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SUBJECT: Falleout from TUJBLEL/SRAPPER Tower Shots
Dear Dr, Falts

Referance 1s made to your letter, subject: "Falleout lodel®, dated 7 July
1952 (Refereace # J-12686) in which you deccribed your method of determining
recioective felleout, I have prepzred the fall-out plots for the lsst four shois
of TUJBLIE/G:APPER Test Oporations, all of which were toxer shots, These falleout
plots sre inclosed, They are based on ths datas contained in THASLIR/SNLPPIR Radioe
logical Sefety Report which is due to be published in the midile of Februxry 1953,
Actuclly the curves drawn represeat the fallecut quite sccuretely, 4&pproxizately
twelve aoblle ground tesas collected cata on the ground end two air plsnes, These
alrplenes were so well instrusented that it wes pocsible to extrapolste from the
air resdings to reasdings on ths ground with a high degree of accuracy., This ine
dicates that it is possible to obtain qusntitstive data using eirplanes, The
deneity of resdings ers spproxizately 4 readinge in a square of 15 niles on each
side for the sircraft resdings,

The airplene datg was used to pick up the maxima of fellecut, In every case
the mexima occurred whers the rarticle s{zes cane out to be between 100 to 150
nicrons using Stokee Law fell-out., I believe that this 18 & rezsrkable confirma-
tion of the fact thaut in the sreas betwesen 10 miles froa ground sero and 200 alles
from ground zero, Etokee Law relstion applies quite well for the fall-out froa
{orer ehots, As a matter of fact in shot no, 5 (see Figure 1), Stokes Law shows
thct the felleout particles at Ely, Nevade were in ths size renge of froa 50 to
100 sicrona, The Cascade Impactor Nata from Schulte's unit indicetez that the
falleout at Ely at this tine was 70 microne, and it is this type of confirmation
that incresszes our confidence in the nethod, :

Fhen a stuldy is made of the inclosed four Figures it is at first difficult to
understand why the total falleout varies as much as it does froa one ehot to the
othor in view of the fact that the ylelse of all four shots were about the ssae

(1047 ET to0 14 KT) and they were all 300 ft, tower shots, The only explanstion of
x' LCAOP;'MS sust 1ie in the asteorclogicsl variasble, since it ®as only the weather that
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showe? eny difference from one phot to the other, This indicstes thaot even for

a conetant mixing frection there will be a conaiderable anount of variation in
totel fell~out area and fall-out intensity, Incidentally, you may be interezted

to note thet my cslculations indicate that from 25,000 to 75,000 tons of aand and
#0i1 debris wers mixed in with the mushroom of the etomic clouds for the TU-BLER/
SHLFPER tower shots, However, it should be noted thet this is an order of magnitude
figure only and the asctual value may be two or three tises grester than this,

