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INTRODUCTION

This report is a preliminary report and, therefore, does not
rive elther complete or final results of the work of the various
;rojects. It should furnish the reader, however, with a fair idea
)¢ the overall picture. No information on the construction of the
tevice is included in order that the classification may be kept
1o Saecret, Restricted Déta. Descriptions of the device may be

*ound elsewhere.*

ﬂwas detonated on Namu Island of Bikini Atoll at
1pproximately 6:45 a.m., 1 March 195%, local time. It was fired

>a the ground in order to facilitate the performance of various

yxperinents.

The experimental program was designed to give information on
rarfous subjects. The major features of the program covered the

tadiects of total energy release, fission yield, alpha of the

-
-

Lmary device, the interval between primary and secondary re-

s:tions, propagation rate of the burning, shock pressures, gamma
21 “zutron intensities due both to prompt and delay effect, such

"2 Tallout and eloud phenomenology.

-~
ina

report gives, mainly, the results of the work of Task

P |
-

and 13, The other Task Units performed their work admirably,.
¢ work was, in general, performed in order to lead to deton-

the device or in support of the work of Task Units 1 and
. Rs

*°Tts on the work of other Task Units will be submitted at
[
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Briefly, the results indicate that the yield of thd|

F‘!vas 1k, 5+1.5 hﬂ‘,v

DELETED .

. .»‘?‘

Lil"&mJ i 4 M‘.\J

- =
: .
—

=2
=
. =

e e
LIRE

- - TOPIED/DQE
_ANL RG ~

il



ppGES 3 - /9 _ VERE JUDGED
IRRELEVANT AND WERE NOT COPIED

o TR



— : . ’ - KO
'gat 6,000 ft frggé zero. There is an inconsistency ==
T the measurenents at the two stations recovered in that ths =:re
)?distant stztion showed the higher zetivity. T@i,geutron Zo:z
‘;stimated from these measuremen®:z Is abouté rep at -
Zr
Project 14.1 exposed Zr at all 14,1 stations.
_; Zr samples were counted 1n both 14.1 and in 2.3 equipzant.
'?,i resume’ of the data is shown in the graph, Fig. 2.3-1.
- Au and Ta

1 |‘0‘?‘

Au samples recovered were too hot to count on

$+7, First counts on the Ta samples give the thermal flux
e . R O );u;" e -

S and I
Sulfur and Iodine samples were 1 returned to NRL.

(..-‘...

~=227c% 2553 « FALL-QUT DISTRIBUTION STUDIES

froject Officer - E. R. Tompkins

‘ri“ L .
Frincipal objectives of this study are the evaluatZon

A .

“#%thanism and distribution of fall-out from surface Ttursts

7
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- of nuclear weapong_and the scalinz and extrapolation of the
effccts of such_bursts for otner yields and environaents.

o results can be presented at this tine. Daota to be

. ,A_’,e:ployed for Qshot evaluation incluie the followings:

Fall-oﬁf“;ample sctivity and time of arrival
data collected by this project (1and, lagoon end
bucy stations).

TU-7 monitor survey datae.

Outer 1sland survey data. A summary of this
data is reported in Table 2.5a-1.

Wwind profile data from Rongerik and Curtiss
statlonse.

Gamma time-intensity and gamma exposure dzta

from Projects 2.1 and 2.2

s

1 10?’
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TABLE 2,5a-1

SUI«’.MARY—CF MONITOR SURVEY DATA - OUTER ISLANDS

ATOLL ISLAND AVERAGE MAX IMUM TIME
(mr/hr) (mr/nr) (days)
Zongelap Eniran 600 1,000 A7
» Arbar 250 400 7
" Rongelap 375 450 £ 7
n Busch 650 750 £ 7
n Enialo 500 800 £ 7
n Eniaetok 900 1,200 A7
" Erapuoten 1200 £ 7
. Anidjet 1400 1,600 A7
.. Kabelle 2000 £7
- Eriirippu 2800 3,500 £ 7
. Lukuen 1500 1,850 £ 10
. Gejen 2550 . 410
. Lariia 2550 2,900 4 10
. Aerik 2550 2,900 £ 10
ot Naen 3200 3,650 £ 10
“sogerik Eniwetak 280 300 £9
* Rongerik 400 450 £9
' Mortlock 450 6CO £ 9
. Latoback 500 700 £9
: Bock 1000 1,200 £9
Allinginee Sifo 100 120 £9
. Enibuki 120 140 49
. Bokonikaiaru 140 160 £ 9
=T Bikar 140 160 /8
ik Aon 40 60 /8
Utirik 30 50 £8

