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ABSTRACT 
The National Institute for Earth Physics of Romania (NIEP) developed a gas distribution 
protection system against seismic events using its Rapid Earthquake Early Warning 
System (REEWS). The results were included in a patent application (OSIM RO-BOPI 
3/2019) and applied in a technology transfer project (PN-III-P2-2.1-PTE-2019) between 
a research institute (NIEP) and a private company (Electrovalcea SRL). The 
implementation of this project uses a local confirmation made by a sensor installed in the 
protected area at a depth of 40 m. An accelerometer is used in a Polyvinyl chloride pipe 
(PVC) drill that includes a compass useful for installation, but also for continuous 
monitoring of the orientation of the sensor. The protection of gas installations is done on 
the distribution connections to the beneficiary (for example, a block of flats). If NIEP's 
seismic network detects an event confirmed by the local sensor, the gas supply is blocked 
to prevent fires in the protected area. The method used is distributed between a general 
seismic warning system and a local one. The system is redundant, allowing the use of two 
communication networks (one is a VPN – Virtual Private Network direct connected to 
NIEP) and the possibility to use only the local sensor if there is no connection with the 
general REEWS. Between the two systems, we have developed a voting method that 
allows the ensemble to operate automatically in the most difficult situations. Even if we 
have foreseen many situations of interruption of the warning service, an operator will 
supervise the entire operation and will intervene in case of serious errors. The seismic 
event decision confirmed by the local system is transmitted to the beneficiaries through a 
private encrypted data connection with acknowledgment of receipt. The terminals 
installed at the beneficiaries are continuously monitored by a distribution system that 
indicates the start / stop status. The system also has an information component. Our 
application refers to the Vrancea seismic area and offers protection for the Râmnicu 
Vâlcea City and its surroundings (everything that is west of the local sensor). 
Beneficiaries can be informed about the seismic events occurred in Vrancea zone but not 
dangerous for their area (not confirmed by the local sensor). This system has general 
applications in the field of protection of industrial objectives. The application is not 
intended to warn the population but only to protect it. NIEP's REEWS sends real-time 
seismic alerts to the Romanian authorities involved in emergency situations. 
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INTRODUCTION 
The research undergone to reduce the devastating effects of earthquakes has led to the 
emergence of information warning systems. They address the protection of industrial 
objectives through direct action on critical elements and real-time information to the 
population (through individual devices or installed in buildings). Depending on the 
application, they can be complex using seismic networks or simple by including a sensor 
in a device that mounts directly to the location (seismic switch). In general, information 
- warning of the population is made by specialized organizations (Inspectorate for 
Emergency Situations for Romania, ISU), because the effects of panic may be greater 
than the earthquake itself. Therefore, the role of the warning system is more for 
information and for industrial applications with a protective role. Clinton et al., (2016) 
present the ‘State-of-the art and future of earthquake early warning in the European 
region’ and ‘highlight the two systems in Turkey and Romania that currently provide 
operational systems to a limited set of end users’. In both cases, the warning systems use 
existing national seismic networks as an application. The University of Naples is 
developing the PERST software specialized in early warning systems (EWS) which is 
also used in Romania. Wenzel et al. (1999) analyze the potential of a seismic warning 
system in (Wenzel et al., 2001) using Bucharest like example and mention ‘the shutdown 
of gas distribution’ like application among many others. In general, empirical 
relationships between acceleration and magnitude experimentally determined are used. 
However, each area has its particularities, and by now, Vrancea area proved to be a 
structurally and seismically complex zone (Anghelache et al., 2018, Bălă et al., 2020, 
Bălă et al., 2019, Mitrofan et al., 2010; Mitrofan et al., 2014, Mitrofan et al., 2016, 
Radulian et al., 2000), the  strongest earthquakes (M≥7) focal depth being (so far) in the 
interval of 94-135Km. In the paper of Wenzel et al.( 2001) there is also mentioned ‘the 
shutdown of nuclear power plants’. Objectives of this type have already incorporated 
design protection systems for earthquake.  
The analysis of the possibility of realizing a seismic warning system for the Vrancea area 
started in 1999 (Wenzel et al., 1999). A conference paper (Ionescu et al., 2006) presented 
in 2006 the concerns for the realization of a EWS system for Bucharest. The idea of 
creating such a system was developed the following year (Böse et al, , 2007). Complex 
warning systems based on national seismic networks depend on their development. Only 
in 2014 the first tests for a complete REEWS warning system were made for Vrancea 
(Marmureanu et al., 2015). Progress in achieving a EWS has also depended on the 
evolution of computer systems, seismic equipment and telecommunication networks. 
Despite all this progress, there is still a high degree of uncertainty (Minson et al., 2018), 
as it was noticed that in the case of strong ground movement, simple seismological 
relationships could introduce errors. Only after experiencing  a seismic event you can 
evaluate the results and make the necessary adjustments on the used equations. For 
Bucharest, the maximum warning time was calculated at about 25 seconds, this interval 
being slightly variable, considering the focal depth and position of the epicenter. 
Therefore, the warning system for Bucharest City is more adequate for industrial 
applications rather than warning the residents. The extension of the protection zone (at 
this moment EWS is only for the Vrancea earthquakes with protection for Bucharest) is 
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the main objective of a national research project (PN-III-P2-2.1-PTE-2019) on 
technology transfer between a research institute and a private company (Electrovalcea 
SRL). The research undertaken from 1999 to the present has resulted in a patent 
application (OSIM RO-BOPI 3/2019). The project aims to protect consumers from 
possible fires or explosions caused by gas leaks that may result after a seismic event. The 
intervention on the transport highways is in the attention of the dispatchers of the gas 
distributors. In addition to EWS-type systems based on national seismic networks, simple 
to be used and inexpensive equipment has also been developed, designed to be  installed 
in the area of interest, attached  to a concrete element (a pillar or a wall) of the building. 
They are especially useful in areas positioned at larger distance from the epicenter where 
the difference between the arrival time of P (primary) and the destructive S (secondary) 
waves of the earthquake is sufficiently large to allow a reaction. The first devices 
developed included an accelerometer, a level detector, an amplifier and a speaker, and 
were significantly improved during the time. The latest generation is based on 
applications installed on smartphones that include acceleration sensors and a GSM 
communication system. These later applications however proved to have the 
disadvantage related to the ambient noise which may generate false alarms, making it 
difficult to detect the seismic P wave that all EWS systems. 
Our undergoing prototype combines the two mentioned solutions. It make use of the 
national seismic network with local confirmation through a sensor mounted in a borehole 
at a minimum depth of 40 m, this leading to a diminution of the ambient noise. The first 
major EWS project carried out by NIEP applying the results of articles published in 
journals (Clinton et al., 2016), (Böse et al., 2007), (Marmureanu et al., 2019) and research 
undertaken at NIEP was the DACEA (Danube cross-border alert during the earthquake, 
2013). It was realized within the Romania-Bulgaria Cross-Border Cooperation Program 
and currently transmits real-time information to the emergency authorities. 
 

