MEANING | 23,000 1t if it is, it will b2 the only
Wind 3-fizure group led o by a “37
Cose Srumra Taals e J idd s A AFE At e j

CHMETANING D 25000 f= ¢ 10,000 fL

15,000 I

—— i —

0,000 1L,
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Tind Wind | 7 ind Wind Wind 200 foor lavel
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