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N

The intensity of gamma radiation in Tests Able and Baker was measured
by an ionisation chamber recording equipment over the period from one.
second to several hours after the explosion and at several points through-
out the ship srray, g
In the air burst shot, the observed variation of gamma ray lntensity
is roughly compatible with e hypothesis that most of the fission producte

are in the ball of fire, emitting delsyed gamma rays al the rate observed

o
S
=
in the lsboratory, Intensity after the first minute was small, :
- In the underwter ahof, the burst of intensity the first mimite was <
swaller, but followed by a sustained rise sttributable to the return of ;-’

fission yroducts to the vicinity of the ships as rain, e

Estimates of gamma dose were found to agree with indepqndm CmSS“rED
made By the radiological group from similarly located filmas, S
Taotically, the dosage rates are such that in an ABIE type attack,

exposed personnél could bensfit by prompt dodging behind a shield while

.
> -
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Our knowledge of the gamma ray rhenomenon assoclated with atomic
bombs showed some gaps and some contradictions when these Able and Baker
shots weré being planned.. Of the rublished material, 1A. 218 and LA, 250
(V.IWeigskopf et al.) gave theorctical estimates of the dosage from var-
ious fuctors in the explosion, of which factord, the delayed ganmas apéearad
to be bj far the most important. F}gures for the contribution of tbesé wasg
based 65 Fermi's measuremonts for delayed gamma intensity as a function of

time and a reasongble.estimate for the mean gamma ray energy of about 1.5

iov., giving a mean free path in air of 220 metors. In LA. 432 (Segre,

Deutsch, et al.) reported that the ionizaticn intersity at Trinity sat-
urated their ionizati;on‘ chamber recording eguipmont. Films were 5150 ox=-
posed, but the high leirei of local ground contarinstion maude estimates of
proportion of the tlackening dus to the direct gamme radiation from the
bomb uncertain. From Hiroshima and Nagasakl came reports aof casualtiea
: from gamma radiaf.ion st distances of 1500, 2000 meters and beyond, which,
’ if the usually accepted lethal dose of 300 to 5CCR was talien to apply, was S
strongly in conflict both with t'e predictions of 1l4. 218 znd 250 and with E
a measurement obtained szt Naasaki from £ilm fogged in a heapital by :”
radiation at 1500 meters, 1ﬁdicat1ng a dose of only 1O0R. It was decided,

tharéfore, to supplement the usval gemma ray {ilm measurements at the

T
—
| )
_ P —
Crossroads operation with gamma ray time measurements. The purpose of —

these letter was to give information on such points as how the gamma ray

& dosg was divided améng the vurious factors of (1) direct radiation fr.
qaiamidation, (3) ﬁater-borﬂgs:‘

I “ _
.‘."IE LoeettT e o
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ination, (4) wind-borne contamination and alge: gr-ffero sTotlity of tak-
1ng ovasive uction from the radiation. Anotha£ point was tkat should the
local oontamination be strong, the time record m,ght supnly a key to the~
1nternretauion of the £ilm rccorda.
Experimental
1; General
- An expefiment of this kind requiring méasurement‘of & time vary-
ing quantity on a number of isolated and widely distributed ships seems to
fall into two patférns involving either the largs ef fort with_gamma-ray'de—
tection on the ahips ard radio tranémisaion of dath to a remote recording
station achiéving perhaps microsecond resolving vower, or the sualler ef-
fort with rafher simple corpletely self contained recording units, neces-
sarily battery operated, of more modest performaﬁce.\
 Time for preparation was such that strict simplification of éven

the second procedurs was necessary. Requirements were set ats-

. Q

(1) No £1lm recording, many records having been lost at Trinity ::f

tLrough fogeing. | | %

. oS
(2) Apparatus not primerily dependant on triggering by radio )
i - 1 =5
signal. ~
' )
(3) Capable of remaining in a receptive state for scveral days ==
' -

in order tc be able to tdlerate a postponement of firing

- day without reservicing.

(4) Protection from blast, ship motion and tropical bumidity.
(5) Ability to record a wide renge of gamme intensities.

