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PLOWSHARE PROGRAM 
Plowshare is the name given to the Commission’s program for de- 

veloping industrial and scientific uses for nuclear explosives. It is 

Post-Shot Exploratio,n. Work on the 1,280-foot wide, 320-foot deep Project 
Sedan crater during 1063 conclusively proved that thetmonuclear explosives 
can be used safely for large-scale earth moving projects as has been envisioned 
under the AEC’s Plowshare program. Created on July 6, lDB2, the Sedan 
crater was first entered during February 1063 and radioactivity was found 
to be so low that personnel could work on the crater floor with safety. 
Subsequently, machinery was lowered don-n the steep bank for exploration of 
the characteristics of the bottom rubble. The lOO-kt nuclear explosive had been 

buried 635 feet below the Nevada Test Site desert. 
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based on the idea that the tremendous and relatively inexpensive en- 
ergy and phenomena released in a nuclear explosion can be used for 
constructive purposes. 

The program encompasses : laboratory research and analyses of 
data; design, development, and testing of nuclear e.xplosive devices 
for peaceful purposes; and field experiments. Primary research and 
development efforts are carried out at the Lawrence Radiation 
Laboratory, Livermore, Calif. Other research and development is 
underway at the Oak Ridge National Laboratory, Oak Ridge, Tenn. ; 

the Sandia Laboratory Corp., Albuquerque, X. Mex.; and the Sa- 
vannah River Laboratory, _4iken, S.C.; and in the laboratories of 
other Government agencies such as the U.S. Bureau of Mines, the 
U.S. Geological Survey, the U.S. Public Health Service, the U.S. 
Weather Bureau, and the U.S. ,4rmy Corps of Engineers, and in the 
Laboratories of several contractors and sub-contractors. Field tests 
involving nuclear explosives are carried out by the Nevada Operations 
Office at the Nevada Test Site and at other locations. The San Frnn- 
cisco Operat,ions Office has certain responsibilities for program and 
policy development, especially concerning the use of nuclear esplo- 
sives in cooperative projects with industry. ! 

~4PPLICdTIONS UNDER STUDY 

Nuclear explosions can be designed so that the explosion is con- 
trolled and the energy made available for a specific purpose. Xuclezr 
explosions can be divided into two broad categories-contained esplo- 
sions and cratering explosions. Contained nuclear explosions shatter 
rock underground which could have value in mining and oil and 2:~ 
production. It also appears that certain valuable radioisotopes c:in 
be produced in and recovered from contained nuclear detonations. 
Most plans for using nuclear explosions for scientific research involve 
contained detonations. Industrial uses for cratering explosions de- 
pend primarily upon using the energy from nuclear explosives to move 
earth. In this may it appears possible to simplify construction of 
harbors, transportation and water conveyance canals, and storage 
reservoirs. 

Status and Plan-s 

Primary effort in 1963 was devoted to the development of nuclear 
explosives for both scientific and industrial use, to research 2nd 
analysis of data from past field experiments, and to design of future 
field experiments needed to acquire additional data. No nuclear field 

experiments mere conducted by the Plotrshare Program in 1963, 
except developmental tests of nuclear explosives. The state of devel- 
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opment of nuclear explosives with desired characteristics continues 
to influence the ability of the program to carry out certain kinds of 
field experiments. 

The limited nuclear Test Ban Treaty introduces another factor 
which needs to be considered in designing field experiments, especially 
cratering experiments in which a small percentage of the rndioactivit.p 

produced is vented to the atmosphere. Project Schooner, a proposed 
100-kiloton cratering experiment was deferred for the time being be- 
cause of several factors, including the limited Test Ban Treaty. 
Project Buggy, a proposed rolv-charge experiment, is also being re- 
designed to meet changes in technical requirements. Preliminar! 
concepts of other cratering experiments were also being considered. 
Project Coach, a contained experiment in salt, was deferred because 
of the lack of success thus far in achieving a nuclear explosive -wit11 
the necessary characteristics. 

The evaluation of the potential of various Plowshare applications 
remains much the Same as last Fear.l Howe\-er. atlclition~~l nttentioll 

to oil and gas production has made such applications appear mow 
promising. ! 

Domestic and foreign interest in various applications for nuclwt 
explosives increased in 1963. For example, in the latter part of IN:: 
a group of scientists representing the Australian Atomic Enerq 
Commission reviewed the program in detail to obtain an appreciation ’ 

of the scientific, engineering, and safety aspects in the use of nuclwt 
explosives. A. joint study group Fas formed with representativtI5 
from the Atomic Energy Commission (represented by the S:~II 
Francisco Operations Office and the Lawrence Radiation Laborator I. 

The Atchison, Topeka and Santa Fe Railway Co.. and the Califot*lli:\ 
Department of Highways. This group studied the feasibility of 
using nuclear explosives to excavate a pass in the Bristol Mountains 
near Amboy, Calif. 

During 1964 it is expected that attention will be given to the develop- 
ment of nuclear explosives which produce less radioactivity, that 
small-scale excavation experiments will be designed and executed, ant1 
that scientific experiments Till be carried out. Also research nn(l 
development will continue, additional inclustrial applications will he 

evaluated, and preliminary design of the large-scale esperiments 
discussed in last year’s Annual Report Till be pursued. 

