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OVERVIEW OF GEOPHYSiCS FOR SMART CiTiES
Florina Chitea

University of Bucharest, Faculty of Geology and Geophysics

A SMART City is a city that embraces anticipatory action, leveraging
advanced technologies - including geophysics- to predict, prevent, and
mitigate hazards before their full impact is felt.

Geophysics plays a critical role in this transformation by providing
strategic insights for urban planning, disaster preparedness, and risk
reduction. Geophysical data enhances early warning systems, can improve
subsurface utilities management, and supports the design of resilient urban
infrastructure, including underground transportation networks.
Additionally, it helps in detecting hazardous objects (such as explosive
remnants of war and radioactive sources), delineating risk areas (such as
the ones experiencing accentuated subsidence, underground void
formation, and other forms of land instability), mapping contaminated
sites, and characterizing the mechanisms that trigger land instability in
urban areas. Geophysics is also a tool for derisking large investments such
as the ones in renewable energy, and in particular for harvesting
geothermal energy.

Innovative approaches that integrate geophysics, geology, and
remote sensing with modern technologies such as the Internet of Things
(IoT) and Digital Twin models can further improve decision-making. These
digital tools allow for real-time monitoring, predictive modeling, and better
resource management, making cities more resilient and efficient.
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A key aspect of successful SMART City implementation involves
fostering public engagement and education. Non-technical outreach
initiatives, such as citizen education programs on sustainability, urban
planning, and the role of geoscience in green transitions, empower
communities to better understand and actively support SMART city
strategies. Science for all/science in the street action and participatory
projects help address environmental concerns, ensuring inclusive decision-
making and community involvement.

Finally, strong partnerships between geophysicists, urban planners,
and civil engineers are essential to integrating scientific data into urban
development. By bridging these disciplines, cities can develop data-driven
strategies that enhance resilience, sustainability, and efficiency, ultimately
transforming urban environments into safer and smarter spaces.
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THE DISTRIBUTION OF MACROSEISMIC INTENSITIES IN
ROMANIAN CITIES - AN IMPORTANT STEP FOR RESILIENT URBAN
DEVELOPMENT

Iren-Adelina Moldovan', Angela Petruta Constantin’,
Dragos Toma-Danila’, Carmen Cioflan', Liviu Manea*

' National Institute for Earth Physics

Over the past decade, macroseismic intensity data has been systematically
collected online via an application of the National Institute for Earth
Physics, offering valuable insights into seismic effects across Romania’s
major cities. In our study, we will focus on macroseismic intensity data
collected for two distinct earthquake categories: (i) Subcrustal Vrancea
Earthquakes, where we aim to analyze the distribution of intensity values
in Bucharest, the capital city of Romania. For this category, we will examine
earthquakes with magnitudes below 5.8 that occurred in the last 10 years,
for which macroseismic data from online questionnaires are available.
Additionally, we will correlate these recent observations with
complementary datasets, such as historical intensity distributions for major
earthquakes like the 1940 and 1977 events, to offer a broader perspective on
the potential risks posed by subcrustal seismicity. Furthermore, we will
explore the exposure distribution in urban areas and integrate information
from the existing “microzonation maps”, under worst-case scenarios to
highlight variations in seismic response across the city’s districts, revealing
how local soil conditions, such as alluvial deposits, amplify ground motion.
This multi-faceted approach will help us to understand how local
conditions interact with seismic forces, to highlight the potential risks
posed by destructive earthquakes, and to provide essential benchmarks for
assessing the spatial variability of seismic impact as a guide for urban
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planning in regions prone to intermediate-depth seismic activity. (ii)
Moderate-magnitude crustal Romanian earthquakes in regions like Banat
and Gorj that have impacted nearby cities, causing localized damage. These
events reveal the need to address seismic hazards in areas previously
considered less vulnerable.

As we will demonstrate, crowd-sourced intensity values from recent events
serve as a foundation for improved mitigation strategies. By considering
intensity patterns, engineers can better evaluate seismic risks in urban
environments, with consequences on urban planning. Also, means for a
targeted first response are provided.
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TSUNAMI EDUCATION AND RISK REDUCTION IN THE BLACK SEA
AREA, IMPLEMENTED BY THE NATIONAL INSTITUTE FOR EARTH
PHYSICS

Raluca Partheniu!, Andreea Tolea', Iren-Andelina Moldovan'
Angela Petruta Constantin', Constantin Ionescu’

'National Institute of Research and Development for Earth Physics

The Black Sea area was subject to tsunamis in the past, with a number of 22
documented events. The Romanian and Bulgarian shores are exposed to
tsunamis induced by the Shabla seismic area, the most devastating event
was an earthquake of magnitude Mw 7.2 from 31st of March 1901, which
triggered tsunami waves up to 5 m in height.

The National Institute for Earth Physics (NIEP) is responsible for the
seismic, geophysical and geodetic monitoring of Romania, particularly
studying seismic sources and seismo-tectonics, engineering seismology,
seismic hazard, risk assessment and tsunamis. NIEP is Tsunami National
Contact (TNC) and Tsunami Warning Focal Points (TWFP) for the
Intergovernmental Coordination Group for the Tsunami Early Warning
and Mitigation System in the North-Eastern Atlantic, the Mediterranean
and connected seas (ICG/NEAMTWS) and also part of the Global Tsunami
Monitoring (GTM) group.

We started tsunami studies in 2007 with the national PROFET project
(Multidisciplinary researches on natural hazards. Case study: tsunami type
phenomenon in the Black Sea). In 18 years of activity, we developed the
field within multiple areas of interest, from warning and modeling to
awareness and education, in the framework of different cooperations and
regional and/or international projects, with a total number of seven past
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and three on-going projects. We are also part of the following COST Action
Project: Tsunami Hazard and Risk Education through Accessible Training
(THREAT).

