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I was asked to present industry's evaluation of the Plowshare

program. However, since I have not polled my colleagues on the various

issues, my statements can reflect only my opinions. These viewpoints

have evolved from extensive interaction since 1963 with government and

industry participants in the Plowshare program.

During the first decade of the Atomic Energy Commission's Plow-

share program, the scientific feasibility of industrial applications of

underground nuclear explosive technology was established by the Rainier,

Gnome, Hardhat, Shoal, Salmon and Handcar experiments.

A new era for examination of the technical and economic feasi-

bility of industrial applications of nuclear explosives began with the Gas-

buggy detonation in 1967. This era must be accompanie .d by close coordi-

nation between government and industry which was not required when

government alone was establishing scientific feasibility. My ta:lk on

"industry's view of underground nuclear engineering" will be concen-

trated on problems which must be resolved to make the transition from

scientific feasibility to technical and economic feasibility.

The distinctions between "contained" and "cratering" applications

go far beyond the differences in technology. Cratering objectives have

been defined, funded by the government, pursued with a readiness date
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in mind, and supported by a national policy. Thus far, underground nuclear

engineering has enjoyed few of these benefits.

Industry's objective in underground nuclear engineering is to es-

tablish a viable enterprise which will benefit the public. While individual

company approaches to research and development ay vary, their basic

needs do not. In the field of underground nuclear engineering, each com-

pany requires adequate information to plan effectively and execute respon-

sibilities efficiently.

Industry spokesmen have analyzed and expounded on their needs

at hearings, conventions, symposia and industrial meetings. They have

done this so often and so well that they have achieved virtually unanimous

agreement on the following needs:

1. Establishment of well-defined government organization

and policy relating to responsibility and authority so as

to eliminate uncertainties as to where responsibility and

authority lie.

2. Provision for government budgetary support necessary

to sustain the required level of technical and scientific

effort on the part of the government.

3. Agreement upon procedures for site evaluation, pro-

ject definition and project execution.

4. Establishment of safety criteria and procedures.

5. Establishment of a program to develop optimum

nuclear explosives designed for individual underground

nuclear engineering applications.
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6 Development of data on which meaningful standards

for product marketability can be based.

7. Improvement in government-industry communication

in the technical, scientific and administrative areas.

8. Declassification and dissemination of appropriate

reports, data, theories, procedures and techniques

developed by the laboratories and other tchnical

contractors to the Atomic Energy Commission.

In recognition of these needs there have been a number of con-

structive responses from the Atomic Energy Commission. As examples,

information is being made more readily available through the establishment

of project open files and publication of pertinent reports such as the

Nevada Operations Office's NVO-40, entitled "Technical Discussions of

Offsite Safety Programs for Underground Nuclear Detonations. Certain

organizational and procedural changes, such as the establishment of the

Office of Peaceful Nuclear Explosives at the Nevada Operations Office,

have been undertaken enabling the government to be more responsive to

industry's participation in the Plowshare program. The entry of Los

Alamos Scientific Laboratory into Plowshare program work should pro-

vide a broader and more flexible base of technical and scientific support.

The joint study efforts of El Paso Natural Gas Company and Oak Ridge

National Laboratory relating to postshot radioactivity in Gasbuggy gas

should provide helpful information in development of product quality

standards. Establishment of the Facer group, also known as the
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Plowshare Operational Procedures Committee, is evidence of the govern-

ment's desire to understand industry's capabilities, as well as its practices.

These actions do not deal with nor can they solve all the scientific and

operational problems of industry and government, but they are tangible

demonstrations of progress.

It is at the policy level that governmental response to industry's

needs is disappointing. The Bureau of the Budget apparently believes

that industry should fund a minimum of 80% of the cost of all research

and development experiments. And yet, it is uncertain when government

funding will be made available for device design research.

If government's responses at the policy level are evaluated in

terms of our nation's need for greatly increased natural gas reserves

and the proposed Hosmer legislation, then these responses must be con-

sidered inadequate. When government research on underground nuclear

engineering is compared to other areas of government energy research

and cratering technology, the inequity is apparent.

