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Abstract: Humankind has always been threatened by natural disasters. With the progress of technologies and
science people started interfering with natural resources, natural phenomena, the atmosphere, the soils, waters,
oceans and rivers. As a consequence, today we have a new kind of disasters – manmade disasters. It is a new
category of threats that humanity needs to deal with – the anthropogenic accidents.  
The current article discusses major trends in managing environmental disasters of human origin. The text elaborates
on high risk scenarios relevant to Bulgaria and focuses on ionizing radiation related accidents and air pollution
disasters in large urban regions. A summary of state-of-the-art technologies and systems for nuclear accidents
management are presented. Further, the article demonstrates all related achievements accomplished by teams at
the Space Research and Technology Institute – Bulgarian Academy of Sciences.  
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Introduction
 

There is not a single accepted and exact definition of the term environmental catastrophe. One could
find a large number of definitions in the literature. This lack of widely used terminology is a sign of the
complexity of unsolved problems related to studying of vehement phenomena of the environment. 

According to their origin, the environmental disasters are divided into two groups: natural and
anthropogenic. 

The natural environmental catastrophes may also be defined as extreme geophysical events. Those
are events involving extreme alternation of natural environment parameters. Natural environmental
disasters arise on Earth without human interference. Such phenomena are earthquakes, tropical
cyclones, volcano eruptions, avalanches, dust storms, tsunamis, landslides, hailstorms, heavy snowfalls,
meteorite falls, etc. Modern science is aware of more than 50 different natural phenomena and processes
that have the scale needed to be classified as natural environmental catastrophes (Mardirossian, 2020). 
 

Figure 1. Natural disasters photographed from Space. Top-left: Supercell thunderstorm over Joplin, USA,
(May 22, 2011). The supercell spawned an EF-5 tornado with winds higher than 300 km/h. Taken by
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) on NASA’s Terra satellite
(image in false-colour); Top-right: Typhoon Rai over Philippines (category 5), December 16, 2021, taken
from Visible Infrared Imaging Radiometer Suite (VIIRS) on the Suomi-NPP satellite; Bottom-left: Supercell
thunderstorm in Oklahoma, USA, spawned a destructive tornado that passed just south of Oklahoma City
(On May 20, 2013). Taken by Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA’s Aqua
satellite. Image in natural-colour; Bottom-right: South-eastern Iraq flood by Moderate Resolution Imaging
Spectroradiometer (MODIS), January 12, 2004. Images from NASA, © public domain.
 

Anthropogenic, or human, activity is related to both development of the industrial sector and
urbanization. Without the latter two processes it would be difficult to assess the progress of human
society, but by abusing them through reckless, flawed and criminal strategies, anthropogenic catastrophes
are invoked. Namely, these are chemical, biological, radioactive, and other types of pollution of the
atmosphere, soil, water basins, etc. The accidents are generally related to and take place in
malfunctioning technological processes or are consequences of accidents in facilities used for chemical
manufacturing, energy production, transport, biotechnologies, nuclear power plants, etc. It is expected
that such accidents would take place during military conflicts when the negative impact on the
environment is deliberate. Despite the constant technology improvement and scientific advances,
environmental accidents of anthropogenic origin pose a significant threat to human health and life. These
disasters also cause serious material damage.

Major trends in environmental disasters management
 

The major directions in management of environmental disasters are (Berberova, 2012; Getsov, 2014;
Kostova, Berberova, 2009; Mardirossian, 2020):

Study and monitoring - the study and monitoring of natural and / or anthropogenic processes and
phenomena are the prerequisites for good management related to reducing the consequences of
environmental disasters - human casualties, economic damage and social effects.
Prediction – all devices, systems, knowledge, education of the population, activities, and research
aimed at preliminary assessment of the risks and probabilities of environmental disaster
occurrence.
Prevention – organized activities aimed at reducing the risk of such events happening. All needed
actions must be undertaken before the accidents have taken place. To achieve preventive effect
society must be prepared for them having experts that are established and well prepared
scientifically and practically in this matter. Further, preventive measures may include education of
the population, infrastructural projects, critical facilities surveillance, regular testing, technical
analysis, personnel selection and continuous education.
Tracking of processes – the actions undertaken for the purpose of collecting data about precursor
events or disasters currently taking place. These activities are realized using people involved in
certain tasks or developed technological methods based on devices for tracking, storing and
sending the information remotely to centres for analysis.
Active intervention – such activities are mostly evident when the accident has already taken place.
Often large parts of the population are involved. It is not a good sign of successful preparation if the
situation has reached this stage of disaster management, but some events are impossible to predict
and circumvent, and disasters do happen. Once the event is underway, minimization of damages
and casualties is the primary objective. Further, the decrease of pollution that may influence human
life and natural environment in future years is a concern.
Rescue operations – when, through active intervention, the disaster is impossible to bring under
control and groups of people or single individuals are affected and at risk, rescue operations may
be undertaken in order to evacuate the endangered humans from the scene of the disaster.
Reconstruction and restoration measures – when finally the disaster has been contained and put
under control, reconstruction of the damaged infrastructure and natural resources might took place.
Such activities don’t always come to fruition as the pollution might be so intense, or physically and
chemically hard or even impossible to clean, that only time and natural processes are capable of
eliminating the consequences of the accident.