CRATERING EXPLOSIONS 

Of the many potential industrial applications for nuclenr explosive5 
excavating earth is the most certain of being accomplished with large 
economic gains. Conventional high explosives have been used for 

1 See pp. 241-263. “~~nnual Report to Congress for 1062.” 
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about a hundred years to aid in excavation. First, to break up earth 
and rock so that it could be moved. More recently, they have been 
used in larger quantities, not only to break up the earth and rock, but 
to move it. This latter technique is generally known as cliff usion blast- 
ing and has apparently been most highly developed in the Soviet 
L~nion. 

It has been recognized since the. inception of the PloA~are Pro- 
gram in 1957 that the application of nuclear explosives to most, excava- 
t.ion projects depends largely upon the successful development of 
nuclear explosives with less radioactivity and refinement of cratering 
technology to permit more accurate cratering predictions. 

Cratering explosions can be used to excavate canals, for both trans- 
portation ancl lyater conveyance, to make highway ancl railroad cuts, 
ancl to make harbors. Other uses include removing overburden in 
mining operations nncl constructing water reservoirs. 

Effect of Limited LVuc7ear Weapon Test Ban Treaty 

The nuclear Test Ban Treaty prohibits n-eapon tests or any other 
nuclear explosion in the’ atmosphere, outer space, or underJTa.ter (bokh 
territorial ancl open seas). It permits underground nuclear explosions 
provided they do not cause raclioactive clebris to be present outside 
the territorial limits of the nation under whose juriscliction or control 
the explosion takes place. All cratering explosions result, by desi& 
in sufficient disturbance of the surface of the earth to permit some 
raclioactivity to reach the atmosphere. The amount of rnclionctivity 
depencls primarily upon the yield of the explosive, the depth at which 
the explosive is emplaced, and the amount of fission which takes place 
in the explosion. Other factors are the chemical and physical prop- 
erties of the medium. Upon detonation, the radioactivity produce(l in 
the underground detonation region is selectively trapped according 
to its form in the process of crater formation. That which is released 
to the atmosphere falls out.! mostly near the detonation site, according 
to the size of the particles to which it aclheres! or clisperses in the 

atmosphere. 
With proper design, taking the above factors into accolmtY ~1~1 

sufficient clistance to territorial boundaries, it appears that sonle me:ln- 
ingful cratering experiments can be carriecl out to help clevelop esca- 
vation technolo5T without causing radioactive debris to be present 
beyond national bounclaries. 

. Major ,4ctivities 

There Kere no nuclear excavation experiments in 1963, and the main 
progress was made in theoretical understanding through laboratory 
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research and high explosive exepriments conducted by the U.S. Army 
Corps of Engineers’ Nuclear Cratering Group and the Lawrence 
Radiation Laboratory (LRL) , Livermore. 

\I F 1 N ! T E DSSE FROW ARRIVAL (R) 

0 5 IO 20 30 40 50 

SCALE IMILES 

(a) 

Fallout Patterns. The above drawings show, from left to right, the reduction 
in radioactivity released from crater forming nuclear detonations as the fission 
yield of the thermonuclear device is reduced. The pattern on the left (a) is 
similar to that for Project Sedan of the Plowshare program, in which a lOO- 
kiloton thermonuclear device with less than 30 kilotons of fission yield was 
detonated during July 1962. As a result of development of devices with less 
fission yield, and through the use of special emplacement techniques, it is believed 
that, at the present time, the amount of radioactivity released could be reduced 
to the levels indicated in pattern (b) . Work is underway on device development 

and emplacement techniques to reduce the radioactivity released to the levels 
shown in pattern (c) which would be about a 100-fold reduction of that actually 
released by Sedan. These typical fallout patterns indicate the radiation dose 
a person living outdoors at a particular location for a lifetime could receive. 
In actual field operations, homever, entry into such areas covered by these 
patterns are controlled so that the population does not receive unnecessary 

exposure. 

Tlworstical Understand&g of Cratering 

The basis for increased theoretical understanding is work conducted 
in cratering physics at LRL using primarily data from the Sedan and 
Danny Boy projects, and the pre-Buggy high explosive experiments. 
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The theoretical model of cratering under development involves con- 
ceiving the explosion as producing two primary effects : one, the trans- 
mission of the shock wave in all directions, but with a free surface 
above the explosion, the shock creates a spall, i.e., a lifting off of the 
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surface layers, followed by: tFo, the expansion of the cavity contnin- 
ing high pressure gases to the point where it intercepts the surface, 
increasing the amount of material leaving the crater and boosting that 
already freed by the spalling action of the shock wave. This material 
then assumes trajectories in which a part of it falls outside the im- 
mediate area, thus forming a crater. 

Mathematical models to simulate these effects and computer codes 
are under development, and increased success was achieved in match- 
ing this theory to results obtained from field experiments. Among 
effects to be studied are the differences caused by the type of earth 
meclia, especially its particle structure, the effect of the chemical 
composition of the earth media, and the entrapment of radioactivity, 

Additional data are needed from field experiments in different media 
and at different yields in order to provide input for further theoretical 
treatments. In particular, it is necessary to obtain data which will 
allow theoretical understanding of the physics of the simultaneous 
explosion of a row of charges. Among the most important phenomena 
in a row of simultaneously detonated charges is the manner in which 
the cavities cre,atecl by the individual charges in a row coalesce and 
the gas pressure from them acts upon the material being throw out 
of the crater. 

