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ASSESSMENT OF EXOGENOUS GEOHAZARDS AND GEOLOGICAL RISK 

 IN URBAN AREAS (REVIEW OF FOREIGN PUBLICATIONS) 

V. I. Osipov, O. N. Eremina, I. V. Kozlyakova 

Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences. E-mail: sci-council@geoenv.ru 

 

The paper provides the review of foreign scientific publications of the last decades devoted to the state-of-art in 

geohazard and risk assessment in cities. Rapid urbanization involving all countries of the world impels engineering 

geologists to pay more attention to cities. The statistics on natural disasters proves that the high concentration of urban 

population and urban infrastructure results in ever growing economic and human losses as a result of geohazards 

manifestation. In western countries, urban geology has developed as a special field of geological science, and its role is 

becoming more important in the last decades. Lately, urban geologists including engineering geologists have gained huge 

experience in assessing hazardous geological processes in cities, with one of the principal methods being engineering 

geological zoning and GIS-based special mapping of urban areas. It is commonly recognized now that spatial planning with 

consideration of natural hazards maps laying restrictions on the territory use appears to be the most efficient economic tool 

for providing sustainable urban development. The development of geohazard risk assessment procedure is now the most 

acute issue for urban sustainable development. Due to geodata uncertainties, this problem cannot be considered to be 

solved. 

 

Key words: exogenous geological hazards, geological risk, engineering geological studies, urban geology, engineering 

geological mapping, urban spatial planning. 
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The Paratunsky geothermal field has been in operation since 1964, during 1966–2014 we extracted 321 million tons of 

thermal water with a temperature of 70–100 С, which is used for heating, balneology and greenhouse agriculture. The 

operation occurs mainly in self-flowing mode, yet submersible pumps are used in some of the wells. The volume of the 

productive volcanic reservoir of a fracture-block type is about 40 km3, the measured temperatures reach 107 С, thermal 

waters are characterized by Cl–Na, Cl–SO4–Na composition and N2 (96–98%) prevalence in the gas phase. The isotopic 

composition of thermal waters (δD, δ18O) shows  that the area of the field’s water recharge is raised above 1000 meters a. s. 

l.: Vilyuchinsky volcano (2173 m abs.) for Nizhne-Paratunsky and Severny sites, and Leonov’s caldera area for Sredny and 

Mikizhinsky sites. Hence, differences in water chemistry of the Nizhne-Paratunsky and Severny vs Sredny and Mikizhinsky 

sites is explained by different circulation patterns. 

To analyze a thermohydrogeochemical operation history we used the thermohydrodynamic 3D modeling (TOUGH2-

EOS1+tracer, a polygon mesh, 9727 elements, 8 layers). Model calibration was carried out according to the initial 

temperature distribution and pressure changes in the reservoir during 1964–2014 operation. According to the results of 

inversion modeling, the values of the reservoir’s horizontal and vertical permeability 1.41 D and 168 mD, respectively, 

compressibility 4.08 · 10–8 Pа–1, the total natural upflow of a fluids of a temperature of 80–111 С is estimated at 190 kg / s; 

we have proved the top boundary condition of hydrothermal discharge in the groundwater overlying horizon. It has been 

shown that the mechanism for the gradual increase in the chloride ion concentration is the influx of chloride groundwater 

through the eastern border of the geothermal reservoir. The predictive modeling of changes in pressure and temperature in 

the production reservoir of the Paratunsky geothermal field for the period up to 2040 with a total extraction rate of 

256 kg /s indicates a moderate drop in the reservoir pressure (up to 0.7 bar) with a slight decrease in temperature. 



 

Key words: Paratunsky, geothermal, modeling, TOUGH2, operation, thermohydrogeochemical. 

