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ABSTRACT. A Norwegian study of the effects of Soviet nuclear testing on the
arctic island of Novaya Zemlya is underway. The study has used aerial
photographs and satellite images and has revealed major rockslides and crater
features that may be attributable to testing. It has been claimed that
underground testing carries little risk of post-explosion contaminant release, as
the explosion vitrifies and seals the surrounding rock mass. Some experts doubt
the validity of this claim, and elucidation of the hydrogeological aspects of
such nuclear testing is one of the aims of the study.

INTRODUCTION

We may consider remote sensing to be an extension of classical aerial photography that
geoscientists have been using for most of this century.

By raising our viewpoint from above the ground to altitudes of
several hundred km. our field of view is greatly expanded. The surveillance

of large areas by remote sensing is often beneficial in that it enables us to obtain a
grand scale view.

In this case study, observations are provided by sensor platforms that are
circling the earth at altitudes of between 700 and 830 km, i.e. the Landsat 4-5 and
SPOT 1-2 satellites, respectively.

BACKGROUND

Novaya Zemlya came into focus in the winter of 1989-90, when it was rumoured
that the Soviet Union intended to close down its nuclear weapons testing site in
Semipalatinsk and move all such testing activity to Novaya Zemlya. Because of
Northern Norway's proximity to the test site, and reflections about the Chernobyl
accident of 1986, concern arose among Norwegians over the prospect of increasing
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nuclear weapons testing activity on Novaya Zemlya. As the situation remained unclear,
due to different signals being received from Moscow, a satellite remote sensing study
of the Novaya Zemlya nuclear test site was initiated in 1990. As a visiting researcher
at the Norwegian Institute of International Affairs (NUPI), I was responsible for the
initiation of the study, after approval from the late foreign minister, Johan Jerrgen
Hoist, who was then director of the institute.

The use of civilian remote sensing data in the study of the effects of nuclear
testing is, however, new. By this type of surveillance of the northern Novaya Zemlya
underground nuclear test site, we hope to be able to provide some additional knowledge
and insight into the situation, with respect to nuclear tests and their effects in this
particular area.

The first nuclear explosion on Novaya Zemlya occurred on 24 September 1957.
In the years that followed, many nuclear explosions took place here, mostly air-bursts.
The most powerful explosion had a yield of 58 megatons. In 1963 the United States,
the Soviet Union and Great Britain established a ban on all kinds of nuclear testing,
except that performed underground. During the period 1964-1990 there were 31
underground explosions at the northern Novaya Zemlya test site. Most of the early
explosions were very powerful, the largest being about 4 megatons. In the Threshold
Test Ban Treaty (TTBT) of 1974, the Soviet Union and the United States agreed to set
a limit of 150 kilotons on the size of nuclear weapons tests. From 1976 the yield of
underground test explosions on Novaya Zemlya did not exceed 150 kilotons. The
importance of Novaya Zemlya as a nuclear testing ground for the former Soviet Union
is reflected by the fact that 94 % of the total megatonnage yield of the former Soviet
Union's nuclear tests had been exploded on Novaya Zemlya, whilst 5.5% was exploded
at Semipalatinsk.

INFORMATION DEFICIENCY

One of the reasons why this study was started was the very inadequate
information that existed on Novaya Zemlya generally and on the test site specifically.
There were no detailed maps available and TPC maps at the scale of 1:500,000 were
the best available. With respect to geology, the best information we found was in the
extensive "Report of the Scientific Results of the Norwegian Expedition to Novaya
Zemlya in 1921", edited by Olav Holtedahl. Late in the study, some new information
on the geology of the northern Novaya Zemlya test site appeared in an American report
in a DARPA Proceedings publication. Not only the nuclear test sites, but the whole
Novaya Zemlya area was declared a military security area, and the native population
were deported from these islands when the Soviet Union began preparations for nuclear
testing in the 1950's. The only practical way to get more information was to use
satellite imaging of the area and, fortunately, good quality data were available from
both the American Landsat 5 and the French SPOT 1 and 2 satellites.
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AMERICAN AND FRENCH SATELLITE DATA

Black and white Landsat TM quarter scenes (approx. 100 x 100 km) were used
for surveying Novaya Zemlya, from its southern tip to the areas well north of the
Matochkin Shar. On this basis, digital data of Landsat-TM and SPOT-P images of the
northern test area were ordered. In addition, digital terrain data of the area were
acquired. TRIC of Tokai University in Japan produced several sets of high quality
satellite images, both black & white and colour, by digitally merging SPOT-P and
Landsat-TM images. TRIC also made a colour stereopair using two composite satellite
scenes.

