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NOTICE

This report is published in the interest of providing information which may prove of
value to the reader in his study of effectsdata derived principally from nuclear weapons
tests,

This document is based on information available at the time of preparation which
may have subsequently been expanded and re-evaluated. Also, in preparing this report
for publication, some classified material may have been removed. Users are cautioned
to avoid interpretations and conclusions based on unknown or incomplete data.
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ABSTHACT

The radioactive fall-out from towsr shots of TUHBLER/SNAPPH{ (R)
and UPSHOT/KNO‘I‘BOLE (R) Test Operations has been plotted in detail
utilizing the radiological monitoring logs of the ground and air
monitors. The report brings out the followi.n'g points:

| a. There is no excessive radioactive fall-out from an
atomic bomb if the fireball does not touch the ground. (This refers
to the m.ximm fireball radius.)

. b, It is possible to detona.te the following type of shots
regardless of weather conditions (other than rain) without produecing

excessive radicactive contamination: 3 »Ei‘ bozmb exploded from &

300 £% tower, 8 XT frea 400 f£t, 18 KT from 500 £, 45 KT from 700 f%,

100 XT from 1000 f£t, ard 200 KT from 1300 £%. In this discussion only
the residual radioactive contamination is considered and mo acoount 13'
taken of the blagt and thermal damage parameters. |

8. It is possible to delineate ‘the general fall-out area
adequately using a gimple Stokes' lLaw analysis of the winds and agsuzing

that the particle size varies from 150 micrena to 75 aicrens, and the

average density of the particles is 2,5 grams per cubic centinater,

_ d. The radex based on the actual wind observations made
three hours pricr to shot tize 1ndicate§ the general fall-out aresa ade-
quately, It is suggested that the decision to fire a contazinating towsr
shot ({.e. vhere the maximum fireball radius is equal to or greater than
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based upon the latest available winds prior to shot time,

o. It is estimated that 50,000 to 200,CC0 tons of sand and
soil debris is sucked up into the stem and mushroom of an atomic =loud

wten a nominal bomb is detonated from a 300 £t towsr. In view of this,

v‘it is suggested that thé radioactive fall-out due to the relatively

snall mass of the tower would be negligible,

£. If it is intended. to use soil stabilization to reduce fall-

out, the soil within a radius of approximately one mile from ground zero

mst be stabilized by cement or other permanent methods. Even if a cir-

cular area of only 1CCO ft diameter is permanently stabilized, it may

still reduce contaminating fall-ocut., Merely stabilizing the soil around

- the immediate ground zero area with oil or water will probably have very

little effect upon radicactive fall-out , since it was shown above that

very large quantities of soil are involved in a contaminating tower shot.
2. Extrapoiation of the fall-out information in this report

to the case of 10 megaton bombs exploded on the surface indicates that |

lethal concentration of radiocactivity may extend 30 to 50 miles downwird.
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II.  RADIOACTIVE FALL-OUT DUE TO SAND 4ND SOIL DEBRIS FROY THE TOWER
SHOTS OF 'rmm/snuyzn (R) AND UPSHOT/KI‘-OTHOL... (R) TEST. _
 GPERATIONS - ‘ , : .
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A. Radicactive Falleout as a Function of Yield and Helight of
Detonation Above Ground

B, Accuracy of Data Collected by Adircraft

C. Particle Size Distribution of the Soil Sucked up into
the Atoaic Cloud .
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P, Calculated Pefc&ntnéo Falleout froa JUNGLE (R) Shots

G, The Weight of Soil Debris Sucked up into an Atemie Cloud
III. VERIFICATION OF FORECAST rm.onr_m;'rs '

A, Verification of Radexss for TUMBLER/SNAPPER (R) and
UPSHOT/KNOTEOLE (R) Test Operations

B, Verification of Radioactivo Pall-out Porecasts
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The fall-out from TUMBLER/SNAPPER (Restricted) and UPSHOT/KNOTHOLE
(Restricted) Test Operations is examined in some detail in this report.
The radicactive contamination resulting from the tower shots of the
above two test operations isv plotted pictorially (see Figures 1 through
9). Both the air and ground radiological monitoring data contained in
the Radiological Safety Rsporta of the test operations have been

utilized (1,2). .
II. RADIOACTIVE FALL-OUT DUE TO SAND AND SOIL DEBRIS FROM TOWER SHOTS
oF TMLER,/SNAPPE (R) AND UPSHOT/KNOTHOLE (R) TEST OPERATIONS '
A, Badieactive Fall-out as a Function of Yield .and Height of
Detonation Above Ground
During high air dfops of nominal bombs there is practically no
stem formed to the atomic cloud. As the height of detonation is de-
creaged, or the yield of the bomb is increased, a stem is formed which
;nay or may not reach the rapidlf rising mushroom, As the height of a
bemb 1s reduced still further there appe;.rs a definite stem to the cloud
which is continuous with the mushroom. Howsver, no extensive fall-out
.occurs within immediate area of the test site unlsas the height of
- detonation is se low that the fireball touches th;n ground. An inspec=-
tion of Table I brings out the fact that unless the maximum fireball
m is greater than the height of burst there is practically no
radieactive fall-eut within 200 miles of ground zere (fall-out being
less than 1%). During the two test operations this factor was verified
in a sufficient number of cases so that it is possible to put considsrable
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cenfidance in the fact that no radiocactive fall-eut would eccur from

-3 KT bombs exploded from 300 ft towers, or for 8 KT bombs from 400 ft

towers, 18 KT bombs from 500 £t towers, 45 KT from 700 ft towers; etc.
Iﬁ. is also possible to explode a 100 KT bemb at 1000 ft and a 200 XT
bomb at 1500 ft abeve terrain without producing excessive fall-out in
the absence of rain, It iz; realized that censtructien of towers higher
than 300 £t najr not be feasible rrpm an‘engineu'ing standpoint, How*;'er,
if the maxirmum fireball radiﬁa i3 kept above the ground, it would be -
possible to test atomic bombs in the deomestic test site at NPG inde~
pendently, of the weather (with the exception that it should not be
raining at time of detenation within 100 miles), The mass of the tower
‘does not contribute materially to the fall-out. In order to produge 10
to 20% fall-onl; frem nominal bembs, appreximately 50,000 to 100,000 tans
of sand and soll debris is required., Certainly the presence of 10 to
100 tons of tower material would not alter the situation materially,

'.A considerable amount of sand and soil debris is sucked up into the ,
atomic cloud for low air bursts when the fireball comes close to the
ground, However, this sand does not scavenge out any significant per-
tiens of the bomb (less than 1%). This is surprising. It appears that
before sand could scavenge out any radicactivity fronm the atemic bemb,
the fireball must lap the ground. Apparently, sand is coatsd with a

. significant amount of fissiom preducts only during the very early stages °

of the cloud history. Also it appears that induced activity in the soil
of NPG contributes little if anything te the fall-out, except for the

contanination on the target area itself.
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B: Accuracy of Data Collected by Aircraft

In the past there has been con§iderable ceriticism on the advis-
ability of using extrapolated airplane data for radiological monitoring.
Bowever, in this study, it is possible for the reader to judge for him-
self the accuracy and the usefulness of the radiological data collected
by aircraft, since the air readings and the ground readings are indivi-
dually plotted for easy comparison. A careful study of the airplane
data shows that it is not possible to obtain accurate indication of the
contamination on the ground if the contaminatéd area is less than five
square miles. BHowever, for large area contamination, the airplane data
is useful., This means that there need not be any extreme accuracy re-
quired in the navigation of aireraft, since errors of one or two ailes
could be tolerated. In some insatances the airplane data is more useful
than the ground data in delineating the overall radiocactive fall-out
picture. This was demonstrated semewhat dramatically during the first
shot of U/K Test Operation. During this particular test, St. George,
Otah received am infinity maximm dose of 0.5 roentgens in the center
of the city (see Figure 5). Howaver, the airplans reading indicated
that the contamination at St. George was 3.3 roentgens. This was quite
disconcerting at the time., It developed later that just at the northern .
cutakirts of the city there was a small radloactive zons of & roentgens
and further north there was a five mile wide layer with an average infin-
ity dose of 3 roentgens., What the airplans had dens was to average the
total and give a 3.3 reentgen reading bacause it was flying at an alti-

tude of 500 ft, and therefores the instrument in the plane could "see® a
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greater area than the instrument of the radiological monitor held at

three ft above the ground in the center of the city. Actually the
airplane reading should not be pinpointed to ome spof on the ground.

