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Abstract: This study developed a hybrid framework for leak detection in the water distribution network
of Reservoir 94 in East Tehran. The hydraulic model was built in Water Gems using GIS data and
AutoCAD maps, then calibrated with real-time pressure and flow data from SCADA. The network
covers 42.9 km of pipelines and over 380 nodes. Three leak scenarios (5%, 10%, 20%) were simulated,
revealing non-linear pressure drops and increased flow at critical points as leak intensity rose. Model
outputs were used to train ANN and MLP networks in MATLAB. Results showed the hybrid model
achieved about 30% higher accuracy in detecting leak intensity and location than the standalone
numerical model. The MLP outperformed ANN by roughly 3%, reaching an overall detection accuracy
of 94%. Statistical indices (R?=0.95, NSE=0.93) confirmed validity, demonstrating that combining a
calibrated hydraulic model with an MLP network effectively identifies hidden leaks in water
distribution networks.

Keywords: Leakage monitoring, Artificial neural network, Calibration, Hydraulic modeling, Reservoir
94

Introduction:The sustainability of urban water distribution networks (WDNs) is a fundamental component of
resource management and energy cost reduction. In many Iranian cities, including Tehran, water losses exceed
30%, mainly due to hidden leaks in buried pipelines. These leaks cause pressure drops, infrastructure deterioration,
and increased pumping energy consumption (Sharma et al., 2021). Numerical models such as Epanet and
WaterGems simulate hydraulic behavior based on continuity and energy equations (Rossman, 2000; Zhou et al.,
2022). Although these models are physically accurate, they require detailed data and complex calibration.
Alternatively, data-driven methods such as ANN, MLP, SVM, and XGBoost exploit sensor data (flow and
pressure) to identify leak patterns (Li et al., 2023; Rahmani et al., 2024). Integrating these two approaches through
hybrid numerical—intelligent models has improved leak detection accuracy up to 91% and reduced spatial error to
below 5 meters (Ali et al., 2022).Despite these advancements, challenges remain, including the scarcity of real-
world data and the absence of validation mechanisms for synthetic datasets. The present study focuses on Reservoir
94 in District 2 of Tehran, developing a hybrid framework based on GIS, AutoCAD, and Water Gems to compare
the performance of ANN and MLP models. It also examines the economic impacts of leak reduction, supported
by figures and tables illustrating hydraulic simulation outcomes and model performance analysis.

Methodolog: In this study, the hydraulic behavior of the water distribution network covered by Reservoir No. 94
of Tehran Water and Wastewater Company, District 2, located in the Hakimiyeh area and around Babaei Highway,
was simulated (see Fig. 1 and Table 1). The numerical model was developed using Water Gems software, based
on spatial GIS data and AutoCAD drawings. The network consists of 42.9 km of pipelines and over 380 nodes,
with the reservoir defined as a reference source maintaining a constant water level. To reproduce real operating
conditions, a pressure control valve with a head of 45 m and a leakage model based on the Emitter function were
implemented (see Fig. 2). Calibration was carried out using 24-hour SCADA data, and the model was validated
with PMI=0.94 and RMSE =3.8 m.
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Subsequently, intelligent models ANN and MLP were developed in the MATLAB environment using the
numerical model’s output data (Table 2). The dataset was divided into three subsets for training, validation, and
testing. Comparison of performance indices R?, NSE, and RMSE (Table 3) showed that the hybrid model achieved
approximately 30% higher accuracy in predicting leak intensity and location. Field tests with data from
Winter 2025 demonstrated that the combined Water Gems + MLP model detected leaks with 94% accuracy,
representing a 30% improvement over the standalone numerical model. Moreover, the MLP model outperformed
ANN by about 3% in accuracy.

