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NOTICE

Thus report 18 published in the interest of providing information which may prove of
value to the reader in his study of effectsdaia derived principally from nuclear weapons

tesis.

This document is based on information available at the ume of preparation which
may nave subsequently been expanded anc re-evaluated. Also, in preparing this report
for publication, some classified material may have been removed. Users are cautioned

to avoid :nterpretations
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ABSTHACT

The radiocactive fall-out from towsr shots of TUMBLER/SNAPPER (R)
and UPSHOT/ENOTHCLE (R) Test Operations has been plotted in detail
utilizing the radiological monitoring logs of the ground and air
monitors. The report brings out the following points:

a. There is no excessive radiocactive fa.ll-_out from an
atomic bomb if the fireball does not touch the ground. (This refers
to the maximumm fireball radius.)

b, It 1s possible to detonate the following type of shots
regardless of weathsr conditions (other than rain) without producing

excessive radiocactive contamination: 3 KT bexzb exploded from &

300 £t tower, 8 XT Zrom 400 f£t, 18 XT from 500 ft, 45 KT from 7CO f%,

100 KT from 1000 f£t, and 200 KT from 1300 £%. In this discussion ozly
the residval radioactivse contaminatior i3 corsidered and no acocunt 1s
taken of the blaat ard thermal damage parameters,

e It is possible to delinecate the general fall-out area
adequately using a sizple Stokes' law analysis of the winds and assu=ing
that the particle size variss from 150 aicrens to 75 aicrens, and the
average density of the particles is 2.5 grama per cubic centinater, 5

_ d. The radex based on tha actual wind observations made |
three hours pricr to shot tine indicates the general fall-out arsa ade-
quately. It is suggested that the decision to Zire a contazinading tower

shot (i.e, where the zaximum fireball redius is equal to or greater than
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The fall-out from TUMBLER/SNAPPER (Restricted) and UPSHOT/KNOTHOLE
(Restricted) Test Operations is examined i{a some detail in this report.
The radiocactive contamination resulting from the towsr shots of the
above two test operations is plotted pictorially (see Figures 1 through
9), Both the air and ground radiological zcnitoring data contained in
the Radiological Safety Reports of the test operatiocns have been
utilized (1,2).

II. RADIQACTIVE FALL-GUT DUE TO SAND AND SOIL DEBRIS FROM TOWER SHOTS
OF TUMBLER/3NAPPER (R) AND UPSHOT/KNCTHOLR (R) TBST OPERATIONS
A, Badieactive Fall-out as a Function of Yield and Height eof
Detonation Above Ground
During high air drops of nominal baxzbs thare is practically no
sten formed to the atomlc cloud. As the height of detonation is de-
creaged, or the yield of the bomb is increased, a stem is formed which
ﬁay or may not reach the rapidly rising mushroom. As the height of a
bomb 1s reduced still further there appears a definite stem to the cloud
which is continusus with the mushroom. However, no extensive fall-out
_occurs within immediate area of the test site unless the height of
detonation 1s se low that the fireball touches the ground. An inapec-
tion of Table I brings out the fact that unless the maximum fireball
RAPIWKS
i3 greater than the height of burst there is practically no
radieactive fall-eut within 200 miles of zround zere (fall-out being
less than 1%). During the two test operations this factor was verified

in & sufficient number of cases so that it is possible to put considerabls
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Accuracy of Data Collected by Aircraft
In the past there has been considerable criticism 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 csreful study of the airplane
data shows that it is not possible to obtain accurate indication of the
contamination on the ground if the contam‘nated area is less than five
square miles, However, for large area contamination, the airplane data
is useful, This means that there need not be any extreme acsuracy re-
quired in the navigation of aircraft, since errors of ome or two ailes
could be tolerated., In some instances the airplans data is more useful
than the ground data in delineating the overall radiocactive fall-out
plcture, This wvas demonstrated semewhat iramatically during the first
shot cf U/K Test Operation. During this particular test, St. George,
Ttah received an infinity maxi{mm dose of 0.5 roentgens in the center
of the city (see Pigure 5). BHowsver, the airplane reading indicated
that the contamination at St. George was 3.3 roentgens, This was quite
disconcerting at the tims., It developed later that just at the northern
outakirts of the city there was a amall radiocactive zons of & roentgens
and further north there was a five mile wide layer with an average infin-
ity dose of 3 roentgens. What the airplane had dene was to average the
total and give a 3.3 reentgen reading becauses it was flying at an alti-
tude of 500 ft, and therefore the instrument in the plane ceuld "see® a
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monitors. If two or three aircraft and approximtél} ‘one dozen

