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Industrial and Scientific Applications of Nuclear 'Explosions* '

Gerald W. Johnson
Lawrence Radiation Laboratb’ry, University of California

Livermore, California

In the course of the nuclear weapons ‘developm'e';zt and test program of
the Atomic Energy Commission (AEC) and Department of Defense over the
last fifteen years, there has been developed a large backgrouﬁd of understand-
ing 'o'fv the phenomenology of nuclear explosions,. of the 'design of nuclear and
thermonuclear exﬁlosives, and of. the operational procedures to sé.fely detonate
explosives of large magnitude. |

Stemming from the program in recent years have been the successful
development of fusion explosions and the demonstrated feasibility of producing
such explosilcl)né with s'mall fise;ion contributions. AThése‘tw'o steps are extremely
significant in speculating about the possiblé constructive uses of nuclear ex-
plosives because (1) the fusion fuels are extremely abtlndant and cheap; and
(2) the fusion reaction leads fo non-radioactive products and the induced a;c'tivity
can be limited by the use of appropriate absorbing blankets.

In principle, the ﬁajor problems in application arise flrom the fissionl

contribution to the e.nei'gy because the products of this reaction are inherently

"radioactive; however, in many situations considered, even for purely fission

explosions the release of radioactivity to the biosphere can be adequately

* This work was done under the auspices of the U.S. Atomic Energy

Commission,
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controlled. The technical advances in explosives design, coupled with.the
large amount of operatioﬁal field experience in detonating such explosions,
have directed attention to the study of possible non-military projects. To

this end the Plowshafe Program was established a; the Lawrence Radiation
Laboratory by the AEC in 1957, to exélore the feasibility of potential industrial
and scientific uses of nuclear and thermonuclealr explosives, |

The objectives of the program are:.

1. The developmgnt through experimental and theoretical approaches
_ :of the understanciing of the basic phenomenology of nuclear and thermonuclear
' explosions in various environments.

2. .The exploz"'ation of possible industrial an.dv'scientific applications of
such explosions. |

3. The planning and execution of field ekpgriménts to gather additional
data, to conduct scigntific experim.enfs, and to dem.onétrafe industrial potenti-
alities,

4. 'Ifhé design, dgvelopment, and test of special explqéives appropriate
to any desirevci use, The broad general goals of such a program are to reduce
the cost and the ra&ioactiv—ity production of the»explosiv‘es;. h_owever, an ad--
ditional goal might be the construction of a system for a special purpose, such
as isotope production. . |

An importa;lt consideration, of course, ‘in deciding whether nuclear ex-
plosives can be afforded for any speciﬁc use depends on their costs and the
expen-ses associated with firing‘ them, As a guide the AEC published charges
that would be appropriate .t-o providing an explosive and the service of firing
for various energy releases. The charges were $500 000 for kiloton (kt)

range, $750 000 for tens of kiloton range, and $1 000 000 for megaton (Mt).

range explosives. To get total costs of experiments, of course, one must add’
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the construction, operational, and scientific costs. A good illustration of
such total costs, including the AE‘C charges for an explosive, is the Gnome - |
project to be described later, where the total cost will be aboutl$4 000 000.
Thus for 10-kt explosions fully inétrumented and at a depfh to assure contain-
ment of radioactivity, total costs up to $5 000 000 might be. anticipated.
Information derived from a seriés ‘oAf under;g',r'oux)d,nﬁclear detonations
in Nevada has p‘rovided a basis for developmeht of theory and for suggesting
several pc;ssi-ble uses, Some of thelex.pl'o‘sions were at sdcfx shallow depths
that craters were broduced, which léd to the cqn'siderafiorx of lai‘ge-scale ex-
cavation projects qs{ng ﬂuclear exp.losion:‘s‘. Tixe other ex{plosion‘s 'were' at
variOL;s depths benéath the surfabe, extending fi‘lom‘»t;lose déﬁths at whichionly
‘a small fréctiqn of the radioactivity was releéa"ed to th'e .'éffnqsphere, to those
. | at w‘hich'no detectable radioactivity was relea'sea to the atmosphere. It is the
apalysi-a of the effects of these explosions that has led t'o.' the preparation and
st'udy of several prc;pbsals for fh'e next experiments, Three of tﬁe experiments
are in an advanced state of planning a'ndf hopefully, will be the' first three to
be conducted. The others are in varying c_leg.r'ees of pfepération. A
In the following tabl_e are listed the nucvleAar detonations which have been
most extensively studied and provide the basis for our diacuséion. It is im-
portant to note that all of these 'e:;plosione ‘were conducted either as tests of
ﬁew weapon-é designs‘- or ‘princip'les,u or for collection of data on military effects.
None of the explosions were c‘onducte;:l under the auspices of the Plowshare
Program, 'The first completely cdnté.iried undez;ground nuclear explosion (code-
naméd Rainier) of September 19, 1957, the étudy of which provides most of our
understanding of such explosions, was conducted to dé‘v,elop a me.thod of nuclear