 

THE TECTONIC CONTROL OF THE ICE REGIME  

IN UPPER KOLYMA RIVERS 

V. E. Glotov, L. P. Glotova, M. V. Ushakov 
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685000 Russia. E-mail: geoecol@neisri.ru; glotova@neisri.ru; mvilorich@narod.ru 

The correlation was found between the terrain geodynamic origin and the duration of the ice-cover and the river freezing 

rivers in the Upper Kolyma basin, situated at the mountainous region of the continuous permafrost zone. With the 

geological and hydrogeological zoning methods and the analysis of the river flows data in winter low water and its 

statistical processing, the differences in durations of ice phenomena processes were established. The initialization of these 

phenomena depends on the year cold season’s advent. The duration of the individual phases of ice regime are limited by the 

catchment area size and the tectonics, above all, by the geodynamic features of the drained Earth’s crust blocks , i.e., 

terrains and subterrains. The importance of the tectonic factor is revealed by us for the first time. It was found that in the 

Upper Kolyma basin the Inyali-Debinsky subterrain streams differ from those with the similar catchment areas by a short 

period of the ice-cover and the subglacial drainage with the maximum freezing duration. Due to the tectonic specifics of the 

drained terrains, the dependence of the freezing rivers average duration on the catchment area is very significant (the 

determination coefficient R2 = 0.62–0.86). If the tectonic factor is excluded, this correlation for the whole Upper Kolyma 

basin is expressed with the coefficient R2 = 0.54. These facts are explained by the fact that in early Mesozoic the Inyali-

Debinsky subterrain was subjected to collisional and accretional impacts, which were accompanied not only by the folded 

and discontinuous deformations, but also by the violation of the crystal structure of feldspars and plagioclases. In the 

hypergenesis zone, they were subjected to degradation and claying to a greater extent than the similar rock-forming 

minerals in the terrains of passive continental margins mainly subject to uplifting. For that reason the under-flow gravel-

pebble deposits in the Inyali-Debinsky subterrain area are saturated with clay and are characterized by the percolation 

coefficient of less than 100 m/day, versus 1200 m/day in other terrains. Accordingly, the underground alimentation of the 

watercourses in winter low water goes more actively within the passive continental margins than at the subterrain, having 

experienced the complicated collisional and accretion impacts. Under similar physiographic conditions, the groundwater 

inflow impacts the duration of ice-cover and freezing periods and subglacial drainage. 

Key words: the Upper Kolyma, terrain, subterrain, catchment area, winter low water, freezing rivers, ice cover. 
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The investigation shows the case of forming zones of considerable secondary pollution in background areas as a result of 

local atmosphere transfer. Results of polychlorinated biphenyls (PCB) study within a 20-km-long site of the Khamar-Daban 

range and the adjacent Vydrinskiy peat bog are presented. This area is considered to be the background; however, it is 

exposed to the atmospheric impact produced by a strong and multiple PCB source in the Angara industrial center located 

150–200 km to the north-west. The peat core and soil were sampled to a depth of 3.17 m and 0.15–0.2 m, respectively. PCB 

concentrations in peat samples amounted to 48.4–100.2 ngPCB/g dry weight (2480 ngPCB/cm2). PCB level in the soil 

sampled 2–15 km away of the peat in the direction of prevailing winds (14–18 ngPCB/g dry weight or up to 90 ngPCB/cm2) 

was extremely high for the coastal soil of Lake Baikal. The total level of PCBs in peat core by the square exceeded by the 

factor of 2.5 that in the contamination source soils. The congener composition of PCB in peat bog is nearly similar to that 

on the range slope and differs from that in soil of industrial areas by a higher share of low chlorinated congeners. This 

phenomenon points to an exclusive impact of atmospheric transport. Concentrations of PCB-52 and PCB-74 were maximal 

both in peat and soil of Khamar-Daban (10–14 and 15–18%, respectively). The content of other congeners and their groups 

do not exceed 2–4%. A high content of organic carbon by the entire core depth (Corg= 8.86–11.59%) and the peculiarity of 

mailto:mvilorich@narod.ru
mailto:mamontov@igc.irk.ru


the local natural chromatographic processes in mountain area in the south-east of Lake Baikal region are the main reasons 

of considerable PCB accumulation in the area investigated.  

Key words: Lake Baikal, the polychlorinated biphenyls, soil, peat, air transport. 