COPILLIGJE

LANL G
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j%;: project 2.5e-=—FALL-OUT STUDIES

project Offlcer - E. F. Wilsey

The objectives of this project i{nelude the collection of
£311-out samples for the documentation of the physical
cnaracteristics as a function of time and distance and to

srovide sanples for chemical and radio-chenical analysis under

.Q;-':A froject 2.6Db.

‘f Little in the way of results can be given at this time

'  _-.?'._,:s‘ince a0st of the sample studies are being carried out at CRL,
‘iﬁ;ewood, Maryland.

A 1imited amount of data suggesting' possible time-fractlon- e
' ,ii?'aon of the fall-out 1is presented 1in the accompanying graphs,
“Fias. 2.50-1 and 2.5b-2, and is tabulated in Table 2.5b-1. It
's noted that the fall-out collected 2t early times exhibits

~3re rapld decay during the period B+ 5 through B+16.

TABLE 2.5b-1
POSSIBLE FALL-OUT TIME-FRACTIONATION

»
e Ay
-

PERUIL T R o «WWW*. vﬂr;-qwom&-‘ e 2PN

Lo--on Time Collected (hrs after zero time) ¥
"Zilzeto'mtoku 0.5 - 2.0
2 - 0.5 - 2.0
s 2.5 - 2.0
3 o 7.5 - 1.8
SRt 4.5 - 1.6

_ o 10.5 - 1.7

fira n
e "n" 15 the term in the expression: I+kt?

z
:
‘?_-
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Project 2.6a - CYEMICAL, FHV3ICAL AND RADIOFJ“'T“AL

—

ANALYSIS OF SURFACE CONTAMINATION

‘fi Project Officer - E. R. Tompkins

5§§§g Samples of" fall-out were received at Parry on +he after-

;?éé'noon of 6 March 1954%. A total o
,féiion ¢ and 7 March, the samples were aliquoted 1
(2) Radiochenical analysis at NRDL,

Except for Station 251.09 which )

£ 16 statlons were recovered.

nto three parts:

*v(l) Treatment on site,

‘ 3) Chemical analysis at NRDL.

terial from the tidal wave, the samples were a

onbinution of material from three 1-gallon_polyethy1ene

Gross analysls of the material is given - .
; |

collecting bottles.
raft stations : o

: 1n Table 2.6a-1. The slurry fall-out cenmon to the

A af3§;eared to consist of a slaked lime suspen51on. The island

.}tu*ion sazmples contained large particles -- probably blown in

-+ the wind or blast wave. Some of the collectors were wired

{1 the open position; the 1iquid probably was rain water. .

The following quantitles_were determined for some OT all

9'_ﬁ“55amp1es: (1) Gross beta and gamna decay of all samples, ;

[ 4

(2
,"J Al and Pb absorption curves for a few of the samples, (3)

"Tllitlon state and approximate amount of Np, (&) Oxidation ‘

% s of 1odine. In addition, the samples were used to complets

izvelooment of a method to separate and det=rains varlous

~-:1 activitles of interest. The solubilizetion and

aticn of the activity (as gamma distribution) into1fhree

| *fcal states (ionic, colloidal, and soliis) was determined




entrifugation and ultrafiltration. This information should

by ©

_be of assistance in interpreting: (1) the contamination-decon-

——

" ¢amination potentialities of the fall-out, (2) field measure-

’”"fpants of dose rate (changes in and variatlons from source

measurements), and (3) the chemistry of the gross fall-out.

