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EXPERIENCE IN USING GEOMODELS FOR THE STUDY 

OF STRESS-DEFORMED STATE IN ROCK MASSIFS 

USING MATHEMATICAL MODELING 

E. V. Kalinin, L. L. Panas'yan 

Geological Faculty, Lomonosov Moscow State University,  
Leninskie gory, bld. I, Moscow, 119992 Russia. E-mail: kalinin@sumail.ru 

The paper discusses the experience in applying the software complex based on the analytical and numerical 
modeling methods for solving engineering geological problems in the study of stress -deformed state (SDS) 
in isotropic and anisolropic rock massifs with irregular outer and inner boundaries and affected by various 
external forces including those of human-induced origin. These problems arise upon estimating building 
settling, cutting tunnels, in the regions of mineral resources development by open-cut and shaft methods, 
upon underground construction, in the areas of hydrocarbons extraction, in seismic regions, upon 
investigation of slope stability and collapses, etc. 
In 1980s, an original program complex for the SDS study in natural rock massifs was developed and further 
constantly upgraded at the Department of Engineering and Ecological Geology (Geological Faculty, 
Moscow Stale University) in cooperation with the Department of Composite Mechanics (Mechanical and 
Mathematical Faculty, Moscow Stale University). 
LEVMAG program was elaborated for investigating SDS in natural rock massifs with any degree o f 
anisotropy. It is based on the variation-difference principle (assuming a linear relation between stresses 
and deformations upon a flat deformation). This program was applied for the study of stress distribution in 
the hard rock massifs at the Talnakh ore deposit; at the Kola super-deep borehole; on the left slope of the 
Vakhsh River valley in the alignment of Rogun Dam under construction; in the folded water saturated massif 
of the Shalkiya deposit; on the slopes of the Psekhako Ridge (the Northern Caucasus), and in other regions. 
The same program was used for assessing the rock massifs complicated by cavities of natural or human -
made origin, i.e., karst cavities, underground tunnels, shafts, etc. For example, stress redistribu -lion due to 
the excavation of a very large subsurface operating hall for the Rogun hydroelectric power station was 
investigated in the rock massif on the left slope of the Vakhsh River valley. In a similar way, stress 
distribution in a rock massif around karst cavities or in faulted massifs were analyzed. If stretching 
fractures open at the surface and attenuating at Ihe depth are traced in a rock massif, the method of 
boundary elements was applied (TVVTW program upgraded with an additional block account ing for 
gravity). Stress distribution was studied in the rock massif complicated by a graben or a large open 
fracture, e.g., in the section of the Rogun Dam under construction, where the rock massif undergoes 
tectonic compression. 
In mid 1990s, the collaboration between the Department of Engineering and Ecological Geology 
(Geological Faculty MSU) and the Department of Composite Mechanics (Mechanical -Mathematical 
Faculty MSU) resulted in the development of a unique software complex (DINGE and FILTRATION 
programs). The former allows tracing in time the displacement of stress concentration zones in slope rocks 
upon propagating stretching-compression waves produced by earthquakes. The case study of changing 
stress state is described upon passing seismic waves in rocks on the slopes of Mzymta River valley (the 
construction area for the Sochi Olympics 2014). The calculation results revealed the regularities in the for -
mation and movement of stress concentration zones along the slope surface depending on their shape, 
steepness and wave direction. The latter program (based on M. Bio's theoretical model) was applied for 
assessing the deformation of multilayer horizontal strata and changing pressure upon pumping oil as well 
as for subsequent settling of the ground surface at a number of oil fields  in the Western Siberia as well as 
in other regions. 
The known stress state in a rock massif allows us to estimate the possible loss of its stability by compar ing 
acting stresses to the strength parameters of the rock massif. This procedure was performed using the 
SDVIG software for numerous geological objects. 
The program modules developed at the Department of Engineering and Ecological Geology of the Geo -
logical Faculty of the Lomonosov Moscow State University may be applied for solving scientific and 
practical problems as well as for teaching students at higher school.  
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CHANGES IN GROUNDWATER CHEMICAL COMPOSITION  

