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Monitoring Underground Explosions

D. Davies

Editor’s Note

During the Cold War, the testing of nuclear weapons proceeded in parallel with international
discussions about whether they might be banned. One of the obstacles to a ban was the problem
of verifying a nation’s adherence to it. The Soviet Union was particularly reluctant to agree to
external inspections of its weapons facilities, so that verification would need to rely on a capacity
for detecting tests from afar. Underground tests, still being conducted in the early 1970s,
create seismic waves, but to use these for verification they would need to be distinguished from
earthquakes. Here David Davies of the Massachusetts Institute of Technology reviews progress
towards a sufficiently discriminating seismology, concluding that techniques were becoming

adequate but still not infallible.

Seismological means for detecting and identifying underground nuclear explosions have
improved steadily during the past ten years. A technique exists for separating explosions
from earthquakes. The problem now is lowering the threshold and understanding the
occasional problematic event.

N underground nuclear explosion converts about 1 percent of its energy into seismic

waves and these carry information about the time, size, and location of the event.
They may also indicate that the event is indeed an explosion and not an earthquake. This
information is somewhat more difficult to extract, and research in many countries for the
past few years has been intensively directed towards discrimination between natural and
artificial events. There is no other known way of identifying underground explosions that
can be used on a world-wide basis. In this article, I shall describe the progress that has
been made recently in this science, which has such obvious implications for arms control.
The conclusions that I reach should not, however, be construed as a measure of the
prospect of a total test ban. Many ingredients go into the making of a treaty, and ability
to police it is only one of them. Seismological capability is thus not sufficient, but it may
be necessary, at least down to some level of explosive yield. What would constitute an
adequate level is a matter of some discussion at present. The science reported here is the
result of the research of many seismologists. In order to reduce the number of references
to a manageable level, however, I have cited only a few large compilations of results in
which the genealogy of the various ideas and instruments may be found.
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The reason for testing nuclear weapons underground is not, of course a matter of public
discussion, but a paper by Neild and Ruina' probably provides a reasonably complete
list of purposes. Between 1968 and 1971 there was an average of about twenty-five
underground tests a year announced by the United States compared with about ten
presumed tests a year for the Soviet Union, one test per year for China and about five
a year for France—all but one of the Chinese tests and all of the French tests being
atmospheric. Britain has not announced a test for seven years.

When the banning of nuclear tests first became an international issue in 1958, a
conference on the technical problems in Geneva clearly indicated that the science of
seismology would need substantial advances to reach a stage at which instrumental
observations could indicate unambiguously that an explosion with a yield of a few kilotons
(kton) had been detonated. Indeed the rather meagre data available during that conference
and the subsequent negotiations (there had at that time only been two or three quite small
underground tests) suggested that a first objective could reasonably be an international
network of about 170 stations which could detect seismic signals down to a certain
threshold but not necessarily identify their source. It was expected that most seismic events
would clearly indicate their earthquake nature by their location and depth, their radiation
pattern and the shape of their signal, but there would be a residue which would need
further investigation. In the early days of international negotiations, inspections of the
sites of a fraction of these suspicious events were discussed in detail—the number and
nature of such inspections being particularly contentious topics. With time, the position of
the Soviet Union on the inspection issue hardened to the assertion that inspections were
unnecessary, and that purely national means of policing would be satisfactory. Thus the
“Geneva network™ was never built.

The two issues which were seen as central in 1958 are central today. Background seismic
noise (from wind, traffic, ocean waves, and so on) placed a limitation on the detection of
events; and a certain number of earthquakes did not immediately reveal themselves as
such. The advances in seismology have been substantial since 1958, but increasing the
signal-to-noise ratio (s.n.r.) and finding improved methods of separating earthquakes and
explosions are still the principal fields of research. The rather narrow frequency bands
involved in seismology have controlled techniques rigorously, and because the work is
concentrated in situations of low s.n.r., the problem has been that of finding the frequency
at which the s.n.r. is highest, and aiming improvement at that frequency, rather than
trying to encompass the whole spectrum of the seismic signal. This “mission-oriented”
approach to seismology, when combined with the intellectually stimulating problems
that have arisen on the way, has exerted a vital role in the development of seismology
since 1958.
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