~ r -- _-- . _- 

Sedan 

Sedan was a project in which a lOO-kiloton thermonuclear explosive 
was detonated 635 feet underground in alluvium at the Xevacla Test 
Site (NTS) on July 6, 1069. The project IT-as clescribecl extensivel) 
in the Commission’s I!162 A~lllll~i~l 12el)ort.” Durin,2 tlw ywr. ;i(lcli 
tional data became a\-ailable ancl were publishecl with 23 teclmical 
reports out of a total of 31 ~~IilllllCtl having been issuetl.: &Is illcli- 
catecl above, these data mere available for use in the theoretical studies 
which are underway. 

Post-shot exploration of the Sedan crater was begun in Febwart 
by LRL and the Corps of Engineers’ Nuclear Cratering Group. JIen, 

trucks, equipment, and drilling rigs were lowered to the floor of the 
crater to obtain measurements of the fallback material, rnclionctivity, 
porosity, nncl permeability of the crater. On May 7, IS representa- 
tives of 14 news meclia organizations visitecl the Seclan crater. The 
feasibility of re-entering ancl working in a crater made by nuclear 
explosives was conclusirely clemonstratecl in the course of these 
activities. 

? See pp. 247-230 of AEC Annrinl Report TO C~~nzress for 19G::. 
z Copies of these reports are nrnilnhle from rhe Office of Technical Serviws, U.S. Dc- 

pnrtment of Commerce. Washington. D.C.. 20230. 
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SEDAN 

DANNY BOY 

One of the primary Plowshare objectives of Sednu and 
Danny Boy experiments at the Nevada Test Site was to determine the crnterinq 
characteristics of nuclear explosions in alluvium and basalt, respectively. .\s 
is shown on the schematic, with the exception of the lip configuration, the Sednn 
and Danny Boy craters are quite comparable. Apparently, the difference in rook 
types had very little influence on the resultant craters. The Sedan esperilllent 
was conducted at the Nevada Test Site on July 6, 1962, and the Danny Bar event 
on March 5, 1962. 

Danny Boy 

Post-shot exploration of the Danny Boy (0.4 kiloton military effects 
cratering experiment in basalt at the Nevada Test Site on March 5, 
1962) crnter was undertaken and completed during 1963 by the Corps 
of Engineers’ Nuclear Cratering Group. Data rrere accumulated on 
the stability of the Danny Boy crater slope, the suitability of tile 

- 
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rubble material as fill, and tile nature of t lie lip area as it \~oultl :lffect 
foundation and utility design. . 

High explosive experiments were carried out in Jt~lluary and Feb- 
ruary and June and July of 1063 at the Sevnda Test Site to investigate 
the spacing of charges in a simultaneously detonated row for exca- 
vating a smooth channel. The results showecl that Jvhen tile spacing 
between charges is eclual to 1 to 1.95 times a single crater radius, :L 
smooth cllnnnel is produced with a width equal to, or greater tlwi 
the diameter of a single charge crater. When the spacing is as large 
as 1.5 times the single crater radius, an irregular clwmel with some- 
n-hat smaller climensions was proclucecl. Also, experimentally tested 
with high explosives was the concept of excavating a canal in sections 
with the last section not throwing large quantities of material back 
into tile previously excavated section. 

ILow Charge Excaz;ation. One of the phenomena of row charges is shown in the 
ground level view of a row charge esperiment in which 13 one-thousand-pound 
nitromethane high explosive charges were detonated simultaneously in a 1963 
Plowshare program experiment at the Sevacla Test Site. Note the virtual lack 
of throwout at the ends of the channel. This phenomena would be quite iul- 

portant in the construction of canals. 

Post-Xc00 ter 

In conjunction with the post-sedan activities, a drilling program 
was conducted at the Project Scooter (0.5 kiloton high explosive ex- 
periment in 1960) crater, which is close to the Seclan crater in orcler 
to map the true crater boundaries. Comparison of true crater bouncl- 

;“4-,Y:ri--ii4--_2 
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arks is expected to help determine diflerences between craters pro- 
duced by high-explosives and craters produced by nuclear-explosive. 

Sandia Experiments 

The Sandia Laboratory carried out studies of the cratering mecha- 
nism using high explosives to obtain data which could then be treated 
in laboratory anal&is. These included studies of : 

(I) Cratering with vertical emplacement of t\\-o charges, fired in 
close sequence, to examine feasibility of using this technique to 
excavate through high terrain ; 

(2) Ditch excavation rrith “row charges” (horizontal emplacement 
of several explosive units through terrain of varying elevations; 
and 

(3) Investigation of the trade-off in reduction of air-blast versus loss 
in cratering effectiveness by non-simultaneous detonation of the 
explosive units in a row charge. 

Other studies are planned on “area charges” in which several explo- 
sive units are located on rectangular gricl patterns to determine tile 
feasibility of producing desired horizontal dimensions in a crater 
using an explosive array of lower total yield than required fromen 
single charge to produce a comparable crater. 

