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Using artificial neural networks for prediction of
leakage in major water pipelines.
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o ABSTRACT o

Leaking water pipes in drinking water pumping stations are a common and significant
global problem, causing a waste of water resources. Therefore, rapid detection, location, and
repair of pipe leaks are crucial to ensuring their safety. In this study, a water leak prediction
system was designed in the main transmission line. The studied case was the pumping station
located in the Tartous countryside. A leak was observed in the main transmission line
connecting the first station (collection tank) and the second station (main tank). The design
of this system was based on the metrics used in the prediction process (such as flow rate in
the transmission line, water pressure inside the transmission line, and line vibration), in
addition to the environmental metrics (temperature and humidity surrounding the
transmission line). The Odoo software application was used, which provides the ability to
monitor and follow everything that happens in the pumping station through a web browser
via the Internet. Through it, the Odoo module was created to predict water leakage using
artificial neural networks that were previously trained on the metrics used in the prediction
process. The designed system was tested, and as a result, good accuracy in prediction was
achieved by evaluating its performance by calculating the accuracy measure, where the
training accuracy reached (89%) and the test accuracy (90%). The results of the training and
verification loss graph and the accuracy of the training and verification set showed that the
improvements that occurred in the model for the training set appear The results are fairly
consistent with the improvements on the validation set, indicating that overfitting is not a
significant problem with the model
Keywords: Water management system, water leaks in transportation pipelines, artificial neural
networks
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batch_size=32, epochs=1ee,

validation_data=(X_val, ¥_val))

Epoch 57/188

1@22/1822 [
Epoch 58/109
182271822 [

Epoch 59/108
1822/1822 [

Epoch 68/188

1822/1022 [
Epoch 61/1080
1@822/1822 [

Epoch 62/1@8
1822/1022 [

Epoch 63/1@8

1
1
1
1
1
1
1
1

1e22/1022 [

as Uy ddiguanl) ASA) )i (8) Jeid

- ©s S2us/step - loss: @.3359 -
- @s 4gus/step - loss: @.3331 -
- 8s 43us/step - loss: @.3387 -
- @s SaAus/step - loss: @.3283 -
- @s S58us/step - loss: @.3263 -
- @s 4Bus/step - loss: @.3246 -
- ©s d8us/step - loss: ©.3224 -

- ©s5 46us/step - loss: ©.3285 -

ace:

acc:

acc:

acc:

acc:

acec:

acg:

acc:

8_8718

e.8689

®.8738

8_8767 -

0.8699

8.8748 -

@.8757

@.8748

- val_loss:
- wal_loss:
- val_loss:
val_loss:
- wval_loss:
val_lass:
- val_loss:

- val_loss:

Doper A8 BaLyy Hledll Lamleddl dbadle cad AN cuyx ol e

A(8) Jsall

©.3122 - val_acc: @.8721
@.2899 - val_acc: @.8767
©.3874 - val_acc: 9.8767
©.3844 - val_acc: @.8767
©.3026 - val_acc: @.8767
©.381@ - val_acc: 8.8767
©.2001 - val_acc: @.8813

©.2971 - val_acc: ©.8813

0.89 :dadl culss jlaa¥) clly degane 8 A8 (ulie Glea & AN el aui vie o

o 1 nodel. evaluate(X fest, ¥ test)[1]

[ 2/ |
0SS AIIRY

| - 8 Thus/step

(9) S g 2 LS
pvedRi



e Uiy A guand) ASUAY oldf andi 1(9) JSal
OB @aailly il degene A8a] JLall ally @aadlly il Hleal Slull aw)ll v e
degane o Gl o boaa ) dadllie a8 capaill desend zisall Lo il ) clipa
case Sl )l (zisall B € Aa i Y Nl IS8 A o i 38y daall (e (gaal
(11) «(10) s b

