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Underground Water Monitoring
and Visualisation System
at the Piast-Ziemowit Hard Coal Mine,
Ziemowit Operation

The paper presents a monitoring system for the pipeline network at Piast-Ziemowit Hard
Coal Mine, Ziemowit Operation, which was implemented in February 2023. The system
covers monitoring of both fire system pipelines and pipelines of the dewatering and
drinking water systems. The Ziemowit Operation is self-sufficient in terms of water con-
sumption both for technological and domestic purposes. Precise monitoring of pipelines
allows to maintain installation parameters at a level sufficient for technological and
mine fire safety purposes. The system also allows for the detection of emergency condi-
tions, monitoring of water levels in storage reservoirs, while in terms of hydrogeology it is
used for water balancing. Flowmeters installed at the pumps allow the actual measure-
ment of pump performance, determine their efficiency, and thus allow diagnostics to an-
ticipate future failures and take preventive measures. Visualisation of the performance of
the system is available from a web browser and enables convenient and intuitive configu-
ration to suit the user's current needs related to making changes to the system.

The visualisation application has extensive functionality for current viewing and analy-

sis of historical events and diagnostics of emergency conditions.
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1. INTRODUCTION

Global phenomena occurring in recent years, such
as the pandemic, have popularized the concept of dig-
italization. Services related to digital transformation
and the Internet of Things, previously known within
the community dealing with Industry 4.0, have sud-
denly become items of everyday use. Many of us have
personally experienced remote work or remote teach-
ing. This digitalization process was rapid, but none-
theless rather superficial.

On the other hand, the international environment,
the war in Ukraine, and the energy crisis are all fac-
tors that have led us to seek to intensify the extraction
of our own energy resources in Poland.

There is also a third factor affecting the condition
described — increasingly stringent environmental re-
quirements are causing the mining industry to pay
close attention not only to how much coal we extract,
but also to what we extract along with that coal from
underground areas. What has attracted exceptional
interest recently is water, pumped from underground
workings and used in mining plants, as well as the im-
pact of water coming from mine dewatering on the
biota of streams and rivers.

Mines such as the Piast-Ziemowit Hard Coal Mine,
Ziemowit Operation due to the possession of under-
ground water intakes with fresh water parameters,
are able to be self-sufficient in terms of domestic,
technological and fire water, and may even supply
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water to third-party customers. However, in order to,
on the one hand, properly conduct the technological
process, ensure the continuity of water supply for both
fire and technological purposes, and on the other hand,
in order to economically manage the resources held, it
is necessary to know the condition of the pipelines, the
amounts of water flowing in the individual pipelines,
as well as have information on emergency conditions.

In addition to an extensive network of fire system
pipelines, the mine operates a dewatering system that
is important for operations and safety, consisting of
a network of dewatering system pipelines together with
main, auxiliary, and local pumping stations with ca-
pacities sufficient to protect the underground work-
ings from flooding. Ongoing assessment of the tech-
nical condition of an extensive dewatering system
without the use of supporting systems, increases the
response time of technical services in case of emer-
gency conditions, which significantly affects the cost
of operation. This was confirmed by the conclusions
drawn from the operation of SOMAR’s first SMoK-2
surveillance system deployed to, among other things,
inspect and monitor the technological parameters of the
mine’s network of fire protection system pipelines and
water flows in the mine’s dewatering system pipelines.
They also highlighted the need to expand the system
and cover all the most important sections of the mine
where dewatering system pipelines were installed [1].

This is where room for a more active introduction
of digitalization emerges, not only to support every-
day life, but also to bring it underground. In connec-
tion with the expansion of fibre-optic networks and
computer stations built into underground workings,
this mainly concerns activities undertaken by mining
companies such as the monitoring of various resourc-
es including water, the implementation of a software
application called “Foreman’s Electronic Notebook”,
as well as upgrades to the existing data acquisition
systems, or planned implementations of the automa-
tion of longwall powered roof supports.

