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Abstract
A complex system for zonal earthquake prediction, warning, and local assessment of seismic events has been
designed, performed, implemented, and experimented/validated. The system was designed to ensure
simultaneously: the reception of warning signals following earthquakes with the epicentre on a radius of 1000 km;
acquisition of local precursor data for a possible prediction of seismic events with the epicentre in the perimeter
of the targeted locality and/or improvement of the database in the field of Earth physics purchased and processed
centrally at the national seismic dispatcher; acquisition of data on the intensity of local seismic movements, based
on which, when a predetermined threshold considered dangerous is exceeded, a real-time action order is issued
for the protection of high-risk equipment and installations in operation. The realized system is structured on the
national seismic dispatcher DSN (with the role of seismic data acquisition from the territory) connected by a
bidirectional communication system with a local dispatcher DL which is provided with a system for acquiring and
storing local seismic data (vibration detector 3D and temperature transducer mounted in a 40 m deep drilled well,
radon detector and associated parameters: temperature, pressure, and humidity of the air mounted at the mouth
of the drilled well). The implemented system is able, through the specialized software implemented, to take over
the warning signals received from the national seismic dispatcher, to process the locally acquired data, and after
the local validation of the seismic event to issue real-time action command (when exceeding values of preestablished major risk threshold) of the protections of high-risk installations in operation in the targeted perimeter.
The experimentation/validation of the system, of the interconnection networks, and of the specialized software
of the implemented application was done both by continuously recording the local seismic parameters, verifying
the communication between DSN and DL, and by taking two warnings regarding seismic events produced (on
30.10.2020 − Mw = 7, Greece and on 22.10.2020, at 20:22 hours, ML = 4 R, Vrancea, RO). By processing the data
recorded during these events, the speeds of seismic waves in the respective directions were calculated. Thus, for
the event of 30.10.2020 Greece, a speed of seismic waves of 7,418 km/second was determined and for the event
from 22.10.2020 Vrancea, at 20:22 hours, it was calculated that the secondary waves are moving with
12,686 km/second and the surface seismic waves with 5,063 km/second. Following the analysis/comparison of
acceleration intensities with the pre-set threshold level recorded locally for potentially dangerous events, it was
found that these events were felt in Râmnicu Vâlcea at a level below the pre-set danger threshold and
consequently, the specialized software of the application did not generate a control signal for actuating the
protection of high-risk equipment in operation.
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1. Introduction
The issue of prediction and real-time warning of
natural disasters, including devastating earthquakes is a
theoretically complex issue with special material and
social implications [1]-[3].
The movement of tectonic plates in the Earth's crust
(lithosphere) leads to continuous accumulation of
energy and including the generation of mechanical