traired persomnel are devotaed solely to radiation monitoring dutles

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

A complete fall-out map could be prepared frgm ths air readings where .
the contamination is given in relative urits. Then all that 13. required
is a few ground readings tc change the relative readings of the fall-cut
map to gamma roentgen dose values. If this suggestion is accepted, it
should be kept in mind that air readings should not be utilized to deter-
mine the contamination of such small aress as ground zero etc., sicce it
is futile to attempt to pip point the cortamination of a given small area
from an airplane, Zxperience also indicates that although the conductiva
ity meter used in an airplane is very sersitive to contamipnation in the
air, the normal radiological gamma indicating instruments (MX-5 and T1E)
are relatively insensitive to such contamination. If conductivity meters
are used, the aerial survey must be made 2/ hours after shot time to be
sure that the air is cleared of all radicactive fall-out (within 200
miles of ground zero). If MX-5 or T1B instruments are used the aerial
survey could start two or three hcurs after shot time., The flight
pattern will be governed by the radex plot to keep the airplame out of
the path of the fall-out. Historically there is oaly onme incident in
which the M{-5 or T1B instruments carried in the aircraft became contam-
inated during T/S or 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 first shot of U/K (Annie) the radex plot showed a very

narrow path of fall-cut, and it was indi:ated that the aircraft could

UNCLASSIFIED
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of such large particles (70 to 150 microns), it is possible to prepare

a simple wind vector plot indicating where the fall-out will touch the
ground from a given point in the atomic zloud., 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 sxtensivaly by this writer to obtain a lot of indirect

. information., There ia same indication that soil particle size decreases
with altitude in the cloud. It should be clearly understocod that the
particle sizes indicated above refer to the median soil particle diax-
eter, and that the soil particle size spectrum is wide. The fall-out

at a given spot may have come from different levels of the cloud, thus
further increasing the spread of the size spectrum., The density of
particles at NPG average arcund 2.5 gm/cm’, but certainly not all the
particles would have the same density nor are they all apherical in
shape and this also increases the particle size distribution, Strangely
enough, during the domestic test operations it was observed that many
particles in the size range of only several microns in diameter fsll cut
within a few hours after bomb burst. According to Stokes! law (even
when corrected for the Cunningham slip factor and for the variatiem of
air viscosity with temperature) it would take a 5 micron particle several
mon:hs to reach the ground from 40,000 £t. The explanation is to be
7tound in the fact that a large quantity of soil is sucked up into the
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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static Precipitators, etc., ylelds particle size distributions that may

have no relation to feality, being artifacts introduced by the sampliné
rate, the sampling method, the counting technique employed, etc. 3ven
mechanical soil analysis of the NPC area produces conflicting results,
The median soil particles diameter eppears to be a very strong rgnction
of the method employed to measure particle sizes. The reader should be
cautioned that in this section only the particle size of the 30il debris
1s discussed and ne statements are made concerning the particle size
distribution of the cloud aerosol itself exclusive of the soil that is
sucked up into the cloud during near surface explosions.

