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The experience of acting underground research laboratories (URLs) located in granitic
massifs of Sweden (Aspd), Canada (Whiteshell), Switzerland (Grimsel), Finland (ONKALO),
and Japan (Mizunami) will be utilized during design and construction of URL in Russia,
probably within the area of the Nizhnekanskiy granitoid massif in Krasnoyarsk region. This
experience (tracer, heating tests, etc.) shows that data on uranium deposits are required for
estimating transport mechanisms of radionuclides (actinides) in fractured-porous environment
at different stressed-strained settings of host rocks. These deposits are natural analogues of
features, events and processes (FEPs), which as expected will occur within the bounds of
spent nuclear fuel (SNF, containing 95% of UQO;) storage facilities located at deep seated
geological structures. Such deposits as El Berrocal (Spain), Palmottu (Finland), Sanerliu
(China), and Kamaishi (Japan) are natural analogues in granitic massifs. However URLs and
deposits are situated in different geotectonic, hydrogeological, redox, etc. conditions that
leads to uncertainties and inconsistencies for Performance and Safety Assessment of the
facilities. It 1s possible to remove these ambiguities if generic URL is organized at the
uranium deposit where ore bodies are located at depth of SNF storage facility levels. At
present, the Antei vein-stockwork uranium deposit in the southeastern Transbaikalian region
is such an object. The deposit is located in Paleozoic granite at depth from 400 to 1000 m
where pitchblende ore bodies are opened by highly branched workings. That is why in the
frame of Presidium of RAS Programme No. 16 the Antei deposit is under investigation for
developing issues connected with durable safety of the SNF storage facilities. The main aim
of this contribution is to present data on initial results, to outline directions of further
investigations and application of observed data to scientific provision of R&D programme of
the URL construction in Russia.

INTRODUCTION

The parameters of the stressed-strained state of a rock massif dissected by numerous
hydraulically active faults are of principal importance for estimation of the safety of facilities
designed for monitored retrievable storage of SNF. This information is necessary for
engineering geological calculations; planning of mining operations; and determination of
boundary conditions of geomechanical, filtration, thermophysical, and other models.

The long-continued stability of the fault framework in massifs of crystalline rocks with

respect to various mode of loading is under investigation at different URLs (Laverov et al.,



2008;). The currently functioning URLs are divided into two groups: (1) generic URLs built
for research and design at sites that will never be used for geologic isolation of nuclear
materials and (2) on-site URLs built at sites where such isolation is planned (The Role...,
2001). The first group comprises a number of URLSs in granitic environment: Aspd in Sweden
(Aspé..., 1996), Whiteshell in Canada (Everitt et al., 1998), Grimsel in Switzerland (Miiller,
1988), and Mizunami in Japan (Saito et al., 1999). The ONKALO research tunnel in Finland
(Vieno et al., 2003) pertains to the second group. The main set of geological and geophysical,
engineering geological, hydrogeological, and other surveys at generic and on-site URLSs is the
same but varies depending on the objectives of the research, its duration, and the funds
available.

Published data show that the study of the stressed-strained state of the rock massif,
varying at different hypsometric levels in combination with morphostructural features of
faults and the stability of mine workings, is one of the most important areas of research at
URLs. A change in the morphology and kinematics of a fault framework under natural and/or
technogenic loading is accompanied by failure of rocks, formation of mineral aggregates in
fracture space, transformation of pore channels near fracture plains, supergene alteration of
host rocks owing to inflow of oxygen-bearing water and gas, and other attendant
physicochemical processes (Rock fractures..., 1996). Their interaction inevitably leads to a
change in the filtration properties and retentive ability of faults and the rock massif as a
whole. The changed sorption capacity of mineral aggregates in fractures and nearby causes a
shift in conditions of radionuclide migration and replacement of one transport mechanism by
another (Petrov et al., 2008,). As a result, faults and related zones of their dynamic effect may
alternately serve as either conduits or barriers on the path of fluid migration and radionuclide
transport or fulfill a combined function of conduits and hindering barriers.

