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ABSTRACT

The following review will give some of the current thinking of Soviet scientists and
engineers on the possibilities of using nuclear explosions for peaceful purposes in the
Soviet Union. This review is taken from a more detailed report that was presented under
the same title by Soviet participants at an information-exchange meeting that was held
in Vienna between the Soviet Union and the United States in April, 1969. Aside from a
very brief review of one explosion in salt, the report does not give details on nuclear
explosion effects (mechanical, seismic, radiation, or thermal). Rather, the report
summarizes the results of design calculations and indicates the direction of Soviet
planning for a variety of industrial applications. A complete translation of this report
will be published by the Division of Technical Information and Education of AEC at
Oakridge.

INTRODUCTION

It is evident from their Vienna report that Soviet workers have been investigating the
industrial application of nuclear explosives for a considerable length of time. After a
period of theoretical investigation, they pursued experimental studies to solve certain
engineering and scientific research problems. These studies proceeded through three
separate phases: (1) laboratory modeling studies, (2) field experiments with chemical
explosives, and (3) field experiments with nuclear explosives.

The overall purpose of these theoretical and experimental investigations was to define
the basic parameters that control the effects of nuclear explosions. Information on

mechanical, seismic and radiation effects was obtained as well as the engineering prop-
erties of rocks that have undergone such explosions. At the same time, the Soviets
also sought to develop the technological background necessary for engineering applications
They have worked on such problems as: (1) the optimal methods of utilizing nuclear
explosions, (2) the stability of structures created by these explosions, and (3) the effect
of seismic waves from such explosions on the stability of surface and underground
structures.

As a result of all this work which included economic projections as well, the Soviets
concluded that nuclear explosives have a very definite potential within the planned
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economy of the USSR. They have established that a significant number of industrial
applications should be possible. Investigations and work on specific projects are now
underway along the following lines. Excavation shots are being planned for: (1) open pit
mining operations, (2) building canals, (3) constructing rock-fill dams, (4) constructing
storage pits for water supply, (5) excavating trenches and embankments for railroads
and highways, (6) excavating harbors for seaports, and (7) constructing storage pits for
mine-concentrate tailings. Underground explosives are being planned for: (1) improving
oil and gas recovery, (2) constructing underground storage facilities, (3) developing
subsurface facilities for disposing of industrial wastes, (4) underground mining operations,
and (5) controlling subsurface pressures in mines and petroleum reservoirs. More
attention has been paid to underground than to excavation explosives because the former
are much safer.

The following briefly describes the results of one underground explosion in salt and
examples of the kind of projections that the Soviets are making for both underground
explosions and excavation shots.

UNDERGROUND EXPLOSIONS

Experimental Results in Salt

An experimental underground explosion was set off in salt (site not given) in order:
(1) to investigate the possibility of creating an underground cavity that could be used for
storage purposes, (2) to determine the configuration and dimensions of the cavity as well
as the zones of deformation, (3) to investigate the seismic effect from the explosion on
surface and subsurface structures, and (4) to investigate the distribution of radioactive
products in the salt mass as well as on the land surface. The shot was a 1.1 kiloton
explosive at a depth to charge ratio of 160 m/kt 1/3.4^

The explosive was set off in a large dome-shaped mass of salt that extends to within
7-8m of the surface at the location of the emplacement well. The halite is composed of
medium to large crystals ranging in size up to 2-3cm and exhibits a clearly expressed
lamination. The salt laminae dip at an angle of 70 in a northwest direction (280 ) and
range from 2-15cm in thickness with interlayers 0.1 - 0.3 cm thick. The laminae are
interspersed with carbonates and sulfates.

This explosion was completely contained. Heaving at the surface over the epicenter was
2m and in general was observed over an area about 60m out from shotpoint. Subsequent
to the explosion, six exploratory holes were drilled to determine cavity configuration,
dimensions and volume. The cavity was found to be slightly ellipitical in cross-section
with a vertical extent from shotpoint of about 18m and a horizontal extent, about 14m.
Total volume of the cavity is 1.42 x 10 m , and the lower one-third (0.4 x 10 m ) is
filled with fused salt and rock debris. The cavity is bordered by a zone of crushed
halite 1.5- 6.5m thick. The fissured zone can be traced 83m vertically upward, 29m
downward, and 35m horizontally outward from shotpoint. Individual fissures extend for
150-200m.

