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Abstract— An assessment of the tectonic activity in
Vâlcea-Făgăraş-Câmpulung seismic area is presented,
with a direct impact on the power facilities operational
safety - especially of the numerous hydropower plants in
this area. The analysis of the acquired data revealed that
the seismic activity in this mountainous area (with a high
hydropower potential) shows an intensifying trend. As the
seismic hazard is significant, in order to increase the
operational safety of energy equipment and installations,
to reduce the damage caused by crustal earthquakes
specific to the area, it is strongly recommended that energy
equipment and installations to be provided with complex
adequate protection systems as warning systems based on
local assessment of seismic events.
Keywords—power systems, earthquakes,
warning systems, operational safety

I.

seismic

activity,

INTRODUCTION

In the perspective of sustainable development, ensuring the
secure supply of energy (both of domestic and industrial
consumers) is a priority issue. Energy production, transmission
and distribution systems, EPTDS, are complex installations and
equipment with high-risk in operation. Their failure can cause
major disruptions in the energy supply of consumers (including
vital services such as hospitals, transport, telecommunication
networks etc.) and / or side effects with serious consequences
(with significant material and human damage such as
explosions and devastating fires, electric shocks etc. [1]).
In principle, failure of installations and equipment of
EPTDS may occur due to:
a) improper operation (such as overload, wrong maneuvers
etc.);
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b) degradation by aging of component materials (such as cable
insulation, electrical insulating fluids inside transformers,
metal structures and / or reinforced concrete etc.);
c) after natural disasters (such as earthquakes, landslides,
major floods etc.) [2].
Damages due to a) can be prevented by continuous
training and checking of the operating personnel.
Damages due to b) can be prevented by performing
maintenance works on time.
The prediction in time and amplitude as well as the
assessment of the natural disasters impact on the energetic
equipment and installations is a particularly complex inter and
transdisciplinary issue [2]. Earthquakes and landslides are the
most dangerous for energy installations and equipment. Due to
their specificity, they produce excessive mechanical stresses
(strain and / or vibrations).
Under the excessive mechanical stresses action, the gas
pipelines break [3] (especially those made of polymeric
material [4] and the metallic pipelines affected by corrosion
[5-7]), leading to uncontrolled gas leakages followed by
explosions and devastating fires [8]. In the case of electrical
networks, the demolition of the overhead power lines poles it
is frequently reported, especially of the corrosion degraded
poles [9-13], which leads to conductors breaking with all the
related consequences such as: interruption of power supply,
accidental electric shocks, short circuits - burning of dry
vegetation etc. On the other hand, earthquakes can cause
damage with major economic, social and ecological
consequences to: hydropower plants dams, the nuclear power
plants equipment [14, 15], pressure boilers in thermal power
plants etc. [1].
It is found that the prevention and / or mitigation of the
consequences due to natural disasters is only partially possible

978-1-6654-4231-2/21/$31.00 ©2021 IEEE

Authorized licensed use limited to: Anelis Plus consortium. Downloaded on February 12,2022 at 02:09:25 UTC from IEEE Xplore. Restrictions apply.

by decommission (in real time) and / or failing operation of
energy equipment and installations (with high risk in
operation). This requires (real-time) exact knowledge of a
natural disaster imminence.
Earthquakes are usually preceded by changes in precursor
parameters [16] such as radon emanations [17-20] and / or
carbon oxides [21], groundwater level [22, 23], atmospheric
ionization level [20], disturbances in the radio waves
propagation in VLF / LF domain [24 - 26] and / or VHF /
UHF [27]. Although there are many concerns in the field, the
current state of knowledge does not allow accurate prediction
in real time of earthquakes, which would represent reliable
information based on which to proceed to the
decommissioning of energy targets or putting them in safety.
Following the technological developments in the fields of
seismic real-time acquisition and fast digital communications,
in order to reduce / limit the damage caused by earthquakes, it
was possible to develop zonal alert systems that are mainly
based on the fact that the seismic wave generated by an
earthquake moves in territory with a speed given by the
morphological structure of the geological layers. These
systems acquire the data provided by accelerometers networks
mounted in seismic areas [28]. When an earthquake occurs, by
processing the acquired data, the location (epicentre and
hypocentre) and the intensity of the event are determined. In
the case of major events (presenting risk for systems with a
major risk in operation - such as railways [29], energy targets,
etc.), an early warning signal / message is generated and

transmitted to the administrations in the endangered territory
(usually with 5 - 200 seconds before the seismic wave reaches
the target.) Such systems have been developed and are
operational in Japan [29], Taiwan [30], Romania [31-34] etc.
Recently, to prevent explosions and fires after the
destruction of gas networks by major earthquakes [8], a
complex warning system based on the local measurement of
seismic waves was designed and implemented [35-37] in
Romania. This system emits an alert signal and activates (in
real time) the protection elements (closing the solenoid valves)
only if the locally registered acceleration exceeds 1.8g
(considered dangerous for gas networks). The alert system can
also be extended to electrical equipment and installations [1].
It is essential to know the hazard / seismic risk of the site in
the power systems/facilities design, execution and operation,
especially in the case of hydroelectric dams and nuclear power
plants. Considering these, the purpose of the paper is to
evaluate the tectonic activity in Vâlcea-Făgăraş-Câmpulung
seismic area, Romania.
II.