 
In respect to modern methods of disaster management we elaborate on certain aspects of some of

the most significant threats to the population in regard to the circumstances and facts related to the
conditions in Bulgaria and the processes and facilities posing greatest risk to public health in the country. 

It is well known that Bulgaria is a producer and exporter of atomic power plant electricity. The cost for
this production and revenue the state realizes is mostly concentrated in the risk of an accident with our
nuclear power plant. Such risks are associated with human factors, both non-intentional and deliberate,
such as technology malfunction, human errors in maintenance and exploitation processes, terrorist
attacks, etc. 

Another field of risk for the health of the population is the pollution of the air and food by industry,
households and vehicles. Large cities in Bulgaria suffer from high levels of air pollutants and the resultant
diseases of the respiratory system (Pamukoff-Michelson, 2020), such as asthma (Mihaylov and Pamukoff
– Michelson, 2021). Food pollutants are affecting the metabolism, causing obesity (Pamukoff-Michelson,
2021B; Pamukova, 2017; Pamukova, 2016A; Pamukova, 2016C), etc. Certain preventive measures are
possible by the application of complex preventive programmes (Pamukoff-Michelson, 2021B; Pamukova,
2017; Pamukova, 2016A; Pamukova, 2016B; Pamukova, 2016D) in addition to modern technology for
monitoring and collecting pollutant data, mapping of the data and locating the major culprits. There are
methods of counteracting these pollution factors to a certain extent in the cases where there are no
effective measures against the environmental polluters. 

The current article presents some anthropogenic disaster management methods and technological
means developed at the Space Research and Technology Institute – Bulgarian Academy of Sciences.
Most of these innovations and inventions are protected by patents, registered at the Bulgarian Patent
Office.

Modern methods in environmental disasters and anthropogenic accidents management
overview
 

Following the need for disaster management of certain high risk scenarios relevant to Bulgaria, teams
at the Space Research and Technology Institute – Bulgarian Academy of Sciences have invented,
patented, published and tested a number of novel technologies related both to management of disasters
linked to ionizing radiation related accidents and pollution of the atmosphere by sources of anthropogenic
origin. The latter are mostly endangering the big cities in the country and putting at risk the health of the
population in these large urban areas. 

Starting with the radiation hazards, we must establish that the problem is not unique to our country,
but is a global one due to the increased worldwide interest in nuclear power plants electricity production
taking place lately. This trend became more pronounced after it became evident that the solar and wind
power plants are unable to deliver the required electricity for the industry and households in the countries
with high electricity demand. Thus the risk from disasters in nuclear facilities in many countries and all
consequential threats to public health is increasing. It should be understood that not only nuclear power
plants pose this risk, but also nuclear fuel enrichment factories, storage stations and depots for spent
nuclear fuel and nuclear waste, radioactive ore mining, and even facilities not related to nuclear power
production such as employment of nuclear isotopes in medicine (Gjurov and Berberova, 2008; Gjurov et
al., 2008; Garcia-Sanchez et al., 2018; Seco et al., 2014). 

During a nuclear industry related accident, the major risk for the public is the uncontrolled spread of
radioactive material. The spread of radioactive content may be restricted to the facility perimeter or may
reach beyond to vast areas. Most dangerous are those disasters that release the radioactive materials
into the air or in water basins thus enabling the transport of the pollutants to large areas and distant
places, making the direction of the spread hard or impossible to predict in advance. 

Most severe accidents of that kind were the Fukushima Daiichi nuclear disaster from 2011
(Kawatsuma et al., 2012) and the Chernobyl disaster from 1986 (Berger, 2010). Both events were of
catastrophic character, involved explosions and spread of radioactive fallout and isotopes over a wide
area, in the sea and in the atmosphere polluting a large geographical region. Both accidents are classified
as level 7 events – the highest grade by the International scale for atomic and radioactive events (INES)
(Mardirossian, 2020). 
 