Physical State Measurements

Two island station samples and one lagoon sample were
- A1l three samples contained liquid and some solild
”i = The pH of the ligquid was 9.0 for the lagoon and
The percentage of solids by

<7 in the sol1d fraction was never less .than 90%. The liquid
,Tﬁrrmﬂdon ran 95 - 97% lonic as determined by ultrafiltration.
~ ' The colloidal fractions contained less than 14 of the total
gamma activity. These results would {ndicate that a rain might,
- when sufficiently heavy, wash away about 104 of the gamma
sztivity. Unfortunately, all the beta proportional counters

->a2d out making it impossible to obtain similar comparisons

+3T the beta activities.
Decay on the various fractions showed fractionation of

" % active material. For the total material between B+6 and

“*13, a t-2.07 gecay was observed. Over the same perlod, a

A

”*
¢
LY )

to £72+2 deday was observed for the solid fraction whereas

-1l -
to t-1¢8 gecay was observed for the lonic fractions;

~+- 29lloidal fraction followed a t=0+6 to t~19 decay.




.'.
% Pb absorption curves, —when analyzed 1nto approximately two

% epergy components gave a hard component of 1.1 to 1.3 Mev

; ganma for all fractions. The soft component of gamma for the
éionic and solid fractions was about 0.2 Mev and about 0.3 Mev

. for the colloidal fraction. Table 2.6a-1 gives the gross

*iga.nalysis of fall-out material.

= »‘3
Axe
b

From B+ 6 to B+7, the lodine activity (gamma) was found

E
Lt

“"(to be assoclated with the solid fraction to the extent of

£ 350 - - 804, with the majority of samples giving about 754 of lodine
lin the solid. The total F.P. lodine gamma‘activity was about

. 5% of the gross gamma at that time. Expériments indicate the
oxidation state of iodine as being -1 in the solid.

Neptunium Activity

- - The Np separations gave an approximate yield of 85%

- *{%p gamma count) of the total gross count by a one inch
. 22intillation crystal thru 1600 mg/cm® of Al at B+8 to B+9.
o STeng 804 Np and 20% F.P. and extrapolating back to B +5 hours
g ,_1}'7 a t-1.2 decay for F.P. and a 56 hour half-1life for Np, one
S Pttatns a conposite decay curve of about t-0+7 from 5 to aboutl
% Nours increasing to a t=2+6 decay at B+8 - 9 days. How-
Ty using 66% Np and 33% F.P., one obtains a composite curve
e again at early times but which falls off less rapldly

' STRIT tizes; the law at B+8 - 9 days in this case is about

(as observed on the gross samples at that time).
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The ion exchange separatlon nrocedures of induced activi-

i£§t1es (halides and alkall metals) produced an unknown high’ peak

’* in the elution curves. The activity peak vas found to be pure

_Lw

Further, the oxidation state of the neak must be that of
";g;oé*(V). Ovtained at B+10, the peak comtained abtout 10% of

\‘he total activity of the samnle. However, other experiments

s s4ed the presence of other oxidation states of Np so that

"Q;ﬁhe fraction found is a minimum fizure. The recovery, however,
‘TTJ"F ctimated to be greater than 90% by this method, soO that in

5 ’future measurements, a more preclse measurement of the Np can
S

f’%g n:de -- using the extraction procedures to obtain the rela-
*

-

iﬁé gsmounts of the oxidation state.

Decay of the Gross Sample

,:ue decay of all samples were the sanme within aliquoting
- ‘?c suntinz errors. This indicates that no significent
nation of the activitles occurred. The average relative

*.y for all samples 1s given in Table 2.62-2.

g TABLE 2.65-2
L GROSS SAMPLE DECAY

£ - "7 Lagsed
x i cey Gamma Dacay Beta Deczy
ikl (%) (%)

% B - --- 100.
¥ i 100, - 80.8
2 D 65.3 £z .8
ey a 35.5 L3.0
- 70 36.2
=0T 320 26. O
oo L 28.0 22,2

§ LR . T

taken as 0700, 1 March 19%%.

a.g\’;‘W‘i‘}'m"ff« i
r
;
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The gross gaind count decay rfollows a t™* 2.0% 14w over the
""?'f'period wrile the SJbeta count decay follows a g2 .08 13y, The
veta measure'nents qoere made US= ing a G tube. Absorption curves

-* ,pa gross decay plots &re tncluded as sample exhitits oI the

-‘\

‘qdata (See Figs. 2.6a-1, 2.6a-2 and 2.6a-3)

pProject 2.6b - RADIOCHEHICAL 4MALYSIS OF 4RO C2

pnM e

Project officer - R. G. Tonmpkins

Objective

The- objective of this project is to study variations

in rddiochemical composition of fall-out ith particle size,
7 ':w ) -
zero point environment, time, .nd distance for appiication to =