weapons testing which would not release radioactivity to the atmosphere.



TABLE I

Major features of underground nuclear explosions.

g Measured _
_ o . radioactivity _

C / . : T , ' . Scaled depth, - deposited @ Crater Crater

- Event- ‘ Yield, W . Depth, D 4 on surface volume volume/kt
(and date) (kt) Medium feet 1/3 3 3

L ooum et p/w/3 (%) v (ydd)
Jangle-S (11-19-51) 1.220.1 . - Alluvium - -3.5 -3.3% >65 ~ 1650 1400
Jangle-U  (11-29-51) 1.2%0.1 - . o 17 16~ >80 37000 31 000
" | .

Teapot-Ess (3-23- 55)1 2+0.1 : . 67 ‘ 63 .90 96 000 80 000
Neptune (10-14-58) 0.090+. 020 Bedded tuff 99 2200 1-2 33 000 370 000**
Blanca (10-30-58) 19.0+1.5 " " 835 . 310 . <0.5 . 0 0 e
Logan . (10-15-58) 5. o’_’%if moo w830 . 485 0 ' 0 0
" Rainier (9-19-57) 1.7+#0.1 . ' v 790 . . 670 0

Tamalpais (10-8-58) 0.072+.010 mo 330 780 ot

Evans .  (10-28-58) 0.055%.030 " "t 840 2200 . ott

* 3 5 feet above surface. )
Th1s explosion took place in bedded tuff under a slopmg surface 1:3; therefore the crater is
probably larger than would be expected on a level surface.

*No breakthrough to surface but rachoactwe gases in large quantities leaked into the tunnel

No breakthrough to surface but stemmmg falled releasmg gross fission’ act1v1ty into the tunnel.

0¥85-TYON



-5- o UCRL-5840

* The experiment was completely successful and the succeeding o.n'dergrouhd

explosions were part of a development series.

Through extensive drilling, logging, and mining operations the general
results of .the. explosions.haye been evaluated. ﬁ:‘theoretical model has been
successfully developed which \:vhen set up on the high-speed computers seems
to give the propei‘ distributions of energy and correct magnitudes of the me-
chanical effects. It is convenient to describe thé phenomenology in four stages
characterized by very different t1me scales, and the Ra.,iniei‘ explosion will be
'used as an example. |

1. Nuclear Reaction  (Microsecond Range)

. The total energy. of the reaction is released in less than 1 mi-crosocon.d.
In the c:ase. of the Rainier explosion ;avhich hao an enel;'gy release of 1.7 kiloton
(7. 2 X 1019 ergs) afid took.place in a roorﬁ 6 X6 X7 ftl-‘containing al-)out. ‘o.nev ton
of m.aferial, after a few microseconds the pressure in the ;'oom was 7 000‘ 600
atmospheres and the temperature about 1 000 OOOPK; Accoropanying the llarge
enefgy release was a burst of neutroos .amounting to 2 X 102‘3/kiloton of .fi.ssion'

energy,

2. Hydrodynamic Phase (Millisecond Range)

Under the influence of the high pressure the room expanded in a few tens
of milliseconds to a spherical cavity 125 ft in diameter. ' The rate of growth
of the éévity‘ for Rainier as computed by Nuckolls™ is shown in Fig. 1. At
this time the cavity is lined with a shell of melted rock about 4 inches thick

o T g O ST O e e
‘which amounts to an estimate'd 800 tons of matérial. The temperature and

The data shown in Fig. 2 and Table II were also computed by John H.