It should be considered rather ,a.n. average area reading of from two to
rin squarc_mi]l.es.. In the event that the reader is skeptical about the
value of airplane readings it would be highly instructive to plot the
contamination pattern using air readings only and then to fill in the
ground readings on main roads. This would indicate-the general accuracy
of the method jmvolve;i. It is not clear to the writer how it would be
possible to measure the radiocactive fall-eut adequately from large tower
shots (10 to 50 KT, detonated from 300 ft towers) at the domestic test
site without the use of aircraft, because in such cases the fall-out area
gevers 5000 to 10,000 square miles., Certainly it would be necessary to
make at least four readings over 100 square miles, This means that 200
teo 400 stations mast be established within the fall-out sector. Zxperi-
ence from past atomic "tast. operations indicates that the actual fall-out

area becomes clearly evident only three to six hours previous to bemb

detonation. This means that at least 1000 to 2000 fall-out stations
must be established in a given quadraht in order to obtain adequate sam-
pling of the radioactive fall-out., Certainly the cost of such an opera-
tion is prohibitive, If proper communications and usable roads were
available, it would be possible to sample the fall-cut adequately by
using approximately 25 highly mobile teams, EHowever, at the domestic
test site ther;b are very few usable roads. The fall-out would be dis-

covered only 1f 1t contaminated a given cemmunity where there were
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monitors. If two or three aircraft and approximately one dozen

trairsed personnel are devoted solely to radiatian monitoring duties

it would be possible to delineate the general fall-out area adequately.

A complete fall-out map could be prepared from ths air readings where

the contamination is given in relative units. Tﬁen all that 1§ required
is a few ground readings to change the relative readings of the fall-ocut
map to gamma roéntgen dose values. If this suggestion is accepted, it
should be kept in mind that air readings should mot be utilized to deter-
mine the contamination ‘of such small areas as ground zero etc., since it
is futile to attempt to pin point the contamination of a given small area
from an airplane, ZExperience also indicates that although the conductiv-
ity meter used in an airplane is very semsitive to contamination in the
air, the normal radiological gamma indicating instruments (MX-5 and T1B)
are relatively insensitive to such contamination., If conductivity meters
are used, the aéria.l survey must be made 2 hours after shot time to be
sure that the air is cleared of all radiocactive fall-out (within 200
miles of ground zero), If MX-5 or T1B instruments are used the aerisl
survey could start two or three hcurs after shot time. The flight
patterxi will be governed by the radex plot to keep the airplane out of
the path of the ran;out. Historically there is oaly one incident in
which the MX-5 or T1B instruments carried in the aircraft became contam-
inated during T/S ar U/K Test Operations. This occurred during T/S,

Fox Shot (see Referemce #1) and is indicated in Figure 2 of this report.
During the £irst shot of U/K (Annie) the radex plot showed a very

narrow path of fall-out, and it was indicated that the alrcraft could
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not cross this path for six hours without contamipation. Since the

informétion wag required before this time, one airplane was allowed
purposely to cross the area that was presumed to be éontaminated. The
aircrgft‘feceived-an external cont#minaticn of 15 mr/hr, but the in-
struments inside the aircraft didAnot appear effected. In many cases,
notably during U/K, the aircraft showed the same contamination pattern

from one day to the other provided the t~1.2 decay factor was taken

into cdnsideration. In some examples readings were displaced four or’
five miles in space, but this is to be expected due to weathering and
Secause of the speed of the aircraft, The very fact that an airplane
would show about the sa§e~intensity of radiation on one day as the next
(provided decay is accounted for) and the contaminated area remains
essentially the asame from ome day to the next should be sufficient proef
to the skeptic that air readings are useful, For greater details it is
recommended that Reference #2 be studied more closely.
C. Particle Size Distribution of the Soil Sucked up into the
Atomic Cloud ,
"A study of the fall-out plots shows that the sand and soil de-

bris sucked up into the stem and the mushroom of the atomic cloud

averages from 70 to 150 microns in diameter if it is assumed that the
density of the particles is approximately 2.5 gm/me. The determination
of the particle size distribution of the soil debri; sucked up into the
atomic cloud at Nevada Proviné Grounds is possible because the vertical

wind distribution and the radicactive fall-cut on the ground have been

measured., By assuming the Stokes! Law of fall-out applies to the case .

 UNCLASSIFIED
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found in the fact that a large quantity of soil is sucked up into the
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of such large particles (70 to 150 microns), it is possible to prepare

a siﬁple.uind vector plot indicating uhére ihe fall-out will touch the
ground from a given point in the atomic cloud. These wind plots have
been used previously under various names and have been described in
great detail (3, 4, 5, 6, 7), therefore no attempt will be made to
describe the method in this report. However, such vector wind plots
bave been used axtexisively by this writer to obtain a lot of indirect

. information., There is some indj.cation that soil particle size decreases

vith altitude in the cloud. It should be clearly understood that the
particle sizes'indicated above refer to the median soil particle diam
eter, and that the soil pa_rticle size spectrum is wide. The fall-out

at a given spot may have come from different levels of the cloud, thué
further increasing the spread of the size spectrum, The density of
particles at NPG average around 2.5 gm/cm’®, but certainly not all the
particles would have the same density nor are they all spherical in
shape and this also increases the particle size distribution. Strangely
enougﬁ, during the domqstic test operations it was observed that many
particles in the size range of only several microns in diameter fell out
within a few hours after bomb burst. According to Stokes' law (even
when corrected for the Cunningham slip factor and for the variatien of
air viscosity with temperature) it would take a 5 micron particle several

months to reach the ground from 40,000 ft. The explanation is to be

cloud and as this soil subsequently falls back to the ground, it en-

trains and traps a lot of air and a lot of small sized primary fission
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fragments. This means that in a typical fall-out area where the wind

vector plot indicates an average particle diameter of 100 microns, there
will be found a considerable number of smaller (1 to 5 micron) as wll
as larger (150 to SOO.micron) particles, However, the majority of the
fall-out particles will be appfoximte]: 100 micrens in diameter. But
the majority of the fall-out activity will be in particles greater than
100 microns when the numerical median particle dianetel; is 100 micrens.
This is because activity of the soil particles coated with fission pro-
ducts is proportional to the square or the cube of the particle radius.
For example; if it is assumed that the following numerical particle size
distribution eﬁ.ats:

50% of the particles are 100 micrens

20% of the particles are 75 microns

5% of the particles are 50 microns

20% of the particles are 150 micrens

5% of the particles are 200 microns,
Then the activity median would be carried not by 100 micron particles
but by the 150 or 200 micron particles, Within a féw miles of ground

zero, the particle size distribution is even wider. Particles of 5000

to 10,000 microns will fall at the same time as 500, 100; 70, 5 and 1
micron particles. It is believed that the fall-eut methed of determine
ing genmeral particle size indicates the cerrect order of magnitude
espacially when the vertical wind distribution has large angular wind
ghears (thus pinpointing the exact height frem which the fall-out

particles arrived). However, the use of Cascade Impactors, Electro- °
'UNCLASSIFIED
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~ static Precipitators, etec., yields particle size distributions that may

have no relation to feality,'being artifacts introduced by the sampliné
rate, the sampling method, the counting technique employed, setc. Ewén
mechanical soil analysis of the NPG‘area produces conflicting results.
The median soil particle diameter sppears to be a very strong function
of the method employed to measure particle sizes. The reader should be
cautioned that in this section only the particle size of the soil debris

4s discussed and ne statements are made concerning the particle size

distribution of the cloud aerosol itself axclusive of the soil that is

sucked up into the cloud during near surface explosions.
D, Identifying Fall-out from the Stem and Mushroom of the Atomie

