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ABSTRACT

The increasing demand for secure, transparent, and intelligent resource management systems has
encouraged the integration of blockchain technology with machine learning techniques. Efficient
water resource management requires accurate tracking of allocation, secure billing processes, and
continuous monitoring of water quality parameters to ensure sustainability and public safety. Current
water management systems rely heavily on manual or centralized digital processes that primarily
focus on basic data storage and operational record keeping. These approaches lack advanced security
mechanisms and predictive intelligence, leading to challenges such as limited transparency, risk of
data manipulation, delayed verification, poor scalability, and inefficient decision-making. As water
resource management becomes more complex, there is a growing need for automated systems that
provide secure data handling along with intelligent analytical capabilities. To address these
challenges, the proposed system integrates blockchain technology with a machine learning based
water quality prediction model within a web-based framework. Blockchain enhances data integrity
and transparency by enabling tamper-resistant validation of resource allocation and billing records,
while a Random Forest classifier (RFC) predicts water potability using parameters such as pH,
conductivity, turbidity, and organic carbon. The system also supports automated billing, payment
tracking, resource allocation management, and predictive analysis under a unified architecture. The
significance of the proposed system lies in improving operational efficiency, data security,
transparency, scalability, and decision-making accuracy, thereby enhancing trust and sustainability in
modern water resource management processes.

Keywords: Blockchain, water quality prediction, predictive analytics, decentralized systems, water
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1. INTRODUCTION primary driver of environmental degradation.
Therefore, water quality monitoring (WQM)
has become an indispensable component of

Rapid economic development and increasing

societal demands have intensified the release . o
environmental management, providing

of complex micropollutants into natural . ]
essential data for regulatory compliance,

ecosystems. Water contamination is now

recognized as a critical global issue and a pollution control, and mitigation strategies

[1,2]. Effective monitoring enables the
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identification of contamination sources,
assessment of ecological risks, and timely
implementation of remediation measures.
Despite its importance, WQM faces persistent
challenges. The heterogeneous nature of water
systems, coupled with variability in structural,
operational, and environmental parameters,
complicates the design of efficient monitoring
programs [3]. Existing systems often require
extensive manual calibration, consume
significant energy, incur high operational
costs, and may suffer from limited precision
and resilience. While approaches, such as data
mining-based parameter optimization, have
been proposed [4]. These limitations
underscore the need for more robust,
automated, and cost-effective solutions.
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Fig. 1. Blockchain-based water management
system.

Water resource distribution and management
among users are worldwide challenges. In
Saudi  Arabia, desalination plants are
established along the coastlines to ensure a
readily available water supply. Monitoring
how seawater is used by different customers
and implementing smart techniques to reduce
water loss is necessary for the Kingdom. The
distribution, pressure, and waste of water are
problems for the Madinah Munawara region.
The flowmeters are in place in Yanbu, a city in
the Madinah province, to track the pressure

and flow of seawater distribution to various
businesses but do not offer precise counts of
the water delivered. It is challenging to
distribute seawater based on consumption
patterns and precisely estimate future demand
due to the enterprises’ lack of a centralized
dashboard system to track real-time data
regarding seawater usage [5,6].

2. LITERATURE SURVEY

Nagash, et al. [7] proposed a blockchain-based
water management architecture with IoT
sensors for accurate reporting. The framework
used blockchain technology to authenticate
and share real-time data between sensors and
the water distribution dashboard. It also has a
modular API for water leakage detection and
flow control to decrease water waste and
enhance distribution. Satilmisoglu, et al. [8]
identified the current state of blockchain
applications in water management, delineated
their potential use cases, and assessed their
practical utility and scalability. Despite the
theoretical promise of blockchain for
enhancing water governance, data security,
and stakeholder trust, the review reveals a
noticeable gap between theoretical potential
and the existence of workable, real-time
applications specifically in water resources
management.

AlGhamdi, et al. [9] introduced a smart water
management (IoT-SWM) system that may be
used in structures that do not have access to a
constant water supply but instead have water
stored in enormous tanks underneath. The
GSM module collects water use data from
each home in a community and transmits it to
the cloud, where it is analyzed. A smart water
grid is a hybrid application that uses an
inspection mode to identify leaks and measure
the resulting height differences to keep track
of the tank’s water level. Palermo, et al. [10]
presented an innovative solution that enhances
a city’s sustainability and contributes to
overcoming environmental challenges due to
increasing population and climate change. One
of the main challenges is resource saving and
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recovery. Water is an all-important need of all
living beings, and the concerns of its scarcity
impose a transition to innovative and
sustainable management starting from the
building scale.

