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ABSTRACT

The Plowshare Program was established in Z957 as a
research and development program to develop peaceful uses
for nuclear explosives. During that year, the basic con-
cepts, which have guided the program, were proposed for
using nuclear explosives in large excavation projects,
conservation and management of natural resources, and
Scientific research. Research has been conducted primarily
by the Lawrence Radiation Laboratory at Livermore, Cali-
fornia; however, substantial assistance has been provided
by a nmber of other government agencies and national
laboratories. Sufficient knowledge of the phenomenology
of underground nuclear explosions and their effects has
been developed to permit consideration of industrial use of
such explosions. To this end, the first government-
industry cooperative nuclear experiment, Project Gasbuggy,
was conducted in December 1967. Additional proposals have
been received for using nuclear explosives in stimulating
natural gas production from reservoirs of varying charac-
teristics: The storage of natural gas, the recovery of
copper from a Zow-grade deposit, and preparing oil shales
for in situ retorting. It is believed that several ex-
periments Tn each of these fields are necessary to dvelop
a proven technology. The timely dvelopment of a nuclear
excavation technology for use in Zarge-scaZe excavation
projects is a pimary program objective and, although
additional research and development are needed, substantial
progress has been made in several areas. A capability for
predicting crater sizes from single and row charges has
been successfully demonstrated. The development of low
fission nuclear explosives for use in excavation projects
has been very successful. It is believed that such
projects can be conducted safely. Large nuclear exca-
vation projects, such as harbors and canals, must be
closely examined in view of the restraints of the limited
Test Ban Treaty.

Industry's interest and participation in Pwshare
continue to increase and commercial use of nuclear
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explosives can be expected in the near future. Legis-
lation to permit the AEC to provide nuclear explosive
services commercially has been introduced in the
Congress. The potential obligations that the U. S.
would assume under the Non-ProZiferation Treaty, would
commit the U. S. to providing nuclear explosive ser-
vices to non-nucZear weapon countries when the necessary
technologies have been developed. A number of countries
have expressed considerable interest in a variety of
peaceful uses for nuclear explosions.

A A * * * * * . � * * * * * * *

P�owshare is the name given to the program of the U. S. Atomic
Energy Commission (AEC) for developing industrial and scientific uses
for nuclear explosives. The purpose of this paper is briefly to
describe the Plowshare program and to provide a setting for the many
related topical papers that fo low. In doing so, the history of the
program wi I I be summarized, its current status and outlook for the
future will be described, and some of the major factors will be men-
tioned which have a significant influence on the development and
growth of the related technologies and their industrial and civil use
applications.

There are few people in the world who are not aware of the poten-
t1al ly destructive effects of nuclear explosives when sed as weapons,
but few people are aware of the great benefits that can be obtained
when such explosives are used for peaceful purposes. Never before has
man had for constructive purposes the tremendous amounts of energy in
lo. cost, small, and easily transportable packages that are available
in nuclear explosives. Energy on a scale never before imagined can be
used to accomplish tasks or work heretofore considered impossible or
impractical because of excessive costs and time that would be required
to ring them to fruition using conventional means. Large excavation
projects, such as interoceanic canals, harbors, and transits hrough
mountains, that have been considered technical ly feasible but imprac-
tical using conventional excavation means, can now be considered
technically and economically feasible using nuclear explosives. Large
masses of rock can be broken and fractured below the surface in prepar-
ation for exploitation of mineral resources too low-grade for recovery
by conventional means, or for creating means for conserving and
managing water resources. A nuclear explosion creates temperatures
and pressures in the millions of degrees and atmospheres which are
not attainable in laboratories; they also produce fundamental particles
and most forms of electromagnetic radiation. New elements that do
not occur on earth have been created in nuclear explosions. Einsteinium
and Fermium were first identified in the products of a thermonuclear
explosion.

