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Accurate dewatering forecasts are essential for maintaining production
schedules and safe working conditions in open-pit coal mines. At the
Mifa Bersaudara jobsite of PT Antareja Mahada Makmur (AMM),
weekly manual pump discharge measurements limited the detection of
pumping fluctuations, resulting in a dewatering forecast accuracy of
approximately 50%. This study aimed to improve dewatering forecast
accuracy through SIMPATIK, an Internet of Things (IoT)-based real-
time pump discharge monitoring system. An operational improvement
approach based on the Plan—Do-Check—Act (PDCA) cycle was
implemented from August 2025 to March 2026. The system integrated
clamp-on ultrasonic flow sensors, a microcontroller, a data logger, and
an online monitoring dashboard to record pump discharge at three-
second intervals. Hydraulic calculations were used to determine the
optimal pump discharge range, while system performance was
evaluated by comparing forecast and actual water-level reductions
before and after implementation. The results showed that dewatering
forecast accuracy increased from approximately 50% to more than 95%,
while equipment assembly costs decreased from IDR 138,236,000 to
IDR 16,280,000, representing a cost reduction of approximately 88%.
Improved discharge monitoring supported the scheduled exposure of
206,733 metric tons of Seam C coal and was associated with an increase
in overburden production from 689,400 to 879,400 bank cubic meters
(BCM). Remote monitoring also reduced the need for manual discharge
measurements near water bodies. These findings indicate that
integrating continuous pump discharge monitoring into mine
dewatering planning can improve forecast reliability, support
production coordination, reduce monitoring costs, and minimize
personnel exposure to operational hazards.

INTRODUCTION

Mine dewatering is an essential component of open-pit coal mining operations because
uncontrolled water accumulation within the pit can disrupt the mining sequence, reduce
equipment productivity, and increase occupational safety risks. Planning for sump dewatering
and drainage of inundated pit areas requires consideration of pump capacity, pipeline
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dimensions, and actual field discharge patterns to ensure that targeted mining areas and
materials can be exposed according to schedule (Anapah et al., 2024; Nauli et al., 2024; Sari et
al., 2023).

Delays in lowering water levels within inundated areas can directly affect the mining
sequence because excavation and loading equipment can operate only after the designated
working areas have been sufficiently dewatered in accordance with the planned mining
sequence (Aryanda et al., 2014; Prabowo et al., 2023). Therefore, the accuracy of water-level
reduction forecasts is an important parameter for maintaining the reliability of monthly
production planning in open-pit coal mines.

At the PT Antareja Mahada Makmur (AMM) Mifa Bersaudara jobsite, water-level
reduction forecasts for the South Special Design Pit were previously developed using a constant
pump discharge derived from the pump performance curve at a specified total dynamic head
(TDH). Under actual operating conditions, however, pump discharge may vary because of
pipeline leakage, increases in static head, deterioration in pump performance, or other hydraulic
and operational factors (Halim et al., 2022). Consequently, forecasts based on constant
discharge assumptions may deviate substantially from actual field conditions.

This challenge was evident in the South Special Design Pit at the PT AMM Mifa
Bersaudara jobsite. According to the operational records presented in this study, the previous
dewatering forecast assumed a constant discharge derived from the pump performance curve
at a specified TDH. However, discharge verification was performed manually using a flow bar
only once per week because the pump discharge outlet was located approximately 10 km from
the operational office. The baseline pumping forecast accuracy was approximately 50%,
indicating a substantial discrepancy between forecast and actual dewatering performance.
These site-specific conditions established the practical problem addressed by this research: the
limited availability of timely pump discharge measurements for updating pit dewatering
forecasts.

The consequences of delayed discharge information extended beyond forecast
discrepancies. At the study site, dewatering activities were associated with the planned
exposure of 206,733 metric tons of Seam C coal by March 2026. Delays in lowering water
levels could therefore affect working-area availability and the scheduling of excavation and
loading equipment. Furthermore, manual measurements required personnel to access the
discharge outlet near a water body, resulting in avoidable exposure to operational hazards
during routine monitoring. The operational need was therefore both informational and
organizational: engineers required timely discharge data, technicians needed earlier indications
of changes in pumping performance, and field personnel required a monitoring system that
reduced repeated travel and manual measurement activities near water bodies.

