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1,2 SUMMARY OF CONTENTS

Chapter

This chapter describes the purpoee and contents of the
Handbook and gives in Table 1.1 a timetable of events ﬁﬁ.ch
take place in a miclear explosion, in Table 1,2 a summary of
values for certain important quantities such as predicted en-
ergy releases, and a statement of the purpose of Operatiom
Sandstone,

Chapter 2
After a description of the various models, there is a

discussion of the pre-muclear stage during which detonators
are fired, active material is assembled into a supercritical
configuration, and neutrons are introduced into the system
by the initiator, The time from detonation to initiation,
called the transit time, is listed for various models. The
experiment designed to measure transit time is described and
the use of the results of this experiment is discussed.

Chapter 3
Various stages in the development of mclear energy as

the bomb prepares to expand are described, Theoretical curves
for the multiplication rate are presented. ‘me value of a
peasurement of this rate for diagnosing the p’erformanoe of
the bomb is discussed. The_probabllity of predetonation is
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considered in some detail and curves are given for the probe
ability of an explosion with less than a certain yield., Come
ments are made on the hydrodynamic phases of nuclear energy gene
eration with the view of explaining @ﬂmﬁs of efficiency and
energy yield of an explosion, An analysis is made of two pro-
posed experiments for measuring the initial multiplication rate,

Chapter 4

Neutron effects in a mclear explosion are described,
Estimates are given for the expected intensities of neutrons
of energy > 3 Mev, Neutron threshold-detectcr experiments
which will be done are described.

Chapter 5
The status of theory and experiment on gamma radiation
is described triefly, A detailed description is given of

the gamme radiation experiments plammed for the 1948 tests.

Chapter 6
The development of the shock in air caused by a muclear

explosion is described, Curves are presented for the vari-
ation of pressure with distance, pressure with time at fixed
distances, impulse versus distance, arrival time of shock
versus distance, for different miclear energy releases, A
deteiled timetable is given for the p“foéress of the blast
wave as well as for th: motion of the cloud. A scheme for
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determining energy release from bell of fire observations is

discussed and calibration curves are included.

\L ) 3

Chanter
Efficiency is defined as the number of fissions rer ac-
tive atem (i.e., PuR® and/cr U235) originally in the bomb

core., This chapter elaborates princirles of the rediochemi=-

cal procedure which is used tc determine this quantityl v
| - = o l

| |

r, |

___AN:‘:'-
\ A sumary of thre ree

‘sults of previcus radiochemical determinations is given.

Chapter 8
In this chepter, a selection of rough schemes to deter=-

mine energy yield is presented. Such methods as the observa-

tion of the maximum radius of the ball of fire at which the
N bell is almost uniformly bright and the more conventional use

of a microbarograph record are discussed and curves are ro-

vided for field use.

Chapter
Attention is given to the problem of interpreting the
results of experiments, Criteria are presented for the judg-

ment of the success of a test. Various possibilities are

?
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analyzed and alterrative interpretations are presented far
the possible results. Particular attention is paid to the
coordinated interpre'tation of key experiments which measure
energy release, initial multiplication rate, and transit

time,

A ice

In the appendices, a collection of useful data is pro=
vided. Appendix C on the expected post=shot ground activity
is felt to be of particﬁlar intereet. The question of in-
formation which might be obtained from the test site after
the test has beem discussed in Appendix D,

- - T T "
" : Tsince it 1is possiQ o

— \
ble to learn something about the mechanism of a nuclear_ X~

plosicn, other experiments than thoese designed to measwure

e tn et o Ao A W 7S

total energy release will be done.

—— -- 4







Table 1.1

oV

Timetable of Events for 20-kiloton Explosion

(Trinity Type Boumb)

Event
Tt il e
Detonators
Pulsed . ..
'ﬂ
|
T
0.4 Ball of fire
Max. Radius 400 yds.
0. Shock resaches
500 yds.
1,29 Shock reaches
1000 yds.
644 Shock reaches
3000 yds,
12 Shock reaches
5100 yds.
12 Ball of fire
reaches 2000 ft,.
70 Ball of fire
reaches 12000 ft.
258 Ball of fire
reaches 28000 f't.
598 Ball of fire

reache‘s 40000 f£t.