IN THE BEREZNIKI AREA AS RELATED TO THE SINKHOLE 

DEVELOPMENT 

V. P. Zverev, I. A. Kostikova 



Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences 
Ulanskii per. 13, bld. 2, Moscow, 101000 Russia. E-mail: zverev@geoenv.ru 

Analysis of changes in the chemical composition of groundwaler in the Berezniki territory for the two-
year period, since 17.12.2010 t i l l  15.10.2012, showed that the depressional hydrogeological structure 
confined to the meridional fault zone in the above-salt massif is characterized by sharp fluctuations in the 
chemical composition of ground water. A sufficiently close connection is revealed between the formation 
of surface sinkholes and a sharp increase in the salinity and concentration of individual components 
of the groundwater (registered in the wells drilled quite close to these sinkholes). The dales of 
sinkholes formation beginning, as well as the time of beginning and termination (both planned and 
disastrous) of sinkhole backfilling correlate closely with a drastic rise in the salinity and the content in 
the bulk of groundwater components. It appears that significant jumps in mineralization and content of 
most of the components, lo a certain extent can serve as precursors lo the development of adverse 
effects, including the possibility of sinkhole formation.  

Keywords: Berezniki, groundwater, chemical composition, mineralization, monitoring, gypsum, halite, 
karst processes, craters, sinkholes, collapses. 
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REGULARITIES IN THE FORMATION OF CHEMICAL 

COMPOSITION OF MINE WATER AND ITS INFLUENCE ON 

GEOECOLOGICAL SITUATION (KOMISSAROVSKAYA MINE, 

EASTERN DONBASS) 

A. I. Gavrishin 

Platov Southern Russian State Polytechnic University, 

ul. Prosveshcheniya 132, Novocherkassk, 346428 Russia. E-mail: agavrishin@rambler.ru 

The four main trends in changes of chemical composition of mine water are distinguished and 
described in detail. Transformation of mine water composition at mine Komissarovskaya is given for 
the period of its functioning and after its shutdown (1946-2013). The most intense changes and the 
abnormal water composition are registered after the mine flooding. Oxidation, dissolution and 
leaching are described for the water pollution flows. The influence of mine water on the geoecological 
situation in the region is characterized. 
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HEAVY METALS IN BOTTOM SEDIMENTS OF SLUDGE PITS IN 

EXPLORATION WELLS IN THE WESTERN SIBERIA 

A. V. Soromotin, D. V. Pislegin 

Tyumen State University, ul. Semakova 10, Tyumen, 625003 Russia. 
E-mail: asoromotin@mail.ru, DimaPislegin@rambler.ru 

The geochemical composition of bottom sediments was investigated in 81 sludge pits of exploration wells 
containing drilling waste. The concentrations of total forms of heavy metals (As, Ba, Be, Cd, Cr, Cu, Hg, 
Ni, Pb, Sr, V and Zn) are reported. The main sources of heavy metals coming to drill sludge are 
established. The natural agents, such as sedimentary heavy-textured deposits and brine water, are the 
source of arsenic, beryllium, vanadium, chromium, copper, nickel, strontium, and presumably zinc. Drill -
ing mud is the source of barium, cadmium, mercury and supposedly lead.  

Keywords: exploration wells, sludge pits, drill sludge, heavy metals. 

 

HYDROGEOCHEMICAL ZONING AND 

COMPOSITION EVOLUTION OF KULDUR THERMAL 

WATER FIELD (THE FAR EAST) 

mailto:asoromotin@mail.ru


V. N. Kompanichenko, V. A. Poturay 

Institute for Complex Analysis of Regional Problems, Far East Division, 
Russian Academy of Sciences, ul. Sholom Aleyhema 4, Birobidzhan 679016, Russia. 