1€ I vore aecked to choose tho factor which is most iaportant in deteraining
tho extent and inteneity of falleout, I would say that the maximua height reached
by the etabilized atozic cloud (5 to 10 minute 0ld cloud) is the most critical
factor, 4n inspection of Teble II (incloezod) shows that shot no, 5 reached only
34,400 £, msl and shot no, 7 reached 37,100 ft,, and the others rose to above
40,000 ft, ané Table 1II ghows that the totel falleout area was 17,000 sq, miles
for shot no, 5, 7000 for shot no, 7, and only 3800 and 4530 eq. ailes for shots
6 end 8, From 25 to 30% of the Hel hour totsl activity of the bomb waz deposited
gs fall=out within 200 miles of ground sero during shot no, 5, Approximately 8%
of total bozb activity fell-out during shot ne, 7, The falleout during shot no, &
and 6 wae 57 end 3% respcetively, It seems that the maximua height reached by the
cloud i3 a very izportant parasster end we should keep our eyes on it for a clue to
the oveniusl falleout, Actuslly this could be dono rather easily because durlng
TUUBLER/SNAFPLR Tire Planck used totrenemit this information within H¢l5 minutes by
the eimple expedient of eftting on top of ground sero et 45,000 fi., =2l in his jet
zirplane (T-33), ¥%e could have eesily anticipated the excessive fall-out of shet
00, 5 during TUMDLER/SHAFFIR had we rouslized the significance of the rdetively low
mexizua helght achieved by this shot, Of oourse, the heipght Cata must be evaluatec
with the helght of the tropopeuse &t the given time, for it seems that all stonic
bosbs above SKT tend to reasch the tropopzuse, Lt, Col, Spohn has sn explanation
of the resesa why ehot no, 5 feiled t¢ reach the tropopause, You will remexder
that the upper sir wind speeds for this shot were higher than normel (90 to 100
knots)s Col, Spohn thinks that this excessive ®ind speod incressed the rate of
pir nixing into the mushroom Bo thzt temperstiure equilibrium was reached earlier
than in the lster shots and the cloud rise was thus arrested even before the clond
reached the tropopesusc.fltbough 4% 4s true that shot no, § eloud was approxinetely
6020 ft. bslow: the sverage beight schieved by the other clouds, I don't bellevs
thet thiz can sxplein coapletely the excessive fallecut during shot no. 5 s8 coa-
pered to the relatively smeller fall-out of shots 6, 7 and 8, For az I xentioned
sbove, approximately 25% of H+l hour total bomb activity was deposited on the
ground for ehot no, 5, but only 3% for shot 6, and 8% for shot 7 and 5% for shot
8, Wwhet I believe happened during shot no, 5 was that there sust heve been a
relatively etrong vertically doxnwsrd coaponent of wind associated nith the very
strong horizontal wind speeds, 1 have a suepicion that what we had in this case
(shot 5) was & segamcnt of the Jet stream over ground sero, Froa this exparience,
it £2y be worthwhile to keep $n mind that 10 to 20 KT or higher yleld boabs shoul
not be fired from 300 ft, towers when the wind apeeds aloft exceed 75 knots cone

sistontly,

Reforence is made to Tahle IX, It is possible to predict the relative velue
of the saxizus fall-out froa the wind spesd shear end wind direction eheer, keepl
in aind that the winé direction shear is a zore iaportant factor than wind spoed
ghear, For exaaple, for shot: no. 5, maxiaua wind speed shcar is 60 kaote

Falal, 1 JE
L‘""'—JE{U’DOI—.
¢ LARLRC

e mee W &

By,
ROPATAES  SE PO R RO ]

ey ol



oaximun wind direction shesr is 40° and the maximus falleout area infinity dose

is 21 roeatgens, (From Tebles I ani II), and for thot no, 7, maximua wind speed
shoor is 25 knots, meximum wind direction shear is 30° and the maximum fall-out
arca infinity doze is 3O rocntrens, For ghot no, 8, meximus wind speed ehear. is
120° and the maximum fell-out area infinity dose i8 6 roentgsns, For shot no, 6,
the maximua wind speed shesr ia 30 knots, the saximum wind direation shear is 180°,
end the ssximum fzll-out area infinity dose is ocly 2 roentgens, It should be
noted that the above wind data is not Hshour data, but wind information from H-hour
to He5 hours, In the case of shot no, 8, for exsmple, the wind shear increased
considerably over thut indiceted at Hehour, although the forecast for H-hour winds
wae quite accurate, Froa the data inclosed I heve developed the followlng eaperical
rules to deternine the location and interisity of the maximua falleout area snd soze
indication of the extent of the fall-out srea, It s realized thet theze relations
are Lased on dsta collected on only four tower shots, but since the tower heiphts
will remain tho seme (300 ft) ané the zolil coaposition is the szzs, there zre only
tvo varisbles, =meteorology ané boand yleld, The empfrical relutions given below
apply only to 300 ft, tovwers at KFG : '

A, The distsnce and diredtion of the fall-out maximum with refereance
to ground zero can be found by the prooess of sizmple vector sddition of winds,
Aesune Stokes law spplies where '

