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MELLHD v

Freliminarvy Description of Test A

1. Introduction

In this report a brief deseripbion of an ldealized atonic explosion
of 2G,C00 tons TNT equivalontl is given. The explosicn takes place 200 yards
above a ricid mediumy the wave motilon of the water is neclected for the
present. The effect of water vapor on the expansion and rise of the "ball of
fire" is neclected. All numerical valuves glven are hiphly tentative,

The purpose of this report is to present for orientation a tire

schedule, & set of shock pressures and radiation intensities. Jamage and

contamination problems are not discussed.
2, Description of nuclear explosion

then the enerpy from a nuclear cxplosion reaches itne ai; surrounding
the borb, thermal radiation presents tho fastest mechanism of eneryy transfer.
Thus there follows a perlod of "radiation cxpeuslon.' This period is charactere-
ized by having the air heated to a high temperaturs by radiation belore it
is set intc =wotisn by hydrodynamical sipnals from the outward-poving mnatoerial
from the cenler. The rsdiation cipansion s always diffuslve and never
approachies very clescly the velocity of lichts Yor a teoniy-thovsand-ton THP
equivalent yield the inltisl velocity will be slisitly loss inan 107 =/ sec.
As more aly is taken in, tho terpeorsiure and velocity {rep.  Lhen the veloeltly
drops o aboul wx10f ety ses, a stromy shook weve cavelops.  Mor a 0-kilc-tun
thils time

Fadsst, the gtrone oo At

the Leanerature Ls

TG . P T R A SRR 5B

i,oA ton of THNY fe

L3 rram ealorda:
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wurinz the first phase of the strong shock perioed; ra:é,iatj on cones
iroem the shock front; this continues until the shock radius is about 125 yards,
At this time the shock pressure is aboul 40 atmospherss and the itemperature
about 2100° K. At this point the radiating front separates zna lags behing
the saock front. The time is now about 23 milliseconds. The actual arount
of raddant energy which has been given off up until this timse s rather amsli,
altnouszh the period of nigh surface brightness for the radiatins front is
passed. At about 28 milliseconds the brirhtnesgs goes throuch & minirmm, then

_______A
it grows somowhat brighter and remaing at the order of a few times solar

vrightness for a perioed of ten to fifteen seconds for an observer at 10,200
yards. Uost of the radlation is pglven off in the perlod after 20 milliseconds.

furdnz most of the shock history, a shock front transparent to the
radiation from the hot core expands into the atmosphere.® At 71 millisecoris
the water ig struck, and a shock wave is reflected back into the air. Since
there is as yut no suction phase present, the reflected shock will rapidly
unite with the original shock all over the (hemlisphorical) front., This will
strengthen the shock and make it correspond to something like twice the encryy
yield. This phenomenon is familiar from ordinary charges fired near the
ground.

The tall of {ire expands to aboubt 275 yards radius at one second and
remains brizht for sbout ten seconds. During this time it is rrowine larser
by mixing with the cooler air surroundinr it, and risin: ot o rote of shovt 00

yaras per second. Ab tne end of the Iirst minvite the vall has 2ipanded Lo i

radius of ebout 850 yards and risen to & heicht of a2 milo. 1ho shook wovo has
¢ For air of high tumidity Ghop 57011ty of W Torsnd 3 uiifgett
in wirich condensaticn of s,f.‘s. itxc, 8&...\..7: D0 phase ol bl 500K WAVE.

in this case ’b}xe‘_}xnui, Srom sghe, : e strongly sestiered in the fog
. A

and tho shock front will take on socaranea of a4 tremsndous lemy lobe.
.
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rcached a radius of about 24,000 yards, and its pressure dropped to less than

C.1 pai. The cloud continues rising at an always decreasing rate wntil it

roaches the inversion layer at 25000 ft. in somethins over t minutes. There
it starts to mushroom out but succeeds in pushing un a narrow colimm theough
the inversion up to a helght of some 60 to 70,000 fuet in a time of over H0

ninutes where the cloud finally mushrooms cut. The parit of the cloud below

25000 feet will drift to the southwest and the part abeve that will drift
eastward,

Time schedule for Test A.

A number of events have been selected for the [urpose of piving a

completo time schedule for the explosion. The table 13 self-explanatory.
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B~15 RLPORT 1-2
TIME SCHEDULE FOR TuST A

by J. O. Hirschfelder and J. L. llapoe

In this table we assume that the energy equivalent of 20,000 tons

TNT is liberated and the bomb explodes at a height of 200 yds. ‘.e

vsg the following symbols:
Rshock = radius of shock front.

Ughock = horizontal distance of shoek front from a point
directly beneath the explosion along the water surlase.
Tshock = temperature of shock front.

0 = vigible illumination intensity measured in suns {1.94 cal/om?/minute)
at a polnt 10,000 yds from the explosion,

Pshock = shock overpressure in either atmospheres or pouris por square inch.

Vshoeck = 8hock velocity
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1. t= -40.7 sac, Bomb dropped from 30,000 ft.
Altitude at a horizontal distance of 16,500 £t from the tarcet (assuming that
the plane is flying at a true speed of 300 wmph)
20 t = -.115 millisec, Domb is detonated
3, t= 0, Nuclear explosion takes placa.
The hirhest temperature reached is 60,000,000°K.
4. t = +.005 millisec, Shock wave and visible radiation reaches alr.
The shock pressure is then 30,000,000 atm. and 800,000°K
5. t= .009 millisec, Radiation rushes out.
Temperature drops and Ball of Fire falls behind the shock front (only the shock
front is visible in the next interval).
Rghock = 145 vds
Tshock = 300,000°K
Pshock ™ 20,000 atm = Ppall ¥ire
9shock/?air = 9
Vonook = 45,000 yds/sec
¢ = 50 suns at 10,000 yds
6o t = 13.8 millisec, Still see shock front.
Have started to form 102 ub the region of shock front which nekes the front
~ continue to radiate as a black body.
Rshock ™ 100 yds
Pghock = 76 atm

300

3
g‘
o]
Q
=

!

Vghock = 2000 yds/sec
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cresrn G

t = 23,2 nillisocc, "':Pm;‘sglock:fz’dﬁfb.ecomes tra.nséafent.
The radiating surface starts recediny towards the ball of fire. Ilence,
the low value of the illumination at this tine.
Rshock = 125 yds
40 atm

L

Pshock

T

shock — 100K

Vghook = 2200 yds/sec

Pshock

= 6,0
Po 5

© = 0.10 sun at 10,000 yds

t = 70.7 milliseconds, Shock wave hits the vater
The shock overpressure Just before the shock hits tine waier 15 only 175
psi. TImmediately after the shock hits the wator the shuch cwve,w:e*;«rm::uﬁ;
is increased to 1000 psi due to the reflected shock wave wravoling
back throurh alr which is already compressed by the inelideni suock
(a truly strong shock in air is embanced by a factor of U on reflection
from a rigid surface). .The temperature of the shock is correspondinsly
enhanced from 9000K to 2950°K. At this time the ball of Iire or
radiating surface is clearly distinguishable from the shock front and
thirty yards bebind it. The incident shock wave is not luminous bwi
the reflected wave 13; therefore, a wave of light will Lo aeen rimin

from the surfacc of the water and pass up inte the ball oi’ Liro.

Just “efcre the .Jhock dustl Afbter the shock
flts water hits waler
Yshoek = 175 psi Pshoey = 1000 psl
Tshock = F007K Tghock = 29500k
e w6 [ ) .:O :CO :l. '
Vghocle = }?7.13 L?%‘:?/:-‘.ZQCE ;o E EVSE’BDCR = 2300 :jdﬁ/ﬁf‘;t‘:
... .:. :.. eee o088 OO
v o5 =00 PuE. b 10,000 yis
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b = 0.165 seconds, Mach Stem starts to form
Up to this time the refleclion of the shock firom tfxe surface |
of the water has been regular, ‘

200 yds

it

Dshock
Panoor = 270 psil

Tshock = OGCK

Vahock = 1480 yds/sec
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B~15 REPORT I=3

By Sgt. MeAlllster Hull

It has often been observed that in large explosions at sea when the
humidity has been high the whole area surrounding the explosion is obscured
by a hemisphorical fog. This fog is formed by a VLllson cloud chamber effect.
The air is [irst heated by the compression phase of the sheck wave and 1is
then cooled during the expansion phase¢ of the px'e;sure wave. If this cooling
is sufficient to supersaturate the air, condensation and fog may be expected.
In LA~448, F. Reines made a detziled analysis of the explosion of the U.5.5.
Burke where motion picture records of the phenomenon were obtained. Ue have
based our analysis on the results of the J.B.ll. calculations scaled for a
20,000 ton exploslon. Thus our rssults should apply directly to the Uross-
Roads explosions. For exploslons of some other slze, both the times and the
distances should be scaled as the one-third power of the explosive charge.

For a 20,000 ton explosion we conclude:

1. No fog will be formed if the humidity is less than 773 {assuming an
initis) temperatvre of 300K or 27°C;.

2. If the humidity is 100% saturated, the fop will start forming at 2.6
seconds at a distance of 1000 yards from the explosiong if the humidily is
78% saturated, the foz will start forming at 4.5 seconds at & distance of
1700 yards. Depending on tie humidity. the fog will keep on forming for
various lengthe of time.

3. As in the case oi thc 1. i Durkey ws can expect What The Iog oncs Tormed
wlll dissipate by paing blown up into the vising smoke column alter sSomo U or
10 seconds. sibvbouvgn tha orv i5 ne loncar atabio arter the sucilion phase of Uthe

shock has passed il fabes 2 oontuertl@ig’ ighetn of time Sfor whe argplats o
.. : :c : [ : :

DITINL ey
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4, The time and radius at wiich the fog first forms and the radius ‘o

(1]
.
.
~
®
.
esssee
csee

evaporate.

which it grows may be used to make a crude estimote of the enerey roleased

in the explosion. It is probably not an accurate estimate since the inter-

pretations depend critically on the‘exact shape of the pressure pulses.

The occurrence of a cloud chamber effect after the explosion will depend
on the relative humidity of the atmosphers in the vicinity and on the
change in temperature resulilng from the successive compression and rare-
faction due to the passing shock wave. If the peak overpressure of the shock
wave is great enough the final temperature at a point will be greater than
the original tempefature and no cloud can form. A calculation was mads of

the maximum temperature change at several distances. The data werc caleu-
lated from

ST = O - pPminy s = poy®
Tr~ © £7€32 (Eimwiﬁ§zlnwmw) - 0131;8 (;L'“EESEL‘) s

where ST is the change in temperature, T the temperature before the explosion,
po the pressure in psi before the explosion, ps the shock pressure, and Pmin

the minimum pressure. The second tern was derived fron the shock conditions

by an asymptotic expansion valid for small shock pressures {LA-165, eq. 289),
and the first tarm arises from the adisbatic expansion after the shock wave

has passed and thls term is valld for pressure changea small comparad to

1 atmosphere. Table I gives the values as pottan with the times of the

pressure minima abstracted from IHH data. T is assumed to be f00YK, po

to be 1 atmosphers. Data on distence and pressures calculated for a 20,000

ton THT equivalent explosion from 134 data.

3T is the temperature decrease.

'YX} o9
o ® oo
ety T,
.: L L b '. s ®
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R B2 0| P9~ Puin é,%’. b1 b at Ppin

771.9  yas| 10 atm | O-2e atm |=L75.2 ~52,6600 C | 1.25 sec

355.8 S .22 - 21,85 - 6,555 1.26

5287 2 »18 - 1.350 |~ 405 1.73

742.9 1 .13 - ,1880 |- 414 | 2,03

95645 0,62 109 + L0120 | 3.9 2,71

1006 0.5 09 |+ 0039 [+ 1.7 | 2.95

1368 0, 34 071 +  L0L32 |+ 3,90 | 3.60

1949 0.2 05 + 0130 [+ 3,96~ | 5.40
|sess 0.1 .03 + L0084 |+ 2.5 | 9.5

5710 0,05 i .02 + L0057 |+ 1.7 |15.62

Pigure 1 is a plot of 8T vs. 2352422; and shows that for a shock
overpressure of more than 7.8 psl the temperature change will be pocitive.
For shock overpressuras between O and 7.8 psi, cloud formallon may ocour,
The distance at which the shock overpressure is 7.8 psi is about 1000 yds
from the explosion. Zero shock o-p is infinitely distant, but is reduced
to 0,36 psi (corresponding to a §T of 19C) at about 10000 yds. For 100%
relative humidity and 3000K temperature before shock, cloud formation
can be oxpected to start at 1000 yds, |

The minimum relative humidity necessary for cloud formation at a given

distance from the explosion may be caleculated from the 8T colum of Table I

with 2 knowledze of the mixing ratios of the etmosphers at the temperatures

APPROVED" FOR PUBLI C RELEASE
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in question. Assume T, = S00CK, then at 1949 the maximum temperaturé drop
is 3.960C, bringing the tomperaturc to 296.4%K. the saturation wmixing
ratios at these two temperatures and 1 atmosphere are 25 g/kz air and 17.9
o/ko air respectively. The minimum relative humidity for cloud formation at
this distance is 17.0/23, or 77,8%. Similar calculations for the distances

of interest are shovn in Table II, These data are plotted in Figmre 2.

