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Prelimiiary bDescription of Test A

1. Introduction

In this report a brief desceripltion of an ldealized atonic explosion
of ¢G,C00 tons TNWT equivalcmtl is given. 7The explosicn takes place 200 yards
abtove a ricid mediumy the wave motion of the water is neclected for the
prasent. 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, a get of shock pressures and radiation intensities. OJamage and

contemination problems are nol discussed.
2, Description of nuclear explosion

then the enerpy from a nuclear cxplosion reaches tne air surrounding
the borb, thermal radiatlion presants thoe fastest moehanism of eneryy transfer.
Thus there follows a perlod of "radiation cxpenslion.' This period ls characters
ized by having the alr heated to a high temperaturs by radiation belore it
is set into mwotisn by hydrodynamical sipgnals from the ovlwiard-noving naterial
from the cenler. The rsdlation epangion is alwayse diﬁfusive and never
approachies very clescly the velocity of lichit: Yor a teoniy-thovsand-ton THT
equivalent yield the initisl veloclity will dbe slinsitly leoss inan 107 =/ sec.

As more aly is taken in, tho terpeorsture and velocity {rep.  Lhen the velocltby

. \:. / - Y 3 - g . > b ra B -
drops to aboul «l0Y cm/sen, a sthrony shook weve cevelops.  For a 20-kilic-tun
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wuriaz 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 abould 40 atmospherss and the temperatuire
about 2100° K, At this point the radiating front separates zna lags behing
the saock fromt. The time 1s now about 23 milliseconds. The actual anoun
of radiant energy which has been given off up until this time s rather smsli,
altnouzh the period of nigh surface brightness for the radiatins front is
passed. At about 28 milliseconds the briphtness goes throuch s minirmum, then

_______/\
it grows somewhat brighter and remaing at the order of a few btimes solar

prightness for a period of ten to fifteen seconds for an observer at 10,200

yards. Tlost of the radlation is pglven off in the nrerloed after 20 milliseconds.

B

turinz most of the shock history, a shock front transparent to the
radiation from the hot core expands into the atmosphere.® At 71 millissconds
the water is struck, and a shock wave 1s reflected back into the air. Since
there is as yet no suction phase present, the reflected shock will rapidly
unite with the original shock all over the (hemlsphorical) front., This will
strengthen the shock and make it correspond to something like twice the ercryy
yield. This phenomenon is familiar from ordinary charges fired near the
ground.

The tall of fire expands to about 275 yards radius at one second and
remalns brizht for sbout ten seconds. During this time it is srowlne larser
by mixing with the coocler air surroundinr it, and pisin: ot & rote of ghovt 20
yaras per second. Ab the end of the [irst minvis the well has 2ipanded Lo a

radius of ehout 850 yards and risen to & heicht of & mil.. The shoeok wevs has

ioiiity o‘f o e o cifoett
ﬂ;xc, 36cTion phase ol Liw giock wave.
,oe strongly sestiered in the fog
J el a4 tremsndous lampy lobe.

2 For air of high mumidity Gherg
in wiich condensaticn of s.t\:s. qﬂ
in this case bthe linht lrom e *m §
and tho shock front will taks on
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reached 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 somethdns over t minutes. There
1t starts to mushroom out but succeeds in pushing up @ narrow colmmn theough
the inversion up to a helght of some 6O to 70,000 fwet in a time of aver &0

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

25000 feet will drift to the southwest and the part abeve that will deift
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 RUPORT I-2
TIME SCHEDULE FOR TuST A

by J. O. Hirschfelder and J. L. liagce

In this table we assume that the energy equivalent of 20,00C tons

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

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

Dghock = horizontal distance of shoek front from a point
directly beneath the explosion alony the water surface.
Tshock = temperature of shock front.

3]

visible illumination intensity measured in suns {1.94 cal/em?/minute)
at a polnt 10,000 yds from the explosion,

Pshock = shock overpressure in either atmospheres or pounds psr sguare ineh.

V3hoek = 8hock velocity
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1. t = -40.7 sec, Bomb dropped from 30,000 ft.

Altitude at a horizontal distance of 16,500 ft from the tarcet (assuminy that

the plane is flying at a true speed of 300 wmph)

2, t= =115 millisec, {omb is detonated

3, t = 0, Nuclear explosion takes place.

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 = 069 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
Psnock ™ 20,000 atm = Pgal} Wire
3shock/bair = 9
Vonoek = %5,000 yds/sec
¢ = 50 suns at 10,000 yds

6. 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 bodys.

Rshock & 100 yds

Pshock = 76 atm

Tohoek = $80C%

Vshoek = 2000 yds/sec

fshock 9

-Paix' o ®eo : .:o :c. e

= ulleSurg 3% 13,80 s
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t = 23,2 nmilliscc, "o Trrs sshock* idAt’ becomes transparcnt.

The radiating surface starts recedinz towards the ball of fire. ilence,
the low value of the illwumnination at this tine.
Ashock = 125 yds

40 atm

Pshock

T

shock ~ 21000K

Vanock = 2200 ydq/secv

Pshock

= 6.0
Po 5

= 0.10 sun at 10,000 yds

t = 70.7 milliseconds, Shock wave hits the vater
Tha shock overpressure Just before the shock hits tne waier 15 only 175
psi. TImmediately after the shock hits the wator the shuch OVU?FTESSU?B
is increased to 1000 psi due to the reflected shock wave traveling
back throurh air which is already compressed by the incldent chock
(a truly strong shock in air is embanced by a factor of U on reflection
from a rigid surface). .The temperature of the shock 1s corraspondinsly
enhanced from $00CK to 2950°K. At this time the ball of Tire or
radiating surface is clearly distinguishable from the shock front and
thirty yards bebind it. The incident shock wave is not luminous but
the reflected wave 13; therefore, a wave of light will L& awen rimin:

from the surfacc of the water and pass up into the ball i firo.

Just “efore the lhock Jusl After the shwck
hlta water hits watare
Fsnoeie = 175 psi Pshoek = 1000 pst
Tsnock = YUOVK Tghock = 29509
Va1 N jq’;m :éta‘.‘vw::. E.. E.: ( e BN wadem d .
SNOCK T At .' ,,;-..M_;cn‘;.(:b: :. : :VSUOCK s 2‘3[_}0 ,]7d~'7/ﬁ‘3-(§
... .:. :.. .:. oo @O
= 0,90 sune.at 10.00 e
o 15 T0EY PGt 20,000 yds
- - ‘
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b = 0.165 seconds, Mach Stem starts to form
Up to this time the reflecltion of the shock from the surface
of the water has been regular, ‘

200 yds

it

Dshock
Pgnoek = 270 psi

Tshock = FOCGOK

Vanock = 1480 yds/sec
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By Sgt. HMeAlllster Hull

It has often been observed that in large expleosions at sea when the
humidity has been high the whole area surrounding the explosion 1s obscured
by a hemisphorical fog. This fog is formed by a Vllson cloud chamber effect.
The air is [irst heated by the compression phase of the sheck wave and 1s
then cooled during the expansion phase of the pre;sure wave. If this cooling
is sufficient to supersaturate the air, condensation and fog may be expected.
In LA~448, F. Reines mada a detailed analysis of the explosion of the U.5.5.
Burke where motion picture records of the phenomenon were obtained. Ue have
based our anslysis on the results of the J.B.il. calculations scaled for a
20,000 ton explosion. Thus our results should apply directly to the Uross-
Roads explosions. For explosions 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 77% {assuming an
initis) temperatuvre of 300K or 27°C;.

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

3. As in the case of the 1. 2 Durke, ws 2an expect Wnat the 1og onca Tormed
wlll dissipate by pring blown up into the riging smoke colomn atter somo U o

10 seconds. aithough the Yog is ne lontay a2vaple ailer the sugiion phase of the

*

shock has passed il tzbes 28 3:‘.-'.;;:‘;-;.“.&:1‘:551?' dfhetn of time for hae aroplats to
- - 4
*w

[ AN
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evaporate.

4. The time and radius at which the fog first forms and the radius %o

which it grows may be used to make a crude estimote of the enerry rnleased
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.

Jated from

The dats were calcu-

ST _ . 0 - pmin) _ s ~ poy®
- = .2782 (E.W?(;Emﬁ) - 1758 (P_..B,SE?.) .

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 prin

the minimum pressure. The second tem was doxived Ffron the shock conditions

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

has passed and thls term is valid Tor pressure changea small comparsd to

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

pressure minima abstracted from IBH data. T is assumed to be FO09K, po

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

ton THT sequivalent explosion from I3 data.

dT it the temperature decrease.

"y
™y
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*e° ene o ,,i: e 5 _
TARLE T
R ps;opo PO = Ppin é% 57 t at poyn
77,9 yds| 10 atm | U.ce abm | -175.2 ~52,5600 C | 1.25 sec
355. 8 5 222 - 21,85 |- 6,555 1.26
528. 7 2 .18 - 1.350 |- 405 .} 1.73
742, 9 1 .13 . ,1880 |- 414 | 2,03
95645 0.62 109 + L0130 |- 3.9 2,71
1086 0.5 09 |+ L0039 |+ 1.7 | 2.95
1368 0, 34 071 + L0132 |+ 3,90 | 3.60
1949 0.2 .05 + ,0130 |+ 8,96~ | 5.40
| 3235 0.1 -08 + ,0084 |+ @ 2.5 $.15
5710 0,05 i 002 + L0057 |+ 1.7 |15.62

Wigure 1 is a plot of 8T vs. E-%—ZJ?—Q,' and shows that for a shock
overpressure of more than 7.8 psl the temperature change will be pozitlve.
For shock overpressuras between O and 7.8 psi, cloud formallon may occur,
The distance at which the shock overpressure is 7.8 psl 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 300K temperature before shock, cloud formation
can be oxpected to start at 1000 yds, |

The minimum relative humldity nscessary for cloud formation at a given
distance from the explosion may be calculated from the 8T colum of Table I

with 2 knowledze of the mixing ratios of the etmosphere at the terperatures

s ~

L]
)e®
3)00
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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 mixing
ratios at these two temperatures and 1 atmosphere are 25 o/kg 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. Those data are plotted in Figmure 2.

TABLE 1I
R o7 ' Mixing Ratic Mixing Ratio tin. Rel. Hum.
5000K, | atm 1 atm, (300-8T)"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
100000 1 I} 21,6 ' 94

Fipgure 2 alsc shows the time at which the maximum temperaturs changes
occur, as shown in the last column of Table I. It was found that the
velocity of the shock minimum this region is about constant: 865.6 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 negative before 1t reaches its minimum value,

and 13 still negative & short vime beyond the minimwa, the wniulty-distence

aam

¢ Tue @ 08¢ 200 o2
« o & o . ¢ LR
= = s . [} s o
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PRGDICTED ASCENT FOR KWAJELEIN, June 3, 1945, SURFACE SHOT

& =,]

¥ean Height
of Cloud in
1000 Feet

Time (sec)

32,7

61.3
101
146
198
264

355
486

Radius (m)

2.07x10%
2.69
3 39
4,10
4,83
5.5%
6. 34
7.11
7.89
8. 70
9,50
1.03x10%
1.12
1,20
1,30
1,39
1.49
1,57
1,68

3, 51x107
8. 13

1. 54x108
2,89
4,72
7,23
1.08x10°
1.51
2,06

2. 76
3059
4.62
5.88
7.27
9.17
1.12x1010
1,37
1,63
1.98

Volume (m®)

1. 30x107
6.41

1. 44x1008
2.59
4,11
60,05
8.43
1.13x109
16 47
1.86
2.%0
2,79

3. 03
3093 .