Spatiotemporal variations in the filtration and transport properties of faults are
manifested at hydrothermal uranium deposits, where hypogenic uranium mineralization
localized in a limited volume of porous fractured medium can remain practically unchanged
for hundreds of millions of years under certain physicochemical conditions. Because SNF
consists of 95% UQO,, i.e., of pitchblende (uraninite), it is supposed that the placement of
storage facilities at a depth below 500 m from the ground surface reliably ensures their safety.
This statement is based on the firmly established fact that the behavior of uranium controlled
by interaction of subsurface water with rocks systematically changes with depth
(Omel’yanenko et al., 2007). Under oxidizing conditions at the upper levels, the interaction of
oxygen-bearing water with uranium ore inevitably results in its destruction and transition of

uranium into mobile U(VI) form. At deep levels, under conditions of hindered water



exchange, where subsurface water has reducing or nearly neutral properties, the interaction
proceeds very slowly and is expressed in the formation of secondary minerals and diffusion
redistribution of uranium with development of absorbed species. The opportunity of obtaining
insight into the destruction of uranium ore and migration and accumulation of uranium
(actinides) in different redox settings and of applying these data to assessment of nuclear fuel
behavior for a specified period of time makes uranium deposits natural analogues of SNF
storage facilities (Smellie, Karlsson, 1999). The El Berrocal uranium deposit in Spain (Pérez
del Villar et al., 2003), the Palmottu deposit in Finland (Blomqvist et al., 2000), the Sanerliu
deposit in China (Min et al., 1998), and (with some reservations) the Kamaishi deposit in
Japan (Yoshida et al., 2000) are such analogues hosted in granitic formations. It should be
noted that the study of uranium migration at these deposits, except Kamaishi, which is not a
uranium deposit, was focused on the aeration (oxidation, vadoze) zone of host granitoids. The
possibilities of these deposits for comparative investigations of uranium (actinide) migration
and accumulation under oxidizing and reducing conditions and in fractured-porous rocks with
variable rate of water saturation are limited because the deep levels of these deposits have
been penetrated by separate boreholes rather than a branched system of mine workings.

In this regard, the main aim of the contribution is in the context of data on uranium
deposits and URLs in granitic massifs to characterize the Antei vein-stockwork uranium
deposit in the southeastern Transbaikalian region as a unique object (Laverov et al., 2008;)
that combines the features of both an analogue of an SNF storage facility with respect to

actinide migration and an underground geodynamic laboratory.

THE ANTEI DEPOSIT - NATURAL ANALOGUE OF AN SNF STORAGE FACILITY

The Antei vein-stockwork deposit is located in the southeastern Transbaikalian region
in the eastern part of the Strel’tsovkaya caldera, formed during the Late Mesozoic
tectonomagmatic reactivation of the regional structures. The deposit is localized in the
granitic basement of the caldera. The data on geology, petrography, and petrochemistry of
rocks; the mineralogy and chemistry of ore and metasomatic rocks, etc. are most
comprehensively considered in (Ishchukova, 2007). Here we present only those data that must
be taken into account in validation of the Antei deposit as a natural analogue of features,
events and processes, which as expected will occur within the bounds of an SNF storage
facility located at deep seated geological structures.

The Late Paleozoic (~250 Ma) granitoids of the caldera’s basement were dissected at
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mainly composed of mediumgrained biotite granite whereas downward the rocks become
more melanocratic and gneissic with increase of hybrid varieties (plagiogranite, granodiorite,
and diorite alternating with biotite granite and leucogranite, as well as granitized amphibolite
and gneiss).

The early alteration is expressed in high-temperature feldspathization. This
metamagmatic alteration was developed during the Paleozoic stage of hydrothermal activity at
the very end of crystallization of granitic magma before its complete solidification. Zones of
feldspathization form prototectonic sutures which extend in a near-latitudinal direction as
veinlike bodies of a few tens of m in thickness.

The uranium mineralization is controlled by NNE-trending (30°) faults that cross near-
latitudinal prototectonic elements. Faults 13, 161, 160, and 160d are the most important. The
latter three faults are splays of fault 13 at its hanging wall. All together, they make up the
“ore-bearing zone” of 20-60 m thick. The upper part of the ore-bearing zone is located at a
depth of 400 m, and its lower part was crossed by bore holes at a depth of 1300 m from the
ground surface. The ore-bearing zone consists of steeply dipping veinlike orebodies
composed of high-grade brecciated, stringer, and pocket—stringer ores. In the upper part of the
zone, pitchblende is the ore mineral while brannerite and increasing amounts of coffinite-like
pitchblende appears downward. The uranium mineralization is hosted in aureoles of Mesozoic
hydrothermally altered rocks of different age (Andreeva, Golovin, 1998): preore (hydromica),
synore (chlorite-hematite-albite), and postore (kaolinite-smectite, etc.), controlled by NNE-
directed faults.