TABLE 1T
R ST ' Mixing Ratic Mixing Ratio tin. Rel. Hum.
3000K, | atm 1 atm, (300-87)"K
10600 0 23 23 1007
1086 1,17 21 ' 91,3
1368 3.90 18 78,2
1949  3.96 17.9 77.8
3235 2,52 - 19.5 ' 84.8
5710  1.71 20,5 89.1.
10000° 1 i 21,6 ' 54

Fipure 2 also shows the time at which the maximum temperaturs changes
occur, as shown in the last column of Table I. It was found that the
veloclty of the shock minimum this region is about constant: 365.6 yds/sec.
Thus the time-distance relation is

b

aoc = - 00274 R yds

This allows a linear time scale, which 1s shown a5 a seccnd abscissa in Fig. 2.
Since the pressure goes nepative bafore 1t reaches its minimum valus,

and 13 still negative a short time beyond the minimua, the hwmidlty-distsace

aam
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s @ * [ 4 . « LR )
- [ ] . LJ 14 . @
- . e ~ *® L
< . L d L] - L
€N wEET s00 S0¢ 424 o
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PREDICTED ASCENT FOR KWAJELSIN, June 3, 1945, SURFACE SHOT

Yean Height | Time (sec)| Radius (m)| Volume (m®) | iass (kg) | Density (%%ﬁ) Temp (°A) Ve¥331t¥
of Cloud in (3’56
1000 Feet .
0 0 2.02x10% 2.51x107 | 1.30x107 - 372x107% 600 2403
2 2.69 8.153 1641 . 788 879 o
4 32,7 3. 39 1. 54x108 1. 44x108 .883 332 45:9 :
6 4,10 2.89 2,59 . 896 311 e por
8 610 3 40 83 éo 72 é, 11 ') 872 . 302 L ‘: .
10 5.5 7.28 6.05 . 836 298 R
12 101 6, 54 1,08x10 0043 789 28 ihees
14 7.11 1.51 1,13x10% 750 283 25.5 :
16 146 7.89 2,06 1.47 712 279 5o
18 8,70 2.76 1.86 673 275 i
20 198 9,50 3,59 2.30 +640 270 1.
22 1.038x10% 4,62 2,79 + 604 2(656 61
24 264 1.12 5.88 3,353 .568 262 o
26 1u 20 79 27 50 93 N csss 258 11 5
28 355 1,30 9.17 . 4,57 +500 253 a
20 1,39 1,12x1030 5,27 -468 248 . o7
32 486 1049 1,37 6,01 - 436 243 09
34 1,57 1,63 6,61 2411 289
36 1.68 1,98 7,67 - 387 234 0
E-15-Report-1-5

To ke inserted afiecr Table Il
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curve is actually broader in time than is shown in the solid line of Pip. 2.
To correct for this, the dotted curve is drawn in to be used with the time
abscissa.

If a cloud forms as the shock wave moves oub, the visibility with respect
to the ball of fire will be reduced, or perbaps the ball will bo totally
obscureds The reduction in visibility is « fﬁnction of the cloud density
and of the thickness of the cloud,

The cloud density may be calculated as z function of humidity at any
point, and the relation is linear. The difference between the saturation
mixing ratio at-tha original temperature (5000K) and that at the minimum
temperature reached gives the amount of water in gm&/kilogram of alr condensad
into cloud droplets. It should be noted that these calculations arc not very
sensitive.to changes in the original temperaturey an error of 2 to 33 being
introduced 1f the original temperature lies between 298°K and 3100K.
Temperatures less than 2909K are not anticipated, but an error of not more
than 57 should occur if these figures are used for tomperatures as low as
283CK before the explosion.

Once the amount of water condensed 1s known, the cloud density is pgiven

by
p = (Wsy ~ Ws) 1177 , where Ws, and VWis are the

mixing ratios, and p is in pm/meter®. Table III pives the calculated values
of p at several densities for a relative humidity of 100%. Figure 4 gives

the ralation between relative humidity and cloud density at those distances.

TABLE TTI

R lisg = L8 iR 1007
1086 2 - -
18600, osels  eze G ge, €68
19a9 W Pli % Haaid G 00
5235'.0 essfave oo '5v!5:° o1
5'710.. sse] o wes -235, . "-»094-
100003 ¢ 8 % T2 aheST d J 1,77
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The reducticn in visibility was assumed to be an exponential function
of cloud thickness according to
v = (e"¥%)100, to give v in percent of the
visibility without the cloud. Ve assume k to be a linear function of £, the
cloud density, and we can calculate the relationship from the one available

datum: Shaw, lanual of lleteorology, Vol. III, p 342. This refercuce ives

the observation that visibility was reduced to 40 meters when the cloud
density was C.87 gm/moters. 1T we assume "reduced to 40 meters" to mean
that visibility was reduced to 0.1% in a 40 meter thickness of cloud of
density 0.87/meter®, k may be evaluated, Calculation gives

k = ,01816 P, if x is in yards.
Table IV gives tho calculated values of x, the cloud thickness, for which

visibility is reduced to 0.1% for several values of .

TABLE IV

_f.) v X

0.5 0.1% | 75.9 wds
1 27,9

2 19,0

3 2.7

4 9.5

5 7.6

6 ! 6.9

In Figure & iz plotied tnhiclkness of cleud vs visibility for the values of

p noted in Table IV. Thogh 0% yes f pruineiude all of those caleulatnd as ex-
L] . [ [ ] [ * o
L]

pected densities of cloud <melubre @313+« Pa'addition, Figjure 4 hes been plotted
o0 see [ ] * [ ]
e o 9 e o o
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B A ——

on Tipure 3 on the log-log scales. Thus {rom Figure & the cloud densily
to be expected at a piven humidity and distance may be had, and the
reduction in .visibili‘by for a given cloud thickness may bte read from the
density-visibility curves. An estimate of cloud thickness may be had
from Iigure 2 for given hweidity. In any case, thé cloud is opaqus
whenever there is any appreciable condensation.

The final qQuestion to ve considered to complete the analysis of the
cloud-chamber effect is that of the cloud stability. Stability with respect
to evaporation need nc_;t bother us bacause the cloud is reasonably ncar
saturation (not less than 77%) and evaporation will be slower than any other
effect we consider.

Vertical stabllity, or stability with respec{; to vertical displacement,
depends on the lapsc¢ rates within the cloud and the. envirornment. lolmboe

Dynamic Leteorolopy) defines the saturated lapse rate as

o = * Ui s where fg is the
N R4T + (51.2%; A1%g? 0,61

mixing ratio and the other factors are censtant. AT is small compared to L
(.08 compared to 2.5), and we may write approximately

65 . J:‘Lfllé AT or, neglecting 1 in comparison
rhaf P Qe Ig

with 0,602 (-~ 240),

ve 1 X 1
- .. o & - R
Us ELIO.ETY ™ 2 OF Vs 9 e

5ince the cloud was formed by condensing some of the water out of The surrcunding
atmosphera, the mixing ration within the cloud will be smaller than the mixing
ratio of the euviromrent which has lost none of itg vapor o onndansation.
From the equation Tor the lapse rate Jusi jhven. we concluoos
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condition for vertical instability. Thus the celoud, if formed, will begin
to rise from the ocean.

The wind toward the center of the explosion which occurs as the pressure
there i3 brought back to equilibriun will tend to broak up the cloud as well
as to 1ift it uwpward. Also, the rising ball of hot air will tend to take tho
upper parts of the cloud with it. All of these factors make an estimatle
of the persistence of the cloud and its veloclty of rise difficult, The
general conclusions about stability, however, are borne out Ly the piciures
of the explosion of the U.S.S. John Burke, where a hemispherical cloud was
formed beginniny at about 520 yards from the center of the explosion. This
estimate of distance was made from a calculated scale placed on picfures of
the exploglon and is probably not particuvlarly good. However, scaling up
the explosion from 3000 to 20000 tons, the distance at which a cloud would
be expected is 520 x (“3@(")]/ , or about 990 yarda, This is in fair
agreemont with the calculated minimum distance of cloud formation of 1000
vards.

From thiis point on, times may be scaled since time differences are known
from the frame speed of the camera (16 frames/sec). The cloud from the
Burke ceases prowing at about 3.1 seconds aiter it bepins o form, corres-

Ido J/3

ponding to & growih time of .1 x (~%) = 5.9 seconds lor the larger

T,

explosion. This corrosponds to s cloud formped 2t sbout 0250 humidiby,

berinning at about 1080 yverds and 2,0 seconds frow the center ol the

axplosion. Note that the scaled valvz of tho dlstance al which the Mkefs
cloud bepan to form is about 923 of thab given above Ivem cleund srowth
& -y & oy
onslderations.
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The cloud formed by the Burke's explosion scemed to bepin to rise
as 1t was formed, and so began to clear the ocean when it had reached maxinum
growth, correspondin- to a time of about ¢ seconds for the 20000 ton shot.
It rose to a helght of 500 yards in about 2.9 seconds after grovth stopped,
which gives a speed of rise of about 170 yards/scc (-6 miles/hr). The
rate of rise of the cloud depends on cloud composition, so that this figure
nead not be scaled if we assume the cloud compositions to be about the same.
¥ie may conclude, then, that a cloud if formed by the nuclear explosion
will begin to rise when its growth is completed, and will rise at a rate of
about 6 miles per hour. GCrowth tine can be read off Figure 2 for given

humidity.
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GROUP B=15 RUPORT I-4

General Description of the Radiation Produced by the Atom Bomb

I. Radiation During First nuis

There are several types of radiation given off by the atomic bomb.
At the time of the explosion there arec: wvisible and thermal radiationg
wradiation and nevtrons. The vigible and thermal radiation is most dangerous
to persommel at large distances: a person's gkin can be ralsed 500C by
the ultraviolet flash of the first millisecond at a distance of 4000 yards.
People may be injured by flash burns te larper distances. Gamzma radiatlion
danper extands somewhat beyond 1000 yardss at 1000 yards the ;" ray dosage
1s 1000 Roent:en during the first minute. At 1£00 to 2000 yards thls
radiation is not dangerous. Neutron radiation is limited to a distance of
about 600 yards and certainly less than 1000 yards.

As soon as the chain reaction starts, zero tims, a few hard v rays
and fast nevitrons shoot out. About ;‘ive microseconds later vigible radiation
is seen as the shock breaks through the bomb case. This lasts at rather
itarpe intensity for about ten seconds. About ten microseconds after zero
a larpe pulse of epi-thermal neutrons reachesr the air. These neutrons have
a very small range and are absorbed in sbout two kiundmd meters of alr,
S51izhtly later, strong camma radiation from the fissicen products starts and
continues for about one nim te, until the ball of fire containing the source
has risen to such a height that the intensity rece:'wed. on the ground is
ne~lirible. During the first ten seconds or so a2 relatively small number of
fast delayed neutr.as are emitted from the fission produets. They are eventually

slowed dovm and seome of‘. them induce radios}gt}_\:i}:y in the atoms which absorb them.

Thelr range 18 around six hundred yards in 24T, 5
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A large numbor of beta rays are emitted curing this time, but they
arc unimportant because thelr range is wvery short. Only the original
alpha-active meterial of the bomb gives off alpha particles and they, too,
arc unilmportant becausc of small range.

The dosarme of radiation is usuwally expressed in Roeanbgen uaits.

One Roentgen is the amount of radiatdon which passing through alr at standard

7 ion pairs per cubic centimster (2. o.s.v./em®).

conditions would produce 2.1 x 10
The physiclogical effects of radiation as well as the darkeningz of photozraphic
plates is supposed to be cumilative so that the exposure to a weak source of
radiation for a long time .is equivalent to exposure to a strong source Sor a
short time. The radlation dosase rate is expressed in Roontoen units per

unit of time and the total dosage rec;ived is then the dosage rata

multiplied by the exposure time. It is gencrally considered that a dose of
0.1 Roentgen per day can te taken overy day without causing any noticeable
physiological effects. liovevery much larzer exposures can be safely taken

if not rcpeateda Yor example, it will be accepitable for thé monitors to
receive doses of from 1 to 10 Roentgensy a dose of over 20 Roentcens is not
desirable. About 25% of the people would not be affected by a dose of

100 Rountrens but another 25% of the people would bscoms very 1ll. Radiation

of from 500 to 1000 Roentgens usvally proves fatal.

1. GAMMA BADIATION

Garma radiation is dangercus from the standpoint of personnel, hecause
it is penstrating and difficult to shield a7aingt. This radiation may be
divided into threo parts:

1. The initial burst wbiqn 1aQus.£ar.approximate1y a2 minute amxl is veiy

intense. This is duc to the fjssiqn_prpducnxﬂxmhniinp fronm the ball of fire

'Y ose . LA
»

100

vefore it rises appreciably.
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2. The gamma radiation from the fission products which are

geattered over the water and taken up in the cloud. The rate of the fission
product radiation decreases approximately inversely with time.

% The pamma radiation from the induced radicactive materials formed
by the absorption of neutrons in sea water and in the ships.

