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The paper discusses the main features of the Yeniseyskiy site, being considered for deep radioactive waste disposal 
facility construction, in terms of its geological structure. Elements of 3D-geological model were built in Micromine 
environment and geological risk factors required to be taken into account during the development of safety assessment 
models were identified. The paper examines the connection between groundwater filtration and relevant disjunctive 
structures. It is noted that risk minimization is possible based on geological exploration conducted at the exploration 
stage.
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Introduction

Since 1992, studies have been conducted to se-
lect a suitable site for a deep radioactive waste dis-
posal facility (DDF RW) construction in the Kras-
noyarsk Territory [1—4]. Geological exploration 
was performed at Yeniseiskiy site under the explo-
ration (2003—2010) and evaluation (2010—2014) 
stages [5, 6, 7]. 24 wells were drilled to a depth of 
100.0—700.3 m having a total length of 11,161.1 m, 
geological core description was completed, experi-
mental groundwater inflow testing, areal and bore-
hole geophysical studies were performed (Figure 1), 
borehole logs were compiled for the wells drilled 
on a scale of 1: 500 along with geological cross-
section diagrams and a geological map on a scale 
of 1: 10,000 covering an area of 6.2 km2. In 2016, a 
statement of Rosnedra’s State reserves committee 
was issued [12] recognizing the Yeniseiskiy sub-
soil site as potentially suitable for deep radioactive 
waste disposal. The statement indicated its poten-
tial capacity of up to 160,000 m3 to be located in 
the Archean gneisses of the site in the target depth 

interval of 450—525 m. Thus, the site was attrib-
uted to the category of evaluated sites. The subsoil 
manager suggested that the subsoil user proceed 
to the exploration stage of geological exploration. 
However, after completing the evaluation stage in 
2015, no further exploration activities were per-
formed at the Yeniseiskiy site.

The paper focuses on assessing the geological 
setting at the site by consolidating and evaluating 
currently available primary evidence. It also dem-
onstrates the need of further studies indicating 
relevant research areas in keeping with applicable 
regulatory provisions and geological exploration 
practice enabling well-grounded assessment of RW 
disposal safety.

Work methodology

Characterization of the Yeniseiskiy site geologi-
cal structure was performed using  primary data on 
core description available for the drilled wells [6, 7] 
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Figure 1. Diagram 
summarizing available 
data on the Yeniseiskiy 

site proposed for DDF RW 
construction 

1—4 — Baselines and profiles 
of medium-scale geophysical 
surveys in 2002—2005 [8, 9]:
1 — gravimetric, magnetic, 
seismic and electrical 
exploration via AMT sounding, 
VES, PP methods (2002—2004);
2 — seismic surveys of 2002;
3 — electrical exploration via 
AMT and PP methods (2005);
4 — gravity exploration (2005);
5—6 — areal geophysical 
surveys:
5 — magnetic exploration 
with a 100 × 10 m grid, seismic 
exploration with a 100 × 25 m 
grid, VES; schematic geological 
map on a scale of 1: 10000 
[6, 7];
6 — magnetic survey on a scale 
of 1: 2500 with a 10 × 5 m grid 
[10]; 
7 — area of the linear magnetic 
anomalies map on a scale of 
1: 5000 [7];
8—9 — location of the 
boreholes and their ID 
numbers:
8 — prospecting (2003—2009),
9 — evaluation (2010—2014) 
[7];
10—11 — contours of licensed 
areas:
10 — KRR 15864 ZP,
11 — KRR 16117 ZD;
12 — proposed boundaries of 
the repository at + 5 & –70 m 
levels (horizons) [11].

2002—2005 profile lines go 
beyond the picture
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obtained by Ivanovo geological exploration expedi-
tion involving such geologists as the Arefyev S. A., 
Golubev V. G., Astrakhantsev V. A., findings of geo-
physical studies, detailed areal magnetic observa-
tions [10], as well as regional geological studies 
[15—20]. Based on these findings the following ac-
tivities were performed:
•• small- and medium-scale geological maps were 
evaluated;

•• well logs and a geological database were compiled 
(11,840 lines);

•• geological sections transversely to the strike were 
plotted;

•• geological interpretation of detailed areal mag-
netic surveys was performed;

•• preliminary schematic geological map on a scale 
of 1: 10,000 was compiled;

•• a longitudinal geological section was plotted;
•• sections were put together with relevant correc-
tions introduced to the geological map;

•• geological structure diagram for the –70 m horizon 
(Figure 2) and elements of a 3D geological model 
was compiled in the Micromine environment.