SEISMIC PROTECTION METHOD USING A EWS SYSTEM 
 
The regional seismicity and the objectives of the project PN-III-P2-2.1-PTE-2019 (O1 – 
O4) are presented schematically in figure 1. The shades of blue correspond to depths of 
earthquakes greater than 50 km and yellow marks depths less than this value.  
In the city of Râmnicu Vâlcea, the seismic protection system planned to be built will lead 
to an automatic and controlled closure of the gas distribution in case of occurrence of a 
strong earthquake in Vrancea area. The local sensor is a triaxial accelerometer installed 
in a borehole near the dispatcher that will provide the warning service. 
The objectives of the project are (Figure 1): 
- O1 - implementation, commissioning and validation of the pilot-type server installation 
which permanently receives information from the automatic NIEP alert network 
regarding the occurrence of a major earthquake within a radius of 250 km from the 
locality of interest (the distance of 250 km, corresponding to the distance Nereju / Vrancea 
- Râmnicu Vâlcea, is considered as the largest epicentral distance for a deep earthquake 
in Vrancea). 
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- O2 - to confirm the alert generated by O1 and avoid false alarms, a pilot installation is 
performed, put into operation and validates that determines the local acceleration (in the 
area of interest) produced by the earthquake. It also has a backup role in case the 
communication with NIEP is interrupted. To avoid background noise, the sensor is 
mounted in a borehole between Vrancea and the alerted area. Local validation by seismic 
sensor in the borehole is a seismic station that is integrated and continuously monitored 
by NIEP. 

 
Figure 1- Seismicity in the area of seismic sources (red polygon) and analysis of the 

possibility of protection of an area located 250 km from the epicenter. 
 

- O3 - implementation and commissioning of a local dispatcher capable of receiving / 
processing / deciding / validating the information provided by O1 and O2 and transmitting 
control signal to the electro-valves of individual or group consumers (blocks of flats) 
subscribed to the service; this objective will also include customer management 
(connections to beneficiaries and their quality will be constantly checked). Objective O3 
also provides for the implementation of maintenance / verification procedures of the 
system that Electrovalcea SRL will use after the end of the project. The provision of the 
warning signal by NIEP will continue even after the conclusion of the contract for at least 
3 years. 
- O4 - implementation, validation and commissioning of terminals that will be mounted 
on the beneficiaries next to the electro - valves on the gas connections and will act upon 
receipt of the warning information transmitted by O3. 
An example of data acquisition from a seismic station is given in Figure 2. 
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Figure 2 - Seismic signals at Vrancioaia station (noise), speed and acceleration sensors. 
 