= ;’the"pro‘olern of the nechanism of fall-out formation.
7 Results
Preliminaery flgures &re given on size-7raded fall-out
:‘,'cneCth on Bikinl Island. Tnese figures uTe tosed on rapid
3 lailations with no dtvempt to estimate precision OT acCLUTacy .
C Tuey ure subject to chanze in later work.
sample was ecollected in a funnel havins 2 top

simetzr of two fX. 4s a result of & fzilure in the electrical

M ‘-'f'H‘I Tovi! .M“hw‘-ﬁ. Ay
i
=
D

iroatt, the cover did rot close »t tne prescrived H +95 hours,
| -:% T3mzfned open uhtil recovered .t B+ L4 days.
- sv1e 2.¢b-1 1ists the total sctivitiy epecific uetivitys
' i <1 laczy characteristics of the yorisus particle size fractlons
Z * 37 days. The millicurie figures 2re hoged uron 2 RaE

it RG

'
o 'Lue -




gtandard reference SOUrCe, and are subject to conside-:le
error. 1t is realized also that the expression of m‘*ll
¢ission product activities in millicurie units is of ubtful

:‘significance. The decay characteristics are expresse S

;‘values of n for the expressicn I 2 xt and apply to = period

t?t;g."{ )

[t}
*
3

'2i'from B+7 to B+16. An example of the decay curves c-ainec

A2
A

' ,\ qt;

i:"i’:’is shown in Fig. 2.6b-1. The other curves are virtue-7
1dentica1.

&% Table 2.6b-2 1lists some estimates of the contrin:ion of
%’i‘ 1099 and Na2% to the total activity at B+7 days. Tn figure

‘”f 'br %99 in the 62-7% micron range {s thé same as the given

Ly

§Y Bunter and Ballou for thermal fission of y235,

TABLE 2.6b-1
. ACTIVITY- OF FALL-OUT AT B+ 7 DAYS-BIKIN: SLAND
,?afg;cle Size Total Activity Specific Activity S ~e of
in Merons in Millicuries 1in Millicuries/ -1y Curve
' Milligram

g 0-35 2.4 x 10% 23 2.0

15 - 10 9.9 x 103 25 1.9
20 - 20 2.4 x 10 35 2.0
o~ 0 - ag 1.2 x 10 28 2.0
Ei:: Eﬁ = 9.2 x 10 35 2.0
£ s - 23 2.0 x 10 29 -2.0
g 23 - 82 7.8 x 10 33 2.0
H el 7 - 1.3 x 10 26 2.0
X 3T 33 8.3 x 10 27 2.0
£ .22 - 105 9.8 x 10 2k 2.0
i 3-8 9.3x10 25 .2.0
i R 1.2 x 10 21 2.0
5 g ‘)}Z7 1.6 x 104 21 2.0
%5 B 177 To be determined To be determnined
. 1E0/DOE
LANL RG
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' NTRIBUTIONS OF IRDIVIDUAL NUCLIDES TO TOTAL ACTIVITY AT

S TABLE 2.6b-2
| B+ 7 DAYS-BIKINI ISLAND

o _
wyclide Particle Size Per Cent Contribution
xa2t 53 - 62 u 0.0087
- .
S
i -
3
E
o
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-

fuselage station 530 .on the in flight refueling manifold pass-

ing thru the left portion of the fuselage sectlon.

Discussion

with Major J.E. Bauer, the B-47 pilot, indicated that the re-

fueling manifold had been used for fuel transfer from the

auxiliary tanks to the main fuel tanks during the flight to

the shot area without incident.

Projec

a. Q recelved (BUT/ft2)
bo A T in 00020 alummum

¢. Overpressure A D

Instrumentation functioned properlye.

This indicates that the

The following data has been determined:

18%,7

-392 F

0.391 psi

f'coupling was torn as a result of the jJolt_it received after

escdid

Project Officer - G. G.

t 6.4+ -~ PROOF TESTING OF AW SHIP COUNTERMEASURES

Qpe:ational

Molumphy, Capt., USN

Project 6.4+ had a full participation in

shot.