The preore hydromicatizaton forms aureoles varying from a few meters to 50 m wide.
The alteration is expressed in intense development of dispersed light hydromica, which is a
mixed-layer illite-smectite aggregate with a high (no lower than 15%) content of nonswelling
mica-type layers. Primarily, hydromica replaces plagioclase and biotite, whereas K-feldspar is
replaced to a lesser extent. Metasomatic carbonates are widespread. Calcite is predominant in
the outer zone, while ankerite, siderite, and Mg-siderite occur within the inner zone. The
uranium orebodies occupy an arbitrary position with respect to vertical and lateral zoning of
preore alteration but never go out of zones of hydromica alteration into unaltered granites.

The synore alteration develops within and in immediate proximity to orebodies in form
of hematite-albite and subsequent berthierine-chlorite veinlets, silicification, and carbonation.
The hematite—albite metasomatic rocks are localized in both the inner and outer zones of
hydromica alteration but do not extend into unaltered rocks. The thickness of altered rocks

along ore-controlling faults reaches 15 m.



The postore (post-pitchblende) argillic alteration developed as narrow zones along ore-
controlling faults. These zones are composed of smectite and kaolinite or smectite only,
replacing feldspars. The replacement is often accompanied by dissolution of synore hematite
and bleaching of hematite-albite metasomatic rocks that host uranium mineralization.
Aggregates of dickite-kaolinite group occur as thin coatings and crusts on fracture walls and,
less frequently, veinletlike segregations up to a few cm in thickness and extent.

The composition of hydrothermal solutions at the Antei deposit was estimated from
fluid inclusions in gangue, ore, and metasomatic minerals (Naumov et al., 1985) and the
thermodynamic analysis of mineral assemblages (Mironenko, 1985). It has been established
that the ore-forming hydrothermal process proceeded within the temperature interval 180-
140°C under almost isothermal conditions. The solutions were characterized by a high CO,
content, varying from n x 10 to n x 10* g/kg H,O. The CO, content decreased from lower to
upper levels and from early to late mineral assemblages. Entering the zone of mineral
formation, the CO,-rich hydrothermal solution brought about replacement of plagioclase and
a part of K-feldspar with hydromica and carbonates; the amount of quartz in rock increased,
and Na was removed from rock into solution. With the release of CO, (degassing), hydromica
was replaced with albite, the amount of quartz decreased, and pitchblende (UO;2s)
precipitated.

Thus, the following geological attributes of the Antei deposit correspond to the
infrastructural elements of an SNF storage facility:

X orebodies are composed by pitchblende (an analogue of SNF);

X orebodies are enveloped by packets of hydrothermally altered rocks (hydromica
metasomatic rocks and low-temperature mineral assemblages as analogues of
backfill);

X packets of altered rocks are localized in unaltered granite (the engineering disturbed
zone and far-field of a facility);

X the hydraulically active discontinuities occur in host granite, that could be expected
at the area of a facility.

The basic scenario suggests that SNF (primary pitchblende ore) placed for a specified
period of time is destroyed instantaneously (on the scale of geologic time) in fault zones and
becomes accessible for oxidation by oxygen-bearing water and atmospheric gases in mine
workings. This scenario means the mechanism of momentary strain (failure) of the massif’s
structures and underground openings in connection, for example, with seismic activity and
subsequent dislocations. In addition, the scenario of the SNF facility destruction during

sustained aseismic deformation (creep) of the host rock could be considered.



The framework of faults, petrophysical properties, and stressed-strained state of granitic
rocks were investigated at three lower levels of the deposit in the context of regarding it as an

underground geodynamic laboratory.

UNDERGROUND GEODYNAMIC LABORATORY

Owing to its good opening, the Antei deposit furnishes an opportunity for studying
complex mining and geological conditions and their effects on the stability of mine workings
designed for SNF long-term storage.

