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Abstract. The territory of Bulgaria is affected by almost all dangerous geodynamic processes, 
such as landslides, rockfalls, erosion, debris flows, abrasion, etc. In addition, the selection of 
countermeasures raises the serious issue of their periodic monitoring in order to protect human life 
and infrastructure. The general idea of this study is to provide information about the different methods 
used for monitoring the above-mentioned hazardous geodynamic processes. After a comprehensive 
review of the available scientific developments, the author found that in the field of engineering 
geology, articles related to the monitoring of given processes are almost absent. The purpose of 
the article is to provide detailed information about the various methods of monitoring dangerous 
geodynamic processes and their fields of application. Due to the limitation of the article`s volume, 
only the main features of the utilized and available monitoring methods in Bulgaria will be presented. 
Hence a further, more comprehensive overview will be in a great need.
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Резюме. Територията на България е засегната от почти всички опасни геодинамични процеси, 
като свлачища, срутища, ерозия, кално-каменни потоци, абразия и други. Идеята на настоящата 
статия е да даде информация за различните методите за наблюдение на опасни геодинамични 
процеси. Изборът  на подходящи превенции срещу тези процеси поставя сериозно въпроса за 
тяхното периодично наблюдение с цел предпазване на човешкия живот и инфраструктурата. 
От направения обстоен преглед на наличните научни разработки се установява, че в областта 
на инженерната геология статии, свързани с мониторинга на дадени процеси, почти липсват. 
Целта на статията е да даде повече информация за различните методи на мониторинг на 
опасните геодинамични процеси и тяхната област на приложение, като авторът е наясно, че 
само в няколко страници не може да се даде пълна информация за използваните и наличните 
методи за наблюдение.

Ключови думи: мониторинг, геодинамични процеси, свлачища, срутища, геоложки 
опасности.
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Introduction 
Geodynamic processes have the strongest negative impact on the infrastructure of a 
given territory. To study the regularities in their manifestation and development, to 
understand their mechanism, and most importantly, to put them under comprehensive, 
continuous control, specially developed monitoring systems must be used to monitor 
the state of the Earth’s crust and the geodynamic processes occurring in it on the 
territory of the country (Shuisky, Simeonova, 1982; Iliev, 1986; Iliev-Broutchev, 1994; 
Bruchev, 2018; Stoynev, 2018).

Investigations including measurements have been carried out on the dynamics of 
various processes in the Earth’s crust. The irregularity, dispersion, and partiality of the 
research and its results do not allow for a comprehensive picture of the dynamics of 
the processes taking place in the Earth’s crust on our territory to be obtained at this 
time, and even less, to make a quantitative assessment of them. In this way, science is 
deprived of the possibility of establishing important regularities for the development 
of a dangerous geological process, including those with predictive significance. 
Additionally, the practice does not receive sufficiently substantiated assessments of 
construction conditions; evidence of this can be seen in the many cases of destruction 
and deformation of engineering facilities (Iliev, 1986; Bruchev, 2018; Stoynev, 2018).

The purpose of developing a monitoring system is to create an opportunity to 
control the condition of the Earth’s crust on the territory of Bulgaria and the geodynamic 
processes taking place therein. Furthermore, this article serves as a basis for further 
research and development of existing monitoring methods.

Detailed planning of activities is essential 
to achieve a common understanding of 
the objectives of the monitoring task and 
coordination of activities (Fig. 1). Planning 
should be formalized within the monitoring 
process. This process should contain the 
following stages:
1. Defining the object of monitoring. Any 
monitoring should start with defining the 
objectives. The definition should be as precise 
as possible based on the information available at 
the time of its execution, i.e. the first formulation 
of the problem.
2. Supervision during research and design.
The main purpose of the supervision is to 
guarantee the correct implementation of the 
monitoring system, its spatial positioning and 
the application of the correct tools for conducting 
the given monitoring. The supervision can serve 
as an objective assessment for making decisions 
during the construction or operation of the 
monitoring network.
3. Monitoring during construction
The main purpose of the monitoring is to 
collect sufficient in-situ (field) data during 
the construction of the facilities. These data 
can be used to assess the correct positioning 
of the monitoring network, its density and the 
frequency of monitoring measurements.

