OPENaACCESS

International Journal of Recent Technology and Engineering (IJRTE)
ISSN: 2277-3878 (Online), Volume-14 Issue-4, November 2025

Automation of Water Drainage Systems Using a
Programmable Logic Controller in Mining

Volodya Vladimirov Dzharov

Abstract: This article examines the automation of drainage
systems in the mining industry, emphasizing the urgent need to
modernize this critical component of mining infrastructure. The
proposed system is based on open-source hardware and software,
making it suitable for use by designers working in small
enterprises as well as for educational and training purposes.
Drainage systems are used to pump water from underground
mines to maintain safe working conditions and prevent flooding.
The presented solution enables automatic control of pumps based
on parameters such as current water level, pipeline pressure,
actuator positions, and the presence of a cooling water flow. The
developed system provides a convenient platform for
experimentation with large-scale mining control applications,
such as water drainage systems. The introduction of automation
in the management of drainage processes significantly enhances
their efficiency and reliability by reducing the need for continuous
human supervision and minimizing the risk of operational errors.
The architecture of a typical automated drainage system is
described, comprising water level sensors, programmable logic
controllers (PLC), and monitoring and control systems (SCADA).
Modern automated drainage systems in the mining sector utilize
PLCs to provide reliable and flexible process control. The
automation of pumping stations with PLCs requires adherence to
specific operational principles to ensure safe and fault-free
equipment performance. One of the innovative solutions in this
category is the Arduino Opta, which combines industrial-grade
reliability with open-source flexibility. The article describes the
system’s operational algorithm and its ability to respond in real
time to variations in the hydrogeological environment. The
advantages of automation are analyzed, including reduced human

intervention, improved operational safety, and increased
efficiency.
Keywords: Drainage Systems, Automation, Algorithms,

Programmable Logic Controllers, Underground Mines.

Nomenclature:

PLC: Programmable Logic Controllers.

SCADA: Supervisory Control and Data Acquisition.

IEC: International Electrotechnical Commission.

TCP: Transmission Control Protocol.

RTU: Remote Terminal Unit.

RBT: Rules on Occupational Safety in Underground Coal Deposits.
OTA: Over The Air

HMI: Human Machine Interface
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I. INTRODUCTION

Efﬁcient management of mine water drainage systems is

It is essential for maintaining operational safety and
optimising energy consumption in underground mining.
Traditionally, these systems were operated manually, with
pumps switched on and off according to the measured water
level. The evolution of electronic and industrial automation
technologies has created the opportunity to implement
intelligent control solutions that allow remote operation,
real-time monitoring, and improved energy efficiency.

This study aims to develop and present an operational
algorithm for controlling water drainage systems using
open-source software based on the Arduino Opta platform.
The proposed approach demonstrates the feasibility of
implementing flexible, low-cost automation technologies for
both experimental and practical applications. The developed
algorithm is intended to simulate the operation of large-scale
drainage systems, allowing researchers and engineers to
conduct experiments focused on optimizing pump
performance and preventing emergency operational modes.
Furthermore, the integration of the proposed system with

Arduino Cloud and the implementation of OTA
(Over-the-Air) firmware updates ensure secure data
transmission, remote programming capabilities, and

real-time human-machine interface (HMI) visualization.
These features make the system suitable not only for
educational purposes and laboratory simulations but also for
real industrial deployment in underground mining
environments.

II. BASIC REQUIREMENTS FOR DESIGN AND
OPERATION

The automation of water drainage systems leads to
increased reliability, safety and reduced operating costs. The
central drainage systems of underground mines are equipped
with powerful asynchronous electric motors with a
short-circuited rotor and have a free (independent) mode of
operation, i.e. the operation of the central drainage system is
not related to the technological processes in the underground
mine. In [1,2], conceptual solutions for automation of water
drainage complexes are proposed, implemented at three
levels - emergency, local and remote, with the possibility of
integration into a SCADA system.