The main features of the geological structure

The site is confined to the junction zone of two 
regional tectonic structures: the Baikal structure 
of the Yenisei Ridge and the Epipercynian West 
Siberian Plate, contacting along a system of sub-
meridional upthrows. The estimated amplitude of 
the Precambrian basement displacement over the 
surface of the nearest (4 km west of the site) deep 
Priyeniseiskiy (Ataman, Muratov) fault amounts to 
2,000—2,500 meters, including at least 500—700 m 
during the Cenozoic era [19]. According to Niku-
lov L. P. et al. [16], this fault is believed to be seis-
mically active. Activation signs with the amplitude 
Pleistocene displacements of 50—120 m are com-
mon for other faults in the region as well altogether 
forming a 25—30 km wide Baikal-Yenisei sub-me-
ridional fault zone [19].

The site is composed of primary sedimentary, vol-
canic-sedimentary formations of the Archaean age 
metamorphosed under the presence of granulite 
[15] or high amphibolite [16, 20] facies of regional 
metamorphism. Under current geological setting 
these formations are represented by plagio-gneiss-
es and gneisses containing interlayers and packs of 
cordierite-containing crystalline schists.

Within the site, intrusive formations have devel-
oped cutting through the metamorphic rock mass 
involving Early Proterozoic apo-gabbroic ortho-
amphibolites belonging to Yarlychikhinsk and 
granite gneisses Taraksk (?) complexes, late Riphe-
an dykes of Tokminsk meta-dolerites and Shishinsk 

trachydolerites contributing to a dense network 
of dikes with up to 30 m thick bodies steeply fall-
ing in eastern rhumb. In the immediate vicinity of 
the site, Late Riphean granitoid rocks of the Nizh-
nekansk complex were mapped. Taraksk and Nizh-
nekansk formations are associated with granitiza-
tion and retrograde metamorphism of the bedrocks. 
All rocks are penetrated by hydrothermal quartz, 
carbonate-quartz and carbonate veins spatially 
associated with Tokminsk formations and bearing 
disseminated and nested precipitates of sulfides, 
namely, pyrite (FeS2) and chalcopyrite (CuFeS2). 
Composition and content of impurity elements in 
sulfides was not studied.

Archean, Early Proterozoic and Late Riphean 
formations are overlain by 5—25 m thick Pliocene- 
Lower Quaternary (?) weathering crust of a linear-
area type and a 30 m thick universally developed 
quaternary sediment cover manifesting the insular 
nature of the area and making it difficult to compile 
a geological map of the site.

The upper part of the Precambrian section is a 
5—30 m thick fractured exogenous disintegration 
and decompaction zone. A subsurface oxidation 
zone is developed in the rocks to a depth of 80—
120 m. Maximum thicknesses of the weathering 
crust, Quaternary deposits and the subsurface oxi-
dation zone are confined to zones of discontinuous 
disturbances developed in bedrocks.

Discontinuous faults are represented by zones 
of crushing, mylonitization, tectonic breccias and 
displacement-free disturbances — cracks, zones of 
increased fracturing, leaching, and permeability. 
These structures are considered as quite widely oc-
curring elements of the Yeniseiskiy site geological 
structure.

293 crushing zones have been identified in the 
geological core description predominantly fea-
turing zones with a shaft length of 0.1—0.7 m. 
Fraction of crushing zones with a shaft length 
of more than 1 m amounts to 19.1 %. Maximum 
shaft length (38.1 m) was recorded in well R-3 
(int.32.0—70.1 m) with large intervals of frag-
mented rocks having a length of 5.2—22.0 m iden-
tified in wells R-2tc, 5, 6, 7-2, 8, 10, 11-1, 13, 1-E. 
In the northeastern part of the site, the space be-
tween the adjacent crushing zones is composed of 
about 30 m thick lenticular body of tectonic brec-
cias (Figure 2). The section indicates the presence 
of densification and sparse areas within the crush-
ing zones common in case of tectonic structures 
with shear kinematics.