Previous research provides a foundation for addressing these challenges through
automated monitoring. More et al. (2020), in “Automated Measurement Systems in Mine
Water Management and Mine Workings—A Review of Potential Methods,” examined digital
technologies relevant to mine water management, including the Internet of Things (IoT),
wireless sensor networks, and automation. Their review identified applications of sensor
networks for collecting flow and physicochemical data while noting limitations in research on
digital technologies for managing and treating polluted mine water. This work supports the
relevance of automated data acquisition in mining (Vlachos et al., 2024; Worldsensing, 2024;
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Zhang et al., 2023); however, its broad review scope differs from the operational focus of the
present study. Specifically, the current research examines how continuous pump discharge
monitoring can support forecasts of water-level reduction in an active open-pit coal mine.

Research on ultrasonic instrumentation also supports the technical basis for continuous
flow measurement. Grzelak et al. (2014) developed a high-resolution ultrasonic flow
measurement system based on differences in acoustic transit time and demonstrated the
importance of timing resolution, temperature effects, and clock stability for measurement
performance. Their findings provide a methodological foundation for ultrasonic flow
measurement, although their experimental system differs from the clamp-on configuration
implemented at the mining site. More recently, Nugroho et al. (2025) developed an IoT-based
water-flow monitoring system integrating ultrasonic measurement, microcontroller-based data
acquisition, wireless communication, and a cloud platform. They reported measurement
accuracy of +1% relative to a reference turbine flowmeter under their experimental conditions,
demonstrating the feasibility of remote flow monitoring (Das et al., 2025; Sadi & Mulyati,
2026) without establishing equivalent measurement performance under mine-site operating
conditions.

Taken together, these studies demonstrate the potential of automated mine-water
monitoring, ultrasonic flow measurement, and internet-connected data acquisition. However,
the reviewed evidence does not directly establish how integrating continuously measured pump
discharge into operational planning affects the accuracy of pit dewatering forecasts at the PT
AMM Mifa Bersaudara jobsite. Measurement accuracy and forecast accuracy represent distinct
concepts: a flowmeter measures discharge (Ton, 2022), whereas a dewatering forecast must
also consider pumping duration, water inflow, and the relationship between stored water
volume and water level. The research gap addressed in this study therefore concerns the site-
specific relationship between real-time pump discharge information and the reliability of water-
level reduction forecasts. Examining this relationship is necessary to determine whether
improved monitoring provides information that can meaningfully support operational mining
decisions.

To address this gap, the present study developed SIMPATIK, an IoT-based real-time
pump discharge monitoring system integrating clamp-on ultrasonic flow sensors, a
microcontroller, a data logger, and an internet-accessible monitoring dashboard. The system
recorded pump discharge at three-second intervals and provided remote access to flow data for
the engineering team. Its novelty lies in integrating established flow measurement technology
with the mine dewatering forecasting workflow and a structured Plan-Do—Check—Act (PDCA)
improvement process at an operating mine site (Fernandes et al., 2022; Nguyen et al., 2023).
This contribution is contextual and operational rather than a claim to have invented ultrasonic
flow measurement or loT-based monitoring. By linking measurement, interpretation,
corrective action, and standardization, SIMPATIK provides a practical approach to improving
the quality and timeliness of information used in mine dewatering planning.

This study aimed to evaluate whether SIMPATIK could improve pumping forecast
accuracy in the South Special Design Pit compared with the previous practice of weekly
manual discharge verification. Specifically, the study sought to identify the principal causes of
forecast deviations, determine an appropriate pump operating range through hydraulic
calculations, implement continuous pump discharge monitoring, and compare forecast water-
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level reductions with actual observations before and after implementation. The improvement
target was to increase the site's reported forecast accuracy from approximately 50% to more
than 90%. The evaluation also considered quality, cost, delivery, safety, and morale (QCDSM)
to assess the broader operational implications of the monitoring system during the
implementation period from August 2025 to March 2026.

The expected contribution of this study is field-based evidence regarding the role of
timely pump discharge information in strengthening dewatering planning at an active open-pit
coal mine. For engineering teams, the study provides a practical basis for updating pumping
forecasts and identifying reductions in pump discharge at an earlier stage. For operational
management, it may support improved coordination among pit accessibility, coal exposure
targets, and equipment scheduling. Remote monitoring may also reduce the frequency of
manual measurements near water bodies and provide an accessible historical data record for
subsequent performance evaluation. Beyond the immediate jobsite, the findings may inform
decisions regarding the adoption of comparable monitoring systems in other mine dewatering
areas, while recognizing that their transferability depends on local hydraulic conditions, sensor
performance, communication reliability, and the forecasting procedures employed.