In the framework of ASTARTE (Assessment, Strategy and Risk Reduction
for Tsunamis in Europe) regional project, tsunami related questionnaires
were conducted in Eforie Nord, on the Romanian shoreline, their results
emphasize that local population and tourists are not aware of the tsunami
risk in the Black Sea, nor know how to react in case of a real time event,
thus the necessity of education and materials dissemination.

Tsunami-related research and educational activities are emphasized by
multiple flyers (a general tsunami flyer in Romanian, two translated flyers
“tsunami fact sheet”, “what to do?”) and other educational posters and
booklets of the ICG/NEAMTWS group. Moreover, we disseminate every
year various information previous and during the World Tsunami
Awareness Day (WTAD) on the s5th of November. All materials are used to

inform the population on the tsunami potential hazard and risk reduction.

Acknowledgements

This paper was partially carried out within Nucleu Program SOL4RISC,
supported by MCI, project no PN23360201

We acknowledge the contribution of our colleague Diaconescu Mihail
(retired) to the tsunami studies and activity since 2007.

ALLIANCE Liechtenstein Norway

Driving Sustainable
Priving Sustai Norway grants grants

-~
GEO Iceland [PEB]_@Q Innovation
[ |

Norway

Page 1 2



GEOPHYSICAL AND GEOLOGICAL DATA FOR

\5 EO SMART CITY SOLUTIONS: BUILDING SAFER,
ALLIANCE MORE RESILIENT COMMUNITIES &
INFRASTRUCTURE

Driving Sustainable
Urban Futures 28 February 2025

ENHANCING URBAN RESILIENCE: A MULTi-HAZARD
FRAMEWORK FOR ADDRESSING POLLUTION, CLIMATE CHANGE,
AND SEiSMiC RiSKS iN ROMANIAN METROPOLITAN AREAS

Luminita Marmureanu', Bogdan Antonescu'?, Dragos Ene’,
Alexandru Marmureanu', Daniela Ghica!, Carmen Cioflan’,
Constantin lonescu’

'National Institute for Earth Physics
> University of Bucharest, Faculty of Physics

Romania’s major urban centers (e.g., Bucharest, Cluj-Napoca, lasi, and
Brasov)—housing over 2.7 million residents—face escalating challenges to
safety and sustainability due to the interplay of anthropogenic, climatic,
and geophysical hazards. This study presents these risks classified based on
short-, medium-, and long-term impacts, with a particular focus on urban
pollution as a critical and pervasive threat.

In the short term, air pollution episodes represent a significant risk, driven
by local sources such as traffic, industrial activities, and residential heating,
as well as transboundary contributions from natural and human-induced
events. Romania is frequently impacted by desert dust transported in the
spring from North Africa and the Aralkum Desert (former Aral Sea), as well
as by dust resuspended from unvegetated areas surrounding urban zones,
often linked to agricultural practices. Additionally, socio-political events,
such as military activities, can result in large-scale area burning,
exacerbating pollution levels. Factors including the intensity of burning,
the duration of smouldering, the presence of other local emission sources,
and meteorological conditions play a critical role in determining the extent
of air quality degradation. Such events contribute to elevated PMio
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concentrations, frequently exceeding EU pollutant thresholds. These cities
often experience exceedances of air quality standards for particulate matter
(PM2.5, PM10), nitrogen dioxide (NO2), and ground-level ozone (O3).

Over the medium term, risks linked to climate-induced hazards, such as
heatwaves and changing precipitation patterns place additional strain on
urban resilience. The intensification of urban heat islands, combined with
a 35% increase in tropical nights since 1990 in Bucharest, heightens thermal
stress on critical systems, including energy grids, public health
infrastructure, and water management networks. At the same time, shifting
precipitation patterns exacerbate the risks of flooding and prolonged
drought, further challenging the capacity of urban systems to adapt to these
changes.

In the long term, metropolitan areas face significant geophysical hazards,
particularly from the Vrancea seismic zone. Historical earthquakes, such as
the 1977 Vrancea event (M7.4), have demonstrated the devastating
potential of seismic activity in Romania. Aging infrastructure, combined
with insufficiently updated building codes, underscores the urgent need for
modernization and retrofitting to mitigate future catastrophic outcomes.

This study integrates environmental monitoring, climatology analysis, and
seismic hazard data to provide a holistic understanding of the multi-hazard
landscape in Romanian cities. The findings highlight the frequency of these
risks and emphasize the need for integrated, long-term strategies that
prioritize sustainability and resilience in urban planning.
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ENHANCING URBAN RESILIENCE TO FLOOD RISK THROUGH
MACHINE LEARNING: THE CASE OF M’SILA

Benoudina Nouha Amira’, Tahmi Sadiq?, Florina Grecu3

Institute GTU
*University of Constantine, 3 Salah, Boubnider, Department of Urban
Management Techniques and Environment
3University of Bucharest

Flooding poses a significant challenge for urban areas, particularly in M’sila,
where geographical and hydrological factors heighten vulnerability. This
study introduces an integrated approach that leverages Machine Learning
(ML) and Geographic Information Systems (GIS) to improve flood risk

assessment and mapping. GIS enables comprehensive spatial analysis by

incorporating diverse datasets, while ML enhances predictive accuracy,
allowing for more precise identification of flood-prone areas. The results
demonstrate a high level of reliability, underscoring the potential of this
approach in urban flood management. By providing decision-makers and
urban planners with a powerful tool for risk mitigation and strategic
planning, this study contributes to building more resilient cities in the face
of climate-related hazards.
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GEOLOGICAL AND GEOMORPHOLOGICAL EVOLUTION OF
DJEBEL SIDI R’GHIS, OUM ELBOUAGHI, ALGERIA:
LANDSLIDE SUSCEPTIBILITY MAPPING USING AHP AND MACHINE
LEARNING APPROACHES