Nuckolls of thxs laboratory
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pressure are 1200-1500°C and 40-50 atmospheres, respectively, The shock

proceeds outward crushing the rock to a radius of 130 ft and becomes elastic
at 280 ft. Befond that point t'he lelastic wave proceeds until attenuated. For
a sufficiently large explosion (~.20 kt at the Nevada site) the seismic signal
can be d‘etected readily at several thousand miles. The shock strength as a
function of fadi’al distance is shown in Fig. 2. The calculated partition of

- energy at this time is shown in Table II.

TABLE II1

Partition of energy in Rainier Event."

Radii ‘ Percentage of.

Sfafe ' C ‘ (ft) o - prompt energy
. Gas - Coee2 82
Liquid " _ | 62-62-’1/4. . . B 19.1 ‘
" Crushed | . 62 1/4-130 - - 47.0
Fractured | 130-280 - 21.2 |
Elastic - 280 : ' ' 4.5

3. Quasi-Static Phase (Seconds-Minutes)

The cavity persists for seconds to minutes during which time melted

' material flows dowp the sides and drips from the overhead. This stage ends
when the roof collapses, at which time, due to rapid expansion of fhe gas and
dilution by cold material-falling in, the temperature drops rapidly. The melted
rock freezes to aiglas sy material and collects in a bowl-shaped zone toward
the bottom of thé cavity. The glass contains"'és to 80%Aofvtvhe grdss fissioq-

product activity. The remainder is distributed through the collapsed zone.
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Because of the presence of a large amount of water (the rock contains 15-20%
water by weight) and the existence of a large permeable zone, the temperature
of the hot rock was rapidly reduced to the boiling point of water.

4. Longer-Term Phase (Minutes-w)

Successive collapse .of the cavity vertically, slow thermél diffusion, ‘and
radiation decay continues. For Rainier :the vertical collapse proceeded upward
about 400ft and then apparent}y, stopped. ~The temperature distribution measur-
ed five months after detonation is éhqwn in Fig. 3. |

Detaiiled :geological mappivn'g' by'coring and mining of fhe collapsed zone
revealed the g.enera'l s;rgctui;e shown in Fig. 4. The fea’tiires of interest are

.the radioactive zone shqwn at the bc;ttoip, '_the co'llapsed zbné exténding from.

the chimney, and the fracture bou_nda;y.aboui 65 ft»below the point of-detonation
to about 400 ft above it. The natural bedding of the tuffs permitted ready visual-
ization of the movement of mater;al into the collapééd cavity. Iﬁ progressing
at abput the level of detonati_pn'iriside the radioactive sf;e_ll across the collapsed‘
cavity, the rocks grade from a‘few inches in djameﬁef just inside the shell to
several feet in diameter at fhe cen/ter._ : Thé boundaries between the rocks were
filled with a fine ;iust which one year after explosibn has recemented. A tunnel
was driven acr'ds; the chim'néy’ at 100 ft above the pbint of det'onation.. This
.exploration revealed-a f»i;actured‘ zone about 10 ft wide at a r_g.dl:.us of 75 ft f'ron\—a
the vértical axis fﬁroug_h th_e point of detonation. The material within this zone
was a very fine rock dust,

In considering all the e#ﬁlo;iénfs, the following generaliza;tions are mp‘ossible
for tuff. I::xt;ending. them to ofhéf media ¥nu§t be done with caution. .

1. The radioactivity of nuclear explosions in the ‘kilot.on range in tuff |
can be completely contained underground at depths of Dl = 400 Wl/b3 ft or g'reater,

where W is the energy release in kilotons. .
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2. The initial cavity formed by the explesion has a radius of R =
50 wl/3g,

3. Initially melted rock, which is convertetl to glass on cooling, amounts
to 500+150 tons per kiloton of energy release,

4. The collapse of the cavity produces a zone of about 70 000 yds /kt
(120 000 tons/kt) of broken permeable matenal

.5. . The major portion (65-80% ) of the gross fissiorr-p'reduet activity is
in dilute (1 part per 10 milliorf) solution in glass. The remainder (20-35%)
is distributed throughout the collapsed zprié of the chimney and is> deposited
on the surface of the broken material |

6. About 30% of the total energy release of the explosion is initially de-
p051ted in steam and hot rock at a temperature in excess of 1200 C The
temperature rapidly degr~ades to'the boiling point of water, ~One year after
the Rairrier explosion this e'nergy_ resided within a volume whose radius ;avas
less than 80 ft. | |

