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The article discusses the problems relevant for the sites of peaceful nuclear explosions (PNE) considered as disposal
facilities for non-removable radioactive waste. Out of a total of 80 PNE existing in Russia, more than 50 are to some
extent related to the fuel and energy industry and the associated subsurface use. The paper overviews the key steps
required to provide their radioecological safety and the conditions for their implementation at hydrocarbon deposits
within the PNE areas. It also summarizes the inconsistencies in the requlatory framework, issues associated with li-
censing, monitoring, environmental cleanup, requlations governing their operation and decommissioning, the need for
establishing appropriate protection zones at the subsurface and the surface level, etc.
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A total of 80 peaceful underground nuclear explo-
sions were reported on the territory of the Russian
Federation under the USSR State Program No. 7
Nuclear Explosions for the National Economy, in-
cluding 21 explosions performed to stimulate oil
and gas production, 19 — to excavate underground
gas condensate and oil storage tanks, one explosion
each — to dismantle a gas and oil gusher and to dis-
pose of industrial wastewater from petrochemical
production. In addition, out of 33 underground nu-
clear explosions performed under the program for
the deep seismic sounding (DSS) of the earth's crust,
10 were subsequently involved in the production ac-
tivities of some specific enterprises constituting to
the Russian fuel and energy complex, namely in the
territories of the following entities: Yamalo-Nenets
Autonomous Okrug (Gorizont-1, Gorizont-2, Rift-1,
Rubin-2); Orenburg Region (Region-1, Region-2);
Irkutsk Region (Meteorit-4); Khanty-Mansiysk Au-
tonomous Okrug — Yugra (Quartz-3, Kimberlite-1);
Krasnoyarsk Krai (Batolit-1) and the PNE facilities
in the new territories of the Russian Federation —
Klivazh in the DPR. Thus, considering the origi-
nal affiliation, on the territory of Russia, there are

some 50 facilities both referred to PNE and the fuel
and energy complex, i.e., falling into the mutual in-
fluence zone.

In terms of radiation, all PNE sites are potentially
hazardous for the personnel working at these sites
and for the population and the environment within
their impact zone [5]. The subsoil areas exposed
to mechanical, thermal and radiation effects as-
sociated with PNE (central zones of nuclear explo-
sions — CZE) contain radioactive substances gen-
erated due to the explosions — fission products of
the material nuclei and induced activity, and the
unreacted portion of the nuclear fuel. According to
the experimental and calculated data, in the next
70—100 years at all PNE sites, the rock activity in
the CZE is expected to be governed by fission radio-
nuclides, primarily strontium-90 and cesium-137,
as well as tritium; within 120—300 years, the rocks
of the collapse column and the melt should be re-
ferred to solid radioactive waste; at a number of
sites, the rock melt from the explosion may be re-
ferred to solid alpha-containing RW for up to sev-
eral hundred thousand years; in presence of water,
it should be considered liquid radioactive waste for



approximately 400 years. There are several mecha-

nisms governing the spread of man-made radionu-

clides beyond the CZE [1], [2]:

- the spread of underground water containing man-

made radionuclides along the aquifer with natural

water flows;

the rise of radioactive sludge and radioactive wa-

ter to the earth's surface during planned or unau-

thorized drilling in contaminated zones, primarily
in the CZE;

- the release of contaminated formation fluid to
the earth's surface and its inflow into the zone of
active water exchange along the annular space of
wells connected to the CZE due to degradation of
cement stone, annular space, stemming of charg-
ing and production wells;

- the rise of radionuclides with extracted products
during mining development.

Based on the primary RW registration (according
to the RF Government Decree No. 767 of July 25,
2012) that provided for RW evaluation according
to waste categorization criteria in accordance with
the RF Government Decree No. 1069 of October 19,
2012, rocks and fluids in the central zones of under-
ground nuclear explosions were referred to the cat-
egory of non-removable radioactive waste (NRRW)
providing for their in-situ disposal with the CZE
acquiring the status of their in-situ disposal facil-
ity. The management flowchart provided for such
waste envisages the upgrading of sites holding such
waste into isolation facilities and further on into
disposal facilities. Upgrading of a NRRW isolation
facility to a disposal facility is authorized if barriers
are in place to provide adequate isolation of the RW
from the environment all through the period dur-
ing which the waste potentially remains hazardous.

