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In reference to your letter, IiT:KFM, dcted 19 Kovexber 1956 ﬁhch
of the informztion releting to & briefing of the Cor=ission, the feasi-
bility of 2 fell-ocut sy:posium, end other subjects has been supplied
by personzl reeting end telephone conversztions., The inforzztion re-
gucsted in the second pzragrarh is now zvallable end the answers ere as
follovss

Dear General Sicrbirds volder

Pert a 1is included Iin inclosure 1 in a series of tzbles that show
the role of fractionztion of csrtzin redionuclides. These tebles cozm-
pere the retio of strontiuz-90 to totel fission, erd zirconiu=-55 to
totzl fission, et ezch collection ststion.

Parts b and e, decling vith the problex of estireting the regnitude
of local vs, vorld-iride fell-cut by rezsuring crater volurs zre included
in inclosures 2 £nd 3.

The zn2lysis of reiiczctive particles callected st the IEDVING

ecries In the Pecific Proving Ground vas reported by lelter to the
Chief, irced Forces Speciel V:zpons Project. Specifically, the resnlts ¢
of the negaton weIpons wore studled to show effects of lznd surface,
vater SLI&@C?, end verietion of depth urnder the wzter surfece vs.
c¢istence froa ground zero, The stztions vhera the rediozctive fall-
out pzrifcles wure co_lectﬂd ccnsisted of bzrges (YFI3 13 and 29), an
gtoll islerd of Pikini (HOW Islend), leboratory ships (Y25 39 end 40),
end & flozting platform (LST 611), The collection stations vers 1dan-
tic2l, being tubs vith the sezre errey of collectors end instru-snts &t
ezch stztion,

The results of erzlysis of the chemical dete are treutod for the
parpose of providing this infor-ztion to you in inclesure 1.
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Brigedier Generel Alfrad D, Starbird

TEWA shot was a water surface detonation over shallow wzter (mexi-

run depth of water 60 {eet under the detonetion barge), hud a yield of
5 1T w As can be seen in the TEWA table of
inclosure 1, e is 2 strong indication of an increased strontium-90

content collected at statlons distant from ground zero. There is an
exception, & high resding &t "HOU™ collection stetion only 10 riles
fron ground zero. This steiion is vell within the erea covered by the
origin~l groith of the ruskroom, Diffusicn hed probably not yet exerted
ery effect upon the mushrocm end purely local phenozonon could hzve
bizsed the collection et this etetion, Csrizinly no clezr-cut picture
of large-scule frzecbicnation in {zvor of sitrontiun-$0 was obscrved et
the distent stztions. If one ccn ignore FHOW® stetion, not nore then
twice the erount wes found &t eny stetion beyond 10 riles, There was
no evident frzctionztion, with distance, for zirconjur-95. Sce inclo-
sure 1, teble 1.

NAV2AJO was a weter surfece sho ng 2
weter (215-foot depth), _
fission, This shot, &s skoin in irclosure 1, res in no aprerent

frezctionsticn of sirontium-90, with distances s greet &3 42 miles
from ground zero, The increzse of strontlum-90, elthough slight, was
found in close &t collecticn stzticns ebout 7 miles fror ground zero.
There wzs no fractionztion of zirconiuz-95 eppzrent with distence. Ses
incleosure 1, tchle II,

ZUNT w28 a land surface shkot with a yield of 3.5 M. —
yzs docunented at stations renging from 8.5 to €9 rmiles froa ground
zere. The resulte (inclesure 1) of this lard surfzce burst indicate
frzetionztion of strontiun-90, ‘pproximztely £ to 8 tires the qu:n-
tity of strcntiur-93 wes obscrved et the distant stetions zs wzs ,
observed at the close-in stetions., The preceding caiparison is besed
on an cverege value of strontiuz-92 for the close-in ststicns, This
fractionaticn was not apparent at ZUNI for another rediomuclide zir-
coniun-95 studied in the same msrmer, See inclosurs 1, tehle III.