The initial burst of radiation is ~iven off by the fission products
in the ball of firc during approximately the first minute. ifter this time
the ball of fire has risen very hi-h and the radiation is strongly attenuated
in tho air tefore reaching the ground. If the explosion releases the amount
of energy equivalent to 20,000 tons of TNT, the total dosaze of garma radiatg.pn

which appears at a distance of R yards from the explosion 1s _;;‘;{ [

T A Y

V&

X =( (&0 x 10 (V/500) Roentgen Units "'-f (1) =
Thus at a distance of 1,000 yards there is still a lethal dose of 1000 Roent-ens.
At a distance of 1,500 yards the dosage is reduced ito a tolcrable <« Roentgens.
The gamma radiation received is reduced by a factor of two E‘il‘ ¥ 4 inch of steel, -
3/5 inch of lcad, 2 inches of either concrete or aluminum, 10 inches of wood, 1;}233

or 5.3 inches of water are in line betweon the ball of i‘im and the point or

:qi\m:li)f (= 4 N 12 7‘/ - :i__\;i . t_}_j_{"?
2., NSUTROI BIZISSION . 14 e

There wers a number of measurements ol the neutrons emitted in the
Trinity shote At 600 meters, the total neutron flux was measured as a funetion
of time. In agreemen’t with the theoretical predictions of eisskopf, only 207
ware progpt neutrons; the other 307 appeared as lung as 10 seconds later. The
rneasurenents of neutrons were suflficiently accurate that they sufficed to make

-

&n excellent determination of the efficicney of the bowb. From these experimeniai

resulis it follows thals ,'.: .E' E. .g. 2:. §'§ ,

Dol cégllﬁﬂlm m ,gd:l "% 1:612' '}; ib" (R{meters)/040)°
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Or:
R(mcters) 100 600 1000 1500
No. Neutrons por cm? 2xot? 10t 107 105

since the letha.l dose of neutrons is approximately 1011 per centimoisr square,
it follows that the lethal radius is around 600 meters and certainly iless than
1000 neters.

3. VISIBLE AND THERMAL RADIATIOS

The intensity of the thermal radiation is discussed in Vlei. For
an observer at 10,000 yards, the intensity will remain brighter than the sun
for abouwgsa? It is, however, the first flash (aboub & miiiiscconds
in duration) which is rich in short wave length lirht that is expected to do
most of the burning of personnel. If we assume that a person's vskin has
anproximately the samc propertics as pme vfood, the texperature Lo which skin

is raised can be riven by the formula (taken from ¥Iel)s
AT = .':.‘:..fki,x,:i'g;'. 0o
<

-

where R 1s the distance in yards. It is found that AT is about 50°C at 4000
yards,

The hi;h skin temperatures resulting from the flash of bhirh intensity
radiation are probably as sipnificant for injuries as the total dosages . For
vltra-violet licht af@é dosage of about 108 erpa/cm? is necessary for
production of erytheml, The first three milliseconds of tha {lash have
radiating surfaces above 10,000°K and tiws high intengities of witra~vialet.
The total flux during this poriod in erps/ca® is riven bys

X qheve was newoe ;Mrclé,\'a‘*tux,\
) .
Flux “-lr?-*;-@}ﬁ ¥ oS /:cma thorler thaw 29904 TERGega
;s . !:- , (_Sea,\*oda‘ohﬁnvq:or* );@G\\CMB)J
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Schedule for Flrst Hinute

Time “radiation Neutrons Thermal, visible
Q«~chain Weak intensity of prompt| Weak intensity of promptDuring this period no
reaction 3's begins, bullding up | neutrons builds up expo-|visible radiation 1is

beging exponentially with time | nentislly with time for |civen off outside the

for about 2 micreseconds! 2 microseconds. Only bomb by the chain reac-
The total radiation for | those which get through |tion directly. An
distances the order of the btomb material with- |extremely weak radiation
100 yds is negligible. out being scattered get {due to the absorptioli ) 2
very far. These neu~ |of #'s in air is L
trons furnish 20% of entirely neqiigiglgg,,i
the total flux at 600 (o vo e oV T TE
meters distance. by G-I [ 1) Greinec
S micro- Shock has traversed the
saconds bomb material and energy
transfer reaches air
with flash of visible
radiaticn. fds pradiation
lasts for ancut ten seconds
and 1s discuszed in the
Handbook vI-1.
10=-20 microy Neutrons which were B
seconds slowed down by scatter-
ing inside the bomb
beria to emerge as aepi-
thermal neutrons with
about 200 ev energy.
These neutrons only
penetrate about 200 me-
ters in air before ab-
sorption in niirogen.
¥0 micro~  |Hadiation irom fission | Delayed neutrons irom "
sceonds products emerges with- the fission products

out attenutation by the
bomb materials. This
radiation furnishes
essentially all the
dosage which is observed
in the vicinity of the
explosion. It lasts
until the fission pro-

emarge with ensrgy of
about 600 kev. These
noutrons continue to
be emitted for about
ten seconds. They
furnlzh most of the in-
tensity observed at
distances as far as

ducts are carried up in | 600 meters.

the ball of fire, about

ene mimnite. .': 'E' ; 050 E.. E.'
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At about 4000 yards ono pgetls approxiﬁately an erythena dose, 106 ergq/cmz.
The conmbinaticn of skin temperature increase plus large ultra-violct
flux inside of 4000 yards will be damaging in all cases to exposed personnel.
Teyond this point there may be cases of injury, depending upon individual
sengsitivity.
The infra-red dosaze is probably of less importahce because of its

smaller intensity. The total flux received over a ten-second period of time

is:

Flux = J£SL§%lQE§ ercs/ el
) R

This can also be written as:

_
Flux = 24X 100 sun~seconds.
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I1. Radiation aftsr the First "inute

Gamms radiation is the most important physiolagically after the
first minute. The ramma activity is due to the decay of the fiscion
products. The rest is due to radiocactivity indueed by the absorvtion of
the neutrons emitted during the first minute.

The fission products have halfelives varyins from a fric . .a of a
second to mwany years. The fission products as a whole zive off ©. "3ySs

at a rate which decreases gpproxinately inversely with tiie. 3. iaw ssplosion

is 20,000 tons TNT, at a time t hours alter the explosion all ¢«: .. rislon
products will produce 7.0 x 102§/t nominal MEV camra rays per uour. olually
the fission products give off a wide spectrum of farma rays wiih o S Nergy

per quanbtum of energy in the radiation and it suffices to thinir of the radlation

as being made up solely of nominal 1 MSY garmas. Bach IV pa ma ray muakes 105/ 50

~ 20,000 ion pairs in its lifetime if we assume that each ion requirgs 50 ev.®

Since the mean-fres path of these gammas in air 1s 20,000 ems, it foilows that

each gamma produced ong ion pair per centimeter along its path in alr. Thus

one Hoentgen unit requires a flux of 2.1x107 My gammas per square centimneber.
The fission products soon separate into &wn parts =~ the material which

renains in the cloud, and the material which has deposited on the sea and on |

the ships. The activity of the material in the cloud is of . impwortance for

the safety of the fliers and for the sampling by the drones. For a 20,000 ton

TNT explosion it is easy to show that at the center of the cloud the intensity

‘ hccording to lelsskopf, 50 cov is the proper value to use for gamma rays in
conbrast to the 32 ev usually used for alpha and beta radiation. The hizher
value corresponds to the fact that most of tie electrons produced by ganma

rays are slow- ||”
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R q—
of mama rays is
¥ I° -
1i§0 Fo/ty) Roentgen units per hour (2)

Here t is the time after the explosion in hours; n is the number of square
miles occupied by the cloud; and /7y, is the ratio of the air density at
sea level to the air density at the height h of tho center of the cloud.

¢h feet 0 10,000 20,000 30,000 40,000 50,000 60,000 70,000
"R/6n 1000 L35 L.87 2,65 395 6,58 10,58 17,11

For the sake of orientation, sippose that after one hour the cloud occupies

10 cuble miles and its mean hei;ht is 40,000 feet; lhen the camma ray intensity
in the center of the cloud would be 720 Roentgeng per hour. rFifteen minutes
after the exploSion, the cloud will probably occupy 7 cubic miles and have a
mean height of around 30,000 feet, in which case the ramma ray Intensity at

the center of the cloud would be 2750 Roentgens per hour., At the edre of the
¢loud, the samma ray intensity decreases by a faclor of ten dur to tve
abzorption in air for each distance of 500 (?o/fh) yvards away {rom the fringe
of the cloud. Thus, usinr our examples, a pilot willin~ to zecept V6 Roentgens
per hour could come a distance of 2000 yards from the cloud at the end of an
hour or 2100 yards at the end of 15 minutes. uince the above orders of
magnitude are approximately correct, we should be safe in advising the airplane
pilots to stayiat a distance of 2 miles from the clcud at all times (and never
come within a mile). The numbsr of Hoertgens which a pilot w:uuld gedt in {lyinc
directly through the cloud would not be prohibitive because of the short length
of time which he would remain in the cloud. However, the plane would pieck wp
an unpredictable amount of contamination which might be extreusely dancerous

and therefore no plancs should

) L.t T - f
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A. ~lrst Iross~Nuads Shot

It ig difficult to lLiaow exactly what fraction 3§ the fission products
will be deposited in the sea water and on the ships., However, in tae Toinity
shot where the bonl; was exploded at a2 heicht of 100 feet, anproxi-ately 17 of
the [ission products were deposited within a radius of about 1000 tewizy in the
Narasaki shot where the bLomb was exploded at a height of 1000 feat, = proximately
0.025% of tane fission products were deposited withln a radius of ahuur U0 Fect.

Interpelating between thess two sets of experimental points we conviude %ot in

the ["irst Cross Roads Test, 0.2% of the flssion products will be denoiiied wlinin

a radius of about 1500 feet.

na are interested in the dosa~e of panna rays at diffs~mt places due to

these fission products depesited in the water, ‘ecause of the il.pocbunes of
the problem from the standpoint of personnel safety it is advisarle % =akn a
careful formulation. Llet us suppose that the [ission produnts are - istriluted
in the water with a concentration which varics both with denth and ity
horizontal positiorn. Lei

G = number of 'KV psammas enlited by a cubdc centimeter of water
in one hour correspondins to the concentration of the {ission produsts at the
volume glement in question.

(ﬁé) = the distance in meen-free paths in 8 dirsct line betwcen the

velume element and the point in question. Thus in this line 1{ the distance

s s . . T e . .

ry is in medivm 1 and r, in medivm 2, then (Y/vy=_1 4 Y2 . tere of course
. o
1 Py

the A's are the mean frac paths, (H = 2x10% om for normsl air, ¢2.0 rm for

sez water, ete. ).

Thons R
p Rpa— - ...v-.i. : .:.'.:.. i.. ~ mlo !' N i ;;7" .
Roentons per kowl aba goint & #.0x30 _}(:’ exp(~7y ) d Volume (%)

e 920 s0e 086 see se’ @E;;?mw-vw
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The dosa~e is very sensitive to the exact zeomelry and the distritution of the

fission products.

As a spacial limiting case let us suppose that the finuioo

spread wmformly throuzhout the water, i.e. € is a constant,

Roentgens per hour at a point in the water = 4,8x .7 0

1f we assume that 0,27 of the fission products are uniformly .. 7. tntes

the 3x1010 cm® of water in Nikini lagoon, after a time of U Fragi g
147 rammas per hour, Thus, since the necan free path of the .. v
is 22.U cms,

Roentrens per hour at a point in the water = 5, fx7i™™ 7

Just above the surface of tne water (of the order of Uhree fenv

iz about 1.7 tiwes as large and then falls off with Incrsasin- =l ot

water surface. 1f all of the fission products from the bo-b =evs cwingt

wiformly in the water of the lagoon, the dosage would be 50C =i -

rroducts are

-0, 00y

cenowater

LSRR
.

arave Lhe

ted

Creat

but this would still bo phriclorically safe irmediately after (oo wupaosion.

The fosage in the air above the radiocactive water is ot l..arest to
the mordtors. It is convenient to define the surface activity, .,, as the
nunber of MEV garma rays emitted per hour by the fission preducis in o
upper ¢2.0 cms of tﬁe sea water, l.e. 55 = 22.0 Sgyupface « Then in the
air at a height of h feet directly over the center of a cylindricali deposit

of fission products of radius R feet in the water

e

_ , e
Roentgens per hour at a neizht h = (1/2)3,4 eoﬂxlo'lo[fﬂide6b0 + 83 (;?6,1 + (%}ﬂ

>
Here »ii(~x) = j; gfx dx 1is the well=known integral loparit.ar tabulated in
* 3 .

wPA tatles and elscwhore. t is coanvenlcnt to express

Roentges pes hotdt &Y éicht h = 45, 4.0xa0710
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Here ¢y is the factor which expresses thé var'iation'of the dosage with height

sbove the surface of the water. If R = 1500 feet, dy, has the values:

h(fest) 1 3 10 20 ® 50 100 200 300 500 1000 1500

“h 2.95 2,40 1.79 1.458 1.262 1.022 0.711 0.483 0.294 0.154 0.040 0.012
Below the surface of the water -4 has approximately the value 1.00. If in the
first shot, 0.27% of the fission products are deposited in the sea water to a
radius of R = 1500 feet, then before the vertical diffusion esarries an appreciable
fraction of the fission products below 22.0 cms beneath the water surface,

4,8x10"103, = 110/t
o 3. Penney (see RB-15 Report X-1) has considered the reduction in the

dosage above the surface due to the downward diffusion of the fission products.
He assumes that at zero time the fission 7products are spread on the surlace of
the sea-water and that they diffuse downwards with an eddy diffusivity, K, (sze
"The Cceans" by Sverdrup, Johnson, and Fleminz). If S 1s the surface activity
as & function of time if all of the fission products remaiied on the surlace,

she density of the radioactive products at a depth x(cms) at a time t(hours)

is given bys
= Sa ,~x%/4Kt
C=x=_o MEV zammas
ynKe cm3 hour

letting .- = <2.8 cms be the mean free path of the gamas in sea water, due cnly
1o the downward diffusion of the fission products, the radioactivity at the

surface decreases with time by the factor wns

n=ekVi?q | p &y = 3 IR S

Kt
2
Here P(z) ='g,._- [ ® e %4z is the usual probability intepral.
n

Both Comdr. Revelle and Penney ba}iewe timy-k = 1 cme/sec = 3600 em?/hour is

cOnservative" .o o:- ese o:- :oo . .
o oeen o ' . ‘
* o o o ° o
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t(ninutes) O
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In the limit that ihe fission products are unfformly distributec to the
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Thus, four hours after the shoi, thc radi.activity

11

above the surface will be reduced by a factor of ten jwt dus o veritical diffusion.