2
s 2007 (d5 - dy) ¢+ B) e oo w =Equation
v 9 " (1 rP) Bquat 1
¥ = velocity of fall of prrticles I air in cn/sec,
g ® seccleration of gravity
r = redius of psrticles .

assuze r = 60 alcrons within zaximum fell-out ares
dy = deanlty particles = 2,5 ga/ba’ for tower shots
¢y = density air = 0

WN; viscosity of air
T = barcaetric prassurs !
£ = a constant

tee Hurphreys! toxt (®Fhysics of the Alr" by W, J, Husphreys, Page 592) for values
of constent Eo The viscocity of the air,m , ehould not be teken as a constant,
duaphreys stirilbules the following equstiod to ¥illikan (Fhys. Rev, 12, 217, 1913):

’

T ¢ 124
where T = absolute tezperature,

xlo.vonononuommtionz

I bslleve this wveriation of viscosity with temperature should be used, or & =more
recent foraulation of the varistion ofm\ with tempersture may be used, Once the
rate of fall of 120 micron perticles is established at different heights 1a the

strosphere, the wind inforastlog mey

be ytilized to deteraine the fzll-ocut of a
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‘particle froa the ¢ zntqr of the mushroem of an atomic clowd, It vill be Assuacd

that m* 1.45 x 10™% poises at 40,000 ft, (-40°) and = 1,87 x 10 -4 poises at

wea lovel (¢ 25°c), It would not be sccorate to take the average valus of m_
since the upper air winds are noraslly stronger than the eurfsce winde, and if -
an averags value of M is used the maxisus will be further out froa ground sere .
than in the ectual fall-out case proviced the wind directions don't vary too much
with helght, It will be assuncd that the rate of f£all of & 120 micron particle 4s
120 ca/sec in the reglon of froa 40,000 ft, asl to 20,000 ft, es), and that this -

.rate of fall reduces to 100 cn/sec between 20,000 ft, and sea level, This means

that the perticle starting st 35,000 £t, msl (30 000 ft, sabove terrain) will full
15,000 ft, in first 50 ainutes and 15,000 f£t, ia the next 75 minutes before it - -
reaches the ground (assuming NPG is 5000 ft. msl), By this method it is possidle -
t0 locets the maxizua fall-out area with reference to ground zero, The aethod I
propose hero 1s essentially a fsll-out plot normelly used by most weather persoarel
with the exception that it plots the fall-out froz ons point ia the center of the
gushroom eclund and it uses one particle size wlth due regurd to the change or -

.. ¥iscosity of the alr with texperature,

B, Once the maxisum fsll-out point i3 loca.od lt can ba aaaumed s
a general rule that the 1 roentgen infinity doze line will inclose an ares of =$
azrroximately 1000 equere miles 2t H+2 1/2 hrs, This area could be teken as . =
elliptical with the msjor axis in the directicn of the upper sir winde, In tho
presence of very strong upper alr winds (75 to 100 knots) this area ray be ine
crecsed to 1500 square miles, and in the case of relstively weak upper alr Iindl
(10 to 15 knots) the area may be reduced to 500 to 750 aquare ailes, S

Co Ths maximun reading within this fall-out srea may be found by the
following relationa .

D= (30'5 2 15 "q“tm’:

where
D = Life-time intesrul dose in roentgens :
A = maxioua wind direction shear in degrees from 10,000 ft. to
. 40,000 ft. ==l '
B = maxiaum wind speed shear in knots froa 10,000 £t to AD.OOO rt.
msl N
¥ = equivalent yield of the boab in KT '

The relations given in parsgreph § above may be used to delincato the fall-
out. ares and to indicate the probsble meximua intensity in the fall-out srea, '
There is soae indirect evidence of particle size, For exazple on the elliptical
fall-out area nearest to ground sero the particle size would probebly be froa -

150 to 200 microns; at the msximua fall-out point the partiéle size would be nearly
120 microns and on the far side of the elliptical aree the fall-out particle eise

 would be batween 50 and 100 m=icrons, These figurcs are valid only for 300 f£t.