Qloud

A study of Fiéures 6 through 9 of this report indicates that
there is a minimum radiocactive fall-out area which is presumed to have
come from the area between the base of the mushroom and the top of the
stem of the atomic cloud. The minimal radiocactive zone between the stem
and the mushroom has some reality in observation. During the tower
shots of T/S and U/K Test Operations the clear sky showed through in
this portion of the atomic cloud after 10 to 15 minutes from time of
detonation. For some unexplained reason the formerly ;ontinuous stem
and mushroem apéear to separate after 10 to 15 minutes. The reader may
have seen movies of air drops where the stem i1s seen to be discontimous
with the mushrooem from the start, because it forms after the mushroom

has begun to rise. This is not the proper explanation for this case,

however, because during low tower shots the stem and mushroom are contin-
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uous from ﬁhe very start and until the cloud is 10 minutes old after
which time the discontinuity begins to appear. Perhaps the tproidal
motion in the mushroom which forces vast quantities ﬁf outside air inte
the claud has samething to do with this discontinuous region between the
top ot the stem and the lower portion of the mushroom. Since the blue
sky is readily observed in this region, it is assumed that the radiocac-
tive concentration is lower., Certainly the U/K fall-out plots shown in
Figures 6 thrbugh 9 verify this assumption, In effect then, the fall-
out plot may be thought of as the "shadow" of the stem and .the mushroom
of the 15 minute old cloud. If this be true, then it may be possible
to utilize the fall-eut plots of this report to determine the rate of
growth of the cloud with time. This infermation would be of some value
in determining the average rate of dilution of activity in the cloud with
time, The rate of growth of the tower shot clouds are indicated in
Table II, A‘study of the table indicates that, on khe average, the
radius of an atomic cloud mushroom increases four fold every hour after
time of detonation, This average has been observed to hold until eight
hours after shot time., However, the fall-cut occurs more or less as an
elliptical area where the major axis may be twice or three times as long"
as the minor axis.,

E, Percentage Fall-out from Stem and Mashroom

Table I indicates the percentage fall-out from the stem (Pg)

and the mushroom (P,) of the atomic cloud. The ratio of P,/Pg is
approximately equal to 0,3 for Operation UPSHOT/KNOTHOLE (R). This

indicatea that for 20 to 50 KT bombs detonated from 300 £t towsrs most
Y.
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of the fall-out comes from the stem. The information available from the

fall-out of T/S tower shots is not sufficiently detailed for this type
of enalysis, but it appears that for lesser KT tower shots (10 KT) the
soil in the stem remains relatively inactive, and most of the fall-eut
c@he- from the sand mixed in with the muskreom of the cloud. Therefore
for T/S Test Operation the Pp/Ps rat’s may be 2 er 3. If the ratic of
Pp/Pg continues to decrease with decreasing scaled height then fer a
surface shot a large percentage of the 'a.cti'rity will be in the soil
within the stem rather than the seil in the mushroom. Attention is
invited to the relative constancy of the Py/Pg ratio for U/K tower
shots. This type of constancy tends to increase one's confidence in
the fall-eut picture indicated in this report and in the air readings
wtilized to delineate the centaminated area. During T/S tower shots
approxinately 15% of the total residual activity of the bamb fell out
within six hours over an area of 5000 te 10,000( aquare miles, 5% ceming
from the stem and 10% from the mushroem. During the tower shots of U/K
the aqu;ago percentage fall-out appears to be 20%, 15% coming from the
stem, 5% from the mushroem. hcording to Reference #9, 50% of the
total astivity of Trinity vas deposited immediately downwind (23 ET,
shot from a 200 ft tever). Bovm:;, it is not clear how complete the
study of fall-ocut was during the Trinity explosioenm. There is aeie
evidence ;hat altheugh an attempt was made to delineate the fall-eut
quite accurately some years after the ‘I'rinity explosion, the fall-out
pattern was not studied in teo great a detail on the day of the shot

or soon thereaftesr. .
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F. Calculated Percentags Fall-out from JANGLE (Restricted) Shots

"Dﬁring;' JANGLE (R) - Surface and JANGLE (R)-Underground’shots,
fall-out measurements were hade. only close 'to ground. zero, Actually no
detalled measurements were made beyond three miles downwind of ground
gero, and the total area covered by the measuring stations did not ex-
ceed 10 square miles, From Table I it‘ is réadily apparent that 10 to
50 KT bambs from 300 ft towers producé contamination which spreads

- over several thousand square miles. It would be logical to assume that

even for the 1.1 and 1.2 KT yields of the JANGLE (R) shots the fall-out

- must have spread out significantly beyond three miles downwind. Within

three miles of ground zero, 10 to 15% of the residual activity of the

JANGLE (R)~-Surface bomb was deposited in 3.5 square miles, Si.milerly
50%

Wof the JANGLE (R)-Underground - shot was deposited in the vicine

ity of ground zero withinézg'square miles, It is the contention of
this writer that. if the falleout was studied 50 to 75 miles downwind it
would have been found that more than 35% of the J-S and more than 30% of
the J-U shots fell out due to soil and saﬁd scavenging, 'This contention
is based on thé relation of percentage fall-out to scaled height as indi-
cated in Table I, Certainly as the height of detonation approaches the
ground theé percentage fall-out musf be at least greater than 20%. There
is also some evidence that actually the fall-out from the JANGLE (R)
shots covered relatively large areas, An aerial survey made at D+l day
of J-S and J-U areas (10) indicates. that the total fall-out area was

2500 square miles for J-S and 1700 square miles for J-U, This is in

agreement with the relatively large areas found for the T/S and U/X

UNCLASSIFIED
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tower shots., According to Reference #10 there is a definite secondary

maximm fall-out area 50 miles NNE of the J-S crater, and the maximm
fall-out from J-U 1s 10 miles RNE of the ground zero., A Stokes' law
analysis of the J-S secondary maximmm indicates that according to the
vertical wind distributien pattern, this secondary fall-out came from

the upper porticn of the cloud. Since the fall-out frea J-S and J-U

shots covered one to two thousand square miles, and because only eight

to 10 square miles were examined during fall-cut studies, it is the con- -
tention of this writer that such sampling was not representative., There
is a great likelihoed that most of the fall-out downwind was not xna-

- sured., The Air Force Special Weapons Center also surveyed the J-S and

3-U fall-out area on D and Del days using aircraft, However, since all
the readings (except ground zero and three miles downwind) are made

from aircraft, it is not considered reliable by itself, Air readings
mast be checked Wlth several ground readings before they could be con-
sidered reliable., Also, it appears that as the yield of the bomb
decreaées, the apparent percentage fall-out increases, As a matter of
fact for U/K, shot Ray (100 ft tower, 0.3 XT bomb) the percentage fall-
out appeared to be inAexcess of 40%. This value was not entered in the
tables asince it is not considered reliable, However,it does indicate .
that when the actual fall-cut is small (because the bemb yield is small)
there is a tendency to overestimate the percentage fall-eut, If the
b§nb Yield is large, a large area is contaminated and the intensity is
h.f.gh and readily measurabls, Under such circumstances samplirg is
adequate and the averaging process used in determining percentage fall-.out
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does not'producé large errors. However, for Very low KT bombs, the
total fall-out on the ground is small even if all of the residual ra-
diocactivity is deposited, say 6ver 1000 square miles, Intsgrating few
Haak readings cver large areas will produce large errors and tend to
show high percentage fall-out incorrectly. As a matter of fact, U/K
Ray Shot shows 25% fall-out within 225 square miles and a total of 40%
fall-out within 2500 square milsé; This is certainly too high and dus
to samples uhich are ugrepresentative. An inspection of the fall-out
plots shown in Figures 1 to 9 indicates that as & minizum there are
four air readings per 80 square miles., These readings are then inter-
spersed vith many ground readings. It should be noted that although in
thiQ study 200 to 500 rea&lngs'are utilized to samplé 5000 to 10,000
square miles, in studying tﬁe world-wide radicactive fall-out only 200

-te 500 sampling stations are available for all of the United States or

the vorld. It is the contention of this writer that such sampling may

" 1incorporate large errors in it.