In [3], the authors investigate the energy efficiency of the
main water pumping stations in underground iron ore mines,
taking into account the electricity
tariff and the time of day.
Methods for analyzing the
influence of the electrical
capacity of the pumps on the
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price of electricity, based on multifactor regression models,
are developed and proposed.

In [4], the possibility of designing a solar pump automation
system using a programmable logic
controller for pumped-storage energy is investigated. The
pump will only turn on if there is an excess of power from the
solar panels. When there is no water, the motor protection is
designed to prevent overheating and will activate again when
the lower tank is full.

Mining Safety Regulations in 2025 are shaping safer,
sustainable, and eco-friendly mining operations through
advanced technologies and comprehensive risk management
frameworks, protecting workers, local communities, and the
environment. By 2025, Mining Safety Regulations have
evolved significantly, fully embracing sustainability,
technology, and data-driven decision-making. These new
frameworks enable the industry to move toward safer, more
adaptive, and transparent mining operations, promoting a
balance between economic gains and
community/environmental stewardship [5], [6]. Table 1
presents the main requirements for the design and operation
of the central water drainage systems in underground mines.

Table 1: Basic Requirements for the Design and Operation of
Central Drainage Systems in Underground Mines

Regulatory Documents
Ne Indicators PBT PBT
(V-01-01-01) (V-01-02-04)
Categorization of mines by
daily water flow
1 Normal water flow
to 50 m*h Q<50 0,550
11 over 50 m*h Q=50 0,550
: Q. - Normal water flow m "
m/h
Seasonal water flow Qs
Determining the number of
2. pumping units:
At normal water flow, Q,
2.1 <50 2 2
2.2 At normal water flow, 3 pieces 3 pieces
Q.>50
Determining the number of . .
3 . 2 pieces 2 pieces
pressure pipelines
4 Speed of water
4.1 In a pressure pipeline ) V=3 m/s
42 . . - V<2.5m/s
In the suction pipe

Table 2 presents the drainage system of an underground
mine in operation, the object of research, the initial data
characterizing the water flow in the underground mine and
the operating mode. These initial data are necessary for the
computational verification of the main elements of the central
drainage system.

Ne Name of the Source Data Designation
1 Head Hr.

2 Normal 24-hour water flow QNormal
3 Maximum water in flow Qmax
4 Bulk density of mine water p

5 Working days per year T

6 Working days per year with normal 24-hour TN

water flow
7 Working days per year, with a maximum ™
24-hour water flow
8 Operating mode in an underground mine 3 shifts
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[7] Considers the synthesis of an expert system for
controlling the electricity consumption of pumps of main
drainage facilities of an underground mine, based on
Mamdani's fuzzy inference algorithm. In [8], the issue of the
drop in water level during the four seasons, which affects
normal water intake pressure, is addressed. A water intake
pressure mode is designed, connecting the centrifugal pump
in series with a submersible pump that has uniform flow at
the end of the suction pipe. The software and hardware of the
system have been developed. System functions such as
real-time data collection and monitoring, intelligent rotation
and switching of the water pump, a combination of multiple
control modes, fault protection, and emergency alarms are
implemented. The intelligence and reliability of the water
intake supply system have been improved. In [9], the
optimized dynamic scheduling method wusing the
three-dimensional fuzzy controller combined with the “peak
valley filling avoidance” strategy is discussed, which can
make full use of the difference in the peak hour of the
electricity price compared with the previous one, and give
complete freedom to the water storage capacity in the mine,
so that the pumps remain in the peak hour of the electricity
price and then turn off during the general electricity price.
The water pumps stay off during peak hours and then take
advantage of the low electricity price to drain the water
during off-peak hours. This can reduce daily consumption by
20.69% compared to the previous method, while ensuring the
safety of the mine.

In [10], the study examines how the complex drainage
system of an underground mining enterprise ensures the
safety and continuity of mining operations. Deterioration in
the reliability of the mine drainage system can lead to the
following serious consequences. The central unit of the mine
drainage system is equipped with centrifugal pump-based
pumping units. One of the main criteria for the safe operation
of a mine drainage system is ensuring it is equipped with
sufficient pumping units.

