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Objective: In recent years, optimal operation of water treatment plants has faced
numerous challenges, including fluctuations in water quality, rising operational costs, and
the need for rapid and intelligent decision-making. In this context, the use of advanced
knowledge management technologies, data mining, and artificial intelligence has
emerged as powerful tools for optimizing operational processes. This study aims to
evaluate the impact of machine learning algorithms on optimizing the performance of the
Koot Amir water treatment plant in Ahvaz, with an emphasis on the role of knowledge
management.

Method: This applied research adopts a data-driven approach. The study population
comprises 40,000 records of real operational and qualitative data collected over five years
from the Koot Amir treatment plant. After collection, the data underwent preprocessing
and normalization and were divided into training (70%) and testing (30%) datasets. Three
machine learning models—Artificial Neural Network (ANN), Random Forest (RF), and
Support Vector Machine (SVM)—were evaluated for predicting water quality and
optimizing chemical usage. Data analysis and modeling were performed using Python,
SPSS, and Excel.

Results: The evaluation results revealed that the Artificial Neural Network model
achieved the highest performance, with 94.7% accuracy and a determination index of
0.91 in predicting water quality changes. The Random Forest model also demonstrated
strong capabilities, with 92.1% accuracy and a determination index of 0.88, effectively
identifying complex water quality patterns. The Support Vector Machine model showed
lower performance, with 89.3% accuracy and higher error rates. Implementing
knowledge management using these models facilitated improved prediction of effluent
water quality and enhanced the transfer of operational knowledge to plant operators.
Conclusions: This study demonstrates that integrating knowledge management with
machine learning is an effective strategy for optimizing the performance of water
treatment plants and can serve as a model for similar facilities. The adoption of advanced
technologies holds significant potential for improving predictive capabilities and
knowledge transfer in data-driven organizations.
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Introduction
In recent years, the operation of water treatment plants has encountered a multitude of

challenges that have necessitated the adoption of innovative approaches. Among these
challenges are the increasing variability in water quality due to environmental and
anthropogenic factors, escalating operational costs, and the pressing need for rapid, informed
decision-making in response to dynamic conditions. Traditional methods of operation, which
often rely on the experience and intuition of plant operators, are increasingly insufficient to
address these complexities. As a result, there is a growing recognition of the importance of
integrating advanced information technologies into the operational framework of water
treatment facilities.

The application of knowledge management, data mining, and artificial intelligence (Al)
technologies has emerged as a transformative approach to optimizing the performance of water
treatment plants. Knowledge management enables the systematic capture, organization, and
dissemination of operational knowledge, ensuring that valuable expertise is not lost but rather
institutionalized within the organization. Data mining techniques facilitate the extraction of
actionable insights from vast and complex datasets, while Al and machine learning models
provide the capability to predict future trends and automate decision-making processes.

The primary objective of this study is to assess the impact of machine learning algorithms
on the operational optimization of the Kot Amir Water Treatment Plant in Ahvaz, with a
particular emphasis on the role of knowledge management. By leveraging these advanced
technologies, the study aims to enhance the efficiency, reliability, and cost-effectiveness of
water treatment processes, ultimately contributing to improved water quality and resource
management.

Methods
This research adopts an applied, data-driven approach, focusing on the real-world

operational data collected from the Kot Amir Water Treatment Plant. The study population
comprises 40,000 records of quality and operational parameters, systematically collected a five-
year period. These parameters include key indicators such as turbidity, pH, temperature,
electrical conductivity, chloride concentration, water hardness, and chemical consumption rates
(e.g., ferric chloride, alum, and polymer). The research process was organized into several
distinct phases. First, the raw data were gathered from the plant’s operational logs, ensuring
that the dataset was comprehensive and representative of actual plant conditions. Subsequently,
the data underwent a rigorous preprocessing stage, which involved cleaning, normalization, and
outlier removal to ensure data integrity and consistency. The preprocessed data were then
partitioned into training (70%) and testing (30%) sets to facilitate the development and
validation of predictive models. Three prominent machine learning algorithms were selected
for evaluation: Artificial Neural Network (ANN), Random Forest (RF), and Support Vector
Machine (SVM). These models were chosen for their proven effectiveness in handling complex,
nonlinear relationships within large datasets. The models were trained and validated using the
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partitioned datasets, and their performance was assessed based on several key metrics, including
accuracy, root mean square error (RMSE), mean absolute error (MAE), and the coefficient of
determination (R?). Data analysis and model development were conducted using Python (with
libraries such as Scikit-learn, Pandas, and Matplotlib), SPSS, and Excel.

Results
The evaluation of the machine learning models yielded significant insights into their

predictive capabilities and operational utility. The Artificial Neural Network (ANN) model
demonstrated the highest performance, achieving an accuracy of 94.7% and a determination
coefficient (R?) of 0.91 in predicting changes in water quality. This high level of accuracy
indicates that the ANN model is highly effective in capturing the complex relationships and
patterns inherent in the operational data. The Random Forest (RF) model also performed
admirably, with an accuracy of 92.1% and a determination coefficient of 0.88. The RF model’s
ability to handle diverse and interacting variables made it particularly suitable for identifying
complex patterns in water quality data. In contrast, the Support Vector Machine (SVM) model,
while still effective, exhibited a lower accuracy of 89.3% and a higher error rate, suggesting
that it is less robust in the context of this application. Beyond their predictive performance, the
implementation of these models within a knowledge management framework provided
additional operational benefits. The models enabled the early detection of anomalies and trends
in water quality, allowing plant operators to intervene proactively and prevent potential issues.
Furthermore, the systematic documentation and analysis of operational data facilitated the
transfer of knowledge from experienced operators to new personnel, thereby enhancing the
overall competence and resilience of the workforce.

Conclusions
The findings of this study underscore the transformative potential of integrating knowledge

management and machine learning in the operation of water treatment plants. By adopting these
advanced technologies, facilities such as the Kot Amir Water Treatment Plant can achieve
significant improvements in water quality, operational efficiency, and cost-effectiveness. The
study demonstrates that machine learning models, particularly Artificial Neural Networks and
Random Forests, are highly effective tools for predicting water quality and optimizing chemical
usage. Moreover, the integration of these models within a knowledge management system
enables the continuous improvement of operational practices and the sustainable transfer of
expertise within the organization.

The successful application of these technologies at Kot Amir Water Treatment Plant serves
as a valuable model for other water treatment facilities facing similar challenges. The adoption
of data-driven decision-making and knowledge management practices can empower
organizations to respond more effectively to the complexities of modern water treatment,
ultimately contributing to the protection of public health and the sustainable management of
water resources.
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