G. The Weight of Soil Debris Sucked up into an Atomic Cloud,
Sinece the percentage fall-out and the area covered is plotted

in.F!gures 1 through 9 of this report, it is a relatively simple task

'to determine the order of magnitude of the weight of soll sucked up into

an atomic cloud for near surface explosions. It will be assumed that
all fall-out particles are 100 microns in diameter, have a density of

2.5 gm/cmB_dnd the specific activity of seach particle is 10 micro-

'quriea of fission products at H+l hours. Under such assumptions it is

c¢learly evident, thatlfrom«looq to 5000 tons of sand and soil debris are
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coated \_dm products. If it is preau'med that the ratio of
inactive soil debris to active sand in the fall-out area is 100 to 1,

] then 100,000 to 500,000 tens of sand and soil debris were sucked up by

| each U/X tower shot. If thisiviev is correct then certainly the pre-
sence of 10 to 50 tons of tower material will not have a profound effect
on fall-eut from tower shots. The surprising thing is that even when
such large quantities of soil is sucked up into the cloud in many
instances no crater is formed at greund zero. This means that only a
faw inches of soil is 1lifted up from the area of ground zero. Actually

# cne inch of soil fi-om_ an area of approximately two aquare miles would
‘account for the total mass of soil debris sucked up in the atomis cloud.
It may be possible to reduce the fall-out from low scaled height detonma-
tions by stabilizing the soil in the target area, However, it may be
necessary to stabilize permanently one to five square miles of the target
area in order to prevent a significant amount of soil from being mixed
up with the stem and mushroom of the atomic ecloud. It is recommesnded

F that within a circular area of .approximtely one mils radius the targst

area be firmly atabmzéd by cement or other means of permanent stabili-
1 zatien, It 1s believed that if a 10 KT bomb is detonated from a 300 ft
tower over such a large stabilized area, the amount of soil sucked up
into the cloud would be reduced materially, thus reducing subsequent
fall-out significantly. However, if it is impractical to permanently
stabilize such a large area, then it is suggested that even if a circular
! area with a radius of 500 ft is permanently stabilized by cement or
other permanent methods, there may still be comaiderable reduction in
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the radiocactive fall-out. This recommendation is based upon the fact

that no excessive fall-out occurs unless and until the fireball actu-
ally touches the ground, In cases where the fireball came near the
ground, but did not actually touch the ground, it was observed that a
large amount of soil was mixed into the atomic cloud without producing
excessive fall-out. This suggests that; contaminating fall-out is not
deterained so mich by the amownt of soil mixed into the cloud, but pri-
marily by the early time of entry of this soil into the fireball., If
the fireball touches the ground which is permanently stabilized, it is
hoped. that only a small amount of this stabilized area would be pulver-
ized and threwn !;p into the fireball, It is assumed that.the sand and
soil debris that will rush into the stem and mushroom of the cloud from
the periphery of the stabilized area will not arrive in time to be coated
with fission products by the fireball., However, it must be kept in mind
that the seil stabilization must be of a permanent nature, so that the
extreme suction created by the fireball will fail to pick up very much
dust from a relatively large area around ground zero. Certainly oil or
water stabilization of the immediate greund zero area could not possibly
reduce the fall-out. Also, if the scaled height of detonation 1s so low
that craters are formed, no amount of permanent soil stabiliza.tioz; could
possibly be of any help in reducing fall-out.
III. VERIFICATION OF FORECAST FALL-OUT PLOTS

A. Verification of Radexes for TUMBLER/SNAPPER (R) and UPSHOT/

KNOTHOLE (R) Test Operatiens
A study of the radex plots for T/S and U/K Test Operations
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found in Eer!ences 53 ‘and #, indicates !!at the radexes prepared

using the actual winds three hours.before shot time, delineate the

general fall-ouf area adequately. In Figures 1 through 9 the radex
plots based on the H-3 and H-4 hou.r actual winds are superimposed on
the actual fall-out area, A study of these figures shows clearly that
radex plots based on the actual winds near shoﬁ time delineate the fall-
out area adequately. The area of maximum intensity of fall-out could
be locatéd. by this method within an average angular displacement of
plus or minus five degrees. The angular displacement of the center of
the maxirmum fall-out area ;i.oes not show a displacement great;r than 15
degrees. Considering that the vinds are four hours old in these radex
plota, it becomes at onfe evident that there is considerable persistence
to the winds. Certainly if the decision to fire a potentially contamin-
ating shot is delayed until the last two or three hours, it is difficult
to see how large errors could be made in the radex plots. Fortunately
it appears that the simple Stokes' Law aasumptions are vélid for 70 to
150 mioron particles, which are the main cause of the radicactlve con-
tamination within 200 miles of the domestlic test site at the Nevada
Proving Grounds. |

B, Verification of Radioactive Fall-out Forecasts

After the writer had analyzed the fall-out from TUMBLER/

SNAPPER (R) tower shots it was possible to forecast that 10 to 15 KT
bombs detonated from 300 £t towsrs would produce 5 Ato 20 roentgen life
time doses within the populated areas in the periphery of the Nevada
Test Site. This information was made a matter of record and called to

¢ ~
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the attention of interested personnel in AFSWP and lLos Alamos several

months prior to the start of UPHCT/XNOTHOLE (R) Test Operation, Bven
vith the nﬁted data available from a study of only the four tower
shots of T/S it was possible to make contamination forecasts which wers-
amply verified. This was poasible only because data from previous test

| operations was examined in detail, It is the opinion of the writer that

although sufficient information has been collected by the air and ground
monitors during both T/S and U/K Test Operations, very little use is
being made of the complete data gathered. A detailed study of the pre-
vious fall-out data should make it relatively asimple Jt.o forecast qnanti-
tatively the intensity of fall-out from a bomb of given yield dstonated
ﬁ'on & given height, It is hoped that the pictoriai plots of fall-out
indicated in the Figures of this report will heighten the interest of
more people in the residual radicactive contamination that will always
exist for nominal bombs exploded at altitudes less than 500 £t above
terrain, The forecasts made by this writer during three U/K shots are
listed below together with the verification of the contamination fore-
casts. .
1. U/K, Annie, 16.8 KT, detonated from a 300 £t tower at 0520
PST, 17 March 1953. '
a. Forecast at 2000 hourg on D-1 day
St, _Gsorge - 1 roentgen infinity dose
Carp - (between Glendale & Caliente on Nevada 55) -

5 roentgens

U,S, Highway 93 - (between Glendale and Alamo) -
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b.

1 roentgen '
Nevada hwa - (between Glendale and Caliente) -
1l to 5 roentgens -
Alamo - 0.5 roentgen
Gendale - On edge 61"0.5 roentgen line
FPorecast at H.3 hours on D day -
Same as in subparagraph a above.
cat
See Figure 5 for actual fall-out picture.
2, George - 0.5 roentgen in center of city. 3 roentgens
in the northern outskirts of the city.

- Carp -3.5 roentgens

0,S, Bighway 93 - 5 roentgens as a maximum on a 5 mile
strip, 1 roentgen on 20.mile Qtrip of the highway between
®Rendale and Alamo.

Nevada Highway 55 - 3.5 roentgen maximum, 2. and 1 roent-
gen lines cross this highway. '
Alamo - No contamination,

Glendale - No contamination.

" 2., U.K, Kancy, 26 KT, from a 300 £t tower at 0510 PST,

2, March 1953 \
8, Yorecast at 2000 hours on D-]1 day.