Within the scope of the modernization, a new Un-
derground Water Monitoring and Visualisation Sys-
tem at the Piast-Ziemowit Hard Coal Mine, Ziemow-
it Operation, code-named SYSMON, was developed
and implemented by Elsta Elektronika Sp. z o.0.

2. DESCRIPTION OF
THE MONITORED OBJECT

Water plays a dual role in the technological process
of mining in the operations of a mining plant. On the

one hand, it is a threat, as it emerges from the rock
mass in the process of excavation, as well as during
the mining of the coal seam. In that case, such water
must be quickly removed from the workings. For this
purpose, networks of pipelines of the dewatering
system are used, connecting local, branch and auxilia-
ry pumping stations, as well as main pumping sta-
tions. On the other hand, however, water is a reli-
able fire extinguishing agent and must be available at
every mine section where mining operations are tak-
ing place.

The Piast-Ziemowit Hard Coal Mine, Ziemowit
Operation has three main dewatering pumping sta-
tions located on level I at Shaft I, level II at Shaft I
and on level III (in the area of the C-1 cross-cut).
Underground water from the main pumping stations
is transferred to the surface via pipelines to a fresh
water settling tank with a capacity of 115,000 m3, and
to two salt-water settling tanks with capacities of
290,000 m? and 104,000 m?.

The main dewatering pumping station on Level I is
equipped with seven OW-300/4 type pumping units,
each with a nominal capacity of 11.0 m>/min. The
pumping station has two independent water gallery
systems to provide for the intake of a 12-hour supply
of water to the workings. Water is pumped through
two pipelines of DN350 via Shaft I to the surface.
The operation of a single pumping unit ensures that
the daily inflow of water is pumped out in less than
20 hours. Since the water accumulated in the water
galleries on Level I (200 m) is fresh water, it is used in
part for fire-fighting systems on Level II (460 m) and
Level III (640 m).

The main dewatering pumping station on Level 11
is equipped with seven pumping units, four of
OW-300/8 type with a rated capacity of 11.0 m>/min,
and three of WPW-300/8 type with a rated capacity of
12.0 m*/min. The pumping station has two indepen-
dent water gallery systems to provide for the intake of
a 12-hour supply of water to the workings. Water is
pumped through three pipelines: in Shaft I through
a DN 500 pipeline, and in Shaft II through DN 400
and DN 450 pipelines to the surface. Operation of
a set consisting of two pumping units ensures that
the daily inflow of water is pumped out in less than
20 hours.

The main dewatering pumping station on Level 111
is equipped with nine pumping units, six of OWH-
-200/10 type with a rated capacity of 5.2 m>/min, and
three of 25H47/10 type with a rated capacity of
8.3 m*/min. The pumping station has two indepen-
dent water gallery systems to provide for the intake of
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a 12-hour supply of water to the workings. Water is
pumped to the surface through three DN 400 pipe-
lines: two pipelines in Shaft I and one pipeline in
Shaft II. Operation of a set consisting of three pump-
ing units ensures that the daily inflow of water is
pumped out in less than 20 hours. The pumping sta-
tion is powered from the RD-III 6 kV switching station.

Additionally, the Ziemowit Operation also oper-
ates an auxiliary dewatering pumping station at Le-
vel —147 (408 m). Natural inflows are captured in two
water gallery systems, for industrial water and drink-
ing water.

Fresh industrial water is pumped to the surface via
a DN400 pipeline in the W-I Shaft to the I = 95,100 m’
settling tank (Olszyce), and further to the Lawecki
Stream, the Mleczna River and the Vistula River.

Fresh drinking water is pumped to the surface via
a DN400 pipeline in the W-I Shaft to the Water Treat-
ment Plant, where it is treated for consumption for
the mine’s own purposes and sale to the municipality.
Unused raw water as well as treated water is routed
toa IV = 115,000 m> settling tank.