D. Identifying Fall-out from the Stem and “ushroom of the Atomie

Cloud
A study of Figures 6 through 9 of this report indicates that

there is a minimum radioactive fall-out area which is presumed to have
come from the area betwsen the base of the mushroom and the top of the
stem of the atomic cloud. The minimal radiocactive zoce between the stem
and the mushroom has some reality in ooservation. Durirg the tower
shots of T/S and U/K Test Operations -ne slear sky showed through inm
this portion of the atomic cloud after 10 to 15 minutes from time of
detonation. For some unexplained reason the formerly éontinuous stem
and mushroem appear to separate after 10 to 15 minutes. The reader may
have seen movies of air drops where the stem is seen to be discontimous
with the mushroem 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 zushroom are contin-
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of the fall-out comes from the stem, The information availabls from the
fall-cut of T/S tower shots is not sufficiently detailed for this type
of apalysis, but it appears that for lesser KT tower shots (10 KT) the
s0il in the stem remains relatively inactiv:, and most of the fall-eut
comes from the sand mixed in with the mustrecm of the cleud. Therefore
for T/S Test Operation the Pp/Pg rat’s may be 2 or 3. If the ratiec of
Py/Pg continues to decrease with decreasing scaled height then fer a
surface shot a large percentage of the activity will be in the s0il
within the stem rather than the seil in the mushroom. Attentlon is
invited to the relative constancy of the Py/P, ratio for U/K tower
shots. This type of constancy tends to increase ene's confidence in
the fall-eut picture indicated in this report and in the air readings
wtilized to delineats the centaminated area. During T/S tower shots
approximately 15% of the total residual activity of the beab fell out
wvithin six hours over an area ef 5000 te 10,000‘ square miles, 5% ceming
from the stem and 10% from the mushroom. During the tower shots of U/K
the average percentags fall-eut appears to be 0%, 15% coming from the
stem, 5% from the mushroem. Ascerding to Reference #9, 50% of the
total astivity of Trinity wvas deposited Limmediately dosnwind (23 XT,
shot froa a 200 ft tever). However, it is not clear how complete the
study ef fall-out was during the Trinity explosion. There is se.u
svidence that altheugh an attempt was made to delineate the fall-eut
quite accurately some years after the Trinity explosion, the fall-out
pattern was not studied in too great a detail on the day of the shot

or soon thereafter, .
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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 maxiomm
fall-out from J-U is 10 miles NNE of the ground zero. A Stokes' law
analysis of the J-S recondary maximum indicates that according to the
vertical wind distributien pattern, this sscondary fall-out came from
the upper pertion of the cloud. Since the fall-out froem J-S and J-U
shots covered ene to two thousand square miles, and because only eight
to 10 square miles were examined during fall-gut 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 mea-
sured, The Air Force Speclal Weapons Center also surveyed the J-S and
J-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
mst be checked Wdth several ground readings before they could be can-
sidered reliable, Also, it appears that as the yield of the bomb
decreases, the apparent percentage fall-out increases. As a matter of
fact for U/K, shot Ray (100 £t tower, 0.3} KT bomb) the percentage fall-
out appeared to ba in excess of 40%. This value was not entered in the
tables since it 1s not considered reliable, Bowever, it does indicate
that when the actual fall-out is amall (because the bemb yield is amall)
there is a tendency to overestimate the percentage fall-eut, If the
boab yield is large, a large area is contaminated and the intensity is
high and readily measurable, Under such circumstances samplirg is

sdequate and the averaging process used in determining percentage fall-out
50017238 UNCLASS'HED
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coated with fission products. If it is presumed 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 tons of sand and scil debris were sucked up by
each U/K tower shot. If this‘vieu 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 towsr shots. The surprising thing is that even whem
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 lifted up from the area of ground zero. Actually
one inch of soil from an area of approxizataly two squafo niles would
account for the total mass of soll debris sucked up in the atomis cloud.
It may be possible to reduce the fall-out from lov scaled height detona-
tions by stabilizing the soil in the tarzet area. Bowever, it may be
necessary to stabilize permarently one t> five uquare miles of the targst
area in order to prevent a significant amount of so0il from being mixed
up with the aiem and mushroom of the atomic cloud., It is recommsnded
that within a circular area ofrapproxinately one nile radius the target
area be firmly stabilized by cement or other means of permanent stabili-
zatien. It is believed that if a 10 XT bomb is detonated from a 300 ft
tower over such a large stabilized area, the amount of soil sucked up
;nto the cloud would be reduced materially, thus reducing subsequent
fall-out significantly. BHowever, if it is izxpractical to permanently
stabilize such a large area, then it is suggested that even if a circular
area with a radius of 500 £t is permanently stabilized by cement or

other permanent methods, there may still be considerable reductien in
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found in ger!ances #3 and #, indicates lu!at the ra.déxes prepared