VÂLCEA - FĂGĂRAŞ - CÂMPULUNG SEISMIC AREA

The Vâlcea-Făgăraş-Câmpulung seismic area in Romania is
located in the central part of the Southern Carpathians between
24045’ and 25044’ east longitude and 45000’ and 45035’ north
latitude (Fig. 1.).

Fig. 1. Vâlcea-Făgăraş-Câmpulung seismic area: 11, 13, 14 and 15 - the epicenters of the earthquakes marked in Table 1.

The perimeter delimited in Fig. 1 is a mountainous area
crossed by the Olt, Lotru, Argeş, Dâmboviţa and Târgului
Rivers (with their tributaries) with a high hydropower potential
capitalized by over 20 hydropower plants (the largest being
Vidraru with a high dam of 166.6 m and crest length of 307 m,
with an average energy production of 400 GWh/year - Fig. 2.).
Approximately 100 km power lines at 400 kV and
approximately 120 km at 220 kV power lines are in operation
in the area. These energetic objectives are exposed both to the

subcrustal earthquakes (with hypocentre at a depth of more
than 70 km) produced typically in the Vrancea seismic area
and to the crustal earthquakes (with hypocentre to a depth of
less than 65 km) typical for the area from Fig. 1.
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movements. According to the Fig. 1 markings, they were
installed at: Lotru (LOT), Râmnicu Vâlcea (RMGV) [37],
Vidraru (ARR), Voina (VOIR), Măţău (MTUR) and Sinaia
(SINR), the RMGV station (put into operation in 2020) being
also equipped with a complex earthquake warning system
based on local assessment of seismic events [36].
III.

SEISMIC MOVEMENTS RECORDED IN THE AREA

Through the intelligent monitoring system of the seismic
stations mounted in the area, starting with January 20, 1995
and until October 3, 2021, a number of 5955 seismic events
with epicentre in the perimeter from Fig. 1 were registered,
having intensities between 1.2 Mw and 3.95 Mw. The
hypocentres of the recorded earthquakes were at depths h
between 0.5 and 65km (over 95% being subcrustal earthquakes
with h ˂ 20km).

Fig. 2. Vidraru hydroelectric dam (Romania)

Based on the documents reported in the period, the
significant events related in this area were: 10.26.1550, h = 10
km, Mw = 6.5; 08.10.1590, h = 10 km, Mw = 6.5; 12.07.1746,
h = 10 km, Mw = 5.9; 12.08.1793, h = 10 km, Mw = 6.2;
02.19.1832, h = 10 km, Mw = 5.6; 10.26.1916, h = 10 km,
Mw = 6.4; 04.18.1919, h = 10 km, Mw = 4.1; 01.05.1940, h =
7 km, Mw = 4.5; 06.10.1966, h = 32 km, Mw = 4.6;
04.12.1969, h = 25 km, Mw = 5.2.
For the seismic activity monitoring, starting with 1995,
seismic stations equipped with accelerometers were mounted
and put into operation to measure the intensity of tectonic

Fig. 3 presents the cumulative evolution of the energies
discharged through the earthquakes from the monitored period
and the average weekly number of earthquakes (number of
events Neq) / recorded in Δt = 7 days). Fig. 3 shows that
starting with 2005, an intensification of the seismic activity has
been registered in the analyzed area - both in terms of intensity
(cumulative energies of the produced earthquakes) and of the
produced earthquakes weekly average (being recorded even 51
earthquakes in the week 9 -15 January 2012).

Fig. 3. Seismic events registered in the period 01.20.1995 – 10.03.2021: a) - the cumulative evolution of the discharged energies; b) - weekly average

TABLE I.

THE EVOLUTION IN TIME OF THE SEISMIC EVENTS
IN THE TARGETED AREA (MW> 2.66)
Epicenter

Hypocenter
Mw
(h [km])

6

2014/05/22 – 18:55:11

22.8626 45.5946

2

2.66

7

2015/04/16 – 06:27:38

25.3283 45.1036

17.4

2.77

8

2015/12/29 – 18:56:28

24.1681 45.4137

4

3.39

9

2016/06/18 – 07:29:12

23.0706 45.2353

14.2

2.66

No.