Chariot 

TIE decision wllether or not to proccetl any further with Project 
Cllariot, a study of a nuclear excavation experiment on the northTest 
Ala&an coast near Cape Thompson, continuecl to be held in abeyance 
pencling the results of future fielcl experiments. The Commission 
withdrew its application for a withclraw-nl of the land from public 
domain nncl reclucecl the area for which it 1~s special use permits. 
Camp facilities at the Chariot site xere transferred to the Office of 
Saval Research on May 7 for use by its Arctic Research r,aboratory. 
The Canlp facilities \yill continue to be available for limited use by 
the Commission for its continuing studies on the effect of world-n-icle 
radioactive fallout on the arctic ecolo_T. 

Future Excavation Experiments 

The design of future excavation experiments continuecl cluring 1963 
with input from the research program helping to further define the 
types of information neeclecl ancl tl1u.s influencing the concepts of these 
projects. Site selection for Project Schooner (lOO-kiloton excavation 
experiment) progressed to the point where a preferred site was loc.ated 
in southwestern Idaho. Ho\J-ever, because of certain considerations such 
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as the limited nuclear Test Ban Treaty, the Commission deferred 
Project Schooner in favor of concentrating on the development of 

nuclear explosives with less radioactivity, smaller scale experiments 
in excavation, and experiments in scientific and other engineering 
applications. 

Concepts of small-scale excavation experiments are presently under 
development by LRL to provide data on point-charge and row-charge 
detonations. Such esperiments probably would be conducted at the 
Nevada Test Site and because of their relatively small size, they would 
not require elaborate preparations. 

Large-scale experiments will be necessary to confirm extrapolations 
of theory to yields of 100 kilotons and above. Plans for such experi- 
ments ITill continue to be developed. 

Since a row of nuclear explosives has never been simultaneously 
detonated, experiments in this area are particularly necessary. There 
are four main variables in the basic phenomena of using row charges: 
(I) Dimensions of elongated craters as a function of yield, depth of 

burial, and spacing of charges ; 

(2) Amount of rndionctivitp vented from such detonations; 
(3) Effect of uneven terrain on crater size and slope stability; and r 

(4) Effect of cratering througll different media. 
The code name Buggy is 1101~ i~ssociated with the experiment which 

TonId study t.he first two variables. Galley is the code name now as- , 

sociated with the experiment wllich would be designed to study the last 
two variables. The lnagnitude :wcl location of these experiments 
have not yet been tleterminecl. 

CONTAIWED Exr~os~oss 

One clearly ljroven use for containecl nuclear esplosiolls is scient ilic 
research. Nuclear explosives used in an unclergrouncl environment 
constitute a new ancl unique scientific laboratory. Most experiments 
being designed to make use of the tremenclous number of neutrons 
produced in a nuclear explosion, \vliich is many orders of magnitude 
higher than that available from ally other known neutron source. Be- 
cause of the tremendous flux, it appears possible to produce sonic3 
isotopes of the very llenvy elements which cannot be mncle in any other 
way. The neutrons also ~111 l)e uhecl to study Iwlltroll sl)ectros;copy, 
fission processes, neutron-neutron reactions, ancl other areas essential 
to the field of nucle:w science. 1\Iany esperimcnts may not be possible 
by any other means. Tile est renlely lAgI tenil)er:I t ures nncl prcmu-es 
crentecl hold interest for investigating basic chemical rractions which 
c;wilot be otllerwicc accomplished. 
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The effects of it c,otttuitte(l 
nuclear explosion in granite 
are illustrated in the wlte- 
mutic woss section (on the 
left) of the Hardhat site. 
I’ostshot investigations re- 
vealed a cx\-ity r1ttliuS fJf 68 

feet and a chimney height 
;1~,W-t! the shot lwitit of “,\l 
feet. l:otk in the c.hittitlrJ 
wtd broketr suff?cietitly to al- 
low untlert2tking ;t bl0c.l; (xv- 
itig tnining eqwritttettt. I )oti- 
ald Rawsott. I,:tn-rettcc R;t(li- 
tion Laboratory ge(~Iogi~t. 
exattiines !in the phc~togr:tI~lt 
below) broken granite in the 
chimney produced by tlltfi 
nudear detonation. Ii;1 \\.- 
Son’s position is s!j feet :lkJ(JVt 

the shot point and 10 fwt 
inside the chimney. 

Thr H~trrcllint esperititt~ilt. 
together with the eslwri~tic2~ 
gained in Projects Iiitillit’t 
111 1.7-kiloton ex~d(JsillIi ih 
tttff) and Gnome t n :3.1-kilrb- 
ton explosion in bedtletl SitIt I 
has yrovicted suffi&nt ittffjr- 
tiiutioti to warrant Itti(l(~rt& 
itrg a I,ilot-vale iti(llt~triill 
project. 

, -4 
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The most promising industrial applications for contained nuclear 
explosions are those involving the development of our natural re- 
sources. These concepts include breaking up ore bodies for mining by 
block caving or in-situ leaching methods; producing crushed rock 
for large construction projects, and fracturing gas and petroleum 
bearing rock formations to increase production or make production 
possible from otherwise unrecoverable reserves. 

