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SUMMARY 

The geological structure, geological-geophysical and seismotectonic characteristics of the 
area of the main structures of Kaniv HPP are given. The seismotectonic substantiation of the 
selected zones of possible earthquake foci (PEF) in the conditions of the ancient platform is 
given. A brief description of seismically active areas that affect the seismicity of the area of 
the Kaniv HPP, in particular the Crimea and the Carpathians (Vrancea zone). Quantitative 
assessment of design (DE) and maximum estimated (MEE) earthquakes for Kaniv HPP has 
been made. The results of seismic micro-zoning (SMZ) by the method of seismogeological 
analogies and the following instrumental methods are given, namely the registration of high-
frequency microseismics, earthquakes and explosions and the method of seismic stiffness. 
The seismic equipment used for engineering geophysical searchings and methods of field 
observations is presented. The increments of seismic intensity by the ratio of amplitudes of 
microseismics registered at the study site and at the reference point, the speed of propagation 
of seismic waves in geological horizons are determined. The increments of the intensity of 
seismic shaking (intensity scale) were calculated by the method of seismic stiffness, the 
increase of seismic intensity due to the influence of the depth of the groundwater level. 
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Introduction 
 
The Dnipro cascade of HPPs consists of 6 dams, which are the main hydraulic structures of the 
respective hydro units - along the Dnipro River, it is Kyiv, Kaniv, Kremenchug, Middle Dnipro, 
Dnipro HPP together with Dnipro-HPP-2 and Kakhovka HPP (https://uk.wikipedia. org, 2020). All 
stations are in operation from 45 to 70 years, and therefore, to ensure further safe operation to verify 
the reliability of hydraulic structures, it is necessary to perform verification calculations of the 
stability and strength of the main structures of hydropower plants. One of the main input data for such 
works is the results of seismic microzonation (SMZ) and calculated accelerometers of seismic impacts 
of the levels of design (DE) and the maximum estimated earthquakes (MEE) for the areas of the main 
structures of hydro units. 
 
Method and Theory 
 
Seismic intensity is an integral quantity that is calculated using the methods of general (GSZ), 
detailed (DSZ) seismic zonation and seismic microzonation (SMZ). Seismic measure (predicted 
seismic intensity) from the main seismic domains and lineaments is established by means of GSZ 
methods. DSZ methods determine the presence of close tectonic structures activated in the Neogene-
Quaternary period, identify the closest lineaments to the site, establish the seismotectonic potential, 
the recurrence of related events at the study site and, if necessary, adjust the values of DE and MEE. 
The seismic score of a certain area depends on many factors, including the deep and near-surface 
structure of the geological environment, the presence of tectonic faults, and so on. Territories with the 
same, from a geological point of view, characteristics belong to a certain taxon, in which the score is 
considered the same. In a relatively small area there may be sharp changes in the physical properties 
of near-surface soils, which automatically leads to the selection of a large number of taxa isolated by 
seismic-geological analogies, and the need to generalize them using instrumental construction SMZ 
methods: seismic stiffness and earthquake registration and short-period microseismics. Seismic survey 
works are carried out at each selected site (taxon) in order to determine the increase in seismic score 
by the method of seismic stiffness relative to the seismic intensity attributed to the reference soil. The 
application of the method is based on the empirical relationship between the increases in seismic 
intensity and seismic stiffness of rocks (product of the speed of seismic waves on the density of rocks) 
on the studied and reference soil. The influence of the depth of the groundwater level and the resonant 
effects in the upper part of the geological section are also taken into account. 
 
Results 
 
The area of Kaniv HPP is located within the south-western wing of the Dnipro-Donetsk basin, in the 
valley of the Dnipro River and on the Kaniv-Cherkasy right-bank zone the peculiarity is the presence 
of so-called marginal folded dislocations. Analysis of the geological structure of the territory shows 
that on the crystalline basement there are Triassic deposits with a thickness of 25-65 m, followed by 
Jurassic clays (50-65 m), Cenomanian quartzites and sands (20-25 m), Paleogene deposits (15-25 m), 
Quaternary rocks - up to 30 m. According to engineering and geological conditions, the HPP building 
is located within two different sites. The left-bank dam and the main part of the HPP building are 
located on the first section. The geological section here is represented mainly by pure quartz sands of 
different facies, which are characterized by good physical and mechanical properties. The right-bank 
dam and the adjacent part of the HPP building are located on the second section. Clay sands of the 
peripheral channel bed, as well as sands, loams and clays up to 5 m thick, which are characterized by 
reduced bearing properties (according to the material of OJSC “Ukrhydroproject”), are widespread 
here. 
 