Fig. 1. Plan proposed for the monitoring process diagram.
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4. Monitoring during the operational period
The purpose of monitoring during operation is to allow for the collection of additional 
in-situ (field) data in order to evaluate the behavior of the structure of the given facility 
under operational conditions. Attention should be paid to the particular importance of 
these data; they can be used to objectively assess decisions taken over time, as well as 
for supplementation and correction of the normative base.
5. Design of the monitoring network
The design of the monitoring network is an important stage of the monitoring 
process. The monitoring network must be designed to achieve the monitoring goals 
and objectives. The monitoring project must contain detailed information about the 
observed geodynamic process, such as its exact location, the direction of movement, 
the duration and frequency of monitoring, and the predetermined time schedule. 
Accuracy and resolution are specific to each monitored hazardous process. The way of 
processing the measured quantities, the interpretation of the data, the visualization and 
the archiving of the monitoring results depend on the frequency and duration of the 
monitoring activity. Accuracy and resolution are specific to each monitored hazardous 
process. The way of processing the measured quantities, the interpretation of the data, 
the visualization and the archiving of the monitoring results depend on the frequency 
and duration of the monitoring activity.
6. Selection of placement locations for the monitoring points
The precise choice of the location of the monitoring points is of fundamental 
importance for the success in achieving the set goals and objectives. The locations 
of the monitoring points should be selected in such a way as to provide the most 
comprehensive information on the parameters of the geodynamic process specified in 
the project of the monitoring network.
7. Selection of monitoring methods
As with the selection of the location of the monitoring points, the selection of the 
appropriate monitoring method is essential to achieve the set goals and objectives. The 
correct choice of the method or the combination of several methods for monitoring the 
given geodynamic process is of primary importance for the successful implementation 
of the monitoring project.
8. Construction of a monitoring network
The construction of the monitoring network involves the technical installation of the 
monitoring equipment itself, i.e. its physical placement at a specific area. The network 
consists of equipment that has been specially selected to obtain the most quantitative 
data from each monitoring point of a given hazardous geodynamic process.
9. Validation of monitoring results
During monitoring, the obtained data must be reviewed and revised after each 
measurement cycle. The surveillance network must be validated after installation, 
and the first report (“zero” report) must be taken. The “zero” report serves as a 
benchmark and is used for the comparative analysis of the following data obtained 
from the monitoring. The validation procedure should be described in the monitoring 
plan. Validation of the physical monitoring network should be performed against 
the monitoring output data. If the validation process demonstrates that the physical 
monitoring does not meet the initial (required) set of output data in the monitoring 
plan, the physical monitoring network must be adjusted to meet the required output 
data. Validation of the monitoring network should be carried out in relation to the 
monitoring objectives. If the validation process shows that the monitoring network is 
not achieving the monitoring objectives, it should be revised. The revision primarily 
concerns the spatial arrangement, the type of observation points, and the applied 
observation methods. If the validation process shows that the theoretical (initial) 
monitoring plan does not match the resulting physical monitoring output, the theoretical 
plan should be updated until an appropriate correlation is established.  
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10. Analysis of monitoring results
The monitoring output should provide all the necessary information to achieve the 
objectives of the monitoring task. Data quality should be described in terms of accu-
racy, resolution, frequency, variability, and reliability of the output. During operation, 
monitoring data must be periodically evaluated to ensure the required accuracy of the 
data. The received data must be presented in a suitable format for processing and their 
registration through specialized software.
11. Maintenance of the monitoring system
To extend the duration of the monitoring process, it is necessary to carry out qual-
ity maintenance of the monitoring network. In order to carry out effective and high-
quality maintenance of the monitoring network, it is necessary to assess the influence 
of the environment, such as temperature, humidity, precipitation, as well as man-made 
impacts. If necessary, protection measures must be implemented to guarantee the qual-
ity of the source data.

Research Methods and Discussion
Results of monitoring observations on the dynamics of exogenous processes were ob-
tained for landslides, erosion, abrasion, reworking of banks and siltation of dams. The 
most advanced are the works on the study of the landslide processes, with more com-
plete observations of the site along the Black Sea and Danube coasts. Geodetic, incli-
nometric and other studies are successfully applied to specially constructed polygons. 
Regardless of the value of the data obtained, the number of sites studied is small to be 
representative of the vast number of landslides of various types spread throughout the 
country (Berov et al., 2002; Bruchev et al., 2007; Ivanov et al., 2022). In the last few 
years, in-depth monitoring studies have also been carried out on terrains affected by 
rockfall processes.

There are many types of monitoring devices, the usual purpose of which is to mea-
sure the structural performance of a facility or building during construction. Devices 
can also be installed to monitor existing adjacent structures, groundwater conditions, 
or slopes that may be affected by new construction.

Monitoring devices are particularly important in urban areas, where there is often 
a chance that neighboring buildings and facilities could be damaged by construction 
activities. The common causes of such damage are the lower level of underground wa-
ter or the subsidence of layers of the soil foundation. Monitoring devices are essential 
when there are historic buildings that are fragile and easily damaged, and can be very 
expensive to repair.