Phenomena of Contnined Explosions 

Understanding of the phenomena associated with contained ex- 
plosions is based up011 empirical studies of past detonations, develop- 
ment of instrumentation to follow explosion history from detonation 
through cavity growth to cavity collapse, and development of theory 
ancl computational techniques to hanclle the data. 

Geological stuclies of the post-shot environment and their interpreta- 
tions have yielded significant results. Xasimum cavity radii were 
cleterminecl for 35 explosions, nncl a method for predicting cavity raclii 
as a function of yield and clepth of explosion has resulted. Such radii 
now can be predictecl within 10 percent for any single rock type. 
Furthermore, experience in tuff, alluvium, salt, and granodiorite shows 
that the rock type affects the cavity radii by only 20 percent. The 
cavity usually collapses shortly after formation. In the case of Gnome! 
hoFever, relatively little of the cavity has collapsed because the salt 
formation was strong and plastic enough to arch without breaking. 
However, in the case of tuff ancl granocliorite, a chimney of broke11 
rubble is formed after cavity collapse. The chimney of broken rock 
is roughly cylindrical and evtencls above the shot point to a height of 
about 5 times the original cavity radius? if the detonation is of a suf- 
ficient depth. Cavities formed from detonations in alluvium have col- 
lapsecl within a few minutes. In alluvium a depression crater is 
created at the surface almost immediately after cavity collapse. 

Special instruments have been developed and used to measure shock 
effects of underground explosions in tuff, alluvium, grnnodiorite, and 
salt. The peak shock pressure, the velocity of the shock Ix-ave, and tllc 
velocity of the material behincl the shock rave have been measured 
as n function of the time. Two instruments, developed during the 
past year, are noteworthy. One of these is a small, inexpensive gauge 
to measure the peak pressure found in a shock wave 20 to 30 feet from 
n typical underground nuclear detonation. 

Tile other instrument is a gauge that measures continuously the 
velocity of the shock front at distances up to 400 feet from the cletona- 
t-ion lwint. ,I cable is 5trentc’I\ecl down :I Iwle pointing toward the 
iellter of detonz~tion. ,\s tlw shock n-:11-e spreatls out from the es- 
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plosion, it crushes the cable progressively. The point of crushing is 
measured continuously by an electronic circuit in a small canister and 
this information is sent to a remote recording station. 

The development of instruments to measure the characteristics of 
strong shock uses such equipment as ran air gun that fires a 3-inch- 
diameter flat-ended aluminum projectile into a target of similar 
shnpe. The impact causes a shock wave to pass into the target. 
Instruments to be tested can be installed in the target and their re- 
sponse to the shock wave recorded electronically. 

One result of this program has been the adaptation of the instru- 
mentation and calculational procedure for early determination of the 
yield of many underground detonations. 

Gnome 

A 29-minute film on Project Gnome, the first nucle.ar detonation 
exclusively for peaceful purposes, was made available for public 
showing during the fall of 1963 (see Appendix 8 for description). 

Project Gnome IT-as carried out on December 10,1961, at a site about 
28 miles southeast of Carlsbad, N. JIex. A nuclear explosive procluc-r 
ing energy equivalent to about 3,100 tons of TNT was detonated at 
the encl of a tunnel bored into a rock salt formation 1,200 feet under- 
ground. The wealth of scientific data derived from Project Gnaw 
to date is contained in 22 technical reports which are available from 
the Office of Technical Services, U.S. Department of Commerce, Was11- 
in&on, D.C., 20230. 

On December 10, 1962, the first anniversary of Gnome detonntioll, 
28 news meclia representatives toured and photographed the multi- 
colored Gnome cavity. The cavity temperature was about 120” F. 
with relative humiclity of about 60 percent. 

Coach 

On August 1, the Commission postponecl the conduct of the Project 
Coach detonation at Carlsbad, N. Mex. This cletonntion was orici- 
nally planned for 1963. It involves using a nuclear clevice to produce 
neutron-rich isotopes of known transplutonium elements and possibl! 
to produce elements heavier than those yet discovered. Postponement 
of the Carlsbad detonation was caused by technical difficulties relntetl 
to developing a suitable neutron-producing nuclear clevice. Further 
work on the device is unclerwny at the Lawrence IMintion T,:\borntor> 
at Livermore, Calif. 

Preparation for the Carlsbncl detonation has been underway 5inw 
tha completion of work on Project Gnome. In October 1963 the site 
and facilities near Cnrlsbnd were placed on a standby basis, with a 
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minimum number of caretaker personnel, to nwzit the outcome of the 
device development pork. 

The use of a nuclear explosive for producing transplutonium ele- 
ments involves exposing n target, sucll as, ur:miuin 238, to the intense 
neutron flux produced by nuclear react ions. The nearly-instnntane- 
ous multiple neutron CilptUre results in isotopes with higher atomic 
numbers and greater masses thnn the target element. Using nuclear 
explosives, the target undergoes neutron exposures erpiwlent to years 
of irradiation in the highest flus nuclear reactor and also al-oicls the 
barriers formed, in reactor irradiation, from the production of isotope:; 
with short half-lives. 