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

general fall-ocut arsa adequatsely. In Figures 1 through 9 the radex
plots based on the H-3 and H-4 hoqr actual winds are superimposed on
thé actual fall-out area, A study of these figures shows clearly thsat
radex plots based on the actual winds near shot time delineate the fall-
out area adequately. The area of maximum intensity of fall-out could
be located by this method within an average angular displacement of
plus or minus five degrees, The angular displacement of the center of
the maxirmm fall-out area does not show a displacement greatér than 15
degrees. Considering that the vinds are four hours old in these radex
plots, it become=s 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 assumptions are valid for 70 to
150 micron particles, which are the main cause of the radiocactive con-
tamination within 200 miles of the domestic 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 forscast that 10 to 15 KT
bombs detonated from 300 ft towsrs would produce 5 to 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

r -
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Q.

1 roentgen
Nevada Highway 55 - (betwesn (Dendale and Caliente) -
1 to 5 roentgens
Alamo - 0.5 roentgen
Glendale - On edge br 0.5 roentgen line
Forecast at B-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 eity.
Carp -3.5 roentgens
3.5, Bighway 93 - 5 roentgens as a mayimm on a 5 mile
strip, 1 roentgen on 20 mile strip of the bighway between
Glendale 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, Rancy, 26 KT, from a 300 £t tower at 0510 PST,

24 March 1953

s,

Jorecast at 2000 _hours on D-1 day.

Groom Mine - 3 roentgens
Lincoln Mine - 1.5 roertgens

Alano - 8 roentgens

UNCLASSIFIED
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Ploche - No contamination
’ Warnm Springs - 0.13 roentgen
4 Carrant - Fo contamination
Ry - 0.1 roentgen
U.S. Bighway 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

et | a. JForecast
3 . Shoot thig bomb at anytine regardless of the wirds. The

contamination on the ground would not exceed 15 mr/hr
‘at any point. Since the fireball will not touch the
ggound, no contamination is forecast

b, Shot delayed because of possible rain om Salt lake City,
Ttah., It wvas feared that %16 rain may bring down
measurable azcunts of radiocactivity (several mr/hr)

and thus precipitate an acute public relations problem,

Mo,

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

was no extensive fall-out, as forecast.
Iv FORECASTS OF RADIOACTIVE FALL-OUT COWNWIND FRCM MECATCN YIZLD BCMBS
| A. PForecast of IVY (R) MIZE Fall-out
Practically no information exists of the actual fall-sut down-

wvind in the Pacific Test Site. since it 1s 4ifficult and very expénsive

to determine the fall-out pattern over a 53Jy ofwater utilizing buoys,
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in this discussion, it has been assumed that 15% of the
total residual activity of the IVY (3) MIKZ detonation was zepcsited
downwind within 30 to 50 miles of ground zero in a period of six hours.
It {s also belisved that approximately 35% of IVY (R) MIKZ fell out
within 12 hours, and at the end of two days 50 to 75% fell out. If
this analysis is correct then a large per:zentage of the residual activi-
ty was deposited in the Pacific Ocean within 500 to 700 miles of ground
goro. It should be notad that this analysis is primarily based upon
scaling factors obtained rrom-ﬁ/x towver shots. It may be that the
extreme heights reached by the IVY (R) MIKE Cloud may reduce the down-
wind fall-cut by as much as a factor of 10 over that indicated above.
B. IEntrapzment of Fission Products by'Soil Debris and Water from
Magaton Bombs in the Pacific
It is essumed that approximately 1,000,000 tons of soil were
coated with fission products and suckec into the stem and mushroom of
the IVY (R) MIKE cloud. If the ratio of inactive soil to active soii
1s 100 to 1 then approximately one huncred 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 b2 noted éiat
thig\statement is substantiated by the fact that the Cascade Impaétcrs
indicated a zass median diameter of 1 to 5 micron sized particles when
the fall-out time indicated that particles of from 150 to 75 microns
were falling during TUMBLZR/SNAPPER (R) and UPSHOT/ENOTHOLE (R) tower