FLLII/D wzs a device detonzted on & barge on the surfacs of the
Bikini Lz~oon vecpon wes 11/ feet. The
% large emount of iron and
vere Incorpor:ted in the torge, sufliclent erounts to confuse the
erpactled fell-out results. This shot wes documented &t stations fraom
5.1 to 45 riles from ground zero (inclosure 1). 2 very eppzrent free-
tionztion of strent 1u_-90 et the 37 rmile stztion did not hold true et
enother stction ferther out, This rost distznt stztion did chow scxe
frceticnztion of strontiu:-?O, bhovever, very ruch-less pronounced then
the 37 mile ststion. No indieztion of frzctionation with distence is
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Brigedier Generel Alfred D, Starbird

evidenced_fof the radionuclide zirconiuz-95, See inclosure 1, teble
Iv,

The results of the REDWING series fail to disclose eny reel evi-
dence that the phenomenon of fractionation opereted to minimize world-
vide distribution of strontium-90. It hes been postuletod thet the
percentage of strontium-90 deposited locelly would be greeter, becsuse
of fractionation, than other radionuclides forzed in the seme céetonation.
The result of the depcsit of a larger percentage locelly would be a
denlel of that extra fraction for world-wide conteminetion, The failure
to demonstrate fractionztion in the fell-out sarples collected at FED-
VING, could have several rcasons. The collection stations might have
been too fewj the collection stations, elthough positioned at intervels
elong the predicted "hot line,® mey in actuslity have been poorly
poaitioned and callected biased serples. The elternative would be, of
course, that fractionstion doss not play & decieive role in bringing a
~ lerge parcentage of strontiu=-90 dovm locelly,

Weepons Effects Diviaion of this headqusrters undertook to assess
the emounts of water end coral "teken up® by cozperison of a shzllow
veter shot and the deep water shots. The cozparison lacks clear—cut
besic data upon which to make &n eessessczent, £8 is showm in inclosure
4y figure 1, many of the craters overleppad or wers superirposed, so
the erea representing the contribution of any ona detonetion cennot be
fixeds The sequsnce of undervater crzter formstion is likewiss not
known with a preciseness that would parmit a theorsticel "refilling the
hole® es a means of deternining what wzs thrown into the eir es s2lt or
80l1d psrticles for radicactive particle formation, A4 velua errived at
by mzasuring existing craters, essigning their forization to a particular
detonation, parmits en cstimzts of ths mexirum velue for vzter and coral
evailsble, This maximum velus is then sirply the water earnd corel that
ere inclosed in & paraboloid including the crater end externding the lips
to the legoon surface, The rminirum velue would, of course, be that
enount of vater end corel that occupied that portion of the legoon
actuelly displaced by the firebell, Veluss for the mexirum end ninfrmum
enount of rateriel availeble for fell—out pzrticle formation ere given
In Inclesure 2, tsble 1, The cczpilation of these data lend little
gupport to the concspt of ths use of creter volu=z, from post shot data,
28 a bcsia of fell-out predicilion, Its usefulnsss at the PLUM3Z(3
series will be negetive becesuss of the propcsed positioning of the
w2zpons during detonstion,

In part ¢ of paregrzph twvo inforr=tion is desired in eddition to
rztter already covered, spacifically the piclup of corel in deap water
shots, Since the despest water shot of the FEDWILG series vas on the
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Brigedier Gencral ffred D. Sterbird

surfece over 215 feet of wzter, the description of the particles col-
lected there i1s of interest, They are described es selt-laden slurry
vhen collected on ths Y:G 40 at 32 niles from ground gero. The close-in
stationa were described as having €0 to 90 percent of the particulate

e6 fine selt crystels, There was soze C2C03 material emong the rensin-
ing meteriel, No iron was detected.

The informstion glven here should be regarded es intermediate
between the prelininary reports £snd the not yet svailsble finel reports
of the REDIINLG series, )

Sincerely,

. Ao T, TLDVOED
@Incl lzjos Gonmol, USLF
. Tebles I, II, III, IV, Cnicf, AP
Cy 1A
2. '"Teke-up of Solid Perticulete
and tzter," Cy 1A Lt
3. FCrater Volume,® Cy 1A :
4. Chart of Bikini Atm, Cy 1B
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1. Ir. diecumeing thie plenomena it §s conveulent to sepe srete tle
venta of Linterest into t,'pe- Cepending on thelr turst envirsament,
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a. Jczurecy of Crater Menecurement Teckrigues, Technigues .f
urlerwster creter nsesureaent do not permit precision, Thus, material
reccved frox the crater and deposited in thin leyers cver viie ureas
cernct be detected, It im conceivable thet a large porticn of the lcs* .
rmt:-r‘zl of the creter can be accounted for by this orocees.,