 

MODIFICATION OF SOIL MICROFABRIC IN PERMAFROST ZONE 

WITHIN THE OIL AND GAS FIELDS (BOLSHEZEMELSKAYA TUNDRA) 
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Institute of Biology, Komi Scientific Centre, Ural Branch, Russian Academy of Sciences, 

Kommunisticheskaya ul. 28, Syktyvkar, Komi Republic, 167982 Russia. 
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Microfabric of permafrost-affected soils situated within drilling sites at 1 year and 20 years after having been contaminated 

by oil was studied. The microstructure of cryogenic soil was studied in the northern and southern parts of the 

Bolshezemelskaya tundra with hummocky to hummocky-undulated relief, continuous and insular distribution of permafrost. 

Soils in dwarf shrub mossy-lichen tundra are represented by Entic and Haplic Endogleyic Podzols developed on coarse-

textured deposits; Gelic-Histic Gleysols, on loamy deposits; and Fibri-Cryic Histosol, on flat and undulating peatland. 

Background concentration of petroleum hydrocarbons (OH
3
) comprises of 1.2–2.2 gkg

–1

, and it is 10–20 times higher at the 

drilling sites. One year after the pollution, the seasonal thawing of Histic Gleysols went 14 cm deeper down the soil profile; 

coagulated aggregates, detritus fragments and pore walls got black films on surface; and dark clots formed in the organic 

horizon. The gley horizon acquired black aureoles. Twenty years after pollution, the conservation of heavy fractions of 

petroleum hydrocarbons and cryogenic metamorphism was registered in sandy soils. condensation and accumulation of 

clots and inclusions in cavities were noted in the peaty soils. In loamy soils, cracks and channels were covered by dark 

brown films, and argillans and ferriargillans were formed. 

Key words: micromorphological method, petroleum hydrocarbons, permafrost-affected soils, drilling sites, 

Bolshezemelskaya tundra. 
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Engineering geological zoning is often used for achieving various economic targets. The results obtained with different 

methods show that they are not always comparable. It happens due to a number of reasons, above all, due to a multitude of 

integral (or essential) indices used as classification features for zoning. Practically, there are at least five methods for 

substantiating the classification index, i.e., geological, hydrobiological, grading, standardizing, and probabilistic-statistical 

methods. The probabilistic-statistic estimation appears to be the most promising way for classification index determination. 

It allows reducing the human factor impact when choosing the classification index and substantiating the taxon boundaries. 

It also abridges the amount of categories in use. Therefore, this research is aimed at the development of an algorithm for 

calculating the multivariate rated classification index for engineering geological zoning. 

The probabilistic approach is used for developing this system. In order to increase the reliability of geodata classification, a 

complex multivariate probable ratio PКОМП is suggested as a classification feature. The multivariate rated classification 

index Z is the second criterion. Along with PКОМП, these two indices may be used as classification features in engineering 

geological zoning. The statistical characteristics of rated geological indices are given, scatterplots and the rate frequency 

distributions have been analyzed and compared. PКОМП and Z ratios correlate well. The correlation coefficient is equal to r = 

0.95 for the entire territory (irrespectively of the engineering structure stability), so both indices are suitable for engineering 

geological zoning. The suggested procedure was approbated; and the zoning scheme was compiled. The results of using 

PКОМП as classification ratio show success in the correct nomination of observation points by their classification categories 

in 98%. The results of using Z show the success rate of 94%. 

 

Key words: engineering geological zoning, taxons, calculation of multivariate rated classification index. 
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EXPERIMENTAL DETERMINATION OF THE HYDRAULIC 

CONDUCTIVITY AND DIFFUSION COEFFICIENT 

IN LOW PERMEABLE DEPOSITS 

V. A. Lekhov, V. N. Sokolov 

Geological Faculty, Moscow State University, Leninskie gory, Moscow, 119991 Russia.  

E-mail: v.lekhov@gmail.com; sokolov@geol.msu.ru. 

The paper deals with the modeling of long-term migration of radioactive waste in low permeable rocks at the disposal site 

of the Siberian сhemical plant SCC. Experimental studies have shown that the values of the hydraulic conductivity (2.2 – 

7.7) × 10–5 m/day is below the typical values obtained from the filtration experiments. The diffusion coefficient was 

determined experimentally for three months using samples of 5–8 cm in length and 3 cm in diameter. NaNO3 and NH4NO3 

solutions with added Cs, Ba, Ni, Co, La microcomponents were used as a migrating agent. The values of the diffusion 

coefficient for macrocomponent salts obtained by conductivity sensor for each sample were equal to 2.49 × 10–6 – 2.91 × 

10–7 m2/day, which agrees with the recognized values for clays. The results of the study of layered samples using aqueous 

extracts and X-Ray microprobe of chemical and elemental analysis revealed a discrepancy between the distribution of 

concentrations of macrocomponents compared with the data obtained by conductivity sensors. 

