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1. The experimental explosion of two atomic bombs at
Bikini this pact summer hae permitted an unparallelled op~
g:rtualty to evaluate the potentialities of the Atomio

@b as a weapon end to determine from the results of the
explosions on Haval vessel tergets what changes in the de-
sizn of Raval ghips are desirable to ineresse thelr power
to resist thig form of attack.

. 2. The loading imposed on the taryget ships by the
.explosion of theese atomlio bombsg differed from that imposed
by conventional explesives in two majlor respectet first,
the physicsl loadings (air blast, water-shoek and heat)
wvere far more gevere than ever before experienced being of
such magnitulde as to act on a ship as a whole rather than
agalnet some portion or section of the ship; second, for
the first time ships were subjlected te large smounts of
radiation from radicactive materials and to contamination
from the radloactive by-produets of the atomlc explosion.

3. Bo one who witnessed the tests could fail to be
impresced by the destructive power of the bomb. The ex-
plosicons were spectacular and awe-inspiring. The vigible
material dsmage on vessels close to the point of burst was
extensive. One fact, however, became spparent at once.
Thie fact wae thet for both the air buret snd for the sub-
gsurface buret the material destructivenesgs of the bomd fell
off rapidly with the distance from the point of explosion.
Althougch the bomb relesces vastly more energy than conven-
tionsl explosives its ablility to &o material damage is con~
fined to a reasonably well defined range. This range
though larze when compared to that of other known explesives
is not great when compared to the dlstences normally Xept
when naval vegeels steam in formstion. :

4. To intelligently approsch the problem of incorpor-
— ating the leseons learned at Bikini in naval ship desipn if
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geems desirable to make first some sort of an assegsmsnt of
the probable success of an atomic weapon attack against

naval targets, the probabllity of its employment, and the na-
ture or fors of attack whioh may be expected. Buch an assese~
ment is necessary to determine the severity of the threat of
the weapon and to Justify for eny glven ftype ship such redue~
tion in ability to perfore ite primary migsion as may result
from changes in charsoteristics designed to combat the threat.

5. The following oversall impressions and opinions
are based on observations at Bikini, on certain of the instru-
gentation dats obtained Qdurin: the %@nta and on conversations
with other members of JEP-ORE. They ere made in advance of
a detalled study of all the data ascumalated.

3. B

At pregent the high cost of mamufecturing atomic bombs and the
spparently limited supply of raw material from whiech the bombs
are made make them more expensive to use than thelr effective~
nege against ship taryete Justifies. Even though future tech-
nilogical advances reduce the ocost of the bomb and new sources
of fissionable material are found it is delieved thet the
supply of these bombe will slways be relatively limited.
Purthermore because of the mechaniem of a chain resction the
charge of fissionable material in an atomioc bomd has a definite
ainipum and a practical maximum size. This fact coupled with
the need for eslaborate mechanisms to initiste fission and to
protact personnel will tend to set limits on the size and
types of weapons in which atomic explosives can be used.

Since the distance between naval vessels steaming in formation
need be inoreaced only slightly to limit the number of ves-
sels within the lethal radius of an atomic explosion to one
er two the value snd desirability of this form of attack from
a military stand point is seriously questioned,

The atomic bomb and atomic weapons which mey be
developed in the future seem much more valuable for employ-
ment against sirategic targete in a country's industrial and
populaticn eenters rether than for use tactically against a
ship or a well dispersed formation of ships. The possible
uge of atomic wespons agalnet ships at ses, however, cannot

. be discounted entirely.
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Fleets are supported from shore bases and vessels
in port for fueling taking on stores or repalrs will be inci-
dentsl tarpets in attacke on such baees or on the indupirisl
- areas and population centers which in many e¢ases are conti- o
gious to such bases.

A major amphibious operation in which large numbers
of ships and personnel are concentrated in a relatively samzll
area would be & worth while target for an atomic weapon attack.

It seems likely that such attacke will be by aerial
borbings or by rockets and gulded missiles. For the attack
againgt waterfront areas and amphibious operations missiles
which are designed for subeurfsce explosions sppear to offer the
best prespects of effectivencss.

c. she gubcurisce I01E OF sLOBIC wespon atiack apnears
more effective in ocsuslns material Gamace to chi; aryets thap
3e B Dursl pLeneck.