The supply of the main pipeline networks of the
underground workings fire protection system is car-
ried out as follows:

— the main supply to the fire protection system is the
main dewatering system — from a branch pipe of
the main collecting pipe at the pumping station
through a reducing valve to the fire protection
network on Level 1. The supply in Shaft I plays
a backup role;

— to =120 Level (360 m) in the area of the auxiliary
“Szewczyk” Shaft, water is supplied “from under-
ground” from the network of fire-fighting pipe-
lines on Level II (460 m) through a DN 150 pipeline
in the “Szewczyk” Shaft;

— to Level II (460 m), water is supplied from two
systems of water galleries on Level I (200 m),
through the filtration plant and by a DN300 pipe
to Shaft I. Then via a DN300 pipeline in Shaft I
through an overflow reservoir under Level I (about
298 m from the shaft top) to Level II (460 m).
The capacity of the overflow tank under Level I is
V = 15.5 m’, and its function is limited only to re-
ducing the water pressure in the supply pipeline.
The water level in the overflow tank is controlled
by two float valves and is kept within the range of
min. level 0.8 m to max. level 1.3 m. For emergen-
cy events of increased water demand, a pumping
unit with a PH 150 type centrifugal pump of

5.25 m*/min capacity is installed at the shaft bot-
tom of Shaft I, Level I, which draws water directly
from the water gallery bypassing the filtration
plant and pumps it into the DN300 pipeline in
Shaft I,

— to Level — 300 (580 m) in the area of the auxiliary
“Szewczyk” Shaft, water is supplied from the net-
work of fire-fighting pipelines on Level II (460 m)
through an overflow tank installed on Level II at
the “Szewczyk” Shaft with a capacity of V' = 2 m’
through a DN 150 pipeline running in the “Szew-
czyk” Shaft;

— to Level III (640 m), water is supplied from the
network of fire-fighting pipelines on Level II
(460 m) through a near-shaft overflow tank in-
stalled under Level II (about 465 m from the shaft
top) via two DN 150 pipelines. The capacity of the
overflow tank under Level ITis 1V = 105 m* , and its
function is limited only to reducing the water pres-
sure in the supply pipeline. The water level in the
overflow tank is controlled by two float valves
and is kept within the range of min. level 1.0 m to
max. level 1.5 m.

The backup supply of the Ziemowit Operation
fire-fighting system is provided from the surface water
treatment plant tank with a capacity of 1V = 2000 m’
via a DN 200 pipeline in Shaft W-I through a reduc-
ing valve installed on Level II (460 m) to the P-1
cross-cut on Level II. In addition, it is also possible to
supply the fire-fighting system on Level II from the
pressure pipeline of the main dewatering pumping
station on Level II through the OS 150/5 pump with
a capacity of Q0 = 2.5 m>/min.

Currently, the Ziemowit Operation is completing
the task of the construction of a fire pipeline in Shaft I
from Level I to Level II. The newly constructed pipe-
line is intended to replace the existing fire pipeline in
Shaft I. The DN 300 shaft fire-fighting pipeline will
transfer water from the overflow tank located on
Level I (200 m) to Level II (460 m), to a redundant
pressure-reducing station. The station will be termi-
nated with a branch collector, which will be used to
distribute water at the shaft bottom to the fire protec-
tion pipelines and to supply Level III also bypassing
the overflow tank located under Level 11 (a system of
SUPRA valves will be used to supply both Level 11
and Level III; the goal is to eliminate all float valves
in the plant, as they are highly unreliable). Figure 1
shows the described dewatering scheme employed at
the Ziemowit Operation.
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Fig. 1. Diagram of the main dewatering system at the Piast-Ziemowit Hard Coal Mine, Ziemowit Operation

In accordance with the current regulations, water
inflow to mine workings in a mining plant has to be
measured at least twice a year (Article 1, § 449 of the
Regulation of the Minister of Energy of November 23,
2016 on detailed requirements for the operation
of underground mining plants (Journal of Laws of
2017, item 1118) [2]. As a practical matter, the vol-
ume of water inflows into the mine workings is moni-
tored on an ongoing basis due to safety of the mining
operations.