Commonly used devices for geotechnical monitoring in Bulgaria are the follow-
ing:
Inclinometer
Horizontal movement preceding or during slope movement can be analized by sequen-
tially examining the shape and position of flexible vertical casings (tubes) installed in 
the ground (Terzaghi, Peck, 1967). Surveys are performed by lowering an inclinometer 
(inclination measuring device) into the flexible vertical housing (Fig. 2). The incli-
nometer is able to measure its deviation from the vertical. An initial survey (master 
reading) is taken and then successive surveys are compared to the master reading to 
obtain the horizontal movement of the slope. Inclinometers are often installed to moni-
tor the performance of earthen dam walls and during the excavation and shaping of 
slopes where lateral movement may affect external structures. Inclinometers are also 
installed to monitor ground motion.
Piezometer
Piezometers are used to monitor the water level and pore water pressure in the ground. 
There are many different types of piezometers, such as observation wells, pressure 
water piezometers (Casagrande), and pneumatic piezometers (Day, 2012). The obser-
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Fig. 2. Schematic of an inclinometer. A – Inclinometer construction (https://bjoasis.en.alibaba.com/); B – Casing 
of borehole for conducting the inclinometric measurements (https://www.drillservice.it/).

vation well is the simplest piezometer and consists 
of pipes with a filter (Fig. 3), which are installed in 
a vertical borehole. The gap between the borehole 
and the pipe is filled with sand or gravel and fin-
ished at the surface with bentonite or cement mor-
tar. This simple type of piezometer can be used to 
determine the depth of the groundwater table and 
take samples from it.

In Casagrande piezometer, only the top of the 
pipe is surrounded by sand or gravel, and the rest 
of the borehole is filled with bentonite or cement 
mortar. This type of piezometer can be used to 
determine a piezometric water level that may not 
correspond to the groundwater level.

The pneumatic piezometer uses a pressure cell 
to measure the pore water pressure, and the bore-
hole filling conditions are similar to Casagrande 
piezometer. Piezometers are used when drainage 
is required in urban settings to make excavations 
below the groundwater level. Piezometers are also 
used to monitor dam performance and the dissipa-
tion of excess pore water pressure associated with 
the consolidation of soft clay deposits.
Geodetic methods
Geodetic methods are the most common moni-
toring methods in the country. These include the 
construction of benchmark networks for monitor-
ing landslide movements..

To determine the position of all points of the 
network, a static method is applied with a frequen-
cy of registration during a certain period of time, 
using the observations from satellites at a height 
above the horizon 15 º ÷ 90 º.

Grid point measurements are made from ref-
erence stations.

The coordinates of points from GMMP (geo-Fig. 3. Construction of piezometer.

A B
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detic network for local purpose) and DGM (state geodetic network) are used for output 
data, which are taken for the zero cycle of the measurements and must be outside the 
zone of the geodynamic process. For each grid point, the root mean square errors in 
position and height and other statistical information should be output. After accumu-
lating several measurements, a comparison is made between the results of the zero and 
the corresponding next measurement cycle.

Over the past few years, observations of landslide terrains along the northern Black 
Sea coast have been successfully carried out by complementary use of data from SAR 
(Synthesized Aperture Radar – SAR) and GNSS (Global Navigation Satellite Systems) 
(Dimitriu et al., 2017; Atanasova-Zlatareva  et al., 2019; Atanasova, Nikolov, 2020; 
Nikolov et al., 2020; Prodanov et al., 2020).

A laser scanner (LiDAR, i.e. Light Detection and Ranging) uses electro-optical 
ranging technology to determine distances to objects using a directed beam of light. 
The most widespread method is the emission of laser pulses to an object and reception 
of the signals reflected from its surface, and together with this, accurate measurement 
of the time for their arrival at the object and back (Tuckey, Stead, 2016). This makes it 
possible to determine the distance to it, its speed of movement, and also some qualita-
tive characteristics, such as chemical composition and concentration, color, etc.

LiDAR is successfully applied in various fields – geodesy, mining, photogram-
metry and remote methods, geoinformatics, geography, geology, geomorphology, 
seismology, atmospheric physics, archaeology. For this purpose, all laser instruments, 
called LiDAR, were developed, through which spatial data about the surrounding en-
vironment is collected.
Crack monitoring devices
When building in an urbanized environment, it is important to observe the character-
istics of neighboring buildings, especially if they have pre-existing cracks. This can 
often happen in historic districts of cities, where old buildings may be in a weakened 
or cracked state. When there is reinforcement with driven piles or blasting on the con-
struction site, monitoring of existing cracks in adjacent buildings should be carried out 
using crack monitoring devices. By monitoring the width of existing cracks, the geo-
technical engineer will be able to assess damage risks. A simple method of measuring 
crack expansion in concrete or brickwork is to install crack pins on either side of the 
crack (Fig. 4). By periodically measuring the distance between the pins, the degree of 
crack opening or closing can be determined. These distances can be measured using an 
electronic caliper or a laser tape measure.