G Model loss
0.7 4

e 1

05 1

Loss

04 1

03 1

Epoch

Tl Bl udil Bludd Sl aul 1(10) JSid

G Model accuracy

Epoch



Tartous University Journal.eng. Sciences SeriesY + Yo(V)axadl () alaall dusaigl a glall @ (s sk sk dasla dlaa

Jaill bl Job Ao Gyl aBga BlSlaa milis diBlia -4
oalad) dhadle (Ko G ¢ daill bad Joha o copll i) adsall ((12) J<ED) Cp
P ol) fiacalipl) el (335 obaall (385 Jame b (aless) UL (Uk 0.5) oo Jif ) dasecall
Q=A*V
P=p.g.h
Aoy V pil pimpall aliiall dalise tA gl e 58 A sbaall 2eS:Q sl
colall gl th dndlall ghlud 19 celall BUS i colal) Jaraai P coloall
Liad dagics el ey g sl 8 elad) Janm ol 13) 4l bl cpilalaad) (e Laadls
a8l e 25 elall Jaria 3l oY @y gl e L) () Jaee) elal) dueS Slaz Sl
(0-8mm/s) A Jaill Jaa el Cangliig colall (300 Ao pu (e 0y 2h Lan elall liniad A5l
(0.5 bar) ge Jil ) Jaiall (mless) e



Pressure Readings Along Pipeline

15}
14
13

1.2

Pressure (bars)

11

[ —a— Pressure (bars)
—=—=- Leak Position

0 20 40 60 80 100
Pipeline Position (meters)

Flow Rate Readings Along Pipeline

—e— Flow Rate (m3/s)
—-=-=- Leak Position

11.5¢
11.0}
105¢F
10.0

9.5

Flow Rate (m?/s)

9.0
8.5

8.0

0 20 40 60 80 100
Pipeline Position (meters)
Vibration Readings Along Pipeline

1.8 [|—e— vibration (units) i
16H""" Leak Position

1.4}
1.2f
1.0
0.8}
0.6
0.4}
0.2

Vibration (units)

0 20 40 60 80 100
Pipeline Position (meters)

Ja i Joh o capull il adgall 1(12) JSil

DAY -1
dane b 3sngal) (el JED s 8 obadll upey Gally aSanl) Ui mrenal Cand) 138 6

O oSl e A Jalsall mas by o praaill adie) Cus (5501 g9 58e) ushayke iy (b Gl
gl::x:"j §):\:\S Ldln Jany L..gﬂ\ (OdOO) ‘?AA‘).\}\ é:ulaﬂ\ e\Ai:u.u\ szl ;\31.«4}[1_1 u._z‘)uﬂ\ ger’ Bei
Aasial b oo LiSie sball duge b aeladinl dig Gaandle IS dalie e 3ol lasdl Gilaal
LS &8 Al el duiguanll AGA 7 gad aladiul & DA ey ccugll dada e i)
an PA o 5l 8 B A8 el o ceiyl) Jal) lad Ja0 sbad) pedy il dal (e s



Tartous University Journal.eng. Sciences SeriesY + Yo(V)axadl () alaall dusaigl a glall @ (s sk sk dasla dlaa

By ((89%) cupxll diy il Cus GLEY) Glly degess oo A Glie Gles e L@l
.(0.29) @asall )iy (0.3) cupaill sl ((90%) Lasy)

GAY) V) Al el alatiuly olul) aujs cASus b okl aSanll Al aladiuly aas

ool Al & Cpeally gl B A8 Jeadl ) Jgeagll Lelhal) dngasl KAl we lglia
el e e gl oball e gpiblgall Jaas Gasas Laa

a2l =V
[1] Liu Z, Kleiner Y. State of the art review of inspection technologies for
condition assessment of water pipes [J]. Measurement. 2013;46(1):1-15.

[2] Chan TK, Chin CS, Zhong XH. Review of current technologies and
proposed intelligent methodologies for water distributed network leakage detection
[J]. IEEE Access. 2018; 6:78846- 78867.