The reaulting apparatus illustratgd in Fig. 2, 18

ionizetion chamber which agm&’haa -via.an‘ amglifier in a menner pronortional

to the logarithm of the gaﬁxia réy -fptensi ‘Ebe er shich
O APPROVED FOR PUBITC REE&S ﬁﬁdA&S‘iﬁ
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writes in ink on a ch:rt driven by clockwork. ‘CLASSlHED
| The chart is edvanced at the slow rate of 1/10" per mimute, with

enoug}r chart tc run for 7 days. In its final form, a radio triggering
equipment, introducaed as 6C fold improvement in resolving powers withcut
sacrificing roliability, by actuasting a chang e speed mechanism incressing
the chart spsed to 6" per wimute, and giving a total running time of 3 or
4 hoﬁrs. _ |

The equipment was erclosed in an airtight Dural drum, and mount-
able by a single point suspension.
2. The Chamber

This was of a type forinerl;r used in Rala work désigned for elect~
ron cocllsction. We are indebted to Dr. D. Hall of -2 for the supply of
these. They had a 3n diameter 12" long brass tubular envelope and & 15 mil
central wire electrods rassing thruugh hermetic seals wlth guard zings. The
chambers were f£illed to a total pressurc of 3 atmospheres with argon |- 2% co .
These chazbers were found to be very reliable and similar in their propertiea,
doubtless on account of the long experience and production methods used in
their manufacture. High tension sup;.-]& at 2000 V was supplied from a spec-
ially made oompeet dry battery (¥3). The electrical properties of the cham-
bers ars described more fully in Figs. 3, 4, and 5 and under “"calibration®.

3. The Ampitier UNCLASSIFIED

From cs: ‘ations of the gamma rey intensities expected,

tmup intensity to be recorded was set at 100,000 R/hr and the minimh

ratod to be a safe hackground 1ntensit3. fpr 1napaotion and recovery, at 1R/br,
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got the azplifier requirement as an 1mput range from

with an output from O to 3 m.a. through a resistance of 1400 ohma.

fe are‘indebted to Dr. R. Fatts who waé ablg to develor for this
worl, & buttery operated DC awnplifiler baving very satisfactory logarithmic
rroperties. This amplifier consisted (Fig. 1) basically of a high insulat-

| ion cathode follower (959).used in a well known circuit feeding into a two
trioda balanced bridge circuit'which doveloped the reguired pbwer cutput.

The 1nput'signai to the cathode follower consisted of the potent~ -
1al developed by the jonizetion current across the variable ancde csthode
realistance of a miniature tricde, V32. This resistance ﬁae lowered as the
input signal increased, by comnecting the grid of the V32 to the output of

" the cathode follower. The effect. of this direc? current nogative fead-
back was-to give an amplifier semsitivity which decreaéed,with increasing
aignal input in a nanner dependent on the properties of the impedance tube
ifs bias and the cperating conditions of the 950 cathede follower. In our
case, when the logarithm of the current input was plotted against the out-
put deflection, a satisfzetory S shared curve was obtained covering an 1ne
put range of 5 decades. At first the amplifier sensitivity was found to be
tco high for.small sigrals and 1t was found possible‘to adjust the initial
sensitivity to a conveniént lsvel by shunting the V32 inpedance tube by a
1.5x108 ohms resistance. -

Since the amplifier output is in terms of the logarithm of a‘cur;
rent the emplifier could not be téated by a voltage generator and a éurrent
signal generator was therofore designed, known as the lmitation chamber,
Fig. 1b, which proved to be a great convenience in testing. This consisted

of @ 250 v batteny notent*ometer and a set of high resistances graduateu

10

' provided currents in roughly equal steps of log i from 1 to 25COCx4x10

amperes.

APPRCNED FEFFP%BELC—RELEASE_____—
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FIG1 CIRCUIT DIAGRAM OF GAMMA RAY" REGORD

IMPEDANCE CATHODE

DRIVER CGIRCUIT
CHAMBER  TUBE

FOLLOWER . FOR RECORDER
| q ”
é - .
5
= 15-10° > ESTERLINE

Q iy, = 1%V ANGUS

Co Lt 3 - | RECORDER

TRV =

T 270K B
270K E 75V |
IM
fl A

FIG 2 TEST UNIT FOR ABOVE 3v L\
BY MEANS OF THE METER'M” AND 6V = |
POTENTIOMETER ‘A", A SERIES OF
VOLTAGES FROM | VOLT TO 250 VOLTS |
CAN BE APPLIED TO THE HIGH RESISTOR il
BANK R WHICH HAS A RANGE OF 90V
VALUES 2.5-107 - 10Q. L

CONNECT
TO A -

Vi




APPROVED FOR PUBLI C RELEASE

4. HRecorder

 DRCLASSIID.