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

29
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Raference 1s nade to Figure 10 which indi:zates the fall-out from thg
four towsr shots of TUMBLZIA/SNAPPER (R) and five large tower shots of
UPSHOT/XCGIOTHCLE (R). In this composite plot only the fall-cut down to
one roentzen infinity dose line is indicated. There is evi&ence that in
some areas four shots were supsrizpossd. Ia other areas only two or
three shols were superimposed, With the inZormation avallable in this
report it would be possible to dester=mins the amount of fissioﬁ products
that have fallen in a givan area of Nevada and Ttah from the NPG Test
Operations within 2C0 miles of the Test Site, A close study of Figure 10
shows that in the Hliko-Alamo fertile va;ley (population 1200) the follow-
ing three shots vere suparimposed: U/K, irnie, ﬁarry and Stmon, Cer-
talnly the concentration of fission products in such areas i3 hizh
enough to study the plant and animal uptake of radioisotopes in a
practical basis, Ths Figures in this report indicate radicactive fall-
out using isodose lines in roentgens. AThe dosage indicated would be

received when exposure time is considered infinite, The relation between

5001298 2 UNCLASSIFIED
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Stmada,

the fact that 5, 10, 15 and 20 roentgen inlinity dose fall-out areas

are shown in the Figures, it appears that {a some farming areas the
Stroatium 90 concentration may be as high as 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 be higher., However,

it is more significant to note that the areas unere there is appreclabls
concentration of Strontium 90 are relatively large. These areas range
from 1000 to 5000 square miles for each shot, For greater details cone
sult tha figures and the information contained in Table I, It seems
apparent to the writer that the immadiate area of the Test Site and the
farming communities in the periphery of the test site (within 150 miles)
may be examined profitably to detsrmine the uptake of f£isslon 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 inm or-
der to determine the world wide contaminat:ion pattern.or even the percen-
tage fall-out of residual activity in the Tnited States relatively large
punber of sampling stations must be utilized, As indicated in Paragraph
II, F above, when th2 fall-out covers a lar-ge area and if the intensity
of the readings are low, there is a tendency to overestimate the parcen-
tage fall-out. This is even more so in the case whern rain brings down
activity. If such readings are averaged ovar large areas by the use of

planimeters, the percentsge fall-out may b2 highly exaggerated.
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radicactivity vill be dopoj!od on or near the target, If many 2 KT

bazbs are used in s given campaign for area bombardment, rain scavenging
mst be taken into consideration from the military and civilian defense
point of viev within the general battle area,
VIZ. ACCURACY OF THE ZALL-OUT PLOTS SHOWN IN FIGURES 1 THROUGH 9
Figures 1 through 4 indicate the fall-ocut from the last four
shots of TUMBLER/SNAPPER (R). It is believed that Mgures 1 and 3 indi-
cate the fall-out quite accurately, but Figures 2 and 4 are not as
accurate. PFiguce 2 shows the fall-out from Shot No. 6 of TUMBLER/SNAPPER
(R). During this ahot the aircraft became contaminated, hence most of
the air readings were unusable, Figure , shows the fall-ocut from Shot
No. 8 of TUMBLER/SNAPPER (R). Since the radicactive contamination fell
in areas wvhere there are no usabls roads, there is practically no infor-
mation from the ground radioclogical monitoring teams. This means that
the fall-out plot is based practically completely on air readings ex-
trapolated to the ground. It should be noted that the percentage fall-
out .rom this shot is well bolo;i the average for this series indicating
that if only air readings are used the percentage fall-out is underesti-
mated (see Table I for details). Figures 5 through 9 represent the
falleout from the largs tower shots of UPSHOT/KNOTHOLE (R). Figure §
represents 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-ocut within the gunnery range itself is open
to question because it is dependent upon air readings only and no ground

checks have been made, It is presumed that the fall-out isodose lines
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to dosage cutside has never been determined accurately., Also, leeching

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

as & point of standard referencs, For example, if the infinity dose is
divided by five the dose rate at Bsl hours is obtained, Ailso, the

fission product concentration within a given isodose lins can be deter-—
mined by a very simple relation as indicated in Paragraph V above,
VIII. AN EMPIRICAL METHOD .OF FORECASTING THE INTENSITY AND LOCATION

OF RADICACTIVE FALL-OUT AREAS.

