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The French experimentation at the underground nuclear

testing site in the Sahara desert

Andrd GAUVENET

Commissariat A I'Energie Atomique - France -

The present paper will be essentially an introduction to the technical
exposes which will be delivered during the Las Vegas Meeting.

My presentation is divided in two parts. In the first part, I intend to
summarize very briefly the experience that has been gained from the under-
ground nuclear shots which took place in the Sahara desert from 1961 to 1966.

In the second part, I shall give you an idea of the studies at present
carried on in France in the domain of peaceful applications of nuclear explo-
sions.

1. - Underground tests in the Sahara desert

1.1. - General considerations

Between 1961 and 1966, 13 nuclear shots have been fired in a granitic
massif of the Hoggar (in the Southern part of the Sahara). All these tests
have been executed in the same experimental conditions. The massif, called
the Taourirt Tan Affella, is a dome of ellipsoidal shape having a size of
8 Km on 56 Km. The height above the sea level is 2000 m the summit of the
mountain dominates the surrounding plateau by 1000 m. The rock is an alcaline
granite exhibiting a network of big fractures which cut the massif in sections.

An interesting characteristic of the testing site is the great homoge-
neity of the medium as regards the mechanical properties as well as the che-
mical composition.

This homogeneity together with the constancy of the experimental condi-
tions give an interesting set of easily comparable results in a rather limited
domain.

The phenomenology of underground explosions was studied theorically as
early as 1960 to foresee and to explain the various observable effects. This
was compulsory since no shot was known at this time to have been fired in a
granitic rock. Fears had been raised about the efficiency of the explosions
containment. Our specialists were also concerned about difficulties in after-
shot drilling due to the high temperature foreseen in the central core, re-
sulting from the very low water content in the rock.
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As concerns the containment of the explosionsthe problems of the shape
of the end galleries (snail shapes) and of the stemming devices have been rap-
idly settled.

Safety questions resulting of the high temperatures in the cavities have
been solved by using servocontrolled drilling mechanisms.

1.2. Measurement of-the-various_effects_of the explosions

Each of these tests has given us the opportunity of making numerous
measurements, firstcfall in order to confirm and to improve containment tech-
niques.

Near ground zero, times of the arrival of the shock wave, pressures,
speeds, accelerations and displacements have been the subject of systematic
studies (cf Mr. Delorc's Paper).

computation numerical code has been established, in good agreement
with the experimental results. This part of our activities is nevertheless
not included in the reports given at this conference.

Other parameters have been measured after the shot, either in the dril-
ling holes or in the extracted samples. Most of the dynamical effects measured
at the time of the explosion give results very close to the similar data ob-
served at the occasion of the American tests in granite ardhat, Shoal, Pile
driver).

On the contrary results of the drilling operations effected after the
shots give evidence of considerable differences between French and American
shots in apparently similar environment.

The most important divergences concern the dimensions of the cavities
and of the chimneys resulting from the explosions. For the same yield, the
volume of cavities and chimneys observed in the Sahara are about times
smaller than similar volumes in the U.S. experiments. Mr. Derlich will discuss
this problem in his paper.

The quantity of melted rock is nevertheless the same in both cases as it
could be expected a priori. Therefore the final disposition o;' lava in the
cavities is not the same in both types of experiments. These particularities
will be discussed in various reports.

We hope that the discussion of such resull�s could be much rewarding as
regards the knowledge concerning the effects of underground explosions.

At a greater distance of ground zero, between 15 and 50 Km, seismic mea-
surements have been effected at the earth surface and at a depth of several
tens of meters.

The seismic network being always in the same position, whatever the shot,
the effects of explosions of very different yields have been measured and com-
pared for quasi-constant distances. This has permitted us to obtain laws for
the ground motion Mr. Ferrieux will give them in his report.

,Gaseous samples have been systematically analysed by chemical and radio-
chemical methods. These analyses have shown that, in such a granitic envi-
ronmi�fit, the chemical composition of these gases was always the same. Compu-
tati6ns have permitted to check the chemical equilibria which are of course
lepen dent on temperature.
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Underground Shots in the SAHARA