’/



:

v e ——- <

NOLLVIHOJNI TVLINISSH JD XYVINOS

C°T eTqsl



SEa

Chapter 2
_ = THE IMPLOSION
o~
he E, Zadina and F. Reines
2.1 ODUCTION
During the course of these tests three types of atomic
bombs will be detonated, In expected order of detonation
they are: —_—
1. | \j”zﬂ
2.
H 3,. /A’“’i'
i 8 L ‘
r |
1 )
, ‘
,‘
order , Py b /2
~
< | j |
Firing |
i
- ! . Cri-

—'teria for performance and order of detonation ;

>

appear in Chapter 9.

. \\- .
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}.——/Th: term "composite" is applied to those \\

] \. 2
g | bombs in which the active material comsists of
® ‘l , r l. {

both Pu®> and U7, | L _

§ —

Bomb ' ] i
Types

W

. PRSP

of the bombs to be tested are given in Figures
;

2.1, 2.2’ and 203 and Tahle 2010
\—

2.2 DETONATCRS

Transit

Simltaneity

Commnicated by L. Seely. s
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2.3 HIGH EXPLOSTIE
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Implosion Adjacent to these are listed, where measure-

Time-Table ments exist, the corresponding times obtained
‘experimentally by the pin method. Zero time
in all ceses is the moment at which the volt-
age pulse arrives at the detonator..

The chief criterion by which the success
of an implosion is judged is the degree of
compression achieved in the core of active
material. The reason for this is that the
critical mass is roughly inversely propore
tional to the square of the density, Thus
if the density is doubled, the critical mass

will be smaller by about a factar of 4’—\—\

Compressions

- 23 - T e——
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2,6 COMPARISON OF IRM AND PIN METHOD TRANSIT TIME

We shall mention here some of the assump=-
tions which go intc IR czlculations of the
transit times listed in Table 2.2. The wvalues

listed in the table were obtained by a reasone
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Theoretical
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able interpolation between IEM runs in cases

where runs which approximated the test weap=

ons did not exdst, and by ex'hrapolww
pin measurements using IEM results.
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2,7 IMPLOSION TRANSIT TIME MEASUREMENTS
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SIMPLIFIED WIRING DIAGRAM OF
DETONATOR FIRING CIRCUIT

- - FIGURE 2.6

PARALLEL
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ya PULSE TRANSFORMERS
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M-26 SPARK GAP — 2777 \EE J, M-26 SPARK GAP

FOR SECTION 1l OF

T = ING
FIDUGIAL SIGNAL | e DGE

TAKEN OFF HERE A—] I—‘ 1| ‘—“l' WIRES

!

CHOKE

8000300

“ \' SW |




Y _
_, T
-Firing
* Circuit
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‘Fleld , —
—— e s
~ sec, | A part of the same pulse is passed
 Seteup T -~
J through a delay circuit of kmowmn delay time ~
| from which it is fed to the plates of the -
oy \\\
o ‘ oscilloscope where it appears as a pip on
\ ‘ the screen trace. The delay circuit is
N A introduced so that the beginning of the
My
Yo _ fiducial pip may be more accurately and

,5 conveniently. located. The ionization
chamber which detects the gamm rays

§
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energing from the bomb(™) 1s located 333.3
yards from the Wr. The pulse from this
chamber is fed into an amplifier from which
it passes through coaxial cable to the same
delay circuit used for the fiducial pulse,
It is then immressed on the plates of the
oscilloscope and appears as a pip on the
tracing nearer the center of the spiral than
the fiducial pip. |

An attempt will also be made in the
first test to detect the emergent gamma rays
with a photomultiplier tube, The tube will
be placed at the 1300-yard station and the
pulse produced by the gamma rays fed to an
amplifier connected to the plates of another
spiral oécilloscopo. Neither the spectral
sensitivity of the photo tube for gamma rays

nor the spectrum of the emersant. some~ ——
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is well lmown, If it turns out that the
photo=multiplier tube method of measuring
transit times is unsatisfactory, it will
be replaced in the succeeding tests by the
ionization chamber method,

The transit time of the gamma rays
between the bomb and the detecting_ device
can, of course, be computed very accurately,
The time of passage of the fiducial pulse

down the coaxial cable will be determined —

/

(_/"
B -+
2.8 INTERPRETATION CF EXPmmENT‘L RESUL
Table 2,4 summariges the predicted
transit times for the various models,
P
- ” -
43