Seismic event
Date – time

10 2019/11/04 – 23:02:49

24.2400 46.0131

58

3.38

1

2013/03/05 – 23:07:09

25.3140 45.2190

46.3

2.88

11 2020/03/19 – 11:51:20

25.4093 45.2258

64

3.91

2

2013/06/07 – 19:20:46

23.1620 45.0740

7.7

2.99

12 2020/07/26 – 14:14:33

25.2975 45.0961

23.1

2.66

3

2013/09/08 – 13:00:43

22.8456 45.5886

1.7

3.33

13 2020/10/10 – 06:29:47

25.5576 45.3221

65.8

3.75

4

2013/09/08 – 13:22:13

22.8525 45.6067

4

3.56

14 2021/09/07 – 02:01:17

24.0851 45.3262

2

2.94

5

2013/10/31 – 06:10:50

22.8893 45.5878

1.1

2.77

15 2021/09/09 – 08:57:14

25.1900 45.3567

3

2.94

Long.

Lat.
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Table 1 presents the characteristic data for the most
representative earthquakes (felt by the population in the area)
with an intensity of Mw> 2.66.
IV.

SEISMIC VIBRATION ACCELERATION – ANALYSIS OF
ACQUIRED DATA

The fig. 4 - 7 shows the seismic vibrations produced by
earthquakes no. 11, 13, 14 and 15 recorded in the seismic
stations (marked in Fig. 1): ARR (near the Vidraru dam – Fig.
2), RMGV (in the city of Râmnicu Vâlcea [37]), LOT (near the
dam of the Lotru-Ciunget hydropower plant) and VOIR (Voina
- near the Râuşor dam).

Fig. 5. Earthquake Mw = 3.75 vibrations recorded in the analysed
locations (Event no. 13)

Fig. 4. Earthquake Mw = 3.91 vibrations recorded in the analysed locations
(Event no. 11)

From figures 4 - 7 it can be noticed that, compared to the
earthquake generation moment t0, the seismic waves reach to
the measuring points with a time lag Δt = t – t0 (the time
necessary to cover the distance L between the epicentre and
the measuring point). Thus, the movement velocity V of some
seismic waves on the respective directions is calculated as V =
L/Δt (determined by the morphological structure of the
terrestrial crust on the respective directions). Details regarding
the geographical position of the seismic stations toward the
epicentres of the analysed earthquakes (selected / marked in
Table 1) and the distances L are presented in Figures 8 - 11.

Fig. 6. Earthquake Mw = 2.94 vibrations recorded in the analysed
locations (Event no. 14)
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Fig. 9. Geographical position of the No. 13 earthquake epicentre

Fig. 10. Geographical position of the No. 14 earthquake epicentre
Fig. 7. Earthquake Mw = 2.94 vibrations recorded in the analysed
locations (Event no. 15)

Fig. 11. Geographical position of the No. 15 earthquake epicentre
Fig. 8. Geographical position of the No. 11 earthquake epicentre

Maximum accelerations (modulus of the maximum
recorded value), time lags and speeds recorded for the
analysed seismic events are summarized in Table 2.
TABLE II.
Seismic event
(Table 1)

COMPARATIVE RECORDS OF THE ANALYSED EARTHQUAKES (MARKED IN TABLE 1)

RMGV

ARR

LOT

VOIR

No. h [km] Mw ǀaMaxǀ [mm/s2] Δt [s] V [km/s] ǀaMaxǀ [mm/s2] Δt [s] V[km/s] ǀaMaxǀ [mm/s2] Δt [s] V[km/s] ǀaMaxǀ [mm/s2] Δt [s] V[km/s]
11

64

3.91

0.35

23.01

3.64

0.1967

13.15

4.86

0.2106

27.173

4.79

0.8769

10.48

3.47

13

65.8

3.75

0.0868

23.941

4.05

0.0903

15.20

4.8

0.0502

22.695

4.68

0.23

12.01

3.41

14

2

2.94

0.2105

7.671

4.53

0.1411

8.544

5.13

1.7030

5.278

5.42

0.0465

14.91

5.16

15

3

2.94

0.0360

14.367

4.83

0.0517

11.98

3.58

0.01

34.167

3.3

0.3340

2.934

4.3

The comparative analysis of Fig. 4-7, Fig. 8-11 and Table
2 values, shows that in the case of earthquake No.11 the
maximum acceleration recorded at RMGV (83.8 km) was 0.35
mm/s2, significantly higher than that recorded at ARR