One of the striking results of the Rainier study Was the fact that such a
larée fraction (30%) of the total energy was in-itiall‘yide'posited in hot debris
(> 1200°C ). bue to the pressure of large quantities of water, the tempe'ratture
-was rapidly degraded, but what ‘w’o'u'ld have been the resu‘lt‘ in a dry medium ?
Pe.rhAaps the energy cbouldb be stored at H_ig_h.terﬂperature long enough to permit
recovery, and since the thermonuelear 're‘a_ct.ion can be made to proceed in
explosions, perhaps there would be a'chance of reCoveriﬁg energy for power.
These observations soo‘h 1ed (tp_the c'ons'i'derat‘_ion.'o,f' an explosion in a large
natural salt forr_ne.tien which ‘normall‘y is dry (less than 1% water). With more
detailed thinking and planning an experiment has been designed, referred to
as Gn'ome,' in which it’'is proposed to fire:a 10-kt aIl—fi'ssi_on explosion at a’

depth of 1200 ft in a-massive salt bed'near Carlsbad, New Mexico. The
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general arrangement shown in Fig. 5 includes a 1200-ft vertical access shaft
_ w‘h_ich is joined at the bottom to a 1000-ft tunnel. The tunnel is terminated in
a hook (similar to that used for the Rainier explosion) designed to be self-
sealing as far as release of radioactivity to the shaft is concerned.

The basic objectives of the experiment are:

. 1. To ,explore the feasibility of con\;erting nuclear explosive energy into
se‘n'sible and 1atent heat which will be available as required for the production
Ao'f el_iect‘rie.powexl'.

2. To investigate the feasibility of 'recojvering from natural salt useful
isotopes wh.ic.h. can be produced by nuclear 'exploeives. . The chemieal and phys-
) ieal behavior of a large number of elemental speeies will‘.be studied with no
specific attempt to produce useful isotopes.

3. To extend the data en the characteristics of an underground nuclear
explosion to.a new medium (natural salt) having physical properties in m'arked
contrast to the only mediurﬁ (voicanic tuff) for which such data are presently
ax;é.ilable. |

4. To eqnduct several basic neutron-physics experiments (which will
be desc .rit>)Aed‘1ate‘r). :

The experiment ils eompletely designed'and, if appropriate authorizations
are obtained consisteﬁt with the operating schedule, tAhe .experiment can be
conducted in late 1960 or early 1961.

The Richfield Oil Company, in association with other oil companies and
in cooperation with the AEC, has developed an experiment (Project Oil Sand)
di;‘eeted toward releasing oil frorr;.,th'e Athabaska tar sands deposit in the
province of Alberta, Canada.

These deposits are espimated toA contain a quantity of oil approximatelly ‘

equal to the world's proven reserves. Due to the high viscosity of the oil and
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the approximately 1000 ft of overburden, all attempts to extract thé oil from
the formation economically have failed. Heating the tar sand to 100°C lowers
the viscosity of the oil sufficiently so that it m.éy be possible to pump the oil
from the sand. It is proposed to conduct an expérim.ent by detonating a 9-kt
nuclear explosive immediately beneath the tar sand form.atioﬁ and use the
energy to heat the adjacent tar sand and fracture the interbedded layeljs of
shale, thereby permitting the study of the problems of recovery of ‘the trapped
oil.- In addition to'the di'rect heating mechanism sor‘ne'oil also mayzbe render-
ed recoverable by shock hgating; " Furthermore, ‘the-possibility of further
recovery by secondary processes can be ekamined. The geology. and-proposed
placement of the explosives is shown in Fig. 6. |