For Coach a special nuclear explosive is required to produce an 
intense neutron flus vAth relatively low total yield. Development 
of such a device has been underway since late 1962 with tests being 
continued at the Nevada Test Site. 

Experimental Results 

The potential of the nuclear explosive approach to procluciti,c ! 

transplutonium isotopes was shown by the Mike event, a high-vieltl 
thermonuclear explosive fired at Eniwebok in November 1052. Tlw 
debris from the explosion ~-as founcl to be rich in transuranium ele- 
ments, including two new elements, einsteinium ancl fermium (atomic ’ 

numbers 99 and loo), plus new isotopes of plutonium, americium. 
curium, and californium. Other high-yielcl thermonuclear tests have 
procluced heavy elements, but in lesser amounts than the Mike event. 

On November 27, 19G2, in the Anncostia event,, a thermonuclcnr 
device being developed for Project Coach ~-as fired underground at 
the Nevada Test Site. One of the objectives achieved was to ensure 
that the target X-ould be subjectecl to a uniform neutron flux, thus 
making Clint% analyses less ambiguous. Racliocliemicnl analysis of 
the debris showed that elements at least through mass number 246 
viere formed in quantities comparable to tllose from Mike. 

Other Development ?Vork 

TEO other aspects of Project Coach are being pursued. First, 
prompt sampling techniques n*ere developed to provicle samples of 
debris from the detonation region immecliately after the cletonation. 
The technique collects samples brought to the surface through a pipe 
leading from the cletonation region. By this methocl it shoulcl be 
possible to obtain small quantities of isotopes with very short half- 
lives. Prompt sampling combined with samples obtained by core 
drilling into the cavity region within n few clays after the detonation 
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will be the means used to look for new elements and new isotopes of 
known heavy elements. Second, in order to recover significant quan- 
tities of trnnsplutonium elements, the special nuclear device must be 
detonated in a medium that facilitates mining recovery operations. 
Salt is one such media, therefore the same area that had been pre- 
viously used for Project Gnome ~vas selected for Project Coach. Ma- 
terial from the Gnome cavity has been studied as a part of the work to 
determine possible mining and chemical processing techniques. 

Hardhat 

The Department of Defense experiment Hardhat (4.5 kiloton 
military effects test detonated 950 feet underground on February 
15, 1962, at the NTS) was of particular interest to the Plo\vshare 
program because the granodiorite in which the explosion took place 
is typical of the media in many mining situations. This explosion 
formed a cavity about 63 feet in radius which collapsed about 11 hours 
after the detonation. On collapse rock above the cavity fractured 
by the explosion caved progressively upward forming a chimney of 
broken rubble,to 280 feet above the detonation point. About 220,OW 
tons of granodiorite were fractured. 

Early in 1963, a Plowshare mining experiment at the I-Tardhat site 
was successfully completed. The experiment provided informntiov 
on the use of nuclear explosives to break and crush mineral deposits 
preparatory to extract.ing the ore by conventional, block-caving tecll- 
niques. The re-entry drift Kas driven completely througll the rlll)ble- 
filled chimney at a level 90 feet abore the shot point. Two st:~t~cl:~rcl 
mining draw-points lvere installed and more than 2,700 tons of broke11 
rock were withdrawn in a simulated mining operation. so 11:lz;LlYl- 
ous amounts of radioactivity were encountered. The results are con- 
sidered sufficient to allow undertaking an industrial scale project 

next. 

Shoal 

Project Shoal was a contained 12 kiloton nuclear explosion con- 
ducted 1,200 feet underground in granite near Fallon! Sev., on Oc- 
tober 26, 1963. Shoal was conc1ucte.d as part of the Bela program 
which is directed by the Advanced Research Projects Agency of the 
Department of Defense to improve the capability of detecting, lo- 
cating, and identifying underground nuclear detonations. The phe- 
nomena of this explosion will be of great interest to the Plowshare 
program. 

The Plowshare program sponsored a U.S. Bureau of Mines add-on 
experiment to the Shoal detonation to measure the extent and type 
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of shock-induced permeability changes in rock formations. Data 
from this experiment will be used by the Bureau in a study on the 
feasibility of using nuclear explosives in petroleum and natural gas 
production. 

The Plowshare program expects to obtain information from the 
Vela program Project Dribble decoupling experiments in Mississippi. 
Dribble is planned as three underground nuclear detonations (Salmon, 
Sand, and Tar events) in the Tatum Salt Dome 20 miles southwest 
of Hattiesburg. (See Military Applications Section of Part Two.) 

The Plowshare program will also sponsor a structures response 
study as an adjunct to the Salmon event (proposed ti kiloton explosion 
at a depth of 2,700 feet). Prior to detonation, several small frame 
and concrete block buildings mill be constructed and instrumented 
near the Salmon site. 

Future Experiments ! 