The subsurface shot at Bikini this past summer was

. fired at a depth considerably less than the theoretlical optimum

o for maximum damage range. The gas bubble formed by the explo-
sion vented through the surfazce before it reach its meximum
eize. Even so ite lethal range (i.e. the distance at which it
sank ships) was slmost se grest as that of the ailr burst for
gurface ships and it sank submerged submarines zt distances
beyond ite lethal ¢ for surface ships. Although material
damage to surviving ps was less wide gpread than that caused
by the alr burst, it was in most oasés much more severe in its
effect of the ghips military effectiveness.

D, Lije Radlological sgpecte of an sltomic weapon atiack

Perhaps the most significant and threstening single
feature of an atomic weapon attack brought to light by the teste
_ at Bikini was the heavy and persistant radiecloglical contamina— —
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tion of the target vessels surviving the egubsurface burst.
Fiseion products entrapped im the water were csrried up in the
plume and dieeeminated throughout the legoon. Altho nea-
surenents indicated that the portion of the fission products

80 entrapped wee relstively small only a few shipe most of them
on the up wind fringe of the arrsy esosped. Radlioactivity was
80 intense on many of the ships that they could be boerded for
en&ihbrzsr intervaele over a period of weeks and in some cases
months.

The overall ability of the target ships to with-
stand the loading imposed by the atomic bombs was up to the
moet optomistic expectations. Ships were not atomized] they
434 not disintegrate; nor 4id they glow with induced radio-
aetivity. With the exception of the RAGATO which sank from
progressive flooding five days after the subsurface shot all
the vesezels sunk were subjected to loadings greatly in excess
of that which they were desgigned to withetand. The above is
not intended to imply that no improvemente in design were ine
dicated by the tests. Much valuable information and data was
obtained on the relative ability of the various components of
naval vessels to defeat the impoeed loading. Weak points were
brought to light and lines of investigation for further study
were indlcated. It is felt, however, that no radical or major
chenge in the design of the typee exposed as targets was demon-
strated as being necessary. n zeneral it is believed that the
tests indicated our ourrent deslgn of shipg structure is sound
and adequate and that future developments should be evolutionary
rather than revolutionary.

l. A somparieon between the air burat and the sudb-
surface burst in relstionship to their effect on the target ves-
sels 1s complicated by the fact that the alr hurst was several
hundred yards away from the point intended. The charscter of
loading imposed by each shot, howsver, was clearly dlscernable.

2. In the case of the airburst the primasry causze of
— damage was the alr blest or air chock assoclated with the explo-
- 4 -
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slone. The alr blast peask pressure as mespured by various instru-
mente at Bikini wes on the order of 100 1be, per square inch at
400 yasrds from the foot of the burst {i.e. the point on the sur~
fzoe directly below the burst); drorped to about 55 p.s.i. at

800 yards; was about 20 p.s.i., at yarde and 7.5 p.s.i. at
1200 yards. Extensive above-water damaie was general on target
ships within 900 yards of the foot sf the burst, Beyond tha
distance the damnre was for the wodéd part superfielsl end did

not greatly affected the fighting efficlency of the ships. The *“
nature and severity of the damege varled depending on the type

ef ship and upon the ship's orientation with recpeot to the
direction of blast. ' ‘

S, Five vesnels were sunk by the eir burst. Of thease
the GILLIAN {(APAB7) at sbout 100 yards sank within one minute
of the time of the explosion., The CARLICLE another APA at about
400 yards sank within a half hour of the explosion. The ANDERSON
({DD411) at about 600 yards relled over and sank within about
8 minutes after the explosion. The LAM3SON (DD367) at about 700
yards cspsized within 30 minutes after the explosion and sgank
some hours later. The SAKAWA an ex-Japanese CL lying sternm to
the explosion at a distance of about 450 yarde sank 26 hours
after the explosion.

