Protection of power systems by earthquake warning
based on local assessment of seismic events
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Abstract—In order to limit the material damages and the human
victims caused by some earthquakes, a complex system of
protection of high-risk equipment and installations were
designed, built and tested in Râmnicu Vâlcea (Romania). Such
are the power supply systems and electrical networks that have a
warning in case of major earthquakes based on the local
measurement / assessment of seismic events.
The system was validated by the comparative presentation of
the data recorded on the occasion of two recent seismic events the earthquake of Mw = 6.4 of 2020/12/29 with depth = 10 km
Croatia and the earthquake of ML = 4.2R of 2021/02/27 with
depth = 125.9 km, Vrancea. The latter was felt in the area of
Râmnicu Vâlcea at a distance from the epicenter of 633.9 km and
173.09 km, respectively, producing vibrations with an
acceleration of 0.52 mm / s2 and 0.28 mm / s2 respectively. These
values were below the 1.2 mm / s2 threshold (considered
dangerous for gas and electricity networks) and no warning and
command signal was issued.
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I.

INTRODUCTION

In the perspective of sustainable development, ensuring
the safe operation of Electricity Production, Transmission
and Distribution Systems (EPTDS) is a priority issue of
major importance. The elements of EPTDS often present a
high risk in operation. Failure of some elements can produce
various serious consequences (overvoltage on distribution
networks, broken live conductors - major risk of electric
shock, etc.). Earthquakes cause major disruptions in the
EPTDS and urban networks [1 - 4].
The collapse of pillars and support brackets [5, 6],
especially those degraded by corrosion [5-9], breaking of
conductors, etc. - with all the related consequences on the
system is frequently witnessed.
In principle, by monitoring the precursor parameters
(radon emanations from the soil, the ionization degree of the
atmosphere, propagation of radio waves, etc.) there is the
possibility of predicting earthquakes [10-16]. However,
worldwide, the issue of accurate earthquake prediction
(generating reliable information based on which to operate
high-risk installations) is not resolved [10, 17].
Over the last decade, general warning systems of the
seismic events have been developed that generate alert
signals 5-50 seconds before the seismic wave reaches the
epicenter of an earthquake in the alerted area [18-21]. These
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systems generate the informative alert signal based on a
produced earthquake, with data about epicenter and
intensity. They do not provide accurate information on the
amplitude of local seismic movements in the alerted areas.
Decommissioning of high-risk installations in operation
is appropriate only in situations where the local amplitude of
seismic movements exceeds the danger limit for that
installation [2, 11, 22].
Given these considerations, the purpose of the paper is to
present a complex warning and protection system based on
local assessment of seismic movements.
II.

EARTHQUAKE WARNING SYSTEM – CONCEPTION AND
IMPLEMENTATION

An earthquake protection system was designed,
developed/implemented, and experimented with/validated
for high-risk objectives in operation (such as industrial
installations, electrical networks, gas networks, etc.) based
on the local assessment of seismic movements. In case of
seismic movements with major local intensity, dangerous
for certain objectives, the realized system provides, besides
the audible warning signal, the control signal for the
elements (actuators) of protection of the targeted objectives.
The principal sketch of the designed warning system - in
accordance with [11, 22] - is presented in Fig. 1.

Fig. 1 Sketch of the designed system: DSN - national seismic
dispatching; DL - local dispatcher; P1, P2 - digital
communications between DSN and DL; PPC - local seismic
data acquisition and processing / digitization system; W & Ac generation of warning signal and actuation command to
subscribers (managers of high-risk equipment in operation); CI
- command signal and feed beck regarding the execution of the
protection command [11].

Details on the configuration of the warning system are
presented in Fig.2.
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III.

Fig. 2. Configuration sketch of implemented warning system [11].

The secure communication between DL and DSN is
ensured by two distinct paths/services connected in parallel
by a router with dual access and WAV Failover facility (Fig.
3.)
The image of the realized and implemented system is
presented in Fig.4.