F\ '{.'able 2.4 ‘

A S PO

(2)

Also referred to as the reciprocal e-folding time of
the reaction,

o 40 -
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CHAPTER 7
MEASUREMENT OF BOMB EFFICIENCIES BY RADIOCHEMICAL METHODS

R, W. Spence

7.1 DEFINITION OF EFFICIENCY

At Trinity and at Bikini the bomb effi-

. olency, E, was defined as follows:

Es=s - Total mumber of fisai

Total number of Pu?39 atoms originally in bomb core

©

————

posite bomb, one conteining both PuR39 ana
separated U235, would be:

= Totel number of fissions

L
—
o
§ .
!
1
E
1

Number of P5239 atoms originally in bomb core +
mimber of U<3° atoms originally in bomb core

This is again a figure which one would

- 23, -~

(7.1)

——

———

The corresponding definition for a come

(7.2)

e s NP

s r—
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,f conaidor(l) :lntho economics of bomb produc-

-~ ' ( tion. Another lignifiu.nt set of numbers

| which ave more difficult to cbtain is the
| ,métmbffuiioﬁihichdiminucho: B

!

thenrionsbonbeonponents ,
\ ot -~"P""‘-"‘~"‘"n :" v ———

e I Femeds R v \

7.2 METHOD OF DLTER.IIEIHG mgmm usm AT B]IIN
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We copsider in the above equation only the
fractions corresponding to the au:ploJ y' )
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Mo comclusive results

- |

were obtained in the Bikini shots because
of lack of time and persommel; however, the

Y -

idea is certainly attractive. T\_\’

- 24,0 - R

- |




LN

i~







s

) A

7.4 DETERMINATION OF TERMS IN EFFICIENCY FQUATIOR
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of determining the various quantities in-

volved in (7.17) have already been described.
We present here (Table 7.l) a resume of
these quantities for each of the shots to-
gether with an estimate of the precision

of each of these measurements,

- 252'-
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Correcction

for Air

Density

Hugoniot equaticns SR Enonledge of Tg

glves in orinci le, knowledge of the other
two quantities PB ‘and Pge In view of the
validity of the noint-eource ap;::ro::l.mation,
the energy cortained in the sphere of diame-

eter Dy and hence , the’ energy releese is

4_m-ooortiona1 for different nucleer exploe

sions orly to the volume or to D33 providing
Pos For a8nd T ‘are identical for the ex-

" plosions being compared, 1,84,

. - ..u‘ 3 . -
"l . .D]-B " . B . R : (8.1)
R “ . m33
~ The value of T, at Eniwetck at test

LN P et

'time ie expected not to be’ aigni.t‘icantly

different from that in evidence et the .
Trinity test. The difference in moisture

content of the air is also expected tc heve

'8 higher order effect ‘on"the observed Dg.

However, the pre-ehot air density, Por and

 pressure, ‘o, 3t 'n-mw s ‘markedly dif-

ferent t.han that at sea level and a correc-

tion in K'is 'hherefore indicated. A simple

consideration shows that for strong shocks ’
o A R o

B

- W57
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"l Y'Reean

" the volume containing a given energy ie in-
versely In'oportional tc the initial demity.
Irserting the retio of densities at Trinity
a.nd Eniwetak, 1/1 19, together with the
'.l&'inity hrea.kaway ddameter DB = 210 meters,

. ~and tho Trinity energy release, twenty-two

kilo'oone TNT, we get (See Figure 8 2)
| o u, 2.8 x 10'6 o (8 2)
_r -'::;-;::'_ = eneray release i:z kilotons TNT, ‘and

Da brea.kauay diameter in meters.