Altopether, the dosage at a height of 3 feet above the water a{iar the first shob

will bes

the first houry 19.3 Roentgen/hour at the end of the second noury Hu

254/t (hovrs) Roentgens/heur.

at tne end of the fourth hour.

Or 52.6 Roentgens/hcur at

Lhe

Altogether, the ramma ray dosage at a time of S(hours; aiter iia

and of

<imntean/hour

&

first shot at a heipght of h{feet) above the center of the radivactive waler 1s

given by

Roentgens per hour = 11040/t

Or as shown on the following chart:

Roentzons per hour

APPROVED FOR P
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h(feet] 3 10 30 50 100 200 &0 500 1000 1500
t{minutes) ,
1 11260~ B30 5900 4770 820 2020 1370 720 187 5§
3 3024 2255 1590 1288 896 S46 370 1v¢ S50 15
5 1596 1190 823¢ 680 473 288 196 102 27 8
10 646 482 339 275 191 116 79 41 10.8 &@
20 252 188 133 107 75 45 3 16 4.2 1.3
30 143 107 75 61 42 26 1B 9.2 2.4 .72
60 53 39 28 22 16 9.5 6.4 2.4 BB 26
120 19 14 10 8.2 5.7 3.5 2.4 1.2 .22 .10
240 7.0 5.2 &7 20 21 1.3 .85 .45 .12 .0%5
fve 0o S ol et -
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Tho above estimates arc conservative. For example i 13 expestad

that the radicactivity will furiher be reduced to a slicht extinl Ly W

nortzontel diffusion of the fission products. Thus Sverdrup oy
abt the end of 4 hours the radicactivity at the ceater is decransos Lo Y03
due teo hordzontal ddffusion; after 12 hours it iIs decreased fo #riy oiier
one day, to 5275 after 2 days to 18%; after 4 days Lo 15.5%, -

in considering the radicactivity of the sea-water, 11 oo o o

renentwmred that there 1s an averase wind from the zast of 15~ O o bhe
surface of the water vhisn blews the surface water 0.5 nph towaris 7w ceat,

Thus in weo hours we can expect that the centor of tuc radicaciive Too-wrer
will have rioved & distance of one nile from the tarest polint. 7o coricsl ol the

waber velow the surface 1s now being determined by the oceanos

Bowditehy but it Is certain that at seme stratu near the botton, e wiiag
wust move towards the east and help to diffuse tue fission prodecic
further by transfer between counter-currents.

the induced radiocactivity of the sea water is nesliisi

explosion ig rated at 20,000 tons of NT, approximately axl(’)% Lty
formed. The majority of these are prompt neutrons which are sicwel o o

epi~thermals befcore emerging into the air. The ra.nzfa of the epl~-th. '

ir air is snall and the; are absorbed by the nitromen (Lo form Cm}m

WOy
0.35% of the nevtrons sre delayed. Thesc have mean-fres paths of the order
of 300 meters in alr and they succeed'in reacning the sea-water, provided they
start out in the right direction. From the medical evidence abl lazasaki and
Hiroshima it appears that a small fraction of the prompt neutrons alsc will

ret, to the sca-water. Tleoretical work on the nettron gpectrum as 2 function

of Jistance is now under way and vdll be reported later. However, it would ap sar
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that a liberal cstimate of the neutron flux is obtained by supvosing thab

0,57 of the noutrons formed are urdfornly Spr*a'}ad ‘ovcr tho ses-walcr to a
radius of 1500 feet. Thus we suppose thst thare are 310 neutrons per
cnf hittine the surface of the sea within this circle.

The three important neutron absorbers in the zea water are the
hriirogen of the water ond the sodium and chluorine of the salt. The bydrosen
tias & crogs-ssction of L 51x10"%%en® to form douterons with lie emission of
a prompt £.14 MEV gamma, Thersafter the deuterons remain radinactively inart.
The sodiam 23 h4s a cross~section of . 4x10"*4em? for absorbing nevtrons o
form sodium 24 with a half-lifz of 14.8 hours emitting raoms rays of approx-
:'uéately‘ 2 ME¥'s, The chlorine 37 (which comprises 25% ¢f the chlorine) has
a crogs-section .61x10"%%em€ to form chlorine 28 which has a half-life of &
minvtes emitting gamma rays of approximately < MEV. I8 we asswee that the
sea-water ig made up of 27 grams of Nall for sach 1000 ¢rams of HaG; 14 Collows
that 98.6% of the neutrons ara absorbed in the hydrogon; G.U3% ln the chlorine;
and 0.55% in the scdium. If vie let t be the time in howrs after the explosion

it follwwics

Huber MV cammas from UL 8 1 goxotlOxin-t 142
cm2 of surface hour
Humber MV o frop Na = 2, 28x105x10~Y 84.1

en” of surface hiour _
In tnis region, the activity from 0.2% of fission products deposited o the
same radius 1s 5. 28x1012/t. MEV gammas/ omf~hour. Thus the indurad activity
in the sodium and tho chlorine is less than 1% of the activity of the
dapeosited fission products. The exact amcunt of induced activity is sensitive
to the conceantration of rare earths, plankion; etc., but the above saleulation

suffices to show ity order of: :iatéuéude,f ce
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Tt is diffictlt to estimate the induced activity on the sauips.

AR (]

Theoretical work is being carried out on this problem at the present tims

and will be reported later. However, some peneral considerations mny be

given here. The ships are composed wostly of steel. The iron in the asteel

absorts most of the neutrons to zive o;‘f a proupt Tawna. HMost of the later

activity of the steel is due %o the manganese, If y is the percaafspa of

manzanese in the steel (a2 high tensile strength steel has arcunid .57

manganese, milder stecls have a smal ler percentage), ‘
Number sV cammas per hour per neutron absorbed in steel = .0u8 y 10-Y/6
The induced activity in copper is slichtly hidsher and lasta lonrer,

Humber 1LV gammas per hour per neutron absorbed in copper = L 09830~ 25,4
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B. G5econd Cross—Reoads Shot

Iﬁ the second Crosé-&oads shot where the bomb is either suip.cded J st
below the water surface or at the bottom of the laroon, we expect ihai -ost
of the radicactivity will be uniformly distributed in a cylinder 10U feet in
radiva and extending to tie full depth of 100 feet. In this cyvlinder there
will be approximately 5% of all of the fisslon products and the products formed
by the absorption of approximately 50% of all of the neutrons formed. This
cylinder contains 1.6 x 101° cubia centimeters.,

Since the total amount of fission products yields 7,,6x1023/ t(hours)
HMaV garmas per hour, it follows that due to the fission products, we have
Gfisaton = 2-4x10% t(hours) MEV gasmas per cm® per hour

The total number of neuvtrons which are formed is of the order of
3o 8.:(1024@ If 50% of these are absorbed in 1.6x10%° cm®, we have 1.2x100%
neutrons absorbad per om® of water. Using the same type of analysis for the
induced activity in the sea-water as in the first shiot, we find:
Ggy = Mumber of MEV gavmas from C1 per cm® & 4.1 x 100 x 10-t/1.42
5y1a = Number of MEV garmas from Na per em® = 6.1 x 107 x 10"t/3401

fo show the relative importance of these three terms we have prepared

the following charts

t{hours) 1 2 4 12 24 48
Grission 2, 4x109 1.2x107 6x10° 2x108 108 5x107
Gy 8.1x107 1.6x107 6x10% 1.5x10°

Gy 8, 5x107 7,9%107 6, 9x107 4x107  1.8x107 3. 6x100

Thus the radlactivity due to the doposited fission products is always

about 1O times as large as the i-diced activity of the sea-water.
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Thus the dosaze over the sea=waler 1g given by

Roentgens per hour above the water = c.:29/ t(hours)

Cr at a height of 3 feet above the surface sioce o= 2,40

Roentpens per hour & feet above surface = 7(3/ t(hours)

This is siown in +he following chart:

t(minutes)

Roentgens per
hour 3 feetl
above water

Thus the radisactivity sbove the surface of the water is roughl:

the first shot.

1 3

S

10

30 60

4200 1430 0840 420 140 70

120

kK

5

240
18

nommararle to

In the first thirty minutes, the second shot ~ivas less

activity and thereafter slishtly more.
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B-1l5 REPORT II-1

AIR BLAST PRESSURL AS A FUNCTION OF DISTANCH ALONG THE

SURFACE GF THE WATBR

The attached curve gives the shock overpressure as a function of
distance along the water surface for a bomb where the energy equivalent
of 20,000 tons of TNT of nuclear énergy is released and the bomd is
dropped as in Test A from 600 feet height. The calculations were made
by K. Fuchs using I.B,M. computing machines on the basis of starting
conditions and equation of state of air furnished him by Hirschfelder
and Mapee. The energy in the blast is considerably smaller (i.e. around
50%) of the energy which would be cxpected from a normal bomb.

At large distances the overpressure is given by the equation:

27.40
p(psi) = TR,

R R
(;;1/:5)\/10310 GI/s) - 662
Here R is the distance from the explosion in f{eet.

Vi is twice the effective charge weipght in pounds. The factor of two
arises because of the reflection of the shiock on the water surface.
For distances greater than 2000 yards the time of arrival of the shock,

t (sec) 1s given by R (yds) = 200 t + 555.
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PENNEY FLAG-POLY PRASSURE GAUGE T

Penney believes that an excsallent pressure gauge is obtained hy
exposing a serles of rods of pipes of different lengbhe to a blast., ill
of the rods dowﬁ to a eritizal length will be bent. This critical length
is a good indication of the blast pressure. OSince the dimensions ot the
plpes are small compared to the length of the blast wave, the applicd
pressure nay be considered to be hydrostatic.

If the pipe has the length L and a radivs R, the exposed area of the
pipe is 2IR. The drag pressure on the pipe is pgiven by 5 = 1/ Gy, Py u82
where f)s is the shock density of the air, ug is the material velocily of
the air right behind the shock front, and C;y is the usval dra; roefficient
for a smooth cylinder. The value of G, is elmost 1/ but it has a small
variation with Reynold's number. The value of .P,,usz can be tabulated as a
function of the shock pressure. (5ee for example OSRD 3550)., Actually,
Psusz is a very sensitive function cof the shock pressure and therefore the
gauge is sensitive. The thrust on the pipe is 2LRS and the bending moment
1s 1.2Rs. Theoretically the critical bending moment 1s

(4/3)Y (a®=p®)
whers Y 1s the tensile strength of the pipe amd a2 and b are its outer and
inney radii respectively. lowever, it is best to deteriise the eritical
bending moment experimentally from a testing mathing.

It is also possible te tell the shock pressure {rea Lhe anple at which
a piven pipe is bent but thls requires a raihor eisborale analysis sines the

thrust and the bending moments vary with the ancle throurn waich the pipe

. es sen oe
nas baen bent. - Rt R A
. — e ] o * h-d . @ - —
—— i T TR o &V o
° L] LA
see o

*
1 Private commurdcation from e On !’cﬁ's'ﬂé:f
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B-15 REPORT I11-3

PENNEY TIN CAN PRESSURE CAUGE:

Penney uses as a pressure gauge ordinary five gallon pasoline cans
with a small opening at onc end. The can is collapsed until the volume
is reduced so that the inside pressure is equal to the outside pressure
(except for a smali term dve to the strength of the can). The dimensions
of the can are small compared to ths length of the shock wave so that the
pressure on the outside may be considsred to be hydrostatic., The hole in
the can is so small that in the time required to collapse the can, very
little alr can pass through itj; but the hole 1is large enough that the air
can flow out during the suctlion phase so that the original dimensions of
the can are aot restored. FPenney is going to improve thease cans by placing
a disc over the hole ih such a way that iﬁ the pressure phase no air can
come in but the air can rush out freely in the suction phase.

Under thess conditions it is clear that the shock overpressure, P (atms.),

is given by the equation:

2 - 13 4;
Platns.) = initial volume can w1 %P
( 7= A 2inal) voLlume can 1+ Pgpmuctural

Rere Ygimioturgl 38 due to the structural strength of the can and is almost
constant with pressure. It is determined by calibratinz the cans.
Pemney reconmends measuring the final volume of the can by filling the

can full of water and welghing with a spring balance.

1 Private communication from ..°{w eFerineyes.
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* s DPORT 11.g N
ANALYSIS OF EFFRCIGNCY OF GADGET EXPLOSION FROM

SHOCK~RADIUS TIME CURVES OBTAINKD BY FASTAX CALERA

It seems altogether possible that a satisfactory estimate of the
efficiency of the nuclear explosion in thé Cross-Roads Test A may be
obtained from curves of the shock radius as a function of time in lhe
early stages (shock radius 40 to 125 meters; time up to 25 milliseconds),
These curves may be obtained from the Fastax camera records.

Bethe attempted to make a similar analysis of the results of the
Trinity shot with very poor results. The reason for this (as conecluded
by Bethe, Fuchs, et al) was that in the Trinity shot the reflected shock
wave passed up through the incident shock soon after the pround was hit
when the radius of the shock was only 30 meters. After this tie it is
difficult to interpret the results, because of the unknown effect of the
reflected shock. And before this time it is not justifiable to assume
that the similarity sclution 1s valid because of the large amount of
material in the padget itself and also because of the effect of the radia-
tion kinematics. However, such objections would not hold for the Cross-
Roads Test A where the height of the explosion will be of the order of
150 meters. In this case the radius-time curve should be interpretable
of the basis of a similarity solution from the time the radius is 40 ki
meters until it is 125 meters.