Figure 2. Fukushima accident site. Top – IAEA experts depart Unit 4 of TEPCO's Fukushima Daiichi
Nuclear Power Station on 17 April 2013 as part of a mission to review Japan's plans to decommission the
facility. Photo Credit: Greg Webb / IAEA, by IAEA Imagebank –
https://www.flickr.com/photos/iaea_imagebank/8657963646/, CC BY-SA 2.0,
https://commons.wikimedia.org/w/index.php?curid=56218685; Bottom – IAEA fact-finding team leader
Mike Weightman examines Reactor Unit 3 at the Fukushima Daiichi Nuclear Power Plant on 27 May 2011
to assess tsunami damage and study nuclear safety lessons that could be learned from the accident.
Photo Credit: Greg Webb / IAEA, by IAEA Imagebank –
https://www.flickr.com/photos/iaea_imagebank/5765324940/, CC BY-SA 2.0,
https://creativecommons.org/licenses/by-sa/2.0, via Wikimedia Commons.
 

In most scenarios, the closer to the accident, the higher the radiation levels. Any management
activities involving people are not recommended due to health hazards, therefore various automated
vehicles are often implemented. Specifically the Fukushima Daiichi accident started intensive scientific
research into technologies and systems capable of substituting human presence in the contaminated
areas for carrying out different tasks of radiation measurement, localization of radioactive material
dissemination, clearing routes and removing obstacles and debris, preventing further aggravation of the
situation by enclosing the radioactive matter into a special sarcophagus, management of water flow to
and from contaminated areas, decreasing of the processes that lead to further radioactive spread and
decay. Such unmanned automated systems include ground-based vehicles, flying drones (Nex and
Remondino, 2019) and sailing vessels. These three kinds of vehicles have their benefits and
shortcomings with in regard to specific circumstances. For surveying in confined spaces one could use
very small (under 250 g total weight) unmanned aerial vehicles (UAVs) (Khosiawan and Nielsen, 2016) or
small to medium sized (up to 100 kg total weight) ground vehicles. When the interiors of buildings had
suffered severe damage it is preferable that micro drones are deployed. On the other hand, ground
vehicles are advantageous in less destroyed flat floor places where it is undesirable to induce air
turbulence by the drone propellers. 

There are quite a few ground-based unmanned platforms with the above purpose covered in the
scientific literature. The CARMA 2 platform (Bird et al., 2019) is a medium to large ground-based four
wheel vehicle for surveying ionizing radiation (Lauria, M. et al. 2006). Its dimensions are 830x440x1030
mm and its ground clearance is 65 mm. The vehicle offers a battery life of up to 4 hours. The inventors of
the CAMRA 2 system predict a high probability of the failure induced by high γ-dose background radiation
as the one observed during the Fukushima Daiichi disaster. A higher resistance to γ-radiation is
preferable. 

Another system that has been deployed in the Fukushima Daiichi site used for γ-surveying was the
JAEA-3 (Kawatsuma et al., 2017). A different example is the Quince robot (Nagatani et al., 2013). While
JAEA-3 is a four wheeled ground vehicle and carries a gamma ray imaging and measurement sensor
called (Gamma Eye), Quince is a tracked vehicle. JAEA-3 total weight is 70 kg as the Quince’s one is 50
kg. The latter system employs a dosimeter CPXANRFA-30 by Fuji Electric Co., Ltd. 

Still another system is the proposed by Chaiyasoonthom et al., 2015. This is a tracked vehicle
carrying a Geiger Müller tube-based sensor for ionizing radiation. The apparatus is surveying for γ- and β-
surveying rays. Another system is the one suggested and developed by Zakaria et al., 2016. The authors
worked on a three wheeled platform equipped with a Geiger Müller tube type of sensor. 

A tracked vehicle is developed by Kim et al., 2017, while a three wheeled robot is offered in a US
patent by Dudar et al., 1994. 

There exists a pronounced diversity of radiological surveying ground-based unmanned systems. Most
such devices have unprotected electronics with regard to radiation hardening and radiation resistance
(Bird et al., 2019). It is beyond any doubt that electronics being vulnerable to ionizing radiation yield
frequent failure. There is another often observed shortcoming of the existing apparatuses – they exhibit
large total weight making them difficult to carry by personnel. This problem coupled with the high
probability of failure means a problematic delivery and deployment of the vehicles on site, predetermines
a costly exploitation of the system, and finally renders the whole process highly inefficient. 