4, The General Msthod Exployed

Intensity of radicactive fall-eut is a functien of bomb yleld,

fall-cut area and the amount and efficiency of ths scavenging agent
(such as soil, water, smow, etc). Since the particle siss distributien
of the soil within the cloud is not known accurately the area covered
by the fall-out cannot be determined quantitatively. Bow'nr,' after
analyzing the fall-out frem the TUMBLER/SRAPPER (R) and UPSHOT/XNOTEOLE
(R) Test Operations, it is possible to predict just how far out the con-
tamipating fall-out will extend frea a given shot. This gives the general
length of the contaminating area, but unless the density and particle
size spectrum within cveryilmr of the cleud is knewn accwrately there
is ne way of deteraining the width of the contaminating area. BHence an
expirical method mst be eapleyed based on a study of the fall-ocut
plots shown in Figures 1 through 9. There is some indication that the
width of the fall-cut area from the lower stem 1s more or less indepen-

dent of meteorology, however it appears that the intensity of the fall-out
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is reduced) the soil in the stem becomes mors active, thus producing

heavy contamination immediately downwind. The total percentage fall-
out increases with yisld (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-out picture and who only chooses
to utilize ground readings, the fall-out problem must appear even more
complex than it really is. As a matter of fact, recently a set of
empirical relations has been develeped on fall-out from tower shots
utiliiing only the ground readings from U/K Test Operatien. The air
readings were not utilized out of impatience or lack of knowledge on
how to use them. The T/S Test Cperation data were not used because
they were more difficult to reduce, since most of the fall-out during
T/S Test Operations fortunately occurred North and Northeast of the
Test Site where there are very few good rvads and very little popula=-
tion. Sure enough a set of relations wers developed whish indicated
intensity of fall-out to be independent of yield. Hers is a good
exampls 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 exp.oded at 300 £t is 100 microns if the maximum cloud height does
not reach beyond 35,CCO ft msl, The maximum cloud height is a function
of the yisld, the height of the tropepauss, the lapse rate of the atmos-

phere and the speed of the horizontal wirnds. A nominal bomb cloud will
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axis; and if the wind shear is greater than 120° then

the fall-eut area from the mushroom is circular, This
ellipse would be centered at a point 7500 ft below the
top of the mushroom, and it will be referre«. to as
Rllipse A. Within Rllipse A draw a second elliptical
ares and oall this Rllipse B. The major axis of Ellipse
B is 1/2 the major axis of Xllipse i, and the ratios of

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

Fall-out From Stem

Draw an elliptical area from ground sgero to a point
representing 25,000 ft msl level on the wind vector
plot. The minor axis is 1/, the major axis. This rec-
tapgular or elliptical area is called Ellipse C, Within
Ellipse C draw Ellipse D starting from ground zero to

& point representing the 20,000 ft msl level on the

wind vector plet with minor axis 1// major axis.

Similarly draw Ellipse E from grourd zero to 15,000

ft msl level.

Fall-out Connecting Stem and Mushroom Areas,

The fall-out ouEsido of the stem and mushroom areas
cannot be drawn by any specified methods., However, the
general fall-out from ground zero sut to 150 miles
appears to cover a pie-shaped area with an apex angle
of 15 to 30°, It is recommended that this procedurs

be following in the construction of the fcrecast fall-out

-~
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accurately (which anyone can do) what is nore pertinenmt is to "forecast"

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

IX. RECOMMENDATIONS 4

The following reccmmendations are made based upon the analysis of
the TUMBLER/SNAPPER (R) and UPSHOT/RNOTIOLE (R) tower shots:

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

The air readings alone or the ground readings alons 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 radlocactive fall-out will be reduced materially.
However, such permarently stabilized arsa must be large in size. As a
minimm, a circular area of 1000 ft diasseter is required to cause an
appreciable reduction in fall-out. It is preferred that a circular area

with a diameter of two miles be permanerntly stabilized in order to make

560501 | UNCLASSIHED
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TEST

OPERA~ SHOT  SHOT

TION

T/S
T/S
T/S
T/S
T/S
T/S
T/S
T/S

U/K
u/K
u/K
v/K
u/K

u/K .