E-mail: kompanv@yandex.ru; poturay85@yandex.ru 

The composition of Kuldur thermal water has been specified by means of processing the perennial data base. The 
water manifests alkaline fluoride-chloride-hydrocarbon-silicon-sodium composition. The spatial (zonality 
elements) and temporal variations in the hydrochemical composition of thermal water are determined. For the 
period from 1995-1996 to 2007-2008, the solution composition shows a significant increase in sodium, chlorine 
and hydrocarbonate ion concentrations, and a decrease in ammonium ions and sulphuretted hydrogen 
concentrations. Twelve homologous series of organics are revealed. For the period of 2007 -2011, variations in 
their concentrations are extremely high, exceeding considerably those of inorganic components. On the basis of 
structural-geological, geophysical and geochemical data, as well as indirect analogy with volcanic hydrothermal 
fields in Kamchatka, it is concluded that not only re-cycling atmospheric water but also abyssal fluids contribute to 
the Kuldur thermal water. 

Keywords: thermal water, hydrochemical composition, organic compounds, variation . 

 

INFLUENCE OF CRYOGENESIS ON SLOPE PROCESSES IN STEPPE AREAS OF 

CISBAIKAL REGION (by the example of Olkhon Island) 

A. N. Khimenkov*, A. N. Vlasov***, D. O. Sergeev*, E. A. Kozyreva***,  
A. A. Rybchenko***, V. A. Pellinen*** 

*Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences,  

Ulanskii per. 13, bld. 2, Moscow, 101000 Russia. E-mail: cryo@geoenv.ru  
**Institute of Applied Mechanics, Russian Academy of Sciences, Leningradskii pr. 7, Moscow, 125040 

Russia. E-mail:bah 1955@yandex.ru 

***Institute of the Earth 's Crust, Siberian Branch, Russian Academy of Sciences, 
ul.Lermontova 128, Irkutsk, 664033 Russia. E-mail: kozireva@crust.irk.ru 

The results of complex geocryological investigations in the desert-steppe landscape of Olkhon Island 
are presented. The new data of field geocryological observations and remote sensing have been 
obtained. They indicate the influence of cryogenic factor on the slope movements. The results of 
automatic hourly temperature measurements in the pit have been analyzed. The leading role of 
microlandscape variability in permafrost evolution is shown. The methods of slope stability estimation 
taking into account the geological conditions and mechanism of landslide development are proposed.  

Keywords: sporadic permafrost, arid climate, cryogenic factor, landslides.  

FEATURES OF SILT MICROSTRUCTURE FORMATION 

AT THE SEDIMENTOGENESIS STAGE IN THE WHITE SEA 

V.I. Osipov*, D.Yu. Zdobin**, V.N. Sokolov***, M.V. Ivanov*** 

Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences, Ulanskii per. 13, 
bld.2,Moscow, 101000 Russia. E-mail: direct@geoenv.ru 

** St. Petersburg State University, Universitetskaya nab. 7/9, St. Petersburg, 199034 Russia. 

E-mail: zdobin_soil@mail. ru*** Geological Faculty, Lomonosov Moscow State 
University,Leninskie gory, bld. 1, Moscow, 119992 Russia. E-mail: sokolov@geol.msu.ru 

The Holocene littoral clay sediments in the White Sea, i.e., organo-mineral bottom silts, were the 
objects of study. The work was aimed at investigation of formation and subsequent transformation of 
deposit microstructure at the initial stages of sedimentation from the viewpoint of current ideas in the 
physicochemical theory of forming natural fine-grained systems. Silt was sampled in intervals (0-5, 5-
10, 10-15, 15-20, 20-25, 25-30, 30-35, 35^(0 cm) from the ship using the sampling thief and dredger 
"Ocean-0.025" to preserve the natural structure of samples. Silt was prepared for microstructural SEM 
investigation by the method of vacuum cryogenic processing. The following physicochemical parameters 
were controlled in samples: moisture (natural and air-dry moisture, moisture at plastic and liquid limits), 
plasticity index, liquidity index, porosity, porosity coefficient, and the organic matter content. 