It was imporhant in selecting the recording instrument to take
“account of the effect of t.ha under water shot transmitted through the
ships structure snd of the violent pitching aipected duc to wave and
" blast effescts from the bomb. Of the maln.y types of racording on paper in-
stmments some used eléct:o—chemicai or hot wire stylus methods of record-
ing end were free fror ink spilling dif‘ficulties but were not procurablé
in time, vhile others used robust potentiometric bzlancing eg Micromax
but required slternating current main vower which was not expected to be
available. The greater part of the available battery space for the record-
or was found to be taken wur by' the recorder griver stagg requirements, ao
that economy in tho pbwar ﬁsed by the recorder movement was & considerat-
jon. A high semsitivity Esterline Angus movement requiring 1 m.a. full
scale proved to be toc sensitive to pltehing and rolling of the kind ex~
pocted on shipboerd. -At the suggestion of the makeré, a restoring spring
of increased stiffness was adopted in such & movement, which raduced the
current sensnivit.y t0 3 m.a. full scale and t:c period to 0.2 seconda.
This modified mo#etnént was found by experiment to be very inéensitive to -
the anticipated pitching end rolling, while the hattery requirements re-
mained within acceptable limits. |
5. The can and mounting

It proved possible to accommodate the foregoing equipment in-
side é oylinder of 20" diameter end 39" length. The oquipment was mount-
ed on & reck bolted to a top plete, ard 8 1/8% thick durel can, fitted
with clamps was arranged to enclose the oquipment formirg an airtight
seal with a rubber gasket at the top by a qontrivance (Fig. 2) sipg

to the 1id of ome types of;préesure -qookor;,“

\SNCLASS
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 amplifiers was made at 23 points covering the range 4,10 A to 10
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The suspension was formed from stesl bar having a hinge allow=
ing swinging in all directiona in a horizontél plane. The direot trans-
mission of shock down the suspension was reduced by interposing a layer
of rubber between the blasing surfaces of the hinge, 8o that there exist-
ed no metél to metal contact between the two members across the hinge. An
additiomal foedture was tho adoption of a lead strip spanning the hinge,
whick being flexed plastically by bending at the hinge, provided‘damping.
Thia icad link was found to have worn éut in some cases after the Able
test, showing that ruch oselllaticn energy had been absorbed.

6. Radic changéISpeed control. | -

The change steed on thg elock was uctivated by the movement of
a small lever. 7This lever was held in the slow speed position by a fine
stesl wire link hald in tenaion by & spring. When the relay contaéﬁs closed
in the radio unit, this applied 18 velts to the steel wire, fusing it, and
allowing the lever to move over to the high aspeed rosition.

Calibrations |
Adjustmént and the calibration of the current sensitivity of the

5

A cor-

-~

responding §6 an anticipated range of R/hr on the chamber of 1 to 25,000
R/hr uasing the eignalkgenerator of Fig. 1b. Specimen ocurves for'uhits '
#11 snd #10 are seen in Figs. 3 and 4.

In order to minimize correction for battery decline, such a
curve was run on each unit in its ship installatioﬁs, 12 hours before the

shot, and whan possible, a similcr record was made on each unit after the

- ghot on reertry. After Baker, in'sdme caséé, ths background contamination
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“NCLASS\HED
order to keop the dosage of the opemtqrs'within the legal gamma dose of
C.1 R per ‘day. By reference to previocusly prepai'ed curves of amplifier
sessitivity against timg,‘ & small correction for batt..ery decline, over thé
12 hours interval between calibration and i_‘iring was arplied.

An accurate calibratiop at one intensity, 5.75 R per hr. was
mude on ‘each completed ﬁnit, using a 2 graxz source of radium, and making
a direect co?npariaop in sach case with a standard Vichreen chamber mounted
in a position as closely as possible coineicent with tho ionization Chame
ber of the unit. Tho results of this showed that the chami)ers were within
the exrerimental error alike, all variations, from unit to unit, amcunting
to about 20% being accountable from variations in the previously made ams
plifier sensitivity curves. o

In a&dition to the above, a cslibration was made on one unit ﬁp
to 106 B/br. with 2 gm radium and using an inverse square law method.

| It was our gbod fortune on return to Los Alaros to be able to

make use of a' 282C curle Radio Barium~Radioc Lanthanum scurce, supplied for

the Rala experiment, to give a direct calibration at gamma i-ay intensities

up %0 a maxizum of 77,000 R/hr. The intensities were calculated uvasing an
inverse square law with an analyi;ical corraction for the lfinite chamber
size_‘at small distances, the source strength being mea‘sureé both bty the
installed equipment of group &-2, and by standard Victoreen charbers at
points whez;e the gamme intonsities due to the source wére “ﬁt co high to
invalidate the standard ohaniher calibration. “NC\-ASS‘ ‘ .