~ tower shols and at Nevada Prognziroundt. .
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An inspection of the inclosed four figures shows that the detonation of
10 to 15 KT boabs froa tower shots is marginal if Lincoln Mine personnel are not
to recelve greater than 3 to 10 roentgen life-time dose for each series of atomis
test operations, During TUMBLER/SNAPPER (Restricted) Test Operations Lincoln
¥ine personnel did not receive above 1 to 2 roentgens integrated dose, but as
the inclosed figures indicate they could very well have received a 5 to 10 r dose
during shot No, 5 if the winds aloft had been 50 knots instead of 75 knots on the
average, Similarly each of the other tover shots could have exposed Lincoln Mine
to 1 to 5 roentgen integrel doses under favorable (or rather unfavorsble) wind
directions and wind speeds, I have seen the projected UPSHOT/KNOTHOLE (Restricte
schedule where it is proposed to detonzte a number of 30 to 40 KT tower shots,

" This has me worried: There is @ relatively large probability that cae or two (or
perhaps more) of the tower shots may produce fell-out in the populated aress nort
east of NPG in excess of the 3.9 roentgens allowed to test personnel, This falle
out may produce 1ife time doses of from 10 to 50 roentgens, In viem of this it
is recormended that the Off-3ite Rad Safe Unit for UPSHOT/KNOTHOLE (R) be increa:
in size from the presently prcjscted unit of 20 to 30 personnel to a streagth of
50 to 75 personey It is disturbing to ms to hesr that the Off-Site Rad Safe Unit
for UPSHOT/KWOTHOLE (R) operation will be reduced to a scall fraction of the undd
we had at TUBLER/SNAPPER (R), and that terrain survey by eircraft will be mini-
mized, As far es I can find out here from purely hearsay it seems that monitors
will be placed only at the populated areas, The theory behind this being that
it does not matter what or how much radiosctivity falls-out in the aress betwsen
the inhabited aress, If this is the thinking for UPSKOT/KNOTROLE (R) Rad Safe
I disagree very strongly on the basis of the inclosed informsetion, If anything,
the Off-Site Unit during tower shots of UPSHOT/KNOTHOLE (R) should be increased
over that we found necessary during, TUfBLER/SKAFPER (R) Test Cperations because
during UPSHOT/KNOTHOLE (R) 4t ie proposed to detonate some bombs which will be a
leest twice the yleld of the tower shots of TUMBLER/SKAPPER (R). There is every
lilgihood that the falleout will be doubled or trebled during UPSHOT/KHOTHOLE (r
(on the basis of the present schedule of chots and on the bssis of the expected
high yields). We sllow test personnel approximstely 3r integrated dose for each
series of test operations, And we monitor personnel carefully and insist on the
taking showers in the event that we find any trace of radiozctivity on their
clothes or in their hair ete, I have indicated in this letter thet there 1s a
hich probebility that one or more of the tower shots .will subject Lincola Mine
or some other populsted area to an intezrated dose of from 10 to 50 roentgens-of
genza rays. But resenber that the 10 to 50 reentgens of gamm rays are due to
fall-out of fission products, This means that at least an equal or greater amou
of Beta-sctive radio isotopes may lodge in the clothing and hair of personnel
sxposed to falleout, Such people will not have the benefit ol monitors and will
not be forced to take showers, ete, At the end of the TULBLIR/SN&PPER (R) Test
Operations the Rad Safe Unit was advised that & nunber of cattle wlhich were
grazing 75 miles R.E, of ground zero (this is the meximum fall-out area for sho!
Fo, 5) developed beta burns on their backs, Our comment at the time was that ii
any epilation or hair discoloration hed occurred on the animsls (we didn't be-
lleve the report on bete®burns®) then the animals must have been within 5 to 6
miles of ground zero, becuase the fall-out beyond 10 miles of ground zero ¢ould
not csuse epiletion, On the basis of whet we now know, and after analysis of
all the data we are now convinced that the cattle could heve received relativel
high locelized skin doses from the fall-out since they were in areas vhers the
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geans ray integral dose was from 10 to 20 roentgens and the dose rate may have
been a8 high as 5 roentgens of gemma per hour, It is recomrended that during