3. DESIGN OF SYSMON SYSTEM

The underground water monitoring and visualisa-
tion system at the Piast-Ziemowit Hard Coal Mine,
Ziemowit Operation (SYSMON) is designed in its
underground part as a hierarchical structure with two
concentrators (SK-01, SK-02), where each concentra-
tor is responsible for data acquisition from its respec-
tive area ( Level I, Level I1I). There are 13 measure-
ment and communications cabinets (SPKs) connected
to the concentrators and, in the case of the SK-01
concentrator, the two nearest measurement points

are also connected. The total number of measure-
ment points in the system is 20 dual points (volume
flow and pressure) and two single points (water level
measurements). The SPK cabinets come in different
configurations, depending on the number of measure-
ment points connected to a given cabinet (from 1 to 3)
and the number of built-in dual displays on the cabi-
net front cover. In most cases, the SPK cabinets are
installed in the vicinity of the measurement points, so
it is possible to read the measured values of volume
flow, pressure, or level locally. In four cases, due to
the excessive distance to the measurement points, SP
measurement cabinets were installed in the area
where flowmeters and pressure sensors were fitted,
allowing data to be read and sent to the SPK cabinets
over the MODBUS RTU protocol. Communication
between the SPK cabinets and the concentrators is
carried out using SHDSL technology. Table 1 shows
the specification of the node and measurement points.

Data transmission to the surface is carried out over
a copper telecommunications network and fibre-
optic Ethernet. In the surface part, the heart of the
system is a database server, which at the same time is
a webserver for the visualisation application.
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Table 1

List of node points and measurement points within the monitoring system

Cabinet P&nt DN PN Location of measurement points Measuring device
s . — flowmeter
1 DN200 PN25 | level -147 — drinking water, Piast |1 Shaft — pressure transducer
SPK-02 #01
3 DN200 | PN25 | level -147 — industrial water, Piast 11 Shaft ~ flowmeter
— pressure transducer
SPK-01 #02 2 DN150 | PN25 |level -147 — drinking water, Hotdunow Shaft — flowmeter
— pressure transducer
— flowmeter
Concentrator 4 DN200 PN25 |entry gallery to # | — pressure transducer
SK-01#03
22 water level at #1 — level probe
5 DN200 | PN25 | cross-cut E-1, level 600 m ~ flowmeter
— pressure transducer
SPK-02R #04 10 DN200 | PN25 | cross-cut P-1— dewatering pipeline — flowmeter
— pressure transducer
— flowmeter
9 DN150 PN16 | cross-cut P-1, level 200 m — pressure transducer
intersection of cross-cuts — flowmeter
SPK-01#05 6 DN150 | PN16 for wheeled traffic E-1/E2 — pressure transducer
SPK-01 #06 7 DN150 | PN16 | cross-cut E-3, level 3650 m ~ flowmeter
— pressure transducer
SPK-01 #07 8 DN150 | PN16 | intersection of P-1 and K-2 cross-cuts ~ flowmeter
— pressure transducer
. — flowmeter
SPK-01 #08 1 DN200 | PN25 | water inflow from seam 215 _ pressure transducer
12 DN150 | PN16 |#l side of empty mine cars ~ flowmeter
— pressure transducer
SPK-02 #09
13 DN150 | PN16 |#l side of loaded mine cars — flowmeter
— pressure transducer
. — flowmeter
14 DN150 | PN16 | belt conveyor heading C-1 — pressure transducer
SPK-02 #10
15 DN150 | PN16 | belt conveyor heading C-4 ~ flowmeter
— pressure transducer
SPK-01 #11 16 DN150 | PN16 | cross-cutto "Szewczyk" Shaft — flowmeter
— pressure transducer
. — flowmeter
SPK-01 #12 18 DN200 PN25 | cross-cut for wheeled traffic C-2, level 300 _ pressure transducer
17 DN300 | PN16 Qewaterlng system plpellne — flowmeter
in conveyor belt heading C-4 — pressure transducer
SPK-02 #13
19 DN200 | PN25 |dewatering system pipeline in inclined drift 950 | flowmeter
— pressure transducer
cross-cut for wheeled traffic C-4 — flowmeter
SPK-00#14 20 DN250 | PN16 in front of heading 1203 — pressure transducer
SPK-01 #15 21 level | — water level — level probe
Concentrator