Dinar Haythem'?, Rebouh Nouh'?, Amer Zeghmar', Yacine Benzid',
Faicel Tout!, Mansouri Ibtissem?3

'Centre de Recherche en Aménagement de Territoire (CRAT),
Constantine, Algeria
*Laboratory (LRNAMS), Larbi Ben M’hidi University, Oum El Bouaghi,
Algeria
3Laboratoire de Recherche en Hydraulique Appliquée, Département
d’Hydraulique, Université de Batna 2, Algeria

Landslides pose a significant threat to urban and rural communities,
particularly in geologically active regions. This study focuses on the
geological and geomorphological evolution of Djebel Sidi R’ghis, Oum EIl
Bouaghi, Algeria, with an emphasis onlandslide susceptibility
mapping to support disaster risk reduction and resilient community
planning. By integrating Analytic Hierarchy Process
(AHP) and machine learning techniques, we provide a data-driven
framework for identifying landslide prone areas and enhancing early
warning systems.

Field investigations and remote sensing data were combined to map over
50 landslides in the region, with a particular focus on the influence of the
major fault south of Djebel Sidi R'ghis. Using ArcGIS and digital terrain
models, we analyzed key factors such as slope gradient, lithology, fault
proximity, and land use. AHP was employed to weigh these factors, while

~
GEO Iceland [PEB:_@Q Innovation
[ |

ALLIANCE Liechtenstein Norway

Driving Sustainable
Priving Sustai Norway grants grants

Norway

Page 1 6



GEOPHYSICAL AND GEOLOGICAL DATA FOR

3 SMART CiTY SOLUTIONS: BUILDING SAFER,
ALLIANCE MORE RESILIENT COMMUNITIES &
Driving Sustainable INFRASTRUCTURE
Urban Futures 28 February 2025

machine learning algorithms improved the predictive accuracy of the
susceptibility model. This integrated approach not only enhances the
reliability of landslide risk assessments but also provides actionable
insights for urban planning and infrastructure design.

The findings underscore the importance of geophysical and geological data
in building safer, more resilient communities. By identifying high-risk
zones and understanding the underlying mechanisms of landslides, this
study contributes to disaster preparedness and sustainable development.
The methodologies developed here can be adapted to other regions,
supporting cross-disciplinary collaborations and informing policy decisions
for smart city solutions.
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REVEALING THE GEOLOGICAL SECRETS OF TEBESSA (MORSOTT),
NORTH-EASTERN OF ALGERIA: AN INNOVATIVE MORPHO-
STRUCTURAL APPROACH

Rebouh Nouh*?, Benabbas Chaouki', Dinar Haythem'?, Amer Zeghmar,
Yacine Benzid!, Faicel Tout

'Centre de Recherche en Aménagement de Territoire (CRAT),
Constantine, Algeria, 2Laboratory (LRNAMS), Larbi Ben M’hidi University,
Oum El Bouaghi, Algeria

This study presents an innovative approach for geological investigation in
the Morsott region, located within the Saharan Atlas range in Algeria. This
area is characterized by complex geology marked by intense tectonic and
erosive processes, which directly influence the distribution of natural
resources, particularly water and minerals. In response to these challenges,
a new analytical strategy integrating advanced geo-information techniques
and a morpho-structural approach has been developed to propose a
renewed interpretation of the geology of this strategic region.

The study focuses on the production and analysis of essential thematic
maps, including location, geological, fracturing, hypsometric, hydrographic
network, mineralization, and a morpho-structural synthesis map. These
tools provide a multidimensional visualization of the region, offering a
comprehensive understanding of the interactions between tectonic
structures, geological formations, and hydrological dynamics.

The findings reveal a direct correlation between fracturing networks and
the distribution of water points, highlighting the importance of faults and
fractures as natural reservoirs. Mineralization mapping identified high-
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potential mineral zones, while the hypsometric map revealed critical areas
in terms of erosion and water flow management.

The main innovation of this approach lies in the harmonious integration of
geo-informatic tools for a multi-parametric analysis of the region. This
method not only optimizes the sustainable management of natural
resources in this arid area but also provides a solid foundation for further
geological research in regions with similar contexts.

This study, therefore, makes a significant contribution to enhancing
geological investigation methods in complex environments and offers
promising prospects for better water and mineral resource management in
the Tebessa region.
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MAPPING 37Cs ACTIVITY IN ROMANIAN SOILS USING GAMMA
SPECTROMETRY

Bianca-Maria Linca*?, Andrei-Paul Borsos"*, Theodora Gheorghe *3,
Ileana Radulescu 2, Rasvan Stochici 4, Liuba Coretchi’

'University of Bucharest, Faculty of Physics
*Horia Hulubei National Institute for R&D in Physics and Nuclear
Engineering
3National University of Science and Technology Politehnica Bucharest,
Department of Analytical Chemistry and Environmental Engineering
4Institute of Geodynamics of the Romanian Academy, Bucharest, Romania
SMinistry of Health of the Republic of Moldova, National Agency for
Public Health, Chisinau, Moldova

This study investigates the presence and distribution of caesium-137 (Cs-
137) in 95 soil samples collected from the southeastern region of Romania,
an area historically affected by fallout from the 1986 Chernobyl nuclear
accident. Cs-137, with a half-life of approximately 30 years, remains a
persistent radionuclide of concern for both environmental and public
health. Soil samples were gathered from diverse land-use settings and
various topographical features to capture a comprehensive profile of
contamination levels. Gamma spectrometry was employed to quantify Cs-
137 activity concentrations, revealing spatial variations attributable to
localized deposition patterns and broader atmospheric transport processes.
Gamma spectrometry analyses focused on the o-30 c¢m soil layer, where
erosion processes are most active and capable of mobilizing Cs-137. At
greater depths, the detected activity patterns reflect older erosion and

~
GEO Iceland [PEB:_@Q Innovation
[ |

ALLIANCE Liechtenstein Norway

Driving Sustainable
Priving Sustai Norway grants grants

Norway

Pagezo



GEOPHYSICAL AND GEOLOGICAL DATA FOR

3 SMART CiTY SOLUTIONS: BUILDING SAFER,
ALLIANCE MORE RESILIENT COMMUNITIES &
Driving Sustainable INFRASTRUCTURE
Urban Futures 28 February 2025

sedimentation events, thus offering insights into the long-term
geomorphological dynamics of the region.