. 4,57
5,27
6,01
6.81

70 67

Hass (kg)

Density (%%3)

. 372x10™3
® 788
. 082
. 896
.872
L 836
. 789
750
712
673
640
-604
.568
c'555
« 500
-468
436
o411
- 387

Temp (°4)

600
879
332
311
- 300
294
288
283
279
275
270
266
262
258
253
248
243
2389
284

Velocity
m_\
sSecC

240%.4"
agiyec
34;:1. :"E
2634,
25450 et
a5
15,7
11.5
6,97

0

¥ -15-Report-1.5
To be inserted afior Table Il
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curve is actually broader in time than is shown in the solid line of Fip. 2.
To correct for this, the dotted curve is drawn in to be used with the time
abscissan

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

The cloud density may be calculated as 2 function of humidity at any
point, and the relation is linear. The difference between the saturation
mixing ratioc at-the original temperature (5000K) and that at the minimum
temperature reached gives the amount of water in gma/kilogram of alr condenssd
into cloud droplets. It should be noted that these calculations are not very
sensitive .to changes in the original temperature; an error of 2 to 3% being
introduced if the original temperature lies between 290°K and 3109K,
Temperatures less than 2980K are not anticlipated, but an error of not more
than 57 should occur if these figures are used for tomperatures as low as
2830K before the explosion.

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

by
p = (Wsg ~ Ws) 1,177 , where Ws, and Vs are the

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

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

TABLE TTI
’ i8g = 18 PR U 1007)
1086 2 - g5
1360, sgels  oze G g, £.68
1949 o s fee t J1 S 4o 00
3235'00 eselane sse :"5,!5:0. g
5710.. sse [ eoae "-‘35, [} ‘:0945
0C003 ¢ 8§ "2 akeS 0 J 1,77
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The reduction 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. Vie 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.§7 gm/metera. 1If we assume '"reduced to 40 meters" to mean
that visibility was reduced to 0.1% in a 40 meter thickness of cloud of
density 0.879/meter”, k may be evaluated, Calculation gives

k = ,01816 P, if x 1s 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

p v x
0.5 0.1% | 75.9 wds
1 27,9

2 19,0

3 12.7

4 9.5

5 7.6

5 $ 6.3

In Figure & is ploticd thiclness of cleoud vs wisibility for thée walues of

p noted in Table IV. Thaogy 0% yes uf preineiude all of those calculatad as ex-
[ - L ] [ ] L) *

L [ ] [ 1) [ e e o
pected densities of cloud @melubde #3Ites Pu’addition, vigjure 4 has been plotted
:. :.. .. :..

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

The final question to be consldered to complete the analysis of the
cloud-chamber effect is that of the cloud stability. Stability with respect
to evaporation need nqt bothor us bacause the cloud is reasonably necar
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. environment. lolmboe

Dynanic Leteorolory) delines the saturated lapse rate as

T = RgT =+ L\"s_ s where iig is the
T R4T -+ (..LE.A%WIE@?.«:_@

mixing ratio and the othsr factors are constant. RQT is small compared to L
(.08 compared to 2.5), and we may write approximately

Bs - J:‘L(ll-é» B2 or, naglecting 1 in comparison
¢ " 2 S

with 0,62 (-~ 240),

e i X o, 1
Us ™ -—goigosmey— s °F Vs Y -

5ince the cloud was formed by condensing some of the water out of The surrcunding
atmosphers, the mixing ration within the cloud will be smaller than the nixing
ratic of the enviromment which hss lost none ol itg vapsr o eondansation.

From the sguation Tor the lapse rate Just jven. we concluos
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condition for vertical instability. Thus the c¢loud, if formed, will bsgin
to rise from the ocean.

The wind toward the center of the explosion which occurs as the pressure
there 1s brought back to equilibrium will tend to break up the cloud as well
as to 1ift 1t upward. Also, the rising ball of hot air will tend to teke the
upper parts of the cloud with it. All of these factors make an estimale
of the persistence of the cloud and its veloclty of rise difficult, The
general conclusions about stability, however, are borne out by 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 scals placed on plCt-LI’f‘S 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 (*7@3()]/ , or about 990 yards, This is in fair
agreement wlth the calculated minimum distance of cleoud formatlon 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-

w 20.1/3 .
ponding to a growih time of %.1 x ’m-;“/ Y = 5.9 geconds {or the larger

)

explosion. This corrosponds to s cloud forped 2t about 0250 humidity,

heginning at about 1080 yerds and 2.0 seconds Irow the santer of Lhe

axpiosion. Note that the scaled valvz of tho rdlstance al which the Mrkefs
cloud bepan to form is about 923 of thab given above Ivem clend srowth
conaiderabions.
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The cloud formed by the Burke's explosion scemed to begin to rise
as 1t was formed, and so began to clear the ocean when it had reached maxisum
growth, correspondin~ to a time of about 9 seconds for the 20000 ton shot.,
It rese to a helght of 500 yards in about 2.9 seconds after grovth stopped,
which glves 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
nesd not be scaled if we assume the cloud compositions to be about the same.
fie 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 nmiles per hour. GCrowth tiune 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 ‘inuis

There are several types of radiation given off by the atomic bomb.
At the time of the explosion there arc: wvisible and thermal radiationg
»padiation and nevtrons. The visible and thermal radiation iy most dancerous
to personnel at large distances: a person's gkin can be raised 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
danger extends somewhat beyond 1000 yardss at 1000 yards the ;- ray dosare
is 1000 Roentren during the first minute. At 1£00 to 2000 yards this
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 ¢ rays
and fast nevirons shoot out. About ;‘ive microsecconds later visible radiation
is seen as the shock breaks through the bomb case. Thls lasts at rather
iarpce intensity for about tea seconds. About ten microseconds after zero
a larce pulse of epi-thermal neutrons reaches the air. These neutrons have
a very small range and are absorbed in about two I{undmd meters of air,
S5lichtly later, strong camma radiation from the fissicn 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 receivezi on the ground is
ne~lizible. During the first ten seconds or so 2 relatively small number of
fast delayed neutr.as are emitted from the fisslion produects. They are eventually

slowed dovm and soe of them induce I‘adloact.j._‘.'ltJ in the atoms which absorb them.

Thelr range is around six hundre& yards 18 adr. s

'Z= o—
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A large number of beta rays are emitted curing this time, but they
arc unimportant because thelr range is very short. Only the original
alpha-active material of the bomb gives off alpha particles and they, too,
arc unimportant becausc of small range.

The dosage of radiation is uswally expressed in Roeabgen uaits.

One Roentgen is the amount of radiation which passing through alr at standard
conditions would produce 2.1 x 109 ion pairs per cubic centimeter (2. o.s.vw./en?).
The physioclogical effects of radiation as well as the darkeninz of photozraphic
plates is supposed te be cumuilative so that the exposure to a weak source of
radiation for a long time .is equivalent to exposure to a strong source for a
short time. The radlation dosare rate is expressed in Reentoen units per

uit of time and the total dosage recéived is then the dosare rata

maltiplied by the exposure time. It is gencrally considered thatl a dose of
0.1 Roentgen per day can be taken overy day without causing any noticeable
physiological effects. liowever, much lar:er exposures can be safely taken

if not rcpaated, For example, it will be acceptable for thé monitors to
receive doses of from 1 to 10 Roentgensy a dose of over 20 Roentcens is not
desirabla, About 25% of the people would not be affected by a dose of

100 Rountrens but another 25% of the people would bscome very 1ll. Radiation
of from 500 to 1000 Roentgens usvally proves fatal.

1. GAHMA BADIATION

Garma radiation is dangerous from the standpoint of personnel, hecause
1t is penetrating and difficult to shield azainst. This radiation may be
divided into threo paris:

1. The initial burst wbiqg laQus.far.approximately a minute amnl is vesy

intense. This is duc to the fi ssic;xprpducm .raﬂ.‘mtinp from the ball of fire

L ) ooe L L4
» e @ °
- ~

before it rises appreciably.
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person in question.
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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.

3. 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 b; the fission products
in the ball of fire during approximately the first minute. After 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 enerpgy equivalent to 20,000 tons of TNT, the total dosaze of garma radiat}pn

which appears at a distance of R yards from the explosion is

¥

X =( %:-O x 10~ (1/500) Roentgen Units o (1)
Thus at a distance of 1,()00 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 ;'.f % 4 inch of steel, o
(O

3/5 inch of lcad, 2 inches of either concrete or aluminum, 10 inches of wood, 'q;—/.vo}

or 5.3 inches of water are in line betweon the ball of fim and the polnt or

jpﬁ?j (= 4 N 10 7‘/ - :‘i__\;i . t_}_i{"?
2. NSUTROI EIISSION . 14 e

There wers a number of measurements ol the neutrons emitted in the
Trinity shote At 600 msters, the total neutron flux was measured as a funetion
of time. In agreemen’t with the theoretical predictions of ieisskopf, only 207
were progpt neutrons; the other 3070 appeared as lung as 10 secondis later. The
neasurenents of neutrons were sufficiently accurate that they sufficed to make

-

cn excellent determination of the efficizncy of the borb. From these experimenial
, . P

results it follows thats - E 5. § é. E 5 ,
o guona <2 ¥ 10125 1or (N(meters)/00)7
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Or:
R(mcters) 100 600 1000 1500
No. Neutrons por c?  2a0t? 10t 107 105

Since the lethal dose of neutrons is approximately 101l per centimoisr square,
it follows that the lethal radius is around 600 meters and certainly less than
1000 meters.