Historically, it would be very difficult to determine when and
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by whom ideas were first put forth on using controlled nuclear chain
reactions for peaceful purposes; however, there are clear indications
that such ideas and suggestions were in being before Fermi and his
group successfully initiated and controlled man's first sustained
nuclear chain eaction in Chicago. Detonation of Trinity in 1945,
the first nucl6ar explosion, demonstrated a definite possibility for
harnessing the tremendous amounts of energy, that had suddenly
become available, for peaceful uses. Scientists informally discussed
and explored this possibility and in November 1956,)an in-house
conference was held on peaceful uses of nuclear explosives at the
Lawrence Radiation Laboratory, at Livermore, California, (LRL). In
February 1957, the first Plowshare symposium was held to discuss
"Industrial U�es of Nuclear Explosives;` the basic concepts proposed
atthis meetiog have since formed the basis for the program. These
concepts proposed the possible use of nuclear explosives in large
excavation jects, conservation and management of natural resources,
and scientif research. In June of the same year, the AEC approved
the establishment of a research and development program tc develop
peaceful uses for nuclear explosives; this was the formal beginning of
the Plowsharle program. Substantial growth and progress were achieved
in the nextifew years and the Division of Peaceful Nuclear Explosives
was establi hed in 1961.

Orga ationally, the Division of Peaceful Nuclear Explosives

has over-a' Irespo risibility for direction and administration of the
111's Plo h.,. pogram, and in carrying out these functions, it draws
fully on [le talents of the Divisions of Biology and Medicine, Oper-
ational fety, Public Information, Military Application, International
Affairs, �and other Headquarters' Groups. The chief technical effort in
the r4am is carried out at LRL, but significant research in specific
technica� areas is being conducted by the Sandia Corporation in
A"uqu. ue e Mexico, and the Oak Ridge National Laboratory, the

lavannal� River Laboratory, and the Los Alamos Scientific Laboratory.
Other g ernmentagencies, such as the U. S. Bureau of Mines, the

U S 10 ic urvey, the Environmental Science Services Adminis-
trat;.311?A�a'aS d the U. S. Army Corps of Engineers cooperate and
providejas5istance in their particular areas of research.

Te AEC Nevada Operations Office (NVOO) is responsible for the

conduct)..eftsI' nuclear explosions, including Plowshare experiments
and Pr an d, lately, has become responsible for assisting private

compa es in defining experiments for developing specific concepts

for i d us triaIapplications of nuclear explosions. In carrying out

for an experiment, especially those related to radio-
fie 0 rations1 g r �Pefe ty, "OO is assisted by the U. S. Public Health Service (PHS)

in atsuring the afety of the public from the effects of the nuclear

the H S also provides significant assistance in informing

the I c. The PHS accomp I shes th i s th rough I ts own cad re of hea I th

off! rs assisted bystate and local health organizations. The NVOO

is so assisted in its safety operations by the Air Research Labora-

for of ESSA, the U. S. Bureau of Mines, the U. S. Geological Survey,
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the U. S. Coast and Geodetic Survey, and other public and contractor
organizations.

In the early years of the Plowshare program almost all effort
was directed to conducting basic research on the processes and phenomena
involved in nuclear explosions. Experiments were planned and conducted,
such as Gnome, the first Plowshare nuclear experiment conducted in
December 1961, and Sedan, the first Plowshare nuclear cratering experi-
ment, conducted in July 1962. Hundreds of nuclear weapons tests were
studied in great detail and relevant data were integrated into a
rapidly expanding Plowshare literature. Data were obtained on crater-
ing processes and radioactivity, air blast, seismic effects, cavity
growth and collapse, chimney growth and dimensions, extent of fractur-
ing, and ground shock effects. Numerous small cratering experiments
using high explosives were conducted in various media for developing
an understanding of explosion cratering processes and empirical
scaling laws for developing a predictive capability for crater
dimensions and other explosion effects. At the same time considerable
effort was made in developing and testing clean nuclear explosives and
emplacement techniques for reducing the amount of radioactivity
that might be released from cratering experiments. Special explosives
and techniques were developed for conducting several scientific
experiments. Numerous public meetings and symposia were held at which
developments in the Plowshare research and development program were
presented.