Fig. 3. Router with dual access and WAV Failover facilitate

Details on the implementation of the local PPC seismic
data acquisition system were presented in [2].
From Fig. 1, in correlation with Figs. 2. it is observed
that the realized system (Fig. 4) ensures:
- acquisition and continuous processing of local seismic
data (PPC) and their transmission to the national seismic
dispatcher DSN (information package P1);
- taking over the seismic alert regarding the earthquakes
produced on a radius of 1000km from the DL location
(information package P2);
- local validation (at DL) of the P2 alert by measuring the
local seismic movements (PPC) generated by the alert
earthquakes - transmission of the information to the
DSN;
- generation of warning signal and CI command for the
protection of high-risk objectives in operation (DL
subscribers) in case of local seismic movements with
dangerous intensity;
- confirmation of the warning and execution of the
protection commands generated.
Following the validation of the functionality of the local
PPC seismic data acquisition system, developed in Râmnicu
Vâlcea, it was included in the national seismic monitoring
network with the RMGV code.
III.

Fig. 4. Representative images from DL regarding the warning system
made

EXPERIMENTALS – SYSTEM VALIDATION

The validation / experimentation of the implemented
system was done by comparing the accelerations measured
by PPC (through the vibration transducer mounted in a well
drilled to a depth of 40 m) with the values recorded in other
points / locations in the national seismic monitoring
network.
On 12/29 2020 at 11:19:55 DL the alert was registered
from DSN-INFP (package P2) of the earthquake of Mw =
6.4 with epicenter in Croatia (Lat. 45.4169, Long. 16.0426).
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The seismic waves (vibrations) recorded in DL by PPC
(RMGV) compared to the recordings made in other
locations in Romania (Fig. 5) are shown in Fig. 6.
Table I. comparatively presents the characteristic
monitored data in the pre-established locations analyzed for
the earthquake of Mw = 6.4 of 2020/12/29, 11: 19: 54.37
Croatia with the coordinates of the epicenter: Lat. 45.4169,
Long. 16.0426.
The earthquake occurred at a depth of 10 km (from the
surface) - so the distances between the epicenter and
hypocenter from the measurement points in Romania are
approximately equal.

In Râmnicu Vâlcea (633.9 km - RMGV) - the vibration
sensor recorded 0.52 mm / s2, below the level considered
dangerous for gas installations (1.2m / s2) at which DL (Fig.
1) is programmed to generate CI (warning and command
signal). It is also found that the velocities of propagation of
the surface waves S recorded are between 7.14 and 7.55 km
/ s depending on the characteristics of the soil in those
directions.
On 2021/02/27 at 21: 13: 10.52 in DL was registered
the alert from DSN-INFP (package P2) of the earthquake of
ML = 4.2R with epicenter in Vrancea - Romania
(Lat.45.5647, Long.26.4868).
The seismic waves (vibrations) recorded in DL by PPC
(RMGV) compared to the recordings made in other
locations in Romania (Fig.7) are shown in Fig. 8.

Fig. 5. Epicenter of the 6.4 Mw earthquake Croatia - distances and
directions (Azimuth) from the analyzed monitoring locations
Fig. 7. ML epicenter of the earthquake = 4.2R Vrancea (Romania) distances and directions (Azimuth) from the analyzed monitoring locations.

Fig. 6. Earthquake vibrations 6.4 Mw Croatia recorded at the analyzed
locations

The analysis of the data in Table I shows that the
earthquake Mw = 6.4 of 2020/12/29 Croatia, generated
seismic waves which in the analyzed locations produced
vibrations with the amplitude (depending on the distance
from the epicenter and the characteristics of the ground in
those directions) between 0.78 mm / s2 (511.8 km, RMGR Halanga - near Turnu Severin - MH, RO) and 0.18 mm / s2
(990.9 km, MANR - Mangalia - CT, RO).

Fig.8. Earthquake vibrations ML = 4.2R Vrancea (Romania) recorded in
the analyzed locations
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TABLE I . COMPARATIVE RECORDS IN ROMANIA FOR THE EARTHQUAKE OF MW = 6.4 CROATIA, AT DEPTH 10 KM
Monitoring Station

Azimuth
[degrees]

Δt
[sec]

S Speed
[km/s]

Acceleration
(maximal)
[mm/s2]

Code

Name

Lat.

Long.

