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A SUMMARY PAPER ON NUCLEAR MINING

S. D. Michaels on 1/

Fifteen years ago a handful of men began to dream of the potentials
of nuclear energy in peaceful applications. In 1957, AEC's Plowshare
program was organized to promote and coordinate the work which might
convert the dreams into realities. Then, some specific ideas for using
nuclear energy in mining were set down in meaningful detail and with
reasonable thought. In the 12 years of the Plowshare program nuclear
energy concepts for mining have been developed in increasing detail and
for a fairly broad range of possible applications. Although it may seem,
at times , that progress is slow and month-to-month achievements almost
nonexistent, a closer look throws a somewhat different light on the picture.

In the first 7 years of Plowshare, from 1957 through 1964, the
most obvious mining applications were delineated. These included the use
of nuclear explosives to break ore for block caving, for in-situ leaching,
and for stripping overburden from large low-grade deposits. Although
numerous variations of these applications have been proposed in recent
years, these three basic concepts still appear to hold the greatest potential.
During those same seven years a number of DOD and Plowshare tests,
involving both conventional and nuclear explosives, were conducted so that
the phenomena and parameters bearing on mining applications could be
evaluated in addition to acquiring other data. The tests, such as Projects
Gnome, Sedan, Hard Hat and Danny Boy, have been discussed and reported
at these and other meetings, and it would be redundant to review them now.
Suffice it to say that from these tests and related work in AEC laboratories,
scaling laws for relating yield, crater size, chimney size, fracture extent,
and rock types were largely confirmed. Chimney rubble size distribution
was determined and contamination problems were evaluated. Aside from
these findings, however, the most important development during that 7-year
period was the policy that relevant engineering data would be released for
industry itself to evaluate specific potential applications for nuclear explosives

On May 6, 1964, the Atomic Energy Commission released a schedule
of projected charges for peaceful nuclear explosive devices. Although
certain costs such as safety related costs were not then described (and are
still rather nebulous), the charge schedule, together with engineering design
parameters from the tests, did permit industry to estimate costs of breaking
rock with cratering, retarc or confined explosive techniques. With due
recognition to such fine papers as "Nuclear Explosives in Mining", by Flangas
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and Rabb, and others working in the field, it was not until these projected
charges were published in 1964 that industry could project nuclear explosive
excavation costs to make meaningful evaluations of specific nuclear explosive
applications with anywhere near acceptable degrees of confidence.

The past five years have not produced any fundamentally new concepts
for the mining industry. Nevertheless, these years have been fruitful. Any
undertaking is rendered more efficient as the unknown quantities are reduced.
The recently published technical literature demonstrates that our predictive
capabilities relating to nuclear explosives have come a long way in the recent
period. In mining, as in any other nuclear explosive application, we must
be concerned with weather , air blast effects, ground motion, and the response
of nearby structures. It would be unnecessary and presumptious to recount
the technical advancement in each of these areas. It is important, however,
to recognize the beneficial effect of these advances on costs of the safety and
protection programs that must be borne by the user. Additionally it is
important that we can benefit from our improved ability to predict the in-situ
blast effects, i .e . , cavity formation, size, and fracturing effects in the halo
area. Findings regarding permeability such as resulted from the Pile Driver
studies are obviously important in evaluating in-situ leaching applications.

I would be remiss even in this Mining Session if I did not recognize
the Plowshare experiments of Rulison and Gas Buggy, for these are the
first two profit-oriented tests which have been conducted to date by industry.
With our long and extensive involvement in Project Sloop, I know from
experience that these two projects have made major contributions for all
potential users of nuclear explosives. Some of these contributions are
obviously in the Research and Development category, but they have also
greatly assisted us in providing costs and other pertinent data for fielding
such a test. The participants are to be commended for releasing to industry
so much of the pertinent information and planning requirements for these
tests.