SK-02#16
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In the event of a power failure, the system switches
to backup battery power, so that for a period of not
less than 60 minutes the data can continue to be
logged and transmitted to the server on the surface.
Due to the fact that there are no active devices be-
tween the data concentrators and the SPK cabinets,
after a power outage the transmission is carried out
uninterrupted from the farthest sections of the mine.
A power supply failure (and thus operation on back-
up power supply) is also indicated on the main synop-
tic screen. Also, any transmission system failures are
logged and signalled in the system. A transmission
failure does not cause interruptions in local data
reading, so during transmission line repair works, su-
pervision of the pipeline network is carried out by
mine staff at the location where the measurement
sensors are installed.

The entire system was designed, manufactured,
and installed by Elsta Elektronika Sp. z 0.0. in close
cooperation with Ziemowit Operation engineering
personnel.

4. VISUALISATION AND REPORTING

The visualisation of the SYSMON system opera-
tion is available from a web browser. The visualisa-

tion software application has extensive functiona-
lity for viewing the current state on both the system
diagram and flat or 3D maps, as well as analysing
historical events and diagnostics of emergency con-
ditions. Multiple parameters can be simultaneous-
ly entered on the charts for any selected period of
time, allowing to detect possible correlations be-
tween them.

From the main synoptic screen (Fig. 2), which is
a diagram of the entire system, thanks to interac-
tive features, it is possible to go directly to screens
with maps of specific sections or to charts of a given
parameter. On the screen below the diagram, there
is a separate field for displaying ongoing messag-
es, events, and alarms. On the synoptic screens,
the pipelines of the fire, dewatering, and drinking
water systems are marked with their respective
colours.

On the same screen, but in a different view (Fig. 3),
it is possible to obtain the total flow rate readings of
the flowmeters, also split into total flows in accor-
dance with the planned flow direction, as well as flows
in the reverse direction.

The spatial map (Fig. 4) is an interactive map, al-
lowing the user to zoom in and out of the monitored
areas, as well as to switch to charts of the parameters
of the indicated measurement point.

Fig. 2. View of the main synoptic screen of the SYSMON system visualisation application with current indications

from the measurement devices at the Piast-Ziemowit Hard Coal Mine, Ziemowit Operation
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Fig. 3. View of the main synoptic screen of the visualisation application of the SYSMON system
with the total indications from the flowmeters at Piast-Ziemowit Hard Coal Mine, Ziemowit Operation

Fig. 4. Screen presenting a spatial map of the pipelines of the fire, dewatering and drinking water systems

The entire pipeline system has been divided into
sections, and there is a separate detailed map for each
section (Fig. 5) in the form of a synoptic screen with
a presentation of the parameters measured in this
particular section. Interactive elements marking indi-
vidual measurement points allow the user to navigate
to charts of the parameters of the selected point.

The data on the charts can be presented in several
modes:

— “approximation” in the selection list stands for the
averaging of values from selected data ranges —

this way, with a large amount of data, a chart
showing the trend of change is obtained;

— “decimation” or downsampling is the selection of a cer-
tain number of samples so that the overall image of
the chart remains unchanged, thus ensuring that the
chart for a large amount of data remains responsive;

— “raw data” — the chart presents all the data logged
in the selected time span.

An example chart of the monitored parameters is
presented in Figure 6.
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Fig. 5. Example screen showing a map of the section with current indications from the measurement devices

Fig. 6. Chart of selected parameters with selectable display mode

The system software allows the user to create Once the report is generated as a pdf file, separate
reports for any period of time or select any of the reports are created for each of the three pipeline
predefined reports (daily, monthly). In the report types (Figs. 8-10).
presented on the screen (Fig. 7), the measurements The software application allows convenient and in-
for pipelines of the fire, dewatering and drinking wa- tuitive configuration to suit the user’s current needs
ter systems are colour-coded. related to making changes to the installation.