The measured Cs-137 activities were compiled into a comprehensive map
illustrating the spatial distribution of this radionuclide across the country.
This mapping approach not only highlights variations in contamination but
also underscores how factors such as land use, local topography, and
climatic conditions influence Cs-137 transport and deposition. The results
demonstrate the potential of Cs-137 as a tracer for understanding soil
erosion processes and inform targeted environmental monitoring and land
management strategies. Such maps are invaluable for mitigating ecological
risks and inform more effective soil conservation strategies in areas affected
by radiological contamination. Overall, the study highlights the
importance of integrating radiological data with geomorphological and
land-use analyses, providing a robust framework for assessing and
managing the long-term consequences of nuclear fallout on soil resources.
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THE USE OF NATURAL AND ECO-FRIENDLY MATERIALS FOR
REDUCING Cr (VI) IN WASTEWATER

Theodora Gheorghe"?, Nicoleta Tugui?, lleana Radulescu’,
Bianca Maria Linca*3

'Horia Hulubei National Institute for Physics and Nuclear Engineering -
IFIN HH, SALMROM Laboratory
*National University of Science and Technology Politehnica Bucharest,
Department of Analytical Chemistry and Environmental Engineering
3University of Bucharest, Faculty of Physics

Chromium is a chemical element found in the environment in various
oxidation states, being a pollutant resulting from industrial activities.
Hexavalent chromium (Cr VI) is toxic and can be harmful to human health
and the environment.

Exposure to Cr (VI) can cause a variety of health issues, including cancer,
respiratory conditions, dermatitis, and liver and kidney damage. For this
reason, it is important to monitor and reduce Cr (VI) levels in water
samples, especially in drinking water, to protect public health and the
environment.

Reducing Cr (VI) levels can be achieved by using natural and eco-friendly
adsorbents, such as ground grape or peach pits, as well as activated carbon
prepared from peach pits. This solution provides an ecological and
economical way to reduce chromium pollution, as well as other heavy
metals, with potential for large-scale application.
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The method used for determining Cr (VI) in water samples was the
spectrophotometric method with diphenylcarbazide (DPC). To reduce Cr
(VI) in wastewaters, the activated carbon was prepared using equivalent
mass of peach pits and volume of H,SO, concentrated (99.6%).
Subsequently, the retention capacity of each adsorbents has been analyzed
thru variation of the Cr (VI) concentrations and time contact.

The results obtained showed that the retention capacities of each adsorbent
used depend on the pH of the water samples. Additionally, the highest
Cr(VI) retention capacity was recorded for grape pits, while for activated
carbon and peach pits was lower. The retention yield after 60 minutes of
contact between the wastewater and the adsorbent, for ground grape pits
was 91,1%, and for peach pits was 92,5%. The highest retention yield was
99.5%, obtained for activated carbon, highlighting the efficiency of this
type of adsorbent in reducing Cr (VI) concentration and proposing a
sustainable and ecological method for treating contaminated water.
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*?Rn ACTIVITY CONCENTRATIONS IN BOTTLED NATURAL
MINERAL WATERS: A COMPARATIVE STUDY OF CARBONATED
AND NON-CARBONATED SAMPLES

Bianca Maria Linca?, Andrei Paul Borsos?, Alina Catrinel Ion3, Ion Ion3,
Rasvan Stochici4, Theodora Gheorghe'3, Liuba Coretchi’, Florinela Sirbu®,
[leana Radulescu’

'Horia Hulubei National Institute for Physics and Nuclear Engineering -
IFIN HH, SALMROM Laboratory
*University of Bucharest, Faculty of Physics
3National University of Science and Technology Politehnica Bucharest,
Department of Analytical Chemistry and Environmental Engineering
4Romanian Academy Institute of Geodynamics Sabba S. Stefdnescu
SMinistry of Health of the Republic of Moldova, National Agency for
Public Health
®Ilie Murgulescu” Institute of Physical Chemistry of Romanian Academy,
Department of Chemical Thermodynamics

This study investigates radon (**Rn) activity concentrations in bottled
natural mineral waters, both carbonated and non-carbonated, sourced
from Romania. The objective was to compare radon levels between these
water types and to estimate the corresponding annual ingestion doses for
adults. Radon activity was measured using the Lucas scintillation cell
method, which employs a degassing system to extract and quantify radon.
A total of 14 samples were analyzed (6 carbonated and 8 non-carbonated).
This analysis highlights that the Romanian mineral waters, both still and
carbonated, adhere to regulatory safety standards for radioactive and
chemical parameters, revealing radon activity concentrations well below
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the safety threshold of 100 Bq/L set by the World Health Organization
(WHO) and Romanian legislation.