- The principal ob_.jectives.of Project Oil.Sand are to gain knowledge that
could aid in the economic recovery of oil from the Athabaska tar sand forma-
tion through the use of nuclear explosives. The planned detonation, approxi-
mately 20 ft below the base of the tar sand formation,- will produce a cavity
about 250 ft in diameter which will subsequeﬁtly col’lapée. When collapse
occurs the fractured tar sand and shale formation will tumble into the cavity
and be heated by the energy which was deposited locally by the explosion. In
Fig. 7 is shown an overlay of the geologically mappe& Rainier collapsed zone
and the measured temperature distribution. With this input it has been esti-
mated that. up to 106 000 barrelg of o0il might be recoverable from a 9-kt
explosion. Based 6n experience in tuff in N,evé.da, ﬁo cratering, surface sub-
sidence, or breakthrough are expected. Ground-water movements in the pro-
posed area have beén 'thor'oughly studied and it was concluded by the Alberta
and Ottawa technical committees that there will be no ground—watei' contam-

ination problem. -
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On approval by the Canadi’an authorities and the AEC, Project Oil Sand
cquld be conducted six months from the time authority to proceed was obtained.
A th;rd projeét 1s directed toward obtainihg more information on the
cr.a-ter.ih-g effects of nu;:lear explosions as part of the excavation program.
Project Chariot is a nuclear excavation experiment to be done at a location on
the northwest coast of Alaska near Cape Thompson (Fig. 8). To proceed with
plans} fgrifull—'scale’excavation projects such as harbors, canals, 'strip mining,
or flood control reservoirs, more data are required on fhe. results of large-
yield nuclear cratering detonations aﬁd on simultaneous detonations of lines
of charges. .Such a‘demonstfa{tion of the capabilifieé of nuclear explosives for
excavation projects with greatly reduced release of raciioactivity to.the atmos-
phere is necessary before proceedingAwit'h earth-moving projects near populated
regiohs. : |

As presently planned, three 20-kt and two ZOO-kt nuclear explosives W w
buried at optimum depths for cratering and containmen£ of radioactivity will
be simultaneously detonated to produce a éingle c.ra-ter wﬁich, if desired, will
‘be usable as a small harbor. The px;oposed layout is shown in Fig, 9. Included
in the figure is an outline of how a full scale harbor might api)ear. The dark
circles represent the expectéd excavatildns for the two different size charges.
The overlay of the pi'oposed experiment is on the topogréphic survey‘of the site.

The rnain objectives of this' experiment (Project Chariot) are: .

1. Extension of nuclear cratering knowledge to a different medium, to
higher yields, and to the effects of simultane.ous multiple ‘detonations.

2. To gain new data on the distribution of the raaioactivity deposited in
| the area of the crater and released to the atmosphere,
3. To increase the kﬁowledge of air-blast prgssure's versus distance:

from nuclear cratering detonations for deeply buried cratering explosions.
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The .only ‘reliable nuclear cratering data presently available.are .for
-1, 2-kt explosions.in alluvial fill at:‘the Nevada Test-Site. Project Chariot has
been designed to extend this knowledge to yiélds more consistent with-useful
excavation projects and to gain experience in a h'arder medium than_;.a;lluvium..
In addition, Chariot will give important data on the gains to be realized by the
.- simultaneous detonation of a line.of nuclear ‘explosivés.

The amount of radioactivity released to the atmosphere by a nuclear
cratering detonation varies strongly with the depth-of-burst. -Based on'a 90-
ton explosion (Neptune) in‘Nevada, it appears possible to excavate almost a .
maximum volume with only 1-2% of the gross radioactivity escaping'to the air.
In Project Chariot, for which similar.scaled depths of burial will be used, it
. is planned to measure ‘the.distribution of radioactivity in the ''fallback' maté-

rial in the crater, on the surface in the vicinity of thé crater, on the surface
within 100 miles, ‘and in the atmosphere,

In addition to the above, a thorough survey of biological and ecological

effects'is being made under the auspices of the Division of Biology and. Medicine.
"The biological program is directed toward determination of those. factors such
as time of year and direction of fallout, such that biological cost will be mini-
mized..

During the summer of 1959, preliminary site surveys, including geolo-

gical, me-teo,rologiéal, ecological, and oceanographic.surveys, were lcompleted.

The three specific projects described above are.the only ones in final

state of planning. They are still of the nature of proposals and none have yet
‘been released to construction by the AEC. Several scientific ‘exp'e’riments
that could be conducted using nuclear explosions as sources are described

below, -
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. .SCIENTIFIC EXPERIMENTS

That nuclear explosions ‘can be employed as é. source for a variety of
scientific experiments has been pointed out by many individuals. Suggested
experiments, to name some, include investigations of the properties of spaée
and tHe structure of the 'ea‘rt}'i,- i‘sofo‘pe production parbticulafl‘;r transplutonics,
neutron resonance measurements, and equations of staté at high pressures; :

" these W_éré'de’sc"ribed at 'the Second Plowshare Symposium in San Francisco
(May 13-15, 1959). ! Some experiments havé already been conducted in con-
‘junction with huclear v‘veap‘bn"s'developr'ne.nt“tésts. In the Plowshare Program
there will be more and better opportunities to conduct suck experiments. Now
let us examine some of the suggestions.

