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Abstract 

The results of laboratory tests of hydrodynamic leveling systems of the SGDN and 

USGDN brands created by the Yerevan Polytechnic Institute in 1973-84 and the data of 

production tests of the USGDN-20D system on the vertical displacements of turbine units No. 

1-5 of the Rovno NPP are presented. The shortcomings that emerged during the testing of the 

USGDN-20D system in the conditions of the turbulent situation and the measures taken to 

eliminate them, and the replacement of some structures with new ones are given. The results 

are given by the team of the Geodesy Problem Laboratory named after Academician R. H. 

Movsisyan of the RA Academy of Geodesy in 2012-23. on testing 3 automated prototypes of 

the HFMS created with new technologies and assessing the degree of accuracy of their 

measurements. A new HFMS system designed by the author is also presented, which will 

provide higher accuracy in determining the overshoots compared to the previous three HFMS 

prototypes, since here the working fluid does not encounter any resistance during movement, 

except for the frictional resistance. In addition, the advantage of the HFMS system is that the 

flow of the working fluid is provided by a 27-volt battery-powered DC electric motor, which 

makes it possible to install it in any place where there is no DC power source. 

 

Keywords: Hydrodynamic leveling, working fluid, balancing tank, sensor, electrode 

needle, fluid movement resistance, retransmission, vertical displacement. 

 

Introduction 

 Hydroleveling is advisable to use in facilities with conditions of background radiation 

harmful to human health, gas pollution, electromagnetic fields, etc. The device is most effective 

when monitoring foundation deformations of high-rise buildings, where the measurement 

accuracy is characterized by a mean square error of m=0.2 mm. 

 The use of hydrodynamic leveling offers a number of advantages over the traditionally 

known geometric leveling: direct visibility and illumination between the observed points are 
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not required. Measurements can be performed by a single operator, whose role is to include the 

system control and recording unit (CBU) in operation and write out the meter readings after the 

measurements. Any discrepancy between the readings of each stage and the data obtained in 

the first stage will signal the presence of deformations [2]. 

 The hydrodynamic leveling method developed at YERPI is also based on the use of the 

properties of the working fluid filled in the communicating vessels. However, it differs from 

hydrostatic leveling in two significant features: first, with hydrodynamic leveling, the fluid is 

in continuous motion, which does not stop when measuring its surface height in the vessels, 

and second, when determining the overshoots. This method takes into account corrections for 

the unevenness of the liquid macro-layers in different vessels [3]. 

 The hydrodynamic leveling system is shown in Fig. 1 and consists of measuring vessels 

(MV), A, I, W sensors, and connecting pipelines. The measuring vessel serves to continuously 

raise (or lower) the liquid level in the system. The measuring vessels are glass vessels, the lower 

part of which is fixed in a metal base with pipeline fittings. Electrodes with signaling devices 

of a certain length are fixed to the upper part of the vessels. Each of them is connected to the 

control panel by a wire. Since the bases of all vessels are made of conductive material and are 

connected, when any of the rods touches the surface of the electrically conductive liquid in the 

vessels, a single signal is sent through the circuit to the control unit [3]. 

 

Fig. 1 Diagram of a Hydrodynamic Leveling System [3] 

   

 R.A. Movsesyan and G.A. Babayan also note that the accuracy of measurements achieved 

through hydrodynamic leveling fully meets the requirements for determining vertical 

deformations in various structures, particularly large elevators. 

According to the authors, the advantage of the hydrodynamic leveling method lies in its 

cost-effectiveness. Therefore, when implemented in production, it is possible to achieve 
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significant cost savings in monitoring the vertical deformations of structures due to the low cost 

of the instruments [3]. 

 A.S. Tsaturyan, based on the arrangement of objects, has studied and developed potential 

schemes for installing sensors of hydrodynamic leveling devices in structures of varying sizes 

and geometric types. The author presents the specific features of using these schemes, the 

differences in the heights of deforming structures, and the types of procedures for measuring 

exceedances. The proposed schemes enable the determination of vertical deformation 

magnitudes of buildings and their individual components with an accuracy of up to 0.1 mm [4]. 