Results and Discussion: In this research, the hydraulic modeling of the Tehran Reservoir Network 94 using
WaterGEMS provided critical insights into the system’s stability. Under normal operating conditions, the network
maintains an average pressure of 44.2 mwec (bar). However, the simulation of leakage scenarios—extending up to
20% intensity—resulted in a significant pressure drop to 27.5 mwc (bar). This drop was accompanied by a 21%
increase in outflow, a finding that underscores the urgent necessity for advanced pressure control mechanisms to
mitigate water loss (Table 4).The primary innovation of this study lies in the development of intelligent diagnostic
tools by training Artificial Neural Network (ANN) and Multi-Layer Perceptron (MLP) models using calibrated,
real-world output data from Water Gems. The MLP model, characterized by a sophisticated three-hidden-layer
architecture, demonstrated superior performance compared to the standard ANN. This superiority is attributed to
the MLP’s enhanced capability to recover complex, non-linear dependencies within the hydraulic data, ultimately
achieving a leak detection accuracy of 94%. Furthermore, the MLP proved its robustness in identifying minor,
subtle leaks, outperforming the ANN by a margin of 3%.A comparative analysis with previous literature highlights
the significant advantages of this integrated framework. Unlike many existing approaches that rely on purely
synthetic data, our model is trained on high-fidelity, real operational network data. This ensures much higher
stability and generalizability under the actual, fluctuating conditions of Network 94. While Sharma et al. (2021)
successfully implemented similar models, their study was limited to a 25-node network; in contrast, this research
validates the framework’s scalability by examining 380 real-world nodes.

Conclusion: This research introduced a novel framework for leak detection by integrating the Water Gems
hydraulic model (calibrated against real data from Tehran Reservoir Network 94) with the intelligent MLP-ANN
model. The MLP model, featuring a three-hidden-layer structure, demonstrated superior performance over ANN
due to its enhanced ability to extract non-linear features of pressure and flow rate.The overall leak detection
accuracy in the integrated framework (Water Gems + MLP) reached 94%, signifying a 30% improvement
compared to the purely numerical model. During the field test in the winter of 1403 (2024/2025), this framework
successfully detected minor leaks with 94% accuracy (compared to 72% for the numerical model). The high
coefficient of determination (R?>=0.95¢ R?>=0.95¢ NSE=0.93) confirms the validity of the results, and this
methodology possesses high generalizability for similar water distribution networks globally.
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Table 1 Tank Specifications 94

Parameter Amount
. Northeast Tehran area —
Geographical Hich £
location Babaei Highway, area o
treatment plants 3 and 4
Average daily
consumption 10852.57
(m?/d)
Average annual
consumption 3,961,188
(m*y)
Tank ca3pacr[y 16,800
(m?*)
Length of lines
covered (km) 16,300
The most
common pipe 990 mm;s P110 mm
diameter
Number of
subscriptions residential subscribers 1.825
covered

800mm line from tank 48 and
400mm line from tank 71

Inlet drainage
lines

Standing water
level TWL/RL 1550 m
Active (covered by rights to

Operating status treatment plants 3 and 4)

Pressure reducing valve
Nosheh Nowruzi intersection
200 mm

Fig. 3 Modeling of the 94 reservoir and the location of
the Nashveh pressure relief valve
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Table 2 Network structure

Feature Model ANN Model MLP
Network type Feed-forward Multi layer
neural network percpetron
Hidden layers 2 layers (2 and 8 3 layers (8, 12,
neurons) 16 neurons)
Afctlva.tlon sigmond Relu
unction
Training Levenberg- Adaptive
algorithm marquadt momentum
SGD
Initial learning 01 0.005
rate
Stop criterion Change MSE Change MSE
Pressure P - Pressure P -
Input variable Flow rate Q - Flow rate Q -
Location 1 Location 1
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Table 3 Performance Evaluation

Performance index ANN MLP
R2 0.91 0.95
NSE 0.88 0.93
RMSE 3.7 2.6
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Table 4 Numerical modeling results

.. Average
working Average  Minimum total outlet
mode pressure pressure flow rate
m m
L/m
Normal 442 36.1 123.7
state
Level 1 leak
(5%) 42.0 33.8 129.4
Level 2 leak 39.5 31.0 136.8
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variable intensity of

leakage

intensity of
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Fig. 4 Comparison of actual value with consolidated
forecast
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5- List of Symbols

Qieak (L/s/m) Leakage Rate

Ce Emitter Coefficient

N Leakage Exponent

P (m) Pressure

PMI Pressure Match

RMSE (m) Root Mean Square Error

R? Coefficient of Determination

NSE Nash-Sutcliffe Efficiency

Qout (L/m) Average total outlet flow

n Manning’s Roughness Coefticient
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