4. Of the surviving ships the demage to the following
vessels is perhape the most significant:

(o) The submarine BKATE at sbout 380 yards was a sham~
bles topside with suoch of her superstructure as vss

not wiped off distorted and twisted. The strength nmll,
however, was intact, and the vessel was gotten underway
on both engines without difficulty when the c¢rew re-
turned sboard.

(b) The YO 180 a conerete oil barge at zbout 450 yardse
was demolished topsides but the hull suffered no serious
danage.

(o) The INDEPENDENCE CVL22 at about 550 ysrds, was
heavily dameged above water slong the port side and on

the flight and hangar decks with serious structural die-
sortion down through the third deck.
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(d) The PENSACOLA at about 750 yarde, the SALT LAKE CITY
at about 900 yarde, the ARKANSAS at about 650 yards, and
the NHEVADA at sbout 600 yards, suffered 1aagpaa1tat£ﬂ¢
stack, uptake and boller damage, general topsides dsmage
and sericus distortion of the main deek and supporting
gtructures.

{e) The CRITTENDEN an APA at about 600 yards suffered
topside damage and conziderable distortion in the way
of number one hold but was not immobilized.

5. In addition to the damage cause by alr dlast, fires
ignited in army quartermasters materisl exposed for test and in
corda.e and fenders by the flash heat were wide spread through-
out the array; some cccuring as far es 2400 yards from the point
of burgt. Because the target ships were unmanned these fires
burnsd@ unchecked end in some ¢ases Caused moderate secondary
damage. The effect of the flash heat on exposed personnel would
probably have been serioue out to ranges of about 2000 yards but
any screening at all would have materially reduced cssualtiies.
Standard Navy flash proof clothing is believed to be a satisfac~-
tory measure to protect sgainst this heat.

6. There was no evidence of significant water shock
and no persistant radicleo:lcal contaminatiocn of target ships.
Ae evidenced by ites effect on the anlmale exposed for the test
the radiation from the burst itzelfl appears %o have been lethal
chiefly to animals which were not screened from direct attiack.
No indication of misslle demage was noted.

7. It 1s intereating to note at thie point that even
the woret damaged ships surviving the sirburst were able to
steam under thelr owvn power after only moderste repsirs.

8. Materisl dmmage from the gubsurface burel was pre-
dominantly from water shock, with no evidence of flash heat and
only aminor indications on surviving ships of alr bleet damage.
The BARATOGA #t sbout 400 yards the ARKANSAZ at sbout 280 yards
the YO 160 at 800 yarde and the gubmerged submarines PILOTPISH
at 400 yarde, APOGON at 850 yards and BKIPJACK at 800 yards
were sunk in this test, The LOT 1114 a2t about 500 yards was
sapsized but floated bottom up until sunk by demolition charges.
The NAGATC at 800 yards also sank five days after the explosioa
from progressive flooding which becsuse of radioclogicsl ocondi-
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tions could not be sontrolled. The watertizht inteprity of the
HACGATO wss not good., There wae some flooding during the alr
burst from which the ship suffered no underwater damage. -

9. Swamping by the tong of water descending from the
plume possible contributed somewhat to the rapidity with vhich
the S OGA and the YO 160 sank,

10. The faot that the APOUON and SKIFJACK were sunk -
while the GASCORADE, FALLOM, HUGHES and LET 133 at considerably
lesser distance remained afloat substantiates the instrumente-
tion data that the peak water shock wave pressure le affected
by the ailr-water interface and that beyond a zone defined by a
specific angle of incldence of the shoockwave with the water
surface the preseure ls reduced coneldersbly below thatl which
might be expected from an aoccoustical theory. Thie affeet on

-+ the peak pressure extends to greater depthe below the surface

with an inereszse in distance from the oritiecal zone.

11. Haterisal ¢ suffered by the surviving ships

wag confined %o ships witnin the 1000 yard range and for a
iven distance from the burst was most severe on deep draft ships.

The PENSACOLA at sbout 800 yarde, the HUGHES at about 650 yards
and the GASCONADE and PALLON at 850 and 500 yarde respectively
"all suffered major machinery derangemente wilch would have re-
quired extensive overhauls to repsir. For the depth of explo-
slon used at Bikini the range of incapacitating damage to sur-
Tace ships was about BOO yards.