¢3-3

Groom Mine - 3 roentgens
Lincoln Mine - 1.5 roentgens

Alamo - 8 roentgens
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Caliente - 8 roentgens

Pioche = 1 roentgen
b, Forecagt at H-3 hours on D day.
.See Figure ‘_6B for a map of the forecast fall-out.
Certainly as Figure 6B is compared with actual fall-
out shown in Figure 6, one is tempted to ask just
what else is required from a ferecaster,
Groom Mine - 1.5 roentgens -
Lincoln Mine - 10 roentgens
Alamo - No contamination
Caliente - No contamination
Pioche - No contamination
Warm Springs - No contamination
Cwrrant - No contamination
Ely - No contamination
U. S. Highway 90 (between Pioche and Ely) - 1 roentgen
Nevada Highway 38 (between Hiko and Ely) - 2 roentgens
¢, Yerification |
See Figure 6 for actual ra.ll-out picture,
Groon Mine - No contamination but 25 roentgen line
approached within & miles of this place.
Lincoln Mine - .2 roectgens, 18 roentgens within 5
miles of this mine,
Alamo = No contamination
Caliente = No contamination

 UNCLASSIFIED

‘. _‘ | £3-36417
e GHINR ¢ oo

Py



UNCLA:S!HED —

- Plochs - No contamination
- Warn Springs - 0.13 roentgen : _ .

: Carrant - No contamination
By - 0.1 menﬁgen
U.S. Hghway 93 - 1 to 1.5 roentgens
- Nevada Highway 38 - 2 to 5 roentgens -
3. U/K, Climax, 65 KT, exploded at 1334 £t above terrain at
0415 PDT, 4 June 1953

_..w._....{‘ a. [Porecast
R . Shoot this bomb at anytime regardless of the winds. The

contamination on the ground would not exceed 15 mr/hr
-at any point. _Since the firseball will not touch the
ground, no contamination is forecast

b, Shot delaysd because of possible rain om Salt lake City,
Utah.- It m feared that the rain may bring down .

 measurable azcunts of radioactivity (several mr/hr) |

1 - and thus precipj.tafe an acute public relations problem,

8, Verification
Maximum dose rate was 11 mr/hr at H46 hours. There

j e was no extensive fall—out as forecast.

IV FORECASTS OF RADIOACTIVE FALL-OUT DOWNWIND FROM MEGATON YIELD BOMBS

! .
o A. Porecast of IVY (R} MIXE Fall-out
| Practically no information exists of the actual fallZsut down-

o T

:wind in the Pacific Test Site. since it is difficult and very expénsive
to determine the fall-out pattern over a body ofwater utilizing buoys,
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ete. Because downwind fall-out information is almost completely lacking

......

for the large yiald bombs éxpio’ded in the Paéitic, every statemsnt made
concerning such fall-ou_.t mist be taken as mere conjecturs until verifi-
cation is obtained at some future date. Keeping these provisions in
mind, it is possible to make the fc;llowing forecast of what might have
fallen out from IVY (R) MIXE cloud. It is believed that approximately
3% of the residual activity of' the bomb fell around greund zero within
three miles of the crater in cross-wind or upwind direction. This means
that the upwind dose rate weuld be between 1000 to. 2000 r/hr extrapolated
‘to H4l hours at a distance of three miles from ground zero. Downwind the
dose rate may have been 1000 to 2000 r/hr at a distance of 15 miles from
ground zero. The dose rate 30 to 40 miles downwind (KW then N) mast
have been approximg.tely between 100 and 500 roentgens per hour extrapo-
lated to Hsl houwr. Fall-out then swerved to the ENZ and then south and
west. The fall-out 30 to 40 miles downwind must have bsen completed in .
six hours. It probably started in ome hour and the maximm fall-out in
this area m.usf have occurred at th;ee hours (neglecting irmedlate fall-
ou't within 15 miles of ground zero). This means that if personnel re-
mained 12 hours in an area within 30 to l.Dl miles NW and R of ground zero,

they may have received a 400 to 800 roentgen dose,
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In this discussion, it has been assumed that 15% of the

total residual activity of the IVY (R) MIKE detonation was deposited

- downwind within 30 to 50 miles of ground zero in a period of six hours.

It is also believed that approximately 35% of IVY (R) MIKE fell out

within 12 hours, and at the end of tuo days 50 to 75% fell out. If

'thia analysis is correct then a large percentage of the residual activi-

ty was deposited in the Pacific Ocean within 500 to 700 miles of ground
gero, It should be notad that this analysis is primarily based upon
scaling factors obtained from ‘U/K to;er shots. | It may be that the
extreme heights reached by the IVY (R) MIKE Cloud may reduce the down-
wind fall-cut by as nmch as a factor of 10 over that indicated above,

_ B. Entrapment of Fission Products by Soil Debris and Water from

. Magaton Bombs in the Pacific
It 1s assumed that approximately 1,000,000 tons of soil wers

coated with fission products and sucked into the stem and mushroom of
the IVY (R) MIKE cloud. I the ratio of inactive soil to active soil‘
is 100 to 1 then approximately one hundred million tons of soil debris
and water were thrown up during this shot. Such a vast quantity of
matter upon falling back will entrain large quantities of air, gaseous
products of the explosion and fission products. It should be noted t;at
this\ statement is substantiated by the fact that the Cascade Impa;:tors
indicated a mass median diameter of 1 to 5 micren sized particles when
the fall-out time indicated that particles of from 150 to 75 microns
were falling during TUMBLER/SNAPPER (R) and UPSHCT/ENOTHOLE (R) tower

| shots. This means that even for the relatively small tower shots

&
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(12 KT from 300 ft towers) a sufficient amount of soil debris is picked -

up to entrap micron sized particlés as this soil falls back. Certainly

" when megatdn weapons are exploded on the surface, the amount of seoil

thrown up increases significantly.and when this returns to earth it

entraps a large amount of air, gaseous products and fission products.

It 1s assumed that water would be equally as efficient as soil debris

(1£ not more so) in this matter of entrapment. This may have implica-

. tions important in the radiocheaistry of atomic debris and in alr sampling

of the atomic cloud. It also means that the close in fall-cut would con-
tain large particles together with zmicron sized particles falling out

at the sams time in apparent contradiction of Stokes' Law.
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.¥. WORLD WIDE CONTAMINATION FROM ATOMIC BOMBS

Reference is zade to Figure 10 which indicates the fall-out from the
four tousr shots of TMMBLIR/SNAPPER (R) and five large tower shots of
UPSHOT/XNOTHOLE (R). In this composite plot only the fall-ocut down to
one roentgen infinity dose line is indicated. There is evi&ence that in

' some areas four shots were auéafimpossd. In other areas only two or

three shots ue¥e suparimposed. With'the information available 1nvthis
report it would be éoasihle to determine the amountiof fissioﬁ products
that have fallen in a given areA §r Nevada and Utah from the NPG Test
Operations within 200 miles of the Test Sifé. A close study of Figure 10
shous ﬁhat in the H;ko-Alamo fertile va;ley (population 1200) the follow-
ing three shots were superimposed: U/K, Annle, éarfy and Simon, Cer-
tainly the concentration of fission products in such areas is high

enough to study the plant and animal uptake of radiolsotopes in a
practical basis, The Figures in this report indicate radicactive fall-

out using isodose lines in roentgens. ‘The dosage indicated would be

. received when exposure time is considered infinite, The relation between
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infinity doss and concentration of fission products (extrapolated to
one hour after shot time) within the area is very simply as follows:

SR X 104 curies per square nile, where R is the infinity gamma ray dese
in roentgens as indicated in Hg\lraﬁ 1 through 9. To illuatrate this,
let us take a few examples. Refer to Figure 7., This shows the fall-
out from U/K shot Badger. In this illustration there is a 5 roentgen
isodose area on U.S, Highway 93 between lasg Vegas and Overton, This 5
roentgen arsa also extends to the Laks Mead region, Within this area
the concentratien of fission products weuld have been 2.5 x 103 curies -
per square mile had the fall-out occurred ome hour after shot tinme.
Since the avertée time of fall-cut was six hours after detonation, the

‘cencontration of fission products at time of fall-eut was approximatsly

el
i

3

3 x 104 curies in each square mile of the area. It should be noted ihai
fh:l.l indicates the fiassion product concentration provided the infinity
dose wvithin the area is 5r throughout. Adctually the average infinity
dose within tke ares is more nearly 7 rosntgens so that the fissien e
dust concentration at time Aot fall-cut wvas more nearly 4 x 104 curiss
per square mile. Similarly it is possible to deternine the Stremtims
90 concentration within an area enclosed by a given isodose lins, If

it is assumed that 200 curies of Stroatium 90 is formed frem a ens XT
bemb, then the following relation applies: there are 3.3Rx 10~ curies
of Strontium 90 within an area emclosed by an infinity isodose line of
R roentgens, This means that within the 5 roentgsn area mentiensd above
the minimum gencentration of Strontimm 90 is 0.15 suries per square ails,