Other crack monitoring devices can be of the following principle – (1) the ends 
of the device are attached using bolts or screws, or (2) the ends of the device are at-
tached with epoxy glue. The center of the crack monitor is held together with clear 
tape, which is cut off if there is movement, after the ends of the monitor are securely 
fastened with bolts, screws, or epoxy.

Because movements along fracture structures are slow, in many cases they can-
not be captured by traditional geodetic methods. Sometimes it takes tens of years of 
continuous measurements for the accumulated information to exceed the acceptable 
reading error. A suitable method for monitoring is the use of the TM-71 mechanical-
optical extensometer (Fig. 5). This device allows direct (in situ) measurement of dis-
placements along the three spatial axes X, Y and Z. It’s measuring range is 25 mm. The 
set of one TM-71 apparatus contains two measuring elements – horizontal and verti-
cal, a frame, steel brackets with a diameter of 40 mm, through which it is connected 
to the walls of the crack, and a protective casing. The displacements of the walls of a 
given crack are transferred by means of the cantilevers to the instrument device, which 
consists of two double glass plates with a specially applied emulsion lying on two 
mutually perpendicular planes. The device works on the principle of mechano-optical 
interference and the related Moiré effect. The displacements along the three coordinate 
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Fig. 5. General view of an extensometric point.

ia, as well as the appropriate monitoring methods and minimum measurement frequen-
cies.

The minimum number of measurements of the given geodynamic process are con-
sistent with seasonal weather changes. The measurement frequency also depends on 
the occurrence of seismic events in the area during monitoring.

When monitoring geodynamic processes, it is very important and useful to docu-
ment them with photographic material at different points in time. After the photograph-
ic material has been processed and analyzed there is an opportunity for a more detailed 
assessment of the given geodynamic process and its impact on the infrastructure, as 
well as the danger it poses to human life.

When monitoring collapse processes, it is appropriate to use sensors to measure 
the temperature and humidity in the rock massif. Such sensors are used in the monitor-
ing of the rockfall near the village of Vrachesh, Botevgrad Municipality.

axes are calculated using trigonometric formulas 
(Kostak, 1991; Avramova-Tacheva, et al., 1998; 
Kostak et al., 1998, 2007; Dobrev, Kostak, 2000; 
Dobrev et al., 2005, 2019, 2021; Dobrev, 2010, 
Krastanov et al., 2010; Kostov et al., 2018).
Unmanned aerial vehicle
According to the Bulgarian Civil Aviation Law, 
“An unmanned aircraft (drone) is an aircraft that 
is piloted or intended to be piloted independently 
or remotely without a pilot on board.”

The apparatus is autonomous, insofar as it is 
programmed to perform tasks (potentially dan-
gerous for a person) on its own, but it can be re-
motely controlled. Using a drone, you can period-
ically take pictures of hard-to-reach, mountainous 
and landslide terrains (Fig. 6). The captured data 
can be used to precisely map them.

The table below (Table 1) shows some of the 
geodynamic processes on the territory of Bulgar-

Fig. 4. Schematic of fitted pin marks and 
distance reading using an electronic caliper.
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Conclusion
Instrumental monitoring of hazardous geodynamic processes is very important in de-
cision making process regarding appropriate preventive actions. The combination of 
several monitoring methods clarifies better the dynamics of the process. Thus the data 
obtained can be analyzed with greater precision.

The design of monitoring activities can be much more extensive and may include 
different types of devices and methods. The indicated monitoring methods are the main 
ones used in the country. Geodetic observations are most often used, as well as the pin 
marks. Recently, more up-to-date monitoring methods have been strongly introduced 
in the country, e.g. SAR, LiDAR, remote sensing (by drones), etc. However, due to 
the complexity of the geological settings, the possibilities for monitoring the various 
types of hazardous geological processes do not end there. Therefore, the present study 
not only gives an insight into the used monitoring methods of geological hazardous 

Geodynamic 
process

Observation method Minimum measurement 
frequency*

landslide inclinometer; piezometers; geodetic measure-
ments; extensometers; pin marks; unmanned 
aerial vehicle

at least four times annually

rockfall geodetic measurements; extensometers; pin 
marks; unmanned aerial vehicle; temperature and 
humidity sensors

at least four times annually

erosion geodetic measurements; unmanned aerial vehicle four times annually

sea erosion 
(abrasion)

geodetic measurements; unmanned aerial vehicle four times annually

suffusion piezometers four times annually
active fault move-
ments

geodetic measurements; extensometers; 
pin marks

at least four times annually

Fig. 6. Filming collapse processes with an unmanned aerial vehicle in the Eastern Rhodopes.

* takes into account the degree of activity and the potential risk to human life and infrastructure

Table 1. Monitoring methods and minimum measurement frequencies.
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processes in the country, but also provides the guidelines for the development of moni-
toring, as well as encourages experts in the field of geological risk to share their experi-
ence and approaches used for monitoring.
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