b, Cim Anmrﬂ{bﬂifv of Beitom Mrteriela, Rottor matar!sls hev-
'xtra:raly high veter content., It 3g ccricsivebla that s subatantial v
,»3'.. or of tha crefer velume reeunlt s frox comprersicon of the bottom ’

catariels, ,

c. 4"r~wn-‘oq of Firciv Divided Materdela, - Inspectior of
shctos taken soon af“Ar shote revaels | rerge rrees of firely diviled
rsterial in vater auspen.'ion bﬂiqg roved guite long distances Trom he
burat point, It fa concelvetle thet this process could ascount for &
consideretde portion of the cretar valumm. Re-2epssition of this
ret er.i_al has not and prob:hly caarst be Qstectad by current techriquee,

d. Mechenisvs of Coster Fornatfon: Craters are formed due ‘o
corrlex icter-relgted mechanisms, The rechaniszs include vaporizstion
ol the nstariel, hydrodyneric throv—out far wnderground burstis, dynamic
failure of the raterial erd subseqasnt upwerd moticn due to ccnvective
alr carrents, and fi-ally feilure of the materisl due to sheer with the
clesaicel rotaticnal rass nitjon. Thsseszechanlsrs ect together in an
unknown menner and it is not possible to sssess a portion of ths result-
‘r\, creter valute to €ach nechanisn, Trhe situation is further citpli-
cated in the Pecific Prcring Groni cases when Zarge vclumes of Anlt
vater ere present.

3. In visv of the li':._ta"ic;'xs roved abcv e, any cdcu etd.rs
its eaoant of partievlete tsks-up rust bs coneidsred es rc.z: 3.1 of
nemmitulde ectirstes, The foellewing paresrepks vill consider poot :
everta by the cstegories liat=d in ;nravran‘x 1,

l.. Shote fired from p‘-l"['ﬂ! Qrar g-'-la*ivelv Deco Weter Ir the: ¢

'= ‘oong

. s

a. Furtier 1 Itatizns scowr ainso all of the deep water
erce shote of Operaetion CI3TIE end FELUING vers firvd from eseentially

ﬁWﬁLﬁh—”A—m& of s lur vield thar aarlier chots -

-+ 'v‘ .

.- A S I ; IR I aa-. -, ’
B L . ", - " 'R é
. .8 .
.

FAAL S P Mep & SlEpE o . e T .w
d - e ———— "~ — — - — —— L ———

(e R R, R ot AL AT A s -~ -
’ “ -.’A - "' M ~'*.A > - - o Sr——— ——— - ——



“hich belore and efter Dottom profiles vere tekern,

. te Crelle Shet 4 (UniC‘T') T.otizatae, Ae note d, 8 creder UIVeS
E3 peT cr2d for the Union Shot. Resulle e.re Joc irented ir WI-3J0
he celculesd creter valume indicatee en gpparent valirme of 20 ox T .

cu ft, There is, hovever, no evide-ze that t.h-s gudant of Telerial, T

evy pirtior tlherecf, wee teken up ic the clsud to cortribute 't tle

fell-cut, It fe the cpindon of ATSWP Llat essentiellv ne oovel .
'v'_‘_*.':ﬂn‘c ves lzley up_ io thils shot end that the gy erent zrete~r
luze con b oactcuarded for by ore or nore of lhe roass 3528 *x»--~=‘-
o raphe Ze, b, end ¢y The velize of water veporfzeld ‘fn Unior wes
2% a1 feet zcn iring 120,007 tons of sxdt (N=Cl). :
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C. ASDYING Fletkord god Mavefo. A noted in pruregrsph 42 e
5ter veluns deta 25 avallchle for thess ehots. It is the cpinion of

are
ATSWP, however, thet azserti-1ly nc zcrel nerifeliets wes teher LD 0
these shotls.

o o

.5, S_o*s }-‘irad Over '-’m rt’iv‘-lY §“°13 ovd Vstefr:.