Fig. 7. Daily summary report on the screen in the visualisation software application
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Fig. 8. Daily report for fire system pipelines

Fig. 9. Daily report for dewatering system pipelines

Fig. 10. Daily report for drinking water system pipelines
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Access to the system and its advanced features is
only available through defined user accounts. Autho-
rized users are allowed to change, among other things,
the location of measurement points, replace maps of
sections, define alarm thresholds, etc. Users with
higher authorization levels have the right to manage
other users and their authorizations.

5. SUMMARY

As part of the upgrade of the flowmeters installed
on the pipelines of the dewatering system, both water
flow and pressure sensors were included. Having in-
formation on the flow and pressure, the mine can
conduct diagnostics of the state of pumps and pipe-
lines of the dewatering system; e.g. a sudden increase
in flow and a decrease in pressure on the pipelines
of the dewatering system indicates a leak; indication of
an empty pipeline — may mean the dewatering pump
is air-locked or there is a leak between the measure-
ment point and the pump (or in the pump itself), and
the backflow of water may signal a power outage of
the pump or its failure.

Measuring the volume flow (flow rate) and pres-
sure of fresh water through built-in sensors allows the
rapid identification of water shortages in operating
areas. In order to locate failures in the fire protection
system as quickly as possible, sensors have not only
been installed on the supply pipelines to installations
located in the vicinity of the shafts, but also in the
Cross-cuts.

The failure detection in fire pipelines in cross-cuts
and their branches, whose length is more than 60 ki-
lometres, is time-consuming, and has been greatly ac-
celerated with the use of real-time information from
the SYSMON system as well as the data logged
from sensors at strategic locations, which significantly
minimizes longwall downtime.

An additional benefit of the system is generating
alerts based on predefined warning and alarm thresh-
olds, which allows immediate response to incidents.
Users can set signalling thresholds for both falling
and rising water pressure and flow.

As a whole, when talking about real water manage-
ment, it is important to know the present condition,
that is, to know what is being managed. On this basis,
further stages of digitalization including automation
can be introduced.

The Ziemowit Operation is self-sufficient in terms
of water consumption both for technological and do-
mestic purposes. Precise monitoring of pipelines al-
lows the maintenance of installation parameters at
a level sufficient for technological and mine fire safe-
ty purposes. The system also provides for the detec-
tion of emergency conditions, leaks and monitoring
of water levels in storage reservoirs, while in terms of
hydrogeology it is used for water balancing. Flowme-
ters installed at the pumps allow the actual mea-
surement of pump performance, determine their effi-
ciency, and thus allow diagnostics to anticipate future
failures and take preventive measures. Through the
use of the system, quick diagnostics of the failure
site and its immediate repair, the safety of the crew
working in the underground workings has increased
significantly.

Monitoring of the fire, process, and drinking water
pipelines can make it possible to abandon other,
less accurate methods of estimating the amount of
water, including the method of measuring water
based on the operating time of mine dewatering
pumps and their rated capacity [3]. At the same time,
a foundation is being established for more effective
use by Ziemowit Operation of the hydrotechnical
method of reducing the discharge of saline mine
water [4].

The monitoring system enables the deployment of
remote control of gate valves intended to control the
flow of water in drinking and process water pipelines.
Flow control will be carried out from the surface and
will enable the mine services to instantaneously redi-
rect the required amount of water to supply the fire
system. By monitoring and controlling the amount
of water, the system of drinking and process water
management will change; the mine will reduce the
amount of drinking water that is currently used to
supply the fire system, and increase the use of process
water for that purpose. The surplus of treated water
obtained may allow, through pipe relining, to balance
the amount of water purchased at the Piast Mine
in the future. Such measures will bring savings due to
the discontinuation of the purchase of water by the
Piast Mine, while the sales of water to outside entities
should bring profits.

The underground water monitoring and visualisa-
tion system employed at the Piast-Ziemowit Hard
Coal Mine, Ziemowit Operation has become very
useful to the staff from the very beginning of its oper-
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