Main and secondary faults were identified. The 
main faults cross the entire area of the site extend-
ing in the sub-meridional direction. These include 
the Verkhneshumikhin, Verkhnemerkuryev and 



Radioactive Waste № 4 (9), 201940

Disposal of Radioactive Waste

40

Merkuryev faults (Figure 2) represented by crush-
ing zones. Surfaces of the discontinuous faults are 
steeply (60—70 °) dipping in the eastern rumbas 
locally flattening out at a depth and dividing the 
site into a series of 50—350 m thick block plates 
(Figure 3). Bezymianniy fault of a northeastern 
strike, identified according to geophysical data in 
2005, may be considered as a main discontinuous 
faults: it extends in the southwestern part of the 
area along the valley of the Merkuryev brook and 
is not yet tapped by boreholes. The true thickness 
of the fault zones amounts to 37.6 m locally suffer-
ing from a lenticular narrowing to 2.4 m and dwin-
dling into melaninization and schist zones. Verkh-
nermerkuryev and Merkuryev faults are considered 
as water conducting structures.

Sub-meridional tectonic structures were most 
likely formed as a result of thrust (shear-thrust) 
displacements, but in general their background is 
believed to be more complex and largely unclear.

Secondary discontinuous faults having north-
eastern, sub-meridional, northwestern strike and 
insignificant lengths are acting as intra-block 
structures and are most densely distributed within 
the block bounded by the Verkhneshumikhin and 
Verkhnemerkuryev faults.

The time of tectonic movement occurrences was 
identified based on the fact that both gneisses 
and late Riphean metadolerites and trachydoler-
ites were affected by crushing indicating the oc-
currence or renewal of tectonic movements in the 
late Riphean era. This time is associated with the 

Figure 2. Geological structure of the proposed DDF RW site
1 — Archean gneisses and crystalline schists; 2—4 — Late Riphean dikes: dolerites, trachydolerites (2), metadolerites (3, 4), 
identified based on drilling data (a), geophysical data (b), assumed (c); 5 — Early Proterozoic gneiss granites (?);  
6 — geological boundaries; 7—10 — discontinuous faults: 7—8 — main (7) and secondary (8) identified based on drilling data,  
9 — identified based on geophysical data, 10 — assumed; 11 — tectonic breccias; 12—13 — zones of increased fracturing 
represented on‑scale (12) and off-scale (13); 14 — zones of milonitization; 15 — shear zones; 16 — dips and strikes;  
17 — boreholes and their ID numbers; 18 — contour of the planned DDF RW at horizons + 5 and – 70 m (TVDSS);  
19 — lines of geological sections.
The faults are indicated by letters: ВШ — Verkhneshumikhin, ВМ — Verkhnermerkuryev, M — Merkuryev
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occurrence of active collision phases (940—920 
and 750—730 Ma) in the region. Other stages of 
tectonic and magmatic activation of the region 
refer to the Early Vendian (570—600 Ma) and the 
Late Ordovician — Early Devonian (400—450 Ma) 
eras [18]. A clear spatial relationship between the 
thickness of the weathering crust and the surface 
oxidation zone and the sub-meridional discontinu-
ous disturbances developed over the area confirms 
the existence of the latter. Whereas the increase in 
the thickness of the Quaternary deposits indicates 
the syn-sedimentary activity of these tectonic 
structures.

Displacement-free discontinuous faults are rep-
resented by cracks, zones of increased fracturing, 
leaching and permeability.

Cracks are developed in all kinds of rock forma-
tions stretching from the first centimeters to 1.2 m. 
Three systems of cracks can be identified: steeply 
dipping, average dipping and shallow-dipping. The 
morphology of all crack systems points at their tec-
tonic origin, as well as at the fact that they can be 
attributed to a kinematic type of shear cracks. They 
are characterized by a rectilinear or slightly tor-
tuous shape, the development of slickensides and 

glide grooves, they intersect gneisses and diked 
bodies breaking through them. “Sealing” of cracks 
by kaolinite and chlorite suggests the develop-
ment of a tectonic clay gouge which can be easily 
destroyed by physical impact. [21] draws our atten-
tion to the seeming “sealing” of the cracks. Cracks 
spreading in all directions represented compressed 
structures during their formation, but at certain 
stages of their development were exposed to open-
ing, filled up with hydrothermal quartz, sulfide-
quartz, carbonate-quartz or carbonate material. 
Different mineralization stages were split by new 
tectonic movement momentums.