Assessment of seismological conditions and seismic hazard of responsible structures of Kaniv HPP is 
determined by the conditions of the low-seismic platform regime. New and modern movements 
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within the Eastern European platform are vague and do not correlate with the epicenters of 
earthquakes. No seismogenic zone has been identified near the Kaniv HPP site, which may pose a real 
seismic threat. The closest (110-120 km) to the Kaniv HPP is the Dnipro-Donetsk seismogenic zone 
with M = 4.5 ± 0.5. The estimated intensity of the impact from this zone on the facilities of Kaniv 
HPP is 4.0 points and does not pose a threat. The nearest (≈ 15-20 km) fault, which can be attributed 
to potentially seismically active (PSA) is the Yadlovsko-Traktemirovsky segment with a length of 
≈70 km. Its seismic potential can be estimated at M ≈ 4.0, and the agitation at HPP sites is up to 5 
points on the EMS-98 scale. The seismicity of the Kaniv HPP location area is also affected by 
earthquakes that occur in the Carpathian region (Vrancea zone), Crimea and the platform part of 
Ukraine. The Carpathian earthquakes from the Vrancea Mountains have a dominant impact - they 
were felt on the territory of the Ukrainian Shield with an intensity of I = 4-5 points, approaching 6. 
Earthquakes from the Crimean seismic zone will not exceed the intensity of I = 4 points at Kaniv 
HPP, there is no reliable information on the impact on the location of the Kaniv HPP of platform 
earthquakes. Taking into account the seismic intensity determination based on the applied integrated 
approach, a quantitative assessment of the design (DE) and maximum estimated (MEE) earthquakes 
for Kaniv HPP was made. The basic level of DE I0 = 5.4 points, the basic level of MEE I0 = 6.1 points 
for soils of the II category on seismic properties. 
 
Increases in seismic intensity were obtained as a result of instrumental studies of soil and hydrological 
conditions of the sites of the main structures of Kaniv HPP by methods of recording high-frequency 
microseismics, earthquakes and explosions and by the method of seismic stiffness. Below (Figure 1) 
is the location of microseismic registration points and seismic wave velocity profiles (PNT1-PNT15) 
and the reference point (BASE). 

 
Figure 1 Location of microseismic registration points and seismic wave velocity profiles (PNT1-
PNT15) and reference point (BASE). 
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Implementation of practical work on seismic microzonation of construction sites involves the use of 
the method of registration of short-period microseismics, which is considered one of the most 
effective and objective instrumental SMZ methods of construction and installation work in a short 
time of field seismological research. The application of the method is based on the comparison of 
microseismic parameters, which are excited by sources of natural and man-made origin in the studied 
and reference areas. The soil is considered as a filter that can change the amplitude and phase spectra 
of oscillations in seismic waves that fall on the sole of the sedimentary cover. 
 
Increases in seismic intensity are determined by comparing the amplitudes of soil oscillations at 
registration points in different parts of the site and at the reference point. Microseismic recording was 
performed synchronously with two modern three-channel digital seismic stations DAS-05, the newest 
of the model range of automatic seismic stations developed at the Subbotin Institute of Geophysics of 
the National Academy of Sciences of Ukraine (Verbitskyj at al., 2006, 2017). VEHIK seismometers 
were used as seismic receivers. Below (Figure 2) the microseismic noise recording is performed with 
the help of the mentioned complex, installed near the sites of the main structures of Kaniv HPP 
(“BASE” point). 
 