Epicenter
Distance [km]

RMGR

Halanga

44.6627

22.6922

511.81

97.55

70.79

7.23

0.78

SRE

Strehaia

44.6609

23.2038

549.80

96.78

77.00

7.14

0.51

RMGV

Râmnicu Vâlcea
(Electrovalcea)

45.1075

24.3771

633.90

90.61

88.04

7.20

0.52

ARR

Vidraru

45.3657

24.6332

652.24

87.99

90.11

7.24

0.46

MLR

Muntele Rosu

45.4909

25.945

753.79

86.28

102.12

7.38

0.26

MANR

Mangalia

43.8168

28.5876

990.91

92.28

131.2

7.55

0.18

TABLE II. COMPARATIVE RECORDS OF THE EARTHQUAKE ML=4.2R VRANCEA (ROMÂNIA), DEPTH 125.9 KM

Code
MLR
ARR
RMGV
MANR
SRE
RMGR

Monitoring Station
Name
Lat.
Muntele Rosu
Vidraru
Râmnicu Vâlcea
(Electrovalcea)
Mangalia
Strehaia
Halanga

Long.

Epicenter
Distance [Km]

Hypocenter
Distance [Km]

Azimuth
[degr.]

Δt
[sec]

P Speed
[Km/s]

19.09
26.54
31.15
5
41.3
44.3
48.59

6.9
7.2

Acceleration
(maximal)
[mm/s2]
1.67
0.29

6.8

0.28

6.8
6.9
7

0.23
0.20
0.19

45.4909
45.3657
45.1075

25.945
24.6332
24.3771

43.85
146.19

133.32
192.93

259.14
262.39

173.09

214.03

253.81

43.8168
44.6609
44.6627

28.5876
23.2038
22.6922

254.79
279.7
316.55

284.20
306.73
340.67

138.75
249.77
252.67

In the other locations located more than 150 km from
the hypocenter, the vibrations are significantly attenuated
In Table II the characteristic data are presented in the
monitoring locations analyzed for the earthquake ML =
4.2R Vrancea (Romania) from 2021/02/27, time 21: 13:
10.52 with the coordinates of the epicenter: Lat.45.5647,
Long.26.4868.
The earthquake occurred at a depth of 125.9 km, which
indicates that the distances between the epicenter and
hypocenter from the measurement points in Romania differ
significantly.
Analyzing the data from Table I, it is observed that the
earthquake ML = 4.2R from 2021/02/27 Vrancea, generated
seismic waves that in the analyzed locations produced
vibrations with amplitude comprised (depending on the
distance from the epicenter and hypocenter as well as the
soil characteristics on the respective directions) between
1.67 mm / s2 (MLR- Red Mountain - near Cheia - PH, RO)
and 0.19 mm / s2 (MANR - Mangalia - CT, RO).
In DL Râmnicu Vâlcea PPC (RMGV) the vibration
sensor registered 0.28 mm / s2, a value close to the one
registered nearby at Vidraru hydro power plant (ARR - 0.29
mm / s2).
The value recorded in RMGV being below the level
considered dangerous for gas installations (1.2m / s2) DL
(Fig. 1) did not generate CI (warning and command signal).
It is also found that the propagation speeds of the
recorded waves are between 6.8 km / s and 7.2 km / s
depending on the characteristics of the rock soil between the
hypocenter and the sensors of the monitoring locations.

IV.

CONCLUSIONS

A complex system for the protection of equipment and
installations with high risk in operation was designed,
implemented / implemented and tested / validated in
Râmnicu Vâlcea, Romania. Such a system as the power
supply system and the electrical network is based on the
local assessment of seismic events for earthquake warning.
In order to limit material damage and human victims
caused by major earthquakes, the system and the related
local dispatcher were designed so that based on the acquired
information on tectonic movements in the territory (within a
radius of about 1000 km) and comparing them with data
locally measured to generate and issue (in real-time up to 4
seconds) a warning and command signal for the protection,
decommissioning of protected equipment / networks.
This scenario occurs for local / zonal values of vibration
acceleration that may endanger the safe operation of highrisk equipment or networks in operation.
The system was validated by the comparative
presentation of the data recorded on the occasion of two
recent seismic events - the earthquake of Mw = 6.4 of
2020/29/29 (depth = 10 km) Croatia and the earthquake ML
= 4.2R of 2021/02/27 Vrancea (depth = 125.9 km). The
earthquake in Romania occurred in the area of Râmnicu
Vâlcea at a distance of 633.9 km from the epicenter and
173.09 km, respectively, the vibration acceleration having
values of 0.52 mm / s2 and 0.28 mm / s2, respectively.
These values being below the threshold of 1.2 mm / s2
(considered dangerous for gas and electrical networks), the
issuance of a warning and command signal was not
required.
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