the tower shots Lincoln ¥ine and Groom ¥ine personnel or people in other populated
arcas where the fell-out may occur be warned to stay indoors from Hrl hour or
uatil the Rad Safe Monitor indicates it is time for them to come out, In the event
that the fell-out misses the area completely, this procedure involves keeping
personnel indoors for 3 to 4 hours (H+1 to H+, or H+5 hours), If the fall-out is
excessive in the populsted area the people could be advised to stay indoors during
the whole day, If they do this the integral life time doce received by the popu-
lation will be decreased by at lesst a factor of two and it may be decreased as
much as a factor of 3 to 5, These figures are based on the typical fall-out which
was evidenced at Linaln Uine, Groom ine and at Ely during TU:BLTR/SNAFPER (R),
Fron these data it i1s obvious thet from 507 to 75% of the life time dose i receiw:
in the first 24 hours of fall-out eand by the simple process of going indoors the
doss rate {s reduced to one hclf of its outdoors value, What is more important,
boweyer, by going indoord personnel are not exposed to the direct fell-out of
fission products which may get lodged in the hair of the head or in eyebrows, etc,
Although evacuation of & small community like Groom Kine (7 to 12 people) may be
accomplished with relative ease, the evacuation of Lincoln Hine (215 people) is
next to impossible and certeinly the evacu:tion of & city like Lly is not at all
possible unless the ilational Gusrd ie used or some such effort of equivelent mag-
nitude is employed, I certelnly do not advocate evacuation of any comamunity on
the basis of 10 to 50 roentgen life-time dose, but that problem belongs to the AEC
Division of Biology end Medicine, I believe that if there are & sufficleat aumber
of Off-Site Honitors and they are mobile and if they have good communications witl
the C.P, the originel schedule of tower shots of UPSHOT/KNOTHCLE (R) could be
accomplished without excessive dosuge belng received by the people living in the
periphery of NPG, However, if the Off-Site Rad Sefe Unit is reduced in strength
as it is proposed to do, and what is worse, if the Off=Site Rad Safe Unit is askec
to strees the measurement of particle sizes, bete ectivity end other lsboratory
measurements, I'm afraid they would lose their mobility and their ability to deal
with the immediate and urgent probleas of Rad Safety,

It is recommended that the Off-Site Rad Safe Unit concentrate in determining
the externsl hazard, i{,e. the gamna ray dosage in the Tall-out srea as fest and
sccurately as possible, The determination of particle size, beta concentration,
specific activity of particles and related problems that was carried on by ir,
Schulte's Unit and by Dr, Larsen's Unit should be done after the Rad Safe Operati
as such have been completed or at least after the Off-Site Rad Safe Gamna Ray
Hazard has been properly evalusted throughout the fall-out szrea. I make this re-
commendation despite the fact tnat during TU.iBLIR/CRAPPER (R) Operations I took
the lead in attenpting to use &irplsnes and staff cars to rush filter papers etc.
to the C.,P. for beta mnalysis and particle size deterainations, On the basis of
the experience gained curing TUUELER/SLAFPZR and after analysls of all the data
gathered it is evident to me that no such speed was required in evaluating partic
sizes of Tall-out or the beta activity concentration, These parameters are very
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important, But they should be Gone more slowly (hence more accurately) and in
order to coaplete the long range radiological safety picture, Attempting to perfor
this type of laboratory apalysis under the urgency and stress of atoaig test oper-
ations may reduce the accurscy of the work and it does not answer any questions

of irmmedinte urgency that the gaana ray picture could not answer, T

To summarize, it seems that the first fail-out meximum that your amethod pre=

\dicts is verified by the actusl fall-out during tower shots of TUMBLIR/SNAPPER{R).