The resulting R/defleotion curves are shown for standard and

speoial chambers ITiFi& and (2 e R peEIIme in sensitivity g




APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

e

normal chamber at bigh intensities which was fournd, is plotted in Fig, 5.

The srecial chamber develoyment aroée In the {fallowing way: As.direct
calibretions at high intensities were not expécted tc be zwmilable, czli-
bration depended on the extrapolation from 100 R/hr. up to 100,000 R/br.,
and nisgivings bsing felt about the justification of such an extrapolation,
in the time available between Tests Able snd Baeker, two chambefs were mode
ified to give higher codlecting fieldevand‘iower cuorge densities. To do -
this, the central 15 mil wire was replaced by a 1 1/2" diameter cylinder erd
the gas pressure recuced fron 3 to 1 atmbsr;hores of At2 % CO,. The plan
was to install these chambers having more linear characteristics alongside
normael chambers, at selected points in Tsst Bzker, in order to obtain a
.éheck oh the czlibretion of the nommal chambers at high intensities.

Tre availability of the 2800 curie source made this uhnecessa:y,
although the basis for the original misgivings is pleinly seen to be just-
ified from Fig. 5, in which at 77,00C R/hr the normal chamber sensitivity
ia seen to have dasclined by & factor of 20.

However the twin installations of normal and specisl ohambers
made in Test Baker provide a convenienf check on exnerimental sacuracy
since bbth tyres of chambsr being cqlibrated, the two records obtained,
should yield identical intensity time curves. The oxtent to which this
is true is seen in Fig. 7, where the the ocurve for the AFA 77 uprer instali- -
ation whiph is a twin the points fro~ both records are-'seen to lie close to-
gotber. Another festure of this twin record is that the effects of ship
motion on the recorders must have been small since they were mounted in such

a way that the two recorders would have beun affected dissimilarly by roll-

« ing and pitching. Only one such twin recc;d was cbtained since

/asaloaand
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two twin installations were made, the normal unit of the other puair gave
no record on account of an ink failure.
Clock Celibrution
' The churt speeds .of all the rocorders were chocked at low and

high speeds ar@ found to be withix; 5. of rated valuaé except with nearly
run Gown springs. This latest reservatior does not affect any of the use-
ful parts of the records obteincd in Tests Able and Bsker.
Ipstalliatjopal
1. Test Able

In general, the plan for ABLE included 1nstallation_s at various
distances from the target point, on an E-W line up and downwind of the
burst. The units were not intended to withstand the direct blast pres-
sure fron the bomb, at operating distances, and were therefore always in-
stalled “in closed ship compartments. These locaﬁions sere chosen to have
as far as possible light and calculable scréen;lng betwasn the unit and
tho bomb,

In fact, the unexpected point of detonation in ABLE increased
the screening in most ozaes, especially on the Pensacola and Napato. A
deep 1nstanation, coinciding with a below deck installation on the AFA
69, was sntended to detect water screening effects, btut this ship was
sunlc,

Installational date for ABLE is given in Tuble I,
2. Test Baker | | |

Profiting from the lessons of Test ABLE, installationa in Baker
were modified to reduce the uncertainty of screening. UNC,.ASS": ,ED

In the downwind APA upper locations, units were placed far for-
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WA

that the interposition of‘ﬁeé;y?ship machinery should be minimised. Also,
- a deep installation was made on APA 7C, as far down, and as nsarly vert-
joally below the uprer installation as possible, with a view to detecting
water screening and water contamination effects.

This latter installetion, though difficult to service on BAKIR
minus one day, on a battened down‘and abandoned ship, yielded an accépt-
able record. It would be.idie to enlarge cn the installations which wers
lost due to sinking, although it is to be regrﬁtted that the installation
in the interior of the Nagato Turret, having 11" of armored s¢reening, to-
goetheor with 1ts lightiy acreened companion on the same ship, weré not re-
covered. inatallational data for BAKER aro given in Tabls 2.