Aivazidou, et al. [11] proposed development
goals for equitable water access and prudent
use of natural resources; emerging digital
technologies may foster efficient monitoring,
control, optimization, and forecasting of
freshwater  consumption and  pollution.
Indicatively, the use of sensors, the Internet of
Things, machine learning, and big data
analytics has been catalyzing smart water
management. With two-thirds of the global
population to be living in urban areas by 2050,
this research focuses on the impact of
digitization on sustainable urban water
management. Ramos, et al. [12] developed for
the monitoring and control of water losses in
smart water management. These savings
contributed to reducing the CO; emissions to
47,385 t CO». Finally, in order to evaluate the
financial effort and savings obtained in this
reference  systems (RS) network, the
investment required in the monitoring and
water losses control in a correlation model
case (CMC) was estimated, and, as a
consequence, the losses level presented a
significant reduction towards sustainable
values in the next nine years.

Kumar, et al. [13] proposed future research
directions in this domain. Furthermore, the
chapter explores the integration of blockchain
technology as a solution to manage water
services. By utilizing blockchain, water
consumption by consumers can be accurately
tracked, enabling them to view and pay bills
while ensuring the security of their online
transactions. The blockchain functions as a
shared ledger among different parties,
fostering transparency in water management
practices. Its adoption facilitates trust-building
among diverse entities, offers robust control
over the blockchain network, and validates
transactions effectively. Prakash, et al. [14].
discussed how blockchain’s decentralization

might secure Al systems and prevent data
tampering. In contrast, Al can improve
blockchain protocols for speed and scalability.
Blockchain and Al will combine to improve
water management transparency, efficiency,
and sustainability, according to this report. To
accept and adapt to this shift, governments,
technology developers, water specialists, and
communities must  collaborate. = These
innovative technologies may help mankind
secure water for future generations. Girish
Kumar et al. [15] centralized traditional design
seen in water management systems has an
issue that makes it impossible for equipment to
communicate safely and reliably with one
another. They examined previous studies and
created blockchain technology as a remedy. A
distributed, decentralized ledger technology
called blockchain helps to handle India’s water
scarcity problem.

3. PROPOSED METHODOLOGY

The proposed system integrates blockchain
technology, machine learning, and web-based
administration to enable secure water resource
management and intelligent billing. Ethereum
smart contracts are used to store water
allocation and billing records, ensuring
transparency and immutability. A Random
Forest model predicts water potability using
parameters such as pH, conductivity, turbidity,
and organic carbon. The Django backend
manages user interactions, resource allocation,
billing workflows, and payment processing.
Data is retrieved from blockchain storage and
combined with Al-based prediction to support
decision-making. The system improves trust,
automation, and monitoring of water
distribution processes while maintaining
secure and decentralized record management.

Django-Based Application Interface: The
system begins with a Django backend that
manages user requests such as admin login,
water allocation, bill generation, and payment
handling. It processes input forms, executes

business logic, and coordinates
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communication between machine learning
modules and blockchain components.

Data Processing and Machine Learning
Prediction: Water quality parameters (pH,
conductivity, turbidity, organic carbon) are
processed using Pandas and StandardScaler
before being passed into a Random Forest
classifier. The trained model predicts whether
the water is safe or unsafe, enabling intelligent
allocation decisions.
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Fig. 2. Proposed system architecture.

Water Resource Allocation Management:
Based on prediction results, administrators
allocate water resources to specific areas. The
system records allocation details along with
water quality information to maintain traceable
and structured resource management,

Blockchain Smart Contract Integration: All
critical data such as resource allocations and
smart

billing details are stored through

contract transactions using Web3. This ensures

tamper-proof  storage, transparency, and
decentralized validation of records.

Billing Generation and Payment
Processing: The platform allows bill

generation, viewing, and payment acceptance
through automated workflows. Payment status
updates are written back to the blockchain,
ensuring immutable financial transaction

records.