METHODS

This study employed a problem-solving approach based on the Plan-Do—Check—Act
(PDCA) cycle, comprising eight steps adapted from the Quality Control Project (QCP)
framework implemented at PT AMM (Cuya-Acufa et al., 2025; Fernandes et al., 2022). The
research was conducted from the initial problem identification in August 2025 through final
evaluation and standardization in March 2026. A summary of the research stages is presented
in Table 1.

Table 1. Stages of PDCA-Based Research Methods
No. Stage (PDCA) Activities Output

Identification & stratification of problems,

determination of themes and titles, impact Approved SMART

analysis on stakeholders, goal settin .
Y & & themes, titles, goals,

Plan (Steps 1- o
an (Steps (SMART), determination of root causes

4 k di t
) and solutions based on 4M factors (Man, Ztclti(:glplr:;/:men

Machine, Method, Material), as well as P
risk analysis and improvement plans.
Calculation of optimal discharge of
pumps, design and installation of Built-in flowmeter

) Do (Step 5) microcontroller-based ultrasonic clamp-on tqol and real-time
flowmeters and data loggers, and discharge data
implementation of data monitoring and available
measurement.

. . Comparison of
Evaluation of improvement results based P

3 Check (Step 6) on QCDSM (Quality, Cost, Delivery,
Safety, Morale) aspects, analysis of target

conditions before
and after
improvement
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No. Stage (PDCA) Activities Output

achievement, and review of the influence
on stakeholders.

The ratification of the new standard is in

the form of Flowmeter Operation Work New operating
Instructions, replication of the installation  standards and
to all pump areas, and the determination follow-up plans

Action (Steps
7-8)

of the next improvement theme.

The improvement targets were established using the SMART framework. The targets
included exposing 206,733 metric tons (MT) of Seam C coal by March 2026, increasing
pumping forecast accuracy in the South Special Design Pit from 50% to more than 90%, and
increasing overburden and coal production by 190,521 bank cubic meters (BCM) and 44,307
MT, respectively. The improvement program was implemented from November 2025 to March
2026.

RESULTS AND DISCUSSION
Root Cause Analysis

Root cause analysis was carried out using a fishbone diagram of four factors, namely
Man, Machine, Method, and Material, as shown in Figure 1. The results of the analysis showed
that the dominant root causes of low accuracy of pumping forecasts were: (1) pump outflow
discharge monitoring was only carried out once per week due to the remote outlet location; (2)
discharge data collection was carried out manually using flowbars without automatic tools; (3)
the unavailability of discharge monitoring tools in actual and real-time; and (4) the delay in
lowering water elevation in submerged areas due to the previous three factors.

SOLAR CELL

Solar Change Controlier

PP ——

Cveevvovvovovvvod ""'!"f;'"""'"""'

8
D PP A 1

Frame
Flowmeter Line Diagram

Figure 1. Line Diagram for Flowmeter Installation
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Determination of Solution
Table 2. Determination of Solutions Based on 4M Factors

Factors Root Causes Improvement Action Plan

Pump discharge monitoring is
Man only carried out once per Monitor pump discharge every hour
week due to the remote through a digital system.
location of the pump outlet.
Pump discharge monitoring is . L
P g £ Create a pump discharge monitoring tool

Machine carried out manually using a .
automatically.

flowbar.

There i tual
ere 1S o actual pump Building internet-based (IoT) pump

Method discharge monitoring method ) L .
. outflow discharge monitoring media.
available.
Material Delay in lowering water Prepare a dewatering plan with a

elevation in submerged areas.  forecast accuracy target of above 90%.

Optimal Pump Discharge Design and Calculation

Before improvement, the verification of pump outflow discharge can only be done
manually using a flowbar which requires the operator to be near the point of falling water
(Figure 2), so that in addition to being a risk to work safety, the frequency of data collection is
also very limited.