Apart from the Fukushima Daiichi experience, the knowledge gathered during the Chernobyl disaster
should be noted. A partially successful experiment was carried out using the Lunokhod vehicles (Zarowny,
2011). These robots, in contrast to many other contemporary devices, had their electronics radiation
hardened (Leite et al., 2017) and were protected from the radiation levels experienced on the Moon.
Nevertheless, the extreme radiation at the Chernobyl site was way more destructive resulting in the two
deployed machines failing in the course of their work in the Chernobyl ruins (Anderson, 1990). 
 

Figure 3. Chernobyl accident site on 1st of May 1986 (Première image publique de la catastrophe de
Tchernobyl prise le 1er mai 1986 par le satellite SPOT-1). By Images SPOT acquises dans le cadre du
programme Spot World Héritage du CNES - https://regards.cnes.fr/user/swh/modules/58?
d=URN%3AAIP%3ADATA%3Aswh%3A0dcd80ce-145b-3b0f-97e5-
5da2b521c666%3AV1&eds=PARAMETERS&rt=DATA&t=DESCRIPTION, Licence Ouverte,
https://commons.wikimedia.org/w/index.php?curid=106847626
 

In the field of airborne unmanned systems used for radiological surveying and mapping there is a
good overview made by Connor et al., 2016. In this research all drones have total weight higher than 1
kg. Such machines are not applicable to indoor implementation (Molina et al., 2018) with the exception of
one system, namely the device proposed by Boudergui et al., 2011. It consists of a 0.9 kg indoor flying
UAV. For the purpose of radiological observations it carries two different sensors – one weighing 20 g and
the other having weight of 70 g. The suggested drone has standard quadcopter design (Croon and
Wagter, 2018). There are plenty of outdoor flying designs such as the one by Martin et al., 2016. Their
proposal may be implemented in radiological mapping tasks of the environment. The employed ionizing
radiation sensor is heavier than the one used in indoors surveying and has a weight of 200 g. The total
weight of the UAV is 7 kg. It is navigated by an autopilot and a GPS system. 

Among the drone solutions there are also fixed wing systems. Their benefits are the covering of large
areas. They also cope well with the wind and are deployable in harsh conditions. Such an example is the
one proposed by Connor et al., 2020. Another similar platform was proposed by Mochizuki et al., 2017.
Not surprisingly, their system is designed to be used at the Fukushima-Daiichi accident site. The payload
is a compact Compton camera with weight of 1.9 kg.

Designs proposed by teams at the Space Research and Technology Institute – Bulgarian
Academy of Sciences
 

The Space Research and Technology Institute at the Bulgarian Academy of Sciences has proposed a
novel system for ground-based support in managing radiation disasters. The system offers specific
advantages such as making the ionizing radiation sensor vibration-proof (Zabunov et al., 2021B), lowering
the total cost and weight of the vehicles, increasing the life of the batteries, etc. 
 

Figure 4. A mobile unmanned platform for ground-based radiation surveying developed at the Space
Research and Technology Institute – Bulgarian Academy of Sciences. The radiological sensor is
suspended on a frame using springs. Dimensions of the testbed: 300×250×170 mm. Total weight: 1.11
kg. Image © Space Research and Technology Institute – Bulgarian Academy of Sciences.
 

The lower the cost of the system, the larger the maximum number of vehicles that can be deployed in
a disaster scenario with funding being constant. Likewise, each ground vehicle becomes disposable when
the environment is contaminated with high intensity radiation material. Off-the-shelf components and
radiation resistant microprocessor make maintenance easy and failure rate low. Having small vehicle
dimensions of only 300×250×170 mm and total weight of 1.11 kg the ground-based platform is easy to
transport, deploy and store. This system relies on Wi Fi communication enabling it as an Internet of
Things device. 

The vehicle is capable of operating for a few hours without battery charging or swapping. Detection of
different types of ionizing radiation is possible such as gamma rays, beta particles, neutrons (Spurný,
2005), accelerated heavy charged ions, etc. (Ashida et al., 2018) The ionizing radiation instrument carried
on board of the vehicle works as dosimeter, but also exhibits spectrometric capabilities and is suitable for
radiation source identification. 

The pivoted suspension and the implementation of portal axles increases the ground clearance and
the negotiability of the vehicle on rough terrain. 

The Space Research and Technology Institute has long experience in building dosimetry instruments
for Space (Semkova et al. 2018; Spur and Dachev, 2003), nevertheless the presented innovation has its
sensor designed from the ground up. 

