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shot was detonated on Enimen Island
of.-

—.—. ------------ .“”-”
——..--——.-
~=5 designed/ –—.... —--.-—. - t~n that used in the previously

/----- ----—

tested devices.
= firing the etaospheric conditionsJ.tthe tize o~

~..!ithrespeCt

sanpling criteria
were satisfactory, but heaw

to fall-out and

shou’ersfn the area caused serious difficulties
from the point of

Records show t-t the light tras-
view of test instru~tation.

mission conditions were such as
to autoaatic=llY prevent fir~g _

until abcut ten ninutes
before shot

of the shot from about h A.M.

ti~e. At shot time the transmissi~n from minman to ~p was

sufficientto allow firing, but scattering
of the light by fog

photography. Thus no photo-

or rain was such as to prevent proper
-- station, and the

graphs of the fire~ll were obtained from a~

photography also
failed even though the Mstru-

ecrly ‘[hatspotit

zent2.tionoperated prOperlYO
However, enough data “~ere obtained

.

by other mezns (%diochemistry, progress of react~on
studies?

.

t~-Tes~A~Lddetect,O~SY shoe’karrival tiII15S) to
obtain a fair pictue

i,
;

___

---
,
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&
with the lower number being perhaps more

—-”
~~z’~siblein=light of the hydrod~mic yield.

Observation

—.- -

of tk.e total nunber of lk~iev neutrons by means of threshold

detectors suggest ..,-.------,-.-4 -—-
The first c_heck in determining the cause of the

unexpectedly

I
is to ascertain the operation of the—

r - ..-

1
The initial alpha

–-~—.8

●

DELET~
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~ ~e~ to ~=”ar th~u’t-●

,-+led,h general,to dis-

1

I

i
However,

I

appolntLng resdts from most of the effects experiments.

t~lerehas long been interest in the crater that would be produced.

i

by a moderate ~ize fission w“eapondetonated on the gromd~ =d

“the crater produced WY’~sho~~b” ”or’’’’”’y when

r~dioactlve contami~nationlevels permit, The crater is some 700
●

-eet in diameter ~d about 35 feet deep at the cen’er”A

The project reports folloting are designed to give only a

first scanning of the results$ and all numbers are preliminary

and-sl~bjectto change. The results quoted are mainly the work

of TU-12, TU-13, ~-l and TU-70 The before and after pictures

“daretal:enby TU-9. Reports of the work of other taslsunits will

~e issued separately.

s:cce no preli~inary report will be issued On dB!EEa@

2 f~.J ~----
1

..-...entsare perhaps in order here-,~—---------.— ----— .,..- -

\.

+“\— .——
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! .~oject z.~a - FALLOUT DISTX13UTICK STUDIES

__j
Project Offtcer - Z. 3. TonpkixK

- [.

(E. R. Tompkins)

This report is confined to res”ultsobtained from the

1 Objectives

i

1

The following objectives were sought in this experinentx

~-tent and time of arrival of fallout over the
\

●i;~oon and atoll islands.
...

Physical nature of the fallout.
●

1 ?nstrunentatlon

.. All available statfons in the lagoon and on the atoll

[ :sl~nds...ereinstrumented. For location of stations see Holmes

1 ~esults
--

Collections were obtained at a number of lagoon stations

I
No time of arrival samples were obtained.::-tifour island stations.

*

I
‘g~ field data are contained in Table 2.ea-l. Stations are identi-

—
~:sdby H & N reference numbers and by Island names. l~easurenentsz

.;- >“:--- c,
.

1
cbtai~ed with a T113 radiac in contact with the sam-pleCOXl-

-.,

~
.-a.--a-a..- 9 back~round at tiae and Iocaticn of measurements on atoll

E; ‘~~~.5sprobably fncluded sone residl~l fron previous detonations.
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~rol~ct 2.?b - FJ.LL-OUT DIST?.13~ION STUDIES “
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a

..
●
●

1.
?roject Officer - E. F. ‘Jilsey

2.
Gbflecttves .;.:

The objectives of this project Include the collection

..