There is another important aspect to the achievements of recent
years and this has to do with the several proposed nuclear explosive mining
schemes "which have been proposed. It is significant that these schemes
now are coming from mining people, i .e . , from people with particular
applications for particular locations and unique orebodies. From these
studies we are deriving both a diversity of ideas and a more practical
insight into the technical and public-related problems inherent in nuclear
applications for mining.

The Sentinel Mining Company of Australia studied the possibility,
and subsequently shelved the concept, of using nuclear explosives to create
a mine harbor at Cape Keraudren. Their apparently insurmountable problems
in attempting to hurdle political and safety obstacles are most enlightening.
I understand from news reports that similar problems are coming to light
in the proposed plan of Hancock and Wright for mining an iron orebody at
Wittenoom Gorge. It is interesting to note that this latter plan has appar-
ently satisfied technical and economic criteria.

"Project Sloop", a scheme proposed over ten years ago by
Kennecott for testing the application of nuclear explosives for in-situ leaching
of copper has not, as yet, reached the contract stage. Nevertheless, tech-
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nical progress has been made and because of my close association with this
project I should like to report on the latest developments. To review, the
project proposes to fracture a typical large deep-seated low- grade copper
orebody near Safford, Arizona. The test would include injection of acid
solutions through drill holes and collection of the copper-bearing solutions
in underground galleries developed by rehabilitating an existing shaft and
drift. The anticipated cost of the experiment was approximately $13 million.
As originally planned and conceived, Kennecott Copper and the Atomic Energy
Commission each were to assume approximately one-half of the total cost.
Kennecott approved the necessary funds three years ago but at approximately
that same time, Federal budget restrictions precluded any significant cost
participation by the Atomic Energy Commission. The project, therefore,
was set back in time to allow Kennecott an opportunity to re-evaluate the
plan and its potential in view of the increased cost they would have to shoulder.
These evaluations are now complete and I expect that a decision regarding
continuation of the work with AEC should be made soon.

I believe that Plowshare developments over the last several years
have not significantly changed the economics of nuclear explosives for mining.
William Hardwick in a Bureau of Mines Report of Investigations (No. 6696)
published in 1967, presented two tables of estimated costs for breaking rock.
He predicted costs varying from 9.2 to 1.8 cents per ton -with 10 to 100-
kiloton devices placed at optimum depth for breakage. He further indicated
that at minimum confinement depths, the cost would increase by a factor of
6 and be 55.2 to 10.8 cents per ton for similar device yields. His costs refer
to the ore broken in the retarc and chimney respectively. Our cost estimates
for the Project Sloop concept indicated a somewhat higher cost due to the
increased depth of burial required and the resulting smaller chimney. His
cost basis is apparently the published projected charges for thermonuclear
explosives plus a minimal allowance for related construction and safety.
We believe his costs could be achieved, but only if the applications were
carried out on a routine and sustained basis so that the high safety and
support costs could be distributed over a number of detonations . By com-
parison, current drilling and blasting practice in open pit mines gives rock
fragmentation costs of approximately 5 cents per ton and total mining costs
including loading, haulage and general, in the range of 25 to 3 5 cents per ton
of material handled.

As long ago as 1 961 Flangas and Rabb estimated mining costs of
two to three dollars per ton for an underground nuclear explosive stoping
concept. This estimate was based on results of the Ranier experiment.
Today's mining costs for larger deposits are in this same range with conven-
tional methods . Therefore, it appears that, at these cost levels, a nuclear
device does not represent a major breakthrough for underground mining but
does, instead, offer an alternative technique for use when conventional
methods, such as block caving in competent ground, are marginal, sub-
marginal, or not applicable. In view of this cost picture, I believe it is safe
to say that mining schemes using nuclear explosives fall generally in the same
cost frame as conventional mining schemes. This would indicate that a purely
technical decision to use either nuclear explosives or conventional techniques
will, in most cases, be based on the specifics and subtleties of each deposit
and location. Under this assumption we will be forced to examine not general
concepts, but the particular mining economics of each situation in complete
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detail before we can say that one alternate or the other holds greatest
potential.