а) б) 

Figure 2 Recording of microseismic noise using a set of equipment installed near the sites of the 
main structures of Kaniv HPP (point "BASE"): an upgraded version of the three-channel digital 
seismic station DAS-07 (a), a set of VEHIC seismometers installed on a special platform in the 
basement (b). 

 
Frequency and phase responses of the measuring channels are determined using a special vibrating 
platform. The stability of the responses is monitored by recording the response of the recording path 
to a special calibration pulse, which is fed to the coil of the seismic receiver (Oppenheim and Willsky, 
1983), simulating the acceleration of oscillations of the base of the seismic receiver ("soil"). During 
field work, microseismic registration was performed on the reference site (BASE), located on the soils 
of the 2nd category on seismic properties as close as possible to the studied site, and at points directly 
within the sites (PNT1-PNT15). In determining the increases in seismic intensity at different points of 
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the study site, relative to the reference, taking into account the experience of such studies used long-
term (2-8 hours) synchronous recordings of microseisms at the reference point and the studied point. 
 
According to (National Building Code, 2014), the method of seismic stiffness is a mandatory method 
for estimating the increase in seismic score during construction and installation work. The application 
of the method is based on the empirical relationship between the increases in seismic intensity and 
seismic stiffness of rocks (product of the speed of seismic waves on the density of rocks) at the 
studied and reference points. During the transition from a medium characterized by greater seismic 
stiffness to a medium with lower seismic stiffness, the amplitude of seismic waves increases (Aki and 
Richards, 1983) and, conversely, the average value of seismic stiffness in the region corresponds to 
background seismicity defined by regulations. Local deviations of seismic stiffness from the average 
determine the main increase in seismic intensity. The influence of the depth of the groundwater level 
and the resonant effects in the upper part of the geological section are also taken into account 
(Verbitskyj at al., 2017). 
 
Conclusions  
 
As a result of the work carried out for the area of the main structures of Kaniv HPP, the basic level of 
seismic intensity of DE I0 = 5.4 points was determined, the basic level of MEE I0 = 6.1 points for 
soils of the II category in terms of seismic properties. According to the results of seismic 
microzonation by engineering-geological analogies, confirmed by instrumental studies at 15 points of 
the district by high-frequency microseismic and seismic stiffness, two taxonomic units are 
distinguished within the studied sites, seismic increments on which relative to the basic DE and MEE 
are different. Increases in seismic intensity by the method of high-frequency microseismics are 0.3-
1.2, by the method of seismic stiffness - 0.0-0.9, and due to the influence of the depth of the 
groundwater level - 0.3-0.8. Taking into account all the factors that affect the seismicity of the study 
area - the level of DE with a recurrence period once every 500 years is 6 points, and for a recurrence 
period of 5000 years 7 points on the scale EMS-98, except for points №№ 6-10, seismicity in the area 
of which remains at the base level. 
 
References 
 

Aki K., Richards P. [1983] Quantitative seismology. Vol.1, 2. M: Mir. 

https://uk.wikipedia.org/wiki/Dniprovskyi_kaskad_GES_2020 

Oppenheim, A. V., Willsky, A. S. [1983] Signals and Systems. Prentice Hall, New Jersey, 
USA. 

National Building Code B.1.1-12: 2014 "Construction in seismic areas of Ukraine". [2014] К.: 
Ministry of Regional Development, Construction and Housing of Ukraine, 110 p. (in Ukrainian). 

Verbitskyj S., Sapuzhak I., Gryn D., Prokopyshyn V. [2017] Carrying out field works on 
seismic micro-zoning of the sites of the main structures of TGAES. Proceedings of the scientific 
conference-seminar "Seismological and geophysical research in seismically active regions", June 1-2, 
2017. Lviv: Spolom., 162-165. 

Verbytskyj S.T., Sapuzhak I.Ya., Verbytsky Yu.T., Stasiuk A.F. [2006] Hardware and software 
complex DAS-04 for monitoring of dangerous geodynamic processes and natural phenomena. 
Proceedings of the International Conference “Monitoring of dangerous geological processes and 
ecological state of the environment”, Kyiv, September 21-24, 2006, 159 -161. (in Ukrainian). 