T .1.1 E_xﬁ:lx_qenta; Consideratj,gg

‘I‘he hree.xaway diameter may be ohtained

A 2miary S .._.-A. R -. _..: EVE R SAp u".r - -;‘_’,,

T iem the scene by visual observation or, more

- - - v-.——w 4‘. -~ : - I
R ~--._—-s.. -«..'I"‘-}.u-. A e w7

”’ accurately, through the uee -of motioz;-oicture
oamerae of moderate eoeed (~ 100 n'ames/sec)

In analyzi’zg a motion-pictln'e oe.mera

Notion P gcme record teken at ~ 100 frames/sec, 1t is

'~suggeeted thst for improved accuracy an in-

:teroolatlon be made between the relevant

i mmes. It 18’ %o be noted that the Ball of
e _ fire changes very little in a time interval
| e _ or ~ 3- x.-10"".seconds around breakaway time,
Fou.‘ emmple ’ at Tr:[nity the hall of fire .

DR - T . 258 o TEen O

7/
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Obgervation

radius tock ~ 2.7 x 1072 seconds to grow
from 20 per cent below to 20 per cent above-
the breskaway value,

A more rapid, if less accurate, state-
ment of the breakaway size can be obtained

by the use of binoculars or telescopes with

‘reticulated eyepieces. A suggested obsger=-

vational technique is as foliows. Mount
and aim B:Lnoculars or telescopes in advance
of shot at known distance from the zero
point, For a few mimutes before the shot,
look into a flashlight to better prepare
the eyes for the bright flash to come,
Then, lock at zero point and as soon as a
flash 1s seen, shut eyes and observe the
after;i:rr;é.g; at leisu:_re and read the size of
the ball off the ayepleces scale,

Simple eyspiece markings such as X, 0,
and the like are suggested as easler to
reach than a mmber scale. At least two,
and preferably more, observers should be

enployed,

* -~ 260 -
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hming ﬂ‘nt the te]metaring system
vill yio;.d preuure-di.ata.nee data rapidly,

- S he NAa

a ﬁgm‘e fou.' the energyreleaae can be ob-
tained hy conparing t.he u:per:lnental Te-
.- sults vif.h ths curvea g:lvven :lnl':lgure 6.3,

llethoda (8.1) ana (8.2) are superior

‘—W--‘ R — T

. toanyoftho follod.ng (1)
._.:11@‘&’ [

ey

.BW

mﬁneotamﬂlofthonhocknn
depends on t.he rh.'ength of the explosion,

.t T N e -\-L.»L .l -

,rigm'OB.BhaplotoffhemeotnMval

S SR grneedl Rt powLe

versus diata.nce from the explosion for 10

kilotom. A ség;q; ourve on Figure 8.3

gives the cérrect;an to be ap'pned to the
lo-kiloton curve 1n the ,case of larger ex-
ploeiom. !ran the curve, it can be seen

that an error ot * 0.1 aeoond earriea with

(1)
In view of the approx!mfa nature of these eatimtes
we will not differentiate between energy in blast
and total energy release, _

S
T e

LT e 260 -
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: ‘-l 2 IR "o :'.‘ .. * ""?T; "._.‘ h
PP &—-Lﬁ-tﬁ.&‘ e :“w”vnv.—-—a*‘: X

it an error of <=~ 10 kilotons at 20 k:!.lo-;

e ,a-—»' ua&.-nwwrr-.-.p‘n-.,d e s e

tons. An obaervation of this type would

R il saemis

therefore require inammentation as well
as some prel:lminary e%?nts orn the
-'-; ‘.4‘.‘3";’(2) .}.—-’-_pﬁq TPI""" P
velocity of sound under oonditions
. HESER L 'v'w.n;sn»‘q- mevsi av
aimilar to thoae ‘of the actual psts. .
5 'ﬁfii"f,_“mf]‘ ) i o
T.hie methot_i suffers from the uncer-

' sea mterintheblast wavvacouldlowar
: = L At sea i ot e Ercet 2 T DO
the apparent energ release .hy ag_mch as

t"{r ,-‘ ror:‘-‘:t‘ e, “. at

-

' ~1/2. & amna'r critid.n ap'plies to -

..,ﬂ—"-c ;..f.‘h;nw e

Ta el et

. Under cerfain oonditiom i3 a cloud of

~ _‘,_

'atar dropIe'ba u:l.ll fom |hen an atomic A

bomb 18 detonatad. In order }; see how‘

this cIM-chamber eﬁ'ect operatea ’ let us
-'—.4 N'xr-iﬂ"'-‘*"‘%"&\-‘- -~

O R SO S -y j- ’ -
When such exper:l.mental ‘values become availahle ’
Figure 8,3 should be re-sxamined for conaiatency