What appears to be needed is the formulation of a national policy

which recognizes thecontribution that can be made by underground nuclear

engineering in the development of natural resources. This policy support

should be sufficient to sustain this research and development program

while government and industry resolve their technical and practical

problems. Directly or indirectly, this young government-industry

Plowshare relationship has encountered virtually every variety of

political, budgetary, environmental, legal and public relations problem.
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The following are examples of proposed changes which I feel may

be detrimental: The Department of the Interior proposed at the Hosmer

Bill hearings in May of last year that it acquire a share of the authority

exercised by the Atomic Energy Commission. During the week of Octo-

ber 27, 1969, Representative Jonathan Bingham (D. -N. Y. proposed

legislation granting authority to the U. S. Public Health Service for

licensing procedures. In addition, this legislation would grant authority

to the Federal Power Commission to veto certain Atomic Energy Com-

mission proposals based on judgments relating to the economic and techni-

cal feasibility of the projects.

Earlier in October, legislation was also introduced by Senator

Mike Gravel (D. -Alas. and co- sponsored by Senator Edmund A. Muskie

(D. -Me.) to establish a 15-member commission to examine the potential

environmental effects of Plowshare applications. Therefore, at a time

when industry feels there is a great need for government to simplify

its operational structure and minimize the points of necessary contact,

these may become more numerous and cumbersome.

In view of the potential which appears to lie in the use of nuclear

explosives to stimulate natural gas reservoirs, industry is perplexed

by the low level of federal funding for underground nuclear engineering.

Virtually every authority on the nation's energy supply and requirements

is concerned about the future adequacy of gas supply. In its September

1969 report, the Future Requirements Committee, a study group repre-

senting the gas industry, in cooperation with the Denver Research
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Institute of the University of Denver, estimated that from 1968 to 1990

the United States will require 761 trillion cubic feet of natural gas.1This

is about Z. 6 times the nation's current proven reserves.2Recently the

Chairman of the Federal Power Commission acknowledged the need for

price incentives to promote increased domestic drilling.3However, even

assuming the FPC found a usable formula tomorrow, the lag between

exploration and development of a producing field involves an average time

period of about seven years. Moreover, it is reasonable to assume that

the recent reduction in the depletion allowance on oil and gas production

and the proposed liberalizing of oil import controls will tend to reduce

the present low levels of spending or domestic exploration. It had been

hoped that nuclear stimulation of natural gas reservoirs and, possibly,

in situ oil shale retorting, would help alleviate the gas supply problem.

Without question, a higher level of government funding to help develop

these technologies could hasten the day when nuclear stimulation might

become an important factor in gas supply. To date, there have been only

two government-industry projects and these were natural gas reservoir

Future Natural Gas Requirements of the United States, Volume 3,
September, 1969, prepared by the Future Requirements Committee
under the auspices of the Gas Industry Committee.

Reserves of Crude Oil, Natural Gas Liquid and Natural Gas in the
United States and Canada as of December 3 1968, Volume 23, May,
1969, published jointly by the American Gas Association, Inc. 
American Petroleum Institute and Canadian Petroleum Association.

3
Speech by Chairman of the Federal Power Commission, John N. Nassikas,
before American Gas Association Financial Forum, Scotsdale, Arizona,
October 17, 1969.
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stimulation experiments. Government and industry presently have three

more such applications under study as well as one underground gas storage

project, one copper leaching project and one oil shale retorting project.

All of these are underground nuclear engineering applications.

In addition to prospective energy fuel shortages, the nation's con-

sumption of minerals will increase greatly by the turn of the century. For

example, demand for iron is expected to increase nearly 175%; lead more

than 00%; zinc nearly 375%; copper more than 200%; and coal more than

250%.4 Estimated worldwide percentage increases in fuel 5 and mineral6

consumption are at least as high, and in most cases, much higher than

projections for the United States. Underground nuclear engineering is

theoretically capable of helping satisfy such future resource needs. Our

international proclamations in support of the Non-Proliferation Treaty

leave little doubt that much is expected of Plowshare technology and that

this technology will be made available to non-nuclear nations.

Industry is traditionally optimistic, whether it be in the face of

adversity or upon embarking on a new venture. In attempting to develop

underground nuclear engineering, industry faces both tests at the same

time. Underground nuclear engineering is not proven although the need

4
11 Mineral Resources in our Environment" by Orlo Childs, given at 13th
National Conference of the U. S. National Commission for UNESCO in
San Francisco, California, November 23, 1969.

5
"Forecast for the Seventies, 11 Oil and Gas Journal, November 10, 1969,
pp. 162-164.