- ha
; .“CWever, upper winds were adverse for contaminating the test

$ilps, the main line of downwind contamination belng across

s lagoon.

-rior to shot tihe that success was difficult to predict.

_43 T+3 hrs.

Commander, Task Unit 13 was advised six hours

This is considered a clean miss as far as thae

B2
~*JTposes of the project are concerned.

"'3Y 1little contamination was obtained on BAXER Ship at about

56

P



JE—

All operations were perfor-ed satisfactorily.

The
ships answered all control signals.

A dead-reckoning plot kept

were recovered. The ships passed through the initial station

for the contaminating run at the scheduled time. A failn--

control antennas on the corn%r>l aircraft was overcome 1.

' " ¥eanwhile, the secondary cc

Pt

nirol station in HRS-12 aboz:»-
,BAIROKO was alrborne in order to initiate the Washdown System
N

aboard ABLE Ship and to increase the speed of the lead ship.
‘lfnis was successfully accomplished in a 15-minute flight,

[0 after which the P2V-§ aircraft assumed .control. In the next

event partlecipated in, the washdown will be initiated prior to

~~gl:af)t time. Response of vessels ABLE and BAKER to command

] i xf tals was determined, previously, by radar plot. This system,
- _‘él‘vugh adequate, requires an undesired time lag. For future
';‘"rations receipt of the command signals for course and speed
¥111 be telemetered back to the controlling aircraft by

- *-~Hzing the existing "Motorola” radio circult.

4

‘

;mm*mwww -

One hundred and ninety detectors were placed in
stion on ABLE; 203 on BAKER.

-

There wvere only two failures

g . T silp. Tvo recorder pens falled on BAKER but duplicate

<:f. 1~-:—;—:>'aere ottalred. Water flow meters and wind speed

.: © T7RISTS oparatag satisfactorily., Datz reduction is only
E L ey ¢czzlete at present; however, 1t does not appear
;’;;:: "2t any Teportable inforzation on washdown will beconme
i’% B x;fa'le dCe to low activity levels.

2 .

L ¥
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-amoved from snins to
:-ing. 1nhe aircraft were

z == zlverse effects of eX-

-:-i==ntal ventilation spaces

.eisfactitily- - alrkorne activity «was

«am-_:=z ‘n BAKEZR boiler air
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project 69"~ DECONTAYINATION ALD PROTECTION

project Officer - J. G. Maloney

Panels did not receive sufficient contamination to

Project 6.6 - TONOSPHZRE STUDIES

Project Officer - A. Giroux, Capt., USA

Operatlonal
The Okinawa C-2 recorder was operated from H-5

and H+3 hrs. to H+1i-v‘r hrs. Data seems to

The Guam C-2 recorder was operated from H 413 hrs

tQ?i+2% hrs. Data has not yet been evaluated but appears

:i_?iﬁe insignificant.

The Rongerik C-3 recorder was operated from H-95 nin.

“ 41 hr., then at 15 sec. intervals, 5 times per min. until

~+5 hrs. The records have not been completely evaluated but

po ¢

T ii“ an
% 7 8rrears that some significant results were obtained.

Cie-
AN 4+ &3 4 -Lmtil H + l%“ hrs . at ’»‘]}\.iCA; hi-——-u

T was developed prior to abandoning the Ronzerik sta

The

ations.

The Parry C-2 rccorder operated fron £-5 min. until

-

“in., then 9§ times per nilnl.

R 1;_— . .
21124 due to wzter 1in the rasoline. Tire Station resut=s

© -"Ilsns shout H+1 3/% hrs. and shut down at E +3% hrs.

“Ioitget R .
S ation was not functionirg properiy so data may not te

H23DOE
CihL RG

f
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'lfit:ust be made between shot day records and the daily history !

At ) LR PR 4 ORI BRGSO

ey Z

Technical  _-
The prints shown in Flgs. 6.6-1 through 6.6-6
indicate typical results of the Rongerik staticn. Evalu-
ation of data is performed by the Technical Project Officer

in the ZI. Therefore, the actual significance of the resuwl”

£ 411 not be available until = later date.