Investigations of seismic effects were grouped in three categories of distance from shot-
point: (1) up to 2.3 km, (3) 7.5 to 45 km, and (3) up to 270 km. On the basis of compu-
tations, it was concluded that the seismic effect on structures in the closest zone was
equivalent to the destructive force of a 6 to 7 Richter magnitude earthquake.
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No release of radioactive products into the atmosphere was observed. After the explo-
sion, the presence of noble gases in observation wells was measured at t + 12 minutes,
t + 24 hours, and t + 35 hours. The amount detected did not exceed one percent of the
total formed during the explosion. Other radioactive products were detected from their
penetration into the salt mass along fissures. Strontium-89 and cesium-137 spread the
farthest away with strontium-90, yttrium-91 and antimony found closer to the cavity.
Zirconium-95, cerium-144 and ruthenium-106 were found within the cavity.

The Soviets concluded from this experiment that the results confirmed earlier work
indicating the expediency of using nuclear explosions to create underground storage
cavities in rock salt.

Improving Oil and Gas Recovery

According to the Soviets, their investigations indicate that the application of underground
nuclear explosions to oil and gas reservoirs should substantially increase rates of
production and thereby shorten the time needed for exploitation. They cite two methods
of utilizing nuclear explosions for such purposes.

The first project will be aimed at improving gas production from a reef-type structure
where a substantial gas cap overlies a relatively thin oil saturated zone that is under-
lain by water. The reef gas extends from a minimum depth of 1, 000m to a gas-oil
contact at 1,800m, which is isolated from underlying water by an oil zone, 85m thick.
The caprock over the gas is composed of about 1,000m of anhydrite, salt, and near-
surface deposits of Tertiary sandstones and clays, about 480m thick.

The project plan calls for three 40 kt, almost equilaterally spaced, explosives to be
detonated at a depth of 1,600m, or about 600m below the top of reef gas. An intensely
fractured zone around each shotpoint with a radius of 270m is predicted. Spacing
between explosives will be approximately twice this radial distance. Emplacement wells
will be reopened for production purposes unless this proves impractical, in which case
new wells will be drilled.

It is anticipated that a very large increase in gas and gas condensate production will be
realized. Individual well productions are predicted to increase from a conventional
0.25 x 10 m /day (~9 MMCFD) to 3 x 10 m /day (~ 103 MMCFD), or a 10-fold
increase. Exploitation time will be shortened eleven times, and annual savings should
be of the order of 5-6 million rubles.

The second project will be aimed at improving oil production from a small dome-shaped
structure at a depth of about 1,400m. The most productive part of this structure is a
sandstone about 100m thick overlying a dense, low permeability limestone. Beneath
this oil-saturated limestone is a water-bearing limestone 70 to 200m thick. The caprock
over the oil saturated sandstone is an argillaceous carbonate that is 90-150m thick and
practically impervious.

Because of poor communication across the dense oil-saturated limestone, it is proposed
to enhance the water drive potential of this field by detonating three nuclear explosives,
of 20 to 30 kt each, in the center of the limestone aquifer beneath the oil-water contact.
The resulting fracture pattern will greatly enhance water movement into the oil
producing zones and stabilize oil production at a high level. Without stimulation, the
field is predicted to reach a peak oil production of 350,000 t/yr (~6,700 BPD) for a two
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year period and then require some 32 years to reach depletion. With stimulation, this
peak level can be maintained over an eight-year period. The net result is that the
production life can be shortened to 19 years and the cumulative recovery can be
increased by about one-third.

Constructing Underground Storage Facilities

As a result of various investigations including field studies, the Soviets have concluded
that underground nuclear explosions have three areas of application in building under-
ground storage facilities: (1) creating cavities in salt deposits, (2) creating storage space
in the broken rock and fissures associated with chimneys, and (3) improving the flow
characteristics of natural storage reservoirs. Two examples are given to characterize
the technology developed to date.

The first project will be designed to construct a storage cavity for gas condensate with a
volume of 300,000 m^ (~ 1,900,000 bbls) at a site where the geological cross-section
consists of a thick bed of stratified salt beneath about 500m of sandstone. Two succes-
sive explosions of 35 kt each will be placed in the salt at a depth of 810m. To protect
the first cavity from seismic damage during the second detonation, a minimum distance
between shots of 528m has been prescribed. Exploitation wells will be drilled into these
cavities one month after detonation. Experimental studies have indicated that 120 days
after an explosion, cavity gas contained no radioactivity.