~ and the average concentration is 0,25 curies per square amils, Considering
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the fact that 5, 10, 15 and 20 roentgen infinity dose fall-out areas

are shown in the Figures, it appears that in some rarming areas the .
Strontium 90 concéntratiqn may be as high ﬁs 0.5 to 0.75 curies per
square mile from one shot, In areas where the fall-out from several
shots are superimposed, the concentration could bs higher. However,

it is more significénf tp note that the areas uhere there is appreciable
concentration of Strontium 90 are relatively large. These areas range
from 1000 to 5000 square miles for each shot. For greater details con-
sult the figures and the information contained in Table I, It seems
apparent to the writer that tﬁe immediate area of the Test Site and the
farming comminities in the periphefy of the test site (within 150 miles)
may be examined profitably to detsrmine the uptake of fisslon products
by plants and animals, and for the effect of fission products on rela-
tively small water supply sources. It is hoped that the radiocactive
fall-out areas indicated in this report would be useful along these lines
of endeaver. The experience gained in this study indicates that in or-
der to determine the world wide contamination pattern‘or even the percen-
tage fall-out of residual activity in the United States relatively iarge
number of sampling stations must be utilized., As indicated in Paragraph
11, F above, when ths fall-out covers & large area and if the intensity
of the readings are low, there is a tendency to overestimate the percen-
tage fall-out. This is even more so in the case where ruin brings down
activity. If such readings are averaged ovar large areas by the use of

planimeters, the percentage fall-out may be highly exaggerated,
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VI. SCAVENGING ACTION OF SOIL RELATZD T0 ZFFICIENCY OF RAIN SCAVENGING

An attempt was made earlier by this Hriter to correlate sand
lcavonging to that of rain (ll) in order to obtain soms indicatior of

the extent of the contamination area that may be produced by rain. In

the past, there have been numercus statements made concerning the sca-
vonging action of rain, but sincs no atomic bomb has been shot in the
rd.n, all of these repoi-ts ware based on unverified conjectures. Some
of the reports sxaggerated the radiocactive contamination by assuming
that 25 or 50% of the total residual bomb activity may be brooght down
by rain and deposited 'over 10 or 100 square miles.
‘ -
" However, the fall-out from TUMBLIR/SNAPPER

(R) Test Operation showed that the contaminated areas covered 3CCO to

" 10,000 square milss, and not 10 to 100 square miles. Even if proper

* normalizing factors are used, it is obvious that on the averags, rain

fall-out will be over extended areas of 1000 to 3000 square miles. This

means that the total activity deposited on the ground by rain will be

' considerahly less than earlier anticipsted. Also it 13 obvious that

since rain originates on the average balow 20,000 ft msl it cannot
come in contact with the mushroonm of & bomb greater thar 5 KT, since
test exporionoe shows that all bombs of this yield or greater reach the
tropopause (normally at 40,000 £t msl in mid-latitudes). This tends to
reduce the fears once raised concerning the ietha.l concentrations of

radiocactivity that may be brought down by rain, Howsver, it is believed

that for 1 or 2 KT bombs exploded during rain, a aignificant amount of
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radicactivity will be deposited on or near the target, If many 2 KT

bombs are used in a given campaign for area bombardment, rain scavenging
mast be taken into consideration from the military and civilian defense
point of view within the gemaral battle area.
VIZ. ACCURACY OF THE 7ALL-OUT PLOTS SHOWN IN FIGURES 1 THROUGH 9
Figures 1 through 4 indicate the fall-out from the last four
shots of TUMBLER/SNAPPER (R). It is believed that Figures 1 and 3 indi-
cate the fall-out quite accurately, but Figures 2 and , are not as
accurate, Pigure 2 shows the fall-out from Shot No. 6 of TUMBLER/SNAPPER
(R). During this shot the aircraft became contaminated, hence most of
the air readings were unusable, Figure 4 shows the fall-out from Shot
Fo. 8 of TUMBLER/SNAPPER (R), Since the radiocactive contamination fell
in areas where there are no usable roads, there is practically no infor-
nation from the ground radiological monitoring teams. This means that
the fall-out plot is based practically completely on air readings ex-
trapolated to the greund. It should be noted that the percentage fall-
out .rom this shot is well bolo;: the average for this series indicating
that if only air readings are used the percentags fall-out is underesti-
mated (see Table I for details). Figures 5 through 9 represent the
fall-out from the large tower shota of UPSHOT/KNOTEOLE (R)., Figure 5
representsv the fall-out from U/K Annie Shot. It is believed that
although the distant fall-out (50 miles to 120 miles from ground zero)
is quite accurate, the fall-cut within the gunnery range itself is open
to question because it is dependent upon air readings only and no gromnd
checks have been made., It is presumed that the fall-out isodose lines
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within 30 to 40 miles of ground zero probably cover too large an area.

Actually the reader is advised to study the air or ground readings
themselves that are plotted in detail in the figures., These are more
accurate than tyé isodose lines drawn about them. Figure 6 represents
fall-out from U/K Nancy shot. Despite the many readings shown in this
figure the close in fall-out was not adequately covered, because there
are no roads in the region where the close in fall-ocut occurred. This
has reduced the apparent percentage fall-out for this shot. Figure 7
represents the fall-out from U/K Badger Shot. Here agair the close in
fall-out is not deemed accurate because there are relatively few air
readings in this area and no ground éhecks. However, this fall-oﬁt is
within the gunnery range where tﬁere is no human babitation, but the dis-
tanﬁ fall-out in the Lake Mead region is presumed to be accurate, Figures
8 and 9 represent fall-out from U/K Simon and Harry Shots. It is pre=-
sumed that the fall-out is adequately represented., The radex plots
prepared from the actual winds three to four hours prior to shot time
are superimposed on the actual fall-out plots in Figures 1 through 9.
These radexes were taken from Referenges 3 and 4. Since the ground zero
and the basic_méﬁs in References 3 and 4 are different from that used in
this report, some adjustments were made to correct this., This is esée-
cially the case with the radex plot of Figure 7. It is fully realized
that the iﬁfinity dose values indicated in the figures do not represent
the actual dosage received by people living in the indicated aréas.

This is because the dossge within a house may be less than the dosage

outside. It should be kept in mind, however, that ratio of dosage inside
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to dosage outside has never been determined accurately. Also, leeching

by rain and ether weathering sffects tend te reduce the total dosage
received by personnel. The isodose lines are kept in infinity doses

as & point of standard reference. For example, if the infinity dose is
divided by five the dose rate at Hsl hours is obtained. 4lso, the
fission product concentration within a given isodose line can be deter-
ained by a very simple relationm as indicated in Paragraph V above,

 VIII. AN EMPIRICAL METHOD .OF FORECASTING THE INTENSITY AND LOCATION

P RADIOACTIVE PALL-OUT ARRAS,
A, The General Msthod Employed
Intensity of radicactive fall-eut is a functien of bomb yield,

fall-cut area and the amount and efficiency of the scavenging agent
(such as soil, water, smow, etc). Since the particle- size distributien
of the soil within the clomi is not known accurately the area covered
by the fall-ocut cannot be determined quantitatively. However, after
analyzing the fall-out frem the TUMBLER/SNAPPER (R) and UPSHOT/KNOTHOLE
(R) Test Operations, it is possible to predict just hov far out the con-
taminating fall-out will extend frem a given shot. This gives the gzeneral
length of the contaminating area, but unless the density and particle
size spectrum within every'layor of the cleud is knewn accurately there
is ne way of determining the width of the contaminating area, Bence an
expirical method must be eapleyed based on a study of the fall-out
plots shown in Figures 1 through 9. There is some indication that the