3. VISIBLE AND THERMAL RADIATIOS

The intensity of the thermal radiation is discussed in V1lei. For
an observer at 10,000 yards, the intensity will remain brighter than the sun
for abouf;f;fgggggs:? It 18, however, the first flash (about 3 miiiisoconds
ia duration) which is rich in short wave length lirht that is expected to do
most of the burniny of personnel. If we assume that a person's skin hes
approximately the samc propertics as pine wood, the temperuture to which skin

is raised can be ~iven by the formula (taken from VI-l):
. .
a7 = L245X107 o
(4

-

where R is 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 hish intensity
radiation are probably as sipnificant for injuries as the total dosages . For
vltra-violet licht aﬁi%§é§§zj§'dosage of about 106 crgq/cma is necescary {or
production of erythemal. The first three milliseconds of tus {lash have
radiating surfaces abovs 10,000°K and tiws high intensities of witra~-violet.
The total flux during this perlod in erga/cmz is fiven Ly

X theve was weae Lwrué‘\'o"tum
o .
Flux =,}=‘:.-T-;-Q}ﬁ errs, /:cm2 ‘g[,_bdw o 23904 7T E& e Qo
:- . :9 . .:- , LSeu,vodt‘ohﬁnv%pr{' b\dé“(“ﬁ)}

L)
L R ..-,pl.ﬁ ’wm.-—l.l-lu B BN, -.&A-__- 4

1 3 l. warren in 2% I éi Wold % 1éaquffocuU of Radiation lieGraw 11411,

Hlf.
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Schedule for First Hinute

Zlradiation

Time Neutrons Thermal, visible
Q=~chain Weak intensity of prompt| Weak intensity of prompt|During this period no
reaction %15 begins, bullding up | neutrons builds up expo-|visible radiation is

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

for about 2 microseconds! 2 microseconds. Only bomb by the chain reac-
The total radiation for | those which get through |tion directly. An
distances the order of the bomb 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 neqligigigg,ﬂi
the total flux at 600 ¢ vo e Hov Tepee TE
meters distance. by G-Il [ M&) Ge e
S micro- Shock has traversed the
seconds bomb material and energy
transfer reaches air
with flast of visible
radiaticn. fds radiation
lasts for ancut ten seconds
and ls discuszed in the
Handbook VI-l.
10=-20 microy Neutrons which were h
seconds slowed down by scatter-
ing inside the bomb
beria to emerce as api~-
thermal neutrons with
about 200 ev enerry.
These neutrons only
penetrate about 200 me-
ters in air before ab-
sorption in nitrogen.
50 micro- |Radiation from fission Delayed neutrons Irom "
scconds products emerges with- the fisslon 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-

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

ducts are carried up in | 600 meters.

lthe ball of fire, aboub

ene mimite. .': '5' 5 '5‘ E" 3’,
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At about 4000 yards ono gets approxihately an erythena dose, 106 ergq/cmz.

The combination of skin temperature increase plus large ultra-violct

flux inside of 4000 yards will be damaging in all cases to exposed personnel.

Deyond this point there may be cases of injury, depending upon individual

sengitivity.

The infra-red dosapge is probably of less importahce hLecause 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.

R
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I1. Radiation after the First "inute

(Jaxms radiation is the most important physiclocically after tue

first mwinute. 7The gamma 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 {irst minute.

The fission products have halfe<lives varying from & fraei . .a of a

second to wany years. The fisslion products as a whole zive off "3YS

at a rate which decreases agpproxinately inversely with tiie. 1. iuw ssolosion

is 20,000 tons TNT, at a time t houra after the explosion all <: ... ‘:aslon
products will produce 7.0 x 1025/ t nominsl MEV gzamma ra&ys per uour. olually
the fission products give off a wide spectrum of farma rays with o S ZNergy

per quantum of energy in the radiation and it suffices to thini ol the radlation
ad beling made up solely of nominal 1 MEV gamas. bkach BV pa me ray nalkes 106/ 50
~ 20,000 ion pairs in its lifetime if we assume that each ion requirgs 50 ev.'
Since the mean-free path of these pammas in air is 20,000 cms, it foilows that
each camma produced one ion pair per centimeter along its path in air. Thus
one Roentren unit requires & flux of 2.1x107 Mav gamuas per square centimneber.
The fission products soon separate into f.wo parts -~ the material whiclin
renains in the clouvd, and the material which has deposited on the sea and on |
the ships. The activity of the material in the cloud is of . importance 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

‘ hecording to lelsskopf, 50 cv is the proper value to use for garmma rays in
contrast to the 32 ev usually used for alpha and beta radiation. The hilzher
value corresponds to the fact that most of the electrons produced by ganma

TAys are Slow. ””
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of ~ama rays is
% ‘i Y
%%%9 {Fo/tn) 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 demsity at the height h of tho center of the c¢loud.

(h feet 0 10,000 20,000 30,000 40,000 50,000 604000 70,000)
"6 L1000 1.35 1,87 2,63 .95 6,58 10,58 17,11

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

10 cuble miles and its nmean height is 40,000 feet; then the camma ray intensity
in the center of the cloud would be 720 Roentgens per hour. tifteen minutes
after the axploSion, the cloud will probably occupy 7 cublc 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 par hour, At the edre of the
¢loud, the samma ray intensity decreases by a faclor of ten dur to Ve
abzorption in air for each distance of 500 (Po/fh) yards away {rom the fringe
of the cloud. Thus, usinr our examples, a pilot willin~ to aecept 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
maznitude are approximately correct, we should be safe in &dvising the airplane
pilnts to stayiat a distance of 2 miles from the clcud at all times (and never
come within a mile). The number of Hoertgens which a pilot w:uld get in flyines
directly through the cloud would not be prohibitive becawe 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 Jdancerous

and therefore no plancs should hpqwiqg%y fly throvrh the sloud during the first

1000
Iyee
L
»0a0
200
'"e®

° . S - - f
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A. ~ilrst Iross~Nuads shot

It ig difficult to lLiaow exactly what fraction 3£ the fission products
will be deposited in the sea waler and on bhe ships, However, in tie Toinity
shot where the bombi was exploded at a heicht of 100 feect, anproxi-ately 17 of
the [ission products were deposited within a radiuvs of about 1000 teeiy in the
Narasaki shot where the bomb was exploded at a height of 1000 feat, = proximately
0.025% of tne fission products were deposited withln a radius of ahous U0 Fect.

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

the irst Cross Roads Test, 0.2% of the fission products will be depo.iied witnin

a radius of about 1500 feet.

na are interested in the dosase of ganna rays at diffe~nt piscos due to

these fission products deposited in the water, ‘ecause of the il.peicbunes of
the problem from the standpoint of persoanel saf'ety it is advisarls % -ale a
careful formulation. Llet us suppose that the [isslon produnts are - istriluted
in the water with a concentratinn which varies both wilh dentnh ana it
horizontal positiorn. ILet

G = number of "HV sammas enitted by & cuhic centimeter of water
in one hour corresponding to the concentration of the fission produsts at the
volume clement in question.

(r,'f#.) = the distance in meen-free pathe in s direct line betwcen the

volume element and the point in question. Thus in this line 1§ the distance

< . . i r . .
ry is in medium 1 and r, in medivm 2, then (Y/~) = i T2 . Here of course
o

the A's are the mean frac paths, (H = 2x10% cm for normel air, 22.0 rm for

sea water, ete. ).

Thens -~
TR 0% % U SVl AR R
Roentzens per .hbul: atea foins & o, 8x3.0 J(:z axpl~"% ) d Yolume (%)
o0 00® wo® ose :.. :.. ‘é_.nrv(zmw“w
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The dosace is very sensitive to the exact ~comelry and the distribution of the
fission products.

Ag a special liniting case let us suppose that the fiusioso rroducts are
spread wformly throucshout the water, i.e. © is a constant.

Roentgens per hour at a point in the water = 4.dx " =
1f we assume tiaat 0,2% of the fission products are uniformly ....%:i.owtes in
the 3x1016 cn® of water in Nikini lagoon, after a time of b Focis s 0w 0,000/ %
Iu7 pammag per hour, Thus, since the mean free path of the - mo: o oo waker
is Z<d.U cms,
Roentrens per hour at a point in the water = 5, x i

Just above the surface of the water (of the order of three fenv o o mesane
is about 1.2 ties as large and then falls off with Incrsasin: »ol ol siave ihe
wator surface. 1f all of the fission products from the bo -k =eis wporiied
wiformly in the water of the lagoon, the dosage would be 50C i o =e ~“reat
but this would still bo phriclozically safe irmediately after too wupioslion.

The fosage in the air above the radiocactive water is ot l..arest to
the mordtors. It is convenient to define the surface activity, .,, us the
mmber of MEV garma rays emitted per hour by the fission preducis im %o
upper 22.6 cms of the sea water, l.e. 54 = 22.0 Ggypfacy « Then in the
air at a height of h feet directly over tho center of a cylindricali deposit

of fission products of radius R feet in the water

o

. , [
Roentzens per hour at a neizht h = (1/2)S4 4. 8x10'10[-!ii(-}x/ 660 + 81 (2B, (%}2]

p ¢
Here -5i(~-x) = ;"' _c_:"x dx 1is the well«known integral loparit.an tabulated in
x x ’

wPA tatles and elscewhore. It is coavenlent to express

Roentgens pen hour gt Béisht h = ‘158 4, Gx10710

se o
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Here o) is the factor which expresses the var'iation'of the dosage with heipght

ceqeadd

X IR LR J
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sbove the surface of the water. If R = 1500 feet, dy, has the values:
h(fest) 1 3 10 20 ® 50 3100 200 300 500 1000 1500
- h 2. 95 20 40 1. 79 lo 458 1o 262 le 022 On 711 Oe 433 Ow 294 Ou 154 0. 040 On 012

Below the surface of the water L has approximately the valve 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 earries an appreciable
fractisn of the fission products below 22,0 cms bencath 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 Coeans" by Sverdrup, Johnson, and Fleminz). If S is the surface activity
as a function of time if all of the fission products remained on the surface,
she density of the radioactive products at a depth x(ems) at a time t(hours)
is given by:s |

G =Sa oYUt ymy gammas

yrib cm3 hour

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

surface decreases with time by the factor W

A= kt'/;‘z - E = - < 5# - eee
] e 1l P ( _') ﬁ{g‘t (1 i-ﬁ “l’ma )

- 2 [ —22
Here P(z) = = e “ dz is the usval probability intepral.
"w
o

Both Comdr. Revelle and Penney* balieve timb-¥ e 1 cmz/ sec = 3600 cmz/ hour is

conservative, 66 eos cse ess see Se _ ‘
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In this cases
t(minutes) O 1 3 5 10 20 30 G 22 220
" 1,000 7077 L5729 .50%5 .4080 .C100 2708 .i%+& L1451 L1053

In the limit that tne fission products are unfformly distributea te the Tull
depth of the lapoon; W = .0l. Thus, four hours after the shoi, thc radi.activity
above the surface will be reduced by a factor of ten juwt dus o vertical diffusion.
Altopether, the dosage at a height of 3 feet above the water s{iar the first shob
will bes 254/t(hovrs) Roentpens/hour. Or 52.6 Roentgens/hcur at the =nd of
the first hour; 19.3 Roentgen/hour at the end of the second noury Heb - santoen/hour
at tne end of the fourth hour.

Altogether, the ramma ray dosage at a time of S{hours; aiter iia
first shot at a heipght of h(feet) above the center of the radivactive water 1s
given by

Roentgens per hour = 110 an/t

Or as shown on the following charts

Roentzons per hour

h(feet) 3 10 30 50 100 200 &0 500 1000 1500
t{minutes)
1 11200 B30 5900 4770 2820 2020 1370 720 " IBT 56
3 3024 2255 1590 1288 896 546 370 194 S0 15
5 1596 1190 83¢ 680 473 288 196 102 27 8
10 o 646 482 339 275 191 116 79 41 10.8 a2
20 252 188 133 107 75 &5 316 4.2 1.3
30 143 107 75 61 42 26 18 9.2 2.4 .72
60 53 39 28 22 16 9.5 6.4 .4 .88 .26
120 19 14 10 8.2 5.7 3.5 2.4 L2 .22 .10
240 7.0 50.2“0:5:7 L300 2.1 .3 .85 .45 .12 ,0%5

Ang -
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Tho above estimales arc conservative. For example iv 13 aypestad

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

nortzontel diffusion of the fission products. Thus Sverdrup estimeies tiab

at the ond of 4 hours the radloactivity at the center is decrs
dug to horizontal ddifusion; after 12 hours it 1s decreased fo iy oiier
one day, to 52%5 after ¢ days to 18%; after 4 days Lo 15.5%, -

in consldering the radicactivity of the sea-water, 10 soou o

renentmred that thore 1s an averase wind from the zast of 15~ O Son Lhe

r
¥,

o
i

surface of the water vhizh blows the surface watey 0.5 miph towaris
Thus i weo hours we can expect that the center of tuc radicaciive roa-rrar

will have roved a distance of one nile frum the taregst peoint. 7o .nisl ol

wa ter telow the surface is now being determined by the oceanos
fowditeh, but it 1s certain that at some strata near the botton, e witac
wust nmove towards the east and belp to diffuse tue fission prodvcic
further by transfer betwsen counter-currents.