In geodetic measurements practice, both open and closed-circuit schemes of 

hydrodynamic leveling are used. Theoretical studies on the nature of fluid movement, stationary 

time, and the movement regime within an open circuit system have been conducted by R.A. 

Movsesyan, A.M. Barkhudaryan, and I.A. Taplashvili [5, 6, 78, 79]. 

The closed hydrodynamic leveling system with symmetrically arranged sensors and 

connecting pipes of equal length and diameter has been investigated by R.A. Movsesyan and 

A.M. Barkhudaryan [7].  

     Furthermore, A.M. Barkhudaryan and A.V. Hambardzumyan developed a closed 

asymmetric system for specific sections and varying lengths of connecting pipes [8]. 

According to R.A. Movsesyan and G.A. Babayan, the maximum difference for an open-

loop system (distribution) of micrometer readings does not exceed 0.26 divisions, which in the 

case of a division value of τ = 0.58 is 0.15 mm. For a closed system, the distribution of 

micrometer readings for the same level in different ranges does not exceed 0.03 mm. Therefore, 

a closed system is preferable for hydrodynamic leveling [3]. 

In 1973, the employees of Yerevan Polytechnic Institute (YerPI) proposed and 

developed a new method of hydrodynamic leveling, which has no analogs in global practice. 

In this case, the measurement of exceedances between the reference point and any i-th 

point is performed only when the liquid level in the system rises above the reference point. 

The main advantages of hydrodynamic leveling over conventional hydrostatic leveling 

are as follows: 

a) A significantly larger measurement range 

b) The simplicity of the design of the leveling sensors, which ensures high operational 

reliability, 

ease of calibration, and low cost of the performed work 

c) High accuracy in measuring exceedances 

 In 1975, the first hydrodynamic leveling system with 10 sensors (SGDN-10D) was 

developed at Yerevan Polytechnical Institute, and in 1981, its upgraded version, SGDN -10DM 

was developed. The experimental plant produced a pilot batch of SGDN-10D hydrodynamic 

leveling systems, as well as its modernized SGDN -10DM hydro levelers. 

 Since 1984, the author of the article has been actively involved in the development and 

research of the modernized SGDN hydrodynamic leveling system, as well as the introduction 

and testing of SGDN and УСГДН in production [9]. 

In the production areas of the Rivne NPP, where such systems are planned to be 

installed, the air temperature in some areas can rise to +40°C, and in other areas the air 
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temperature ranges from +10°C to +20°C. In addition, the locations intended for the installation 

of the level sensors were in an environment of constant significant vibrations. 

Conflict setting 

The SGDN and USGDN-20D  hydrodynamic leveling systems were selected for 

implementation and testing in production to monitor the vertical displacements of the turbine 

unit columns of units 1, 2, 3, 4, and 5 of the Rivno NPP. The task was to provide 

recommendations and appropriate solutions to all theoretical and practical shortcomings that 

emerged during the tests of the hydrodynamic leveling system. 

 

Research Results 

According to the technical task for the implementation of research work on vertical 

displacements for production tests of the improved hydrodynamic leveling system, 3 systems 

were installed on the turbine units of the Rivne NPP: the first system on turbine units No. 1 and 

2, the second on turbine units No. 3 and 4, and the third on turbine unit No. 5 [9].  

It is known that turbine units in nuclear power plants are installed on reinforced concrete 

slabs. Small vertical displacements of these slabs lead to the destruction of turbine units, up to 

their emergency state. 

Since karst phenomena have been discovered in the territory of the Rivne NPP, which 

can cause sedimentation of entire buildings and the territory, it is necessary to carry out high-

precision observations of controlled, coordinated vertical displacements using automated 

remote sensing systems. 

When analyzing the results of the 1st and 2nd stages of observations using the USGDN-

20D system, the following shortcomings were identified: the difference in the observed values 

of the same sensor during the measurement in most cases ranged from 2 to 25 units, and in 

some cases up to 37-40 units, which corresponds to an error of 0.74-0.94 mm, which exceeds 

the limit measurement accuracy provided by the system. 