The similarity solution can bhe obtained from either Taylor's theory
(Bl-35 or RC~210; or 1A-213) or from Dethe's Small Gawsa inug One Theory
(Artlcle to bs published in the Los Alamos Hncyeclopedia). The former

starts out with an explosion from & point source and has the disadvantage

. . .
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that the temperature distribution inside is unreasonable. BRethe's theory

Fi

starts with an isothermal sphere and lets the explosion develop from it.

The itwo theorles agree (except for unimportantly small numerical discrepancies)
in the intermediete phase of the explosion when the shock pressure is greater
than 25 atmospheres and after the shock has expanded to the point where the
original amount of material in the gadpet is nepligible compared to the

weipht of alr which has been shocked.

Using the constants which we obtained from the Small Caama 'Hnus One
theory together with ganma equel to 1l.25, we have the following relations
between shock pressure, pg{bars); the shock radius, R(yards); and the time,
t(sec) where E is the energy of the explosion expressed in ecquivalent tons
of TNTs

R = 81,27 EY5 +%/5

pgh® = 5436 E
If we take the Taylor solutions as given in IA-213 and intefpolafa for parma
equal to 1.25, we gets R = 82.49 El/StZ/S and pgR® = 5678 E
The numerical difference between these two solutions is negligible compared
to other errors which arise,
. From a sat of the Fastax pictures it will be possible to plot the radius,
R, versus time. However, it will not be possible to know the zero of time.
Iet Ty and Tp be times measursd with respect to an arbltraryzero and R} and Rp

be the radii measured at these time. Then from eq. (1) the energy in tons of

TNT is given by

N 4 5 - B 511”’2 ‘/
o ....( 1"‘ 7) L -(Yé} s
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B-15 REFORT II-5

The airborme pressure gauges should give accurate pressure-time
curves which can be used to interpret the ensrgy released by the nuclear
explosion. There are four features of the records which are significant:
(1) peak overpressure, p (psi); (2) duration of positive pulse,  (sec);
(3) positive impulse, I (psi-sec); (4) energy in the positive pulse,
Eplagt (tons TNT). perhaps the energy in the positive pulse is the best
criterion for the gadget efficlency since it is not sensitive to the
shape of the shock pulse (although of course it is sensitive to instru-
mental errors which do not average out on the integration).

In the Nagasaki and Hiroshima explosions the bombs exploded at such
a high elevation that the shock hit the ground. On this account the
reflected shock traveled slower than the intial shock and the two shocks
arrived at the airborne pauges separately with a time interval of about
1.5 secconds between. This made it necessary to base the interpretations
of energy released just on the peak pressure of the initial shock. In
the Cross-Roads Test A, the suction phase will not be formed by the time
that the shock hits the ground and no such complications are anticipated.

The analysis will proceed in the following mammer:

(1) PEAK OVERPRESSURE.

From the calculations of Fuchs, Hirschfelder, and iagee (see B-15
Report 1J-1) it appears that the shock overpressure on the ground at a

lon: distance from the explosion is given by the equation:

o( =
plpsy & \/ijg““""‘ff‘“’”

3900e8

o
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Here 1t is the total distance from the explosion in feet and .. is twice the

equivalent weight of TIT in pounds. The factor of two arises because of the

shock on the water surface.

The shock pressure at a height of h(ft) is smaller by a factor, f, tha

would be expected of the same shock at the same distance from the explosion

but with the gauge placed at sea level. According to Bethe the factor f is

glven by the relation:

f= (?,,/Pg)l‘/z'8

(T/Tp)

0.25

Here Py and TB are the normal atmospheric pressure and temperature at cround

or sea level and P, gnd T, are the barometric pressure and temperature of

the air at the altituds h. Using tho United States Standard Atmosphere

(AM-345) we finds

h P T
feet mm He der. Kelvin
0 760 288.1
15,000 428.8 258. 4
20,000 349.1 248.5
25,000 201.9 238.6
30,000 225.6 228, 7
35,000 178.7 218.9

r

1. 0000

1. 0000

L7931
- 7299
- 6655
»6117
- 5567

From the meteorological data taken just before and just after the shot we

can got a slightly better value of f.

Thus at the height h we expect the shock overpressure to have the

values

pg(psi) =

L ] *eo® & LA R
* o L] lal L d
L - ~ .
) [ ] ~m L)
. e« = n
*® e¢e® 0098 5O

331§2§£==========—~
(%m)/ logr0(77%) - -662
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If we know the helght of the gause, we know f. The distance of the rmauze
from the explosion gives R and the shock overpressure is given by the rauve
signal, The value of w is determined from the above equation by substituting
a series of possible values of W into the equation and computing the corres-
ponding value for pg(psi). The correct value of I gives a value of pg(psi)
which agrees with the gauge signal. The energy of the explosion in equiva-
lent tons of TNT is then

E = %/1000
The time t(sec) required for the shock to reach the gauge after the explosion

may be used as a measure of R since

= %ﬁ 40 t(se: c:.;‘ l,;'ﬁ 1065
R =
VIS + 1/ 2(T Tg

The disadvantage of using the shock overpressurc to determine the
efficiency is that essenﬁially pg varics only as 51/3,
(2) DURATION OF TIE POSITIVE PULSE

The duration of the positive pulse is a function only distance from
the explosion and not & function of altitude. From the 1.B.!l. calculatlons
we obtain at very large distances the limiting laws

(seconds) = .0023 K¥/3 logo(R/WY/3) - .662

Here R is the distance to the explosion in feet and v is twice the equivalent
weieht of TNT in pounds, The duration of the positive pulse varies as the
one-third power of the charse weight and therefore is not a very good
criterion of the energy released.
(3) POSITIV: TiPULSE

The positive impulse, I, varles in the same manner as the shock over-

pressure with altitude. It is defined by the relation I - p{psi)dt.
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From the I.B.H. calculations we obtain aﬁ5Veny 1aréé“distances the limiting
laws |

I(psi-seconds) = .035fﬁ2/%/R
Here azain f is the factor reducin: the shock overpressure because of
altitude of the cauges; w is twice the equivalent weisht of TNT in pourds;
and ! is the distance to the explosion in feet. The positive impulse is a
more sensitive criterion of onergy released than cither the shock cverpreossure

or the duration of the positive pulse.

(4) THEMNENERGY IN THZ POSITIVS PULSE OF THE RLAST
The energy in the positive puise of the blast, ©pj(tons THI}, ma; e
written

1. 219 (R/300{° p®(psi)dt(sec)

Ep1(tons INT) =
e

Here R is again the distance from ths explosion in feet.

From the I.B.M. calculations we obtain the limiting form

5 x 10°5 W .
Viogo(#/1d/3) - .662

This is a sensitive critoerion of encrgy released because £p3 is proportional

!:'rbl(tona INT) =

to W,

(5) INTSRPRsSTATION OF NORMAL INT BXPLOSIONS

If in naking our interpretations wo had used the aquations which apply
to normal type of explosions (IA-i16), the constants which appear in cur
equations would have been quite different. The shock overpressure would be

given by the relation:

= 8 £ —
p(pSi) - R MWMW""’ -
(~73)/Iogyy (W ¥38) - ge8

Vi 10
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The positive impulse would have been

. 2/3
I{vsi-sec) = 0545 g A .

And the blast enerry would have been

By = ué,a.%}f CA—
Vor1o( Y 1/8) - 928
Thus at very larpe distances it would appear from the shock overpresgure
that tlie energy released is 507 of the cnergy appearing in the blasiy froun
the pogitive imﬁulée tiils factor would be 643 and from the blasi anormy

avout 0%,
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PRl T CURVLS AT VARIOGUS DISTANGES

v Whe attached rraph will be seen the pressur:z tlme curves obtained
in the 1.8, W caleulations, secaling the explosion to 40,000 tons of T. . T.
in air or 20,000 tons of T....T. assuning the usual doubling on reflaction.

The resuits may be sumardzod by the following tabla.

For 20,000 tons
{Fiith Douvling for Grourm Reflection)

ydss ¥ ;éﬁ%ﬁé&’g‘} Overpress. 141’351‘306) ‘4—(3%"\ 1":im ?;1&3;*:.{""""“3 T
72 10 5. 90 - 468 FEO0
356 5 5,01 392 ‘ 100
525 2 3654 0442 2300
T4:5 1 2,67 2576 1560
1086 . 1.92 LT2B 1260
1550 ol ' 1,09 2938 A Q5
5235 3 677 1.152 gao
571G - 05 « 379 0294 750

flors R 15 the distance from the explosion in yards, the shock over-
presgure is in atmospheres, the I, (per sec) is the pressure tine irpulse,

(sec) is tho tise duration of the positive blast, and | Bim plast is the
enorgy which remains in the blast sxpressed in tens of Iihl. Thus, when tha

ener;7y in the blast is 2100 tons, since tha original explosion was 20,000

tong, only 10 /e nor cent of the energy of the explosion stiil remeing

in the form of & tlast.
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AADIATION INTLASITIHS AND [LATING EFULOTS

1. Intensitics of Iliumination

The accompanying figure gives a theoretical curve which is useful
for calculating illuminations at any distanze and time. The loft scals
pives (yards)®x suns and the right s;éal@ gives suns at 10,000 yards,
The "sun® unit f©7 is taken to be the solar constant, 1.94 calories/ em?
minute. At a distance of 10,000 yards the radiation is attenuated by
approximately the same amount of air as the noon~day sua's rays.

In ealeulating the 079 values it was assumed that only 1lisht of
lonzer wave lenpth than 3150 K is transmitited. This was observed to ba
true at the "Trinity" test. The distribution of wave lencths lonrer than
3150 R showld be very nearly that of black body radiation of some charace
teristic tomperature. Values of the temparatum are ~iven alons the curve.

The radiation intensitics in the initial phase, alimost to the minimum
in the curve, are corpletely detormined by the cquation of state of air
and the hydrodynamical caleculation (on I,T.I%. machines) of the air blast.

The values in the vicinity of the minimum and beyond are somewhat less

certain since they are determined by detalls of | the behavior of the NG,
concentration, and this has not been worked out very carefully. Theoretically
the total radiation given off during this period is more certain than the
absolute intensity or the duration individuzlly. TFrom Trinity measurements

it is known that the duration is about ten seconds . since NGo radistes
strongly in the visidle and very little in the near inira~ye-, it is
predicted that the intensity should fall suddenly to neai zero when the

rases cool down to about 2000°K,. .., .
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The total amount of radiation given off (by integrating the curve)
is found to be the equivdent of 4400 tons of TNT, or 22% of the yield.

The Trinity value was found to be about 10%.

2. Heating effect

For objects which do not come into direct contact with the ball of
fire, heating and charring effects are due principally te the initial
burst of radiation of high intensity. Uuring this time the radiation is
richer in short wave lengths which are more strongly absorbed in common
objects (wood, cardboard, metals, cloth, etl:) than the low temperature
radiation of the later stazes. The temperature of the shock is above
10,000°% until the shock radius is 60 yards, at 3.7 milliseconds.

A simple way to calculate maximum surface temperatures is obtained
by approximating the first radiation burst as a square pulse; 1let us say
that the value of D0 is constant at 4.5x10% for 0.020 seconds. The
maximun surface temperaturc reached for an object a distance U yards

away is given by -

T = 289107 4 op 1.
Als pe o5
or
o o 2aO5SXI07 G oo 2
Ai.s 02 B 24 a

where 2 is the fractina of the light absorbed by the surface, K is the

Y y ¢ . .
thermal conductivity in Ié—@«-—»-—w P is density in 2P, 0 iy specific
SR X ST . s’ P
SN

By
heat in rg;‘ol? 3

Substituting valucs for pine wood (with ¢ = 1) gives:

Ao = Z:.@ZQ;QE o0 B
8 32
. - .:. : .:. :.. :.'
L} : : - [ ] [ ] *

. *

e -n [ I J
The charring of a substance likelwchd ik fos®.likely a simple decowposition

L] L]
* o » -
- -
- ]
-~ -~ a
ne L XX ] L.

APPROVED FOR PUBLI C RELE:&SE

L
> s
ce L4
L]

o8N e



APPROVED FOR PUBLI C RELEASE
2 a8 s o s L

<
L4
L
reaction, and it is almosi.buue thatee stamgmrature criterion can ha given
- ~ N
- - .s . 'x) o s - :

¢ ~ @ e @ ° s
for the effeet; i.e., charmn{g.m&cur&-:i)t:imaab"y or not depending upon the

maximum temperatvre attained. If we assume for the moment that 4000C is

necessary, the maximm value of © for which this tamperature rise js possible

is found to be 1360 yards.

Surface temperatures of all poor heat conductors will tend to be high

for suveh moderate distances. llotals, on the other hand; cool their sur{aces

by condueting the heat away. Copper, for oxample, has:
. 7
. >
ATS - 45“%%}3»{.1.- d'

The value of o 1s about 0,78. Thus temporature inerenents for copper is

approximately 1/30 that of pine for the same distance.
Copper melts at 1G33°C. Calculating the radius at which mel ting can

oceur gives 150 yards which i3 well within the ball of fire. Thus une does

not expect copper surfaces to be melted by radiaticn. Lead,

i 5 o

with a melting

point of 32700 could be melted only to a distance of about 275 yards, and

would at this distance be in the ball of fire.