stress between the plates. Periodically, when reaching
threshold values determined by the morphology of the
lithosphere structure, the accumulated energies are
discharged (released) and seismic waves are generated.
The seismic waves intensity is determined primarily by
the level of accumulated and released energies,
respectively by the intensity of mechanical stresses
generated. Seismic waves produce changes in both the
natural environment (landslides, avalanches, changes in
the hydrosphere, etc.) and the built environment
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(anthropogenic) − the nature and magnitude of the
changes being given by the intensity and duration of the
waves.
These changes, especially those in the built
environment can lead to significant economic losses and
human casualties [2].
The direction and speed of seismic waves caused by
the release of accumulated energies are determined
primarily by the morphological structure of the
geological layers in the upper lithosphere (depths up to
100 m).
Mainly depending on the mode of generation and
propagation, the waves can be of three types:
— The primary seismic waves P are the first
waves that form in the hypocentre (the depth
at which the event takes place) following the
occurrence of the event (sudden discharge of
the accumulated mechanical stresses). It
moves in the form of longitudinal waves
(similar to sound waves) producing horizontal
equilibrium movements (back and forth). It
moves by compression-expansion of the soil
(rocks) in the direction of travel. Usually, their
duration is relatively short (less than 1 second)
and is noticed by people in the form of shock
in the vertical direction. Usually carries about
20% of the discharged energy.
— Secondary seismic waves S are generated
immediately after the primary waves. There
are transverse shear waves with durations that
can exceed 10 seconds. They produce
crushing/grinding of the soil by forces acting
perpendicular to the direction of advance,
which makes them often accompanied by
sound effects. Carries about 80 % of the energy
is discharged and usually causes major
damage. They are felt on the surface in the
form of horizontal balance movements. In
situations in which the balance movements
have the same frequency or close to the
oscillation frequency of the buildings, the
damage and damage are significantly
increased.
— Surface waves are the result of P and S waves,
they move through the ground on a semimanifest surface in the form of attenuated
oscillations (the attenuation coefficient being
determined by the morphological structure of
the ground in the direction of movement). It
causes undulations of the ground, which
significantly accentuates the destructive
effect of secondary waves.
The accumulation of energies, the increase of
mechanical stress between the tectonic plates produces
changes in the morphology and physical characteristics
of the geological layers in the lithosphere such as
changes in electrical conductivity, changes in density
and porosity (leading to changes in radon and CO2
permeability /diffusivity), changes in groundwater
level, changes in rock temperature at various depths,
etc. Under these conditions, changes recorded following
the continuous monitoring of these parameters
("precursor parameters" [4]) and the proper
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interpretation of the acquired data can provide
indications of the imminence of produce earthquakes
[5]-[16].
On the other hand, radon emanations substantially
contribute to the ionization of atmospheric air [13],
which leads to significant changes/anomalies in the
propagation of radio waves [17]-[19], anomalies which,
properly processed can serve both to locate the
epicentre and to predict earthquakes. [19].
The issue of earthquake prediction is a very complex
one. The complexity is given on the one hand, by the
multitude of determining factors and on the other hand,
by the relatively low level of current knowledge in the
field, respectively:
— directions and velocities of tectonic plates,
— geometry of tectonic plates,
— morphology / structure, density of tectonic
plates,
— mechanical characteristics (breaking strength,
shear strength, etc.) in the areas of contact
surfaces of tectonic plates, etc.
Without the exact knowledge of these parameters,
it is practically not possible to determine exactly the
accumulated energies, the mechanical stresses formed,
the time when the energies will break/discharge. Under
these conditions, accurate predictions and alarms can
practically not be issued. Based on the periodicity
analysis of produced and recorded events, monitoring
the evolution of precursor parameters (radon emissions,
CO2 emissions, groundwater level, the temperature at
various soil depths, etc.) can make approximate
predictions with relatively low confidence levels.
The value evolution of the precursor parameters is
determined primarily by the changes in the structure
and characteristics of the geological layers within the
perimeter of the observation points. The geological
layers have a heterogeneous structure which makes the
prediction of changes (the formation of cracks and their
directions of propagation, which determines the
evolution of values of precursor parameters) due to
mechanical stress caused by accumulated energy to be
virtually impossible. Under these conditions, the
increase of the confidence level of the predictions can
be achieved by significantly increasing the number of
data acquisition points regarding the evolution of the
values of precursor parameters and by advanced
processing of acquired data (establishing substantiated
correlations, development of specialized software for
processing, analysis, modelling phenomena, etc.).
Reducing economic losses caused by seismic
movements is possible through real-time protection of
high-risk equipment and installations in operation (such
as various chemical installations, moving trains, power
plants, gas installations, etc.).
Of course, the distribution of this equipment in the
territory is random and its protection by stopping is
opportune only in the event of dangerous seismic
movements (with local validation of intensity) in their
area.
In this context, there are multiple concerns
worldwide for the development of prediction /warning
systems [19]-[31].
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These warning systems are mainly based on the fact
that the propagation of seismic waves takes place in
time, respectively, from the moment of a localized and
characterized earthquake (the place where it occurred,
the depth of hypocentre and epicentre coordinates,
intensity measurement, etc.) areas after a time lag Δt
given by the speed of the seismic wave.
Based on technological developments in the field of
earthquake detection, location and evaluation,
telecommunications, as well as state of the art on the
movement of surface waves in certain directions, etc.
these alerting/warning systems can provide real-time
information. Thus, it is possible to take measures to
protect/prevent damage such as decoupling,
depressurization of energy targets, protection of gas
installations, stopping trains in transit [20], etc. (e.g.,
for earthquakes in Vrancea the warning signal can reach
at Bucharest about 23 seconds before the seismic
waves). Taking protection measures, depending on the
specifics of equipment, installations, etc. with high risk
in operation is usually done by strict observance of
specific procedures dictated by the intensity of the
alerted earthquake. Depending on the technical
characteristics and the specifics of the objective, risk
levels are established for various earthquake intensities.
In some cases, the damage can only be substantially
amplified after direct destruction caused by an
earthquake.
In the case of natural gas distribution networks,
following the earthquake destroys the use facilities, so
there is an uncontrolled leakage of gas from damaged
pipes which can lead to explosions and devastating fires
[2].
The prevention of explosions and fires due to
damage to pipes related to distribution installations
and/or those of natural gas use following earthquakes
can be achieved by developing and implementing some
protections. These protections can be of the type:
autonomous (automatic shut-off of gas-automatic
actuation in real-time, without human intervention),
controlled by complex warning systems/networks
provided with specific transducers to validate the local
intensity [3], [32] of earthquakes or systems that emit a
shut-off signal of the solenoid valves only if the local
(zonal) intensity of the vibrations exceeds a
predetermined danger threshold.
The purpose of the paper is to design,
perform/implement, and validate the operation of a
complex system for acquiring precursor data and
earthquake alerts with the validation of local intensity
of seismic movements.
2. System for earthquake prediction, warning and
local assessment of seismic events
2.1. System design
Designing the proposed system was considered that
it should be ensured:
— receiving warning signals regarding the
imminence of the occurrence and/or
occurrence of earthquakes with the epicentre
on a radius of 1000 km whose seismic waves