u/K
u/K
u/K

u/K

% Estimated to be less than 1% (not measured data)

"o

NO,  NAME
 ABLB

DOG
EASY
FoX
GEORGE
HOW

B ONEWN

ANNIE
NANCY
RUTH
DIXIE
RAY
BADGER
SINON
ENCORE

_ MARRY

Vol WA I, SV PR Wip S o

11 CLIMAX

SHOT DATE

1 Apr 52

1 May
7 May
25 May
1 Jun
5 Jun

17 Mar
2, Mar
31 Mar
6 dpr
11 Apr
18 Apr
25 bpr
7 May
19 May

4 Jun

BAKER 15 Apr 52
CHARLIE 22 dpr 52

52
52
52
52
52

53
53
53
53
53
53
53
53
53

53

YIELD
IN KT

1.06
1,15

30
19,6
11.8
11.4
13.8
14

17
26
0.3
11
0.3
26
50
26
31

65

High Neutron Flux from this Device

TABLE 1

BUNST
HEIGHT
ABOVE
TERRAIN
(d)

793
1109
ETVN |
1040

300

300

300

300

300
300
300
6150
100
300
300
2420
300

1334

CALCULAT-
ED MAXIMUY
FIKEBALL DOSE RATE
tﬁ?uiguv AT GROUND
d%9 ZERO AT
0?45 401 Hours
(re)
188 1.0r/hr
193 1,2
572 0.1
497 550un
420 3000
415 3000
L42 >3000
445 2000
474 > 4000
545 3000
123 >10
410 0.1
123 2 to 20
545 3000
678 -
545 0.15 -
578 ——-
740 -—-

PERCENTAGE RLDIOACTIVﬁ FALL-OUT WITHIN 200 WILES OF GROUND ZERO

PERCENTAGE FALL-OUT

FROM
FROM  CLOUD |
CLOUD MUSH=- P

MAXIMUM STEM  ROOM ;;' %
DOSE RATE (P,) (P . ‘HE
DOWNWIND  ° TOTAL ’
0.00lr/hr <= === -
0.07 .. am-
0.02 ——— e
0.015 . mmm
2 -— Py,
6 ——— ee
6 S,
1.5 c—m e
2.5 21,48 3.24
4.5 10 3.1
0.003 .. --
0.001 c—— —e-
0.03 SPR
2.5 15.5 4.5

L6 15.4 5
0.01 —— -m-
5 12.6 5.3
0.1 . e

TSSOV IONT
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FIGURE 1A
TUMBLER SNAPPER
SHOT EASY ;
RECONSTRUCTION BASED ow!
MH-3 HOUR WINDS (IN ACCORD!
ANCE WITH PAR IIT OF THIS
REPORT)

L= e m————————
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o FIGURE 6B
o UPSHOT KNOTHOLE
- TEST OPERATION
buos SHOT — NANCY
3 FORECAST FALL-OUT PLOT
MADE AT H-8 HOURS
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" FIGURE 8A
U/K TEST OPERATION
SHOT SIMON

RECONSTRUCTION 84S£D ON H-3
HOUR WINDS (#! ACCORDANCE WITH
PAR. I, THiS REFPORT)
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FIGURE 9A
U/K TEST OPERATION
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I=wLOT 1S $)O.YY BASED ON H-3 HOUR
INDS. ANOTHER VECTOR wiND PLOT
gno RECOYSTRUCTION IS SKC.7¥ BASED
N H-HOUR WiNDS. (I ACCORDANCE

SHOT HARRY
ECONSTRUCTION ONE VECTOR WIND

TH PAR IO, THIS REPORT)
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FIGURE 10

' COMPOSITE FALL-OUT PLOT
OF TUMBLER/SNAPPER AND
UPSHOT/KNOTHOLE
TEST OPERATIONS
THE FALL-OUT WITHV ONE ROENTGEN
ISODOSE LINE IS SHOWN FOR THE FOLLOWING
Tt | swors
T/5-EASY, FOX, GEORGE ANO HARRY SHOTS
%-ramg; NANCY, BADGER, SIMON AND HARRY
S,
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