.
..
~- fall-out sazples for the documentation of the physical charact-

eristics as a function of tine and distance,
- and to provide

5zzples for chemical and radio-chemical analysis for i?roject2.6b*

Instrumentation.,

-, TWO intermittent fall-out collectors were located..

~~gether on each of the following islands: Uorikku$ Rom~ik~~

Aoaoen, Rochlkarai, Airukiji, EnriiriW,*Woj,i, Chieerete3

- Gumkaen, and Eokoror~u. One of these hstr~Lents at each of

the stations was set to sample.at sO-minute internls for a total

S=mpling time of 12 hours. The second lnstr~ent at Airukiiji

b“.,,.
.,. .

L
!-

1

i. ,
1,

l-. ‘;:asset to sample at l-ninute intervals for a
:.

~~d tirilrlkku .j~

~~tal samDling time of 2h minutes; the second instrument at the i.

~

G:hez?stations listed above was set to sample at S-minute intervals I

for a total sampling time of 2 ho~s” One instrment was located

Cn each of the following Islands: Yurochi, Bik~i3 and ~WO

-.----~ ?.3
. . collectors s=zpled at 30-ninute intervals for a total. .

~~~pling time of 12 hems=

=Gn~7,T~~y
-.-e

~nstrlment functioning was excellent; all i.nstruents

~=rt~ailY or conP~etely operated except the Aonoen and Chleerete

~~-~inute instruments, and the Airukiraru and Eniirikku l-minute

. .

.----
-*-

“_

.
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I I?ecoveryms~strUEehtS . Legun on 8 f’~priland completed on the

?.esultS.

Detectable &mounts of fall-out were collected at the

.
*
.

-.

?:roc~i, UO~ilIkUS Romurlkku , .}.oxlloen,Bikint3 and -i~rikm =.

tray samples at recovery read up
>

stations. Several 16 sq. in.
!*..

to 200 mr\hr at 1 inch

cent. (The background

rezdings mre found In

when surveyed with a AN/FDR-TIB instrlJ-
,.

-S 10-15 mr/hr) ~~ostOf.the h~@er
.

..‘..

the early time intervEl samples, however,
.
.

detectable activity continued to be feud In later samples from
●

these stations. Ten samples were measured for early gross decay

at Parry. The decay slopes ranged from -1.1 to -3.% for the

period M+3 to M+19 days. No trend in decay rate w=s exhibited

for either the early or late fall-out. The remainder of the

s~nples *~erereturned to the Army Chemical Center for analysis.
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~o<ect 2.6a - G~MICAL* PHYSICLL .“.~KD w.DIoWEMICJ.L
..

*
<
a. m ST~ACE CONTAMIl{ATI@NAy4.LW15 o.

.A ---- .-
?roject Officer - E.

~, Tompkins
-.

2~ ~“~

.J (R. Cole) i--”..-
&

.-s,-
7

C:bjective
~.

-~ ;
..-.

To detemine the chemical and physical state
Of the

,‘.-
gz~- :+

%
?

essential to a ‘knowledgeof its contamination-

.*

!“

gross fallout
.-.-*z

decontamination potentialities.

..w...
-..:
;.?.-

$

$

Instr’nentatfon
‘:-’f-j!:,

:.
instrwentation is described in the Project

‘i~~~

Saupling
,..-

.
.:,
i

2.sa Fre-Operation Report.
Wboratory ’instrwentation consisted ‘ ~~ :.,:.

ion exchange colws

D1...

of ultra-filters,
and associated co~ti~lg- - k,:

.‘-
.-

t’:

chemical lahratorY eq~pment~ ga~

.‘*-_
~.:. rate circuitry, standard

!,y“
!-’

-- .4

beta proportioml counters, and a ten-
‘~~:

scintillation co~ters~ t:.

channel gama analyzer.

.-
,.)
:

~--
Results

,;~

* Seven usef~ samples of fallout from the detonation

were recovered. These consisted of 6 lagoon
i

i.

I‘. station samples and one island station sample.
The samples .

were received at %=rry Island on

1

the morning of 10 April 1990

i
The szhples were aliquoted into three parts: (1) Treatnent on

i site, (2) zadiochezical analysis at NRDL,
(3) Chemical Analysis

*

k
All the usef’~1 .s?m~les co7-t2inedlarge volmes of

at XRDL.

!

_-. liquid (350 - 1850 ml).
This is the resflt of hea~ rainfall

I

on both the day of the shot and the next day.
These samples

all consisted of a suspension of a grayish solid similar In

J

I45 “
1
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ap~earance to that in the allout, nazely, like sleked

line. The one is~~nd senp~e contained a solid which W2S SOne-

-.
xhat more sanay In apyermc= y imlicatin=o extraneous solids

blown in by the wind.

The following quantities were determined for sone or

all of the samples: (1) Gross beta =nd ga~-madecay of all

samples, (2) Aludnum and lead absorption curves for a few of

the samples, (3) Ga~ spectra for some of the s=mPles and

fractions thereof, (k) Oxidation state and approximate per-

centage of neptunium, (5) Oxidation state of iodine, (6) Frac-

tionation of gama activity into.solld, ionic and colloidal .

constituents using centrifugation and ultra-filtration. In

additionp work was continued on development of methods for

the determination of induced and fission product activities of*

interest.

TABLE 2;6a-1
GROSS AIIALYSISOF FALLOUT MATERIAL

Total Gamma Total Eeta
. Activity Activity

Total h/lk/* (7.31 4/14/% (7.33
Sample Volme days) (counts days) (counts
(Station) (d) per min ) per min )

271$.

5.31 x 10U
1.00 x log
3.06 x 108

2
.lh x 108
.29 x 10.

8.21 x 108
~.60 X IQ:-—

4.E~ x 1
6.55 X 1

(1)
(2)
(2)

(G)

TC = total collector bottle.
jc = triple collector-con bination of three bottles.

Combfnatlon of t:{obottles.
One bottle (Number 2)

‘- 4s-- 1
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?hvs:cal State Measurements

These ware Dade m one lagoon san?le (Coca TC) and
-..-—s..

one island sanpig (251.02 TC). .
The gazg~ activity brea’~do’.~

:..-

.
,--

.. ..-
;

.
>.
-“..
.

-——

IS given i-nTable 2.6a-2. For both sanples the liquid fraction

‘~<-y ran 96-97 Percent ionic~ ‘xactly as~ctAJ-.
in the fallout

The percent of gama activity in the “
\

-- “her’ “s~lid “~.sin good agree~ent with t-t ‘rOn~~_ ,

*JEs m’~er less t~n 90 percent=

TABLE 2.6a-2
GA12-L<AGTI’JI~ 1?1FHYSICI-LSTATE F3ACTIONS

Sampl; Sample
Coca TC 2~1.(?2TC

Date Fractionated
k/lo/+ h/12/*

\/lI/* 4/12/~
Date Counted

10. - 11. 11.15
pH

? G@mnE C/d~
(1) ~ s~l~d 70.2 - 92.4 9106 - 93,2

$ G~Eum c/nin(l) in Ionic 6.28 - 7.33 5.35 - 5.60

(1) ~ Colloidal 0.23 - 0.23 0.23 - oo23
g Ga:inac/TLti

(1) ~he first flgwe of each pair represents the percentage
~ct.dally recovered” The second represents the limiting

v=l.ueof the percentage, based upon kno~m
sources of loss

a-~i:~A~separation procedw~es.