could affect high-risk equipment and
installations in operation in the locality
concerned (Râmnicu Vâlcea),
— acquisition of local precursor data for the
possible prediction of some potential
earthquakes with the epicentre in the
perimeter of the targeted locality and/or the
improvement of the database in the field of
Earth physics purchased and processed at the
national seismic dispatcher of the National
Institute of Earth Physics (INFP),
— acquisition of data on the intensity of local
seismic movements, based on which, when
exceeding
a
predetermined
threshold
considered dangerous, the action is taken in
real-time
to
protect
equipment
and
installations with high risk in operation.
These provisions are ensured by the designed system
(outlined in Figure 1) [32], which consists of the national
seismic dispatcher DSN and the local seismic dispatcher
DL which acquires and collects both precursors PPC data
and those on the local intensity of seismic events. Based
on these data, warning signals are issued to various
subscribers and control signals for the protection of
dangerous W&AC equipment and installations.

Figure 1. Schematic of the designed system

DSN and DL are connected to each other by secure
two-way communications networks (secure even during
major earthquakes, as a result of which disturbances
frequently occur in power supply and in the operation
of common communication systems) for transmitting
from DSN to DL of the alert signals P2, regarding the
imminence of seismic movements, respectively from DL
to DSN of the values of the precursor parameters and
the local intensity of the seismic movements P1 (PPC
data acquired and processed by digitization).
2.2. Realization / system implementation
The implementation and commissioning of the
proposed system involved:
— Realization of the PPC assembly − installation
of the 3D vibration sensor with related
digitizer data and the integrated radon
detector,
— Landscaping and logistics of DL,
— Configuring the interconnections between the
DL elements and that of the secure
communications between DL and DSN.
In order to avoid anthropogenic disturbances from
daytime ground activities − especially those due to road
traffic − the 3D vibration sensor was mounted in a well
drilled to a depth of 40 m. The integrated radon
detector provides data on the normalized radon
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concentration [Bq/m3] for the determined temperature
[0C], humidity [% RH] and pressure [hPa] conditions.
Details on mounting the 3D vibration sensor and
integrated radon detector are given in [3]. The logistic
endowment of the DL and the configuration of the
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interconnections between the DL elements and of the
two-way secure communication system between the DL
and the DSN is presented schematically in Figure 2.