‘width of the fall-out area from the lowver stem is more or less indepen-

dent of meteorology, however it appears that the intensity of the fall-out
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in the lower stem is strongly proportionai to bomb yisld., The width

. of the fall-out area from the mushroom of the cloud appears to be

proportional to the angular wind shears from 18,00 ft msl to a height

approximately 7000 ft below the maximum height of the cloud. The fall- |
out from the mish.room is assumed to be elliptical in shape with the

major axis of the ellipse obtained by a Stokes' Law analysis of the

‘winds with the particle sizes indicated in the section below, The

minor axis of the ellipse is generally one half the length of the major
a.xis.. However, if the angular wind shear from 18,000 ft msl to the
upper third of the mushroom is greater than 120° then the fall-out from
the mushroom is wide. The fall-out area in this case may be almost
circular. In the event that the angular shear in this same region is
only 109 or less, then the minor axis may be 1/4 to 1/8 the length of
the major axis. As indicated in paragraph II, D, the fall-out from the
stem and mushroom can be .identified sepa.ra.iely, and it can be shown that
there is a minimum fall-out area between them, The intensity of cen-
tamination in the lower stam increases with yield, but the intensity
of fall-out from the mushroom dees not appear to be proportional to the
yield. As indicatéd in paragraph II, E above, 10% of the activity in

‘the mushroom cloud of T/S tower shots is scavenged out, but only 5% of

the activity in U/K tower shots are scavenged out by sand, Since on the
average the bomb yield for T/S tower shots were half the yield of U/K
tower shots, then this explains why the fall-out from the mushroom
appears to be independent of yield. .Actu&lly as the yield of the bemb

is increased for a given height of detonation (i.e. as the scaled height
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is reduced) the soil in the stem becomes more active, thus producing

heavy contamination immediately downwind, The total percentages fall-
out increases with yield (when height is constant), but the percentage
fall-out from the mushroom decreases with increasing yield. To a per-
son who has not analyzed the totai fall-cut picture and who only chooses
to utiliz; ground readings, the fall-out problem must appear even more
cdmplex than it rea._lly is. As a matter of fact, recently a set of
empirical relations has been develeped on fal.l—ouﬁ from tower shots
utiliz.ing only the ground readings from U/K Test Operation. The air
readings were not utilized out of impafience or lack of knowledge on
how to use them. The T/S Test Operation data were not used because
they were more difficult to reduce, since most of the fall-out during
T/S Tast Opérations fortunately occurred North and Northeast of the
Test Site where there are very few good roads and very little popula-
tion. Sure enough a set of relations were developed whizh indicated
intensity of fall-out to be independent of yield. Here is a good
example ‘of the need to evaluate all of the data before empirical rela-
tions are developed.
B. Construction of the Forecast Fall-out
1. Particle Size

Assume that the particie size distribution within a nominal
bomb exploded at 300 ft is 100 microns if the maximum cloud height does
not reach beyond‘ 35,0C0 ft msl, The maximum cloud height is a function
of the yield, the height of the tropopause, the lapse rate of the atmos-

phere and the speed of the horizontal winds. A nominal bomb eloud will
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reach the tropopause unless the winds aloft are above 70 knots, in

which case the cloud may remain several thousand feet below the tropo-
pause, If it is calculated that the cloud will rise up to 40,000 or
42,000 £t msl, then the particle size distribution in the cloud is

~ assumed to be as follows: 125 microns in lewsr third of stem, 100

microns in the middle third, and 90 microns in the upper third of the

| stem; the particles in the mushroom range from 80 to 70 microns in dia-

meter, The density of all soil particles at NPG is assumed to be 2.5
gn/cm3 . With this information it would be simple to prepare a vector
wind plét based on Stokes' law, This has bsen dene using the H-3 hour
vinds, See Figures 14, 5i, ete. for illustration.

2. Fall-out Areas -

Once the maximum height o.f the cloud is established, and
the vectox; wind plot is drawn, nne may begin to plot the fall-out areas
as follows: |
| a. Fall-out From Mushroom

Assume the mushroom is 15,000 ft thick vertically.

Draw an ellipse whose majér axis is represented by the
wind vector plot from a level representing the top of
the mushroem and down 15,000 ft from this point. If
the angular wind shear is 10 degrees or less from
18,000 ft msl to a point approximately in the upper
third of the mushroam, then the minor axis is 1/4 or
1/8 the length of the major axis; if the wind shear is
less than 120°, then the minor axis is 1/2 of the majar

 £3-35417
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axis; and if the wind shear is'greater‘ than 1209 then

the falleut area from the mushroom is circular. This

ellipse would be centered at a point 7500 ft below the - )
tep of the mushroom, and it w111 be referred to as

Klipse A, Within mipso A drav a second elliptical

area and call this Rllipse B. The major axis of Ellipse

B is 1/2 the major axis of Ellipse A, and the ratios of

majer to minor axis for the two ellipses are the same,

?ill—out From Stem

Drav an elliptical area from ground sero to a point
representing 25,000 £t msl level on the wind vector
plot. The minor axis is 1/4 the major axis. This rec-
tangular or elliptical area is called Ellipse C, Within
Ellipse C draw Ellipse D starting from ground zero to

a point representing the 20,000 ft msl level on the |
vind vector plot with minor axis 1/4 major axis.

Similarly drav Ellipse E from ground zero to 15,000

£t msl level.

Fall-out Connecting Stem and Mushroom Areas.

The fall-out ou*l’:sido of the stem and mushroom areas
cannot be drawn by any specified methods. However, the
general fall-out from ground zero out to 150 miles
appears to cover a pie-shaped area with an apex angle

of 15 to 30°, It is recommended that this procedure

be following in the construction of the fcrecast fall-out

. ”
| M t EURE .“-



basy

areas. The first connecting area betwsen the stem

and mushroon may be 10 to 20° and is callad "connac-
ting area F* and the second one 25 to 35°, called
®connecting area G." It should be noth that in the
presénco of high shear, the‘wind vector élot will not
be straight. In such instances the name "elliptical
areas® or "rectangular areas®™ should not be taken
‘liter&lly. In all cases the shape of the fall-ocut
area is guided by the wind vector plot. 4 study
of Figures 14, 24, etc., will illustrate the method
enplbyed.
3. Intensity of Fall-Oat
The intensity of fall-out is determined by the infinity
dose line waluss assigned to the various ®elliptical" and other areas
of fall-cut, The infinity dose lines are given in roentzens. The inten-

'sitiss of the various fall-out areas are indicated below for different

Yields and heights of detonation:

BURST
YIELD HEIGHT DOSE IN' ROENTGENS BOUNDING THE FOLLOWING AREAS:
N In ELLIPSE ELLIPSE ELLIPSE ELLIPSE ELLIPSE AREA ARRA
vy FEET A B c D E ? G
1l 0 o 0 0 1 100 0.1 0.01
2 1] 0 o 0.5 5 200 0.05 0.01
3 0 0 0 2 10 300 "0.2 0.1
4 0 0.5 1.0 5 0 400 0.2 0.1
5 0 1.0 2,0 10 30 500 0.5 0.1
10 0 5 10 50 100 1000 1 0.5
20 0 5 10 100 200 2000 1 0.5
30 0 5 10 200 300 3000 2 0.5
40 0 5 10 300 400 4000 2 1
50 - o 5 10 400 500 5000 3 1l

‘ SS\HED C3-36417



0 n
0155 01255 00255 1“2..0.0 nwnwoo J.JO. *
¥ 0000O0HH 0O0O0O0O0OH OOOOO0CO0O0O O0OOOOOOA o oo
et N 0025 N9 oL N
M OCOOHMHNN OOCOCOHNN OO0OCOOOHMH OO0O0O0OO~AN oo O rm
0
MP i "nwoo cooaoa N O N O o
o H" LLOO%W mLLOOW LLLLL%O% OOOmLOW QL” LﬂO
£ H ANRER AR 88 88 RgR 8 3
o [
38 td
S o wo O nuninng o o o —
P oHdwmoo coMNnQO coocorHoO 000 OHNnO oo - L
Em ll%” NZ” S8R 2” 1m mmw <)
& (Ip)
o Mm
Al W Qrin e e Q9 QN w
mm COMMIAININ OO OGN MINA 0000050m OO0 O0OoON NI C o mn ocwng =
O
/M —3
v 13 :
A as ™o ~no - wwno ~ o o o
B9 Sawn O OCOHINNOO OO0OO=n ooooHAwoO > QY -~ O
mm © 388 a3 = 83  oe-gn =t -
<
o
b
mﬂ u\ n un
< 10 - qQrwn r S QW Qw9 “w
m QoNMYNIN DoOOoONMNIN 00000 NWNIN OO0 OON NN oo Mmn Osm
a

B . e
Zi-fl RARARRR 3398888 R3aRRARA 2RE8RBER 2398s 8888 -
mmn_asoummm TNRRRRR “NINRRARR ~garered SRSRE RE§H .