Despite all analyzed samples following established safety thresholds, this
study highlights the complexities and challenges in accurately measuring
radon **2Rn, concentrations in bottled natural mineral waters. Radon loss,
due to its gaseous nature and short half-life (3.8 days), can occur during
multiple phases of the analysis process, including sampling, storage, and
measurement. These losses are particularly pronounced in carbonated
waters, where the presence of dissolved carbon dioxide and degassing
processes (e.g., ultrasonic CO, removal) can significantly impact radon
retention. The study also emphasizes that carbonated waters may exhibit
slightly higher radon concentrations than non-carbonated waters, a result
potentially influenced by carbonation processes, the solubility of radon in
pressurized environments, and interactions with dissolved minerals.

Estimated annual effective doses ranged from 0.22 to 1.41 uSv/y, confirming
that all samples comply with radiological safety standards. Despite the
compliance, this research underscores the need for high-sensitivity
detectors and standardized protocols to address the uncertainties inherent
in radon measurements. Future work is recommended to evaluate the
influence of dissolved gases, container materials, and treatment processes
on radon retention in bottled mineral waters.
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CO. GEOLOGICAL STORAGE: SITE SELECTION, RESERVOIR
CHARACTERIZATION AND ASSESSMENT

Sonia Lopez Kovacs

SPE Geothermal Technical Section for Europe

Carbon Capture and Storage (CCS) is a critical technology in the effort to
reduce greenhouse gas emissions, particularly in sectors where
decarbonization is challenging.

COz storage is a proven and effective way to permanently isolate captured
COz from the atmosphere. However, its successful deployment hinges on
the:
- availability of COz2 storage
- to build confidence that injected CO2 is permanently and safely
retained in the subsurface
- COz storage can be deployed at the required scale.

In a CCS project the value chain are long, complex, and involve investments
and operations by multiple business entities: emitters capturing CO2,
entities transporting and processing CO2, and CO2 storage operators.

The screening criteria for selecting appropriate sites for CCS projects are
essential to ensure that the process is safe, efficient, and sustainable. These
criteria generally include the following:
- Subsurface suitability: reservoir capacity, porosity, permeability,
seal integrity, depth
- Safety considerations: risk of leakage, induced seismicity,
monitoring and verification
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- Regulatory and environmental considerations: regulatory
compliance, environmental impact, proximity to sensitive areas

- Economic feasibility: transport infrastructure, cost-effectiveness,
long-term liability

- Public and social acceptance: community engagement and social
impact

- Operational considerations: injection rates, pressure (wellhead,
reservoir), technical feasibility

Both the subsurface technical knowledge and related data sets of the oil
and gas industry are major inputs required to address key challenges in
assessing geologic reservoirs, estimating storage resources and capacity,
injectivity, and containment for the permanent and safe storage of COz. In
this workshop cover the main technical criteria determine whether a CO2
storage resource is suitable for development into a COz2 storage site: CO2
containment, injectivity and capacity.

Effective CCS screening criteria are critical for ensuring the success and
safety of the process. A thorough evaluation based on geological,
environmental, economic, and regulatory factors is necessary to select the
right storage sites and ensure long-term viability and sustainability of CCS
projects.

Technical assessment, integration and feasibility work will be essential to
ensure that these projects meet their targets economically and safely and
that the social license to operate is preserved.
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GEO-STORAGE POTENTIAL IN SALT CAVERNS: ROMANIAN
PROSPECTS

[ulian Popa', Marius Mocuta'

'University of Bucharest, Faculty of Geology and Geophysics

Geo-storage has been promoted as a vitally important technology in the
transition to a new era of zero carbon. It involves the storage of fluids,
wastes (permanent) or energy carriers (temporary) in the subsurface of the
earth, including: the long-term sequestration of captured CO,, to mitigate
global climate change, short-medium storing green energy (hydrogen) for
use on demand.

For a large-scale clean energy production, the geo-storage can alleviate the
problem associated with the short-term variable nature of solar and wind
energy sources.

Hydrogen is often discussed as being the fuel of the future, and can be
produced with zero carbon emissions, but it is relatively difficult and
potentially dangerous to store at large-scales in conventional tanks.

Underground reservoirs, like depleted oil and gas fields, deep/saline
aquifers and salt caverns, are attractive options for the geo-storage of
hydrogen in large enough quantities to make it commercially globally
viable.

Salt caverns are artificially constructed by the leaching method in a salt
formation and used as storage repositories for gas and liquids.
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Few pilot projects (Austria, Argentina, Germany) are already
demonstrating the technical feasibility of underground green hydrogen
storage (UHS).

Romania has a large geo-storage potential, given the numerous salt bodies
and large-scale use of leaching method for salt exploitation. We will have
to develop further the facilities for green hydrogen production, transport
and injection in underground.
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IMPROVING KNOWLEDGE AND SKILLS IN THE USE OF
GEOTHERMAL ENERGY FOR RENEWABLE ENERGY SPECIALISTS

Sanda Voinea', Adriana Bdlan’

'University of Bucharest, Faculty of Physics

We are all aware of the need to use green energy at global, European and,
of course, national level and of course to reach the Green Deal targets. The
targets set at the European level require specialists with interdisciplinary
training in the field of renewable energy sources, who can integrate the
concepts of sustainability and zero carbon emissions in new technological
solutions and develop new policies in the field of green energy. The Faculty
of Physics at the University of Bucharest has been running the Master's
program Renewable and Alternative Energy Sources since 2010, which
prepares students for the job market. In the Master's program until 2020
were studied aspects related to fuel cells, batteries, solar energy converters,
wind energy, nanomaterials for green energy, environmental auditing,
passive houses. Since 2020, the Master's curriculum has been extended by
integrating a geothermal energy module, based on a collaboration with
Reykjavik University in Iceland, funded by EEA Iceland, Lichtenstein,
Norway Grants. For a sustainable and profitable exploitation of geothermal
resources, we consider the training of specialists by teaching them
concepts/phenomena from various related fields: geology, reservoir
engineering, hydraulics, physics, chemistry, environment, energy,
electromechanics. It is also very important the acceptance of the population
for the use of geothermal energy. In the pilot project, the geothermal energy
module, delivered by the specialists from Iceland, was completed by
eighteen Romanian students from all levels bachelor, master, doctorate, in
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blended format. The courses were uploaded in the dedicated platform and
the practical applications were done in Iceland, in international teams.
Graduates received three credits for this module and acquired knowledge
and skills for geothermal energy exploitation. We continue to develop new
projects to develop the transversal skills of students, future leaders in
renewable energy exploitation and deployment.
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AFTERSHOCK PROBABILITY FORCASTING FOR THE 2023 GOR]
OLTENIA SEISMIC SEQUENCE (ROMANIA)