[3] Doshmanziari R, Khaloozadeh H, Nikoofard A. Gas pipeline leakage
detection based on sensor fusion under model-based fault detection framework[J].
Journal of Petroleum Science and Engineering. 2020; 184:106581.

[4] Duan HF. Transient frequency response based leak detection in water
supply pipeline systems with branched and looped junctions[J]. Journal of
Hydroinformatics. 2017;19(1):17-30.

[5] Puust R, Kapelan Z, Savic DA, Koppel T. A review of methods for leakage
management in pipe networks[J]. Urban Water Journal. 2010;7(1):25-45.

[6] Abdulshaheed A, Mustapha F, Ghavamian A. A pressure-based method for
monitoring leaks in a pipe distribution system: a review[J]. Renewable & Sustainable
Energy Reviews. 2017;69: 902- 911.

Yoy



da b s ¢ Jyda il il AT 8 e Ula s ) i gpmal) SN Aadi)

[7] Shukla A, Karki H. Application of robotics in onshore oil and gas industry-
a review Part I [J]. Robotics and Autonomous Systems. 2016;75:490-507.

[8] Datta S, Sarkar S. A review on different pipeline fault detection methods[J].
Journal of Loss Prevention in the Process Industries. 2016;41:97-106.

[9] Tur JMM, Garthwaite W. Robotic devices for water main in-pipe
inspection: a survey[J]. Journal of Field Robotics. 2010;27(4):491-508.

[10] Riaratham ST, Chandrasekaran M. Development of an innovative free-
swimming device[C]. Construction Research Congress 2010:588-596.

[11] Fletcher R, Chandrasekaran M. SmartBall™: A new approach in pipeline
leak detection[C]. ASME2008. 2008(48586):117-133.

[12] Chatzigeorgiou D, Youcef-Toumi K, Ben-Mansour R. Design of a novel
in-pipe reliable leak detector[C]. IEEE-ASME Transactions on Mechatronics.
2015;20(2):824-833.

[13] Chatzigeorgiou D, Youcef-Toumi K, Ben-Mansour R. Detection &
estimation algorithms for in-pipe leak detection[C]. American Control Conference,
Proceedings of the American Control Conference2014. 2014: 5508-5514.

[14] Wu Y, Kim K, Henry MF, Youcef-Toumi K. Design of a leak sensor for
operating water pipe systems[C]. IEEE International Conference on Intelligent
Robots and Systems.2017: 6075-6082.

[15] Xu T, Chen S, Guo S, Huang X, Li J, Zeng Z. A small leakage detection
approach for oil pipeline using an inner spherical ball [J]. Process Safety and
Environmental Protection. 2019; 124:279-289.



Tartous University Journal.eng. Sciences SeriesY + Yo(V)axadl () alaall dusaigl a glall @ (s sk sk dasla dlaa

daaldll
pasaal) alail) 3lSlaal gAA).\S‘ 3sd)
import matplotlib.pyplot as plt
import numpy as np

import random
from matplotlib.animation import FuncAnimation

# Initialize simulated sensor data and pump status
sensor_data = {

"Temperature™: [],

"Humidity": [],

"External Pressure™: [],

"Internal Pressure™: [],

"pH Level™: [],

"Water Level™: [],

"Leakage Prediction™: [],

"Pump Status": []

ks

# Simulation function to generate random sensor readings
def simulate_sensor_readings():
temperature = random.uniform(15.0, 30.0)
humidity = random.uniform(30.0, 70.0)
external_pressure = random.uniform(950, 1050)
internal_pressure = random.uniform(1000, 1100)
ph_level = random.uniform(6.5, 8.5)
water_level = random.uniform(0, 100)

# Simulate a simple Al prediction model output (0: no leakage, 1: high risk)
leakage_prediction = 1 if water_level > 70 else 0 # Example logic for demo
purposes

# Control pump status based on water level
pump_status = 1 if water_level < 20 else 0 if water_level > 80 else
sensor_data["Pump Status'][-1] if sensor_data["Pump Status"] else 0