To ensure the radiation safety of the extracted
products and prevent the impact of PNE facili-
ties on personnel and the population, it’s believed
reasonable to exclude CZE, collapse columns and
fracture zones from the zone of active subsoil use,
which is also stated in the Federal Norms and Rules
in the Field of Atomic Energy Use [4] specifying the
requirement for the development of a special min-
ing lease (SML), i.e., a safety pillar around the CZE,
within which any activity is prohibited, and a buffer
zone restricting drilling, mining and other opera-
tions in the subsoil. SML around the central blast
zones is an important condition providing safe op-
eration of deposits and protecting the central zones
from human intrusion.

To maintain adequate radioecological safety level,
it seems important to eliminate a few deficiencies in
the regulatory framework. In particular, in the RW
management law [3], PNE facilities are mentioned
only in the context of RW and the corresponding

RW sites. For this reason, one should first provide a
new definition for the PNE facilities under the civil
law with the composition and property complex
approved at the legislative level for each of them.
The primary registration showed that most of the
facilities that had been established before the law
[3] was enacted had neither an owner nor an oper-
ating organization and were recognized as owner-
less. This aspect somewhat hampers the implemen-
tation of measures provided for in [4], [5] to ensure
their long-term radiation safety and physical pro-
tection. Another thing to note is the imperfection
of the above-mentioned criteria enabling RW cate-
gorization as NRRW when applied to PNE facilities,
since these facilities were most commonly sited in
the vicinity of water bodies or reserves, but at the
same time there is a requirement prohibiting their
siting within the boundaries of specially protected
areas and water protection zones. According to the
analysis and the criteria evaluated by the authors,
to refer a NRRW-PNE to the category of removable
RW, one would have to retrieve the waste from the
CZE, i.e., from the depth of some 500—2,200 m.
Basically, this step requires the development of a
mining enterprise, which will definitely produce
certain negative impact on the water protection
zones and specially protected natural areas. There-
fore, it is proposed to ditch the requirement stating
that NRRW-PNE storage facilities should be loca-
ted outside the boundaries of these areas, as well
as settlements in cases if the RW is in the CZE con-
fined to geological formations.

Currently, there is another problem concerning
the licenses issued to subsoil users engaged in the
exploration and exploitation of deposits with no
account taken of PNE facilities available in the li-
cense areas. To ensure the radiation safety, some
special license conditions should be provided for
in such cases: field development should provide for
the development and implementation of Technical
Radiation Safety Regulations supporting the iden-
tification of threats, adjustment of the production
processes and adoption of radiation monitoring re-
quirements for products, workplaces and environ-
mental objects.

At a few PNE sites, the earth's surface got contami-
nated by man-made radionuclides both as provided
for by relevant designs (incomplete internal explo-
sions) and due to accidents that occurred either
during nuclear explosions or subsequently during
the CZE development for production purposes. At
such sites, engineering and technical measures are
required, in particular, some remediation measures,
including (if necessary) decontamination, cleanup
and clearing of the corresponding territories, instal-
lation of fences along the security zone perimeter,



installation of warning boards and the restoration
of prohibitory boards at the collars of production
wells. To prevent vertical radionuclide transport
from the CZE, one should develop and implement
measures in the wells of the PNE facilities in com-
pliance with radiation safety requirements and ra-
diation monitoring procedures. Another important
condition contributing to favorable environmental
situation is imposing a ban on drilling, excavation
and construction work in these areas and comp-
liance with it.

Most of these areas are publicly accessible, there-
fore, warning boards and other measures raising
awareness among the residents about the presence
of PNE facilities are required. Such measures also
include the arrangement of security zones on the
surface, as required by sanitary regulations [5].

Summarizing all the above, to provide long-term
radiation safety one should:

- provide the definition of PNE facilities in the civil
law that would specify their composition and the
property complex;

- develop and establish special mining leases

around the CZE supporting safe operation of de-

posits and protecting the CZE from intrusions;
provide for some special license conditions in the
regulations on subsoil user licensing to ensure the
radiation safety;

develop and implement a system of radioecologi-

cal and geoecological monitoring at PNE facilities;

- implement cleanup measures at PNE facilities;

observe the ban on drilling, excavation and con-

struction work at PNE facilities;

perform insulation and abandonment operations

in PNE wells in full compliance with radiation

safety requirements and in keeping with radiation
monitoring procedures;

« decommission the PNE facilities in accordance with
the requirements set forth in the NP-091-14 [6].
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