Figure 2. Existing Conditions of Manual Discharge Data Retrieval Using the Flowbar

The determination of the optimal discharge of the pump is carried out by calculating the
total head of the piping system (Hs, Hv, and Hf) at various discharge variations, based on data
on inlet elevation, outlet elevation, length, and diameter of the actual HDPE pipe in the field,
then compared to the performance curve of the Multiflo 420EXHV pump (Figure 3) (Halim et
al., 2022; Prabawa et al., 2026). The calculation results show that the optimal operational
discharge of the pump is in the range of 650—720 m*/h with engine rotation (RPM) of 1200—
1250.
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Figure 3. Calculation of Total Head and Pump Performance Curve for Optimal Discharge
Determination

Working Principle and Installation of Ultrasonic Flowmeter

The discharge monitoring device is designed using an ultrasonic clamp-on sensor with
the principle of transit-time measurement, which measures the difference in travel time of the
emitted ultrasonic signal between two transducers (upstream and downstream) installed on the
surface of the HDPE pipe (Dixon et al., 2023; Endress+Hauser, n.d.). The flow rate (V) is
calculated based on the signal travel distance (MD), the transducer installation angle (0), and
the travel time difference (AT) between the upstream and downstream signals, as shown in
Figure 4.

y o distresnr gy

Figure 4. Working Principle of Ultrasonic Transit-Time Discharge Measurement (Method V)

The sensor installation uses the V method which is suitable for pipes measuring 32-200
mm, by applying ultrasonic gel to the surface of the sensor and then attaching it to the HDPE
pipe using a clamp on. The sensor is connected to a microcontroller unit and a data logger that
reads and accumulates flow rate data every 3 seconds, then sends the data to an internet-based
dashboard so that it can be monitored in real-time from the engineering office without having
to visit the pump outlet location.
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Implementation and Monitoring

Table 3. Improvement Action Plan (What-How—Why—Where)

Wh
Yes Root Cause = What (Action) How y Where
(Purpose)

Automation of

Pump outflow .
. . water discharge
discharge Creating an o Improve the .
o monitoring Special
monitoring is actual pump . accuracy of . .
1 o using Design Pit
done manually = monitoring . pump
) microcontrollers . South

using a tool. discharge data.

and data
flowbar.

loggers.
Pump
discharge Build a real-
monitoring is time pum Increase the

‘g Monitor pump . purmp frequency and
only carried . discharge Office
2 discharge .o speed of pump . .
out once per monitoring . Engineering
every hour. discharge
week due to system based on .
monitoring.

distant outflow
conditions.

the internet.

After installation, the monitoring dashboard displays the actual flow rate in real-time
along with the daily and monthly discharge accumulation (Figure 5), so that discharge
decreases due to disruptions in the pumping system can be immediately known and followed
up by the engineering team without having to wait for a weekly manual measurement schedule.

x A Debét asr (m3/jam)
Menitaring fHewMeter TU¥ 20008 B Kecepatan afitan (m/s)
- b —— . - b D c Kualtas Signal {dB)
0§—— o A sz B w1 € 104223 08 - . o Totsl outflow harian {m3)

- aes E Total outfiow butanan (m3)

F e e F Grafik Asaltime Flow Rate

.- L Y L ) - L e L e ‘ G o'."- Flow Rate por Butan

4 b aie v e v \ 203958 H Lokani Instalasi Atat
e R —— .
T . - [x)
i [+
Figure 5. Realtime Flowmeter Monitoring Dashboard
RESULTS AND DISCUSSION

The evaluation of the success of the improvement was carried out by comparing the
forecast of the decrease in water elevation to the actual conditions, both in the period before
the improvement (using the manual flowbar) and after the improvement (using the realtime
flowmeter), as shown in Figure 6.
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Figure 6. Comparison of Forecast Graph of Water Elevation Decrease Before (Flowbar) and
After (Flowmeter) Improvement

Under the conditions before the improvement, the forecast for a decrease in water
elevation to -49.5 is planned to be achieved on December 23, 2025, but it will actually only be
achieved on December 25, 2025, with an average pump outflow discharge deviation of 23,214
m?/day from the plan or equivalent to the forecast accuracy level of around 50%. After the
improvement, the forecast and actual decrease in water elevation show a much more consistent
trend, with the forecast accuracy rate increasing to above 90%, even reaching more than 95%
in the March 2026 evaluation.