‘with them. : R .If-:‘-*’ TEERTT
T - L - It Ve - o
‘ ;

p ahd‘h-.-q--r-w--. L e 2
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vﬁlue after the ﬁzlse haa" ﬁﬁséed. g

Now, coﬁéider the case in which the
unshocked a:!;riis cmn;ﬁla'baly saturated. In
view of the‘ above, we can expect condensa-
tion to ccouwr first at that value of pesk
overpressure 'hich is followed in the suc-
tion phase by a drop in tamperature suffi-
ciently far helow that of t.‘ne unshocked air
to cause the degree of supersaturation re-
gquired for conﬁensation to océur. We

showld, thnrefore:' expect that an observer

at some diatance from the event should see
no condensation out to a given radius,

From this criticalradius-and outward to a

'distance which is again detamined by the

degree oi' aupersatzration becessary to cause
condensation, a cloud is expected_ to form.
It f.he a.:l.r' is :L'n:ltially alightly less
than aaturated, the point at Ih.ich the
cloud atarta fcrming will be somawhat more
distant from th? point of detonation, the
critical _radius ocdurring_ where the minimum
temperature in the blast wave 1s somewhat
bolow the unshocked temperature, ' The Tadius

g

- 265 - ,,.
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at which the cloud forms is thus seen to

be related. to the shock pressure and the

relative mumidity in the region of interest.
Figure 8.4 gives the minimm relative

hmidity for cloud farmation at distances

of interest(B) for a 20~kiloton explosion.

~ To obtain the energy release, it is only

8.5 CRATERING

[©

necessary to observe the relative humidity
before the shot and then scale the distance
at which the aloud is di:semd to form by
the W/3 factor required to make the dts-
tance agree with that obtained from Figure

"8.4.. In t.he‘present sfate of knowledge

this method is probably mot better than a

‘factor of two.

In the absence of rellable experi-
mental results using HE, we scale the ‘
Trinity results, assuming that coral and
Trinity soil bebavva similarly under the ac=~
tion of blast. This procedure yields the

This curve is from IA-550. , ~ ’ -

? . -266"‘
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formula plotted in Figure 8.5.

We C [1+(_13__)2] 3/2 (8.3)
N200 . _
where C & 30 when R is the radius in feet
. for pulveriz:.ng macadam, and 4

C = "1 when R 18 the radius out to

. _vhich dishing occurred.

" This method is perhaps good to a factor of

"mo

8.6 RADIUS OF FIRED CORAL -~ o~

e atn  veea s s e e

In the rogion of strong sho;:ks; T~w/13
‘where T is the temperature. Coral is essen-

tia.lly CaCO4 with a "bémperamre of deco'mpo;

sition oi‘ :-"700°C Trinity soil is essen— o

R

tially s:toz and fuses at ~ 1500°C. Insert-
ing these xmmbers into the above relation-
ship we find that, sealing from the 'h‘inity
fused area (Figure 8.6).
W = 1.4 x 2075 R3; W in kilotons,
- (8.4)
_R 1n feet.

' This method is probably only good to a

factor of two-because of the irregularity of

the fused area, the differences in the

S :.,\.. «;.._;5‘1- '268 - e - . . B I -

g/
&
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Figure 8.7‘gives the ahock‘ mrp:ressure

e ’:"_;4 3;_ -] Ta .
versus distance 1n a pressuf.q _rg.nge from 0.4
_.' ﬁ;q;&"ﬁ;% -
'l'he mmbera on lhich t.his fig- S

; atnosnheric coniitiom : cf. Section 8.3),

..-._-b. P

’%”‘*‘3?1

B diant energy in élear qxplosion ia

'-':.J:::::r_ "%t-.w_ L ek

= N

to good 'precision 1ndependent o:r the
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REASONING FFOM EXFERINENTAL RESULTS

F. Reines and H, Kayer

9.1 IATEGDUCTION

Efficiencx
o

Transit Time

To irplement the rurrose of the
Eniwetck tests, the mcst importent set of
experiments are those that meessure the
efficiency of the muclear explosion. These
include, in order of demonstrsted rellability,
the radicchemical measurement of the mmber
of fissicns, the ball of fire observationms,
and the blast messurements, Of secondarf
irvortance are the transit time and miiti-
pliceticn rate, alrha, measurements which
are, howc%rer, perticularly useful in check-
ing our idees of the rrocesses which occur
in s mueclesr explogicn, A host of additional
experiments will be performed, mroviding in-
formaticn of more general scientific interest,
but at present they can only be crudely re=-
lated to the internal workings of an atomic
bomb, This chapter, ,ﬂldr;afore, will concen-
trate on the coordinated interrretation of
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the efficiency, transit time, and alpha

measurenents.