6
Mineral Resources in our Environment" by Orlo Childs.
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for it has been established. The development of this technology is com-

plex, yet industry's personnel are handicapped by inadequate information

and limited communication with the laboratories' personnel. Efforts to

develop accurate economic studies are difficult because device charac-

teristics and cost remain speculative. Consequently, industry is frustrated

by lack of greater government action.

There is one further imposing obstacle -- namely, public acceptance.

In the Plowshare context, public acceptance requires the satisfactory reso-

lution of related legal, public relations and environmental considerations.

We have unquestionably entered the age of environmental concern.

This concern is not new but the intensity and quality of the concern is new.

Environmental concern has a long history. There are references to pol-

lution in the Bible and documented pollution problems during the time of

the Roman Empire. In the 13th century, an edict was issued against the

burning of coal in London because it was contributing to air pollution.

In retrospect, it is probably fortunate that this edict was rescinded before

the forests of Europe were stripped. Even then the problem of man's

energy needs and his environment was complex and required the weigh-

ing of alternatives.

We frequently forget that nature is capable of damage to the

environment far beyond the capacity of man. Earthquakes, floods,

tornadoes, volcanic eruptions, blizzards and droughts have occurred

throughout man's history. The point is that both man and nature are

potentially destructive. However, many times only the dedicated
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application of technology has been or is capable of repairing damage to the

environment.

Unquestionably, the environment has suffered from the actions of

man. Some of this damage has been unavoidable, some the result of

ignorance, and unfortunately, some has resulted from lack of responsi-

bility. Fortunately, the prospect of further damage to the environment

resulting from irresponsible action is diminishing. However, we must

consciously recognize that the expanding population and improved standard

of living will require continued modification of our environment.

There are strong indications that the ''environmental crisis'' may

become the major national issue. The reason is that the quality of en-

vironment is a matter of universal concern. There have been too many

problems, whether real or imagined, created by pesticides, herbicides,

fungicides, food additives and air and water pollution to permit relaxation

of concern. It is in this context that industry and government are trying

to refine underground nuclear explosive technology and seek its public

acceptance.

This will be an uphill struggle because there has been and will

continue to be opposition even to contained underground explosions. At

the present time there is a difference of opinion within the scientific com-

munity concerning the adequacy of radiation exposure standards. It is

essential that this problem be resolved because in most cases industry's

objective will be the production and utilization of natural gas, oil, copper

or other products. These products must be marketable to justify industry's,
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or for that matter, government's continued participation in the development

of the Plowshare programs. Product uality acceptance by the public is

possible if the radiation standards continue to be supported by research

and if divergent opinions are spanned by effective communication. This

is a plea for perspective which recognizes that, in the long run, man and

his environment must both be served or neither will be. Technology, in

itself, will not be feared if recognized as the tool and not the master,

and profitable operations will become less suspect if they are viewed as

a test of efficiency.

It is usually a mistake to try to solve all problems related to a

complex technology at once, and this principle certainly applies to under-

ground nuclear engineering. There must, however, be an awareness by

industry and government of the problems of the Plowshare program and

a joint commitment to solve those problems.

To return to an idea expressed earlier, the best assurance of

success would be the establishment of a national objective that recognizes

the contribution that can be made by underground nuclear engineering in

the recovery of natural resources -for present and future generations.

Certainly, more rapid progress in the use of this technology will result

if government and industry can cooperatively utilize their respective

technical and financial resources.

A national objective would also provide a better atmosphere in

which diverse groups could contribute more effectively to a solution.

Today's situation almost defies solution because of the many factions
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with differing interests. be constructive and in the public interest,

the act of opposition should carry with it an affirmative obligation and

willingness to help develop mutually acceptable alternatives.

Though we live in a world argely of our own making, in many

respects our alternatives are limited. The rapidly increasing population

is consuming great quantities of the earth's natural resources. The use

of underground nuclear engineering can be helpful in aking available

natural resources while, at the same time, we work to preserve and

enhance the quality of our environment. The means of accomplishing

these objectives are limited. Government and industry jointly must dedi-

cate their talents and resources toward satisfying natural resource require-

ments, for to paraphrase Longfellow, "All our strength is in our union. 

This ''union" of government and industry in developing underground nuclear

engineering for the common good can occur only when the needs of both

partners have been satisfied.
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