~ 12. The radiologloal contamination of the target vessels
whieh followed the underwater burst wee the most startling and
threatening aspect of elther test., Wherese indications of radio-
activity on target vessels after the air burst were confined $o
vesuels close to the point of burst snd dropped to within the
permitied tolersnce om all veesels within three daye, the radio~
logieal contamination which followed the subsurface garat ex~-
tended to vessels beyond the 4000 yards radius snd was eo heavy
and persiztent that most Saryet vessels could be boarded for
only brief interval over & period of weeks. Although the effects
of exposure to radloactivity are not immediste they are none the
less certaln snd had the target shipe been manned the eventual
loss of life and consequent loss of military efficiency would
have been high.
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13. As might be expeoted the heaviest toncentrutions
were topeides but not ipconsidershle amounts found their way
into the interior of the shipe. This penetrstion probably
would have been inereased had the ships been manned becauge of
radlozctive matter drawn in througbh ventilstion systems and
carried into the interior pgpases on the shoes and olothing of
the erew. On the other hand had the crews been aboard and
eware of the dangers present the degree of contamination might

- have been considersbly reduced by prompt sction in washing
o down the exterior of the ships before the radicactive matier
: had opportunity tc adhere to the surface. '

14. The nature of rsdioactivity is such that natural
or indueed radiocactive elements can not have thelr rsate of
radiztion sltered by chemical or physical means, Every sub-
stence looses radloactive properties at e speocific rate which
deternines 1ts "half-life® (1.e. the time required for ite
radioasctivity to decresse by half). The half 1life of socme
elements 1g & fev minultes while other elements have & half 1ife
of many thouesnd years. Thus rediclogicsl decontamination re-

uires the mechsnicel removal of the radiocactive material.
1z ie reniered doubly difficult by the extremely smsll size
of the particles involved.

I1 DESION CHARGES INDIC, AR T OF THE PIKINI TESDS
1. The only reslly new factor introduced by the Bikinmi
Teste inte the problems of desighing nevel ships ie that of
thes rediclogical contasminetion which follewed the subsurface
burst. As hes been mentioned earlier decontemination is 4if-
ficult becszuse of the very small size of the radicactive parti-
e¢les and the fact that thelr radloactivity caanot be reduced
or eliminated by chemical or physicael means. Studles of this
problem are underway st the precent time. What lines they are
following i not known but 1t would seem degireble teo inelude
the following broad catsgories!

A. Prevention of ingress of radicsctive materisl
into the ship by! :

2}Use of tere.
3)The use of alr purifiocstion and recircula-
— , tlon gystemes %o permit oloeing off wital

spaces Tfrom the outside atmosphere

;liﬁﬁrﬁﬁnig%lar openinge in the structure.
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{4)Indoetrination of Personnel.

B. Development of surface paints or coatings which will
inhibit the adsorbition or sbsorbtion of the radiouoctive
particles by exterlor surfaces,

G. Development of liqulds which will take the radie-
active pubsztances intc solution and ensble waghing
them away. ‘

D. Provision of relisble inlicating and measuring
devices suitable for genersl ehipbeard uee in determin-
ing the locations and concentrations radiclogical hag~
zard.

2. Analyzing the materiel damsge done to the target
ghipe at Bikini in comnection with the glr =sné water ghock-

lozding data from the instrumentation program it appears that

the minimum diestance from an atomlc expleosion that a ehlp can

be without suffering incapsclitating damsge 1s not suceptible to
mach reduction without meking cuech drzetic chsnges as would

seriously handicsp a given type in the performsnce of 1ts mls-
sion. BSince at the rresgent time there 1s no reagson to doubt

the validity of the miseions for which ocur neval types are de~
signed such changee gppesr unwise and unwarrented, The danger
radiuneg of sn alr explosion for moet types sppeers to be in the

neighborhoed of 800 yards where the zir pregcure is about 20
p.s.4. To reduce that radius to 500 yards vhere the alr pres-

gure 1s about 55 p.e.i., would regulire a tremendous amount of

strengthening., This would mean on the same disgplacement lese
less armor, legs cargo, fewer planeg, fewer troops or

smailer erulsing radius or a combination af the above reduction.

