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SUMMARY 

In accordance with the requirements for seismic design and seismic safety assessment of 
nuclear power units, the operating organization organizes a special local network of permanent 
highly sensitive seismic monitoring stations in the area of the NPP location. In the process of 
implementing the “Seismic Hazard Assessment and Seismic Resistance Action Plan” of 
existing NPPs, seismic monitoring networks were deployed at Ukrainian NPPs. Operational 
processing and analysis of seismic signals registered on the elements of local seismological 
networks of NPPs is carried out by the Main Center for Special Control of the State Space 
Agency of Ukraine. To date, the MCSC receives data from the local seismological networks of 
Rivne, Khmelnytsky and Zaporizhzhya NPPs in a continuous mode. The processing of 
geophysical information coming from the NPP to the MCSC is carried out by the operational 
next shift of the center with the help of FSC hardware and software, and provides reliable data 
on the parameters of seismic sources registered by stations, their location and energy 
characteristics. In total, in the period from 2017 to 2021, 36 local earthquakes on the territory 
of Ukraine were registered by NPP seismological network stations. The epicenters of the vast 
majority of them are located within the Ivano-Frankivsk, Ternopil and Lviv regions. The 
experience of conducting instrumental observations at NPP seismic stations testifies to their 
high efficiency and possibility of use as full-fledged elements of seismological monitoring of 
the territory of Ukraine. 
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Introduction 
 In accordance with the requirements for seismic design and seismic safety assessment of power units 
of nuclear power plants (NP 306.2.208-2016), in the area of the NPP, the operating organization 
organizes a special local network of permanently operating highly sensitive seismic monitoring stations. 
In the process of implementing the “Action Plan for Seismic Hazard Assessment and Seismic Resistance 
Testing of Operating NPPs”, a seismological monitoring network was deployed at Ukrainian NPPs. 
Conducting seismological monitoring on permanent networks of seismic stations in the areas of nuclear 
power plants to ensure seismological safety involves solving the following tasks: 
- observation of local seismicity within a radius of up to 150 km, paying special attention to the study 
of possible local seismicity in the near zone of the NPP; 
- observation of microearthquakes and their dynamics in space and time; 
- registration of local and strong remote earthquakes; 
- refinement of the quantitative parameters of seismological effects during the design basis earthquake 
and the maximum calculated earthquake from the local seismically active zones and the Vrancea zone, 
based on the materials of seismological observations carried out directly at the NPP sites and data on 
the attenuation of seismic energy with distance according to the data of all points of the system; 
- performing the functions of early warning in the event of a strong or catastrophic earthquake. 
 
Methods of investigation 
The assessment of local seismicity and the refinement of the quantitative parameters of seismological 
effects are carried out on the basis of seismological observations. Operational processing of seismic 
signals recorded on the elements of local seismological networks of nuclear power plants is carried out 
by the Main Center for Special Monitoring of the State Space Agency of Ukraine (MCSM SSA of 
Ukraine). In accordance with the Decision of NNEGC "Energoatom" on the approval of the supplier 
No. -PШ 0.22.159-18, MCSM processes and analyzes the records of local and regional seismic events 
recorded by seismological networks installed in the areas where the NPP is located. 
Processing of geophysical information coming from the NPP to the MCSM is carried out by the 
operational duty shift of the center using the hardware and software of the MCSM, and provides reliable 
data on the parameters of the seismic sources registered by the stations, their location, and energy 
characteristics. 
 