Pensacola. CA«24. Crulser. Aprroximate bearing of bomb with respect to
ship, 15C degrees.
Horizontal distance from bomb. 6£0 meters.
Upwind frem bomb.
In compariment A-203-3L. Officers Gelley
Estimated soreening - 2 tarbettes - ,12" steel
Radio controlled unit.

Nagato Heavy Battleship. Arproximate bearing bomb with respect to
' ship, 160 degress.
Horizontal distance fron bomb 780 moters.
Upwind from bomb.
In starboard side of after tower on Ol deck, frame number 190
Istimated screening - tower members 3"-6" steel.
Radio controlloed unit.

AFA 70 Troop Transport. Aprroximate bearing bomb with respeet to
Carteret ship, 190 degrees.
‘ Horigontal distance from: bomb, 1460 meters.
Upwind from bomb.
In after iroop berthing compartment number 1-134~1, c<201-L
on centerline,
Estimuted screening - oblique bulkheads and pipes 1" -3".g4gel
3

APA 68 Troop Transport. Approximate bearing bomb with respeet to
Butte ship 90 degrees.

Horigontal distance from bomb, 1840 meters,

Downwind from bomb.

Installation as on AFA 70

Estimated screening - bulkheads and pipes. 1%-2" steel.
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AFA 70 Troop Transport. Bearing of bomb - not known but ahead.
Crittenden Horizonteal Distence from bomb, 1340 meters.
- Downwind from bonb.,
In forward Troop Head. 1-17-1 « 4 - 1021-L port side.
Foatimated screening ~ 1"-20 ateel.
"Radioc controlled unit. .

APA 70 Troop Transport. Bearing of bomb - not known but shead.
Carterst Horizontal distance from bomb 1840 moters.

Downind from bomb.,

Same location as above,

Estimated sereening - 1" - 29 steel.

Radio controlled twir unit installation

Also:

Forward GSK stores. 9!' below water line

. Uncontrolled unit.

Jable I1I, Able Test
. . - e e e st .__..j.‘i__. - -
Ship Pensacola | Nagato | APA 70 | APA 68
Distance from Bomb in meters | 680 780 11460 |1840

Total dose In R by mtegration : 1
of our I(t) curve, using theory ™ 280 | 17.2 1.6
for 0=2 seo. :

Open air dose as calc. from -

radiologicel film results . 5400 2900 130 27

(Dessauer)

Factors Mggr_mn_gm Q g0 10 | 7.6 |16.8
our dose : _

) Calc. screening thickneas of ' ' ' I
iron for above attonuation  6,.5m 3.6" [3.1% 4.2" =
taking 1/a thickness us 1.5" ' RE p _

" £
Approximate actual screening in izn 3"-6" |1n-30 [ 2040 \é’:‘

inches Fe ' : _ . i




APPROVED FOR PUBLI C RELEASE

UNCLASSIFE

APA 77 | APA 70 | APA 70 §

: Upper " . Upper “Deep !
Ship Location | Location | Location
Distance from Bomb in moeters 1340 2680 2680
Total dose in R by integration |
of our I(t) ourve. No theory .| 90 31,8 . 12.6
and neglecting small initial
burst o
Total dose from accorpanying
radiological films (Dessauer) — 30 15
Approximats screening in 1.2 S L 3/8" ,
inches Fe _ sea water |-

Begultgs
Zost ABLE.

Of the 8 installations mede for test "ABLEY four records were
obtained, yislding the final results plotted in Pig. 6. (The missing
records wers accountable as follows~-2 b& sinking, 1 recorder damaged
by shock, 1 loss by battery failure.) For all four recorders the radio.
control was successful, ﬁsing the putative%minus‘20'seqond-time signal
which actually turned on the units at minus 3 ﬁeconds. |

(Expariménta were made subsequently, to determine whether this
allowed enough time for the chart to reach full speed before detonation,
which was found to be the case) | |

| The rate eontrolling factor 1h unit response was the recorder
movement with a time constant of 0.2 seconds and since ithe latter was al-
most oritieally damped, the records as given should be taken to be sign-
ificant (thét is within & few percent of equilibrium) at times from 1

NCLASSIFED

second after the detonzation.