Another invention by the Space Research and Technology Institute is a drone for radiological
surveying within buildings. Thorough scientific research demonstrates that there are only few existing
flying platforms suitable for radiological surveying indoors (Boudergui et al., 2011; Battsengel, G. et al.,
2020). All such solutions are developed around commercial drones and off-the-shelf radiological
instruments that were mounted on these UAVs as payload. Although such an approach guarantees fast
results, it is not versatile and does not solve specific tasks with high requirements for detection. In
addition, localization of radiation sources inside buildings demands specialized designs. 
 

Figure 5. Innovative radiological drone design – a 36-rotor drone having its rotors positioned in a
honeycomb geometric covering. Image © Space Research and Technology Institute – Bulgarian Academy
of Sciences.
 

Although most of the present radiological UAVs are developed around non-radiation hardened or
radiation resistant electronics, they tend to have high costs (Bird et al., 2019). An expected high failure
rate due to non-protected electronics combined with high unit costs renders projects using such
technology not very promising when deployed in harsh scenarios. 

It became clear from the current technology overview that the lightest platforms are quite heavy –
total weight of 0.9 kg. In comparison to these shortcomings of present day technology the proposed
solution by the Space Research and Technology Institute tries to solve these problems by presenting a
novel multi-rotor drone specifically designed and built for radiological surveying carried out indoors. 

The flying vehicle is electrically powered and employs 36 rotors mounted under the fuselage (Yoon et
al., 2017; Theys et al., 2016; Zabunov and Mardirossian, 2018; Zabunov et al., 2021A). The rotors are
positioned in an optimal geometric coverage thus minimizing the dimensions of the UAV – an important
feature when flying indoors. 

The navigation and control of the vehicle and its payload is performed by a specialized autopilot
(Zabunov 2016; Zabunov 2019). 

This design is very different from the standard designs that rely on four to eight rotors. The higher
number of rotors ensures high reliability and low probability of damages upon impact or disintegration of
the vehicle. The higher number of rotors also leads to higher mechanical vibrations frequencies. These
are easy to filter mechanically thus not disturbing the work of the avionics and the payload. Higher
frequencies also decay quicker with distance when transferred into air as sound waves, leading to the
UAV being harder to spot by acoustic signature (Marichal et al., 2014; Radkowski and Szulim, 2013;
Verbeke and Debruyne, 2016). 

The dimensions of the aircraft are suitable for flight in confined spaces and allow the vehicle to pass
through doors and windows. The dimensions are 455x430x100 mm (Figure 5). 

Still another development taking place at the Space Research and Technology Institute – Bulgarian
Academy of Sciences is an unmanned aerial system for detection of harmful gas sources in the
atmosphere as a result of non-regulated incineration (Mardirossian et al., 2020). The innovation was
patented at the Bulgarian Patent Office as a utility model. It is related to an unmanned aerial system for
detection and localization of sources of harmful gasses. These gasses are released into the atmosphere
due to unregulated incineration by the industry, households, individuals, etc. The application of the
invention is in the control of such accidents or regular pollution sources. In the process of control the most
valuable capability of the system is to detect and localize the source and while staying unnoticed by the
culprit. Such an approach gives time to the authorities to engage and reach the location of the accident,
take measures and uncover the identity of the individuals involved in the incineration process. 

The illegal incineration of different materials is very dangerous for public health and, when done at
large scale, leads to illnesses such as asthma (Pamukoff-Michelson, 2021A), hormonal disorders and
other diseases (Tzaribachev and Pamukoff-Michelson, 2021; Pamukova and Vizeva, 2019). The system
is applicable mainly in urban environment but is not limited and can be implemented in the countryside or
in distant areas where special industrial facilities perpetrate non-regulated incinerations of materials and
chemical substances. 

The block schematic diagram of the system is presented in Figure 6. The system consists of an
unmanned aerial vehicle (1). The vehicle is carrying gas analyzers onboard (2). Another part of the
payload is a camera for observing the terrain (3). Navigation is realized by means of a GPS module (4)
and an autopilot (5). The UAV is controlled using a base station. The latter is also employed in information
reception from the aircraft (6). 
 

Figure 6. An unmanned aerial system for detection of harmful gas sources in the atmosphere as a result
of non-regulated incineration. Image © Space Research and Technology Institute – Bulgarian Academy of
Sciences.

Conclusions
 

The management of nuclear disasters and accidents with facilities dealing with ionizing radiation
sources requires adequate technologies and systems. Without modern solutions and relying on human
force alone, final results are non-optimal while people are exposed to high risks. 

With urban air pollution becoming a worldwide threat to human health, specialized system for
monitoring and analysis of air pollution above large cities and small towns is much needed. Management
of environmental disasters over urban areas will decrease population health problems related to
poisoning from air pollutants and will improve quality of life in big cities.
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