Currently, the underground engineering technology, in which the
effects of contained nuclear explosions are utilized, has been developed
to the stage where several companies have submitted or are preparing
proposals for joint government-industry experiments to investigate the
feasibility of several concepts of industrial applications of nuclear
explosions. The first nuclear explosion in which private industry
participated was the Gasbuggy experiment which was jointly conducted
on December 10, 1967, by the government and the El Paso Natural Gas
Company. Gasbuggy was designed to test the concept of nuclear stimu-
lation of natural gas from a host rock of low permeability; and although
production tests are still being conducted, preliminary results indicate
that the experiment has been successful. Additional gas production
stimulation experiments each in differing media, at depths up to about
13,000 feet, and with varying yields are being investigated. Similar
proposals have been submitted and are in various stages of implementation
for testing concepts of using nuclear explosions to fracture a low
grade copper deposit in preparation for in situ leaching, to create a
storage facility for natural gas, and to fracture oil shale in prepar-
ation for in situ retorting.

One of the first industrial proposals made to the AEC was for
conducting the Carryall Feasibi lity Study to determine the feasibility
of using nuclear explosives to excavate a transit, wide enough for
double railroad tracks and a multiple lane highway, through the Bristol
Mountains in the Mojave Desert. The Santa Fe Railway Company and the
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Statt of Call forn I a jo I nod w I th the AEC In mak Ing the study wh I ch Ind I -
cate( the fees I b III ty a f such an experiment. The project did not
progr3ss beyond the fe as I b III ty study because of an I ncomp at I b II ty
betwe)n the development of the technology and the highway construction
sched I . Since then a number of nuclear cratering experiments have
been conducted In which significant progress has been made In the
development of a nuclear excavation technology. A cratering effects
prediction capabi Ity, using computers, has been developed which wi 11
provide a more accurate eans of designing nuclear excavation projects.
Simultareous detonation of five nuclear explosives emplaced In a row,
ProjectBuggy, indicated the feasibi lity of nuclear harbor and canal
excavat Ion.

Lo7king Into the future, we plan to continue our research and
development program for developing the technologies required for peace-
ful appl cations of nuclear explosions. Basic research will be done
to further our understanding of the phenomenology of nuclear explosions
and their effects, and we plan to conduct at least one specifically
designed experiment to further our knowledge In this field. Activities
now In progress wi 11 continue as rapidly as possible to develop explo-
sives specifically designed for underground engineering uses and means
of producing them at the lowest possible cost. We look to and antici-
pate Increasing private Industry participation in joint nuclear under-
ground experiments for developing and demonstrating specific applica-
tions should be proven for commercial use in the relatively near future.

In anticipation of this phase, studies are underway or improving
procedures ior processing proposals and for operational ystems, in-
cluding safety, for conducting projects; some results of these studies
are currentl� in process of implementation. Simplified field equipment
systems have been designed and procurement has been authorized for some
of the necessary equipment. Evolving from studies and experience by
the AEC and private companies is an improved concept for pre-shot and
post-shot operations. The AEC is responsible, by law, for conducting
all nuclear explosions safely, and procedures under study will permit
the government to fulfill its responsibilities and allow maximum
participation by private companies. This would be done by the AEC pro-
viding guiding criteria and private industry conducting the necessary
studies and surveys on which the AEC can make a determination on the
safety of the experiment. Such criteria would be dependent on the
nature of the experiment and characteristics of each site.

Research and experiments will continue in developing a nuclear
excavation technology. We plan to conduct several nuclear cratering
experiments to provide a timely determination on the technical feasi-
bility of nuclear excavation for use by the Atlantic-Pacific Inter-
Oceanic Canal Study Commission. That Commission is studying the
feasibility of using nuclear explosives to excavate a sea-level canal
in the American Isthmian region; the schedule for the Commission's
final report to the President is December 1, 1970.