The size of the block under investigation is 350 m (length) x 150 m (width) while the
section is from level 9 (+182 masl) to level 12 (0 msl), which is situated at depth of ~700 m
from ground surface.

The results of structural geological, petrography-mineralogical, and structural
petrophysical mapping were used as the basis of a 3D geological model reproducing the lower
part of the deposit and comprising the infrastructure of mine workings; the planes of faults
160, 160d, 161, and 13; and blocks of metasomatic rocks differing in mineral-chemical
composition, petrophysical properties, and structural control (Fig.).

In developing the model, we used digitized level plans and cross-sections on a scale of
1: 500 granted to us by the geological and mining survey of the Priargunsky Industrial Mining
and Chemical Combine. The openGEO software package was used for processing initial data
with the triangulation method (Hammer et al., 2003). The model was constructed in real
coordinate systems and all distances therein are true. The model allows for (a) determining
exactly the location and volumes of geological bodies and structures in any section; (b)
localizing epicenters of rock overpressure (rock bursts, falls, and desquamation); and (c)
correcting and supplementing the created “core” of the model with any newly appearing
information (geological, geophysical, surveyor, mineralogical, petrochemical, petrophysical,
geomechanical, etc.)

In the studied block, the main elements of the fault framework are near-parallel, closely
spaced fault zones 160 and 13 and auxiliary faults 161 and 160d that splay fault 160. These
three faults, in turn, splay fault 13 on the side of its hanging wall. Fault zone 160 (the major
ore-bearing structural element of the deposit) consists of one to three NNE-trending (25-30°)
coplanar sutures steeply (75-85°) dipping to the SE. As a whole, this is en echelon arranged
sinistral strike-slip fault zone. The total amplitude of horizontal displacement estimated from
the divergence of tension fractures with the same even-aged mineralization in opposite walls

reaches 40 m. The sutures are filled with gouge packets up to 1 m thick and accompanied by



fracture zones from a few m to tens of m in thickness. Fault 160 is screened up dip by low-
angle faults at the unconformity between the granitic basement and volcanic units of the

caldera.
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Fig. A simplified 3D model of fault zones and blocks of metasomatic rocks different in age in
the lower portion of the Antei deposit constructed with the openGEO software package. (1)
Host granite, (2) feldspathized rocks, (3) products of hydromica alteration, (4) fault plane and
its number. The veinlike bodies of Paleozoic feldspathized rocks related to prototectonic
elements are crossed by faults 13, 160, 161, and 160d, which control zones of
hydromicatization, and (not shown) orebodies, synore and postore hydrothermal alteration.
EL, exploration line.

Fault zone 13 is also consist of several NNE-trending sutures arranged en echelon and
dipping at angles of 75-80° to the NW. The fault displaces the contact between the basement
and volcanic cover for up to 15 m, cuts the volcanic units, and is traced at the ground surface.
Fault 160 and 13 zones, having the same strike but a counter dip, merge below level 11. As a
result, a tectonic wedge is formed; its internal environment is most disintegrated in
comparison with the adjacent rocks.

The different composition and intensity of metasomatic transformation at the western
flank, in the interfault space, and at the eastern flank of the deposit are reflected in the
petrophysical properties of rocks. For example, in terms of mechanical properties the silicified
rocks are characterized by increased values of compressive strength ({y) and elastic threshold
(lr) in comparison with rocks subjected to hydromicatization and argillization. The minimal

values of elastic parameters (P- and S-wave velocities, Young’s modulus, shear modulus,