The next logical step in developing industrial applications for 
contained nuclear explosions \Tould be a demonstration or prototype 
project. In such a project, additional experience Fould be sought 
as well as confirmation of existing theory. It would not be expected 
that the first project necessarily Ayould have practical commercial 
value. Therefore, a mineral property would be sought. in which 
actual production and economic data could be obtained. The possi- 
bilities for feasibility studies include : 

(2) Block caving mining of the rubble-produced chimney; 
(2) In-situ leaching of minerals in a chimney rubble column ; 

(3) Enhancing petroleum or natural gas production by increasing 
reservoir diameter or interconnections and through increasing 
the porosity and permeability of the producing area; 

(4) Producing aggregate (broken rock for construction purposes) 
from chimneys which are allowed to progress to the surface; and 

(5) Creating a chimney for disposal of industrial ‘or other lwstes. 

NUCLEAR EXPLOSIVE DEVELOPMENT 

Development of nuclear explosives for peaceful purposes continues 
along two separate lines. First, nuclear explosives are needed which 
have special effects, sucl~ as high neutron fluxes for scientific esperi- 
ments; second, nuclear explosives which obtain less energy from fission 
are highly desirable for excavation experiments. Beginning with 
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fiscal year 1963, the Plowshare program began to sponsor separately 
and to fund for device tests being conducted at the Nevada Test Site 
specifically for its needs. 

Considerable success continues to be achieved in developing nuclear 
explosives which obtain less and less of their energy from fission; that 
is, less and less radioactivity is produced which needs to be controlled 
either through design of the experiment, such as by deeper burial, or 
through operational measures, such as the use of exclusion areas and 
awaiting proper meteorological conditions. In addition to reduction 
in amount of fission energy in explosives, studies are also underway to 
develop design and emplacement techniques which may further reduce 
the amount of the radioactivity which escapes from the crater, It 
now appears possible to reduce the radi0activit.y released from a crater 
to the point where the area to be controlled should not exceed the area 
which would have to be controlled for other safety reasons, such as 
blast effects. 

Design of an explosive with an adequate neutron flux for the pro- 
duction of heavy elements has still not achieved its objective. How- 
ever, increased understanding of device performance was achieved clur- 
ing the year which provides some confidence that a successful device + 

can be developed to produce heavy elements. 
Progress in both types of nuclear explosive development has llad 

a major influence on the rate and kincl of experiments that cil11 be, 

carried out. 

Onnm RESEARCH XXD DEVELOPMENT 

Certain research and development activities in the Plo\vshare pro- 
gram apply equally to cratering or contained explosions. These are 

safety research ancl studies of fields of applications in Tshich botll 
cratering ancl containecl explosions may be used. 

Xaje ty Research 

The PloTshare program benefits from other Commission research 
and development activities. For example, a part of the research (:on- 
ducted in the Biology and Xeclicine program makes a major contribu- 
tion to the safe use of nuclear explosives. A new program rc-llicll is 

expectecl to be especially valuable to cratering explosion s:ifety is 
t.he Fallout Stuclies Program recently establishecl at LEL. See nko 
pagJ’5 * ai”-2j3 of tile ,iF,C_ _1llllual Eeport to (.‘ol~~~.~‘ws for l!)f;:;. _. & 

In addition, the Plowhare program supports certain safety re- 

lated research, n-hich might be termecl “appliecl research”, ant1 con- 

I L- 
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tributes to the Long Range Safety Program of the Nevada Operations 
Office. This latter program, in turn, provides the Nevada office with 
the ability to review the safety of experiments and projects and to 
make operat,ional plans to protect the public during nuclear operations. 

Research sponsored by the Plowshare program during the year 
included studies on the movement of radioactivity in ground water 
to permit assessment of any contamination of aquifers in the course 
of either cratering or contained detonations. For example, a hole 
n-as drillecl in the vicinity of the Aardvark weapons test event 
at the Nevada Test Site to determine the effect of the cletonation on 
water levels as a function of time. Laboratory stuclies of the flow of 
water in a confined aquifer hare been macle in the Hyclrologic Lab- 
oratory of the University of California, in Berkeley, and by the 
Texas -1 & ;\I Research Foundation. t-sing these clata. theoretic31 
studies have been made which inclicate that radioactive contamination 
of grouncl rater is not likely to be a problem in any envisionecl 
npplication.5 

Studies in the long range safety program included the response of 
buildings ancl other structures to growlcl motion from nuclear explo- 
sions. Holmes & Narver, Inc. of Las Vegas, Nevacla: ancl Roland F. ! 

Beers, Inc. of Alexandria, Va., uncler contract to the AEC’s Yevacla 
Operations Office, are engngecl in these stuclies. 

AppZicntion Xtudies 

The Geological Survey is conductin, u a theoretical stucly on the 
application of nuclear explosions to the clevelopment of water re- 
sources. This stucly covers the technical and economic feasibility of 
e.mploying nuclear explosives to clevelop ancl conserve both surface 
and underground Kater. Ideas under investigation inclucle : (a) frnc- 
turing rock to improve the recharge of aquifers by surface I\-aters; 
(6) fracturing rock to interconnect ancl increase the capacity of nqui- 
fers ; and (c) creating surface reservoirs. 