_a. In gener al, creter dats f':-om shots of this ty;e els> suffer
the Iizitglions ncted ip perezTeph 2, This case is per‘mpr:.ore
i e-.i,s_)‘..on..rd hcwaver becruse of the shellover weter., Also fell-cul
r.:-.ples Sronz shots of ithis type indicate comsidershle teke up cf solid
wrtiowd uigte,  In this cese IVY-MIT erd CLSTLE-32AY o ere iIncludsd with
TIVIMI-TEWA eince the foruer iwn shota, elthough fir<d on stall reef

MR ol VT Y

~de, proluced critere breschirg ca.zaij- etle distsn es I-to tre

Boswver, slnce Yesic cnamunices tion requesis dats o1y on ITHE,
ticns ere prawate:! for tLis =lrgle ceuse,

£
frr o

© b. Creirr Jmurr- Only zougk crater date are evalleble 2t tlhe
zanent sirse the rewults of e astailed survey, =re not yet svailistle, : .
The egsrerent velue of TEHA creter is €00 x 105 cu ft. “The voluzs of :
woier Ip ad ehove the ratsr projecied to the water surfece, s<susing
‘Le creler %o Lx a pereSolold, 1s 530 x 10% cu ft end cortains 425,000

.eaw

tons o“ ralt (7eC1), Estirclas of the enoant cf materisl teken up can
1« establirhad to 1imits, The stove quentities represast tte upper
ii~3te, A lowst lirdt ray bs estzblished by estirsting the valuwe of
-;»—gl.m coral. In the cese of TTHA this wmildd azccurt for only 0.04
x 299 cu ft of cored exd 0.15 x 10° cu ft of water wilich cantalrs 130
‘zne of relt (Mefl). This frection of soral end selt wenld essiiss
fer thet fell—cut which ie founl to be zletuler end wWich is refaraed
b go'sd c::“"x.sed veror. Thare if 1o possiflle vay of estizating tle
Jmtity 1] :sdcr ?reztion of tre fell-out vhich is tlhe ﬂa}‘y,
finely divi:!-:l z:s‘erial \;'jch kes ’t< ‘n machenicelly rezovsd end wihich
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is cetoacted 4n fell-putze'r.':plea froz this chot, type.

6. gShets Fired on Lerd Surfeoa, This category is rot strictly
correct £ince ths ralative erea svailetle for MI shots at ths Pacific )
Previvg Ground 4s s==11, Cruter deta from clLots of this type elso ‘
suffer ihe -in.itations of perecreph 2, hovever, prebebly to & lerser

degres, Fall-out secj ca incete h.‘.b flely end globler cateriels, .
I’"u‘-r end lover 1icits cf the teke up can ta esteblished ms in peregreph .

5 ebove. The shet of Jplezest in <kis ty79 is FETING-ZUNT end 1s cuz-

rerized in paresreph 7. In this case "!ze real velus is prodahly clerer

to the urpor 11r4t thin In tke ceco of the shellov yzter shot, however,
ATSAP he.s no rs-cc...hev’a.ion &3 to the appro;:iate valuo. A ) -

: 7. 'y eums:y or soli& p;rticz.late end vatar tdf.an up for the shots ..
d’scussad in parr"“an‘*s 1., ‘5, erd 6 fo.lm: ', 4- R e

mﬁ,.; ’sar.m mcr:cm £ HATE "z.._. w
vt wmr ooV Tgalt (m-rn) Coral

-

Yiald ° Uppar 1irit Lover. lix:it Uppar licit Lowsr lix.:it Dppar limit Lover 152
(2} (cn ft) (cu t‘t) _ (tens) {torna) . (cu ft) (cu l")
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"1, CASTIE i (c::;'os)'_ . mmi.? 6s5 NP
s Volume np:fiud hter, Veu. | N |
Bu!i:s of di!s.d.a.,ed steea sc ma to 1 K‘l‘, WIGHM 9425 ft.
srure p.,:-'tir-n of work deze en tu‘.;.r Yelou ths burst 1s 1% of yZeld.
To copute the raéiu of ths hzzisphare of vapsrized water and

corel m.v'er t_.s shot dcte'rd.na ths radiv:.! of a sphero of veporizad

water fer tviu thc esergye ) , )
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- 2/3 3 7. 57, |
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VY, = 1/2 ¢« 1402 o 77C 25
T 800 x 108 cu. ft.
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