[11] The main historical stages of the technical
development of centrifugal pumps for mine drainage and
their relationship. The absolute depths of mining operations
are highlighted, proposing design solutions to increase the
energy efficiency and hydrodynamic load of centrifugal
pumps by using vortex methods to control flow in the pump
impeller.

A. Automated Drainage System

A modern automated system includes:

i. Level sensors — installed in manholes and water tanks.

ii. Flow and pressure sensors — monitor the actual flow and
pressure in the pipelines.

Position sensors — control of flaps and valves.
Temperature sensors — for motors and bearings.
Vibration sensors — diagnosis of mechanical damage.
Float switches for overflow and emergency
conditions.

Contactors and relays — for controlling electric motors.
Electric and solenoid valves — for flow control.
Frequency converters (inverters) — for smooth speed
control and increasing energy efficiency.

The core of the control is PLC controllers, which provide
reliability and flexibility. An
interesting example is the
Arduino Opta (Figure 1), an
industrial micro-PLC  that

ii.
iv.
V.
V. —
Vii.
viii.
IX.
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combines easy programming with compliance with industry
standards.

The device supports IEC 61131-3 PLC languages, Modbus
TCP/RTU protocols, and expandability via Arduino Pro Opta
Ext D1608S. This allows integration with SCADA systems
and implementation of real-time predictive maintenance.

[Fig.1: Arduino Opta]

III. STRUCTURE AND CONTROL ALGORITHM OF
AN AUTOMATED DRAINAGE SYSTEM

The mine water enters through channels and is directed to
settling tanks and water catchments through automated
valves driven by servomotors. An example configuration
includes three pumps (two working and one standby), each
with a flow rate of 6.67 m*/min, connected to two main
pipelines. The average daily outflow is 538 m?®, and the
maximum is 2000 m?,

w
o .
E | PLC contraller Drives
: Arduino Opta (pumps, valves,
” - frequency converters)

| l

(level islz?:orsresrme Wate_r drainage process
t;mpm-;trfuej ’ (pumping, water transport)

[Fig.2: Block Diagram of an Automated Drainage System]

A block diagram of an automated drainage system is
presented in Figure 2, and its control algorithm is shown in
Figure 3.

Momtorng of nput
data (flow, level,
pressure, temperature)

Pump start
(valves, cooling. motor)

(flow, pressure, speed control)

Level = lower
threshold

[ Normal pump stop J

[Fig.3: Drainage System Control Algorithm]

‘ Operating mode

[ Emergency shutdown ]
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It consists of the following commands:
1. System startup
= Check for power supply and PLC/SCADA readiness.
= Self-diagnosis of sensors and actuators (valves,
contactors, frequency converters).
2. Monitoring input data
= Reading the water level in the water tank (level
sensors, float switches).
= Checking the flow rate and pressure in the pipelines.
= Monitoring the temperature and vibrations of the
motors and bearings.
3. Pump start condition
= If level > upper threshold — activate pump start
sequence.
= [flevel < lower threshold — stop pump (to avoid dry
running).
4. Pump start-up sequence
= Opening the suction valve.
= Checking for the presence of cooling water.
= Starting the electric motor (via contactor/inverter).
= Smoothly increasing the speed using a frequency
converter.
= Opening the discharge valve.
5. Operating mode
* Maintaining flow rate and pressure within optimal
limits.
= Automatic switching between operating pumps in
case of load or failure.
= Speed regulation according to the current water flow.
6. Emergency shutdown condition
= QOverheating of an electric motor or bearing.
= Lack of flow rate when the pump is running.
= Vibrations above permissible limits.
=  Overflow of the water tank (alarm level).
= Failure of a critical sensor or communication.
7. Pump stop (normal)
= Closing the discharge valve.
= Smooth speed reduction (if there is a frequency
converter).
= Stopping the electric motor.
= Closing the suction valve.
8. SCADA Integration
= Level, flow rate, pressure, pump status and alarm
signals are visualized in real time.
= The operator can choose:
o Automatic mode (algorithm-based).
0 Manual mode (direct control of pumps and
valves).