The U.S. Bureau of Mines is investigating the application of nuclear 
explosives to mining, petroleum ancl natural gas procluction, ancl shale 

oil production. Feasibility stuclies currently uncler way cover re- 
moval of the overburclen from an orebocly to facilitate subsequent 
mining by open pit methocls; leaching of minerals from an orebody 
shattered ancl renclered permeable by a nuclear explosion; and uncler- 

1 Thr Trsns A $ 31 study is in report UCRL l:XT4. nrailable from the Office of TtLc,hnicnl 

Services, U.S. Department of Commerce, Washington, D.C., 20230. 
j One of these theoretical studies is included as Al)lwndis IV to rtqwrt CCRL 7::.50, 

which is also arailable from the Department of Commeree. 
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ground mining of an orebody which has been fractured by a nuclear 
explosion, Other feasibility studies are being made on using nuclear 

explosions to stimuIate production rates from oil and gas fields of low 

permeability. Application of nuclear explosives to production of oil 
from the Nation’s vast reserves of oil shale now appears somewhat 
more encouraging. 

9ustraZian Revietv of Plowshare 

In response to a Commission invitation, three scientists representing 
the Australian Atomic Energy Commission were in the United States 
from September 1 through October 24 to gain a first-hand apprecia- 
tion of the scientific, engineering, and safety aspects of the use of 
nuclear explosives for constructive purposes with a view toward assess- 
ing the advantages and hazards of their possible use in Australia. 

I . ‘, 
< - -7 

Austr~tian V~isitors. Three Australian government scientists made an eight- 
week tour of AEC facilities during 1963 to acquaint themselves with various 
peaceful applications of atomic energy. Photo shows the officials during a 
summary discussion with John S. Kelly, Plowshare Program Director. Shovvn 
(left to right), are Mr. E. B. Pender, Senior Executive Engineer, Civil Eu$neer- 
ing, Snowy Mountains Hydro-Electric Authority; Dr. A. R. W. Wilson. Head, 
Technical Policy Section, Technical Administration, Australian Atomic Energy 
Commission; Mr. Kelly and Dr. E. K. Carter, Supervising Geologist, Geology 
and Geophysics, Bureau of Mineral Resources. 

The A4ustralian visitors were: Dr. A. R. W. Wilson, Head, Tech- 
nical Policy Section, Technical Administration, Australian Atomic 
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Energy Commission; E. B. Pender, Senior Executive Engineer, Civil 
Engineering, Snowy &Mountain Hydroelectric Authority ; and Dr. 
E. K. Carter, Supervising Geologist, Geology and Geophysics, Bu- 
reau of Mineral Resources. 

During their eight-n-eek visit, the Australians were given an inten- 
sive review of all the technical phases of the Plovzhare program. The 

group visited the San Francisco Operations Office, the Lawrence 
Radiation Laboratory, Livermore; the Xerada Operations Office and 
Test Site, and other Commission facilities. 

Carryall Fensibility Study 

Officials of The Atchison, Topeka and Santa Fe Railway Co. ap- 
proached the Commission in 1963 on the possibility of using nuclear 
explosives to excavate a cut in lieu of digging a tunnel through the 
Bristol &fountains north of hmboy, Calif. The Santa Fe Co. is inter- 
ested in the cut for realigning a portion of their road bed through 
the region, and in addition California’s Division of Highways is intcr- 
ested in rerouting U.S. Highway 66 (Interstate 40) through the cut. t 

h joint feasibility study group, comprised of staff members from The 
Santa Fe Co., the California Division of Highways, and the Commis- 
sion’s San Francisco Operations Office, Kit11 technical part.icipation 
by LRL, has examined the feasibility of this idea. The joint study 

r 

mns assigned ,the name Carryall. In its final report, a summary of 
which was issued December 23, 1963, the group concluded that the 
project would be technically feasible. 

The proposed pass through the mountain would be about 10,000 
feet in length and would involve cuts up to 350 feet deep. About 
60 million cubic yards of rock would be excavated. 

One interesting result of the study was a possible new application- 
the creation of a large crater to serve as a sump to collect in dry areas 
excess water from flash flooding. The use of such a sump in a nor- 
mally dry stream bed to collect excess vi-rater would eliminate the 
need for large bridge structures. 

West Virginia ,4tomic Energy Committee 

In late 1961, Governor William W. Barron of W. Vn. appointed an 

_ -f 

Atomic Energy Committee to assess the technical merits of the Plan- 
share program in the development of his State’s resources and to 
recommend a position which the State should adopt v4th respect to 
the Plowshare program. 
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In their September 15, 1962 report, the Committee recommended 
that West Virginia cooperate with the Commission by offering facil 

ities and sites in the State for Plovshnre experiments. 

Corps of Engineers Participation 

Close collaboration between the U.S. Army Corps of Engineers and 
the Commission on the development of nuclear excavation technology 
which beg:u~ in l!K:! d cwkltinue(l tllronglwut 1%:3. 

Under the 1962 agreement, the Commission is responsible for nu- 
clear device development, execution of nuclear cratering experiments. 
and development of the basic theory of cratering. The Corps of 
Engineers is responsible for execution of a corollary chemical high 
explosive cratering program and development of the requisite clilta 
on engineering and construction problems. A Corps of Engineers’ 
group is located at the Lawrence Radiation Laboratory, Livermore, 
&ich carries out the Corps! part of the joint program. The ultimn te 

objective of this joint program is to develop a capability to employ 
nuclear explosive construction techniques on the Corps of Engineers’ 
civil works projects. ! 
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