Cristian Ghita', Bogdan Dumitru Enescu'?, Iren-Adelina Moldovan’,
Mihail Diaconescu!, Eduard Gabriel Constantienscu’

'National Institute for Earth Physics
*Department of Geophysics, Kyoto University

In February 2023, a significant seismic sequence started in the Gorj area,
part of the Central Southern Carpathians seismic zone, which included a
magnitude 5.4 Mw event on February 14, 2023. The sequence occurred near
the city of Targu Jiu. By using short and medium-term forecasting
algorithms, we can estimate the magnitude of aftershocks that may
generate significant intensity, potentially impacting local infrastructure
and population.

In this paper we propose the analysis of an aftershock probability
forecasting system, trained using data from Romania’s National Seismic
Network, accessed through the real-time portal (https://dataportal.infp.ro)
of the national Institute for Earth Physics (NIEP), and applied on the Targu
Jiu seismic sequence.

Mainshocks are sometimes followed by relatively large aftershocks, or
events larger than the mainshock itself (which then becomes a foreshock),
which can sometimes complicate forecasting models, like the relatively
simple Omori-Utsu law. To address these complexities, our approach
combines temporal b-value estimations with Omori-Utsu law parameter
estimation for both simple and complex seismic sequences. Time-
dependent analyses were performed for learning and forecasting periods of
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5, 10, and 25 hours, as well as a 6-day learning period with forecasting
ranging from 1 day to 1 week.

Tests were successfully conducted both on the real-time data-portal
catalogue and on the updated Romplus catalog, and the obtained results
demonstrate the practical utility and operational feasibility of our
forecasting procedure, starting from a system of previously detected
seismic aftershocks. This approach offers valuable insights for enhancing
seismic risk management and can contribute to better preparedness and
response strategies in the event of future seismic activity in the region.
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CUTTING-EDGE TECHNOLOGY FOR SEISMIC PRECURSORS
MONITORING IN VRANCEA ZONE

Andrei Mihai', Victorin-Emilian Toader', Dorel Hirnea', Bogdan Grecu,
Mihai Mihalache’, Iren Adelina Moldovan', Eugen Curmei’,
Dragos Tataru', Eduard Nastase’, Daniel Cioflan’, Constantin lonescu’

' National Institute for Earth Physics

The Vrancea region is known for its strong intermediate-depth
earthquakes, which impact vast areas in Romania and beyond. While large
intermediate-depth earthquakes occur in Vrancea, their frequency is
relatively low. The last devastating earthquake struck 48 years ago, and at
that time, only a few seismic instruments were installed in Romania. Today,
nearly 50 years after that catastrophic event, the National Seismic Network
comprises over 150 seismic stations. Moreover, thanks to the CRESCENDO
project (2021-2023), a significant number of instruments have been
acquired to monitor seismic precursors and environmental factors.

This paper details the innovative equipment installed in the Vrancea Near
Fault Observatory (NFO) for the multidisciplinary monitoring of seismic
precursors. The study focuses on advanced technologies used to track and
analyze geophysical, atmospheric, and chemical parameters associated
with tectonic stress in the Vrancea seismic zone.

The deployed equipment includes flux-gate and cesium vapor
magnetometers for geomagnetic field monitoring, a magnetotelluric
system for investigating the electrical structure of the crust and mantle, and
specialized sensors for measuring gaseous emissions (radon, CO,, CH,4, CO)
from the Earth's crust. Additionally, multiparameter probes analyze surface
water, while LIDAR systems monitor aerosols. Atmospheric parameters are
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measured using electric field sensors, cloud detection systems, and ground
radiant temperature sensors.

A substantial part of the data collected from the equipment installed in
2024 is transmitted in real-time to the GEOBS platform
(http://geobs.infp.ro/), where geophysical parameters are continuously
monitored. Although the short operational period since installation does
not yet allow for long-term data analysis, this study presents preliminary
results.

By integrating these technologies into a unified multidisciplinary
monitoring system, the project aims to achieve precise data correlation and
a deeper understanding of pre-seismic phenomena, particularly in the case
of major earthquakes. The implementation of this system at Vrancea NFO
contributes to the development of advanced seismic activity surveillance
methods, providing essential data for scientific research and earthquake
risk mitigation.
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BUILDINGS MONITORING - A USEFUL ACTION FOR THE URBAN
SEISMIC RISK REDUCTION

Stefan Florin Balan’, Alexandru Tiganescu’, Bogdan Felix Apostol’

' National Institute for Earth Physics

Vrancea region is the most important seismic source in Romania,
controlling the seismic hazard for large part of the country territory.
Though the seismic hazard is medium-to-high for many sites in Romania,
the seismic risk level is quite high in certain urban areas. Under these
conditions, developing and implementing modern techniques and tools
able to estimate the effect of earthquakes on the built environment in the
shortest time possible after a major earthquake is of highest interest. The
seismic monitoring of some representative buildings was carried out during
the last years, aiming to evaluating and analysing the response to
impending earthquakes movement. The present study is focused on two
cities: Bucharest, the capital of the country, with 2.45 million inhabitants,
including the metropolitan zones, situated at about 130-160 km from the
Vrancea epicentre area and Focsani, a city close to the epicentre zone, with
124,000 inhabitants.