1The induced radicactivity of the sea water is nosiiibd

explosion is rated at 20,000 tons of NT, approximately 'a»xl()z% TRy
formed. The majority of those are prompt neutrons which are sicwel o+ o

epi~thermals befcore emerging into the air. The rwlm of the epl~-tha '
ir air is snall and the; are absorbed by the nitrogen (Lo form CM}\. vy
0.35% of the nevtrons sre delayed. Thesc nave mean-tres paths of tae order
of 300 meters 1in air and they succ@ed'in reacning the sea-water, provided they
start out in the right direction. From the medical evidence at 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 spectrum as 2 function

of Jistance is now under way and vdll be reported later. However, it would ap sar

e wes o oen® o o [}
o o e s @ e o w ®
e o w ° . voe .
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that a literal nstimate of the neutron flux is obtained by supvosing that
0,57 of the ncutrons formed are uniformly spraad ‘ovcir tho sea=walfer to a
radius of 1500 feet. Thus wa suppose thst thare are 310 neutrons per
cmé hittinr the surface of the sea within thls circle.

The three important nsutron absorbers in the zea water are the
hriirogen of the water ond the sodium and chluorine of the salt. The bydrosen
has a cross-zsection of L5110 %%en? to form dauterons with lie smission of
a prompt £.1l4 MEV gamma, Thereafter the deuterons remaln radinactively inart.
The sodium 25 hda a eross-section of .4x10°%%cn for ghsorhing navitrons to
form sodiuws 24 with 2 half-life of 14.8 hours emitting ranme rays of approx-
irﬁatel;r 2 M¥'s, The chlorine 37 (which comprises 25¢ ¢f Lhe chlorine) has
a cross-section .61x107%%cm€ to form chlorine 26 which has @ half-life of &
minvtes emitting gamma rays of approximately < MEV. I8 we asswme that the
sea-water ig made up of 27 grams of NaCl for each 1000 ¢rams of Hab, 1% Yollows
that 98.6% of the neutrons ara absorbed in the hydrogen; C.43% in the chlorine;
and 0,55% in the scdium. If vie let t be the time in hours sfter the explosion

it folluwcs

Huber MV cammas from Uk 8 1 goxotl0xin-t 142
cm” of surface hour
Number: BV from Na = 2, 26x105x10~t/ 34. 1

en” of surface hiour _
In tnis region, the activity from 0.2% of fissien products deposited o the
same radius is 5.e2B8x101%/¢ v gamas/ omf~hour, Thus the indurad activity
in the sodium and tho chlorine is less than 1% of the activity of the
deposited fission products. The oxact amcunt of induced activity is sensitive
to the conceantration of rare earths, plankion; etc., but the above salculation

suffices to show itu order oi: riaréugude,: e - §

; é;: R CE———
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Tt is diffictlt to estimate the induced activity on the snips.
Theoretical work is belng carried out on this problem at the present time
and will be reported later. However, some peneral considerations mny be
Ziven here. The ships are composed mnostly of steel. The iron in the asteel
absort:s most of the neutrons to give o;‘x‘.‘ a proupt Tawia. Host of the later
activity of the steel iu due to the manganese, If y is ths percanispa of
manzanese in the steel (a hipgh tensile strength steel has arcund X.¢57
manganes@ milder stecls have a smal ler percentage),
Number YV cammas per hour per neutron absorbed in steel = 038 3y 10°Y/6
The induced activity in copper is slichtly hdsher and iasta longer,

Humber IV gammas per hour per neutron absorbed in copper = &9?3&1&,"‘/29-4

L] LE N N ) o999 ©®9e 9
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L L] L] L . e o
. . [ 1) L d o0 s ®
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B. Gecond Cross-Reoads Shot

Iﬁ the second Crosé-Roach siiot where the bomb is either eunicded J st
below the water surface or at the bottom of the latoon, we expect ihai -ost
of the radiocactivity will be uniformly distributed in a cylinder 10U feet in
radiva and extending to tie full depth of 100 feet. In this cvlinder 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° cubla centineters.

Since the botal amount of fission products ylelds 7.6x10°%/t(hours)
MV garmas per hour, it follows that due to the fission products, we have
Grission = @ 4x10% t(nours ) MEV garmas per cn® per hour

The total number of neuvtrons which are formed is of the order of
3o 8x1024u If 50% of these are absorbed in 1.6x10%° cm”, we have 1.2x10°%
neutrons absorbad per e’ of water. Using the same type of analysis for the
induced activity in the sea-water as in the first shot, we find:s
Ggy = Number of MEV gammas from C1 per cm® = 4,1 x 108 x 10-t/1.42
Gyla = Number of MLV rarmas from Na per em® = 6.1 x 107 x 10"t/34°1

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

the following charts

t{hours) 1 2 4 12 24 48
Crission 2. 4x109 1.2x20° 6x10° 2x108 108 5x07
Gop 8.1x107 1.6x107 6x102 1.5x10°

Gy 8, 5x107 7,9%x107 %, 9x107 ax107  1.8x107 3. 6x100

Thus the radiactivity due io the deposited fission products is always

about 10 times as large as the i-diced activity of the sea-water.

Jee
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Thus the dosaze over the sea=waler ig given by

Roentgens per hour asbove the water = 29/t(hours)

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

Roentgens per hour & feet above surface = 7¢/t(hours)

This is siiown in *he following chart:

t(minuvtes)

Roentgens per
hour 3 feet
above water

Thus the radisactivity above the surface of the water is roughl.

the first shot.

1 3

S

10

30 60

+200 1430 840 420 140 70

120

ks

5

240
18

no paratle to

In the first thirty minmutes, the second shot zivas less

activity and thereafter slightly more.
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B-15 REPORT TI-1

AIR BLAST PRESSURL AS A FUNCTION OF DISTAICH ALONG THE

SURFACE CF THL 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 bomb 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:

2740
p(psi) = e

R R =
(51/5)\/30310 GI/s) - - 602
Here R 1s the distance from the explosion in {eet.

W is twice the effective chargec weight in pounds. The factor of two
arises because of the reflection of the shicck on the water surface.
For distances greater than 2000 yards the time of arrival of the shiock,

t (sec) 1s given by R (yds) = 230 t + 555,

X X .
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PENNEY FIAG=POLW PRASSURL GAUGK 1

Penney believes that an excellent pressure gauge is obtained hy
exposing g serles of rods of pipes of different lengths to a blast. i1}
of the rods dowﬁ to a eritisal length will be bent. This eritical langth
is a good indication of the blast pressure. OSince the dimensions ol the
pipas are small compared to the lenzth 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

é

pipe is 2ILR. The drag pressure on the pipe is piven by 5 = /e Gy, Py ug

where Ps is the shock density of the air, ug is the material velocily of
the air right behind the shock front, and C;; 18 the usval dra; roeflicient
for a smooth cylinder. The value of C, 1s glmost 1/2 but it has a small
variation with Reynold's number. The value of _p..,uﬁﬁ2 can be tabulated as a
function of the shock pressure. (5ee for example OSRD 3550). Actually,
Psusz iz a very sensitive function of the shock pressure and therefore the
gauge is sensitive. The thrust on the pipe is 2LRS and the bending moment
is 12gs. Theoretically the critical bending moment is
(4/3)Y (ab~b®)

whers Y is the tensile strength of the pipe amd a and b are its outer and
inner rzdii respectively. However, it is best to dstermne the eritiecal
bending moment experimentally from a testing mathing.

It is also possible te tell the shock pressure {yea Lhe anle at which
a given pipe is bent but thls requires a raiher eisborale gnalysis since the

thrust and the bending mements vary with the ancle throusn waich the pipe

e eoo8 &9
1588 beaen bent. e "2t T STt Y%,
wam—— [, (Y . o L] s L) -
} ! ¢ ® ns ) R k™ Sl
[ ] [ ] L] » e
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B-15 REPORT 11-3

PENNEY TIN CAN PRESSURE GAUGEE

Penney uses as a pressure gauge ordinary filve gallon pasoline cans
with a small opening at onc ond. 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 duve to the strength of the can). The dimensions
of the can zre small compared to the 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
1ittle alr can pass throurh 1ty but the hole 1s large enouch that the air
can flow out during the suction phase so that the original dimensions of
the can are aot restored. Penney is golng to improve theae 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 shiock overpressure, P (atms.),

is given by ths equation:

1 i 1:: A"
P(atms.) = (in+Flgl volune can, -1 4P
final volume can

structural
Rere Ygymioturgl 18 due to the structural strength of the can and is almost
constant with pressure. It is determined by calibratinz the cans,

Pemney recosmends measuring the final volume of the cun by filling the

can full of water and welghing with a spring balance.

1 Private communication from ..°Jw «Fermeyese
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* was ANoRY 11.4 -
ANALYSIS OF BEFFECIGNCY 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 concluded
by Sethe, Fuchs, et al) was that in the Trinity shot the reflected shock
wave passed up through the incident shock soon after the ground 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 effact of the
reflected shock. And before this time it is not justifiable to assume
that the similarity solution 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 7
of the basis of a simlilarity solution from the time the radius is 40 ki
meters until it is 125 meters.

The similarity solution can he obtained from either Taylor's theory
(BM-35 or RC~210; or LA-213) or from Dethe's Small Gawaa inus One Theory
(Artlcle to bs published in the Los Alamos Hncyeclopedia). The former

starts out with an explosion from & point source and has the disadvantagoe
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that the temperature distribution inside is unreasonable. BRethe's theory
starts with an isothermal sphere and lets the explosion develop from it.
The iwo theorles agree (except for unimportantly small numerical discrepancies)
in the intermediate 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 neplligible compared to the
weipht of alr which has been shocked.

Using the constants which we obtalned from the Small Camma !Mnus One
theory togother with parma equal to 1.25, we have the following relations
between shock pressure, pg(bars)j the shock radius, R(yards); and the time,

t(sec) where E is the energy of the explosion expressed in cquivalent tons
of THT:s

R = 81,27 EY5 t%/5
pgR® = 5436 E
If we take the Taylor solutiocns as given in IA-213 and intefpolafa for parma
equal to 1.25, we gets R = 82.49 E]'/Stz'/s and pgR® = 5678 &
The numerical difference between these two solutions is nogligible compared
to other errors which arise,

From a sat of the Fastax pictures it will be possible to plot thae radlus,
R, versus time. However, it will not be possible to know the zerc of tima.
Iet T3 and Tp be times measurod with respect to an arvitraryzero and R} and Rp

be the radii measursd at these time. Then from eq. (1) the enern

- in tons of /
TNT is given by |

_R O PN L /
E =dy) |1 ) |
SICRTY



APPROVED FOR PUBLI C RELEASE

G K.