All signals from the stations participating in the EWS (as in Figure 2) are analyzed in 
real- time. If an alert status is evaluated, it is sent to the dispatcher from Râmnicu Vâlcea. 
If the local sensor (Figure 3) confirms that the acceleration level exceeds the preset 
threshold, then the gas blocking signal is transmitted to the beneficiaries of this service. 
This solution is useful in industrial applications. When the local sensor validates the 
alarm, it means that the accelerations are high and the earthquake is already felt. The 
warning message issued by NIEP, which arrives before the seismic wave, is used as 
information for the local dispatcher. It has permanent control of the system that works 
automatically (Figure 3). 
The system is partially implemented and is to be completed by adding an interface to the 
beneficiaries. This involves creating a software interface that takes the warning message 
and transmits it to the electro-valves that block the gases. The management of the warning 
signal distribution to the beneficiaries will be performed in the next stage. All data 
transfers, errors, warnings and system activity will be stored in daily files/reports. 
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Figure 3 - Permanent information for the dispatcher operator: warning and information 
applications permanently connected to the NIEP server (A, B), seismic signals from 
local borehole sensor (C) and position of the sensor in the borehole (D). 

 

DISCUSSION AND CONCLUSIONS 
The performance of EWS systems is measured in reaction time starting with the 
occurrence of the earthquake, event detection and the moment when the warning message 
reaches the beneficiary (industrial objective or as information to the personnel located in 
the ISU points). Each stage in the signal analysis introduces a delay that accumulates. 
From the moment the earthquake occurs (time is determined by calculation based on 
propagation models) and the one at which the first detection was made (measured on 
waveforms) a time passes that can be up to 10 seconds in case of earthquakes depth of 
Vrancea. To be able to determine the position of the epicenter at least three detections 
from different stations are necessary, so a delay time of 3-4 seconds is added in which the 
first seismic event evaluation can be decided. This message is sent to the dispatcher from 
Electrovalcea SRL who automatically picks it up and waits for the confirmation of the 
local sensor. If this indicates an earthquake that may affect the gas network in the area, it 
will send the gas block command to all beneficiaries. All these steps leads to a delay 
estimated at 8 seconds. One method to reduce this “lost” time and to increase the security 
of the system is to make another warning server in the local dispatcher and to include in 
addition to the drilling sensor - stations located between Vrancea and Râmnicu Vâlcea. 
A first analysis of the ambient noise measured with the accelerometer positioned at 40m 
depth in the borehole is presented in Figure 4. As a continuous noise is observed in the 
30 Hz area, it was necessary to use a band pass filter at frequencies of 0.8 Hz – 20 Hz. 

 
Figure 4 - Spectrum of local noise measured by an accelerometer positioned at 40 m 

depth. 
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So far, the EWS NIEP system is calibrated only for Vrancea earthquakes. In this case, the 
local warning system ( which includes in addition to borehole from Electrovalcea SRL 
also seismic stations placed in the area Câmpulung – Făgăraș), plays an important role in 
the extension of the seismic warning area. However, other seismic sources should be also 
considered in the future.  

Radon (222Rn) has been considered for a long period of time as a possible candidate for 
an earthquake’s precursor. At this moment, the results from Râmnicu Vâlcea isotope 
monitoring (Figure 5) are used as a reference for the radon monitoring network installed 
in the Vrancea area, but in long term, it might also provide data in order to better 
understand the tectonic setting of the Râmnicu Vâlcea area. The small borehole for radon 
monitoring is positioned next to the main borehole (where the confirmation sensor was 
installed), and results are interpreted considering the temperature, humidity, and air 
pressure. 

 
Figure 5 - Radon, temperature, humidity, air pressure measurements next to borehole in 

Râmnicu Vâlcea. 
 
One problem with complex systems is their maintenance and upkeep, therefore during 
the project will be establish a testing and maintenance procedure of the sensors and of the 
whole system. In addition to the warning part, which includes hardware and software, the 
electro-valves network must be kept under constant observation. Their management 
involves travel to those locations and spare parts. The project is flexible in adopting the 
optimal solution, and one of the questions is what type of connection (internet and / or 
radio) should be used. Internet connections are simpler (GSM modems can be used) but 
introduce delays compared to radio ones which are simultaneous for all users. The use of 
radio receivers, such as pagers, involves the allocation of a frequency and expenses with 
the broadcasting station and an antenna to ensure the highest possible coverage. 
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The project also involves some technological challenges. Power supply and 
communications being among the most important ones. Therefore, an electric generator 
is planned to be installed at Electrovalcea SRL and two internet providers will 
simultaneously use for communications. At the beneficiaries, the control of the gas 
blocking electro-valves will be made through a device that will be provided with 
protective batteries in case of power failure. 
In conclusion, the system is feasible and has passed the phase of evaluating the business 
plan. Technology transfer from research to implementation in the private sector is a 
challenge. History regarding this project has its bases in 1999 (Wenzel et al., 1999), 
continued with a first application in the DACEA project (Danube Cross-Border System 
for Earthquake Alert, 2013) and reached the transfer phase to an economic operator. The 
project will be an implementation of the patent application (OSIM RO-BOPI 3/2019). 
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