Over the entire section, areas of open fracturing 
have evolved with rock leaching areas being pres-
ent locally. The wells indicate 94 intervals of open 
fracturing being up to 71.3 m long — these are ex-
tending downwards to the bottom-hole part of the 
wells (for example, well R-1 — int 604.0—617.8 m, 
well R-7 — int 585.5—611.0 m, well R-8 — int 
615.0—686.3 m). Physical proximity common for 
minorly thick intervals.

Slightly open cracks predominate among shal-
low-dipping fracture structures. This indicates the 
occurrence of thrust faulting movements along the 

Fig. 3. 3D view of main faults
URL — underground research laboratory (under design development)



Radioactive Waste № 4 (9), 201942

Disposal of Radioactive Waste

42

faults commonly involving formation of shallow-
dipping ruptures feathering around the faults and 
the opening of previously formed shallow-dipping 
shear cracks. The slightly open state of cracks 
is also most likely due to the modern stress field 
layout causing reverse fault dislocations along the 
discontinuous faults. This finding was confirmed 
by the studies of rock stress state in R-4 well core 
within a depth interval of 422—600 m [22]. These 
findings show that the horizontal stresses in the 
rocks are, as a rule, higher than vertical ones, i. e. 
currently the rocks are mainly experiencing hori-
zontal compression and vertical tension. This, cer-
tainly, contributes to the opening of shallow dip-
ping fracture structures.

Rock fracturing is characterized by a fracture 
modulus Mtr — the number of cracks per 1 lin m of 
core. More than 60 % of wells’ length account for a 
low Mtr value (1—10 cracks/lin m with an average 
Mtp = 6 cracks/lin m), but the remaining part of the 
wells is crossed by increased fracturing zones. 

Zones of increased fracturing (ZIF) are spa-
tially closely related to discontinuous faults and 
are extending throughout the section (Figure 4). 

Sometimes ZIFs occur separately, tracing un-
formed crushing zones. Within ZIF, Mtr value var-
ies from 10 to 45 cracks/lin m with an average value 
of 24 cracks/lin m. 137 intervals characterized by 
increased rock fracturing were identified with a 
shaft length of more than 10 m found in 65 % of 
them while Mtp values were ranging from 21 to 
25 cracks/lin m. The longest (21.3—57.9 m) inter-
vals of fractured rocks are found in wells R-3, 4, 5, 
6, 7, 7-2, 8, 9, 10, 13; maximum ZIF (71.3 m) refers 
to 615.0—686.3 m interval in R-8 well.

Permeability 

As it comes to hydrogeology, a saturated hori-
zon composed of loose sediments and a zone of 
Archean and Proterozoic hard rocks are available 
at the site. The permeability of hard rock forma-
tions is characterized by water conductivity coef-
ficient (Kf) determined based on aquifer testing 
performed in the R-1 — R-10 wells. In most cases, 
the coefficients accounted for minor values (up 
to 9 × 10–4 m/day). However, 41.3 % of measure-
ments revealed elevated Kf with relevant values 

Figure 4. Distribution of the fracture modulus in the rocks along the well shaft. 
3D view projection to the north-north-east
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amounting to (26.5—171.5) × 10–4 m/day indicating 
the uneven spatial distribution of water-permeable 
sections below the exogenous rock disintegration 
zone up to deep horizons (Figure 5).

Areas characterized by elevated Kf values are ac-
companied by a series of thin (0.1—0.4 m) tectonic 
zones consisting of 3—25 elements, areas of rock 
leaching, open cracks occurrences, as well as crush-
ing zones with shaft lengths of 1.0—8.1 m (Table 1).