WDetonations Yield Date Time U. T. Longitude Latitude
E N

h m s ms it I 11

Agate 7. 11. 61 11. 29. 59. 931 5.03.07,6 24. 03. 25, 5

Beryl M 1.5.62 10. 0. 0. 45 5 0. 30, 8 24. 03.46, 8

Emeraude f 18.3.63 10.02. 0. 351 5. 03. 07 9 24 0. Z8 9

Amethyste f 30 3 63 9.59. 0. 328 5. 3. 25, 2 24 0. 36, 0

Rubis M 20. 10. 63 13. 0. 0. Oll 5 0. 19, 0 24. 02. 07, 8

Opale f 14.2.64 11. 0, 0. 347 5. 03. 08 6 24. 03. 13, 1

Topaze f 15.6.64 13.40. 0. 361 5 0. 04 4 24. 03.59, 8

Turquoise f 28. 11.64 10.30. 0. 035 5 0. 30, 1 ?-4.02.30,7

Saphir M 21.2.65 11.30. 0. 039 5. 01.52, 24. 03. 31 4

Jade f 30. 5. 65 11. 0. 0. 037 5. 03. 03, 1 24. 03. 18, 0

C orindon f 1.10.65 10. 0. 0. 043 5. O�. OZ 6 24. 03 53 7

T ourmaline f 1.12.65 10.30. 0. 088 5 0.48 9 z4 0. 37 4

Grenat f 16.?.66 11. 0. U. 035 5 0. Z8 4 24. OZ. 39, 0

"f" means "faible" (weak) for a yield smaller than nominal 20 kt) "m�' means
rF moyen" (middle) for a yield greater than nominal
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The computation ode, developed at this occasion may present some inte-
rest in the frame of certain industrial applications, such as oil shales, oil
stimulation and so on (cf Mr. Picq's report).

In other respects, Mr. Delort's paper on nuclear stimulation of hydro-
carbons gives the results of a computation using a bidimensional code on the
fluid flow in fractured zones.

A schematic representation of the fractured zones has been used, fol-
lowing measurements obtained in the Hoagar drillings. We have also used on the
spot measurements of the dimensions of the different zones (cavity, chimney,
crusted zone, fractured zone, zone with residual strains). An example of the
computation of the fluid flow will be iven in a fictitious situation.

The last report, somewhat more remote from industrial applications, is
concerned with the effect on the rock constituents of cumulative effects of
heat and shock wave resulting from the explosions. This is the result of
practical observations in the drilling and in the extracted samples
(cf Mr. Faure's paper).

These few subjects have been selected for presentation at the Las Vegas
meeting. We have concentrated almost exclusively on experimental results ob-
tained at the time of the Hoggar shots, whose aim was not to explore the pea-
ceful applications of nuclear explosions they made it possible nevertheless
to acquire a significative experience in this domain. Other subjects have been
published in the written form. Up to now the Commissariat i 1Energie Atomique
has issued about 20 reports, all of them easily available.

I should like to add that we carried out one nuclear cratering experi-
ment, all other tests having been fired in the atmosphere or at the water
surface. We tried besides to use for pure scientific purposes one of our tests,
for measurement of neutron reactions cross sections. This last attempt showed
us the difficulties created by the association of a scientific project with
an experiment specifically aimed at another purpose. In this field as well as
in other domains it can be difficult to associate various and sometimes con-
tradictory activities around a single experiment.

2. Present and Future of peaceful applications of nuclear explosions at the
Commissariat A I'Energie Atomique " (C E A)

Since the end of the French underground tests 1966), available results
have been collected, systematized and compared to U.S. data. This was pos-
sible thanks to the remarkable American literature which has been published
on the subject.

Thoughts have been expressed inside our organization about possible in-
dustrial applications of nuclear eplosions.

In 1969, the C E A took a step further in creating a specialized
project called the Apex Project (Apex for Applications des Explosions ").
The project is under the supervision of a steering Comittee under the direct
authority of the High Commissioner it is coordinated by a general secretary
and includes study groups, in charge of every basic technique which could be
useful in our domain, namely

- study of specific nuclear devices.
- radiological and setsmol-o�ai sa-fety.
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- phenomenological studies.

general applications.

Other groups study some precise applications these are for the pre-
sent time paper studies carried on with the collaboration of specialists of
various French organizations.

It is too early to discuss any detailed programme since our propositions
are now at the brainstorming stage. They have of course to be selected,
approved and of course financed by our authorities.

Taking account of the preliminary studies, as well as of our practical
possibilities, we think that the first tests which would be made for specific
applications will relate to the hydrocarbons field. I take this expression in
a rather broad meaning, including oil and gas stimulation, oil storage and
even production of chemicals. Choices will be decided later on, but we do not
contemplate for the near future any cratering tests for civil engineering pur-
poses unless specific questions were asked for, the corresponding applications
being evidently excluded on the French territory, at least in the next few
years.

3. - Conclusion

We have the feeling that these techniques are promising, technically
and in certain cases economically. We are nevertheless strongly aware of the
various difficulties we will have to surmount in the future.

We think it possible to establish a precise programme in not too distant
a future. We hope to be able to discuss it at the occasion of the next
Plowshare meeting whatever the future of these techniques, we believe that
time is needed for their developing from the experimental stage to an indus-
trially and economically proved technique. Stress will ave to be put during
this transition period on technical problems as well as on public education
which is according to our point of view a very important requirement.
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