volume elasticity modulus, and Poison’s ration) are characteristic of fault cores where the
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rocks are affected by intense hydromicatization and argillization while the maximum values
of elastic parameters are noted in the silicified core of faults. Most expressive difference in
elastic and mechanical parameters are founded within the core of fault 13 zone which is
hydromicatized at level 9 while at level 11 the core is intensively silicified. In addition, at
both levels, the widest variations of these parameters are characteristic of the zone of dynamic
effect of the fault depending of spatial relationship between various types of metasomatites.
For example, at level 9, the elastic parameters increase with the transition from altered rocks
of core enriched in hydromica, kaolinite, and smectite (elastic-ductile medium) to silicified
(elastic-brittle medium) varieties in zone of dynamic effect. The opposite situation is
documented at level 11, where the same parameters decrease in the direction from core to
dynamic effect zone and protholite. Besides, it is founded that the general pattern of elastic
parameter anisotropy of the massif is controlled by the northern, central, and southern near-
latitudinal zones. The northern and southern zones are characterized by elevated P- and S-
wave velocities in water-saturated samples in the NE-SW direction, while in the central zone,
the velocities increase in the NW-SE direction. The nature of such anisotropy is determined
by protectonic elements that set the near-latitudinal orientation of pre-Mesozoic
feldspathization, a heterogeneous distribution of stress and strain in rocks caused by shear
displacements along coplanar fault 13 and 160 zones in the Mesozoic, and the present-day
stressed-strained state of the massif (Petrov et al., 2008,).

The reconstruction of the dynamics of the tectonic stress field in the rock massif has
shown that the framework of faults at the deposit was formed during four stages; three stages
pertain to the geologic past and the fourth is recent. In the course of the evolution, the axes of
principal normal and shear stresses were reoriented, the stressed-strained state of rocks
changed, the displacements along faults changed their senses, and the setting of mineral
formation varied as well.

The first stage of tectogenesis is reconstructed from the lineation of high-temperature
feldspathized rocks, which indicates a near-latitudinal orientation of the axis of maximum
compression oj.

The second stage combines preore hydromica alteration, synore hematite—albite
alteration, including formation of cryptocrystalline quartz, and ore deposition. Judging from
the morphology of orebodies, the o; axis was oriented in the NW-SE direction and sinistral
strike-slip displacements occurred along fault zone 160 with consecutive opening of fault
cavities in the 0,0, plane and their filling with ore matter. The tectonic stresses of this stage
were focused along the fault zone 160, while fault zone 13 was situated in the “strain shadow”

of fault 160.



The third stage was related to the global rearrangement of the tectonic stress field, when
the orientation of the o; axis turned through 90° and the paths of compressive stresses
extended to the NE-SW direction. This stage is characterized by the concentration of the
foremost stresses in fault zone 13, which had emerged from the “strain shadow” of fault 160,
and by the maximum development of persistent veins filled with posture minerals (kaolinite,
smectite) at the end of the hydrothermal process. Taking into account the displacement of the
contact between the granitic basement and the volcanic cover as well as orientation of splays
filled with postore mineralization, fault 13 is interpreted as dextral strike-slip or normal-
strike-slip fault.

The fourth (recent) stage has inherited the main features of the preceding stage, when
the paths of maximal compressive stresses o; extended to the NE-SW direction. On a regional
scale, this is reflected in the strike-slip features of the recent stress field (Reinecker et al.,
2005). On the scale of the deposit, the NE-SW direction of compression is reconstructed from
the deformation of vertical mine workings and the orientation of striations in the fresh clay
that fills the core of fault 13.

The study of the deformation of borehole walls, as well as walls of rises and ore passes,
is one of the simplest and most exact methods of determining the orientation of axes of actual
stresses acting within a rock massif (Hudson et al., 2003). Because of the redistribution of
stresses (their concentration and relaxation), the initial contours of mine workings change in
time and their walls are destroyed. The key point for analysis of the stress field pattern is that
the walls are destroyed in sectors located perpendicularly to the axis of the maximum
horizontal compressive stress (Sy). Our observations have shown that at level 9 Sy axis is
oriented at an angle of 50° while at level 12 at an angle of 80° relative to the meridian. Hence,
the axis of currently acting compression is reoriented by 30° within a vertical interval of ~180
m. Therefore, if at level 9 mainly NW and SW working sectors are destroyed, then at level 12
deformation concentrates in northern and southern sectors and walls of workings.