IV. RESULT AND DISCUSSION

As a result of the conducted research, an automated control
system for mine water drainage based on the Arduino Opta
platform and open-source software has been developed and
experimentally verified. The proposed algorithm ensures
reliable operation, higher efficiency, and improved safety
during pump operation while simultaneously reducing
human intervention and optimizing
energy consumption.

The system enables
intelligent pump switching,
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real-time monitoring, and flexible control based on dynamic
water inflow conditions, contributing to extending equipment
service life and enhancing the overall reliability of the
drainage network. The integration with Arduino Cloud and
the implementation of OTA (Over-the-Air) updates provide
high levels of data security, remote management, and easy
adaptation for real industrial environments.

V. CONCLUSION

The obtained results confirm that the proposed system can
be effectively applied both for educational purposes and
student training, as well as for practical use in the mining
industry, representing a cost-effective, sustainable, and
scalable solution. Future work will focus on extending the
control algorithm with advanced features for predictive
diagnostics, energy consumption optimisation, and
integration with complex SCADA systems to further enhance
automation and system resilience.

ACKNOWLEDGMENT

The Ministry of Education and Science supported this
research under the National Program "Young Scientists and
Postdoctoral Fellows-2".

DECLARATION STATEMENT

Authors are required to include a declaration of
accountability in the article, including review-type articles,
that stipulates the involvement of each author. The level of
detail differs; some subjects produce articles consisting of
isolated efforts that are easily detailed, while other areas
function as group efforts at all stages. It should be after the
conclusion and before the references.

I must verify the accuracy of the following information as
the article's author.

= Conlflicts of Interest/ Competing Interests: Based on
my understanding, this article has no conflicts of
interest.

*  Funding Support: This article has not been funded by
any organizations or agencies. This independence
ensures that the research is conducted with objectivity
and without any external influence.

= Ethical Approval and Consent to Participate: The
content of this article does not necessitate ethical
approval or consent to participate with supporting
documentation.

= Data Access Statement and Material
Availability: The adequate resources of this article are
publicly accessible.

= Author’s Contributions: The authorship of this article
is contributed solely.

REFERENCES

1. D. Tasheva, Z. Iliev, R. Aleksandrov, R. Rusinov, “Control of a water
outflow complex in the “Erma Reka” mine“, AUTOMATICS AND
INFORMATICS’15, Sofia, 2015, ISSN 2683-1279,
https://www.tu-varna.bg/icai/images/stories/Proceedings Al/proceed
ings of the ai 15 content.pdf

2. D. Tasheva, Z. Iliev, R. Aleksandrov, R. Rusinov, “Technical
configuration of an automated water outflow control system in the
“Erma Reka” mine”, AUTOMATICS AND INFORMATICS’15,
Sofia, 2015, ISSN 2683-1279

Retrieval Number: 100.1/ijrte.D830514041125
DOI: 10.35940/ijrte.D8305.14041125
Journal Website: www.ijrte.org

http://www.tu-varna.bg/icai/images/stories/Proceedings Al/proceedi
ngs of the ai 15 content.pdf.

3. L. Sinchuk, T. Beridze, I. Kasatkina, R. Krasnopolsky, O. Dozorenko,
and R. Strzelecki, “Model investigations into assessing optimal power
consumption modes for major pump stations of iron ore underground
mines”, E3S Web of Conferences 280, 05012 (2021), CSF 2021,
https://doi.org/10.1051/e3sconf/202128005012.

4. Syafii, F. Azizah, I. Salfikri, “Solar pumps automation system using
programmable logic controller for pumped hydro storage”,
International Journal of Power Electronics and Drive Systems
(IJPEDS), Vol. 15, No. 3, September 2024, pp. 1517~1525, ISSN:
2088-8694, DOI: https://doi.org/10.11591/ijpeds.v15.i3.pp1517-1525
http://ijpeds.iaescore.com.