B-15 REFORT II-5

The airborne pressure gauges should give accurate pressure-time
curves which can be used to interpret the energy 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 slace 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 anticlpated.

The analysis will proceed in the following mamners:

(1) PEAK OVERPRESSURE.

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

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

p(psy = 30
. ng) oz R v e

b
st oe
3900es8

o
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Here 11 i3 tho total distance from the explosioh in feet and .. is twice the
equivalent weight of TNT in pounds. The factor of two arises because of the
ghock 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:

£ = (Py/Py) (Ty/Tg)
Here Py and TE are the normal atmospheric pressure and temperature at cround

/2,8 0.25

or sea level and P, gnd T, are the barometric pressure and temperature of
the air at the altituds h. Using the United States Standard Atmosphere
(AM=-345) we finds

h P T r
feet mm He der. Koelvin 1. 0G0
0 760 280.1 1. 0000
15,000 428.8 250.4 L7931
20,000 349.1 248.5 . 7299
25,000 201.9 238.6 ‘ - 6695
30,000 225.6 228.7 A 6117
35,000 178,7 218.9 - 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

Psipsi) = ......Ra?”%m*
> (fffm)/loslo(m) - 662
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If we know the helght of the gauze, we know f. The distance of the raure
from the explosion gives R and the shock overpressure is given by the raure
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 sinco

= %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 essentially py varies only as RS
(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.H.'\. calculatlons
we obtain at very larpe distances the limiting laws

(seconds) = .0023 K¥/3 log) ((R/WV'®) - 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 relesased.
(3) POSITIV: TiPULSE

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

pressure with altitude., It 1s defined by the relation I - p(psi)dtn

o o0® oo 920

© - E.
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From the I.B.}M. calculations we obtain at ifery laréé“distances the limiting
laws |

I{psi-seconds) = , 03511';2/3/ R
Here azain f is the factor reducin- the shock overpressure becauss of
altitude of the zauges; w is twice the equivalent weisht of TNT in pournds;
and ! is the distance to tho explosion in feet. The positive impulse is a
more sensitive criterion of onergy released than cither the shock overprossure

or the duration of the positive pulse.

(4) THENENERGY IN THZ POSITIVS PULSE OF THE RLAST
The energy in the positive puise of the blast, Zyj{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 1s a sensitive critorion of encrgy released because £y is proportional

E'bl( tona TNT) =

to Vi,

(5) INTSRPRSTATION OF NORMAL INT EXPLOSIONS

If in making our interpretations wo had used the aquations which apply
to normal type of explosions (IA~t16), the constants which appear in cgur
equations would have been quite different. The shock overpressure would be

given by the relation:

p(psi) = 3 S
R mmmw;—,: -
s vIogy, (Wiu¥3) - 928

. APPROVED FOR PUBLI C RELEASE S



APPROVED FOR PUBLI C RELEASE

T *.’ -:0‘5’00:0 ces o0’ ‘

The poslitive impulse would have boen

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

And the blast energy would have besn

By = ué,a.%}f A
VLoryof 01/3) - 928
Thmg at very larpe distances it would appear from the shock overprzsgurs
that blie eneryy released is 507 of the cnergy appearing in the blasty fron
the pogitive imgulée tiils factor would be 6473 and from the tlast onnmry

avout 607,
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Presslits Tove GURVLS AT VARICUS DISTANGES

On the attached craph will be seen the pressur: tlme curves oblainec

in the l.RB. W caleulaticons, scaling the explosion to 40,000 tons of T. . T.

in air or 20,000 tons of T./LT. assuring the usual doubling on reflaction,

The resuits mayr be sumardzod by the following tabla.

For 20,00 tons
{(7ith poubling for Ground Reflection)

Alyass ¥ ;}!;gtb:ﬁ} overplress. 1+(psi~sec) ‘4(8%" Eim %;1&3;1.{"&"'"113 A
a2 10 5.9C » 468 7500
1556 5 5,01 - 392 BIOG
525 2 354 0442 2300
745 1 2,67 576 1560

1.92

o 723

1266

2550 o 1,09 . « 938 o5
2235 3 677 1.1352 gao
ST1G 205 0379 0 894 750

llors R is the distance from the explosion in yards, the shock over-

pressure is i1 atmosrheres, the I, (per sec) is the pressure tine impulse,

(sec) is tho btise duration of the positive blast, and iy, yy.e¢ 15 the
enerry which remains in the dblast expressed in tens of Thl. Thus, when tha

enerv in the blast is 2100 tons, since ths orlginal explosion was 20,000

tong, only 10 /2 nar cent of the energy of the explosion stiil remeins

in the form of & tlast.
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AADTATTCY THNTLISITINS AND UISATING EFvLoTS

1. Intensitics of Iliumination

The accompanying figure gives a theoretical curve which is useful
for calculating illuminations at any distanze and time. The loft scale
pives (yards)®x suns and the right séal@ gives suns at 10,000 yards,
The "sun" unit ol is taken to be the solar constant, 1.94 calories/ m®
minute. At a distance of 10,000 yards the radiation is attenuated by
approximately the sare amount of air as the noon~day suitls rays.

In caleulating the D?0 valucs it was assumed that only 1lisht of
lonzer wave length than 3150 K is transmitted. This was observed to be
true at the "Trinity" test. The distributicn of wave lancths lonrer than
3150 R showld be very nearly that of black body radiation of some charace
teristic tomperature. Values of the temparaﬁure are ~iven alonz the curve.

The radiation intensitics in the initial phase, almost to the minimum
in the curve, are completely determined by the cquation of state of air
and the hydrodynamical calculation (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 datails of | the behavior of the N(}z
concentration, and this has not been worked out very carefully. Theoretically
the total radiation given off during this period is more certaln than the
absolute intensity or the duration individuzlly. TIrom Trinity measurements

it is known that the duration is abeut ten seconds . since NG radistes
strongly in the visible and very little in the near infira~xye-, 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 intesrating the curve)
is found to be the equivdent of 4400 tons of THT, or 22% of the yield.

The Trinity value was found to be about 18%.

2. Heating efflect

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

A simple wiay to calculate maxzimum surface temperatures is obtained
by approximating the first radiation burst as a square pulse; 1let us say
that the value of D20 is constant at 4.5x109 for 0.020 seconds. The
maximun surface temperature reached for an object a distance U yards

avay is ziven by -

T, = 2896107 o _ of 1.

As pe 0%
or Ar = O5KI0% & o 2
8 02 v) b ’ *

where 2 is the f{ractipa of the light absorbed by the surface, K is the

L3 L & 2
thermal cenductivity in g%gﬁ?"aﬁ,})jﬁ density in 2P, 0 is specific

S
Bvu

Substituting valuca for pine wood (with e = 1) gives:

wr. = 7245008 o Ba
S 32 eoee [ ] o® e ose
[ ] a [ ] [ ] [ ) [ ] L]

- . ae
The charring of a substance likelwdhd i Beosi. likely a simple decowposition
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reaction, and it is almost.dnue dhate stamtrature criterion can he riven
. - - i

[ XX ]
ted
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for the effeet; i.e., charmn(gm&curﬁ-:i)t:i.ceab‘y or not depending upon the

maximum temperatuvre attained. Jf we assume for the moment that 4000C is

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

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 s cool their surfaces

by condueting the heat away. Covper, for awarmple, has:
. 7
. i
ATS - Aﬁ.»%%&.lﬁ.- e

The value of o is about 0.75. Thus temperature increnents for copper is

approximataly 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 18 well within the ball of firs. Thus une does

not expect copper surfaces to be melted by radiaticn.” lead

i ———L D o

s With a melting

point of 2700 could be melted only to a distance of about ars yards, and

would at this distance be in the ball of fire.

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

%;;;__ zives a comparative measurc of the temperaturs rise of various materials
W Kol . .

at a ~iven distanrce.
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Substance VEFCT  Ld{3500)R) kelative
A Ts

a. Metals:

Al 67,4 {.5) 0,01
Gu 3&.5 0,75 0,051
re 2.7 («5) C. 022

Fe(stael) 42.0 0,55 0.01¢

b. Structural
materials

Asphalt 5.8 (1) 0.24
02k 1.9 (1) 0. 74

Pine 1.4 (1) 1.0

R
i

palsa Wood 0o 4 (1)

Plaster . .
Board 1.9 (-5) 0. 37

{
c. Yarious

materials

€A
o
AT

Cotton Q.2 (»5)

13
-3
o

Cork 0.3 (1)

RQubber
hard
soft

=t
e

(1) 0,28
(1) 0.87
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(Based on Two Preliminary H;bdfﬁé 53 ﬁléﬁ'h «P. O'Brien; a Conference
with and a Hemorandum by b.: Ge PLnney;,a qufﬁrence and Report qy
Comdr: Hdler RAVRTI&)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 fellowlng pre-

dictlons 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 relcases the energy equivalent of 20,000 tons
of TNT, Penney predicts that at the end of the first stase (6 or 7 sazconds

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

Teicht : (N N
above | iy LT
Sl ATttt pmm - = ~—
water \
i
] !
i
| |
!
!
: |
8 400 1000
Hlorizontal Distance from tbxplosion in Feet
After roughly 20 seconds, the water has rushed back to fill the central
cavity and the contour has the following appearance:
Height 13
Above

1411 I
Later ,f"ﬂﬂa'pn —nws\\\\~~k_

N
. ‘illllli?illll.

on in Feet

ST i

Horizonhal Distance from &
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Thereafter the central humpn oscillates up and down with a period of the

order of ten seconds and with each coscilletion it sends out one wava,
it is not expected that the wave system from the ‘first shot will te
spectacular or do any damage. However, there will be a large amount of
water throwi up in the form of spray as the following memorandum from

e (s Pennew shows:

"As soun as the Hach Y from the main explosion develops, a vertical
blast wave will run acrogs 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 turbulent rezion, and the
an;le of nixing, 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 about 0.6 seconds, and X is about 60 faet.
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, tlie spray will be thrown
higher, and as the center of explosion is approached, the spray helght
increases inversely as the distances At 500 yards, the spray should
reach 25 ft. Gloser in ’c,ham"'r,h:‘xs(9 the position is uncertain bescasue
of the complicated shock wave configurations, but it seems unlively that
the blast wave will cause spray to rise above 50 feebt. Nowever, small
amounts of spray near to the center may be caught in the wprising

convection current associated with the ball of {ire, and carried to -

congiderable heights. ¥ . ’
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Much of this spray will be swept into the cloud, become contaminated
with fission products, and rain down on the ships downwind. This will
leave a radiocactive trail of some three or four miles long. An attempt

will be made to make a semi«éuantitative estimate of the‘amount of fisslon

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 exporimental
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 botton
of the 180 foot deep lagoon. He concludes that if the explosion releases
the enerzy equivalent of 20,000 tons of TNT:

Horizontal Distance in Feet 2000 50000 10000 15000

Maximum Wave Helght 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 astimates are liberal and the chances are ood that the maximum
wave heights will be two-thirds of the listed values. The estimates are
based on scaling firoms
a) A large number of explosions varying betwesn 0.06 and 600 pounds fired
on the surface of a pond.
b) British firing of §000 lbs TNT ai a depth of & fest in o pord 9 feet deep.
¢) Navy Bu Crd firing at Solomon's Island of &3 fone 07 at thae hottom of
the bay where the water was 40 feet deep.

d} Fort Chicage :zxplosicn where 1500 tors of TNT fired in 30 feet of water

produced a maximum wavge hokshi from oreqt to trough of 10 feet at

Roe Tsland a distance ofe ZGQQQfeﬂiéf:.
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e) The New Zealand %Seal® firings. _

£) The Maclillan-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 completesly 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 val uea,

Thare is no serious disagreement in the wave heiqhts expacted on th9
basis of any of the above experiments.