IR
In the table values oi‘,f EPC and some walues of d are ~iven. The ratio

==z, flves a comparative measurc of the temporaturs rise of various materials
¥ Epl . ,

at a ~iven distance.
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Substance ) EBET  1d(3500)R) | kelative
ATS
a. Metals: )
PJ. 670 4 {o 5) Oa 01
Gu 3,5 0,75 0. 031
../ 2.7 (5 C. 032
Fe(stael) 42,0 0,55 0. 013
b. Structural
materials
Asphalt 5.8 (1) 0.24
Ozk . 1.9 (1) 0,74
Pine 1.4 (1) 1.0
Balsa Wood 0.4 (1) 3.5
Plaster .
Boat‘d 10/ (n SJ Oa 3?
. Various
materials
Cotton 0.2 (-5) &5
COI‘k Oc S (1) 0 6
Rubber
nard 5.0 (1) G. 28
soft ' 1.6 (1) _ 0.87
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(Based on Two Preliminary R2poptes: Py #ean if’«P. 0'Brien; a Conference

with and a Hemorandum by ¢.:Ge PLnneyg,a Corference and Report by
Comdr: Hdler RAVEILI&)S

There has been a great deal of apeculation on the helsht of the waves
which may be produced by the Cross-Roads explosions., The following pre-

dictions are based on the scaling of small explosions.

I. Cross-Roads Air Burst Shot.

Penney has made the only predictions on the wave system resulting from
the first Sross~Roads explosion. Assuming that the shot is burst 600 feet
above the water surface and releases the energy equivalent of 20,000 tons
of TNT, Penney predicts that at the end of the first stase (6 or 7 saconds

after the explosion) the water surface will have the followinz contours

Teicht (S
above | l T
still 3 7 I
E«at/e r {
i
| i
| \
-2 ! :
! |
: |
! 400 1000

Horizontal Distance from txplosion in Fee®
After roughly 20 seconds, the water has rushed back to [ill the central

cavity and the contour has the following appearance:
Height 13
Above
S£411 S

Y ’

e eV P Ee e8e

..
Horizontal Distance f{rom Lxp osion in Feeb
.. LA X ] ® oo o @ L ]
s e ® o o ® & o ¢
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Thereafter the central hump oscillates up and down with a period of the
order of ten seconds and with each coscillation it sends out one wavs,
Tt is not sxpected that the wave system from the ‘first shot will te
spectacular or do any damage. However, there will be a large amount of
water thrown up in the form of spray as the following memorandum from

Yo (e Penney shows:

"As soun as the Hach Y from the main explosion develops, a vertical
blast wave will run across the water. The air motion following the shock
will develop instabilities in the water surface, and considerable spray
wiil be thrown off., The air-water mixture is a furbulent regzion, and the
an;le of w=ixing, according to model measurements in a blast tube, is
about 150. If X is the total outward motion of the alr at any radius,
then the height H which the spray reaches is X/4. At the 10 psi level,
the positive blast will last aboul 0.6 seconds, and X is about 60 feet.
Hence the spray will be thrown about 15 feet high at the 10 psi level
(for a 20,000 ton blast equivalent, the radius for 10 psi is about 850
¥ds. ). At higher values of peak pressure, thie spray will be thrown
higher, and as the center of explosion is approached, the spray height
increases inversaly as the distances At 500 yards, the spray should
reach 25 ft, Gloser in tl'um"izhis(9 the position is uncertain becasue
of the complicated shock wave configurations, but it seems unlikely that
the blast wave will cause spray to rise above 50 feet. lHowever, smsll
amounts of spray near to the center nay be caught in the wprising

convection current associated with the ball of fire, anc carried to -

congidersble heights. ¥ . ’
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Much of this spray will be

s7C

)

swept into the cloud, become contaminated

with fission products, and rain down on the ships downwind. This will

leave a radioactive trail of some three or four miles long. An attempt

will be made to make a semi«éuantitativa estimate of the‘amount of fission

products deposited in this mammer.

II.

Cross~-Roads Surface or Sub-Surface Shot.

Dean O'Brien has made a careful survey of all of the experimental

and theoretical information which bears on the wave system formed in the

second Cross-Roads shot,

He does not really have enouch information to

distinguish between the results of a surface shot and a shot at the bottom

of the 180 foot deep lagoon.

He concludes that if the explosion releases

the enerzy equivalent of 20,000 tons of TNT:

Horizeontal Distance in Feet 2000 50000 10000 15000
Maximum Wave Helight from 20 12 6 4
Crest to Trough in Feet
The wave length will be 720 feet and the wave-period 14 seconds. The .

above estimates are liberal and the chances are good that the maximum

wave heights will be two-thirds of the listed values.

based on scaling froms

The estimates are

a) A large number of explosions varying betwean 0.06 and 600 pounds fired

b)
)

d)

on the surface of a pond.

British firing of §000 Ibs TNT at a depth of &

Navy Bu Crd firing at Solomon's Island o

L 28w

the bay where the water was 40 faet deep.

al now pond 9 fest deep.

L07 arv the botton of

Port Chicago ¢xplosicn where 1500 tors of TN fired in 30 feet of water

produced a maximum wavge}

el from.er
e A -

Roe Tsland a distance ofe ZQQGQfeﬂméf:.

a3t to trough of 10 feet at
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e) The New Zealand %Seal® firings.

P s

—

f) Tﬁe Hacliillan-Shapiro firings of small charges and production of arti-

ficial wave systems by raisingz a plunger.

g) Von Neumann'’s extreme assumptions *hat 50% of the energy of the explosion

goeé intc water and 304 of this goes into making a cavity. Then this

cavity has a radius of 1000 feet which is made completsly dry. From

the Macifillan-Shapiro results with this size cavity one concludes that

the waves should be only a few percent larger than our tabulated values.

Thare is no serious disagreement in the wave heichts expscted on the

basis of any of the above experiments.

Chronologically the sequence of events is as follows,

First, a cylin-

drical crater will be formed with a radius of from 800 to 1000 feet and

extending to the full depth of the laszoon. I+ will take from 6 to 7 seconds

for this to reach its maxinu: size. The water removed {rom

the erater will

be raised gbove the level of still water and ;o out ahead of the disturbances

part of the water will be shot out in a spray at an angle of about 60° with

the water surface. The water will tuen return towards thie center with a

velocity of around 1.0 feet/second to fill the cavity, form
and send up a tremendous plume. The central meund will nobt
developed until 20 seconds after the sxplosion. There have
of the heipght to which the plume riges which vary from 1500

probably 000 feet wouvld be a conservalive astimate, o o

Cascillates snd esch time it sands off o new wave. e Toao

the first downward motlion of thisz mound sends off the wohast

a central mound,

be fully

besn estimates

Lo 10000 feat -

¥

sobral mound

waver Fermaed on

waug Which moves

at a velocity of df(‘)uﬁ\i 74 f’i‘/ sec and reaches 1000 feal about &% seconds

after the explosion. ’7‘»;1'1:-33'%}"5’ “ﬁezaveois-(ﬂ geer than 1000 feat it is not

o
] ' e co o :
clearly distinguishable he.:asw od- was Dhude® ete.
:o. enn 5.5 ese o o o
S T e
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There will be the same type of spray system which Penney discussed
in connection with the flrst shot but it will not be as spectacular as
the towering plume. The water from the plume will wash down fission
products and leave a radioactive itrail of a few miles downwind. The water
from the plume wlll not have a profound effect on the normal cloud forma=-
tion because the plume does not start upwards for & seconds at which time
the top of the cloud is about one mile high. The cloud may bs sufficiently
cooled, however, so that it may not rie;a over 25,000 fest.

Some of the prineciples which O'Brien used in hls analysis should be
étressed:

1. It appears that 1.5% of the charge ensrpy goes into the production
of waves.

2. For charges fired in very deep waters HR = @ Wl‘l 2 (Here H, is
the maximum wave helght from crest to trough in feets R, 1s the horizontal
distance in feet; and W is the charge weight in pounds); the wave-length,
1o = 16 Wl/‘:“ feety the wave velocity is Co = 9:0 w5 feet~second and the
group velocity is half as much.

3. Frcm the "Seal® experdments it appears that when shots are fired
in water of depth, D(feet), if L, is the wave~length that the wave would
have it fired in deep water and if H, R, and L are the wave-height, distance

and wave-length which they actually havs:

Y1o 0.0 0.22 0.2 0.50 0.8
HR/ MLy 0.0 0,48 0040 0. 80 1.00
/1L, 0.0 0. 69 0. 68 0. 8¢ 1.00

ITII. Formation of Tidsl Vaves.

There is some concern over the possibilitiss of the oxplosions setting

. eee a o sepn e

L [ ~
up tidal waves which over~ruh the lsdands, 1. According to Comdr. Roger
L X ] .:O ;n. .:0 :a- :..
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Revelle there are two ways that this might occurs

[
e d

1) Underwater landslide. The underwater rock structure of the atoll
is very steep (of the order of 30 degrees) as it drops off from the islands
to the deep water. There has never been an earthquake in thié region and
there is probably a lot of coral shale which might easily be shaken loose
to form a 1#&11&311(5,@0 If this should occur, a tidal wave would be formed.
hpparently the tide would rise so slowly even in the vicinity of the
landslides that it would not represent wuch of a hazard for the personnel
in boats but might cver-run the shore installmiions.

2) Seiches. The atomic bomb explosion mipht set up characteristic
vibrations of the water in the lagoon which would swish to and fro in the
;T form of a tidal wave. From the dimensions of the lagoon and the placement
of the explosion it appears that the most likely frequency of the seiche
is between 4 1/2 and 5 minutes. Since the phenomena depends on resonance,
the amplitude is very sensitive to the exact position of the explosion.
Because df this sensitivity the height of the tidal wave is unpredictable.

If a seichs of larpge amplitude were formed, it would increase the likelihood

of an wnderwater landsil.i‘deo . -

[ ]
>
]
*

LA B IS Y
2
®s0see
e%oe

L]
L1
£
*
Ld
»
<
L

»
*
PBBaS
)
1Y oe
)
L]
)

Poe yp

APPROVED EOR®PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

o - 7
- . ¢ 0
. e . ) see
- . v e

o e

P15 REPORT VIII-1

FURDATION ALY RISL OF THY SUCOKE COLUIW

The methods wirich we have used in considering the formation and rise
of the smolke column after the explosion are based on a rough treatment
developad by %. I. Tajylor (see report LA-2Z6 and 1A-270). Ireviously we
have neslected the staration of the air in the smoke column and as a
result our predictions of the maximun helght of rise have been low. For
the purpecse of the Navy Crossroads Test we propese to integrate the
equations stepwlse as‘the smoke column rises through the true atmosphere.

The exact pattern of twrbulent convection above a stead line source
of heat (such as a lonz hot wire) has been determined by schoidt. The
dgerivation, however, is too cdmplicated to apply to other cxamnples such
as a steady point source of heat. [Mor this reason, . I. Taylor developed
an approximate method wirich agiees with Schmidtts results ih the case of
the steady line source of heat and which may be applisd to much wmore
complicated problems. Taylor makes the lollowins assuuptions:

1.~ The turbulent heated air column is sharply defined. .ithin this
column the air rises with a velocity, v, which is a function of altitude
but not a function of horizontal distance.

2, The rate of taking zir into the turbulent column is proportional
to the velecity of rise of the air within the column at tho heijght in
guestion. That is; the volumg of air taken into the smoke colunmn in an

element of heisht, &1, in unit time is duld where A is the crogs-secticnal

area of the column and dis a constant. Swirisally Taylor finds that
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%  The preblems ars further specificd by including the usual

e
[E DI Y ]

equations of conservation of eneryy and the cquation of motion. The

equation of notion is just the Law of irchimedes for the static 1ifi
of a vas balloon, the 1ilting force is equal to the difference between the
weight of the air within the colusn and the outeide air which it displaces.

“e are interested in & somewhat different problem. After the explosion,
shiock waves pass out throuch the sir dlssipating onefgy as they prorrass.
The air through which these shock waves pass is left heated. ‘pproxinmstely
507 of the enervy of tho explosion is thus dissipated in the form of heat
by the time that the shock pressure 1s dovm to 10 atmosplieres. .ictually
most of the enerzy goes into low pgrade heating of from 10°9C to 100°..
After the shock waves have disappeared, the prossure returns to one
atnosphere and we are left with the startin: condition of a sphere of
radius, Rys to which has been added the energy, 4y, equal to approxinately
half the energy of the explosion. i'or an explpsion where the enerry
released is equivalent to 20,000 tons of "WIT vwe have

Io = 4.2 x 3020 ergs |, R, = 300 yards

In the Cross-Roads Test where the explosion takes place over water, we
further assune that the initial sphere is satvrated with waer vapor.
These conditions are somowhat diffarent from the steady stale heating
problems which Taylor previously considered. Houvever, for lack of better
information or mathematical skill we a;ply ezsentlally the sane procedures.
It is necessary to make cone additionsl assumptlon repardin-: the ﬁhape of
the smoks puff. Tihis is:

4. Instead of the smoke rising in a column we ideslize the situatlon
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by assumingy that the neated air is originally irn the shave of a sphure
and that it remains spherical as it rises and expands. & further
idealization consists in assuming that the tomperature of the alr and
the upward velocity is conshant throughout the spherc.