During the 3rd and 4th stages of measurements, it was revealed that when the tank is 

lowered by the lifting device, the tip of the sensor electrode-needle is sometimes torn off from 

the liquid not immediately, but over time, due to which the readings of the counter in the control 

and registration unit (CRU) or the registration unit (RU) become uncertain and ambiguous, 

which makes it impossible to carry out accurate measurements. 

Additionally, during the installation of the first USGDN-20D system, cracks appeared 

in the glass tubes of the sensors due to the constant and fairly strong vibrations of the installed 

platform. 

To eliminate the mentioned shortcomings, the glass tubes of the sensors were replaced 

with metal ones. The KGB, GB, and BVS components were replaced with new ones. 

Additionally, fine standard needles were attached to the tips of the 2.5 mm diameter electrode-

needles of the sensors, allowing for the adjustment of the moments of contact and separation at 

the liquid surface in the vessels. 

The measuring head of the hydrodynamic leveling system was reconstructed to enhance 

the productivity of the system's operation. To prevent the complete outflow of the working fluid 
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in emergencies, a vertical rigid partition was installed between the two pipe outlets at the bottom 

of the metal vessel (Fig. 2). 

 

 

Fig. 2 Arrangement of control points for Turbine Units No.1 and No.2, 

a) System with the longest fluid path; b) System with the shortest fluid path 

 

A method for removing air bubbles from the system's working fluid has been developed. 

The essence of this method is that the fluid is initially drained from the system. The 

polyethylene pipes are disconnected from the tank and the sensor connectors, extended, and 

one end is raised to create a fluid flow that displaces the air bubbles. Afterward, the pipes are 

refilled with the working fluid and reconnected to the tank and sensors (Fig. 3).  

In Fig.1 the experimental results for determining the coefficient 𝐾1 =
𝑐𝜏

2
 the new 

USGDN-20D system is shown. This system was installed on the foundations of Turbine Units 

1 and 2, according to the column arrangement diagram presented in Fig. 1 for the power plants. 

Throughout all observation stages, Sensor No. 7 was used as a reference point. 

Analyzing the obtained data, we can conclude that in the graphs, the values fluctuate 

above and below the zero line within the range of -1.0 to +1.0 mm. 

It should be noted that these systems, despite ensuring real measurement accuracy in the 

presence of vibrations (i.e. 0.2-0.3 mm), require a long time to perform measurements - each 

cycle lasts up to 1.5 hours, depending on the length of the system and the intensive work of the 

worker performing the measurements. The measurement duration is determined by the time 

when the liquid level rises until it touches the electrode needle, then after touching the electrode 

needles of all sensors, the liquid level continues to rise until the motor of the balancing tank is 

turned off. Then they wait until the liquid surface calms down, approximately 10-12 minutes, 

after which the balancing tank begins to lower. During the lowering of the working fluid of the 

system, when it breaks off from the tip of the electrode needle, the measurement process begins 

until the motor stops.  

Table 1 
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The values of the exceedances of the observed points(∆H) for the first усгдн system 

№ 

MM 

II  

measure 

III  

measure 

IV  

measure 

V  

measure 

VI  

measure 

∆НII ∆НIII ∆НIV ∆НV ∆НVI 

1 -0,44 -0,03 -1,11 0,15 -0,06 

2 -0,05 0,05 -0,46 0,81 0,02 

3 0,11 -0,57 0,55 -0,23 -0,48 

4 -0,18 -0,37 -0,32 -0,05 0,19 

5 -0,19 -0,25 -0,22 -0,74 -0,02 

6 -0,26 -0,50 -0,29 -0,85 -0,34 

7(starting 

point) 
0 0 0 0 0 

8 -0,3 0,06 0,18 0,40 0,74 

9 -0,55 -0,11 0,03 -0,19 0,41 

10 0,27 -0,06 -1,53 0,39 -0,01 

11 -0,23 -0,13 -1,26 0,25 -0,21 

12 -0,32 -0,07 -1,36 0,14 -0,29 

13 -0,27 -0,28 -2,25 -0,16 0,00 

14 -0,71 -0,01 -0,49 1,00 0,49 

15 -0,44 -0,09 -0,91 0,32 0,52 

16 0,9 0,46 -0,55 -0,19 0,89 

17 -0,38 -0,03 -0,95 0,23 -0,15 

18 -0,27 0,14 -1,23 0,31 -0,21 

 

The results are recorded in the GB, and the average of the measurement data is displayed 

arithmetically.  