The orientation of striations in the fresh, unweathered clayey fill of fault 13's core at
level 9 shows that recent movement along the main plane may be interpreted as either a
sinistral normal-strike-slip or a dextral reverse—strike-slip fault. Taking into account the NW-
SE orientation of the Sy axis, the first variant is less probable, but in light of the possible
variously directed displacements with different amplitudes in coplanar segments of the fault,
it cannot be completely ruled out. It is commonly suggested that the tangential stress and
probability of shear displacements in fracture systems decrease with depth. However, this
suggestion often conflicts with the real geological situation, in which the predisposition to

shearing increases with depth. Such conditions arise largely because of reorientation



(virgation) of fault planes and variation in the angle between the fault plane and the axis Sy =
o; (in strike-slip faulting regime). To determine the character of displacement along conjugate
walls of a fault, a statistically significant set of data are required. However, even when such
data are available, many questions remain unanswered; a) concerning the magnitude of
stresses, b) the rate of displacements and their amplitude, c) the frequency and duration of
displacements, and d) the confinement of concentrated and scattered stresses to specific
structural elements, etc. In addition, not only the orientation of the axis of maximal horizontal
compression changes with depth. Since the Ilithostatic pressure and petrophysical
heterogeneity of rocks increase with depth, the magnitude of stresses and the general
geodynamic situation change with depth, as occurs at Aspd (Talbot, Sirat, 2001; Ask, 2003),
Grimsel (Pahl et al., 1989), and Whiteshell (Read et al., 1998) URLs. Therefore, it is
necessary to conduct instrumental monitoring of geomechanical processes at different
hypsometric levels of the Antei deposit and to harmonize the obtained parameters with the 3D

geological model.

DISCUSSION AND CONCLUSION

Large-scale research aimed at long-term safe isolation of the great amount of
accumulated SNF in massifs of crystalline rocks is currently being carried out in developed
countries. The most important direction of this research is the assessment of the prolonged
term stability of host rocks and the subsurface infrastructure with respect to natural and
technogenic loading. For this purpose, URLs were created and have been functioning for a
long time. One group of URLs (generic) has been constructed at sites not intended for SNF
storage. Another group of URLs (on-site) is located at sites where SNF storage is planned. If a
decision for the facility construction is made, the underground workings of the URL will be
used as part of the facility infrastructure. According to the rules elaborated by the IAEA for
selection of sites for isolation of nuclear materials, URLs, especially of the second group,
should be located at a distance from mineral deposits and particularly uranium deposits (Site
selection..., 1977). To ascertain the ability of the host medium to hinder migration of
radionuclides in the subsurface water flow, tracer tests are used in URLSs. Their results serve
as the basis for long-term estimation of the development of natural and technogenic events
and the safety of SNF facilities. However, the applicability of the results of tracer tests to
predictive filtration and transport models is limited by a number of factors (Frick, Alexander,
1992; McKinley, Alexander, 1992). Therefore, data on uranium deposits as natural analogues

of processes in storage facility of SNF consisting of 95% UQO,.x are widely used for studying
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the dynamics of radionuclide migration and barrier (retentive) properties of fractured no
uniformly strained host rocks. The El Berrocal deposit in Spain, Palmottu in Finland, Sanerliu
in China, and (with some reservations) Kamaishi in Japan are such analogues hosted in
granitic massifs. At each deposit, the migration and accumulation of uranium and other
radionuclides, as well as the redox conditions, are characterized by specific features that
cannot be directly extrapolated to other objects. The same is valid for URLs that are located at
stable cratons (Aspd in Sweden, Whiteshell in Canada, and ONKALO in Finland), in the
Alpine orogenic belt (Grimsel in Switzerland), and in a seismically active oceanic arc
(Mizunami in Japan), where the character and intensity of filtration and transportation of
solute are substantially different.

In this context the area of the Nizhnekanskiy granitoid massif in Krasnoyarsk region is
also an example of constitutive heterogeneity. Comparative analysis of the “Verchne-Itatsky”
(central part of the massif) and “Yeniseisky” (granitic-gneissic frame of the massif) sites the
following differences have to be noted: a) structural-tectonic location (Anderson et al., 1998;
Belov et al., 2007); b) appearance of neotectonic and currently active faults (Lukina, 1998); c)
mineral-chemical composition and structural-petrophysical properties of host rocks (Laverov
et al., 2002; Petrov et al., 2005); d) stressed-strained state of host rocks (Petrov, 2001); e)
hydrogeochemistry of underground waters (Gupalo et al., 2004). All this set of parameters
affects on filtration and transport peculiarities of the host rocks, and, finally, on assessment of
long-term safety of an underground facility. Irrespective of the final decision concerning
location of on-site URL, the Performance and Safety Assessment procedure will require
answers on different issues. One of the major aspects that have to be considered is
relationship between mechanisms of the radionuclide migration in various redox conditions
and stressed-strained state of the environment at different levels of the rock massif.