Tho formabion and grovith of tha smoke puff can be followed siarwise
in the following fasnhion. In the interval of tine, Stg the pufl rises
in height by §h = 6§/uo The density of the outside air at the helrhit h
is £,(1) so that the increase in wass of tha puff in this interval of
time is

§i1 = .2u(wRe) P (h) §t

The moisture content of the cutsids ailr is known as a function of allituge
g0 that we know the amount of molsture which is taken into the pulfl in
each interval of time., Let I, be the mass cf dry air in the puff and iy
be the mass ol molsture in the puff, From cnerpy considerations we can
estimate the change in temperature of the puff as it (a)} takes in a known
masas of alx of knowm composition at the outside temperature characteristic
of the altitude and (b) expands from p(h) to p{h)(dp/dh)h, Knowing the
new temperature and the new pressure (together with the rew composition)
we can pet the new density within the puflf from the equation of state of
air. Then from the new mass of air and density in the puff, we get the -
new radius of the pufl. The new velocity of rlse of the puff can then be
computed fyrom the Archimedes 1ift using the new densiiy inside and outside

of the puff, Thus the growth and rise of the puf{ may e followed stepwise.
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CONTAITINATION OF Ti WATzR AND 3HIPS

The region under the bomb will be contaminataed due to two causes:

1. The deposition of fisslon products by direcct action of tiw
tlast.

2, The formation of radicactive substances oy neutron absorption

It is believed thalt the fivst will lead %o more radiati-n than e
second. This report contains sowe considerations of Dr. . . ranne
as to the macnitude of the ¥radiation above the water due to the fission
products and its time dependence. The neutron induced contamiraticn Iu

considered in the following report.
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Radiation Hazards

The Turbulent Diffusion of the Radioactive Products in the Sea

e Ge Penney

The purpose of this memorandunm is to demonstrate that the
radiation hazards will be very considerably mitigated by the turbulent
diffusion of the products down intc the water. The radiation hazards
in Shot A may be anticipated small after four houvrs and may even be
tolerable for short times at 2 hours., Iven in Shot 0, they may be
small in 12 hours except possibly for ships near in, and down wind.

The danger from radiocactivity may be divided inte two classes:

(1) Those arising from the fission products
(2) Those arising from secondary radiocactive products induced
in the material structure of the ships.

Evidence from the Trinity experiment, and Ifrom ueasurements in
Hiroshima and Nagasalki, make it practically certain that (2) will be below
the significant level for both shots. o

With regard to (1) ir Shot A, two possibilities must be considered.
The Tirst is that %he flame region containing fission products will extend
over at least one ship and contaminate it by actual deposition. Here
it may be stated that ships which are this close will in all probability
sink. Thersfors it is unlikely that any ship which still [loats will
be contaminated by primary products. The second represents the only
serious possibility and is that the fission products will condense
on the surface of the sea directly, or be condansed on droplets which
return to the surface of thes sea.

With regard to (1)} in Shot B, threc possibilities must be
considered. The flrst is direct conbamination of a ship by the flame
zoney contamination in this way of a ship which does not sink is very
small. The second 1s contamination of a ship by water drops contalning
radioactive products falling on ths ship. This appears a serious
possibility for ships ncar-in Jdown wind. Some trouble may be expected
for these ships. The third is the spreading of tho {ission products over
the surface and throurhout the volume of the sea within about 1500 feet
of the explosion center.

shot A

We may suppose that in this sact the products are initially
spread wniformly over a certain area, estimated roughly at 1000 feet
radiuvs. If the products did not move, the radiation density above the
water surface in this area would be given by the acdepted formula,

syrovided by Leisskopf  o%. %1° 27 e%e see e, .
2 o Fel(pek Hour =P 3 £200 ni{kilotons)
- ode 2eu o, 2., sT{hours) m(sq miles)
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where 2 is the Traction of the tission products actually Jdeposited, n
is the energy of the explosion in kilotons, and m square miles in the
area over which the products are spread.

Just what the true value of P will be is to some extent a
matter of speculation. However, the writer believes with sone
confidence that P will not exceed 0.0CL. This vaive is about one-
tenth that found at Trinlty. Having repard te the very different
heizhts of burst (600 feet or mere as azainst 100 feet) the value 0,001
is considered a very safe maximum value to assume. Then

R(per hour) = 2%99

where T is in hours. This formula may well overestimaile R by a
factor 10.

Clearly, if the preducts remained fixed on the surface, it
would nct be safe to venture into the central area even for a few
minutes until two or three days after tiie explosion have passed.

There are, however, at least two further factors that will
considerably reduce the radiaition hazards. The first is the turbulent
diffusion of the fission products dovin into the water, where their

effect is much reduced, or even compleotely removed. The second is

the carrvin-~ away of the products by the tlde. The second factor is not
altogether material, because the radiation hazard will still remain

in the water, although its center will have moved.

For simplicity, consider only diffusion downwards {rom the
surface. The density of radiocactive products at depth ¥ at time T
will be

R(T) (kD)"Y 2e-Ye/ugr

where R(T) is the radistion density at the surface assuming the
products hava not moved, and K 13 the eddy coefficient of diffusion.

let ¢ be the mean free path of the <-radiation in water

{actually + is about 30 cm). Then the radiation density above the
surface of the water is

7 A Y\ e : 3 k= rit .
4 = R{T) (KT} 1/2 fw (-:"d’;- ! /‘ZKT oy

Zvaluating this expression, ve get

n=4__=ekl 1.u
207 s
vhers i () ~A§T— j/X
Yo 4
and is the pyobability integral.
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Thus ¥ represenis the reduchion of the radiation density abova
the surface due %o the downward dilfusion of the fission products,
If 4KT 7 ¢, then a good approximation to o is

Do L —
W= R
The largsr the value of T, the better in this approximation.

The questlon now arises as to the nroper valve of K. The larger
Ky the nore rapid the diffusion, and the less the valus of ..
Referring to "The Oceans! by Sverdrup, Johnson and ¥lemins, the least
value of K ever measured was in Danish laters at depths 0=15 m. The
value of K ranged from 0.02 up to 0.6, Theose waters are of rreat
stabllity and noderate currsnts. The water 1s reatly stabilized by
2 saline density cradient, and the surface water is nearly fresh.
A much more comparable case for our purposas 1s found in the Tay
of Biscay. Herc the depth of wuber was 100 meters and the values of
K range from 2 to 16, It is therelore sonsidered that K = 1 is
definitely on the low side, that ¥ = 4 is the most probable value, and
K =0 1s slichtly on the high side. Substltuting these values, wo
find the follcwling values of n abt times T hours - .

O-a 25’ H 00 4‘27 H On 125’ H 0. 3567 H Oa 175' H Q. 24
0.50 0,337 ¢ 0,35 2 U.24 ¢ 0.25 ¢+ 0.20

1.4 H 0.24 Ca SO t O 2’:0 H 0. 5'(.’ H Oq 14

ae

1,60 ¢ 0,30

£l
¢
fad
o
L.

2.0 H 0,20 3 100

4,0 1 0.16 1 2,000 1 0,10 2.00 1 0.07

as

-
<
2
£
i

4,00 1 G.C7 4.00

P

e

B.0 $ .10

-

It will be scen that the effect of the eddy dilfusion at twe
hours is to reduce the rvadicactivity by a facter 10, A% four hours,
the factor is 15 - &C.

Accepting the pessinistic value that U.001 of the {ission
products ig deposited on the sea over a circle of radius 1000 fest,
the R velues above this reglon, as it woves with Uie tide will be -
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T T howrs 8
R per hour T 3

These ars considered safe estimatesy the actual valucs moy wedl

be lecs even by a factor as much as 10

shot R .

T fhe radiation hazards inm th
severe than in Shot 4. The main fa
witich tho central region beccmes safe for entry are the i
the splashing of radicactive water over the ships which go not sink.

1g shnt are of course much more
ctors that contrel the tlme ab

.
da, ami

The following eve considered reosonable puessces; no evidance
exists on which to formulate bebtcr caleulatlons:

Initially, the fissien products will be distributed uniforml;
3 £ 0

throuch a cyiinder of radius 1500 feet, roing to the bottom. Avout
37 of the products will be feund in the water. T winddend ciffusion

i

Jdoes not help reduce the radiation above the water, axcept to a very
slight denrec by spreading the region. This spread however is

nagligible. ’

The radiation density above the waler, allowing for the mean
4/ 3 r

frec path of the ¢-rays in water is
»

Riper hour} =

1

3

sven after 10 hours, the radiation is down cnly to 50 R per
Tha radlation ir the shios is unpredictable.

hovr over the water.
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Corrections to Penney®s Hepord, “The Turbulent Difivsion of the
Redicactive Products in the Sea which was Included in the

Crosseloads Hendbook as B-15 Aeport X-1

There are twoe numerical nistakes in Penney's calculaticons which make

the radlosetlvity zbove the ses-waler afber the first shot zbout 13.3 times
too laysoe.
Tha Tiret misteke is in the numericel coefficient of the ecuation at the

(3

vottom of his firvst page which shonld reads

Riper hour) =P %%ﬁ%um) %2@&913933&.{

8G. ni.lcs)
The coefficient 1690 corresponds to a heignt of 3 feet alove the surface of
the water. In uzing 3200 instead of 1690, Penney cverestimated the radioactivity
by a factor of 2.

The second numarical mlstaks srose when Pennay stbstitnted P = 001,
n=20, r= (3/5.25)%3,1416 = .11&7 in the above equation.
Instead of getting R{per heur) = 4C00/T, he should gets

R{per hour) = 300/T

Tho net resvlt is that his IMinal table for the radivactivity above ths

sea-water after the first shot (taking into account ithe vertical diffusion)

should read:

T{hours) 1 2 & 10
R{per hour) 42 15 5,25 1,55

Actuzlly we believe that it would have been slizhtly better to have supprsod
that in the first shot 0.2%9 of the [issina preducts wera deposited within a

radius of 1500 feaet instead of 0.1% within 1000 feet. However, this would mixe
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tne G (per hour) smaller than the sbove values by the factor G.009 which is
an inapprecisble changs.

Pennay nust have nada gome sort of numerdical mistake in his estimate of
the radivzetivilty above the sca-water after the second shote Ingtesd of ob-

tainiae R iper howy)

n
35

500/7 , he should heve gotben:
B {per houwr) = 28T
Thug the redisactivily svove the sea water follicwing the second shot should

ant ba bed for meore than & feow hours,

s eooe » see eve o0
e = ° . e [ 4 L4
. e e ° » [ ]
[ . .0 L d .0 &
L) . . * o s e
o9 Se 900 980 008 O
s o0 & ® [
:." :.. o & ” & @ :
* - A
e n - -z
[ ] -

APPRO\/ED F(}? PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

® ® o L4 ® LN L]
L I [ L] ose L
e & & e & ® & &
e [ X X [ ] o859 & » [ 4

PPN BN
S R S VR : T o« . o - S
IR PR 5 4 L Ao Voo 14 I
i
RS TE0 L KRRy R
SRS B | PR

) oee @ 900 O00p OO
o ® . - . . .« ®
. . o [ hd e o

. . se . o0 . o

™ ° [ ] L} |

o9 ove® sew 0Ed 080 (X ]

LA LT

P 1

PUBLIC RELEASE

4
o
o
Tt
L J

APPROVED FCR



e ATHER DURING HAY IN THL BIETY

i

AREA

.,

The Tolleowlny description of the climate in the arvea of Rikind Atell
i3 based on cbservations taken by the AAF Seather Service at Rwajalein
Atoll during ey 1544 and 1945. TBecause the period of record is shoxt,
concluslions based on the data are likely to be misleading. Therefore 5
& great deal of care siould be used in making any interpretations of the
information.

Cloudiness
Cloudiness over the atell is coneiderably preater than thatb reportad
over the adjacent ocsan arca. Durlng the period of record, clear skies

were observed on cnly ong or two days abt Kwajalein., Scattered clouds (0.1
through C.5 cloud cover) were most frequent. The distribubtion of cloudiness
atb Ewajalein 1s showmn in Table 1,

Table l.-~iverage Sky Condition during May at Kwejelein
Claar ({0.1 cloud COVEI) + o « o o 2 2 0 s o b e 5 o o 0.5%
deattered (0.1 through 0.5 cloud cover) . v o o o o« « 41,9
Hi, Brkn. (0.5 through 0.9 clcud cover)
_or Qvercast (with =0.5 low clouds) . . .+ v o . » &7
Low Broken {00.5,32.9 cloud cover) « » v +» = o ¢« » « «» 20,0
low Ovarcast (0,9 cloud cover) .« ¢ o v v v v 6 o o o To9
e average diurnal variation of cloudiness during the period of

record for ilay is shown in Figure 1. Cloudiness was least during the

night and early morning and increased during the warm daylipht hours.

The period of greatest cloudiness was betwsen 0700 and 1000 local

time, The rare occurrcncaes of clear skies wewrs observed late at aight

and in the early morningy.
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Cellings

Ceilings were renerally higher than 950 feet during lays they were lower
than 2,050 feet on only 0.1 percent of the obersvations. On more than 74 percent
of the observalions, ceilings were above 9,750 fect. The percentapge {requency
during fay of ceiling height 1s shcum in Table 2.

fable d.=-=Averape Distribution of Ceiling Heipht during lay at Kwajalein

C=ad50 feet 0. 05
D*“"’E“EO 003
CG‘ZOE;‘) 71: 8
O“’Z‘OE&"O lr'ﬁé:
0”5250 2:1...;'7
0-6750 25.9

Over 9750 7462

Visibility -

During May visibllity was always excollent at Kwajalein. On less than 1
poercent of the observations, it was below 3 milesy on 6.1 percent less than 10
wiles. The percentage frequency of visibility limibts is shown in Table 3.