# Append simulated data
sensor_data["Temperature™].append(temperature)
sensor_data["Humidity"].append(humidity)
sensor_data["External Pressure™].append(external_pressure)
sensor_data["Internal Pressure”].append(internal_pressure)
sensor_data["pH Level"].append(ph_level)
sensor_data["Water Level"].append(water_level)
sensor_data["Leakage Prediction™].append(leakage_prediction)
sensor_data["Pump Status"].append(pump_status)

# Setup matplotlib subplots for each sensor reading

V.9
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fig, axs = plt.subplots(4, 2, figsize=(12, 8))
fig.suptitle("Real-Time Simulation of Water Leakage Monitoring")

def animate(i):
simulate_sensor_readings() # Generate simulated data

# Limit x-axis to the last 20 readings
x = list(range(max(0, i - 20), i + 1))

# Update each subplot with the latest data

axs[0, 0].clear()

axs[0, 0].plot(x, sensor_data["Temperature"][-20:], label="Temperature
(°C)")

axs[0, 0].legend(loc="upper left")

axs[0, 0].set_ylim(10, 35)

axs[0, 1].clear()

axs[0, 1].plot(x, sensor_data["Humidity"][-20:], label="Humidity (%)",
color="orange")

axs[0, 1].legend(loc="upper left")

axs[0, 1].set_ylim(20, 80)

axs[1, 0].clear()

axs[1, 0].plot(x, sensor_data["External Pressure™][-20:], label="External
Pressure (Pa)", color="green")

axs[1, 0].legend(loc="upper left")

axs[1, 0].set_ylim(900, 1100)

axs[1, 1].clear()

axs[1, 1].plot(x, sensor_data["Internal Pressure™][-20:], label="Internal
Pressure (Pa)", color="red")

axs[1, 1].legend(loc="upper left")

axs[1, 1].set_ylim(950, 1150)

axs[2, 0].clear()

axs[2, 0].plot(x, sensor_data["pH Level"][-20:], label="pH Level",
color="purple")

axs[2, 0].legend(loc="upper left")

axs[2, 0].set_ylim(5, 9)

axs[2, 1].clear()

axs[2, 1].plot(x, sensor_data["Water Level"][-20:], label="Water Level (%)",
color="cyan")

axs[2, 1].legend(loc="upper left")

axs[2, 1].set_ylim(0, 100)

axs[3, 0].clear()
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axs[3, 0].plot(x, sensor_data["Leakage Prediction"][-20:], label="Leakage
Prediction (O=Low, 1=High)", color="magenta")

axs[3, 0].legend(loc="upper left™)

axs[3, 0].set_ylim(-0.1, 1.1)

axs[3, 1].clear()

axs[3, 1].step(x, sensor_data["Pump Status™][-20:], label="Pump Status
(0=0ff, 1=0n)", color="brown", where="mid")

axs[3, 1].legend(loc="upper left™)

axs[3, 1].set_ylim(-0.1, 1.1)

# Run the animation function at 1-second intervals

ani = FuncAnimation(fig, animate, interval=1000)
plt.tight_layout(rect=[0, 0, 1, 0.96])

plt.show()
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import numpy as np

import matplotlib.pyplot as pl

# Simulate pipeline with sensor placements and readings

pipeline_length = 100 # in meters

num_sensors = 10 # Number of sensors along the pipelin

sensor_positions = np.linspace(0, pipeline_length, num_sensors) # Sensor
positions

pressure_readings = np.random.uniform(1.5, 2.0, num_sensors) # Simulated
normal pressure (bars)

flow_readings = np.random.uniform(10, 12, num_sensors) # Simulated normal
flow (m3/s)

# Introduce a leak at a random position

leak_position = np.random.choice(sensor_positions[1:-1]) # Avoid endpoints

pressure_drop = 0.5 # Simulate pressure drop due to leak

affected_index = np.where(sensor_positions == leak_position)[0][0]