Areas with evaluated water inflow and assumed 
increased water permeability were identified within 

the hard rock formations (Table 2). The former is 
distinguished based on direct observations focused 
on the interval saturation, the latter — based on 
hydroxide gouges developed in the rocks: limo-
nite (HFeO2 × nH2O), less often — hydrohematite 
(Fe2O3 × nH2O). Geological sections show a spatial 
relationship between the identified intervals and 
discontinuous fault zones. The development of 
hypergenic minerals points at the availability of 
hydraulic communication channels between deep 
horizons and the day surface.

Figure 5. Distribution of the waster conductivity coefficients in the rocks along well shafts

Table 1. Characteristic borehole intervals with elevated Kf values and the development of tectonic zones

Well ID number
Well section, m

Kf, n × 10–4 m/day
Rock crashing zones, m

from to length from to length

R-2 318.8 357.2 38.4 43.0 338.5 342.1 3.6

R-3
100.0 150.0 50.0 1082.0

101.8 109.9 8.1

119.7 121.2 1.5

551.1 600.8 49.7 45.9 562.0 569.3 7.3

R-5

102.6 150.0 47.4 97.0 126.2 132.0 5.8

201.0 247.5 46.5 92.0 233.5 235.5 2.0

499.5 556.1 56.6 36.0 507.4 508.9 1.5

556.1 600.7 44.6 48.0 537.1 544.0 6.9

R-7 158.6 205.1 46.5 29.0
154.4 161.1 6.7

167.0 170.1 3.1

R-10 551.0 600.0 49.0 29.0 597.4 599.6 2.2

R-13 159.8 169.1 9.3 33.7 164.5 165.5 1.0
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No clear correlation between the water conductivity 
coefficients and the fracture modulus is observed. A 
correlation between Kf and rock composition and rock 
fracturing is hard to be established, as the intervals 
investigated during aquifer testing studies were large 
(up to 50 m) and each of them featured N groups of 
rocks (elements of the geological structure) having a 
thickness of mi and a water conductivity coefficient ki. 
Then, the water conductivity coefficient of M well for 
interval n can be calculated as follows:

	

The above equation is belonging to a system of 
equations where the water conductivity coefficient 
ki is unknown.

To determine ki, 60 Kf values derived from the in-
terval tests were used. Using various elements of 
the geological structure, with each such element 
being characterized by a different degree of frac-
turing, an overdetermined system of equations was 
obtained with a nonlinear optimization method be-
ing applied to solve it. The optimization problem 
was solved with 19 ki values obtained based on the 
available data (Table 3).

Table 2. Intervals with evaluated water inflow and assumed increased rock permeability of rock

Well ID number
Well section, m

from to length

Evaluated water inflow

R-5 537.1 544.0 6.9

Assumed intervals of increased rock permeability

R-1 87.1 100.2 13.1

R-2ts 99.0 102.0 3.0

R-7 353.8 359.0 5.2

R-9 415.4 423.2 7.8

R-10 135.0 135.8 0.8

R-11 151.4 160.9 9.5

408.9 411.9 3.0

R-11-1 445.7 446.2 0.5

1-Е 277.5 277.7 0.2

Table 3. Water conductivity coefficients for geological structure elements based on the optimization problem 
solution

Geological structure element
Fracture modulus (Мfr)

<10 10—30 >30
Water conductivity coef.  (n×10–4 m/day)

Quartz-feldspar veins 8.0 n/a. n/a

Trachydolerites 3.0 15.0 n/a

Metadolerites 8.0 15.0 19.0

Pegmatoid granites n/a 11.0 n/a

Granite gneiss 0.34 n/a n/a

Orthoamphibolites n/a n/a 990.0

Plagiogneisses, biotite gneisses 9.9 75.0 200.0

Plagiogneisses biotite-cordierite 9.0 16.0 n/a

Gneiss interlayering 8.0 9.0 n/a

Garnet-garnet-biotite 3.0 7.0 n/a

Crystal shales 5.0 n/a n/a

Crystal shales interlayering n/a 5.0 n/a

n/a — not avialable
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Our understanding of filtration flow structure is 
believed to be essential in determining the direc-
tion of radionuclide migration. Based on processed 
results of packer studies, different distributions of 
directions and filtration rates were identified for 
different wells: a complex alternating (wells R-2, 
10); mainly associated with horizontal flow (wells 
R-3, 4, 6); associated with the upward flow (wells 
R-1, 5, 7, 8, 9, 12).