Results of investigations 
Today, the MCSM continuously receives data from the local seismological networks of the Rivne, 
Khmelnytsky, and Zaporizhzhia NPPs. The seismological networks of each of the nuclear power plants 
consist of six observation points located within a radius of 25 km around the technical sites of the nuclear 
power plant. Seismic monitoring network points are the basic elements of information collection 
networks as part of seismic monitoring systems. The elements of seismic monitoring systems are united 
by a single telemetric system, which performs the functions of collecting information from all elements 
of the array, and centralized control of elements at technical sites. The main functions of the stations are 
a collection of information from seismometers, accumulation, and transmission of digital seismic 
information to the data processing center in real-time. 
Seismic vibrations are recorded by seismometers manufactured by Güralp System Limited (CMG-40TD 
and CMG-SPB) and Nanometrics (Trillium Borehole) installed in instrument wells. The signals from 
the Seismic Receivers are digitized using the DM24 and Centaur CTR4 digitizers. Digitizer Güralp 
DM24 is implemented in the form of a borehole probe and can be installed directly in the borehole 
together with seismic receivers. This design feature of the analog-to-digital converter provides a number 
of advantages over the traditional installation in the head of a good structure, namely: 
- digital signals are not subject to attenuation during transmission from the seismic receiver to the 
surface; 
• digitization of data at the registration point ensures reliable identification of the nature of the recorded 
seismic signal; 
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• The DM24 digitizer can also be combined with an in-hole authentication module. 
In addition, each element of the group is equipped with a GPS Palisade-type satellite navigation signal 
receiver to provide temporal and spatial data referencing. 
The seismic receivers contain three sensors in a sealed case, capable of measuring the displacement of 
the soil in the north/south, east/west, and vertical directions at the same time. 
The determination of the coordinates of the epicenters of the registered seismic events is carried out by 
means of network processing, to which the data of the seismological networks of the NPP and the 
MCSM stations are involved. LocSat software (Bratt, Bache, 1988) is used for location and is included 
in the Geotool software package (Coyne et al., 2003). This software takes into account not only the first 
arrivals of longitudinal waves but also the selected secondary phases (Sn, Lg, LR), taking into account 
their model errors (possible statistical deviations). This makes it possible to obtain sustainable solutions 
even with a small number of stations that have registered the event. In addition, this software can use 
the azimuth and slowness data calculated for each of these phases, which is especially important when 
using seismic arrays for location. 
In general, in the period from 2017 to 2021, the stations of the seismological networks of the NPP 
registered 36 local earthquakes on the territory of Ukraine. The epicenters of the overwhelming majority 
of them are located within the Ivano-Frankivsk, Ternopil, and Lviv regions. The magnitudes of seismic 
events are in the range of 1.9 to 4.3. The maximum epicentral distances at which local seismic events 
are recorded by the seismological networks of the NPP are about 300 km (Andrushchenko et al., 2020). 
During the instrumental observations at the seismic stations of the NPP, a powerful earthquake was 
registered on September 23, 2021. Seismic records and spectrograms of the event obtained using the 
stations of the NPP seismological network are shown in Fig. 1. The source of the earthquake was located 
in the Ternopil region near the Chortkiv town , at a depth of 6 km. The intensity of shaking in the 
epicenter area was 5 points on the MSK-64 scale. The largest number of reports of shaking came from 
the Chortkiv town and nearby villages. This earthquake was also felt in the settlements of Kamenets-
Podolsky and Dunaevtsy at a distance of 65-80 km from the epicenter. 
Analyzing the parameters of this earthquake, one can draw conclusions about the need to change the 
initial data to assess the seismic resistance of NPP sites. The estimated intensity of shaking in the areas 
where the Rivne, Khmelnytsky, and Zaporizhzhia NPPs are located, respectively, 2.7, 2.5 and 0.9 points 
on the MSK-64 scale. Requirements for seismic design and seismic safety assessment of power units of 
nuclear power plants determine that for power units of nuclear power plants, regardless of the seismicity 
of the site, the peak value of the acceleration of the horizontal component of the ground motion during 
an earthquake, which corresponds to the maximum design earthquake, is assumed to be not less than 
0.1g, which corresponds to the intensity seismic vibrations of 7 points. Based on this, today there is no 
need to change the initial data for assessing the seismic resistance of NPP sites. 
Another seismic event that characterizes the ability of the stations of the seismological network of the 
NPP is the earthquake that occurred on February 19, 2021. Seismic records and spectrograms of this 
event obtained using stations of the NPP seismological network are shown in Fig. 2. The source of the 
earthquake was located in the Donetsk region, at a depth of 12 km. The intensity of shaking in the 
epicenter area was 1–2 points on the MSK-64 scale. Despite the small magnitude (M = 3.3) and depth, 
the earthquake was confidently registered by all stations of the seismological network of the NPP. 
 
Conclusions 
Instrumental observations at the stations of the seismological network of NPPs indicate their high 
efficiency in recording seismic events on the territory of Ukraine of various nature and energy levels. 
Seismic stations of the NPP confidently register local earthquakes, the epicenters of which are located 
both on the right bank and on the left bank of the territory of Ukraine. Thus, the considered seismic 
stations can be used not only to clarify the quantitative parameters of seismological effects on the 
structural elements of nuclear power plants but also be full-fledged components of the system of 
seismological monitoring of the territory of Ukraine. 
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Figure 1 Seismic records and spectrograms of the event of September 23, 2021, were obtained using 
the stations of the seismological network of the Rivne NPP (a, b), Khmelnytsky NPP (c, d) and 
Zaporizhzhya NPP. 
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Figure 2 Seismic records and spectrograms of the event of February 19, 2021, obtained using the stations 
of the seismological network of Rivne NPP (a, b), Khmelnytsky NPP (c, d) and Zaporizhzhya NPP. 