It is offered, that for developing the methods and equipment allowing investigation
these issues in detail is most expedient at an example where a generic URL is constructed on
the basis of a uranium deposit whose orebodies occur at a depth corresponding to the position
of the working level of an SNF facility. To date, the Antei deposit in the southeastern
Transbaikalian region is the only case of such spatial juxtaposition. The deposit is localized in
Paleozoic granite formation at a depth of 400-1000 m and opened by a branched system of
mine workings. In this connection, the Antei deposit is under investigation in the frame of
Presidium of RAS Programme No. 16 as an object reproduces a set of features, events and
processes which as expected will occur within the bounds of SNF storage facility located at

deep levels of granitoid massif (Laverov et al., 2008,). On the whole, the following initial
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results of geological structural, petrographic, mineralogical, tectonophysical, and structural
petrophysical studies have been obtained:

(1) A distinct correlation between the petrophysical properties of rocks, on the one
hand, and the character and intensity of metasomatic alteration, on the other hand, was
established at different hypsometric levels. The established dynamics of the formation of the
fault framework and the heterogeneity of current stressed-strained state of the massif
determine the character of rock deformation near mine workings. The 3D geological model
that consists of the infrastructure of mine workings, the fault framework and blocks of
metasomatic rocks differing in age, mineral-chemical composition and petrophysical
properties is developed. The model can serve as the basis for conceptual and numeric models
of the massif geodynamics as well as for selecting sites for monitoring the current stressed-
strained state of host rocks and the fault kinematics with instrumental methods.

(2) The following geological elements of the deposit allow us to consider it as an
analogue of features, events and processes in SNF storage facility located at deep levels of
granitoid formation: (a) orebodies are composed of pitchblende (an analogue of nuclear fuel);
(b) orebodies are surrounded by packets of hydrothermally altered rocks (the combination of
hydromicatization and low-temperature mineral assemblages is considered to be an analogue
of backfill for nuclear fuel); (c) packets of hydrothermally altered rocks are localized in
unaltered granite (the engineering disturbed zone and far-field of a facility); (d) the
hydraulically active discontinuities occur in host granite, that could be expected at the area of
a facility. The great vertical range of uranium mineralization and its occurrence in blocks with
different petrophysical properties and stressed-strained state create favorable conditions for
studying the effects of these factors on the stability of the fault framework and failure of mine
workings. Alternative scenarios of SNF (primary pitchblende ore) safekeeping may be
considered. One such scenario assumes that the working level of the repository is crossed by a
fault and SNF becomes accessible for oxidation by infiltrating oxygen-bearing water and
atmospheric gases. This scenario implies instantaneous deformation (failure) of the massif’s
structures and underground openings in connection with poorly predictable regional seismic
activity. In addition, the scenario of an SNF facility destruction during sustained aseismic
deformation (creep) of the host rock could be elaborated.

(3) The specific features of geology of the Antei deposit and the stressed-strained state
of host rocks provide information for the entire complex of surveys being conducted now in
URLs for estimation of durable safety of SNF facilities located in deep levels of the granitic
formations. The main areas of research are investigations of the dynamics controlling

variations of morphology and filtration-transport properties of faults related to variation of the
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stressed-strained state of the medium at different hypsometric levels and estimation of the
stability of engineering barriers and mine workings under conditions of a heterogeneous stress
field. However, in contrast URLs, the infrastructure of mine workings at the deposit and
uranium concentrations inside fault zones make it possible to solve a wider set of problems.
One such problem is obtaining insight into the relationships between geomechanical behavior
of host rocks at various hypsometric levels of the massif and radionuclide migration under the
corresponding hydrogeological and redox conditions. The carrying out of these undertakings
at the Antei deposit will ensure a substantial advance in the long-term predictions of changes
in safety of SNF facilities located at deep seated geological structures. In addition, obtained
data, approved methods, and equipment can be utilized for providing scientific assistance of
R&D programme of the URL construction in Russia including the area of the Nizhnekanskiy

granitoid massif in Krasnoyarsk region.
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