oy
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In general, the racords

:sﬁf‘)!v ao'.néid.i;; falling gamma ray ine
tensity for the first twenty seconds i‘ollowed by, in the cilée of the two
- nearer-~in ships s an abmpt'flattening out to a decay with an approximate
half life of 5 mimutes.
The early part of the curves shows an ceslliation of small amp-
© 1itude with about the same time period as the roll of the ships. As it
ocours too eairly'to have been rrcduced by waves, it may be due to the
motion of the ships produced by the air blast. Such motion would irmtro-
duce variations in gamma ray soreening af various points in the oscillat~ .
ione | |
The most uncertain factor 1n caloulating from these curves is
the screahing by the ships, and the estimatee- given for the iron screen-
ing therein, in Table 3, &re approximate being arrived at from tape meas-
ure and ruler measurements on the ships. The unexpested point of deton=-
ation in Test "Able" resulted in the ma jor pert of the Pensacola structuro
and turrets being interposed betwe:sn bomb and unit, and a stgel tower
structure of uncertein thiokness on the Nagato. The heavy screening on
the Pensacola at 680 meters is aéen to be effective in reducing the in-
~ tensity observed there below that on the Nagato at 780 meters.
These effects are discussed more fully lgi;er.
Regultg:
Of the 9 installations made for "Baker" f.our ‘records were ob-

¥

tained, yielding the final results plotted in Figs. 7 aﬁd 27a. (The five
missing recoxris were sccountable as followsi-- 2 on Nagato which sank be-
fore oleared by Radiological Safety; 1 on Apogon, sunk; 1 on Crittenden;
battery failure; 1 on Cartaret; ink failure.) Both radio controls were

successful.
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gamma ray burst

In general, the records Bt
which contained all the dose in test "Able™, was smaller making a negli-,
gible contributioh to the total dose. Tﬁe recorﬁs all showsd a minirum
within the first tﬁo mirmutes, which was as low as 0.5 B/hr\on the Cartaret
et 3000 yards, followed by a slow rise and flat meximm at 5 minutes of
the order of 200 R/hr'in magnitude pfeceding a‘slow,decline; &1l falling
below 10 R/hr after 2 hours. |

; It is noteworthy that when these ships were bourded, 4 days after
Baker Dey, although the gemma ray contémination level on_deﬁb was 0.5-1
R/hr.on Cartaret and 1 to 2 R/hr on Crittenden immediately below deck,

except where infiltration had teken place, the gamma ray contamination

~wes 0.1 R/ day or lesa. A pool of water lodged in a depression on the.
" deck of tho Crittenden had 12.R/hr. |

Conglusiong:

By assuming that the main érigin of the observed gamma radiat—
ion is tha-émiasion of delayed gammas from tﬁe fisaion preducts of the
bomb, which behave as a polnt sourge‘rising ir the ball of fire, together
with a knowledge of the air absorption efficient of the radiation, it is
possible to calculate an intensity time curve. '

If such curves are calculated, for the four éxperimental dis-
tances used in Test ABLE, four curves are obtained which agree very well
in slope with the exverimental obsefvations from 1 second to ébcut 20 scge
onda, (which interval covers the main part of the dose in Test ABLE).
The theorstical open air intensity curves so calculated, lie from 60 to
7C times higher in magnitude than the observed curves, on account of the
neglect of screening by the ship. This is not known very well, espacially
as when attempts wére made to estimate it, diffioculties were always én-

countered with highly variable absorbing objects such as pipes and winches,
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which could vary the resuitmby a faotor |of ten.

It seems possible to go some : y to avoid this difficulty by
making use of .the Fadiological film daka.

In Test BAKER, by which time better liaison ha& becone est-
ablished, Radiological films were placed m"coincidenoa with the ion-
ization chambser on some uni'ts. Integration of the gamma intensity -
time ourves obtained from such unité, gave total doses in good agrecment
with independant measurements made by the Radiological Safety Section on
the filus (tadle 4), so that it became clear that the two methods were
using consistent unitas. *

Sinco the theoretical I{t) curves were in good agrecmsnt in
shape with experiment, over the 1ntor§al 1-20 seconds, the eséumption
was made that this agreement was maintained in the intervsl from C-1
second, so that it became possible to obtain a figure for the total dose,

e

ju i(t)dt by using the theory for the gap from (-1 seconds, not recorded
by the units, and integrating the experimental curve from 1 second to
infinity. The resulting total doses are tabulated in Table 3, and are
seen to be less than the outdcor film doses bw a large faotor, $his

factor is taken to be the attemiation factor for the ship screening,

" which e;préésed in terms of inches of irom, ueing & mean free path in

iron of 1.5, 13 seen to be in the region of ‘the‘.estimated actual ship
soreacning.