 

 

 

 

 

 

 

Fig. 3. Scheme for removing air bubbles from the pipeline connecting the sensors 

This process is repeated 3-5 times, meaning it takes a long time, which is the only 

drawback of these systems. To avoid this, it is necessary to automate them. 

Considering the above, in 2012, I participated in the automation of the hydrodynamic 

leveling system and laboratory tests together with the staff of the R. Movsisyan Geodesy 
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Problem Laboratory of the RA Academy of Sciences, as a result of which we published joint 

articles [10, 11 7].  

The HDN system has been improved based on digital electronic technologies. Changes 

have been made to the electronic circuit of the hydrodynamic leveling control and recording 

unit, which has made it possible to replace mechanical counters in the system with electronic 

counters in a single digital panel. Transistor counting blocks have been replaced with a common 

power supply block with microcircuits for each counter, through which the calculation starts 

from the 0th sensor, and the data of the measured sensors are recorded in the memory device. 

The electrical circuit of the developed HDN system has been changed so that the calculation of 

the report does not start from a certain 0 level, but from the first moment of contact of the 

working fluid with the electrode needle, from the so-called main sensor to the last sensor, with 

the balance tank returning to its starting position, until the next measurement. 

The automatic control and recording block for hydrodynamic leveling has been 

improved, thereby reducing the size and weight of the block (making it lighter several times). 

Fig. 4 shows the general appearance of the improved prototype of the ADL. 

 

 
Fig. 4 General view of the hydrodynamic leveling system 

1-Hydrodynamic leveling system balancing working fluid tank, 2- Hydrodynamic leveling system automatic 

control and recording device, 3- Hydrodynamic leveling system sensor, 4- Working fluid supply pipe, 5- Power 

supply cord, 6- Radio modem for connecting to the Internet, 7- Electrode needle 

 

 The pulses for determining the overshoots with the HDN were formed using a 

photodiode-lamp pair in conjunction with a disk rotating around its axis, 50 dividing slits made 

along the perimeter of which formed 50 pulses and the corresponding linear unit was 0.05 mm. 

A software change was made, as a result of which such a calculation of pulses was replaced by 

a time calculation (electronic clock), thereby increasing the degree of measurement accuracy - 

the division value, expressed in a linear unit, was 0.000072 mm. The time calculation led to an 
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increase in the accuracy of the measurement of vertical deformation by 10^5, due to the fact 

that the duration of the measurements was reduced by two orders of magnitude compared to 

existing methods. 

 As a result of laboratory experiments, it was found that the linear size of the unit report 

corresponds to 0.000072 mm, and the mean square error of measurement is: m  0,05 մմ. 

 The connection of the hydrodynamic leveling system to the Internet with the appropriate 

interface has also been solved, which made it possible to transfer the observed data to a common 

center in real time via the global Internet, to perform their processing and analytical work, and 

to organize monitoring via the GSM Internet. In each control and registration block of the 

hydrodynamic leveling system, a connection to a personal computer is provided through the 

interface and the available output port, through which access to the Internet is carried out. This 

has created an opportunity to manage the working process of several hydrodynamic leveling 

systems located at different distances from one common center (Fig. 9) [12, 13, 14]. 

 

 

 

 

 

 

 

Fig. 5. Scheme of the center for collecting and processing measured data 

 

Subsequently, a new hydrodynamic leveling system (HDN) was developed, where the 

kinematic mode of the working fluid was replaced with dynamic motion (Fig. 6). 

The HDN system operating in dynamic mode has the following advantages over previous 

methods: 

1. Transition from the kinematic mode of raising the working fluid tank (WFT) to a 

dynamic (gravity 

      flow) mode, which minimizes calibration errors. 

       2.  We get rid of the complex lifting mechanism, the acquisition of which is associated with 

great 

  difficulties, and the manufacture of which is associated with labor complications. 