.’

lkca}’curves of the various fractions showed dif-

e and in
pronounced as those from-e:~r.ct:s25 ~—”” .——

1-~ecz of the Gross Sanmle

T1-iedecay of all the samples ~as the
same Within

‘- 47
c-P\ed/DoE
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experimental error. T’hisagrees with results from

d

-,. {
% ‘Composite tiecaydata fcr beta zzd gsca activity are ‘,
-t -. ‘\ “- :
~-ivenin Table 2.6a-s. z~ro tine was taken as 0620, 7 Spril )

19*. The beta and gamma decays are almost Identfcal, the beta

decay being only slightly slower. In general, the gmza decay

is similar to that of Over various tine

ranges? the decay rates are as follows:

3.5 to 5.0 days . . . t-l@17

6 toll days . . ..t -1.85

10 to 17.5 days . ● ●
~-2*27m

●

TABLE 2.6G-3
G.30SSSAMPLE D-WAY

Time Elaused
(days) $ Gamma Activity(1) $ B3ta Activity(l)

6.1
7.j
8.2
9.1

10.1
12.1

190.
::7.

?12 :
100*

**
62.
49 ●

40.
27s

127*
100.
78.
6k.
50. “
41 ●

29.

(1) Average of seven samples. ?iormallzeto 100 percent at
6.1 days.

%ied~oE

‘NLJ-OIV.
=..
. .

., ..
i

?A-

.

.,

7
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and 1152. Roughly ~ percent of the gross Samma activity at

7Tfv’)t’Lnimn !-c~ivitv

TWO saa?lss were subjected to extraction prccedwes
.

with the folloting restit.s:

Coca TC at D+k days: NpIV:-66 percent; NpV-VI:-,

jk percerlt.

Z!51.02TC at D+6 days: N?lV:-30 percent;
NpV-VI:-

20 percent.

Ion exchange procedmes yielded the same types of

*cause of lack Of

,.—.- ..-...-~—————— -’”—”””-”- “-

tize, the conplete analysis of the decay curve
for percentage

@@F?l@

.
.!

of- Np and of fission pro~’~cts$ as described in tne -
~ort~

However. because nf’
+n~ PICSQ similaxTtY_9f

-w.as ~gt repeated- i

--

I

:MLETED -

I
7. -
-..

-—
.>
. .
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Projoct z.6b - RADIOC~l”!IC:LA:JLLYSIS OF SURF;.CE

CCNTJMI?tl.TI@X

-.—...—.. ?roject Officer = R. C. Tompkins

? Objectives

The objectives of this work were

b~tion of certain nuclldes within fall-out

~et~r~~nesome of t-ledifferences in radiochemical properties

to study the distri-

partlcles and to

9 betweenliquid =andsolid fall-out.

i Instrment=tion

i Tot21 fall-out collectors
were set up on Ihp$ R~-ojf*

. .lrrli’kan~ ?.nd~o:<oror~u Islands. ●On account of a failme in ‘ 1
t

..,
t the timing circ’~t> the collector on Bokoro~u opereted before
*

~ the shot. The collector on EnP did not operate properly. . COl-

b
~ ~ectorson Rukojl and Arriikan operated properly. -.
,

!

Results

Since the yield -—-.. —.— ...-—.—-.— .->---

the samples recovered were too small to size-grade.

c~~parisonsof the aqueous and solid phases were
mde8ho~:ever ?

as shcvn in Table 2.6b-l. Additional data will be covered in

0.303
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.

.-. sample of coral
sand “.=sscoope~ u?

from the ~ro’md

A$.~:- to deternine
~.:

-A :ionoenIsland for leaching studies.-

distributlon

,
vithti tune fall-out particles-

The sample ‘A=s

of

with water and then with successive portions

Data are given
@ Table 2.6b-2.

l~~eight