5. https:/farmonaut.com/mining/mining-safety-regulations-key-steps-f
or-safer-operations

6. REGULATION No. 9 of 16.12.1997 on general rules for managing
the activities of ensuring the safety and health protection of workers in
mines. In force from 2.08.2004, issue 101 of 4.12.2007,
https://www.gli.government.bg/sites/default/files/upload/documents/
2020-09/NAREDBA 9 ot 16121997 g za obsi pravila_za_upravl
enie_na dejnostta po_osigurqvane n_bezopasnostta_i_.pdf

7. O Mykhailenko, V Baranovskyi, V Shchokin, N Karabut and H
Kolomits, "Power consumption control of multi-pump systems of the
main water drainage in underground mines based on the Mamdani
fuzzy inference system", IOP Conf. Series: Earth and Environmental
Science 1254 (2023) 012046,

DOL: https://doi.org/10.1088/1755-1315/1254/1/012046

8. Qiantao Wang, Pulong Geng, Hongtao Qiu, Junwen Zhang and Ru
Zhao, "Development of an intelligent automatic water intake system
for open-pit mines", Journal of Physics: Conference Series,
MEIE-2023, 2591 (2023) 012057,

DOI: https://doi.org/10.1088/1742-6596/2591/1/012057

9. Wang, M., Kang, J., Liu, W. et al. "Design and study of mine silo
drainage method based on fuzzy control and Avoiding Peak Filling
Valley strategy." Sci Rep 14, 9300 (2024).

DOI: https://doi.org/10.1038/s41598-024-60228-x.

10.  Ovchinnikov N.P. “Substantiation of the Listed Park of Pumps and
Pipe Sections of the Mine Drainage System, Bezopasnost Truda v
Promyshlennosti = Occupational Safety in Industry. — 2023. — Ne 6.
— pp. 68-72. (In Russ.).

DOI: https://doi.org/10.24000/0409-2961-2023-6-68-72

11.  Churakov, E. O., Makarov, V. N., Makarov, N. V., & Belskikh, A. M.
(2024). Stages of Technical Improvement of Mine Drainage
Centrifugal Pumps. Transbaikal State University Journal, 30(1),
81-89.

DOIL: https://doi.org/10.21209/2227-9245-2024-30-1-81-89.

AUTHOR’S PROFILE

Volodya Vladimirov Dzharov, Chief Assistant, Doctor
in the professional field 5.2. “Electrical Engineering,
Electronics And Automation”, Doctoral Program
“Manufacturing Automation (By Industries)”, Master in
Computer Control in Mining in University of Mining and
Geology "St. Ivan Rilski", Bachelor of Automation,
Information and Control Engineering in University of
Mining and Geology "St. Ivan Rilski", Scientific interests: Electronics,
programming languages, identification, automation and optimization of
technological processes, computer control systems, embedded systems,
Membership in scientific organizations: Union of Electronics, Electrical
Engineering and Communications - https://ceec.fnts.bg/index_en.html,
Union of Automation and Informatics - https://sai-bg.com/en/about-us/, 20
publications in the field of Automatic control, programming, electron beam
processes and technologies:

1. Dmitriy N. Trushnikov, Stepan V. Varushkin, Ekaterina S.
Salomatova, Elena G. Koleva, Volodya V. Dzharov, ,,Wire
position sensor for controlling the process of electron beam
layer-by-layer deposition.  Modelling and Verification Part
1%, IEEE Sensors Journal ( Volume: 21, Issue: 3, Feb.1, 1 2021),
Page(s): 3134 — 3142, Date of Publication: 30 March 2020,
DOI: 10.1109/JSEN.2020.2984343, Print ISSN: 1530-437X (ISSN
1424-8220; CODEN: SENSC9), IF: 3.076,Q1, SJR=0.75 3a
2019r.;

2. V.V.Dzharov, A. P. Mishrab, M. A. Shariatic, M. S. Atanassovad,
and S.  Plygun“phytochemical
contents in solid-liquid
extraction of aqueous
alcoholic extract of chicory
(Cichorium  intybus L.)
Leaves, Foods and Raw