Table 4. Analysis of Target Achievement Based on QCDSM Aspects

Aspect Conditions Before Conditions After
Improvement Goals
(QCDSM) Improvement Improvement
Th f th . :
Qualit Eqaicrfurfi)cr}e;:ast i: onl Pumping forecast Pumping forecast
u u
Y putmping Y accuracy >90%. accuracy >95%.
50%.
Reducing th t of .
aseselrl;tl)rllg o fethC:iOSI o The cost of assembling the
The cost of assembling Y tool £Rp16,280,000; the
+Rp16,280,000; . .
Cost the flowmeter (vendor) reducine the votential Special Design area was
is IDR 138,236,000. . gHhep completed according to
pending volume of lan
Rp5,076,622,566. pat
Manual discharge data
retrieval, takes travel . . Debit data is automatically
. . Debit data collection is .
Delivery time to the outlet (£10 . . monitored through an
. done in real-time. .
km) and is only internet-based dashboard.
1x/week.
M 1
.anua measurements . Debit data retrieval is
with flowbars are Reduce activities near .
. . . done from an application
Safety carried out near bodies ~ water and potential .
. . that can be accessed via
of water (potential occupational hazards. .
the internet.
hazards).
. . . The engineering team is
The engineering team is  Increase the team's .
. . more confident in the
Morals not confident in the confidence in the sump

sump drying forecast.

drying plan.

sump drying plan so that
the sequence in the lowest
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Aspect Conditions Before Improvement Goals Conditions After
(QCDSM) Improvement P Improvement

point area can be done
according to plan.

In terms of cost, the implementation of the assembled flowmeter itself has succeeded in
reducing the cost of assembling monitoring equipment from IDR 138,236,000 (if using vendor
services) to around IDR 16,280,000, or cost efficiency of around 88%. In addition, increasing
forecast accuracy also prevents potential losses due to the pending volume of waterlogged areas
of 190,521 Bem, which if converted using a unit price of IDR 26,646 per bcm is equivalent to
a potential loss of IDR 5,076,622,566 that was successfully avoided.

In terms of production, the improvement in forecast accuracy and the acceleration of the
drying of the South Special Design Pit area contributed to an increase in overburden production
from 689,400 bcm to 879,400 bem, in line with the Seam C Coal exposure target of 206,733
MT which can be done according to the planned mining sequence.

From the aspect of work safety, the implementation of real-time flowmeters has
succeeded in eliminating the need for operators to manually take discharge data near water
bodies, thereby eliminating potential work hazards in the area. This was also confirmed by the
SHE team and the field team who stated that discharge monitoring can now be carried out more
safely, quickly, and efficiently without the need for risky manual measurements. From the
aspect of work morale, the availability of accurate and real-time discharge data also increases
the confidence of the engineering team in preparing sump drying plans in the following periods,
as well as accelerating the troubleshooting process for the pump technician team when there
are indications of a decrease in unit performance.

As a follow-up to the success of this improvement, PT AMM Jobsite Mifa Bersaudara
ratified a new standard in the form of Flowmeter Operation Work Instruction (Doc No. AMM-
MIFA-IK-ENG-25/26) and planned the replication of the discharge monitoring device
installation to all pumping areas. The author and team also set the next improvement theme,
namely increasing the accuracy of the pump's Effective Working Hours (EWH) forecast from
70% to 95% by utilizing additional IoT-based sensors to determine the maximum limit of
pumping capacity in the South Pit by 2026.

CONCLUSION

The implementation of SIMPATIK, an Internet of Things (IoT)-based real-time pump
discharge monitoring system incorporating a clamp-on ultrasonic flow sensor based on the
transit-time measurement principle, a microcontroller, and a data logger, improved pumping
forecast accuracy in the South Special Design Pit at the PT Antareja Mahada Makmur (AMM)
Mifa Bersaudara jobsite from approximately 50% to more than 95%. The improved monitoring
supported more reliable dewatering planning and the timely exposure of 206,733 metric tons
(MT) of Seam C coal. During the implementation period, overburden production increased
from 689,400 to 879,400 bank cubic meters (BCM) in accordance with the planned mining
sequence.
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In addition to improvements in forecast accuracy and operational performance, the
system reduced monitoring equipment assembly costs by approximately 88%, from IDR
138,236,000 to IDR 16,280,000. The implementation was also associated with the avoidance
of an estimated potential loss of IDR 5,076,622,566 related to delayed mining activities in
inundated areas. From an occupational safety perspective, digitalization of pump discharge
monitoring reduced the need for personnel to perform manual measurements near water bodies,
thereby minimizing exposure to operational hazards. Continuous access to discharge data also
improved the engineering team's ability to plan subsequent sump dewatering activities.