~~~.~teti~dr~c~oric acid”

of totai sar.plewas

TAB~ 2s6b-2

ACTIVITY ?-EIOW
?RO!SfAOi40EN ~AIJD ~ L~~~NG

CORRECTED TO K+12.2 DAYS

tlvj.tyof so~ut~o~
Specific ~.c-

~~099/*95
at

(c/min/mg)

Gr,oss F.P.’s
~{oYY ●

zrY5 zero Time

~ ~ ~ ~ok 1*7 x 103 498 x ~02
63

~lx~ol 6@2x@ 18
6j+l x lo3 ●

2.12 “x 103 2-8 x 1$ l“o x @ so

9*I$ x 102 9.k
5.7

30

5.61 X 102 ,I?ot Deternfied

2*73 X 102
Not Ddermined

-2 ~,1 x 10-1 3.2

\

7 ~!?7.8 1.57 x 10* 900 x 10
2 6.4 x 10-1 2=0

6.0 .

3 378.5 s.8k X 10

9 179.0 4.07 x 1~ Undetectable 4.8fi0-1 Very Low

*
:2-14 >~ta not yet

available

“1 ?.-f:ctorcalibration data for this operation
~

are not available at

.

~Li- ~4-ra -~’.fever>some ~m~ication can W
obtained from the iect

-.._J u_- _ .
* - :s us~~sllyobtained in the hone

~~:.ta xo39/Zr9~ ratio cf 2k5’Lt2jf*:
a thermzl bom.~rd~ent of

$35.

\ 1=’coratoryfor

\ - ~ v. ~~

---52
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of Table 2.6 b-2 appear to confirm the evidence

that for the detonation of a thermonuclear

.-

cOpIed/DoE
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Project 11.2 - CLOUD SA.MPLING (H. Plank)

Because of gear trouble and accidental decompression

the RB-36 sampling control aircraft was replaced by the back-

up control

arrived in

clear view

B-36 with back-up control personnel. The back-up

the shot area at approximately H+15 minutes with a.

of the cloud lying above a solid cirm leyer~ the

top of which lay between 37 and 38 thousand feet. In addition

to an opportunity to use the back-up control system, this shot

also afforded the chance to try an emergency recovery of an

F84-G sample from the Bikini airstrip-

Although restricted fro: very high altitudes by the B

presence of the back-up control persome13 the second~ con-

trol B-36 (comprised by one of the hfgh altitude B-36%)

collected a sample at 4s$000 feet after completing Its control

function. Blue Flight was prevented from collecting samples

because of mechanical aircraft difficulties in one plane of

each element- The number of fissions collected by each air-

--

QEL”m
——— - —- —.

, -h the nwber of fissions collected Is about
f

a factor of ten less than in previous shots on Castle, fractlon-

wise the present samples are similar. The high altitude B-36 9

-
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Floyd 1, was in the topnost layers of the cloud at j~,000 feet

absolute altitude and had to cone do*m several thousand feet to

conduct sampllng~ A private communication from Jere Kntght

indicates that the topmost section of the cloud had a calcium

to fission ratio approximately 1% of that at lower altitudes.

A picture of the cloud taken from the control air-

plane soon after shot time is shown in Fig- 11.2-1 lying above

the cirrus cover. In the original print dark portions suggest

that a considerable portion of the cloud lay below the cirrus

in the natural weather existing up to 37 - 38 thousand feet.
●

Figs. 11.2-2 and 11.2-s show the cloud at later times after t

burst when the wind shear effects can be seen from upwind and

cross-wind views respectively- The long streamer seen in Fig.

11.2-s is the result of a wind velocfty at ~~,000 feet (absolute)

which ‘isapproximately 17 knots slower than at the cirrus level

and is an illustration that negative as well as positive

velocity shear can produce the same relative effects- A

dimensional analysis of this photograph shows that the length

of the streamer is commensurate with this velocity shearo A

notable characteristic of tlnis cloud was tlnat the radiation
.

intensities observed were a factor of from five to nine lower

than for previou clouds at the sane altitudes and times after

burst.