It is reconmended that more attention be paid to the meteorological perameters,
such a8 shesr etc, in your system, 4 purely mechanical systeam is proposed to locat
the first fall-out maximum point using the winds aloft and Stokes Law relation with
proper evaluation of the varistion of air viscosity with temperature, This falle
out plot would be valid only for tower shots and within the region of from 10 to
200 milea from ground zero. An empirical relktion 18 given to determine the in~
tensity of the maximum falleout based on speed and direction shears of the winds
aloft, It 1s recommended that the fall-out area from UPSHOT/KNOTHOLE (R) tower
shots be determinod with the same attention to detail and the same accuracy as it
was done during TUsBLER/SNiPPER (R), This is required since relatively high intenw
sities of fall-out are anticipated from the higher yield UPSHOT/RNOTHOLE (R) tower
shots, It 1s recommended thet the Off-Site Red Safe Unit be augmented considerably
over the relatively emall unit proposed for UPSHOT/KNCTHCLE (R) at the preseat tinme,
It i reconnended that adequate terrain survey be performed by aircraft since
TUH3LFR/SN4PPER (R) data 1ndicates that it is possible to obtain quantitative data
by this method, It is recommended that the Off-Site Unit be so trzined as to be
able to mske decisions on the spot whether or not people in populated areas should
be kept indoors during fall-out of racioactivity, Keeping personnel indoors will
reduce ‘the integral doee by a factor of two or more,

¥y unit has releaszed me for & period of 20 to 30 days for temporary duty with
the Red=Szfe Unit of UPSHOT/KNOTHOLE (R)., Uy temporary duty with the Rad Safe Unit
will stert on 5 Yarch 1953 and I will probably remain at the Test Site until the
end of the first or second shot of UPSHOT/KNOTHOLE (R), Hence I would be available
to you, or Dr, Clark or Dr, Graves in the event that any or all of you might want
further justification of the inclosed curves end tables, I beliove that there is a
bigh probability that some populeted ares in the periphery of MPG may receive froa
10 to 50 roeatgen or higher integrated gemna ray dose from the fall-out of the
proposed tower shots from UPSHOT/KKOTHCLE (R) Test CUperstions. In the event that
such a dose rate is considered excessive I would be glad to bring over supporting
data to inilcate why I believe such high doses will be received during UPSHOT/
KNOTAOLE (R), Feel free to call on me st anytime in this matter,

Sincerely yours,

’

6 Incls; N. H. LULTJILK
Figures 1 thru 4 Major, USAF
Tables I thru VII Directorate of Muclear Applications
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MEMORANDUM FOR THE CHIEF WEAPONS TEST DIVISION
SUBJECT: ARIC Paper (Major Lulejain)

Since the factors by which the dosages which Major Lulejain
has indicated may be reduced thru yield and meterological considerations,
one way to prevent the dosages reaching high (relative) values is by
"use of weather” as was done in IVY and GREENHOUSE., For example, at
times for shot time decisions, wind directional shear would be one more
factor the advisory panel to the test director must take into account.
As a member (ex) of the advisory panel for BUSTER-JANGLE and TUMBLER-
SNAPPER for RAD SAFETY this matter of a ™narrow down wind conefbeen a
factor of concern. Rather than many more ground survey personnel (if
numbers are a consideration)) waiting for desired shear conditions ¢s
the alternative which produces the results desiredy putting large numbers
of people indoors can result in a "poor public relations" if not handled
very carefully. It has been well known for sometime that certain
shots are touchier than others because of yield, near surface, etc and
even of "dud¥, These will continue to be problems in detonation with
minimum disturbance to local populations. Personally, I have used a
factor of 10 to 1 in dosages tc¢ persons indoors vs outdoors. In this
I had the concurrance of Dr. Shields Warren. I don't believe this paper
helps the Test Director only insofar as he will now wait for positive
wind directional shear. If bodies are available, he could beef up the
off-gite survey group. It should be noted, however, that this data collected
and analized by Colonel Gwynn and Major Lulejain is excellent and the
first real field data ever obtained on such a scale.

Respectfully -

R. H. MAYNARD
Captain, USN
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