Groundwater level measurements showed the 
presence of a complex hydraulic connection be-
tween the individual blocks at the site. Distribution 
of mean head values was evaluated. Its results com-
pared against the data of interval measurements 
enabled to compile a hydrogeological map for the 

–70 m horizon presenting head distribution in a 
longitudinal geological and hydrogeological sec-
tion (Figure 6). It was demonstrated that the direc-
tion of groundwater flow correlates with the strike 
of the main tectonic structures at the site and has a 
north-north-east orientation in the plan, whereas 
its discharge is confined to a local drain – the Shu-
mikha river. One deviation from the general flow to 
the north-west was recorded spreading in Bezymi-
anny fault direction. This deviation is explained by 
structural heterogeneity of the rock filtration prop-
erties that should be taken into account in further 
research.

Earlier, similar conclusions were reached by A. Yu. 
Ozersky showing that groundwater filtration within 
the hydrogeological rock mass is mainly associated 
with its movement along the cracks and its lateral 
movement at a horizon of 0 m is going both in the 
north-north-east direction towards the local drain 
and to the west towards the regional drain, namely, 
the Yenisei River channel [23].

The section to the south of R-9 well shows no 
groundwater pressures (Figure 6), since data on 
the vertical pressure distribution is not available 
for it. It seems obvious that additional studies are 
required to be performed for this part of the area 
allowing to establish the boundary conditions for 
the southern border of the future forecast geo-mi-
gration models.

Relationship between groundwater filtration and 
disjunctive structures developed in the rocks seems 
to us undeniable. Leaching zones developed in the 
rocks, as well as areas of open fracturing, the oc-
currence of which is apparently associated with the 
nature of the current stress state, contribute to an 
increased water permeability of rocks. To provide 
a more well-funded judgment on the structure of 
the filtration flow, additional pilot aquifer testing 
in new wells drilled in the southern and northern 
parts of the Yeniseiskiy site is required along with 
further upgrading and development of already 

available hydrogeological monitoring observa-
tion network involving the identification of stress-
strain state parameters of rocks at various depths 
within the site boundaries.

Discussion

Analysis of the primary materials and previous 
work indicates that the geological structure of the 
site is characterized by some particular features 
that should be studied in detail at subsequent stag-
es. These features are associated with the following 
aspects:
•• the site is confined to the boundary zone of re-
gional tectonic structures, marked by the Baikal-
Yenisei fault zone, some of which bear signs of 
activation at the Quaternary stage of geological 
evolution;

•• development of disjunctive structures represent-
ed by crushing, milonitization zones, tectonic 
breccias and displacement-free fractures — cracks, 
zones of increased fracturing, leaching and asso-
ciated increased permeability of rocks;

•• expected availability of hydraulic communica-
tion channel between deep horizons and the day 
surface;

•• presence of a structurally-driven upward flow of 
groundwater in the north-north-east direction at 
the level of the designed structure.
Crushing and increased fracturing zones develop-

ment, as well as open fracturing intervals, leaching 
zones throughout the studied depth of the wells 
seems to be somewhat contradicting to the existing 
knowledge indicating a decrease in rock fracturing 
with increasing depth and fault “attenuation” [3], 
complete sealing of cracks being not through and 
not systematic in their nature [24], the insignificant 
role of crushing zones in the geological structure 
of a site [25] and the favorable structural and tec-
tonic characteristics of the rock mass in general 
[4]. Uncertainties in geological data interpretation 
due to a sparse network of boreholes [14] seem to 
contribute to different conceptions about the site 
structure but rather less than the completeness of 
the actual material application. It seems obvious 
that the identification of not only active structures 
should be considered important, but other tectonic 
structures being subject to opening under modern 
stress field setup and considered as potential con-
taminant transfer pathways should be studied.