Chronologically the sequence of events is as follows. Flrst, a cylin-
drical crater will be formed with a radius of from 800 to 1000 feet and
extending to the full depth of the laroon. I4 will take from 6 to 7 seconds
for this to reach its maxinu: size. The water removed {rom the crater will
be raised above the level of still water and ;o out ahead of the disturbances
part of the water will be shot out in a spray at én an;le of about £0O with
the water surface. The water will tuen return towards the center with a
velocity of around 1.0 feet/second te fill the cavity, form a central mound,
and send up a tremendous plumeﬁ> The central meund will not be fully
developed until 20 seconds after the axplosion. There have besn estimates

of the height to which the plume riges which vary from 1500 Lo 0000 feet -

probably 3000 feel would be a conservalive estimaite. o voslipal =mound
- oscillates and esch time it ssnds off & new wave., e Torn weve Surmed on
the first dowawaprd motlon of this mound sends off the wvhest wave which moves

at a velocity of arcund 75 fi/sec and reagies 1000 feal aboubt &% seconds

after the explosion. shen"thiy gave ds:elgeer than 1000 feat it is not
L L ] L]
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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 mll wash down fission
products and leave a radioactive trail 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 aboub one mile high. The cloud may be sufficiently
cooled, however, =o that it may not ris:a over 25,000 feet.

Some of the principles which 0'Brien used in hls analysis should be
Stressed:

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

2. For charges fired in very deep waters HJR, = 0 w2 (liere H_ is
the maximum wave helcht from crest to trough in feet; R, is the horizontal
distance in feet; and W is the charge weight in pounds); the wave-length,
Lo = 16 Wl/‘l feet; the wave velocity is Gy = 9,0 WVS feet~second and the
group velocity is half as much.

3. Frem the "Seal® experiments it appeers 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 have:

Yo 0.0 0.22 0.2 0,50  0.80
HR/ Mol 0.0 0,48 0040 0. 80 1.00
/i, 0.0 0. 69 0. 6% 0.8 1.00

IT1I. Formation of Tidsl Vavas.

There 1s some concern over the pessibilities of the oxplosions setting

e, "% a °®e seq
L ® ~ oe
up tidal waves which over-ruh the lalands, o fo.  According to Comdr. Roger
® - .
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1) Underwater landslide. The underwater rock structure of the atoll

eseooe
.
[(TTY YY)
soee

Revelle there are two waye that this might occur:

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 1émdslidag If this should occur, a tidal wave would be formed.
Apparently the tide would rise so slowly even in the vicinlty of the
landslides that it would not represent wuch of a hazard for the personnel
in boats but might over-run the shore installmilons.

2) Selches. The atomic bomb explosion mipht set up characteristic
vibrations of the water in the lagoon which would swish to and fro in the
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 éf this sensitivity the height of the tidal vave is unpredictable.

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

of an vnderwater Lmdsli‘dec . -
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FURDATION ALY RIS OF THY SUCKE COLUIW

The methods whiich we have used in considering the formation and rise
of the smole column after the explosion are based on a rough treatment
developad by 7. I. Tajylor (see report LA-2Z6 and iA-270). Iroviously we
have neslected the staration of the air in the smoke column and as a
result our predictions of the maximun helsht of rise have been low. For
the purpcse of the Navy Crossroads Test we propose to integrate the
cquations stepwlse as‘the smoke column rises through the true atmosphere.

The exact pattern of turbulent convection above a stead line source
of heat (such as a lony hot wire) has been detormined by schrmdidb. The
cderivation, however, is too cdmplicated to apply to other cxamples such
as a steady point source of heat. [For this reason, . I. Taylor developed
an approxinmate method wiich agiees with Schmidifs resultis ih the case of
the steady line source of heat and which may be applisd to much more '
complicated problems. Taylor makes the [ollowing assucptions:

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 funciion of horizontal distance.

2, The rate of taking zir into the turbulent column is propeortional
to the velecelty of rise of the air within the column at ths heijht in
guestion. That is; the volume of air taken into the smoke column in an

element of height, &1, in uniit time is dud where A is the cross-sesticnal

area of the column and $is a constant. Jwirisally Taylor {inds that

do= 0. 2.
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% The preblems ars further specificd by ineluding the usual
eqguations of conservation of eneryy and the cquation of motion. The

equation of nmotion 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 alr within the column and the outside air which it displaces.

“e are interested in & somewhat different problem. After the explosion,
shiock waves pass out throuh the sir dlssipating onefgy as ‘they prorruss.
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 dowm to 10 atmosphieres. .ictually
most of the enerzy goes into low prade heating of from 10°9C to 100°..
Aftor the shock viaves 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, 45, equal to approxinately
half the energy of the explosion. i'or an explpsion where tlie enerty
released is equivalent to 20,000 tons of WIT we have

Ip = 4.2 x 1020 orgs  , Ry = 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 different from the steady stale heating
problems which Taylor previously censidered. Houever, for lack of better
information or mathematizal skill we a;ply essentially the save procedures.
It is necessary to make cone additionsl assumptilon repardin-: the shape of
the smoks puff. This is:

4. Instead of the smoke risins in a column we ideslize the situation
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by assuminy that the neated air is originally irn the shave of a asphure
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 consbant throughout the spherc.

The formation and grovith of the smoke puff can be followed siarwise
in the following fasnion. In the interval of tine, Stg the pufl rises
in height by §h = 5ﬁ/ug The density of the outside air at the helishit h
is §,(h) so0 that the increase in wass of tha puff in this interval of
time is

§i = .2u(wnRe) P (h) §t

The moisture contant of the ocutsids air is knowm as a function of altitude
30 that we know the amount of molsture which is taken into the puffl in
sach interval of time, Let I, be the mass cf dry air in the pulf and Ay
be the mass of molsture in the puff. From cnergy considerations we can
estimate the change in temperature of the puff as it (a)} takes in a known
masa of alr of knowmn composition at the outside temperature characteristic
of the altitude and (b) expands {rom p(h) to p(h)(dp/dh)h, Knowing tha
new temperature and the new pressure (together with the rew composition)
we can et the new density within the puff from the equation of staie of
air. Then from the new mass of air and density in the puff, we get the -
new radius of the pufl. The now velocity of rise of the puff can then be
computed from the Archimedes 1ift using the new densiiy inside and outside

of the puff, Thus the growth and rise of the puff may he folilowed stepwise.
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CONTATINATION OF T WATzR AND 3SHIPS

The region under the bomb will be contaminated due to two causoes:

1.
blast.

2s

It is believaed that the fivst will lead %o more radiatiw

second.

This report contains sowe consideratione of Dr. i.

The deposition of fission products by direct action of tie

The formation of radicactive substances by aneutron absorption.

P P A
1 bthan o

e XIS

as to the macnitude of the ¥-radiation above the water due to the fission

products and its time dependence.

considered in the following report.
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b 3.

Radiation Hazards

The Turbulent Diffusion of the Radioactive Products in the Sea

e Gs Penney

The pwrpose of this memorandu: is to demonstrate that the
radiation hazards will be very considerably mitigated by the turbulent
diffusion of the products down intc the watar. 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 B, 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 radicactive products induced
in the material structure of the ships.

Evidence from the Trinity experiment, snd from easurements in
Hiroshima and Napasaki, make it practically certzin that (2) will be below
the significant level for both shots. '

With regard to (1) in 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 the sea,

With regard to (1) in Shot B, three possibilities must be
considered. The flrst is direct contamination of a ship by the flame
zoney contaminaticn in this way of a ship which does not sink is very
small. The second 1s contandnation of a ship by water drops contalning
radicactive products falling on the ship. This appears a serious
possibility for ships near-in Jdown wind. Some trouyble may be expected
for these ships. The third is the spreading of tho fission products over
the surface and throuchout the volume of the sea within about 1500 feet
of the explosion center.

shot A

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

v el opi ... .:' ®° e%s se4 oo
provided by hLeisskop Relpok ﬁ@urf:=§? $*4200 a(kilobons)
er ede Zeu o2, 2., sT{hours) m(sq miles)
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wherc 2 is the Traction of the fission products actually Jdeposited, n
is the energy of the explosion in kilotons, and m square miles in the
area over which the produets are spread.

Just what the true value of P will be is to some extent a
matter of speculation. However, the writer beliseves with sone
confidence that P will not exceed 0.0Cl. This vaive is about one-
tenth that found at Trinlity. Having regard to the very different
heights 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 1n hours. This formula may well overestimale R by a
factor 10.

Clearly, if the preduects 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 ewplosion have passed.

There are, however, at least two furtner factors that will
conisiderably reduce the radiaition hazards. The flrst is the turbulent
diffusion of the fission products down into the water, where their
affect 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, azlthough its center will have moved.

For simpliclity, consider only diffusion dovnwards {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 radiation density at the surface assuming the
products hava not moved, and K 13 the eddy coefficient of diffusion.

lat ¢ bte the mean free path of the d-radiation in water
{actually + is about 30 cm). Then the radiation :density above the
surface of the water is
7 r " ar . 3 '\'.‘/ - ':) -
4 = R(1) (xT) Y2 ‘[D’J oy e Y/ axr @

&~

gvaluating this expression, we gat

% n
- © Sn
e <
(12 L j Fas

vherc « (¥) :;%57 /(x g-xﬁ/z dx
LIt

x
and is the pzobﬁ;i;ity integral.
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Thus ¥ represenis the reduction of the radiation density abova
the surface dve to the dowmward diffusion of the fission products,
If 4KT 3 ¢, then a zood approximation to o is

R .".,_-ﬁ,
\EJART
The largzr the value of T, the better in this approximation.