The second project will be designed to construct a storage space for natural gas with a
volume of 1 x 10^ m^ (~ 35 x 10^ ft^) at a site where a thick section of tuff underlies
190m of permafrost. Three nuclear explosives, each 40 kt and 200m apart, will be
detonated in the tuff at a depth of 710m. By storing gas in the resulting chimneys at
pressures of 70 atm. (~ 1,050 psia), some 70 x 10 m^ (~ 2.5 x 10^ ft3) of g a s c a n ^ e

accommodated.

Preliminary economic studies show that the cost of nuclear storage will be six times
less than surface storage of liquified natural gas, three times less than the cost of
storing gas in solution cavities in salt, and under certain conditions about the same cost
as conventional underground storage in aquifers.

Underground Mining

Nuclear explosives when used underground enable one to crush large ore deposits even
with a considerable distance between shotpoints. As a result of experimental under-
ground explosions in granite, it has been established: (1) 400,000 tons of granite can be
crushed per kiloton of explosive, (2) the seismic waves cause complete crumbling at
distances of 30 to 80m and rock falling, at distances of 60 to 150m, and (3) the radial
dimensions of the different zones of destruction (R) in meters are related to yields in
kilotons (Q) by the following relations:

(a) Primary cavity R = (10-15) V Q

(b) Crumbling zone R = (20-35) V Q

(c) Fissure zone R = (50-70) V Q
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The results obtained lead the Soviet workers to the conclusion that an efficient use of
nuclear explosions in underground mining operations should substantially reduce the
volume of drilling and shaft construction, simplify the mining process where mass
breakage is required, and considerably improve the efficiency of mine work. They
estimate that the cost of mining a ton of ore may be reduced 1. 5 to 2 times using large-
scale explosions. This would permit the exploitation of certain deposits that currently
are not considered profitable.

EXCAVATION EXPLOSIONS

Constructing Water Reservoirs

The desert areas of the Central Asian republics of the Soviet Union have been in acute
need of water for centuries. Lack of water in these regions has become a national
economic problem because of the need for settling and developing these areas. Since the
main volume of surface water discharge runs into rivers in the spring, the problem of
an economic water supply for these areas may be solved by constructing a wide network
of artificial reservoirs and water storage facilities. Such a network would allow regu-
lation of the spring runoff and provide a water supply during the entire growing season.

Based on experience with excavation explosions in the U.S.S.R. and in the U.S.A., the
application of nuclear explosives could considerably accelerate the solution of this water
supply problem. An experimental water storage facility is planned that will consist of
a conventional earth dam augmented by two non-overflow, rock-fill dams to be constructed
using nuclear explosives. The facility is designed for a total capacity of 30 x 106 m3

(~ 24,000 acre feet); the effective capacity will be 27 x 10^ m . With multiannual regu-
lation, the water supply at a 75 percent guarantee level is projected at 10.8 x 10^ m^/yr,
and in periods of minimum runoff, at 20 x 10" m<Vyr.

The non-overflow, rock-fill dams will be constructed first using two excavation explo-
sions of 150 kt each. The nuclear explosives will be detonated at 185m depth in
porphyrites. This depth was selected so as to maximize the height of ejecta on the
lip of each crater and eliminate any further work on dam height. Computed parameters
for each crater are as follows: (1) diameter - 180m, (2) depth - 105m, (3) maximum
height of ejecta - 31.5m, (4) radius of rock destruction - 650m, and (5) volume of
ejecta - 5.7 x 106 m3.

The area where the explosions will take place is very sparsely populated so that prob-
lems of seismic and radiation safety are not complicated. In addition, procedures to be
followed in each explosion will be adjusted to prevailing meteorological conditions in
order to meet prescribed safety levels. In computing dimensions of the danger zone
from the standpoint of radiation safety, the quantity of radioactive products discharged
during explosions was calculated using procedures given by G. W. Johnson and
G. H. Higgins in their report "Engineering Applications of Nuclear Explosives: Project
Plowshare", which was presented at the Third International Conference on Plowshare in
Geneva, 1964, and also published by Lawrence Radiation Laboratory, University of
California, Report UCRL-7634, May 19, 1964.