Potentially, the above geological structure ele-
ments of the site can produce a negative impact 
on the disposal safety. This impact can be reduced 
by linking both the site itself and the structures 
within its boundaries to the actual geological struc-
ture, so that facilities could be located outside of 
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Figure 6. Geological and hydrogeological map for the –70 m horizon and geological and hydrogeological cross-section  
along the line of wells R-9 – R-10 - R-6 – R-5

1—12 — main elements of the geological structure: 1 — poorly defined Pliocene Quaternary formations, 2—6 — intrusive 
formations in the gneisses rock mass: 2 — dykes of trachydolerites, 3 — same off-scale, 4 — metadolerites, 5 — same off-scale, 
6 — gneiss granites, 7 — geological boundaries and section line, 8 — main discontinuous faults, 9 — secondary discontinuous 
faults, 10 — zones of increased fracturing, 11 — same off-scale, 12 — shear zones; 13 — groundwater level; 14 — hydroisopiestic 
lines, m; 15 — absolute elevations of groundwater and surface water, m; 16 — groundwater flow direction; 17—18 — sections of 
water inflow: evaluated (17) and assumed (18); 19 — zone of rock surface oxidation; 20—21 — drilling wells in the scheme (20) 
and in the section (21); figures on the bottom - well depth, m; 22 — contour of the developed DDF RW; 23 — target horizon. 
The faults are indicated by letters: B — Bezymyanniy, VM — Verkhnekomerkiev, M — Merkuryev
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unfavorable hydrogeological and engineering and 
geological conditions. Thus, geological mapping 
materials should be further refined based on map-
ping and exploratory drilling, geophysical and ad-
ditional hydrogeological investigations in newly 
drilled wells implying the use of the modern meth-
ods and equipment.

In this regard, recommendations of the State Re-
serves Committee “Rosnedra”, expressed as early 
as in 2012 and confirmed later by relevant protocol 
of February 3, 2016, as well as the remarks of the 
Federal State Institution STC NRC review of 2016 
focused on further investigation of the site geologi-
cal structure seem to be quite relevant. The main 
expert recommendations are as follows [26, p. 2.3.3, 
2.3.4, 2.3.6; 12, p 2.2]:
•• to perform exploration embracing the entire Yeni-
seiskiy site involving geological mapping and site 
surface mapping contributing to a most accurate 
identification of tectonic disturbance (according 
to the authors of the article, such mapping at the 
exploration site should not be carried out on a 
scale less than 1:2000);

•• to arrange for an observation network to monitor 
the groundwater flows at various depths;

•• to study the distribution and the size of cracks 
along their depth using borehole tomography;

•• to continue investigating the relationships be-
tween the groundwater flows available in the re-
pository area and the Yenisei River;

•• to refine the values of water conductivity coeffi-
cients, groundwater filtration rates along tectonic 
disturbance zones accounting for various hydro-
geological zones by depth;

•• to identify rock mass parameters under the exist-
ing stress-strain state at various depths and in 
plan under natural conditions, as well as the pa-
rameters of the fracture zones and the character-
istics of the crack filler materials;

•• to provide well-founded judgments on the opti-
mal distance between the disposal horizons;

•• to submit reporting materials on the exploration 
and pilot operation of the repository providing 
a sound rationale behind its further industrial 
development under an established state review 
procedure.
Currently, the above issues remain unclear due 

to the actual termination of geological exploration. 
However, exploration and its planning are believed 
to be essential. The authors of the article have initi-
ated follow-up discussions on the geological explo-
ration performed as part of the exploration stage. 
Today such work is planned by the State Corpora-
tion Rosatom under the R&D program. However, 
these have not yet been put on the agenda of pro-
duction activities performed by subsoil user being 

considered as only possible party enabling their 
implementation. “URL construction and the exper-
iments conducted in the URL ...” are proposed by 
some geologists [14] to be considered “as the next 
(exploratory) stage of exploration” [14].