| The resulting attenmuation faotors, when used in éonjunotion with
f.he factors, when used in conjunction with the theoretical cutdoor I(t)
curves, 1s seen (Fig. 8) to bring the theory into fair agreement with |

UNCLASSIFIED
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The rapid fall in gamma ray intensity, which céntinues right down
to vezjr low valuvs in the two more distent ships, shows a sudden and sim-
ilar tailing off on thé nearer in ships, at 20 éeconds after detonation,
to a lower rate of decay, of half life abcut 5 miimtes. - The presence of
this effect on the nearer in ships and abseace from the far out 6nes sug-
gests .that 1t arises from noutron induced activities though ,this hypothesis -
meets with a difficulty. The magnitude of this effect on the two ships,
éppears :bo be. in scale with tﬁe gamma ray intensity which 1s atteruated
mch more on the Pensacola (.70 times) than on the Nagato (10 times).
Howew..;r a neutron induced rediation would, on account of the diffusion

properties of slow neutrons, not be expected to be eliminated but be

| able 't}é reach the chambers laterslly, where the screening in both cases

is much less. Honce if t.he 5 minute decay were alow neutron induced, it
would be expeocted to be proportionately much higher on the Fensacola,

unless some local vagary of distribution of the neutren capturing mater-
ial introduced a compensating offect. It is not possible to explain the
effect in tems of a tail of fission products behind the ball of fire, )
emitting gammas, since 1t is absent from the farther out ships. An ex~
vlanation may perhaps be found in terms of fast neutrons, which would be

more directional than slow,

In the BAKER records (figs. 7, 7a) the initial burst of radiation
analogous to that in ABIE, is quite small in magnitude. In the case of
the distant Gartarét at 2700 meters (3000 yarda), the intensity falls
rapidly as in ABLE to a low value at A0 to 50 asccnds, rises to a maxi~

mum at 5 mimutes, and then declines slowly. ““U_Asm

It seems straight forward .to explain the maximum and subsequent
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brought down in the descending rain and in the roliix cloud of srray
which spreads out from the base of the plume. These fisasion products
then decay and rexzove themsclves by running off tho ship and by diffus-
ing down through the sca water.

It 18 interesting to spesculate on the meanings of the above
and bslow wa*.'er line readings on the Cartaret. The two records are
closely sifnilér in the shapes and times of: their record maxima, the bdbelow
water line record not lasting so long‘ or rising so high, and having about
half the total dosage of the uprer location record. The locations are al-
most vertically one above the other, about 40 feet and 4 steel docks ape
There is & flat deck a few feet above the upper location, that it
would be affected by deck comtamination by something like an order of
ﬁagnitude nore than the lower. It seems likely therefore, that ship
contamination ié not the main factor ih the doses, but that a large pro-
portion of it originates from fission products in the surrounding miaf
and on the water surface. The slight secondary maximum, on the under-
water record, after the main 'ma:dmum, which 1s gbsent on the» location
record, 1s suggestive of some downward diffusion of the fissicn products
through the water, past the unit.

The Crittendén instrumental record (1500 yds.) oﬁtained in
Baker giﬁes evidence of very atrong vibrations lasting about ten seconds,
the pen being in rapid motion and producing a series of dots. There is-

a similar weaker effecf; on the Carteret records starting at 3 second and

much briefer. The under water shock must have ceused this, and the
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this curve at 96 seconds, corresponding to the axpacted time
6? arrival of the first water wave from the exploslon.

By plotting the Integral of the ABLE and BAKER curveé
up to time "t", as a percentage of the total integral fig, 9,
one obtaina & curve which shows the parcentage reduction in
dose resulting from dodging behind a strongly absorbing shield.
About L the total dose is obtained in the first second, in
ABLE, is that very prompt action would be needed to reduce the
dose to say, 300 R at 1600 yards.in ABLE to 150 R, The Pensacola
screening result suggests that ail round shlelding is not required,
scattering being small,

In Baker however, the tlms to half dose 1s muci longer,
varying from 20 minutes at 1500 yafds to sewven minutes at 3000,
vhich may 51ve time for ship evasive sction. 1In this case, the
r&diation.will bes fairly isotroplc, so that all round acreening
would be requlred.

Group Personnel:

Harley Gabrielson

James L. Tuck UNCLA»SMH]:.J
Roger %hite ' .
Lannie Thitworth
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