3. Challenges, and their fabrication entails operational complexities. 

4. By utilizing the principle of gravitational flow, the dynamic movement of the working 

fluid through communicating vessels to the sensors is ensured. For initiating the next 

measurement cycle, the working fluid is drained, and its level is restored in the Working 

Fluid Tank (WFT) using the installed pump, thereby enabling the operation of the 

subsequent calibration cycle. 

 

 Compilation of 

Information 

Users’ Network 

 
Collection of  

Standard Data 

        Server 

Management and 

Registration Point 
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5. The materials required for creating the device are readily available everywhere, 

significantly more affordable, and the manufacturing process is economically more 

feasible and simpler. 

6. The weight of the HDNS is significantly reduced, making its installation process much 

easier [15]. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Scheme of a hydrodynamic leveling system operating in dynamic mode 

1 - Control and recording device, 2, 4 - Electromagnetic valve, 3 - Sensor, 5 - Accumulator, 6 – Electrode 

needle, 7 - Pump, 8 - Balancing tank for the working fluid. 

 

Having analyzed the working principle of the existing hydraulic systems, we decided to 

make some constructive changes to the system. To this end, the task was set to equalize the 

speeds of the forward and reverse directions of the working fluid in the system and to reduce 

the hydraulic resistance of the sensor connection parts and polyethylene pipes. 

Recommendations for the design of a new hydrodynamic leveling system: The proposed 

new system design, with its structure, can provide higher accuracy in determining the 

overshoots between control points than all hydrodynamic leveling systems known to us. 

  Here, the working fluid encounters no resistance during movement, except for frictional 

resistance, while the fluid-filled working tank remains stationary (Fig. 7). 

The essence of the operation is as follows: the movable tank (2) is submerged into the 

working fluid contained in the tank (1). A portion of the movable tank (2) remains submerged 

in the working fluid of tank (1) to prevent impact on the liquid surface at the base of tank (2). 

With the help of the motor (3), the disk (4) rotates, causing the movable tank (2) to gradually 

submerge into the working fluid in the tank (1). 

The liquid begins to rise in the tank (1), from where it is distributed among the sensors 

(5) (6) and, rising, touches the electrode needle (9) and stops. Each sensor has its own measuring 

electrode needle (10), which is recorded at the moment of contact, and the deviation between 

the control points is calculated. 

After touching the electrode needle at the highest point (9), the motor stops for a while in 

order for the fluctuations of the working fluid surface in the working tank and sensors to calm 

down. Then (3) the motor (2) starts moving to the movable tank in the opposite direction, that 

is, it starts to rise at the same speed as it was immersed in the tank (1). The liquid in the sensors 
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starts to fill the tank (1). The motor stops when the liquid is separated from the electrode needle 

(7). 

 

 

Fig. 7. General view of the new hydrodynamic leveling system 

1-Tank, 2-Movable tank, 3-Motor, 4- Rotating disk, 5, 6 - Sensors,  

7, 8, 9, 10 - Electrode needles, 11- Transparent polyethylene piping 

 

Thus completes the first stage of measurement.  

One of the sensors installed at the control points is taken as the baseline, and emissions 

between the control points are calculated using the readings of the sensors installed at the 

remaining control points. Differences in emissions of the control points relative to the baseline 

control point are determined by measuring successive cycles. 

When the mobile tank (1) is immersed in the tank (2), the working fluid level rises and 

(11) is filled into the sensors through polyethylene pipes (Fig. 8). 

First, the liquid begins to rise and fills the sensor (1) located closest to the tank (2), then 

the sensor (3), and finally the sensor located furthest away. 

At the beginning of the working fluid movement, when 1) the fluid flow from the tank 

reaches the last sensor, after which the fluid flow reverses to the tank. At that time, the liquid 

surfaces in the sensors begin to oscillate up and down. 

But since the liquid is in motion, these fluctuations quickly fade away, and after some 

time (before touching the measuring electrode needles (10), the working liquid rises in the 2 

neighboring sensors at a constant speed and with the same slope, which can be considered linear 

motion. 