"1. Space Research

“The possible use of nuclear explosions as sources to study properties
"of space has been discussed by several individuals (Argo, Hoerlin, Longmire,
Petschek and Skumarich Aof Los Alamos Scientific Léborafory; Cook of Sandia
C'o'r‘p’oratii‘on‘;‘Chri'sto'fil‘ols' of Lawrence Radiation Laboratory; Squire at Aero-’
.jet ‘General Nucleonics). That important and spectacular aurcral and geomag-
netic distrubances can be produced by such explosions was afnply demonstrated
by the high—éltitude' explosions set'; off by the United States in 1958. While the

¢ited detonations were conducted as part of classified military projécts, much

lePlowsha;‘e Series: Repprt‘ No. 2. Proceedings of the Second Plowshare‘
Symposium, Part V: Scientif.i; Application‘s of Nuclear Explosives in the Fields .
of Nuclear Physics, .S.eis'mo-logy, 'Me’t‘em;ology, and Space, ”_ ﬁep01°t No. UCRL—
5679,_'al\(ailab1e__from Office of 'Iecl_migal Service, Dept. of Corr}merce, Wagh-

ington 25, D.C.
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of the phenomenology has been published. .The importarit characteristics of
explosions in space are:

1. One-half of the energy is released as thermal radiation characteristic

- of source temperatures of several million degrees.

. 2. One-third of the energy is carried as kinetic energy of the bomb
debris.
| 3. The remaining.energy is divided between prompt and res.idual nuclear
radiations.

By using the sharp pulse of thermal radiation, precise'mea‘surements of
the velocity gf prop_agation}of electromagnetic radiation in space can be made,
because very long base lines can be used. Squire and Softky suggesfed an ex-
periment which would establish relative velocities of photons in four frequency
ranges;: (1) rf ranges (100-1000 Mc); (2) the optical range; (3) thé x-ray r'a,nges
(few kev); and (4) and the gamma;-r'ay ‘rangesA(few Mev). The measured relg.-
tive velocities should be good to * 10 meters/sec. To confirm, or deny, the
independence of the velocity of electromagnetic radiations on frequency over
such a wide band Would be important‘to the theory. The rich source Aof, beta
rays can be used to excite the auroras to levels exceeding natural excitationsA
by many orders of magnitude. The advantagés in such studies of the capability
of predetermination of time and ppint of injection are obvious. The explosive
effects in perturbing t;he earth's magnetic field provides a means of generating
and studyiﬁg the characteristics of m_a}_gw waves. The nature
of the radiation belts and the ma.nher of trapping and injeétion of particle's can

be investigated. One interesting sug'gestioh discussed by Los Alamos Scientific

Laboratory is the simultaneous detonation of two éxplqsives in space at some

separation like 100 kilometers. The two plasmas generated in this fashion

‘would then rush toward each other and interpenetrate, leading to magnetohydro-

dynamic turbulence.
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2. Production of Transplutonic Isotopes

The numbers-of neutrons and thé fluxes produced in explosions are very
~high. For-example, -fission explosions produce about 2 X 1-023 mneutrons/kiloton
and .a typical internal flux, which could be usedto activate internal targets,
would be 10?73 neutrons/cmz . " Thermonuclear explosions produce about ten
times as many neufrons and internal fluxes range from one to two factors of
10 greater than for a fission explosion of the same energy release. Such fluxes
are many orders of magnitude greater than are presently available in labora-

" tory sources.,

It is important to recall that the discovery of einsteinium:(99) and ferm -
ium (100) was made possible by their production in the first thermoﬁucléaf :
explosion of 1952, The highest mass number obtained was 255, ‘which resulted
from 17 successive neutron captures. This explosion was a weapons develop-
ment test on the surface, and the samples recovered were minute indeed.-