The authors recommend expanding the loT-based pump discharge monitoring system to
other dewatering pumping units at the PT AMM Mifa Bersaudara jobsite after verifying its
performance under different hydraulic and operational conditions. Further development could
integrate an early warning system and condition-based or predictive maintenance functions to
identify deterioration in pump performance. Future research should also examine the
relationship between effective working hours (EWH), pump availability, actual discharge, and
achievable pumping capacity to support the development of more reliable and sustainable mine
water management strategies.

FUNDING
The research and preparation of this article was carried out independently without
funding support from external parties.

CONFLICT OF INTEREST
The author states that there are no conflicts of interest, whether personal, commercial,
or financial, that can affect the implementation and results of this study.

AUTHOR'S CONTRIBUTION
Felix Suranta Sihotang contributes to research design, data collection and processing,
system development, result analysis, and article manuscript preparation.

GENERATIVE ARTIFICIAL INTELLIGENCE USAGE STATEMENT

In the process of compiling this article, the author uses generative artificial intelligence
(AI) as a tool in language refinement, writing structure, and grammar improvement. The use
of Al is carried out on a limited basis and remains under the supervision of the author. All data,
analysis, interpretation, and scientific substance in this article have been checked and verified
by the author. The author is solely responsible for the accuracy, authenticity, and final content
of the manuscript.

REFERENCE

Anapah, D. C., Banunaek, N., Metboki, M., & Ahmad, A. (2024). Technical planning of mine
dewatering in the sump of Tempudo Pit 4 of PT Kalimantan Prima Persada at PT Indexim
Coalindo, East Kutai Regency, East Kalimantan Province. Journal of Mineral
Technology, Mulawarman University.

Aryanda, D., Ramli, M., & Djamaluddin, H. (2014). Coal mining sequence design to meet
monthly production targets (Case study: Bara 14 Seam C PT Fajar Bumi Sakti, East
Kalimantan). GEOSCIENCE Journal, 10(2), 74-79.

Cuya-Acuiia, E. M., Villanueva-Salazar, M. B., Arauzo-Gallardo, L. A., & Raymundo, C.
(2025). Prevention of accidents by rockfall applying the Deming cycle methodology in

Available online a https://jws.rivierapublishing.id/index.php/jws 893



Felix Suranta Sihotang, Garata Gema Putra Tarigan, Brillian Candra, Widodo Cahyono Putro, Agus
Widiyanto

an iron oxide copper gold deposit. In Proceedings of the LACCEI International Multi-
Conference for FEngineering, Education and Technology (LACCEI 2025).
https://doi.org/10.18687/LACCEI2025.1.1.1539

Das T. H., A., Surendran, D. T., P U, A. K., Wilson, A., Krishnankutty, S. V., & Roy, A.
(2025). IoT based real-time measuring and monitoring system for irrigation canals.
Journal of Applied Science, Engineering, Technology and Management, 3(2), 7-14.
https://doi.org/10.61779/jasetm.v3i2.2

Dixon, S. M., Greenshields, D., Li, Z., Burton, R., Burton, T., & Smith, L. D. (2023). High
accuracy, low cost ultrasonic clamp-on flow metering of small diameter, thin walled pipe.
In Proceedings of the 19th International Flow Measurement Conference (FLOMEKO
2022) (pp. 1-4). IMEKO. https://doi.org/10.21014/tc9-2022.051

Endress+Hauser. (n.d.). Working principle of transit-time type ultrasonic flowmeter
measurement [ Technical documentation].