Figure 2. System configuration sketch made

Figure 2 shows that to ensure communication
between DSN and DL is done by using a VPN
connection doubled by a local network to the Internet
with the possibility of automatic transfer between
them in case of an interruption.
This feature is ensured by using a router with dual
internet access (Figure 3), which automatically
switches between the two inputs in case one does not
work.
In order to be able to connect to STS-INFP, access
was provided through the INFP firewall. In order to
ensure the acquisition and processing of data
regarding the intensity of local seismic movements
and their transmission (both to DSN and to the sound
and light alarm module provided with relays for realtime control of various protection systems in case of
major seismic event validated locally as having
dangerous intensity), two servers were provided −
one for SPEEDLINK type seismic data and one for
TCP/IP type − RS232 − interconnected by dual router
access type RUT240 with WAV Failover facilitate.
It is also noted that the system designed to
receive a warning signal from DSN provides both
visual alert (light bar of different colours depending
on the intensity of the announced event) and audible
to alert the operator. The box with actuation relays
ensures the control of the electric actuators of the
protected equipment (only after the validation of the
local intensity of the earthquake based on the values
provided by the 3D accelerometer).
Representative images regarding the realization
and endowment of DL are presented in Figure 3.

Figure 3. Local seismic dispatching, DL implemented

Figure 3 shows that the PC module acquisition and
seismic warning (see Figure 2, supra) ensures the supply of
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complex comparative warning signals for the
targeted area ("local" − Râmnicu Vâlcea) and the
neighbouring area Câmpulung, Făgăraș.
3. Experimental-system validation
A first validation of the global operation of the
system outlined in Figure 2, including the related
specialized software, was performed on the occasion
of the earthquake of 22.10.2020, at 20:22 hours,

ML=4 R (Vrancea). After detecting the earthquake and
classifying it as an event by DSN, the warning message is
taken over by 3 client-server applications to which its
beneficiaries are connected.
The information transfer goes through several stages
(Figure 4): the seismic warning is received (1) which is
transmitted through a client-server (2) to dedicated
applications (3a) where it is determined if the epicentre is
in the selected area, then the warning level is displayed
(3b) next to the location of the earthquake (3c).

Figure 4. Validation of the system-generation and transmission from DSN of a global warning message, receiving and
displaying the message at DL and validation of the global warning message by comparing with the values
detected in the neighbouring area Câmpulung-Făgăraș and with those detected locally

The application marked with (3) runs on a PC at the
client, including in Râmnicu Vâlcea on the system
developed and implemented. The warning generated by
the DSN server is confirmed/validated, both by the
values measured by the local 3D vibration sensor
(accelerometer mounted in a drill at 40 m deep, see
Figure 2, supra) and by those recorded by the seismic
station of a representative neighbour area (Câmpulung,
Făgăraș). After validating the warning message −
depending on the measured local intensity of the
warned event − a warning and command signal is issued
(or not) (CI and W & Ac, see Figure 1., supra) to the
beneficiary services of the protection system, such as
gas consumers [3].

From a scientific point of view, the centralized
acquisition and processing of CCP acquired and digitized
data (see Figure 1 and Figure 2, supra) as well as their
comparison with similar data acquired in other seismic
observation locations have a special value.
Thus, in Figure 5 are presented the diagrams of the
tremors (accelerations) produced following the seismic
event of 22.10.2020, at 20:22 hours, ML = 4 R (Vrancea)
recorded 3D (on the X, Y, and Z directions) in Râmnicu
Vâlcea (RMGV) compared to the records from Nehoiu
(NEHR) and Bisoca (BISRR).
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Figure 5. 3D recording (in the X, Y, and Z directions) in Râmnicu Vâlcea (RMGV) of the vibrations (accelerations)
produced by the seismic event of 22.10.2020, at 20:22 hours, ML = 4 R (Vrancea) − compared to the records
from Nehoiu (NEHR) and Bisoca (BISRR).

