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SUMMARY

The seismic hazard department and department of seismic activity of Carpathian area of the
Subbotin Institute of Geophysics of the National Academy of Science of Ukraine, with the
support and collaboration of the U.S. Department of Energy (DOE), Lawrence Livermore
National Laboratory (LLNL), Michigan State University (MSU), and the EarthScope
Consortium (EarthScope) plan to expand the national seismic network through the
installation of permanent broadband seismic stations in the territory of Ukraine. This is due to
the fact that western, south-western and southern parts of Ukraine are located within the
massive seismically active belt of the planet formed as a result of collision of Eurasian and
African continental plates, spanning from the Azores via the Mediterranean, the Black Sea,
and Caucasus and farther to Hindu Kush. This belt also includes the Carpathian Arc with
major subcrustal earthquakes in Vrancea zone and the Crimean-Black Sea segment.
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Introduction

The main goal of the Seismic Network Expansion and Modernization in Ukraine is to improve
regional network coverage by making high-quality data from new stations openly available to the
global scientific community in real time. It will strengthen national seismic monitoring and
earthquake response capabilities in Ukraine by upgrading and expanding the national networks with
additional high-quality broadband seismometers and strong motion sensors. It will emphasize data
quality, real-time data exchange, and network sustainability through training in best practices on
station site selection, installation, data management, and network operation.

To maximize the effectiveness of investigating of the existing and new seismic sites, multiple factors
must be considered during the initial selection, preparation, and installation of new seismic stations.
One critical component during the site selection process of any seismic network is an assessment of
the seismic noise level at potential sites. The capacity of any seismic station to detect earthquakes and
record high quality waveforms will be determined by the signal and noise characteristics of the site.
Proper site selection is strongly related to the network's region and can be a critical issue. Besides the
earth’s natural background noise, there are other noise sources to consider like those related to
obvious infrastructure close by (roads, traffic, mining activity, tenants, etc.). The goal of this work is
conduct noise surveys that can be quickly deployed in order to efficiently evaluate potential sites for
the installation seismic stations and the planned permanent stations.

Ukrainian National Seismic Network (UT) (https://www.fdsn.org/networks/detail/UT/) consists on
network served by Subbotin Institute of Geophysics of the National Academy of Science of Ukraine
(IGPH): Department of seismic activity of Carpathian area (IGPH, Lviv) — yellow triangles, Seismic
hazard department (IGPH, Kyiv) — dark blue triangles, Crimea branch (IGPH, Simferopol) — grey
triangles. Light blue triangles — Seismic Network Main Center of Special Monitoring (MCSM, UD)
operates under the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) (Fig.1) (Main
Center .., 2010, Andruschenko et al., 2022; Amashukeli et al., 2023).

Method and Theory

Presented initial steps for investigating of the existing and seismic sites. Here are some common steps
and data sources must be involved in the process.

Geometry of Ukrainian National Seismic Network. Seismic Hazard Maps: Regional or national
seismic hazard maps of Ukraine that provide an assessment of the likelihood and intensity of
earthquakes in a given area. These maps are typically based on historical earthquake data, geological
information, and seismological studies. They help identify regions with higher seismic activity and
guide the selection of potential station sites.

Geological background. These surveys provide valuable information about the geological structure,
fault lines, soil types, and potential geological hazards. Analyze data on geological activity in the
Ukraine, such as earthquake history, seismic activity, and tectonic structure. This will help us identify
the most suitable areas for placing the seismic stations.

Tectonic Information: Study the tectonic setting of the Ukraine, including the type of plate
boundaries, fault systems, and associated seismic activity. This information helps assess the
overall seismicity and identify areas with higher seismic potential.
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Figure 1 Seismic stations on the territory of Ukraine. Ukrainian National Seismic Network (UT) of
the Subbotin Institute of Geophysics: SKM-3 — modified seismometer of Kirnos, SKD — Long period
seismometer;, SM-3KV - Magnetoelectric seismometer, VLPS SL-210 GEOTECH - vertical long-
period seismometer model SL-210 and HLPS SL-220 - horizontal long-period seismometers model
SL-220 (Geotech Instruments, LLC, USA); IGPH-sensor datalogger (developed by 1. Mykhailyk,
IGPH). DAS (Digital automatic seismometer); 03, 04, 05 — generation of digital automatic
seismometer (developed by S. Verbytsky, IGPH) (Verbytskyi, Verbytskyi, 2011; Verbytskyi, et al.,
2021).

Local Knowledge. To get information from local geologists, seismologists, or experts familiar with
the area to gain insights into specific seismic characteristics, recent seismic events, or any localized
geological considerations that may affect site selection. Our documentation should also consider local
communities. Consider their needs, concerns, and important aspects related to the selected sites.
Explain the measures that will be taken to minimize environmental impact and ensure the safety of
local residents

Site Surveys. Conduct field surveys to assess potential station sites firsthand. This involves visiting the
locations under consideration and evaluating factors such as accessibility, terrain characteristics,
stability, presence of infrastructure or buildings that may introduce noise, and any specific local
conditions that could impact the effectiveness of the station.

Assess accessibility and logistics. Take into account the accessibility and logistics of each site.
Evaluate how easy it would be to transport and install the equipment at each location, as well as
provide maintenance and technical support.

Data from Existing Stations. Analyze data from existing seismic stations in the vicinity. This
information helps identify coverage gaps and areas where additional stations would enhance the
overall monitoring network.

By combining information from these sources, we can make informed decisions about the best
locations for seismic stations. It's important to ensure that the chosen sites provide reliable and
representative data for monitoring seismic activity etc.
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Results

An initial noise survey were conducted at two sites: one at an existing site LUBU (UT) (near
Liubeshka village, Lviv district) and one at a new site SUGL (UT) (near Mala Suhol'ka, Carpathian
biosphere reserve). We analyzed, and report the data in the form of both time-history examples and
standardized Probability Density Function (PDF) noise plots (Fig. 2), to provide guidance on the
measured site noise profile. This noise survey included field trips for reconnaissance and scouting,
and may include contact with local authorities and private landowners to arrange for site access, and
receive required documents or permissions for land use. Seismic spectral analysis based on the
calculation of Power Spectral Density (PSD) distribution using a Probability Density Function (PDF)
(McNamara and Buland, 2004).

There was presented comparison of new PSD for LUBU and SUGL (UT-network) sites with known
good quality KIEV (IU-network) station.
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Figure 2 A) Noise analysis for existing seismic station site LUBU (UT) using the seismic data of 5
day for period 24/08/2023-30/08/2023 and noise analysis for the seismic station KIEV (IU) station
for the same period 24/08/2023-30/08/2023. B) Noise analysis for new seismic station site SUGL
(UT) using the seismic data of 5 day for period 01/09/2023-07/09/2023 and noise analysis for the
KIEV (1U) station using the seismic data of 5 day for period 01/09/2023-07/09/2023

Grey curves: low noise model (LNM) and high noise model (HNM) (Peterson, 1993). Blue and red
curves: maximum and minimum PSD for the data, respectively.
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Conclusions

The high-quality data produced under the collaboration will provide a common foundation upon
which engineers; scientists and policymakers from the region will build plans for earthquake response
and recovery, perform scientific research, advice and inform the public, and ensure disaster
preparedness.

Seismic monitoring is an integral part of the life support of populated regions and systems for
ensuring the safety of critical infrastructure objects (nuclear power plants, hydroelectric plants, mines,
bridges, pipelines, etc.).
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