The questlon now arises ag to tha nrover valve of K. The larger
Ky the nore rapid the diffusion, and the less the value of ..
Referring toc "The Oceans® by OGverdrup, Johmson and !lemins, the least
value of K ever measured was in Danish Laters at depths O=15 m. The
value of K ranged from 0.02 up to 0.6, Those waters are of rreat
stabllity and noderate currsnts. The water 1s rreatly stabilized by
2 saline density c~radient, 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 wuler was 100 meters and the values of
K rantge from 2 to 16, It is therelore considered that K = 1 is
definitely on the low side, that ¥ = 4 is {the most probable value, and
K =20 1s slichtly on the hich side. Substituting these values, wo
find tho follcwlng values of n at times T hours - .

e e pr—

Qs 25' i O, 4‘27 $ Cn 125 2 0,387 4 © 175' H 0. 24
0.50 % 0,337 ¢+ 0.35 s Opc4 3 0.5 0, 20

s
L

1.4 : 0.24 0,50 t 080 ¢+ 0.50 ¢ O

ay

0¢. 1 : H lw C’O 13

fo
)

o3
(@)

0

2 o O 3 OQ 20 3 le OO

2.00 @

o
2

Q
3

4,0 3 0.1 1 2,000 1 0,10

s

‘-1'-:00 b1 Qo C‘? 43:-00 Oa 25

P

o
-
i

£,0 g ¢.10

It will be scen that the effect of the eddy difTusion at two
hours is to reduce the radicactiviiy by a factor 10, AT four hours,
the factor is 15 - &C.

Acecepting the pessinistic value that 0,001 of the fission

products is deposited on the sea over a circle of radius 1000 feet,
the R velues above this rezion, as it woves with: thie tide will Do -
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Tnese ars considersd safe estimatesy the actual values may well
be lecs even by a factor as much as 10

shot R .

T The radiation hazards in this shot are of course much more
severe than in Shot 4, The main facters that control the time at
wiieh tho central repion becomes safe for entry are the tida, Gy

the splashing of radicactive water over the ships which o not sink

o
The follswinz eve considered reascnable puessesi no evidence
exists on which to formulate bebicr caleulsationss

Initially, the fissien products will be distributed uniformly
throuch a cylinder of radius 1000 feet, soing to the botiom. Advout
37 of the produchts will be feund in the waber. Turiulent Ziffusion
Jdoes not help reduce the radiation above the water, axcept to a very
5lizht de~rec by spreading the region. This spread however is

negligible. ’

The radiation density above the water, allowing for the mean
frec path of the ¢'-rays in water is

v

[ ]

Riper hour} =

1]

] ()

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

hour over the water.
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Corrections to Penney®s Heport, “"Tha Turbulent Liffusion of the
Rediocactiive Products in the 3ea®™ which was Included in the

Cross=loads Handbook as B-15 Aeport X-1

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

the radioactlvily zbove the sea-waler after the first shot zbout 13.3 times
too lavme.

Tha Tiret misteke is in the numericel coefficient of the ecuation at the
vottom of his first page whiech shonld reads

R{per hour) = p 290 az;@;;tgj;%u
T{hours) m

SG. no.lcd)
The coefficient 1690 corresponds to a heignt of 3 feet atove the surface of
the water. In uging 3200 instead of 1690, Penney cverestimated the radiocactivibty
by a factor of 2.

The sccond nuvmardcal mlsiake arese when Penngy stbstituted P = .001,
n=20,rn= (3/525)%3,1416 = 1127 ir the above equation.
Instead of getiinz R{per hour) = 4CfQ/T’ he ghould mets

R{per hour) = 300/ T

The not resvlt is that his Minal table for the rodicactivity avove ths

sea-water after the first shot (taking into account tie 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 suppascd

that in the first shot 0.2% of the fissina products ware deposited within a

radius of 1500 feaet instead of 0.1% within 1000 feet. However, this would niixe

. eve » awe sem ¥
s e o ® & .o
. - L . b b4
. . aw « s L
« . - ° r ¥ B
ee Ses 288 0828 IFE L)
sw - sen @ B *
o : e 8 e v v
- ~ oo —-
-
- u "

APPROVED FCR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEA

(@)
m

v w = - - - -
e e o0 ° o L ] [
e o & . o (XX °
« o o o @ o o 0
oe oo [} eve o o [
00 See 080 050 RGO o0
. . . . [ LN ]
[ ] [ ] LY ) [ ] (3] s o
[ 3 & [} . o o oy
e o L) é 7 [ ] . [ K ] Lo
[ ] [ N} oe0 S0 o0

tne G (per hour) smaller than the above valuves by the factor G889 which is
an ingpprecisble change.
Pennay nust have mada gome sort of numerdical mistake in his estimate of

the radivzctivity above the sca-water after the second shote Ingtead of ob-

tainiae R iper hour)

n
35

500/7 , he should heve gobtben:
B {per hour) = 28/7T
Thug =“he racieactivity sbove the ses water folicwing the second shot should

!

nodt ba hed for more than a few hours.
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e ATHER DURING MAY IN THL BIK

AREA

The followlny description of the climate in the area of Rikini Atell

Atoll during ey 1544 and 1945. TBecause the period of record is shoxt,

concluslions based on the date are 1ikely to be misleading. Therefore,
& great deal of care should be used in maling any interpretations of the

information.
Cloudiness

Cloudiness over the atell is considerably greater than that reported
over the adjacent ocsan arsa. Uurlng the period of record, clear skies
were obgerved on cnly onc or two days abt Kwajalein. Scattered clouds (C.1
through C.5 cloud cover) were most frequent. The distribution of cloudineas
at Kwajalein 1s shewn in Table 1.

Table 1.-~Averapge Sky Condition during lay a2t XKwzjelein

Clear ({0.1 cloud cover) . e s & o n a8 s s 2 o s 0,59
Scattered (C.1 through 0.5 ,cloud COVEL) o o o o o s o 41,9
Hi, Brkn, (0.5 through 0.9 clcud cover)

or Qvarcsst (mth,OOS' low (‘*.O‘lea) Y I
Low Broken {:0.5,32%9 cloud cover) I L o
low Ovorcast (0.9 cloud cover) .« ¢ o v v 4 v 6 v 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

4.00

The period of greatest cloudiness was betwsen 0700 and 1000 local
B

tlme, The rare occurrcrces of clear skies weve cobserved late at aight

and in the early morniny.
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Sellings

Ceilings were renerally higher than 950 feet durine Mays they were lower
than 2,050 feet on only 8.1 percent of the obersvations. On more than 74 perceni
of the observalions, ceilings were above 9,750 feect. The percentape {requency
during May of ceiling height is shewm in Tatle 2.

Table 2.=-=Averape Distribution of Ceiling Heipht during lMay at Kwajaleln

Qe=d50 feot 0.05%
0~~950 0.%
G=2050 7.8
0=-3050 154
0=5250 1.7
0-9750 250
Over 9750 74,2
Visibility

buring llay visibllity was always excellent at Kwajalein. On less than 1
percent of the observations, it was below 3 milesy on 6.1 percent less than 10
wiles. The percentage frequency of visibility limits is shown in Table 3.

Table 3.--Average Distribution of Visibility Idmits during May at

Kwajalein
0 to 3/9 ui. 0.0%
0 to 4 0.1
0 to 1/2 O, 1
0 to 3¢ 0.1
0 to 21/ 0.9
0 to 2 ¥/ 00§
0 to 6 4.1
0 to 9 6.1
10 and Over 93.9

Poorest visibilities occwrred during the afterncon and evenins hours. The
hourly distribution of visibilily limits is shown in Fipure 3. Foz 1s rarely

observed and did not occur durdng lay 1944 and 1945.
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fiinter and spring correspond to the dry season, so that precipitation from

Precipitation

December thrcuch May ie at a winimum. During May 194¢, the mean precipitation
amoumted to 4.57 inches, and there were 18 days on which anounts of .Cl inch or
more were rgeordeds

Thuwaderstorws were very infrequents only four were recorded during February
194« throurh October 1945 at Kwajalein., HNone were recorded during lgy.

Termporature

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

Table 4.~-Temperature (°F.) during May at Kwajalein

bean dally tomperature 02,80

Mean daily maximum temperature 87.40

Hegn dally minimun temparaturs 7730

Absolute meximum temperature Q00

Absolute minimwa temperature 710
Winds

During May winds at Kwajalein woerc gencrally from an easterly direction.
They were moderate to fresh (13 through 24 m.p.h.) on 78 percent of the
observations, and light to émtle {Jess 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 Q.1 percent of the cbservations during llay. The distribution by direction

and force is shown in Tablae 5.
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Table He--Percentace Fregusney »f Wind Direetion by Veloeity Groups during
Yay ab Kwajeleln

T8 AT TIT.24 T 25-81  82-40 40
MeDele MeDolle TMaPoby  ThaPele Mepolle MoDells

M .
NG 0.1

W 0.3 7.3 0.5

posims 0.1 2,6 240 2 G5

¥ : ToB 26,0 1.5 0.1
ESE 0.1 6.2 17,7 0.6 :
SE Gol Lol 1.2 0s2

585 0.5 0o

S 0.1

S

5

WSk

¥i

W

16

YW

Calm

Total 0.3 18.2 78.1 36 3 0.1

Typhoons

Typhoons are UNCOMION in the Marshall Islands, but they ars not unknown.
For example, the atoll of ailinclepalesp 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 avallable sources
of informabion. .

Intertropical Front

In the lengitude of the llarshalls the wean position of the intertropical

front is still south of the equator dm;'vlfmg Vay. |
Height of the Tropopause

Avallable records of radiosonds sscents in the Rikini area do not reach

sufficient heiphte to give an ayeirzge,velue ob e heigsht of the tropopauss. An
o ) . - . . o

. = ¢« s o
L] - . L] *® .

L ] L] L] L ] - L]
oe SO0® SPe e wsee Pe




APPROVED FOR PUBLI C RELEASE

. 73

o9 S09 600 906 00 o
L] .r L4 L . e
[ e} Se ¢ o0 e
[ [ ® [} . e o
o e [ ] [ ] [ 4 e &
L] e o ooe 0680 o0
b Batavia, . li.I., where the

estimate may be obtained, however, from ascents

height of the tropopause averages between 17 and 19 kilometers.
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WIND OBSERVATIONS ON ENIWETOK MAY (945
(WIND SPEED- EACH BARB 10 MPH)
60,000
P aat
/oy T
55,000 ' < w (A — \\/ —
N WS A \>/ . - T\
\\ A ~
45,000 K mk W N \/k < S ~‘&_\/ N [: <L\L_
2N -
40,000 \\/ \\\_\X/ “\ /%/%/E :/ \“ \\\ N \/\\_ C <\/W
::}: :‘C..‘. ~ 35,000/$ . k < /%/@_\ _,\\ \/ \\ ‘Q g) k <L“\_ EE"""E EE;N:.:E
w. ':'E"I‘ :J: 30,000 &\ U\ < < /:/Q/& > \ _‘\ /\\/\ << <\/ : 1;4\12 :::ll\:.
’: :.-00: E\ % . /, :1-:": ::o~|-.'
SR R < A/@/@—\\% AR R Y e T o
4.. V.o..o ) " /\ .
FOCEOTTIN /\/%4/; NI AL wwﬁ*ww» ,
BN g RN N LA Y N
B NN D3 rE g RO RPN
PSR N N e 7a S B S I S S T W YA
SV AT TN AL Y AT VAT R TS ey vy
10,00C ‘f(/\ - '\“\""\\ ‘;\/\\ “\ ’ _\/\/\ /\/,\\ N\ -\ —\\\/K\\_\\\/“—“Y\\ —\/X\W—x\\—\\
ST R e U S S S v N B g e e e N
I T S e T Y S S o S T o B A e S
O S S S W N Y O 2&“\@\\ VT
B T B e o e e N o e S g e e N e R i S Y
S TN e o o e o o e o e e e e e U B
* 45 & 7 8 9 0 012 3 14 15 16 7 18 19 20 & 22 23 24 25 26 27 28 29 30 3 +