The currently seismically monitored buildings are analysed considering
their characteristics (number of stories, construction year, materials) and
current state (old buildings, retrofitted, etc.). Some of the monitored
buildings are equipped with seismic isolators and viscous dampers. The
performance of this earthquake-protection system is assessed based on
earthquakes data.

The records from Vrancea earthquakes occurred over a last decade with
magnitudes My, ranging from 3.8 - 5.6 and focal depths between 40 and
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150 km are processed both in frequency and time domain. The procedure
that allows to perform real-time data acquisition, data exchange and data
analysis from structures exposed to seismic excitation or under ambient
vibration is briefly described. The processed data are of earthquake
engineering interest, namely maximum acceleration, maximum spectral
acceleration, and corresponding oscillation periods. A comparison is made
for the acceleration response spectra and spectral ratio computed for
similar buildings located in Bucharest and Focsani. Parameters from
different type of structures, located in Bucharest also are evaluated in a
comparative manner. The seismic response is emphasized for each building
in correlation to its design characteristics, the hypocentre distances and
earthquake magnitude. The results are given with reference to the benefits
of retrofitting techniques, and correlations between seismicity, local effects
and urban vulnerability.
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SEISMICITY CHARACTERIZATION IN AREAS WITH QUARRY
ACTIVITY FOR HAZARD ASSESSMENT IN THE SOUTH-WEST
CARPATHIAN BEND ZONE (ROMANIA)

Raluca Dinescu’, Mircea Radulian**3, Mihaela Popa?, Mihai Marius"4,
Ioan Munteanu’, Adina Rau%, Bogdan Zaharia*

'National Institute for Earth Physics
> Academy of Romanian Scientists
3Romanian Academy
4University of Bucharest, Faculty of Physics
SUniversity of Bucharest, Faculty of Geology and Geophysics
®West University of Timisoara, Faculty of Physics

To obtain an accurate hazard assessment we need to identify the type of
sources generating seismic waves in areas with quarry activity, such as the
south-western part of the Carpathian Bend. For such areas, where
anthropic events from quarry blasts and natural earthquakes are mixed
together, it is essential to separate these two sources in order to improve
regional seismic catalogues and seismic hazard assessment. Our study is
focused on the region around Deva city, where several quarries are active,
in order to investigate the impact of anthropic events on local and regional

seismicity.

A key objective of this study is to test and validate a regional velocity model
based on the data recorded in the target area. The velocity model is
calibrated and tested using VELEST software to optimize wave propagation
parameters and improve location accuracy. To discriminate anthropic from
tectonic activities, several methods are applied: waveform analysis,
frequency content, and spatial distribution of seismic events.
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In addition to seismic event discrimination, this study investigates to what
extent the perturbations caused by repeated detonations in quarries could
influence the local stress field and potentially contribute to induced
seismicity. Localised stress redistribution produced by repeated blasting
may interact with pre-existing fault structures or cause small-magnitude
seismic events. The results of this study are particularly relevant for the
Deva region as part of the South-West Carpathian Bend Zone, where quarry
activity is prevalent and has the potential to influence regional seismicity.

By implementing a validated velocity model and discriminating between
natural and anthropic events, this research contributes to a more precise
understanding of seismic hazards in quarry-active regions. Finally, our
investigation is a contribution to improve the seismic hazard assessment,
risk mitigation strategies, infrastructure planning, and regulatory measures
for quarry operations.
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IMPACT OF MAJOR TRANS-BORDER HISTORICAL EARTHQUAKES
ON ROMANIAN CITIES: A MACROSEISMIC EFFECTS ANALYSIS

Angela Petruta Constantin’, Mihail Diaconescu’, Iren-Adelina Moldovan'

' National Institute for Earth Physics

Major earthquakes, including those occurring in trans-border regions, do
not affect only the national territory but also have significant impacts on
areas from neighboring countires.

One such event occurred in the northern part of northeast Bulgaria, in
Dulovo seismogenic zone, on October 14, 1892, at 6:50 A.M. (GMT), with a
depth of 10 km, a magnitude of M,, = 6.5, and an intensity of I, = VIII MSK
(Oncescu et al., 2000-updated). With its epicenter located just 100 km from
Bucharest and 145 km from Constanta, this crustal earthquake struck the
border region between Romania and Bulgaria, causing severe damage in
both countries, particularly in densely populated areas. In the Romanian
territory the shaken area was about 210.000 km2 (Atanasiu, 1961). To the
north, the earthquake was felt up to the Carpathian Bend; to the northeast,
it reached as far as Iasi, and to the west, it extended to Drobeta Turnu-
Severin. The most significant effects were recorded in the areas of the
Romanian Plain.

In this study we present historical information about the macroseismic
effects of this trans-border crustal earthquake. Historical records provide
valuable insights into the macroseismic effects of this earthquake, with data
gathered from various sources and evaluated using the MSK macroseismic
scale.
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These historical accounts help illustrate the image of destruction and the
area most affected by the quake, offering crucial data for assessing seismic
risk. Understanding the impacts of such events is crucial for resilient urban
planning. Historical seismic data serve as an input for designing safer
infrastructure. By integrating lessons from past earthquakes, urban
developers and engineers can better mitigate risks associated with unstable
ground conditions, ensuring safer, more reliable environments. This
approach supports the broader goal of building resilient communities in
seismically active regions, reducing potential damage and fostering
sustainable urban development.