—

| 9.2 ABSOLUTE EFFICIENCIES

A good measure of the performance of a
particular design of atomic bomb is its
‘efficiency, i.e., the number of fissions

per valuable (separsted U235 or Pul39)

fissile atom present, " ‘

|

; ﬁ

{
! \
: S

However, there exist other goals than high effi-

<§§ ciency aloneij__"







8Mp 239 + 6HU235
?l;e_ lPuz” is theA mass ;{;;239, %235 is
mass of sepafated U235 in the bomb and we
assume a relative economic v value of the
two materials given by the weighting num-
bers in (9.1).(1) The estimated figures of
perit for the various models relative to

Trinity are as follows:

Table 9.1

haps for current or estimated future costs
of Pu3? and U235, is the suggested criterion

The observed figure of merit, correctéd per-

(1

Tty e e b8 st e e R



for the relative merit of the particular

Y bomb design.
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9.4 DIAGNOSTIC USE OF ALPHA AND TRANSIT TIME

It mﬁr happen that some accident intere
feres with the proper operation of one or
more of the bombs, resulting in poor effi-

Criteria
- clency. On the basis of a single shot, it

for
. would not be prudent to discard such models,

Performance

- We are therefore vitally concerned with
criteria we can use to diagnose the opera=-
tion of the weapon, with the view of identi-
fying such accidents. The positive result

. of the use of these diagnostic criteria
will be to exclude from consideration non-

representative efficiency values,

The two most. effective criteria are

- found in the alpha and the transit time

>,
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Consider

Plausible
lanations

measurements, The transit time referred to
in these tables is defined as the time from
the firing.of the high explosive detonators
to the beginning of the explosive nuclear
chain,

Various pbssibilities for the transit

time, 7* , and multiplication rate, &,

are listed in Table 9,2 below with a brief
key phrase in explanation. More extensive
compents follow the table.

e give_ only the more plausible ex-
planations for the results and are quite
aware that we have not thought of all pos-
sibilities, The universal explanation that
the theories on wh.ich o and 7" are based
are not vali.dhas in general been given only
when anoth'er more plausible interpretation
was lacking,



v :”r"

Table 9.2 A
& ) . ,,——-‘""‘/ o

e

Summary of Possible Results for Alpha and
Transit Time and Their Interpretation
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9.5 COMMENTS

Confirmation
of

Efficienc
Formla

Probebilities

2,

The primary objective of the Eniwetok
tests (cf. Chap. 1) can be realized through
a study of the rreviously mentioned experie
ments. In the fortunate circumstance that
the efficiency of the bomb is that predicted,
we will have valuzble experimental verifie
cation of the semi-empiricel Bethe~Feynman
efficiency formila over a wide renge of bomb
models, We may then use this formula with
greater ccni‘idehce in future medicticms
for bombs of similar design. The extent
to which the farmuls applies to different
models may §150 be learned from these
tests,

From the test of a limited number of
bombs, and particularly only one bomb of a
given type, we can never hope to learn about
questions involving probabilities, for ex-
@ple, predetonation., The use of large
nuubers of bombs in warfare may well change
our attitude towards the conclusions of these
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tests because such probability considerations
-~ will then apply.

In addition to the primary objective,

Weapons information of more general scientific

as interest may be furnished by the variety of
Research experiments to be performed, e.g., gamme~
Tool ' 'x-ray attenuation in air. It should be

recognized that nuclear explosion provides

conditions found nowhere else in the uni-

s

verse - for example, temperature By pr
3 (_;,_ e ] "

L ;gnormus neutron and gamma fluxes, b 7

»
i

quantities of redicactive materiel in fene

tastic amounts, radiation pressures ex-
ceeding those found in the sun == and should
be exploited, wherever possible as a research

tool.
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