
 

Satellite imagery detects thermal 'uplift'
signal of underground nuclear tests

January 10 2012

A new analysis of satellite data from the late 1990s documents for the
first time the "uplift" of ground above a site of underground nuclear
testing, providing researchers a potential new tool for analyzing the
strength of detonation.

The study has just been published in Geophysical Research Letters.

Lead author Paul Vincent, a geophysicist at Oregon State University,
cautions that the findings won't lead to dramatic new ability to detect
secret nuclear explosions because of the time lag between the test and
the uplift signature, as well as geophysical requirements of the
underlying terrain. However, he said, it does "provide another forensic
tool for evaluation, especially for the potential explosive yield
estimates."

"In the past, satellites have been used to look at surface subsidence as a
signal for nuclear testing," said Vincent, an associate professor in OSU's
College of Earth, Ocean, and Atmospheric Sciences. "This is the first
time uplift of the ground has correlated to a nuclear test site. The
conditions have to be just right and this won't work in every location.

"But it is rather interesting," he added. "It took four years for the source
of the uplift signal – a thermal groundwater plume – to reach the
surface."

The focus of the study was Lop Nor, a nuclear testing site in China
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where three tests were conducted – May 21, 1992; May 15, 1995; and
Aug. 17, 1995. Vincent and his colleagues analyzed interferometric
synthetic aperture radar (InSAR) images from 1996-99 and detected a
change in the surface beginning four years after the tests.

Though the uplift was less than two inches, it corresponds to known
surface locations above past tests within the Lop Nor test site.

From past studies, the researchers knew that heat from underground
detonation of nuclear devices propagates slowly toward the surface. At
most sites – including the Nevada National Security Site – that heat
signal dissipates laterally when it reaches the water table, which is
usually deep beneath the surface.

At Lop Nor, however, the water table is only about three meters below
the surface, and the heated groundwater plume took four years to reach
that high, lifting the ground above the detonation site slightly – but
enough to be detected through InSAR images.

Lop Nor also is characterized by a hard granite subsurface, which helps
pipe the heated water vertically and prevents the subsidence frequently
found at other testing sites.

A past study by Vincent, published in 2003, first shed light on how
subsidence can manifest itself in different ways – from the force of the
explosion creating a crater, to more subtle effects of "chimneying," in
which the blast opens up a chimney of sorts and draws material
downward, creating a dimple at the ground surface.

Before joining the OSU faculty in 2007, Vincent spent several years as a
physicist at the Lawrence Livermore National Laboratory.

Vincent said the analysis of nuclear explosions has become a specialized
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field. Seismology technology can provide an initial estimate of the
energy of the explosion, but that data is only good if the seismic waves
accurately reflect coupling to the connecting ground in a natural way, he
explained. Efforts are sometimes made to "decouple" the explosive
device from the ground by creating specializing testing chambers that
can give off a false signal, potentially masking the true power of a test.

"Subsidence data combined with seismic data have helped narrow the
margin of error in estimating the explosive yield," Vincent noted, "and
now there is the potential to use test-related thermal expansion as
another forensic tool."

  More information: 
ir.library.oregonstate.edu/xmlui/handle/1957/26406
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