Us;,ing a speciarlly designed sfstem‘and with the'flexibility of detonating
underground, it is possible to consider production and recovery of milligram
amounts of sz_52 from a single -explosion. Presently under way is a reactor
radiation program of several years duration to produce such amounts of this
interesting isotope. Californium-252 has an effective »half—life of 2.2 years"
(97% alpha dec‘;ay, and 3% spontaneous fission) and a partial half-life for
spontaneous fission of 66 years. These properties make this isotope uniqué
"as a laboratory source for fission neutrons and fissioﬂ'fragments. Further-
more',: with appropriate design measurable q\;antities of an isotope of mass
270,  which would be expected to be stable at Z of 104, might be produced:and
ideptified. | |

3. Neutron Resonance Measurements

The measurement of neutron resonances over the past ten years has con-

tributed materially to the development of nuclear theory and has provided
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cross lsection data fundamental to the design of reactors. The exp.érimental T
techniques have generally erﬂployed a time-of-flight method but various sources
were used t'o provide the neutrons. I—Iughes* has compared the several methods
used in the past, with what seems to be possible usingA a nuclear explosion as
a source. His general evaluation and conclusions are stated in the following:

The pulsed source planned for the Dubna Labo'r.atory near Moscow, which
is a pulsed subcritical assembly}, under planned operating conditions for con-
tinuous operation, would produce 3 X 10?'0 neutrons per year. Comparing
this number with that number of neutrons available from a nuclear exi)losion
_(~ 1024 neutrons ), it is seen that 3000 years of operation of ‘the Dubna source
- would be required to produce the same number of neutron.s as a single explo-
sion. |

Similarly a comparison with the output of a fast chopper might be in-
structive. A nuclear explosion emitting 1024 neutrons, on -appropriate moder -
ation, will produce of the order.of 4 X 1010 neutrons/c:m2 in a l-ev interval
at 10 ev af“lOO meters. - This intensity can be compared with the same flux
under the same conditions from the new NRU.reac:tor at Chalk River using the
 Brookhaven fast chopper. From t.he measured .counting rafe at that installa-
tion, it can be shown that 107 neutrons/cmz/year are available in the energy
interval and distance as above. Thus here also, 4000 years of cokntinuous oper -
ation of the fast chopper at Chalk River wquld be required to provide the same
integrated flux available from a single nuclear explosive'source.

With these considerations in mind, Hughes has designed an exﬁeriment
using the 10 -kt explosion .of the Gﬁome event as a source to measure neutron

: 235
resonances for U233, U , U238, and P\J.Z39 in the 1 ev to 1 kev range.

P .
D.J. Hughes of Brookhaven National Laboratory.
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It is planned .to use a.1000-ft long vacuum pipe placed in a turinel extending -
~radially from the center of aetonatidn for the time-of-flight path., - Transmis -
sion measurements for each specimen will be made as a function of energy ™
using conventional elecfr'on'ic time -of -flight systems. : The output of eachof
these chaﬁnels is then compared with an open beam monitoring. It'is antici-
pated that the resolution will be ‘at least four times better than yet achieved

in such measurements:by any other method.

4, Other Cross-Section Measurements

Cowan. (of Los Alamos Scientific Laboratory) during the Fall: 6f 1958
weapons test series in Nevada took advantage of one of the explosions to meas-
ure the fission cross section and syrn‘metry,'of f;iss'ion‘ .ofAU235 "as a :func_tion_
of neutron 'energy. The tAechniqu'e involved mounting a ring of U-23 ~‘on a wheel
which .was rotated-at high speed behind.a 5lit at the time of detonation. The

“time -of -flight:path .used was 100 feet. After the explosion the wheel was re- .
.covered, ‘and the activities on the ring were measured by counting and-radio -
chemical methods. Ratios of quantities of appropriate isotopes like Agl 1
/Mo’99' were compared as a function of energy to get a medsure of symmetry
of fission.,

With the success of this experiment, Cowan has designed a similar ex-
periment to be done with higher resolution on the ‘Gnome event using the 1000 -

~foot vacuum flight path. |
- With a simillar,te"c'hnique, Lindner of the La:wrehce Radiation Labora»td.ry
int'ends;‘t'o measure, in the Gnome event, rieutron captureé cross sections for -

232 184 186 181 180 197
w s , a & S .

several isotopes, including Th =, T , and Au = .