Table 3.-~-Average Distribution of Visibility Iiwmits during Mey at
Kwajalein
0 to 3/9 Mui. 0.0%
0 to /4 0.1
0 to 1/2 ol
0 to 3¢ 0,1
0 to 214 0.9
0 to 2 1/2 0. %
0 to 6 4.1
Ot @ 6.1
10 and COver 93.9

Poorest visibilities occurred during the afterncon and evenins hours. The
hourly distribution of visibilily limits is shown in Fipure 2. Iog i rarely
observed and did not occur durdng Moy 1944 and 1945,
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Precipitation

fiinter and spring correspond to the dry season, so that precipitation from
December through May ie at a windmum. Durding May 1944, the mean precipitation
amoumted to 4.57 inches, and there were 18 days on which anounts of .Cl inch or
more were rgeordeds

Thuaderstorws were very infrequenty only four were recorded during February
194« throurh October 1945 at Kwajalein. HNone were recorded during lgy.

Temporature

The ranze of temperaturs in the Bikini arsa is very small, and the variation
of the monthly msans during the course of the year is less than the diurnal ranpe.
Temperature values for the perlod of racord at Kwajalein are shown in Table 4,

Table 4.~~Temperature (°F.) during May at Kwajalein
Fean dally tempsrature 02,80

Mean daily wmacimun temperature 87.40
Hean daily minimum temparature 7730

Abzolute meximum temperature g00
Absolute minimwn temperature 710
findg

During May winds at Kwajalein woerc gencrally from an easterly direction.
Tey were moderate to fresh (13 through 24 m.p.h.) on 78 percent of the
observations, and light to émtle {less than 15 n.p.h.) on less than 19 percent
of the observations, liinds of force nrester then 32 m.p.h. occurred on less
than 0.1 percent of the cbservations during liay. The distribution by direction

and force is shown in Table 5.
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Table He.-=Percentans Fregusney of Vind Direction bty Veloedty Groups during
Yay ab kwajeleln

T 7 TALTE TTIENEL T 28l 32-40 46
MeDele MeDolle IMaPoby  ThaPolle MeDolle MoDells

M .

NG G.1

NE 0.5 7.3 0.5

5Na 0.1 2.6 2o 2 G5

¥ : 7B 26,0 1.5 0.1
ESE 0.1 6.2 17.7 0.6 :
SE Gol Lol 1.2 0s2

SSE 0.5 Oud

S 0.1

S

5

WSk

Vi

[

10

NI

Calm

Total 0.3 18.2 78.1 363 0.1

Typhoons

Typhoons are uncomaon in the Marshall Islands, but they are not unknown.
For exsmple, ithe atoll of allinclapalep was devestated by a typhoon in the
autuan of 1874, Typhoon data for this area, howsver, arc scarce, and they
may be more severe storms in the rezion than are evident from available sources
of informabion. .

Intertropical TFront

In the lengitude of the larshalls the wmean position of the intertropical

front is still south of the equatoer duﬁfxg Vaye
Height of the Tropopause
Available records of radiosonds sscents in the Rilkini area do not reach

sufficient heights to give an ayewage,value Gl &he height of the tropopauss. An
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estimate may be obtained, however, from ascents at Batavia, W.l.l., whicre the

height of the tropopause averages vetween 17 and 19 kilometers.
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WIND OBSERVATIONS ON ENIWETOK MAY (945
(WIND SPEED- EACH BARB 10 MPH)
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In this report, the descriptin of the weather in the area of tikini
Atoll is continued. As in the report for iay, data are based on a two-year
record of observations itaken by the AAF lLeather Service at Kwajalein Atoll
duriig June and July of 19«4 and 1945. Becauss the period of record is
short, conclusions based on these data are likely ho be misleadine. Therefore,
a great deal of care should be wsed in malking any interpretation of the
information,

WEATHER CONDITIONS DURINVG JUNZ
Gloudiness

Clear skies were practically nonexistent during June; the few times
observed occurred during the night hours. The frequency of swcatlered clouds
decreased in June, and the frcqvencv of nigh broken or overcast conditions
increased to become the damxnant type of sky cover. The distribution of
cloudiness at Kwajalein is shown in lavle 6.

Table O.=~Average sSky Condition during June atbt Kwajalein.

Clear ($0.1 cloud covcf) e e v e v e s e e a s e e n o Q.8

Seattered (0.1 throuzh 0.5 cloud Cover) « « « =« « « o »  &3.1
Hi. Brkn. (0.5 threuzh 0.9 cloud cover)

or overcast {with 3 0.5 Jow clouds) . . . . . - . . 49,2
Low brokan (0.5 through 0.9 cloud cover) . . o . . - . 14.8
Low ovarcast (0.9 cloud cover; » o « » « 4 = o« v o . & 2.9

The averacs divrnal variation of cloudiness during the period of

racord for June iz shown in Figure 4. The zreatest Proguency of scatiered

cicuas was obzerved during the night aad sarly mernins bours.  Hisn broken

or cvercast skiss ocourred from O¥QU thnreough 2000 lJocal tiw. The few

(4]

instances of clear skles wore observad duping Lha b i 2300 throuph

0100 local time. o 8 ogd
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wan 82 percent of the obs &iV«thnujgailingS ware above 9.750 feet.
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percentage frequency during jJune of eelling heights is shown in Table 7.
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Precipitation
Although June is in the rainy season, the averar’e precipitation of 3.00
inches during June 1944 and 1945 was less than the averape for HMay. There
were 16 dayg on which precipitation amounts of .0l inch or more were recordsd.
O the 4 thundersiorms recorded duiing the period of February 1944
through Cotober 1945 at Kwajalein, £ of them cccurred in June.
Temparature
The variation in temperature {rowm month to month is very small, and
during ‘lay, June, and July, there is little change. Temperature values for
the pericd of record at Kwajalein are showm in Table 9.

Table 9.--Temperature {°F.)} during May at Xwajalein.

Mesn daily temperature 82,4°

Mean daily maximum 67,

dMean dally minimum 77.2

Absolute maximum 90

Absolute winimum 7%
inds

Surface winds at Kwajal ein during June continued from an easterly
direction, On 80U percent of the observations, they were moderate to fresih
{13 through 24 m.p.h.) and on 15 percent of the observations, light to centle
{less than 13 m.p.h. ). Winds greater than 2 m.p.h. occurred only twice during
the period of record for Juns. The distributlion by direction and foree is

shovwmn in Table 10.
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Table 10.--Percentape Frequency of Lind Direction by Velociiy GT
during June at Kwajalein.

1-3 G2 Tv=da 2581 &d-4b 26
BePolle  MePelle  MePeblle  Mepelle  Map-Ne  MWepoBe

N .
NNE 0.1
Ny 0.8 4.0 0.1
AR 4.6 2.% 0.5
N 5.0 33,6 Q.9 o
BSE 9.9 11.6 0.2 ¥
Sk + & 0.8
858 0.1 0a1
3
ote 1l
SW 0.1
W5
W
WG
Ny 0.1
W , e
GALM ' ' ' ' 0.1
« 0,1%. o
Typhoons

Typhoon data for the Bikind area is scarce, bub tropical storms
are not unknown., During the period of record for June, apparently there
were no gavere storms sihce the strongest winds recorded ware between 32
and 46 m.p.h. and these on only Iwo occasions.

Intertrepical Front

During June the intertropical front in the lonpitude of the larshalls
beging to move northward, and its mean position lies approxiantely .n the
yguator. The loeatin of ths front during June of 1945 at 1859 £. lonvitude
varied Trom %0 S, latitude to 4% N, latitude with the mean position lying
votucen 1% and 32 H. lativude.

Height ol the tropopause

Trhere iz iitdle change ir; 'I:);zg:. heizhy pf the tropopauwse during June.

*e s o0 .Qe
I ¢ s s
From ascents at Batavia, H.k-<,, §t%1s Setalhalell thab the height of the
tropopauge averages betwasn 1;?:&15;’(1 A% }gﬂz:@:sgter&;a UNGLASS’FIE@
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SUATHUR JONDITIONS DURING JULY
Cloudiness

During the period of record for July there wers no occurrences of clear

'Y

skies. ' High breoken clouds or overcast skies were the most freguasntly observed

conditions scatlered clouvds were next, their frequency having increased slightly

over Juns, The distribution of cloudineés at Kwzajalein is shown in Table 11.
Table 1l.-~Average Sky Condition During July at HKwajalein

Clear (<0.1 clovd covar) « = = = = = @ o = = « = (,08
Scattered {o.1 through 0.5 cloud cover) ~ -~ -~ =35.06
Hi. Brkn. (0.5 thrcuri 0.9 cloud cover)

or overcast (with 2.9 low clouds) = » « = = =45,5
Low Rroken (0.5 through 0.9 cloud cover) - - - -14.8
low Overcast (>0.9 cloud cover)s - = = = =

3

!
4
]
o
;-‘

The averape diurnal variation of cloudiness during the perioed of record
for July is shown in Figure 7. As in the previous menths, the greatest freguency
of scattered clondiness occurred during the night and early morning hours with
cloud smounte Increasing to broken or overcast during the day.
Ceiling
Ceilings less than 951 feet were observed three times during July 1944 and

1945, or on less than 0.2 percent of the observations. They were less than

N

»05% feet on .4 percent of the observations, or almost & percent more frequenily

-

than in the preceding wmeonth. Ceilinss wers above 5,750 fest on 79 percent of
the observations. ‘The percentage frequency during July of ceiling nelphts is

shovm in Table 1.

Yable 1d.-~Averaze Higtribution of Ceilin Height during July at Bwajalein.

QO - wo feet = = = m o mowow e e e 0,10

e (_3 TR A P ST S I

O e dOgU e s e e e o e e e e G4

¢ - 2050 B o o m o om ow omomow e o~ 15, &

O wn S350 L T TSy L

O e 2450 7 - 0.9 .
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In Figure § arc shown the nourdy frequencics of various ceiling heighis at

of record.

G,

Kwajalein duringy the period
Visibility
Visivilities of less than & wiles oncurred on 0.8 porcent of the obscrvations

l

durinz July 1944 and 1945, heavy roin showers probably being v the obstructicn.

pilitles were excellent being over 10 wiles on 9&é.o

Fuds

Sonerally, Lowever, via:
percent. of the observations. The percentage freguency of visibility linmits is
shown in Table 13,

Table 13, -=Averase Distribution of Vislbilily Limlts durinz July
at Bwajlalein.

O~ MO Hi. v = - 2 ® w2~ o=~ 0,08

0 o ;jg L 70 |
O we 202 4 e e e s o om o om O

o T P §
O mme 2 14" e e e e e mmoeomow O.0
T T 1 O I3
O we & B e w e m  m o w o w ow ow T
O e G L O 4

1) and over « = # m = m o= om o= oo e o - 93"3

Ceeurrencea of poor visibility were scaliercd throughout the day, as is
avident from Firure § which shows the hourly distribution of visibil iy. Foo

w3

was not observed during July of 1944 and 1945,
7 Precipitation
Both the number df days with precipitatieon znd the nean monthly amount of
nrecipitation incrcasce during July.  The gverare amunt of rain Tor the perdlod

of pecord wag 594 loches, and there were 26.5 days on wnich precipitation

amcunted w J0L Inch o mors.

There was 1ittlie i taepes buera Lron Jfyne to July.  Tenperature
LJ
- e o o
L] Fa - - « 5 A L . o . o - .
values for the period of record dWJGHJZIgi.ara Jevn 1a Table 14,
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On ¢5.0 percent of the observabions the winds were lisht to sently (less than
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. Table 14.==Tenperature (OF.) during J
Hean dalily tomperature -~ = = = = =
Mean dally maxXimum =~ = ~ = » = = -
Mean daily minimum » = = = = = = =
Abgclute maximum - = « = = - = = =
Abscluote mindmum « = = o o = = o -~
winds

uring the perisd of recora for July

e Do 1o )4

Linds greater than 34 m.p.h. occurred four times during the peri.d

ompass during thls onth.

at hwagialein.

surface winds

E2.10F,
57.6
76.4
92

71

However, there were occurrcnces of winds from all points of the

The predominant wind force remained moderate to

maintained their essterly

resh({iv throvgh 24 m.p.b. ) and was recorded on 52,9 percent of the observations.

of record for July. The distribution by direction asd force is shown in Table 15.

Table 15.==Percentage frequency of

3

Oroups during July

wind Direction by Velocity
at Kwalalein,

I R RV S THC S BN Y &7
TePelle MapohNe  Wopelle MepPolly  Mapelle oo lic
N 0.1 0.3
NN 0.8
N 0.2 1.9 2.« 0.1
sNE 0.1 B 13,5 0o 3 0.1
5 0.1 13.0 30.0 0,5 061
354 0.2 o 15.0 0.5 0.1
35 C.l 1.4 1.6 0.1
586 Q.1 0.9 0.3
5 0.5 0.2 0.1
SH15] (0.3 0.1 0.1
54 0-1 0.8
WS 0.2
o Gol 0.3
SN 0.1
N 0.3 0,3
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wiich were the sironrest recordsd. Apparently no typhoon occurred in the area.
Intertropical Front

During July the mean position of the intertropical front covers the
southern porti.n of the larshalls. Although no synoptic data on 1ts position
arec vaillable, it must be assumed that it was located over the Bikini arez
on aceaslon during the month.

leicht of the Tropopause

Yariation in the height of the tropopause during the summer monthe
would be slighty althouch no data sre avallable for the Pikini area, it is
estimated that the height of the tropopause averases hetween 17 ardd 19 kilo~

meters. This is based on balloon ascents al Batavia, N.l.Il.
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