13



Several states have expressed strong Interest in the possible
application of n clear explosions for a number of purposes within
their areas. Last year, the State of Arizona requested the AEC and
Department of Interior to join with the State In conducting a feasi-
blilty study for the possible use of nuclear explosives for conserving
and managing water resources In Arizona. This study s In progress
and Is expected to be completed by July 1, 1970. Several of the states
In the Appalachian region have considered the se of nuclear explosions
to assist In exploiting their mineral and water resources as a means
of attracting Industry and capital investiment to Improve the economic
status of the region. Meetings have been held with representatives of
the State of Idaho on the possible use of nuclear explosions to produce
aggregate for a rock-flil dam near Twin Springs. A symposium an peace-
ful uses of nuclear energy was recently held n Boise In which several
Plowshare papers were pesented; the Governor, state legislators, the
Idaho Nuclear Energy Commission, the Idaho Water Resources Board, and
representatives of civic and Industrial groups participated. We have
been encouraged by the active Interest of these states and look forward
to others participating in our program. Cooperation of states n the
Plowshare program Is considered essential for the successful conduct
of necessary experiments and later, commercial application of nuclear
explosives.

Although the Atomic Energy Act permits the AEC to conduct experi-
ments and demonstrations of peaceful applications of nuclear explosives,
the AEC is not now authorized to provide explosion services on a commer-
cial basis. Congressman Craig Hosmer, from California, considering the
progress made in the AEC's Plowshare program and the proximity of the
application of nuclear explosives on a commercial basis, last year
authored legislation which would authorize the AEC to provide commercial
Plowshare services. This legislation was introduced in both Houses of
Congress during its last session. This legislation has been reintro-
duced in the current session. Public hearings were held by the Joint
Committee on Atomic Energy last year at which time government and
industrial officials appeared before the Committee or submitted state-
ments favorably endorsing the legislation. It is anticipated that
hearings will be hold this year. Should the enabling legislation sub-
sequently be enacted it would be a significant step toward the goal of
providing a useful and economic explosion service to users of Plowshare
technology.

Enactment of legislation permitting the AEC to provide commercial
nuclear explosion services also would facilitate providing such services
to foreign countries under Article V of the Non-Proliferation Treaty.
Article V states, "Each Party to the Treaty undertakes to take appro-
priate measures to ensure that, in accordance wth this Treaty, under
appropriate international observation and through appropriate inter-
national procedures, potential benefits from any peaceful applications
of nuclear explosions will be made available to non-nuclear-weapons
States Party to the Treaty on a non-discriminatory basis and that the
charge to such Parties for the explosive devices used will be as low
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as possible and exclude any charge for research and development." The
nuclear explosives would remain under the custody and control of the
nuclear-weapon state, which would, in effect, provide a nuclear explo-
sion service.

Such a service would be for those peaceful applications that have
been proven technical ly and economical ly feasible and are permissible
under the limited Test Ban Treaty. The latter prohibits all nuclear
explosions which cause, "radioactive debris to be present outside of
the territorial limits of the country under whose control or juris-
diction such explosion is conducted." The restraints of this treaty
wi I I be an important and, per4aps, control I ing factor on appi ications
of nuclear excavation such as harbors, interoceanic canals, and other
excavation projects in proximity to country borders.

As Plowshare technologies are developed and are commercially
applied in domestic and foreign industrial fields there will be an
increasing demand for engineers and scientists with training and
experience in nuclear explosive engineering. It is very important to
the real zation of Plowshare goals that adequate numbers of such per-
sonnel become available to private industry and federal and local
governments beginning in the very near future. This requirement was
early recognized by several universities, and plans were developed and
implemented to include appropriate courses in both undergraduate and
graduate schools. Currently, definitive courses in nuclear explosive
engineering are offered by the Stanford University, the University of
California at Davis, and the Pennsylvania State University. Closely
related courses and subjects are offered at the University of Michigan,
University of Arizona, University of Puerto Rico, and Iowa State
University. Other colleges and universities are seriously studying the
matter. On March 31 and April I and 2 a symposium on "Education for
Peaceful Uses of Nuclear Explosives," was held in Tucson, Arizona. In
addition to papers on the status and technological requirements of
nuclear explosives and explosion engineering, excellent presentations
were made on related educational programs, university research and man-
power needs, and development of educational means to meet the growing
need for Plowshare related engineers and scientists. The AEG very much
appreciates the efforts that have been made to include Plowshare
related courses in college and university curricula and urges that such
efforts be increased and expanded to include other schools; in this
connection, the AEC will coperate and provide whatever assistance it
can. It is appropriate at this point to suggest that it be recognized
that there is a difference between nuclear explosive and nuclear
explosion engineering. The former should be concerned with the
design and development of nuclear explosives with characteristics
specific to the needs of the various applications. Nuclear explosion
engineering should be concerned with the safe and economic application
of the effects of nuclear explosions.