This linear movement is accepted as a piezometric line. The same happens during the 

reverse process, when the working fluid begins to move downwards. To obtain easier and more 

accurate measurement data, electrode needles (7) and (9) are installed in the reference (5) sensor 

(Fig. 7) to regulate the minimum and maximum ranges of movement of the working fluid. 

7 
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                               Fig. 8 The process of fluid movement in the sensors 

    The working fluid begins to rise from the tip of the electrode needle (7) until it touches 

the needle of the sensor electrode located at the initial control point (8). After the electrode 

needle (8), measurements begin in all sensors until it touches the needle of the electrode of this 

sensor, but the liquid continues to rise until it touches the last needle of the electrode (9). At 

this time, the engine is switched off, and after the surface of the liquid has calmed down, 

measurements of the reverse flow are taken. 

From the above-mentioned, it can be seen that the position of the needle of the control 

electrode (8) is at a lower position than the position of the needles of the sensor electrodes 

installed at the other control points.  During reverse flow measurements, the motor drives the 

fluid in the opposite direction and pushes the moving tank out of the working fluid tank at the 

same speed as during immersion, due to which the working fluid moves from the sensors to the 

tank (1). After the sensor electrode needles are detached from the sensor, measurements begin 

until they are detached from the reference sensor needle, and having reached the lowest placed 

electrode needle, the motor stops. 

By the arithmetic mean of the direct and reverse measured data, we obtain the deviations 

of the control points concerning the sensor installed at the reference control point. 

The newly designed GNSS is in the final stages of preparing a pilot sample. After 

completion, laboratory tests and an assessment of the degree of measurement accuracy will be 

conducted. 

 

Conclusion 

The presented new hydrodynamic leveling system will provide higher accuracy of 

determining movements between sensors installed at control points, compared to the previous 

three HDNH prototypes, since here the working fluid does not encounter any resistance during 

movement, except for frictional resistance, while the working tank filled with liquid remains 

motionless. This allows fulfilling the requirements for the degree of accuracy of determining 

the settlement of foundations of buildings and structures and their structures, stipulated by 

regulatory and technical documents [16, 17] [18]. Another advantage of the newly developed 
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HDNH system is that the DR-1.5 RA VBZ.121.048 PS DC motor operates from a conventional 

27-volt battery, which allows it to be installed in any place where there is no constant power 

supply. 
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МЕТОДЫ ИЗМЕРЕНИЯ ГИДРОДИНАМИЧЕСКИХ СИСТЕМ 

НИВЕЛИРОВАНИЯ И ВОЗМОЖНОСТИ ИХ АВТОМАТИЗАЦИИ 

Ф.А. Паликян 

Институт водных проблем и гидротешники им. академика И.В. Егиазарова  

 

Представлено в 1973-84 гг. Приведены результаты лабораторных испытаний 

созданных систем гидродинамического нивелирования СГДН и УСГДН и данные 

производственных испытаний системы УСГДН-20Д на вертикальных перемещениях 

турбоагрегатов Ровенской АЭС. Приведены недостатки, выявившиеся в ходе испытаний 

системы УСГДН-20Д в условиях турбулентной обстановки, и принятые меры по их 

устранению и замене некоторых конструкций на новые. Приведены результаты работы 

Проблемной лаборатории геодезии РАН за 2012–23 годы. Представлены данные 

испытаний трех автоматизированных прототипов HFMS, созданных с использованием 

новых технологий. Представлена разработанная автором новая система HFMS, которая 

обеспечит более высокую точность определения перерегулирований по сравнению с 

предыдущими тремя HFMS, поскольку здесь рабочая жидкость не встречает никакого 

сопротивления при движении, за исключением сопротивления трения. Преимуществом 

системы HFMS является то, что подача рабочей жидкости обеспечивается 

электродвигателем постоянного тока напряжением 27 В, работающим от 
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аккумуляторной батареи, что позволяет устанавливать ее в любом месте, где нет 

источника постоянного тока. 

Ключевые слова: гидродинамическое нивелирование, рабочая жидкость, 

уравнительный бак, датчик, игла-электрод, сопротивление движению жидкости, 

привышение, вертикальное смещение. 
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