W H
The measurements of the angular distribution of 4.4-Mev gamma rays

from the C{(n,n'y) reaction and the inelastic ‘cross section will be accomplished

also on the Gnome event by John Anderson and W. McMaster of LRL. ‘In this
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experirhent a neutron beam impinges on a carbon .target at 500 feet from the
source. An array of five Cerenkov detectors will be distributed at appropriate
angles to detect the gamma rays. 'ifhe angular distribution will be measured
as a function of neutron énergy from threshold, 4.8 Mev, up to about 15 Mev
with a neutron resclution varying bétween 0.1 and 0.3 Mev. The use of a nu-
clear explosive is advantageous because of the complet-enes‘s of the data that
can be obtained over a range where the uncertainties in the resonance structure
of carbon make a laboratory experiment di'ffig':ult.'

The overall arrangement of the various neutron experiments.for the
Gnome event is shown in Fig. 10.

5. Earth's Structure and Seismology

Byerly, * C}riggs,T and Press!l have considered several possibilities for
the application .of nuclear e;cplosions t'o studies of the earth and seismology.
The major portion of the understanding of the internal cénstitution of the earth
- has been Based on analysis of signals generated by earthquakes, Contributions
have also been made using the nuclear explosions set off during weapons devel-
opment tésts as sources (Burke -Gaffhey. and K. E.- Bullen). In 1955 Dr. K. E.
Bullen proposed that several nuclear explosions be set off for seismic purposes,
but he failed to get sufficient support. However, through the cooperation of the
Austré.lian and British governments, the outputs from four bombs fired in Cen-
tral Australia in 1956. were used to obtain the first reliable information on the
depth of the Moharovicié discontiﬁuity in Australia. The uses of controlled

nuclear sources for seismic purposes are many indeed. Major uncertainties

ﬂgOf the University of California,  Berkeley, California.

t
+

Of the University of California, Los Angeles, California.

Of the California Institute of Technology.
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in usual seismology dep.ending,,on- earthquakes-are time, source energy, and
loca_ti‘on‘and. ‘depth of f_ocus 'of the _generattng source. With a nuclear source,
on the oth:e:r hand, th_e loqatron, time of detonation, and energy release can be

_ »a.»courately oontr‘olled.'l T,huh,_s the range oAf inetrur.nents,loan be properly set,:_and

_ v_a.ll instrurnents‘ can be calibrated before and after the explosion. The travel -

' tirne cu‘rves'the_n can rey_e.al_‘ more,detailed infofrrnation about theetructur_e of.
the'earth because source uncertai"nties are removed. . Inaddition, the sources
can be placed anywhere, and the seismologist need not rely only on signals
from active seismic areas.

An important area of the earth in Which.a source could be used effectively
to reveal traluable .inforrnation is the Antarcﬂtic, .vt/hich ts an aseiemic* Lregion.

_ Press and‘Gnggs have 1nd1cated thata nuclear detonatlon deep in the ice, at a
depth such that there would be no release of rad1oact1v1ty to the atmosphere,
would yreld data on the averaée d1str1but1on and th1ckness of ice, dlstr1but1on
of land mass under the ice, and crustal th1ckness 1nforrnat1on. For' a .suff..i—
c1ent1y large shot (100 kt) strong signals would be received all over the World
and 1nformat1on on inner and outer core, and other structural deta1ls could be
resolved; .This ex:perirnen;t should be done and. should be conducted as an-mter-
'nationaI: exper»iment 1n the tradrtions: of the IGY and of .seie,mology. |

All Plowshare nuclear shots, wherever they are fired, V\till be anno.unced
~we11 ahead of t1me and fired at speC1f1ed pubhshed trmes so that the se1sm1c
scientific. commumty W111 be able to take full advantage of the 51gna1 o
Th1e is by no means a'complete 11svt ~of posmble exper1ments, but it will
serve‘to 111.ustrate the range of poss1b111t1es.. The Plowshare PI‘OJeCt as it
dAe\'relopls- can be c;tpected to prov1de nurnerous oobortun1t1ee for an 1ncreas1né

number of sc1ent1f1c exper1ments as well as for pract1ca1 app11cat1ons.

"Not subject to earthquakes.:
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