APPROVED "EHR PUBLFE “REERSE



APPROVED FOR PUBLI C RELEASE

|

[P
[ e e o
vy .-
. .
N
. RO Wb s
LI
~,
[ ",
l L "
s
+
[
T e e ' '
* I * oy —

|

FRELA L Moy

L
oy A R TRANSPOET (AVERAGE! *OR LEVELS O-65000FT
CvER BN METoR, MARSHALL 150 ANDS DURING MAY

. 1945

APPROVED FOR PUBLI C RELEASE

MAXIMUM HOURLY AIR TRANSPORT RY

MAXIMUM HOURL Y

e 0

AR 1

MARSHALL ISLAND

FOMILEY

T
AiR TRBNSPORT ORSEAVED OVER € NIWE TOK MARGHA, |

LEVELS (0-65000 FT)
S DURING MAY 1945

6O MILFS
o
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MAXIMUM HOURLY DISHLACEMENT |
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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 Ewajalein Atoll
durlig June and July of 19«4 and 1945. Because the period of record is
short, conclusions based on these data are likely o be misleading. Therefore,
a great deal of care should be used in making any interpretation of the
information,

ZEATHER CONDITIONS DURING JUNE
Gloudiness

Clear skies were practically nenexistent during June; the few times
observed occurred during the night hours. The frequency of swatlered clouds
decreased in June, and the frcqvencv of nizh brokern or evercast conditions
increased bo become the damxnant type of sky cover. The distribution of
cleudiness at Kwajalein is shown in Taple 6.

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

Clear (¥0.1 cloud Lovcf) e e v o n v e s e e a s e e o Q.8

Seattered (0.1 throuzh 0.5 cloud ¢over) « o + o« o w o & &3l

Hi. Brkn. (0.5 threuzh 0.9 cloud cover)

or overcast (with 3 0.5 low clouds) . - . .+ . - » . 49.2

Low brokan (0.5 through 0.9 cloud cover) . . « . . . . 14,6

Low ovarcast (0.9 cloud cover; » o « » « 4 =« v o . u a. Y

The averars divenal variation of cloudiness during the period of
record for June iz shiown in Figure 4. The greatest frucuency of scatiered
cicuas wag obzerved during the night and early mernins botrs.  Hisn broken
loecal tiw. The few

or evercast skiss oncurred from QY00 throush 200

instances of clear siles waere obssrewd dusring & i 2300 “hyough

0100 loczl times R T
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During June cellings less

were lower

wan 82 percent of the observations, seilings wore above 9.750 feet.

than 2,051 feel on only 6.%

than 951

percent ol the observations.

feri were obsarved cunly oncey they

On nmore

The

percentape frequency during Jjune of celling heighis is shown in Table 7.

Table 7.==Average Distribotd
0=450 fest . . . .

» (_}“‘95’0 w - w 3 ”
0=2050 % . . . .
0~3050 " . ., . .
0=5250 " . . . .
0-975G ¢ o o =
OVGI‘ 9750 " ] a -

in Figure 5 are shown the

at Kwajalein during the perind

Visibi ity was less than &

obsarvations.

than 96 perzent of the observations.

1imits is shown in Table B,

Table B,--Average Uistribution of Visibillly

oan of
Ll -~ o u -
3 - & -3 -

Ceiling

hourly freguencies of

ol record.

Visibili

vy

miles during June on

at Kwajalein.
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were probably caused by

visibility is shown in Firure 6.

during June 1944 and 1945.
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Precipitation
Although June is in the rainy season, the averar’e precipitation of 3.00
inches during June 1944 and 1545 was less than the averape for HMay. There
were 16 days on which precipitation amounts of .01 inch or more were recordsd.
¢F the 4 thundersitorms recorded during the period of February 1944
through Ccotober 1945 at Kwajalein, £ of them cccurred in June.
Temparature
The variation in temperature frowm month to month ia very small, znd
during ‘lay, June, and July, there is little change. Temperature values for
the pericd of record at Kwajalein are showm in Table G.

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

Mesn dally temperature 82,4°

Mean daily maximum 67,

dean dally minimum 7.2

Absolute maximum 90

Absolute minimum 7%
Winds

Surface winds at Kwajal ein during <June continued from an easterly
direction, On 80U percent of the observations, they were moderate to fresh
{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 distribution by direction and foree is

shovwmn 1n Table 10.
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Table 10.--Percentape Freqguency of Lind Direction by Velociiy GT

during June at Kwajalein.

Liu ASSIFIED

'&‘_—-.—4 aliab ) e - 2

B8O

) 13 b1 Tv=da 25381 &2-46 46
MoPolls  MepPolle  Mopehe Mepelle  map.he MWepoll.
N
NNE Q51
Na 0.8 4.6 0.1
BN 4.6 L2.3% 0.5
"; 5:,‘ 0 \.":50 6 ()’\ 9 “+7
ESE 5.9 11.6 0.2 v
S5 0: 4 0.8
358 0.1 &l
N
S3%
SW 0.1
[N
W
Wi
N 0.1
HIW : N
CALM ' ' ' ' 0.1 T
«  0,1%. o
Typhoons

Typhoon data for the Bikind area is scarce, bub tropical storms

are not unknown. Juring the period of record for June, apparently there

vere no severe storms since the strongest winds recorded ware betwsen 3¢

and 46 m.p-h. and these on only iwo occasions.

Intertrepical Front

During June the intertropical front in the longl twle of the larshalla

beging to move northward, and its mean position lies approxiantely :n the

Lguator.  The locati.n of ths front during Jung of

varied Trom %2 §. latitude to 49 ¥, latiiude with
potween 19 ang ¥ U, latitude.

Heipght of the tropopause

Was gt 16599 €. lonvitude

the mean poaition lying

*

ty

Trere ig lititle shangs 1n g heizghty of, the tropopause during June.
: . e+ s
a o0 [ ] .
From ascents at Betavia, H.h.4,, 8tis .c::g’t{fu’.:a.af
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SEATHER JONDITIONS DURING JULY

Sloudiness

L. LASSIHED

During the period of reccrd for July there were no occurrences of c¢lear

'Y

skies. ' High treken clouds or overcast skies were the most fregusntly observaed

conditionsy scatiered clouvds were next, their frequency having increased slightly

over Juns, The distribution of cloudiness at Kwajalelin is showa in Table 11.

Table 1l.-~Average Sky Condition During July at Kwajalein

Clzar {(<0.1 cloud covar) = = = = =« = = w = = « = (3,08

p

Seattered {e.l through 0.3 cloud cover) ~ - - =35.6
Hi. Brkn. (0.5 thrcusi 0.9 cloud cover)

or overcast (with 2.9 low clouds) = » « = = =455
Low Rroken (0.5 through 0.9 cloud cover) -
low Overcast (0.9 cloud cover)s - = = = =

9 %
L. |
LI
=4
o o
~ 8
= o

The average diurnal variation of cloudiness during the perioed of record

for July is shown in Figure 7, As 1n the previous months, the greatest frequency

of wscattered clondiness occurred during the night and early morning hours with

cloud amounts increasing to broken or overcast during the day.

2]

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 lsss than

2,058 feet on G.4 percent of the observations, or almost 3 percent more frequently

-

than in the preceding menth. Ceilinss wers above 5,750 fest on 79 percent of

the observations. The percentage frequency during July of ceil
shown in Yable 1.

table 1Z.-~Averare Histribuviion of Cellin: Hei:

ing nelghts 1is

i during July at Bwajalein.
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In Ficure § arc shown the nourdy irequencies of various ceiling heights at

Kvajalein duringy the perlod of record.
Visibility

tnan & miles oscurred on 0.8 porecent of the observations

4

—
@
=
7
(&)

Visibvilities of

l

guring July 1944 and 1945, heavy roin showers probanly being v the obstructicn.

5onerally, Lowever, visibilitles were excellent being over 10 miles on %&.d
percent. of the observations. The percentage [requency of visibility linits is
shown in Table 13

Table 13, ==Averasme Distribution of Vislbility Limlts durinz July
4l Kwajalein.

O e /B U ~ o = = @ v 2= = == == 0,08
0 ;,,14 "

e ¢ 1 1

O we 372 4w e e e ow e owom O
b

o Y S O T
S I T
Uoem 232 e e e e e o e 00D
0 == 6 R Y
QO == G Boh e e om e (.7

g and over « = & w2 = = o e oo o® o= = G308

Ceeurrences of poor visibility were scaltercd throughout the day, as is
agvident from Firure 9 which shows the hourly distribution of visibil ty. Foo

w3

was not observed during July of 1944 and 1945,
’ Precipitation
Both the number df days wiith nrecipitation znd the =ean ronthly amount of
nrecipitation increasce during July.  The averare amunt of rain Tor the perdiod

of record wag 5.9% inchas, and there were 2&.5 deys on onich precipitation

amounted w JOL incit or mors.

There was llitle i tanpede fure, .f. b sune to July . Temperature
L]
R
. - . . (X] [ K] P .
values for the period of record d%.JGHJ3Iei.are Jevn 1a Table 14,
. e ]
=20 2

Jrrede
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. Table 14.-=Tenperature (9F.) during July at hlwaialein.

Mean daily tomparature - = = = = = « - - B2, 10F,
Mean daily maxXimmn = = ~ = = « = ~ = = =~ 57,6
Mean daily mininum = = = = = = = o =~ o ~ 76,4
Absclute maximum = = = & = = = » = o « = 92
Absclute minimum « = = w w = = = = = = - 71

winds
wuring the perisd of record for July surface winds maintained their esasterly

component. However, ithere were occurrcnces of winds from all points of the

O

ompass durdng thls onth. The predominant wind force remained moderate to

-

resh({iv throvgh 24 m.p.b.) and was recorded on 52,9 pereent of the observations.
On 5.0 percent of the observatlions the winds were lirht to rently (less than

1% mepeh. ). linds preater than 32 m.p.h. occurred four times during the peri.d
of record for July. The digtribution by direction and force is shown in Table 15.

Table 15.=~=Percentapge Frequency of .ind Direction by Velocity

Groups duriaz July at Kwalalein.

13 w-le 1824725517 TEeRb &
TePelle MapoNe  Wopelle MePolly  Mopelle o pelic

N 0.1 0.1

NV 0.8
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sBE 0.1 : 13,5 0.3 0.1
0.1 30.0 © 0.5 061
54 0.2 15.0 0.5 0.1
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wiich were the strongest recordsd.  Apparently no typhoon oceurred in the area.
Intertropical Front
During July the mean position of the intertropical fronl covers the
southern porti.n of the larshalls. Although no synoptic data on 1ts position
are vailable, it must be assumed that it was located over the Bikini arez
on aceasion during the month.

o,

lleioht of the Tropopause
Yariation in the height of the tropopause during the summer months
would be slignhty althouch no data sre avallable for the Bikini area, it is

estimatod that the height of the tropopause averaces hetween 17 arid 19 kilo~

meters. This is based on balloon ascents at Batsvia, N.BoI.
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