mailto:direct@geoenv.ru
mailto:sokolov@geol.msu.ru


Microstructural studies (qualitative and quantitative analyses of the White Sea si l t  microstructure) were 
performed with scanning electron microscope (SEM) LEO 1450 VP. Qualitatively, the silt microstruc-
ture was analyzed by SEM images at two magnifications (x250-500 and x4000-8000). The quantitative 
analysis was performed with "STIMAN 3D" software using a series of 8 SEM images at magnifications 
x250, x500, xl000, x2000, x4000, x8000, x 16000, x32000.The following regularities were revealed from 
the top to the bottom in the sediment profile: a decrease in the physicochemical indices (W- from 195 to 
140% and/; from 5.44 to 1.65), a regular increase in density (from 1.18 to 1.35 g/sm

3
) and a decrease in 

porosity from 88 to 79% as well as in the organic substance content Corg (from 7.7 to 2.9%); with the 
particle-size distribution remaining virtually constant. The micromorphology of solid structural units 
and silt mineral skeleton was qualitatively described. Quantitative estimation permitted obtaining the 
curves of pore distribution by the equivalent diameters, areas, total areas and shape factor. Inter-particle 
ultramicropores (0.1-1.0 µm); fine and coarse inter-microaggregate micropores (1.0-10 and 10-100 µm) 
were distinguished. Proceeding from the quantitative values of integral microstructural indices (grain-
size parameter D and anisotropy parameter A), the studied clay sediments were classified by the 
microstructure types. The bulk of investigated samples were referred to the fine-grained class, weakly-
ordered subclass, and coagulation microstructure group. The performed research proves that even within 
a very narrow depth interval (0.3-50 cm), upon insignificant compaction of newly deposited si l t  in the 
While Sea, the features of sedimentogenesis of organo-mineral sediments are already manifested in the 
transformation of physicochemical properties and the pore space fabrics. This transformation implies a 
decrease in the general porosity and the maximal size of micropores, an increase in the amount of fine 
intermicroaggregate micropores at the expense of the reducing large intermicroaggregate micropores. 

Keywords: sedimentogenesis, recent organo-mineral sediments, SEM .studies of microstructure, 
coagulation contacts, porosity. 

CURRENT APPROACHES TO THE SRUDY 

OF ROCK MECHANICS AND ROCK MASSIFS 

(OVERVIEW OF XII IAEG CONGRESS PROCEEDINGS) 

Yu. V. Frolova 

Geological Faculty, Lomonosov Moscow State University,  

Leninskie gory, bld. 1, Moscow, 119992 Russia. E-mail: ju_frolova@mail.ru 

The paper considers the main approaches to the study of rocks and rock massifs that were discussed at 
the XII IAEG Congress "Engineering Geology for Society and Territory" (Torino, Italy, September 15-
19, 2014). The priority investigations comprise physical and mechanical properties and the 
mechanism of rock failure, mechanical tests by joints, and rock massifs characterizations.  

Keywords: hard rocks, rock massifs, physico-mechanical properties, failure. 

THE BASIC PRINCIPLES OF THE COMPARATIVE ANALYSIS  

OF GEOSYSTEMS FOR THE GEOECOLOGICAL ASSESSMENT 

OF REGIONS 

I. N. Zaikanova 

Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences, Ulanskii per. 13, bld. 2, 

Moscow, 101000 Russia; E-mail: direct@geoenv.ru 

Geoecological assessment appears to be appropriate for spatial planning of regions, as it permits optimiz -
ing the use of their natural potential. Upon compiling schemes of regional territorial development, the 
task arises of comparing qualitative indices of natural and anthropogenic components of the region. For 
this purpose, we propose to use the methods of comparative analysis developed in political science. Us-
ing this method for spatial planning involves building a general hierarchy of plain and mountain geosys -
tems equivalent in rank and scale. This hierarchy permitted us to identify significant differences  between 
regions. The article describes the basic principles of the comparative analysis of natural features in the 
regions (by the examples of Smolensk, Belgorod, Novosibirsk, Altai Krai and Altai Republic).  

Keywords: territorial planning, comparative analysis, qualitative assessment, geosystem hierarchy . 