Atanasiu, 1., 1961. Cutremurele de Pamant din Romania, Editura Academiei
R.P.R., Bucuresti, 194 pp,

Oncescu, M. C., Marza, V. L., Rizescu, M., Popa, M., 2000. The Romanian
earthquake catalogue between 984-1997. Vrancea Earthquakes: Tectonics,
Hazard and Risk Mitigation, F. Wenzel, D. Lungu (eds), O. Novak (coed.),
Pp- 43-47, Kluwer Academic Publishers, Dordrecht, Netherlands.
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SHORT-TERM FORECASTING FOR SEISMIC ACTIVITY BASED ON
AFTERSHOCK SEQUENCES

Bogdan-Felix Apostol', Carmen Ortanza Cioflan', Catdlina-Roxana Bratu'

'National Institute for Earth Physics, Romania

The short-time seismic activity may be described by a set of statistically
independent variables (like, for instance, magnitude, time, location, etc.) in
a stochastic point-process approach, correlations included. The statistical
analysis of the time-magnitude distributions of the earthquakes is
employed herein for a short-term forecasting focusing especially on their
temporal behaviour. The paper puts forward an answer to a practical
problem in short-term earthquake forecasting, which is "what happen
next?" The approach makes use of Omori's law for aftershocks and the
recurrence time for main shocks. The seismic activity following a main
shock is usually represented, for a short time period, by accompanying
aftershock sequences. However, Omori’s law represents only a particular
pattern for the accompanying seismic activity, which for a short-time scale
is more complex. The poor statistics and the difficulty to discriminate the
aftershocks may give limitations in the application of Omori’s law for
practical use. The approach is applied to Vrancea seismic source and
conditional distributions and probabilities of the next seismic event
following a conditional seismic event are developed. The distribution is
obtained by analysing over 3000 earthquakes with (moment) magnitude M
> 3 recorded in Vrancea over the last four decades. The results show a
characteristic time-decreasing behaviour of the occurrence of the next
earthquake, at least for lower-magnitude earthquakes (M < 4-5), extending
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roughly over 20-25 days. For stronger earthquakes (M > 5), due to the poor
statistics, the estimation lacks confidence, to some extent, preventing us
from employing such estimation in a much general context. However, the
present procedure is useful in pursuing hazard estimation for particular
areas and seismic sources
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ASSESSING HAZARD RISKS IN URBAN AREAS AFFECTED BY
MINING ACTIVITIES

Florina Chitea"?, Nicolae Cruceru*3, Veysel Isik*, Reza Saber*, Marc-Andrei
Vodd', Ayse Caglayan’, Marjan Tourani#, Mihail Diaconescu®,
Raluca Dinescu®, Lucica Niculae? Alin-Titus Serban?

'University of Bucharest,

*“Sabba Stefanescu” Institute of Geodynamics of the Romanian Academy
3“Emil Racovita” Institute of Speleology, Romanian Academy, Bucharest
4Ankara University, Department of Geological Engineering, Tectonics
Research Group, Ankara, Turkiye

sDepartment of Geological Survey, Ministry of Environment, Urbanisation
and Climate Change, General Directorate of Spatial Planning, Turkiye
®National Institute of Earth Physics, Romania
"National Horia Hulubei National Institute for Physics and Nuclear
Engineering

This study assesses the geotechnical and environmental risks associated
with case studies from Romania, where urban life is often impacted
by underground mining operations or quarrying activities. Several cities
have experienced significant challenges due to mining-induced
ground instability, with some of the most well-known cases involving
urban areas developed near salt mines, where sudden subsidence
phenomena have led to land deformation and property destruction. In
addition to these cases, this study explores the risks associated with two
quarries—one for gypsum and one for marl, both essential materials for
cement production—focusing on the instability of sterile material
deposits. Under triggering factors such as heavy rainfall, sterile material
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deposits can become destabilized in the form of a mass-movement
mechanism, posing serious threats to nearby infrastructure and
communities.

By employing specialized field investigation methodologies, including a
combination of remote sensing techniques and geophysical surveys, this
research demonstrates how ground conditions can be effectively assessed.
Through the interpretation of geophysical data, key triggers for potential
failures can be identified, providing support for the development of
effective mitigation measures.

The findings emphasize the importance of integrating geophysical methods
into SMART city management practices, enabling proactive risk assessment
and sustainable urban planning.
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GEOELECTRICAL INVESTIGATIONS IN BUCHAREST AREA
R. Stochici, C. Diacopolos'

! Institute of Geodynamics, Romanian Academy, Romania

Anthropic processes significantly impact the geological environment and
groundwater, increasing the need for geophysical studies tailored to urban
area investigations.

Among the geophysical methods that respond to actual necessities of urban
investigation are the geoelectrical methods: vertical electric surveys (VESs),
resistivity tomography (ERT) and electric profiling (PE). The geoelectrical
methods are useful to indicate the changes in ground properties, water
accumulation, pollution, or contamination of the geological environment.

Applying the geophysical methods in urban areas to protect the
environment, putting the geoelectrical methods and spectrometry in
priority positions, and combining the results of both methods is more
useful than the separate results. The monitoring of natural radioactivity in
most cases is related to accidental radioactive contamination, therefore, the
monitoring of the territory follows up on any abnormal growth of
radioactivity in the environment.

In this study, the spectrometric investigations had the purpose of assessing
the values of radio elements and the level of natural radioactivity, and dose
measurement gamma flowrate (nSv/h), for the environment monitoring
and also geological and geophysical characterization.

Two types of anomalies have been identified, one influenced by anthropic
activities and the other by the geological environment. We will continue
the measurements in order to cover optimally the whole territory and the
entire lithological units optimally, thus creating an overview of the
distribution of radioactivity levels.
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