The construction of the rest of the facility using conventional methods will start two
months after detonation of the nuclear explosives and will end five months thereafter.
During this period, radiation exposure to personnel on the site will not exceed the ,
maximum allowable of 5r/yr.
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Upon completion of the facility, the concentration of strontium-90 in the storage water
will, according to calculations, be much lower than the permissible safe levels. No
mention is made by the Soviet authors of tritium in the storage water. Using nuclear
excavation to construct the non-overflow, rock-fill dams will decrease capital invest-
ment for the water supply facility 1.5 times as compared to conventional methods.

Building Canals

Due to a climatic anomaly, increased water use and the creation of water reservoirs
on the Volga, Kama and other rivers of the Caspian drainage basin, levels in the Caspian
sea have fallen 2.5m over the past 35 years. This has caused considerable damage to
the fish industry, sea transportation, and certain other branches of the economy along
coastal areas of the Caspian. Predictions of an additional lowering of sea levels of
0.6m by 1980 and 1.7m by 2000, even under favorable climatic conditions, indicates the
seriousness of this problem.

It is possible to offset the increased need for water in the central and southern regions
of the European part of the U.S.S.R. and to stabilize Caspian Sea levels by diverting
the discharge of northern rivers that carry an abundant supply of water to the Arctic.
Specifically, it is planned to divert the discharge of the northward flowing Pechora
river, at a point near its headwaters, into the Kolva river, which is a tributary of the
Kama river that flows southward to join the Volga. In order to accomplish this diver-
sion, it will be necessary to construct several dams and a deep canal across the Pechora-
Kolva watershed, 112.5 km in total length. The north end of the canal will start near the
town of Yaksha, whose approximate coordinates are 57°E longitude and 62°N latitude.

Along its total length, some 65 km of the canal will run through rocky terrain at higher
elevations and is to be excavated by detonating groups of nuclear explosives. Conven-
tional canal construction will be used elsewhere. The geologic section along the canal
where nuclear excavation will be used consists of sandstone, siltstone and rock salt.
The area is sparsely populated with a density of less than one person per square
kilometer.

The canal has been designed with an effective cross-section of 5,000 m2 and will be
constructed in sections using a linear array and simultaneous explosion of 20 shots with
a total capacity of three megatons. Approximately 250 explosives will be required in
building the entire canal, or an average spacing between shots of about 260m. Computed
depths to shotpoint range from 150-285m. The radius of the danger zone along the
canal front will attain some 20 km.

The economics of this type of construction is very favorable. The use of nuclear
excavation methods is expected to decrease costs 3 to 3.5 times as compared to conven-
tional methods.

Open Pit Mining

In open pit mining of ore bodies, nuclear explosions may be used as an efficient means
of removing overburden, building approach trenches, and crushing ore and rock.
Depending on the stratification of the ore body and surface relief, group explosions can
be used to obtain either a symmetric ejection of overburden or an as symmetric ejection
by choosing appropriate locations for the shots.
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One large non-ferrous metal deposit is being considered for nuclear open pit mining
methods. The area has the characteristics of the Far North with a permafrost layer
that reaches 650m, a high seismicity, and the possibility of avalanches. The region is
almost uninhabited (one person per 20 square kilometers) and is far from existing rail-
roads and highways.

The mineralization of this deposit occurs in a sandstone stratum with reserves stretching
over a distance of 11 - 12 km. Ore can be found in the outcrop over an area 300 to 1800m
in width and along a 400 to 1200m inclined plane. The ore vein varies in thickness from
several meters to 150m. The country rock is composed of siltstone, argillite, and
calcareous sandstone. Over 70 percent of the deposit will be mined by open pit methods,
and the stripping operations will require the removal of 2.3 x 10$ m3 (~ 6 billion tons)
of overburden.

Because of the enormous stripping operation that will be required in mining this deposit,
the application of nuclear explosions appears to be particularly well suited to this
project. Such application is also indicated by the severe climatic conditions, lack of
population, and distance from main lines of transportation and electric power supplies.
The plan calls for the use of groups of excavation shots that will remove about 40 percent
of the overburden (900 x 10^ m^) beyond the limits of the future open pit. The remaining
debris and ejecta will be removed during mining. The savings from the reduced
stripping operations are expected to reach one billion rubles.

A special experimental explosion is planned in order to develop a more precise under-
standing of the basic parameters controlling nuclear explosions under the specific
conditions of this non-ferrous deposit.
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