In Figure 5, it is observed that the vibrations on the
X, Y, and Z directions registered in Bisoca are staggered
compared to those in Nehoiu by about 0.9 seconds,
which indicates that the epicentre of the earthquake
occurred is near the station in Nehoiu. Amplitude
evolutions in the X, Y, and Z directions, as a result of
the primary, P waves and the secondary waves S,
(similar evolutions in the three directions) indicate that
these seismic observation points are located near the
epicentre of the event produced on 22.10. 2020.
Comparing the evolutions in Bisoca and Hehoiu with
those in Râmnicu Vâlcea, it is found that the first
vibrations are recorded in the Z and Y directions (which
primarily characterize the P waves detected on the
surface by vertical shocks), at a time lag of
12.77 seconds which leads to the conclusion that, in the
conditions of morphostructural structure given by the
upper lithosphere for the 162 km between the epicentre

and the place of observation in Râmnicu Vâlcea, the
speed of movement of P waves is 162 km/12.77 seconds
= 12.686 km/second.
Also, it is found that in Râmnicu Vâlcea major
vibrations on X and Y directions (which characterize the
S waves, detected on the surface by horizontal
balance), were recorded at a time lag of 32 seconds, so
the speed of movement of the S waves were 162 km
/32 seconds = 5,063 km/second.
The operation at the provided parameters of the
system developed and put into operation in Râmnicu
Vâlcea was also validated by the major earthquake
(30.10.2020 − Mw = 7) produced in Greece, near Chios
with major damage recorded in Izmir-Turkey.
Recordings of the vibrations produced by the event
inGreece, with Mw = 7 from 30.10.2020 registered in
Râmnicu Vâlcea (compared to the other 10 similar
registrations in Romania) are presented in Figure 6.
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Figure 6. Vibrations on the Z-axis (vertical) of the seismic event from 30.10.2020, Mw = 7 (Greece) registered in
Romania
Table 1. Comparative records in Romania of the earthquake of 30.10.2020, Mw = 7, which places took in Greece
No
0
1
2
3
4

Monitoring station
Cod
Lat.
HUMR 44.5281
TRGR 44.9361
SECR
45.0355
ISR
45.1187

Long.
24.9804
25.4563
26.0677
26.5432

5

RMGV

45.1075

24.3771

6
7
8
9
10
11

MTUR
NEHR
ARR
MLR
BISRR
COVR

45.2349
45.4272
45.3657
45.4909
45.5481
45.8456

25.0739
26.2952
24.6332
25.945
26.7099
26.2043

Name
Humele
Târgoviște
Seciu
Istrita
Râmnicu Vâlcea
-ElectrovâlceaMățău
Nehoiu
Vidraru
Muntele Roșu
Bisoca
Covasna

Table 1 presents the results of the comparative
determinations performed on the Romanian territory
and the processing of the acquired data, respectively
the speed of movement of the seismic waves in the
respective directions.
By comparative analysis of Figure 6 (supra) and the
data in Table 1 show that the time lags of vibrations
recorded Δt and implicitly the speeds of seismic waves
recorded in Romania following this event are
differentiated according to the average morphostructural structure of the upper lithosphere in the
respective directions (azimuth).
Thus, the maximum speed of 7,591 km/second in the
direction of Humele and the minimum speed of
7,367 km/second in the direction of Târgoviște were
registered.

Distance
[km]
747.71
786.96
792.23
799.3

Azimuth
[degree]
347.56
351.35
355.27
358.39

Δt
[sec.]
98.49459
106.82263
106.57886
108.16209

Speed
[km/s]
7.591381
7.366978
7.433275
7.389835

824.55

349.94

111.15981

7.417699

825.42
834.16
836.28
843.12
847.17
878.01

349.37
356.97
346.72
354.83
359.4
356.32

110.77275
112.82686
112.36979
113.49657
114.12917
118.42257

7.451472
7.393275
7.442214
7.428595
7.422905
7.414212

The speed of 7,418 km/second was recorded in the
direction of Râmnicu Vâlcea.
Following the event of 30.10.2020 − Mw = 7, Greece,
DSN-INFP sent a warning signal to the local dispatcher
DL.
Through the system configured in Figure 2 (supra),
the warning signal was received.
Following the analysis/comparison of the locally
recorded intensity of the movements with the
predetermined threshold level for the potentially
dangerous events, it was found that the event is felt in
Râmnicu Vâlcea at a level below the established danger
threshold.
Under these conditions, the specialized software of
the application did not generate a CI signal for W&Ac
operation (see Figure 1, supra).
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Figure 7. Evolution of radon concentration and associated parameters during 1 Sept.-30 Nov. 2020 (a); b)-Radon
details 10 Oct-1 Nov. (Greece event) and c) Radon details 21-23 Oct. (Vrancea event).