(although this system is at a distance of only 63.9 km – about
20km closer) of 0.1967 mm/s2; this value is even lower than
the one registered at LOT, located at 130.2 km. This finding
can be explained by the fact that between the epicentre and
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ARR, in the direction of seismic wave, is the Gheţu Mountain,
whose morphological structure attenuates the seismic wave
much more than the morphological structure of the crust in the
RMGV (Getic Subcarpathians) direction. A similar situation is
noted in the case of earthquake No. 14, which measured at
approximately equal distances, produced an acceleration of
1.7 mm/s2 to LOT compared to only 0.21 mm/s2 to RMGV
(wave attenuation by the Căpăţînii Mountains). A similar
situation of accentuated attenuation of the crustal seismic
waves in the direction of some mountainous massifs was
reported in [38]. It is also observed that in the case of
earthquakes with hypocentre at small depths (2-3 km for No.
14 and 15 earthquakes), at approximately equal distances from
the epicentre, there are significantly higher accelerations than
in the case of medium depth earthquakes (over 60 km for No.
11 and 13 earthquakes). Thus, in case of No. 14 earthquake of
2.94 Mw at LOT (28.6 km), an acceleration of 1.7 mm/s2 was
registered compared to only 0.8769 mm/s2 registered at VOIR
(36.4km) for No. 11 of 3.91Mw earthquake.
It is found that small crustal earthquakes (h ˂ 10 km) with
intensities of only 3 ÷ 4 Mw can cause significant damage on
small areas.
V.

SEISMIC RISK OF POWER SYSTEMS IN VÂLCEA-FĂFĂRAȘCÂMPULUNG SEISMIC AREA

The power systems in the Vâlcea-Făgăraş-Câmpulung area
(hydro power plants, overhead power lines, gas networks etc.)
are exposed to seismic risk both by subcrustal earthquakes
(typically h> 100 km) with epicentre in the Vrancea seismic
area (located at over 130 km of the analysed area) as well as
by the local (small) crustal earthquakes (specific for the
Vâlcea-Făgăraş-Câmpulung seismic area).
From the authors previous analyses [1, 38], it resulted that
the seismic waves generated by the subcrustal earthquakes
produced in Vrancea area are significantly attenuated in
Vâlcea-Făgăraş-Câmpulung area; this is explained by the
mountain massifs in that direction.
From the information presented in chapters II, III and IV, it
results that in the last decade the seismic activity of VâlceaFăgăraş-Câmpulung seismic area shows an ascending trend.
This suggests a common causality with ascending trend
tectonic activity in the Mediterranean and the Balkan
Peninsula (significant crustal earthquakes in Greece, Crete,
Italy, Croatia, etc. in the last decade, probably due to the
intensification of the pressure exerted by the African crust). It
was also noticed that crustal earthquakes, even at relatively
low intensities, can cause major vibrations and major material
damage in small areas around the epicentre (in line with the
assessment reports of recent earthquakes in Italy, Cyprus,
Croatia etc.).
Considering these, it is found that the energy systems in the
Vâlcea-Făgăraş-Câmpulung area are exposed to a significant
seismic hazard with an increasing trend. In this context, in
order to prevent material damage and human casualties, it is
necessary that the equipment and energy installations in
operation to be properly maintained and provided with

adequate protection systems as warning systems based on
local assessment of seismic events [1, 37]. It is also
recommended that the ascending trend of seismic activity in
the area to be taken into account when designing new energy
facilities, especially hydropower plants.
VI.

CONCLUSIONS

The tectonic activity in Vâlcea-Făgăraş-Câmpulung seismic
area was evaluated.
The intensity and frequency of seismic events data analysis
for the above-mentioned area revealed the intensification of
seismic activity in the Vâlcea-Făgăraş-Câmpulung area, both
as intensity (cumulative energies of produced earthquakes)
and as frequency (weekly average of produced earthquakes).
The analysis of the vibration accelerations produced by
several earthquakes with epicentre in the investigated area,
showed that the morphological structure of the crust specific
to mountain massifs produce a more significant attenuation of
seismic waves than the structure of the crust in depression
zones. It was also found that small depth crustal earthquakes
(h ˂ 10 km), even at relatively low intensities of 3 ÷ 4 Mw can
produce locally (on small areas around the epicentre) intense
vibrations, dangerous for the facilities, equipment and energy
installations.
Based on these findings, it is concluded that power systems
in Vâlcea-Făgăraş-Câmpulung area present a significant
seismic hazard primarily due to crustal earthquakes with small
depth hypocentres that occur in this area. In order to increase
the operational safety of energy equipment and installations,
to reduce the damage caused by earthquakes, it is strongly
recommended that the energy equipment and installations in
operation to be provided with adequate protection systems as
warning systems based on local assessment of seismic events.
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