Although some laprovement le possible the most effective way of
meetins the bomb's destructive thrtati certeinly the cheapest
: P

from the standpoint of affect on a shipts ability to carry out
ite mission, 1g to so dispoee ships tactically that only one or
two will be exposed %o an atomle attack at e time.

3. There were however, many lessone to be learned from

the results of the %teszts at Bikini and 2 nusber of local weak-

nees in our ghips were highlighted. The more salient of thecse
are discussed briefly below:
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“{a) The wide spread lamege to stacks, uptakes, and

bollers resulting from the air burst merits close
study. Damage to stacks was in many ¢sses transmitted
down to the uptekes while boller alr casing were in
some Cassas ruptured where other damage to the ship
was of a minor nature. In genesral the pressure parts
of the bollers suffered no damage from alr blast.

(b) Weatuer doors and door frames were a point of
weskness. Levelopments should continue to produce &
door assembly whioh will be as strong as adlacent
panels of plating.

{e) Clean-up topsides: Reduce the amount of clutter
on the upper decke. Uesr lockers, movies booths and
ginilar flimsey work i1s an unnecesssry hazzard under
air blast., It readlly becomes & missile hazzard to
personnel and may block vital asccepses when they are need-
ed most. Cerdasge, hawsere, fenders, ete., are a fire
hegzzard but a topeldes stowaze for them iz congldered
preferable providing they are not near other flsmable
materisls. The fires which followed the alr burst
would have been negligible had crews been sboard the
target vesgsels.

{(d) PRounded surfaces performed much better under sir
blast than flat surfaces and should be worked inte
designs where practicable. Topsides plating sbould be
as heavy and as well stiffened ms wel;ht e etability
conslderations permit.

(e) Airoraft elevatore on carriers should be made

more rugged. The SARATOGA which wsg outside the 2000
ard cirole for the alr burst suffered 2 dersngement /.
o the automstic follow up mechanisim of her elevator
which prevented its operation until the defective part [V
was removed. Although the elevator could then be oper-

ated sstiefactorily hand the rewmoval of the part re-
guired about four houre. The elevator was similar to

the type instelled in ESZEX claes carrlers. The derange-

ment was caused by minor dlstortion of the elsvator plat-
form. Although elevators now being developed for the

heavier planes will Jdoubtlees be more rigid consideration

in their deesign should be given to sir blaest loading. -
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(f) Studles should be continued in the shoek mountiag
of machinery and equipment. In general the performance
of enock mounted squipment exgeeded expectations. The
transmleasion of shock throuzh the ships structure to
locations remote from the areas of loading 4id not prove
to be a major source of damage in elther test. Heavy
equipment asnd mechinery mounted o¢n or close to the hull
gtructure balow the walerline suffered heavily in sur-
viving ships elose to the esubsurface burst, snd the shook
protectiofn of such equipment requires lmprovement.

{g) Electronie equipment stood up well where any scrseén-
ing or shielding wae nresent, Antennas and radsr spine
ners osn be improved te withstand higher sir blast pree-
sures. Whip antennas appesred superior to string an-
tennza.

{h} The most effective means of bottem protection for
large ships should be vigoriously souzht. The balasnce
between maltiple bulkhe=d pglde protection and doudle
bottoms compartmentation should be reviewed., This
question is slready under study in connection with in-
fluence exploders for torpedo warheade and mines and
the lessons learned from these studles will be equally
applicable in combatting the weler shoek prescure of a
subsurfzce atomic explosion.

(1) The hatch pontoons on the terget APA sre too essily
dislodged. Moderate to minor shock sent them csscading
dovn into the holde where they 41¢ considerable damage
to test equipment end inetruments.

(J) The deeigm of sea chezts and shell connections
below the water line with thelr attendant sea vealves
should be the rsubjlect of clore serutiny. These are
pointe of discontinuity and hence of poselble wegknesg
under water-shock losding. They should be designed to
be at least ae strong as the sdjacent pznele of vlat-
ing but should not form hard spote sround which the
plating will rupture or tear. '

- ~ E. H. BATCHELLER,
o _ OGommander, U.85, Navy.
"p8M,JTR-1 (2) |
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