Figure 7a shows the results of recordings on radon
concentration and associated parameters (temperature,
pressure, and humidity) made from 1 Sept. to 30 Nov.
2020 from which the values recorded from the periods
of the earthquake Mw=7, Greece (Figure 7b) and those
for the ML=4R, Vrancea earthquake presented in
Figure 7c) were extended.
The analysis of Figure 7a shows that the radon
content of the air at the mouth of the drilled well
(determined by measuring radioactivity) shows diurnal
variations in the range of values 10,000-80,000 Bq/m3,
without detecting sudden "abnormal" variations due to
possible changes in the morphology of the upper layers
of the lithosphere (indicating the imminence of a
possible seismic event) − a fact confirmed by the data
in Figure 7b and Figure 7c.
It is noted that the data presented are the values
directly recorded by the equipment (SARAD-Germany),
so for an advanced interpretation, their normalization is
required (correction/conversion of recorded values with
associated parameters − temperature, pressure, and
humidity − for normal conditions). In order to correct
the recorded radon concentrations according to the
registered associated parameters, specialized software
was developed is being implemented on PC acquisitions
and seismic warming (Figure 2).
5. Conclusions
It was conceived, realized, implemented, and
experimental/validation complex system for zonal
earthquake prediction, warning, and local assessment of
seismic events.
The system has been designed to ensure:
— receiving warning signals following the
occurrence of earthquakes with the epicentre
on a radius of 1000 km whose seismic waves
could affect the equipment and installations

with high risk in operation in the targeted
locality (Râmnicu Vâlcea),
— acquisition of local precursor data for the
possible prediction of seismic events with the
epicentre in the perimeter of the targeted
locality and/or improvement of the database
in the field of Earth physics purchased and
processed at the national seismic dispatcher of
the National Institute of Earth Physics (INFP),
— acquisition of data on the intensity of local
seismic movements, based on which, when
exceeding
a
predetermined
threshold
considered dangerous, the action is taken in
real-time
to
protect
equipment
and
installations with high risk in operation.
The realized system is conceived for the national
seismic dispatcher DSN (with the role of seismic data
acquisition from the territory), connected through a
bidirectional communication system with a local
dispatcher, DL, which is provided with a system for
acquiring and storing local seismic data.
This system includes a 3D vibration detector and a
temperature transducer mounted in a 40m deep drilled
well a radon detector, and associated parameters such
as temperature, pressure, and humidity of the air
mounted at the mouth of the drilled well in Râmnicu
Vâlcea, RO.
DL is able, based on the warning signals received
from the national dispatcher, following the local
validation of the seismic event, to issue a real-time
actuation order for the protection of high-risk
equipment and installations in operation in the targeted
perimeter.
The experimentation/validation of the system, of
the interconnection networks, and of the specialized
software of the implemented application was carried
out both by continuously recording the local seismic
parameters (Râmnicu Vâlcea, RO) and verifying the
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communication between DSN and DL and by taking two
warnings about seismic events produced (in 30.10.2020
− Mw = 7, Greece and in 22.10.2020, at 20:22 hours,
ML = 4 R, Vrancea, RO).
The processing of the data recorded during these
events allowed the calculation of the speed of seismic
waves in the respective directions. Thus, for the event
of 30.10.2020, in Greece, a value of 7,418 km/second
was determined and for the event of 22.10.2020,
Vrancea, at 20:22 hours, it was found that the secondary
waves move with 12,686 km/second and those of
surface with 5,063 km/second.
Following the analysis/comparison of intensities,
locally recorded, of the accelerations with the
predetermined threshold level for potentially dangerous
events, it was found that these events were felt in
Râmnicu Vâlcea at a level below the established danger
threshold. Consequently, the specialized software of
the application did not generate a control signal for
actuating the protection of high-risk equipment in
operation.
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