Fernandes, R. da S., Sousa, J. C. da C., & Luz, R. M. do N. (2022). Integrated management
analysis of production performance, maintenance, and PDCA cycle: A case study of the
IPCC mining process. Revista Produ¢do  Online, 22(2), 2731-2762.
https://doi.org/10.14488/1676-1901.v22i2.4661

Grzelak, S., Czokoéw, J., Kowalski, M., & Zielinski, M. (2014). Ultrasonic flow measurement
with high resolution. Metrology and Measurement Systems, 21(2), 305-316.
https://doi.org/10.2478/mms-2014-0026

Halim, A., Mangkona, & Rizqi, S. R. V. (2022). Optimalisasi kinerja pompa centrifugal
Multiflo  MF 420EX in open pit mines. Jurnal Geomine, 10(1), 80-88.
https://doi.org/10.33536/jg.v10101.1516

More, K. S., Wolkersdorfer, C., Kang, N., & Elmaghraby, A. S. (2020). Automated
measurement systems in mine water management and mine workings — A review of
potential methods. Water Resources and Industry, 24, Article 100136.
https://doi.org/10.1016/j.wri.2020.100136

Nauli, F., Irfan, A., Yanti, S. R., Alghifari, A., & Deny, A. V. (2024). Analysis of pump
requirements for mine dewatering sump at Kerinci PT Cipta Kridatama jobsite PT
Kuansing Inti Makmur. Motivection, 6(3).

Nguyen, V., Chauy, C. K. B., & Tran, T. (2023). PDCA from theory to effective applications:
A case study of design for reducing human error in assembly process. Advances in
Operations Research, 2023, Article 8007474. https://doi.org/10.1155/2023/8007474

Nugroho, W., Arifianto, M. J. F., Afianto, A., Wicaksono, A., & Nursim, N. (2025). Web based
IoT monitoring system for ultrasonic water flow measurement using ESP32-S3 and cloud
database. Journal of Soft Computing Exploration, 6(4).

Prabawa, K. D., Haeruddin, H., & Aminah, S. (2026). Rancangan teknis sistem penyaliran
tambang tanah liat di Pit Tlogowaru V PT Semen Indonesia (Persero) Tbk Site Tuban.
Jurnal Teknologi Mineral FT UNMUL, 14(1), 67-76.
https://doi.org/10.30872/jtm.v1411.20640

Prabowo, H., Wahyudi, W., & Rolitu, R. (2023). Distribution system dewatering in coal mining
at PIT Sena Sungai Lilin District, Musi Banyuasin Regency, South Sumatra Province.
Jurnal Pendidikan Teknologi Kejuruan, 6(2), 70-79.
https://doi.org/10.24036/jptk.v612.32623

Sadi, S., & Mulyati, S. (2026). loT-based water level monitoring and automatic floodgate
control using Arduino with cloud integration. Journal of Electrical Engineering and
Computer (JEECOM), 8(2). https://doi.org/10.33650/jeecom.v8i2.17102

Sari, A. S., Cahyono, Y. D. G., & Kombongkila, Y. (2023). Technical design of wells (sump)
and pump requirements in open pit mine drainage at PT. Mulia Baratama Plan, Long
Beleh, Kembang Janggut, Kutai Kartanegara, East Kalimantan. Journal of Applied

Available online a https://jws.rivierapublishing.id/index.php/jws 894



Felix Suranta Sihotang, Garata Gema Putra Tarigan, Brillian Candra, Widodo Cahyono Putro, Agus
Widiyanto

Sciences, Management  and  Engineering  Technology, 4(2),  73-80.
https://doi.org/10.31284/j.jasmet.2023.v4i2.5031

Ton, V. (2022). Industrial experiences show clamp-on ultrasonic transit time flow meters
assumptions lead to erroneous measurement results. Results in Engineering, 15, Article
100496.

Vlachos, M., Pavlopoulos, L., Georgakopoulos, A., Tsimiklis, G., & Amditis, A. (2024). A
robust end-to-end IoT system for supporting workers in mining industries. Sensors,
24(11), Article 3317. https://doi.org/10.3390/s24113317

Worldsensing. (2024). Monitoring water level, dewatering and pumping stations for an open-
pit gold mine in Nevada, USA [Case study report].

Zhang, H., Li, B., Karimi, M., Saydam, S., & Hassan, M. (2023). Recent advancements in [oT
implementation for environmental, safety, and production monitoring in underground
mines. [EEE  Internet  of  Things  Journal, 10(16), 14507—-14526.
https://doi.org/10.1109/J10T.2023.3267828

Available online a https://jws.rivierapublishing.id/index.php/jws 895