The Safford orebody which I mentioned before in regard to Project
Sloop is very large, is overlain by several hundred feet of completely
barren, hard cap rock and the portions of interest contain approximately
one-half of one percent total copper. The nuclear explosive concept for
development of this property includes placement of devices at the lower
boundary of the easily leachable oxide ore zone. The conventional mining
scheme would involve stripping and mining followed by heap leaching. Our
analyses indicate that it would take approximately fifteen 20-kiloton contained
nuclear devices to adequately fracture the portion of the orebody suitable for
in-situ leaching. This scheme does not contemplate leaching only broken
ore in the chimney but would also include leaching of the fractured halo zone.

A nuclear fracturing in-situ operation has a major economic
advantage in that the ore does not have to be transported. There is , however,
more centainty that less of the total mineralized zones in deposits like Safford
can be in-situ leached after nuclear blasting than can be heap leached in
conventional mining.

If you will recall the various schemes which you have seen proposed
over the last years you will recognize that, like Sloop, many include the use
of multiple devices of approximately the 20-kiloton size. Due to safety and
shock problems associated with a nuclear detonation it is unlikely that devices
much larger than 20 kilotons will find broad mining application in this country.
It also appears unlikely that cratering and retarc applications will be accept-
able to the AEC and public in the near future except in isolated instances.
Based on current knowledge it can be assumed that a 20-kiloton device will
achieve broken rock in a chimney for approximately 50 cents per ton and that
the chimney will contain approximately one million tons . It follows that for a
commercial operation, at least ten devices and probably several times ten
devices, would be required for full development of a major orebody, regard-
less of whether the plan is for in-situ leaching or for some caving method.
The tremendous power of even low-yield devices is sufficient to collapse mine
openings located nearby. This creates a problem which I am sure has come
up in all of the plans which have been proposed. The miner is faced with two
alternatives: all or a substantial portion of the orebody can be fractured
initially by detonating a series of devices over a period of months; or as a
second alternative, a small portion of the orebody can be developed and
completely mined out before an adjacent area is developed. The first
alternative necessitates tying up large sums of money for long periods of
time and carries the undesirable possibility that changing economic conditions
would render the development inefficient or useless. The second alternative
could involve destruction of costly underground development or preclude
orderly progress through the orebody.

I have not brought up this problem to discourage the application of
nuclear devices in mining. On the contrary, I have brought it up because I
believe it is typical of the major hurdles being encountered by those attempting
to develop applications and the sooner we focus attention on them, the sooner
we can achieve economic utilization of this alternate explosive. There is a
solution to the problem mentioned. It is in knowing precisely what inter-
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action can be expected from one detonation to another and how best to protect
previously developed underground openings.

The AEC, through its Plowshare organization, has in the past con-
ducted numerous tests which have provided certain design parameters for
mine applications . It is time now, I think, that the Plowshare organization
consider a new series of tests, at N.T.S. if desired, to answer the particular
problems of potential user groups.

The mining industry uses nearly one million tons of explosives per
year in the United States alone. We have some considerable knowledge from
this long and extensive use of design techniques which achieve efficient
explosive utilization for routine and specialized applications. Certainly we
recognize our needs and the specific problems that are encountered more
fully than many non-industry personnel. I suggest, therefore, that designs
for Plov/share tests be developed jointly by the Plowshare organization and
industry to assure that reasonable and appropriate questions concerning
industrial applications are answered.

On November 10, 1969, the AEC formally announced the establish-
ment of the Office of Peaceful Nuclear Explosives. This was a long-awaited
and vitally-needed organizational change and should greatly facilitate the
development of mining applications. I trust that this office, in recognition
of the heavy cost of nuclear mining experiments and the broad potential
benefits for efficient mineral resource development, will develop an easy
interchange with industry so that both parties can discuss, plan and decide
\vhere and how to use nuclear devices to decrease mining costs and thereby
increase the nation's capability to supply its metal needs at competitive prices.
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