A 3-D presentation of the test area was made by draping the Landsat-TM scene
over the digital terrain model (covering an area of 8000 km2), with the aim of
geological mapping. Several sets of colour Landsat-TM images were produced using
different combinations of three spectral bands chosen from seven available Landsat
bands. Some aerial photographs from 1942, which covered parts of the test area, were
also provided for the study.

IMAGE INTERPRETATION OF THE TEST AREA

During the first part of the study most effort was put into mapping the test site
infrastructure. This was successful, as the main base, roads, tracks, bridges and tunnel
openings were located, as well as harbours, piers, buildings, storage tanks and tailing
piles of rock excavated during tunnelling activities.

The test area is located at 73°N latitude, at the eastern boundary of the Barents
Sea. All of Novaya Zemlya is an area of permafrost that is reported to be about 300 m
thick in the valleys and as much as 600 m thick in some of the mountain areas. The
Shumilikha valley and its river divide the test area in two. The northern mountains
reach 1100 m above sea level (a.s.l.) whilst those to the south reach about 900 m.a.s.l.

NUCLEAR EXPLOSION SURFACE EFFECTS .

The study and interpretation of the satellite images revealed several interesting
and surprising features. For several years all nuclear explosions took place on the
northern side of the Shumilikha valley and, in one of the side valleys in this area, we
found a large rockslide that fills the whole valley floor, with a dammed lake behind it.
The rock volume of the slide is probably between 30 and 60 million m3. On the shore
of the Matochkin Shar, we found modifications of the coastline that strongly indicate
one or two major rockslides, which are partly submerged, with the remains of each
rockslide visible on the slope above the coastline. Several smaller and shallower
rockslides have been found in the test area and our theory is that they have been
triggered by underground nuclear explosions. Close to the Matochkin Shar, the image
analysis revealed three craters on or near the mountain ridge. The largest of these is
approx. 220 x 270 m. One suspected crater has been found on the southern side of the
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valley. The four craters are probably the result of insufficiently deep underground
nuclear explosions.

A PERMAFROST AND A HYDROGEOLOGICAL PROBLEM

According to Russian experts, all underground nuclear explosions on Novaya
Zemlya have taken place below the permafrost layer. There are, at different depths, at
least thirty two explosion cavities containing large amounts of radioactive material. It
is said that the waste from the explosions does not threaten the environment. The reason
for this, so the Russians claim, is that the intense heat from a detonation melts the rock
surrounding the cavity then, as the temperature drops, the melted rock solidifies and
forms a glassy sphere around the cavity. This sphere keeps the nuclear contaminants
fully contained within the cavity. However, critics claim that complete containment on
Novaya Zemlya is the exception rather than the rule. If this is the case, radionuclides
are currently leaking into groundwater and are thus being transported to the nearby
Matochkin Shar and the Shumilikha valley floor.
However the permafrost layer may be affected in at least two ways. The shock from
the explosion can cause cracks in the permafrost floor section closest to the detonation
center The heat front from the explosion expand slowly through the rock and after
some time it reaches the floor of the permafrost. As the heat gradually moves into it,,
the permafrost thaws and any water here will drain downwards and go through the
chimney to the explosion cavity.
Glaciologists and geologists working on the artic Spitzbergen Islands, have in some
locations here found cracks and fissures in the permafrost that are filled with ice or
water It show that if underground nuclear explosions had been released here, it might
have created a dangerous nuclear environment.
However in response to this study, Russian scientists have confirmed that no water
leakage in the permafrost have been found, as the testing wells are dry. This is very
good news, and it should be well documented both with respect to confirm the western
Matochkin Shar area to be very suitable as a nuclear testing ground, and secondly,
throw light on possible future use of the permafrost environment as a storage medium
for nuclear waste.
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