Industrial applications of nuclear explosions have received con-
siderable attention by the Atomic Industrial Forum (AIF), American
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Nuclear Society, (ANS), and other professional and industrial groups.
The AIF held an "International Conference on Constructive ses of Atomic
Energy" concurrently with a session of the ANS winter meeting in
Washington, D. C., in November 168. Government and industry spokes-
men reviewed the status of industrial participation in the Plowshare
program and identified several areas in which such participation could
be expanded by simplified government procedures, establishment of
safety criteria, and release of more Plowshare information.

The AlF has established a Committee on Industrial Plowshare
Applications to study and make recommendations on industry's partici-
pation in developing and applying industrial Plowshare technologies.
Five subcommittees were organized with specific areas to be investi-
gated and studied. The AEC is cooperating with these groups and
anticipates considerable assistance from them in establishing appro-
priate government-private industry relationships to foster greater
industry participation in experiments and establish procedures for
commercial application of Plowshare technologies.

Foreign interest in Plowshare and awareness of its potential
benefits began during the early years of the program. Numerous
suggestions for applications have been received from foreign coun-
tries and information provided on request. Several countries have sent
groups to the U. S. for orientation meetings and visits to the lab-
oratories and field offices.

Australia, from an early date, has been very interested in the
Plowshare program and, as a result of an evaluation of the program by
three Australian government officials in 1963, determined at that time,
that with further development of the related technology, nuclear
explosions could assume a significant, if limited, role in the
construction of major works and the exploitation of mineral resources
in that country. Recently, the Government of Australia requested
the U. S. Government to participate in a study to determine the
technical and economic feasibility of conducting an experiment to
create a harbor with nuclear explosives near Cape Keraudren on the
northwest coast of Australia. The U. S. agreed to participate, and
assigned to the AEC the task of carrying out U. S. responsibilities.
A series of meetings was held with representatives of the respective
governments and the mining company, which would utilize the harbor,
to define the proposed feasibility studies. The mining company re-
evaluated its need for a harbor and indicated its desires to limit
its participation in the studies. Since the economics of the mining
venture would be an essential element, the Australian and the U., S.
Atomic Energy Commissions cncluded that there would be insufficient
basis for proceeding with the proposed studies. They continue to be
interested, however, in the possible ue of nuclear explosions for
harbor construction and will continue their review of the practica-
bility of applying this technology to other possible harbor sites in
the area.
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Whether Plowshare experiments or Industrial application projects
are planned to be conducted on foreign or domestic sites, their actual
execution will depend on their acceptance by the public. The public
Is acutely aware of the potentially harmful effects of nuclear expfo-
sions and It Is easily understandable that many people should view all
such explosions as unnecessary except those related to national
security. This was recognized very early In the Plowshare program and
extensive, continuing efforts were ntiated to educate the public on
the benefits to be achieved through peaceful uses of nuclear explo-
sives and the great care that Is taken to assure that effects of the
explosions do not create hazards to the safety of the public. The
general public acceptance must be obtained for Powshare experiments
and Industrial projects In general, however, the acceptance of the
public In regions and local areas In which the detonations are planned
Is most critical. To achieve this acceptance, the public must be kept
fully Informed of the nature of the proposed project; its purposes and
anticipated benefits; how, when, where, and by whom It Is to be con-
ducted; the accuracy of predicted effects and the soundness of eval-
uations of those effects on people and manmade and natural objects; and
the efforts that will be taken to prevent those effects from becoming
hazards.