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


https://doi.org/10.35940/ijrte.D8305.14041125
https://doi.org/10.35940/ijrte.D8305.14041125
http://www.ijrte.org/
https://www.tu-varna.bg/icai/images/stories/Proceedings_AI/proceedings_of_the_ai_15_content.pdf
https://www.tu-varna.bg/icai/images/stories/Proceedings_AI/proceedings_of_the_ai_15_content.pdf
http://www.tu-varna.bg/icai/images/stories/Proceedings_AI/proceedings_of_the_ai_15_content.pdf
http://www.tu-varna.bg/icai/images/stories/Proceedings_AI/proceedings_of_the_ai_15_content.pdf
https://doi.org/10.1051/e3sconf/202128005012
https://doi.org/10.11591/ijpeds.v15.i3.pp1517-1525
http://ijpeds.iaescore.com/
https://farmonaut.com/mining/mining-safety-regulations-key-steps-for-safer-operations
https://farmonaut.com/mining/mining-safety-regulations-key-steps-for-safer-operations
https://www.gli.government.bg/sites/default/files/upload/documents/2020-09/NAREDBA_9_ot_16121997_g_za_obsi_pravila_za_upravlenie_na_dejnostta_po_osigurqvane_n_bezopasnostta_i_.pdf
https://www.gli.government.bg/sites/default/files/upload/documents/2020-09/NAREDBA_9_ot_16121997_g_za_obsi_pravila_za_upravlenie_na_dejnostta_po_osigurqvane_n_bezopasnostta_i_.pdf
https://www.gli.government.bg/sites/default/files/upload/documents/2020-09/NAREDBA_9_ot_16121997_g_za_obsi_pravila_za_upravlenie_na_dejnostta_po_osigurqvane_n_bezopasnostta_i_.pdf
https://doi.org/10.1088/1755-1315/1254/1/012046
https://doi.org/10.1088/1742-6596/2591/1/012057
https://doi.org/10.1038/s41598-024-60228-x
https://doi.org/10.24000/0409-2961-2023-6-68-72
https://doi.org/10.21209/2227-9245-2024-30-1-81-89
https://ceec.fnts.bg/index_en.html
https://sai-bg.com/en/about-us/
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=7361
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=9316350
https://doi.org/10.1109/JSEN.2020.2984343

International Journal of Recent Technology and Engineering (IJRTE)
OPENaACCESS ISSN: 2277-3878 (Online), Volume-14 Issue-4, November 2025

Materials, 2016, vol. 4, no. 2,pp. 32-37, ISSN 2310-9599, DOI:
10.21179/2308-4057-2016-2-32-37, 1F:0.13 3a 2016r., SIR=2,212,
Q35

3. Lilyana Koleva; Elena Koleva; Monica R. Nemtanu; Mirela
Brasoveanu; Tsvetomira Tsonevska; Volodia Dzharov, “Overall
robust optimization of biopolymer synthesis with linear electron
accelerators”, 2020 International Conference Automatics and
Informatics (ICAI), Varna, Bulgaria, Date of Conference: 1-3 Oct.
2020, Date Added to IEEE Xplore: 07 January 2021, DOI:
10.1109/ICAI50593.2020.9311311;

Disclaimer/Publisher’s Note: The statements, opinions and
data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the Blue
Eyes Intelligence Engineering and Sciences Publication
(BEIESP)/ journal and/or the editor(s). The Blue Eyes
Intelligence Engineering and Sciences Publication (BEIESP)
and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods,
instructions or products referred to in the content.

Retrieval Number: 100.1/ijrte.D830514041125 z';ubehg; ed i ligence Engincering
DOI: 10.35940/ijrte.D8305.14041125 15 and Sciences Publication (BEIESP) Exploring Innovation

Journal Website: www.ijrte.org © Copyright: All rights reserved.


https://doi.org/10.35940/ijrte.D8305.14041125
https://doi.org/10.35940/ijrte.D8305.14041125
http://www.ijrte.org/