In the event that bombs greater than 10 KT a;re calculated to remain
materially below 40,000 £t msl (say 30,000 to 35,000 £t msl) then the
inténsity on elipses A and B should be increased by one third of the
values shown in the above tabulations.

C. Discussion of the Forecast Fall-out Reconétructions in

This Rapért. _

A study of the reconstructions found on fhe transparanciss
(Figures 14, etec.) 'indicates that the forecast fall-out pictures
genera.:.l.ly cover nfore area than the actual fall-out and the recon-
struction does not follow the actual fall-out in detail, This is done
purposely because the author feels that amy attempt at refining the
forecast fall-out is unjustified. It is amazing enough that despite
the simplifying assumptions used (simple Stokes' Law, no vertical

" components to the winds, assumptions as to particle size, weight and

shape, neglect of molecular and eddie diffusion, etc.) the fall-out
occurs in the general area of the forecast reconstruction. It is
v’oelieved that the fall-out reconstruction based upon the E-3 hour winds
will indicate which half or quarter of a given quadrant will be subjact
to contamination. The reconstructions show that onme is able to deter-
nine quite well Just how far the contamination from a given bomb will
reach during the first 10 hours. There is no doubt that if the reader
is interested he can develop his own einpirical formulas and prepare
fall-out reconstructions that f£it the actual fall-out more closely.
However, such close fits are not justified in view of the many errors
inherent in this process., The problem is not one of "hindcasting®
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accurately (which anyone can do) what is mors pertinent is to "forecast"

the fall-out properly. There is no reason to expect a detailed close-
£it reconstruction based on past analysis will fit the fall-out picture
of a future atomic explosion., It should be noted that in all cases, the
radex plot based on the H-3 hour winds delineate the general fall-out
area accurately outside of the 1mﬁediate guonery range at NPG, Perhaps
this fact may be useful in predicting general area fall-out in future
tests.

IX. RECOMMENDATIONS |

The following recommendations are made based upon the analysis of
the TUMBLER/SNAFPER (R) and UPSHOT/KNOTHOLE (R) tower shota:

A, Radiological Operations during future atomic tests in the domes~
tic test site should utilize both aircraft and ground monitoring te
delineate the general fall-out area from contaminating tower shots.

The air readings alone or the ground readings alone do not indicate the
fall-out area adequately.

B. If the tower heights at NPG are increased to 500 ft or higher,
there will be significant reduction in contaminating fall-out.

| C. If the target area is well stabilized by cement or other
permanent means the radiocactive fall-out will be reduced materially.
However, such permanently stabilized area must be large in size, As a
winimm, a circular area of 1000 ft diameter is'required to cause an
appreciable reduction in fall-out. It is preferred that a circular area

‘with a diameter of two miles be permanently stabilized in order to make
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sure that contaminating fall-out will be decreased significantly.

Simple stabilization of the soil within the target area by oil or
water will not reduce contamination.

D. The fall-out downwind from megaton bombs shculd be studied.
From a study of this report it appears that surface bu;st bombs in the
yield range of megatons may produce lethal concentrations of residual
radioactive fall-out 30 to 50 miles downwind. Since this would have
important military arnd civil deferse implications, the fall-out downwind

during the next Paciflc Test Operations should be checked.
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TABLE I .
PERCENTAGE RADIOACTIVE FALL-OUT WITHIN 200 MILES OF GROUND ZERO
PERCENTAGE FALL-OUT
CALCULAT- FROM
_BURST ED MAXIMUM FROM  CLOUD
HEIGHT FIKEBALL  DOSE RATE . CLOUD MUSH- P,
TEST ABOVE DIAMETERS AT GROUND MAXIMUM STEM  ROOM ;' g
OPERA-~ SHOT SHOT ~ YIELD TERRAIN (a;)f;p,o ZERO AT DOSE RATE (P ) (P, s
TION NO.  NAME SHOT DATE IN KT (d) (1) SH+) HOURS DOWNWIND  ° TOTAL , %
. . : ' £t ~ ‘ i
T/ 1 ABLE 1 4pr 52 1,06 793 188 1,0r/hr 0,00ir/he  ooe  eee # 1% oo T
1/ 2 BAKER 15 Apr 52 1,15 1109 193 1.2 0,07 e S
/5 3 - CHARLIE 22 ipr 52 30 3447 572 0.1 0.02 e’ ome W .-.--s
T/5 4 DG 1 May 52 19.6 . 1040 497 550%% 0.015 T N
/5 5  EASY 7 May 52 11,8 300 420 3000 2 S 7 S i
T/5 6 ~FOX .25 May 52 134 300 415 3000 6 e eee 17 -——i
T/ 7 GEORGE 1 Jun 52 13.8 300 442 3000 6 cee  ee= 13,5 ---!
/5 8  How 5 Jun 52 14 300 445 2000 1.5 c——  ee= 7,6 ---‘
u/K 1 ANNIE 17 Mar 53 17 300 474 > 4000 2,5 21,4% 3,28 24,68 0,15
u/K 2 - NANCY 2, Mar 53 26 300 545 3000 45 10 3.1 13.1 0,31
u/K 3 RUTH 31 Mar 53 0.3 300 123 >10  0.003 cee eee %1% e A
U/K 4L DIXIE 6 Apr 53 1 6150 410 0.1 0.001 - mee W ---’ :
u/K 5  RaY 11 apr 53 0.3 100 123 2 to 20 0.03 cem  e-e BUSE -G
u/K 6  BADGER 18 Apr 53 26 300 545 3000 2.5 15.5 4.5  20% o.zf’:‘:’g
u/K 7  SIMON 25 4pr 53 50 300 678 - .6 15.4 5 20.4 0.35"
u/K 8  ENCORE 7 May 53 26 2420 545 0.15 . 0,01 L © TR
u/K 9 '  HARRY 19 May 53 N 300 578 - s 12.6 5.3 17.9 0,98
u/K 11  CLIMAX 4 Jun 53 65. 1334 740 - 0.1 e eee *1E ee-
- # Bstimated to be less than 1% {nol measursd data)
#% High Neutron Flux from this Device

—
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TABLE II

UNCLASSIFENDP  SeumummY 0"

RATE OF GROWTH OF ATOMIC CLOUDS

UPSHOT/KNOTHOLE - Annie

UPSHOT/KNOTHOLE - Nancy

UPSHOT/KNOTHOLE - Badger
. , UPSHOT/KNOTHOLE - Siaon

UPSHOT/ENOTHOLE - Harry

_OF CR

Where Z4, Xg and A4

are the length, width and cross-

sectional area of the stem, and 2,
Igs and Ay are the same parameters
for the mushroom and % is time after
detonation in hours.

STEM GROATH

10 Z,t
7 Igt
150 Ast

7 Zgt
2 Xgt
€0 Agt

6 Zgt
2 Igt
12 Agt

3.3 zﬂt
1.7 Xgt
31 Agt

10 Zgt
5 Xt
38 Agt

o

SHROOM GROWT:

30 Zgt
1.5 Igt
42‘ ‘nt

6 gt
105 xlt
50 Agt

4 2%
1.3 Iat
40 Agt
6 Zat

2.2 Xpt
83 Agt

11 Zyt
5 Xpt
26 Agt
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