The health and safety aspects of the Plowshare program are not
elements apart from the technical and economic aspects. The cost of
safety Is an Integral part of the feasibility of any application,
in the same way as In the cost of, say, drilling the emplacement hole.
Just as one wants to drill the hole In the most economic manner, one
wants to assure safety In the most economic manner. Just as a smaller
cheaper hole which will not accommodate the explosive is useless to the
user, a safety program which considers only cost is worthless. Carrying
the analogy one step further, just as much effort and thought is
expended n learning how to drill holes for less money, similar effort
and thought must be expended so as to assure safety at least cost.

Plowshare is a multifaceted program. It draws on many fields of
knowledge. Symposia such as this one provide the public with the oppor-
tunity to understand how all phases of the program move forward together,
cross-feeding information to each other. In addition, symposia and
public meetings, such as this one, have proven to be an effective means
of informing all members of the public, including the scientific and
engineering regimes, educational institutions, news media, and the
great numbers of the general public. It is hoped that the information
presented and made available to the public through this symposium will
be helpful to the public in obtaining a better understanding and
acceptance of our program.
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QUESTIONS FOR RICHARD HAMBURGER

1. From M. Chessin:

In view of Dr. Terrill's comments about contamination of underground
materials such as produced by projects such as Gasbuggy, what has
been the fate of gas produced by Gasbuggy?

ANSWER:

The gas from Gasbuggy was flared under controlled conditions. This
was done In such a manner as to not exceed appropriate atmospheric
concentration guides. None of this gas has been released for convner-
cial or public use.

2. From Dr. N. Simon:

You stated, "Gasbuggy was a success." By what criteria from a public
health aspect? Are there data on contamination of gas or environment?

ANSWER:

I meant that Gasbuggy was a success In the sense that it accomplished
the primary purpose of increasing gas production at that site. As far
as contamination of the gas or environment, data from this project will
provide answers which w I I be used in the design of future experiments
so that any hazard can be reduced to negligible proportions.

3. From Kenneth Kase:

Is DPNE doing anything to establish criteria for sting Plowshare
projects similar to the Reactor Siting Criteria?

ANSWER:

I am not sure I understand fully what is meant by that question as I
am not familiar with reactor siting criteria, We are working on safety
criteria for Plowshare events, and this is not I mited to radlonucl ides
but also includes shock damage and underground water contamination.

4. From R. A. Nelson:

What are the Interests of he insurance companies in the Plowshare
program now and in the near future' in providing I iabi I ty and property
damage coverages to the commercial users of nuclear explosives?
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ANSWER:

The insurance companies, as far as I know, are loking into the
possibilities of providing coverage for these projects.

5. From R. A. Nelson:

Do you know if NELIA (Nuclear Energy Liability Insurance Association)
has been involved in this Plowshare program to provide the coverages
needed?

ANSWER:

I do know that they have been asking for information though there is
little enough experience on which to base rates, but I believe the
Association would be the proper agency to address this question to.

6. From Dr. Robert B. Medz:

Reference was made to increase permeability of sub-surface rock
structures. What are the public health risks involved in contamin-
ation of underground waters from deep well waste disposal practices
as a consequence of this increased permeability?

ANSWER:

There are really two factors to be considered here. First, ground
water entering the permeable space would block gas flow and o defeat
the purpose of gas stimulation experiments. Also, from a public
health standpoint, contamination of ground water must be minimized.
For these reasons, such experiments are carefully planned to elimi-
nate these possibilities. This would also apply to deep well waste
disposal practices.

7. From C. L. Pringle:

Is DPNE funding studies on maximum permissible concentrations for
consumption of gas?

ANSWER:

We are funding studies by various organizations which will provide
information on which to base criteria such as the maximum permissible
concentration in the gas for public use, and these will be done
carefully before any such use is permitted.
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8. From Mr. T. Otsubo:

What is the feasibility of nuclear explosive application to explor-
ation of such mineral mines as copper, lead and zinc underground?

ANSWER:

I think the answer to that is there is not too much of an api I i cat ion
to the exploration of minerals, but there is for exploitation of
certain ores such as those which can be leached in situ or which can
be recovered by caving operations.
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