T N . Discussion

- ’FA\‘—,'

To evaluate the ionosphere stations, a comparison

f _O_f the ionosphere layers. This history was compiled from i
2.30 days and is continuing on all but the Rongerik station. * '
|

e S
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Project 1142 = CLOUD SAMPLING

(H. Plank)

Alrcraft Sampling

_ The cloud at sampling altitudes was initlally
»iCbscured as the result of the consolidation of high (50,000 -
. EO,OOO ft) and middle (35,000 - 38,000 ft) layers of broken
ﬁorscattered cirrus. After a clear area under the upper cloud
‘5;:E§r zero point was found by the control RB-36, sampling opera-
~ — "7 procesded normally and satisfactorily at all altitudes
~-*11 completed. Progressive consolidation of the above

ST ors of cirrus-clouds at relatively early times as s=zen

* -h'® control RB-36 (from the Zast) 1s shown in Figs. 11.2-1

2-3. In rFig. 11.2-% at H+29 minutes the lower

Bemy
“2nxs can be identifled with those in tke earlier
RPN PP
e 11 addition to the widely spread upper cloud as seen
- urinuk
ISR

¢

)

|4
i

1Y tea I/

e~

{ A1
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grom a southwesterly positlon. (Pictures from Project 9.1.)
Préliminary results and assoclated data from the
sampling project are presented in Table 11.,2-1. Sample sizes

' from Mike shot for corresponding aircraft are also presented

F {n this table for comparison. In contrast to Mike shc”®

T realistic control procedures developed by the present .

Task Group were SO flexible that the cloud sampling progrzm

* was not compromised by an unforseen and temporary loss to the

22 aep Task Group Commander of many of his surface facilities

ke 7«( o
=4

w
-
4
:
£
-
:
T
£
- T

e

Py

TR

© e AP b K it

: “tor atroraft control in the middle of sampling operations.

The maintenance of visual contact from the RB-36 with areas o

the cloud to be sampled required the expenditure of approxi-

,QL(

uately 0.9 roentgen exposure from radiation shine from the

-

- -upper eloud.

AMrborne radiation instrumentation worked well.

?18-. 11.2-5 shows the effects of improving the energy response

of thage instruments by the good correspondence of radlation

~intensities 42 the cloud with an intensity vs time curve

d2tlved fro= ¥ike data.

The lack of time dependence in ratlos

'“iiering reiiation exposures based on film badges and ioni-
“ierl

121 cha=‘:=-type electronic dosimeters (LASL Integrons)

oute gnscs badges have energy response characteristics
‘2%le for -

adiation from the debris of devices being tested

©' -23ile. i study of the energy spectrum in the present

“iouds s a function of time by means of film badges

P
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 wrapped with lead foil of various thicknesses indicates a
complex gamma spectrum. The approximate average energy at
 .‘ E+4% - 5 hours (based on absorbers up to a quarter-thickness)

f’? was found to be O. 43 Meve
still photOgraphy taken by Project 11.2 from the
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33-36 was 1neffective. The 16émm color motion pilcture "
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Four of the filve funnel-type fall-out collectors

: fu L the Bikini lagoon were ruined by damage to the rafts on
f»’“ vnich they were placed. The fifth collector was recovered

;t about H plus one Jeek. The sample was given to program 7
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for particle studies. The two plower-type collectors on
aurukaen Island, Bikini Atoll, gurvived the blast effects

., ,1/' ks o
RFEN 'r{f“mk"}ﬂ

VSll and functioned successﬁllly. Analysis of these samples

o fsr each, with a’capture to fission ratio of & comparison
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f 7 ‘ft‘mueported by Project ll.1l. Unfortunately, the

¢+ Tall-out on Ourukaen was so 1light that the samples were smalle.
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. TABLE A"
WEATHER (BIKINI. ATOLL) AT O600M, 1 MARCH 1954

Surface Pressure 1006.1 nmbd,
Surface Temperature 80° F.
Surface Humidity 77%

Wind : Veloclity
Direction (knots)
0 17
oke _ 18
090 . : 17
090 ‘ . - 14
100 g

120 :
310 _ 4
310 . 5
320 7
310 , 10
300 7
290 14
290 13
280 13
260 19
2% i
2
2Z0 ) 35
230 ‘ 35
250 45
250 31
- 200 16

340 27
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