CorXed/OOE
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PART III

TASK UEIT Z ●
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c.4S’KUliIT 7 - J. D. Ser-;isq/

RADIOLOGICAL SAF~

(J. Do Servis )

A partial Rad-%fe
survey WES conducted ..-

day with incomplete atoll resflts.
ResWts of this .swvey

that ‘Ibkobyzad~a, ??amu, mlri’~’fi,
Bikfni, and

aid ~ndlcate

the Yuroc~ - Aomoen chati were materially contaminated.

Reentry and recovery were accomplished
to a large degree on

No secondary fall-out was detected as having
re-

shot daYe

suited from this shot.

Lagoon contamination was
restricted to a v ‘hape ‘attern .

- Ao~oen

with apex at ~~an
and tips coverbg the Wkobyaadaa

the Eni~~

area. A readtig of 100 mr/hr was obtained over

anchorage at ~+ k hours.
Enyu anchorage was clear of contami-

nation while Bikini
anchorage showed

traces of contamination

I
at H+k hours. —_ ._—--—

_—_—

DEK~,
. .

77
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TAi3LETu-7-1..,.
~ ,. SU14YA-W(r/hr )
---

FTe- sh. ot
H+ h Firs

~trapolated D+l day D+ 7 days “~~’~gzo”md
[sland

.03 .03 .03 .03
m

5.0 .67 .07 .10
3ikinL

konoen 20.0 2.5 1.6 .35

1.6 .80 ● 50
RomrikkU 10.0

1.0 .60 .47
Dcrikku ~.o

●

7.2 1.0 .60 .k5-
iylHnch

30.0 16.0 ~eq
Ham.1 250.

6GQ. 16.0 9.0
&k35yca6aa

.60 .08 .02 .012
Ol~rukaen

.50 .07 .01 .008
Arriikan

2.4 T 1.8 .008
‘Enlirik~ 210.0

,02 .010
Eninman

●02 ● 02 .02 .018
Airukiijl

Crater 5000 ●
~o. * 60.

T- Reading at 100 feet

*- Reading at 200 feet

Underlined islands hiicate islands ccntamimted ‘ay

shot ●
.-—.‘<

- .—-
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21KING AND FIRI!:G
(H. Crier)

,~~TjnitIs -.-
(HO Crier)

~“orldTime
clock on

me world tine as meas~ed bY th~~~-r~d..t~~-.__—— -—-— —--- ----.,----.—-----
.-——

Q&. This figmie Is not corrected for transit tine from the
d-

!~al Generators fi Hawaii to the receiver at Station 70.

TlnlnI? System

The operation of the timing system includtig radio

:

..
,/ 3 -“
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‘Tfi~SLEA-1
‘q ATOLL)AT 0<20M, 7 }.PRIL 19*‘,@l-~~q ( fiIKI*,

Surface ?resswe 1009.7 mb
Surface Temperate 81°F
Surface ~idity 82?

‘dind
Altitude Direction Velocit5

fiessure Tern ● ‘&~” T#%&

(f~) (degreeS) (knots (rob) (Oc!l

;urfa. ce
~1000

I 1500
070

060
09’3
120
1so

170

170

190

200

210

180

200

190
~o,~

220

190

z~()

z~o

230

23C

Zko

230

20
17

16

08

07

08

12

17

lb

14

lk

17.

08

10

10

04

20

22

28

3<
Zb

35

39

100907
973
958
*O*
909
878
848
819
789
760
733
705
655
608
563
~22

483
396
32;
253
205

161

81
23.5
22s4

21.1

19.7
18.b
17.1 ‘
15.8

14.3
12.7
11.2

9.6

6.5

3.0
-0.3
-2.8

-7.8
-18.0
-27.5
-~9.3
-%1.8
-63.8

75
22.0

21.2

20.%

19.0
17.5
16.2

14.9

i3.5

1202

10.9

9*5

5.6

-0.9

-10.4

-12.9

-23.6

-29.6

-~209

79

82 -.

t

80

78

75

/l
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