However, in our opinion, subsoil exploration can-
not be replaced by mining operations during URL 
construction, since they have a different purpose 
(construction), are carried out on a limited and very 
small (1.7 km2) area, are performed with no account 
of the exploratory network implying reasonable 
orientation and density, are not able to provide 
comprehensive (geological, geophysical, hydrogeo-
logical, etc.) site investigation and fulfill the recom-
mendations noted above. The exploration stage of 
geological exploration is considered as a pre-design 
development stage [27] preceding the construction 
and operation of underground facilities. Moreover, 
according to the same author [14], importance of 
the existing uncertainties associated with ground-
water flows should be identified prior to construc-
tion, since “with the start of shaft sinking implying 
the drainage of adjacent rocks, the hydrogeological 
setting of the rock mass changes irreversibly” [14]. 
Finally, geological exploration conducted in paral-
lel with construction seems quite unfeasible, since 
its findings can affect the construction site location.

Practical exploration efforts are required to be 
implemented on behalf of a subsoil user suggest-
ing the application of well-known measures es-
tablished by [27] and the practice of geological 
exploration:
•• development, examination and approval of ex-
ploration designs for the exploration stage in ac-
cordance with regulatory provisions [27, 29] and 
recommendations of the subsoil asset manager 
[12, 26]; geological exploration performed in ac-
cordance with the designs developed;

•• state examination of activities performed and 
geological substantiation of the repository siting 
decision.
The geological exploration designs can both ac-

count for drilling and mining-drilling options [30], 
but it should nevertheless present exploration de-
signs, rather than the construction designs focused 
on investigating not only the near, but also the far 
field of future repository.

To conclude it seems worth to note that the cur-
rent regulatory framework covering repository 
development is based on two groups of regulato-
ry acts: subsoil use [27, 30] and radioactive waste 
management [28, 29 and others]. The above groups 
having different departmental affiliation, do not 
contradict, but complement each other. Howev-
er, both groups have certain drawbacks related to 
the absence of analogue facilities being operated 
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in Russia, the experience of their development 
and operation. Not dwelling on their listing, one 
should note the urgency of developing an interde-
partmental document in which both the Guideline 
Recommendations of the Russian Ministry of Natu-
ral Resources and the Federal Norms and Rules of 
the State Technical Supervision Authority would 
be taken into account and further refined. Possibly 
this may be titled as Guideline recommendations 
on the Selection of a Subsoil Area for Deep Disposal 
of Radioactive Waste (according to RW types) and 
the Feasibility Study for its Industrial Development.

Conclusions

1. Primary material and the findings of previously 
completed work were summarized and evaluated 
serving a basis for the conducted assessment of the 
geological setting at the studied site. The structure 
of the site is characterized by certain features that 
should be taken into account and refined in the 
future.

2. The site is confined to a junction zone of re-
gional tectonic structures with some of their ele-
ments bearing signs of activation at the Quater-
nary stage of geological evolution. Discontinu-
ous faults have developed over the entire interval 
depths. Verkhneshumikhin, Verkhnekomerkurev 
and Merkuryev faults are considered as the main 
ones with the latter two being found to be water 
conducting structures.

3. Tectonic cracks, zones of increased fracturing, 
intervals of slightly opened cracks are considered 
being widely developed at the site. Currently, the 
rocks are mainly experiencing horizontal compres-
sion and vertical extension contributing to the dis-
closure of shallow dipping structures.

4. Certain sections are characterized by increased 
water conductivity. They are associated with a se-
ries of thin tectonic zones, open crack development 
and crushing zones. At a considerable depth, steady 
water inflow interval was identified, as well as areas 
with expected increased water permeability. Devel-
opment of hypergene minerals points at potential 
availability of hydraulic communication channels 
between deep horizons and the day surface.

5. Water conductivity coefficients were identified 
for various geological elements based on the solved 
optimization problem. Within the site boundar-
ies, various distributions of flow streamlines and 
rates were identified. The pressure distribution 
evidences relationships between groundwater flow 
and tectonic structures. The contradiction between 
the assumption regarding downward groundwater 
flow resulting in secondary hydroxide formation 
at a great depth, and the identified upward flow 

available at the considered site, is most likely be-
lieved to be only seeming and requires some fur-
ther study. The structural heterogeneity of the rock 
filtration properties should be accounted in further 
studies.

6. Features of the site geological structure should 
be studied further to find a suitable safe site loca-
tion based on the explorations of the exploration 
stage providing a comprehensive study of not only 
the near field, but also the far field of the future 
repository.
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