Key words: groundwater pollution, hydraulic conductivity, diffusion coefficient, microstructure, low permeable sediments, 

microprobe analysis, conductometry, multicomponent diffusion. 
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Nowadays the watering of old peat extraction sites takes place in Meshchera National park (Meshchera Lowlands on the 

East European Plain in Vladimir Oblast, Russia). The aim is to reduce the fire risk and to restore wetland ecosystem. The 

integrated landscape studies include cartography of landscape and geological surveys for evaluation of thickness and 

structure of soil layers. GPR is one of the geophysical methods allowing us to get information about the soil structure 

quickly and efficiently. It is an important factor for working in impassable areas like peatlands. The aim of this work is 

application of GPR to the studies in specific peatland conditions. GPR was used for collecting data on the peat depth, 

sediments, groundwater level and freezing depth. The points were placed along the GPR profiles for independent 

measurements of peat and snow depth and characteristics, soil freezing depth and landscape observations. This information 

was used in GPR data processing and interpretation. 

The main parameter used in the GPR method is the velocity of electromagnetic wave in the geological layers. The velocities 

in peat and sediments were calculated according to the data of boreholes and by direct observations on peat. As a result of 

direct measurement, the average GPR signal velocity in peat is about 0.035 m/ns, the corresponding dielectric constant is 

about 65-70. The peat was sampled directly on the study site. Moisture was calculated as a weight loss on drying and it was 

67%, with ash content being 3.6%. The underlying rocks were represented by sand and loam. The velocities in underlying 

rocks were calculated from diffraction hyperbolas (as usually applied in GPR), where it was possible and from the 

boreholes data in other cases. 

The series of soil interfaces bedding depths were obtained from radar patterns according to the velocity values. The spatial 

dynamics of these interfaces were monitored by radar profiling. Thus, GPR provide information on the lithology of the 

work area. Subsequently, these data were used in the description of cross-component relations in wetland ecosystem 

Key words: GPR, ground penetrating radar, landscape ecology, integrated landscape studies, watering of peatlands, 

Meshchera national park. 
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The article is devoted to methods of digital elevation model filtering and contrast stretching. These methods allow 

finding geomorphologic units with different terrain features. The study area is the southern part of Chita-Ingoda depression 

in Zabaikalskii kray (Transbaikalia, Russia), its catchment area and adjoining mountain ridges. Digital elevation model for 

the study area is based on 3-arcsecond Shuttle Radar Topography Mission (SRTM) DEM data. All estimations have been 

done in White Box Geospatial Analysis Tools, a free soft, developed by J. B. Lindsay. High-pass filters with a number of 

filter sizes and the Laplacian of Gaussian filters with a number of convolution kernels have been used to emphasize the 

spatial heterogeneity. The derived images have close correlation, but the Laplacian of Gaussian filter seems to be a more 

relevant spatial filter. The Principal Component Analysis has been used to get the multi-scale images. Input images for 

Principal Component Analyses are three images which have been derived by applying of Laplacian of Gaussian filters with 

2, 4, 6 standard deviations convolution kernels. The first component image contains the greatest amount (79%) of explained 

variance, so it has been compared with geologic map of the study area. The edges of Cretaceous and alluvial Quaternary 

geologic structures are the clearest. The edges of tectonic terraces, some Jurassic structures, effusive structures, big regional 

faults, planation surfaces on hill tops are also clear enough. In addition, the sum of the first component image and the 

elevation image has been done. After the input images were contrast stretched, they were summed. The output image allows 

getting more information about geomorphologic units. The proposed method may be useful for the study of erosion extent, 

fluvial activity, and drainage network. 

Key words: digital elevation model, spatial filtering, Laplacian of Gaussian filter, Principal Component Analysis, 

spatial heterogeneity, geomorphologic units. 

 