Secure Record Access and Monitoring:
Users and administrators can view allocation
details and transaction histories through
structured  interfaces.  Blockchain-backed
records provide secure, transparent, and

verifiable tracking of system activities.
4. RESULTS DESCRIPTION

Fig. 3 illustrates the home page of the
blockchain-based water management system,
representing the initial interface through which
users access the platform’s functionalities and
services. It depicts the starting point for
interacting with the system and navigating
between different operational modules. The
figure reflects the integration of blockchain
technology with water resource management
processes to ensure and
reliability. It highlights how users are guided
toward essential features such as allocation,
billing, and administrative access.

transparency

[ i)

Fig. 3. Home page for the blockchain-based
water management system.

Fig. 4 depicts the login page for the
blockchain-based water management system,
demonstrating the authentication process used
to verify authorized users. It represents the
secure entry stage where credentials are
validated before granting access to protected
system functionalities. The figure reflects the
importance of secure authentication in
maintaining data privacy and preventing

unauthorized interactions. It also indicates

This article can be downloaded from https://ijerst.org/index.php/ijerst 17



https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2026

eRST

"(,.yr‘ International Journal of Engineering Research and Science & Technology

—

how role-based access ensures proper system
control and operational integrity.

Water Resources Allocation Screen
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Fig. 4. Login page for the blockchain-based
water management system.

Fig. 5 illustrates the water allocation and
quality prediction module, highlighting how
water resource data and quality parameters are
processed within the system. It depicts the
integration of predictive analytics with
blockchain storage to enable tamper-proof
recording of allocation decisions. The figure
represents how water quality indicators are
analyzed to generate predictions and support
informed decision-making. It also reflects the
automated recording of transactions to ensure
transparency and traceability.
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Water Quality Prediction = Safe Water
Resources details saved in Blockchain with below transaction details

AttributeDict({'transactionHash': HexBytes('oxf8f4agb1bi8dob42b8a3f61d1ea64a8697db6eazadof6ocsaia2840c26besaby’),
'transactionIndex: o, blockHash': HexBytes('oxg31120d7a71fgbesb24cabifsc89a8803cdfe106acs1e0581ffe693722629¢56"),
‘blockNumber": 2, 'from": '0x8963101fdbb6cobs3ed579a1cfggfo7ob2ctbzad', ‘to": '0x848038gbaadbfeafao5139abg12788ef7973cas3',
"gasUsed': 220656, ‘cumulativeGasUsed': 220636, ‘contractAddress': None, Togs': [AttributeDict({logIndex': o, ‘transactionIndex’: o,
‘transactionHash': HexBytes('0xf8f4agbibi8dob42b8a3f61d1ea64a8697dbbearadofbocsaa2840c26bes4bs’), blockHash':
HexBytes('0xg31120d7a71fgbesb24cabifsc89a8803cdfe106ac51e0581ffe693722629¢56), blockNumber': 2, 'address':
‘0x8480389bAADBFE2Fa05139abg12788eF7973Ca53, ‘data” ‘ox’, ‘topics':
[HexBytes('0x34e874d4115f3d2231b7ca261ffo1427d77dge632¢62¢96251924d48c1554¢f ),
HexBytes('0x0000000000000000000000000000000000000000000000000000000000000000')], ‘type': ‘mined’})], 'status”: 1,
"logsBloom:

{exBytes('0x00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000(

Fig. 5. Water allocation and quality prediction
for water management.

Fig. 6 depicts the bill generation process for
allocated water resources, illustrating how
usage information is converted into structured
billing records. It represents the system’s
capability to calculate charges and maintain
transparent tracking  through
blockchain technology. The figure highlights

financial

how billing data becomes part of a verifiable
transaction history, supporting accountability
and accuracy. It also shows the automation of

financial workflows linked to resource

consumption.
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Fig. 6. Generate bills for the water allocation.
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Fig. 7 illustrates the successful completion of
payment within the water management system,
representing the confirmation stage of
financial transactions. It depicts how payments
are verified and securely recorded to ensure
reliability and prevent manipulation. The
figure reflects the role of blockchain in
maintaining  transparent and immutable
transaction records. It also represents the
completion of the billing cycle, ensuring
consistency between allocation, billing, and
payment modules.

e

Payment Successfully Completed

Fig. 7. Payment successfully completed for the
water management system.

Fig. 8 depicts the interface for accessing water
allocation details and billing information,
illustrating how wusers retrieve previously
stored records. It represents the system’s
ability to provide transparent access to
historical transactions maintained within the
blockchain The
highlights the linkage between allocation data

infrastructure. figure

and billing records for tracking and
accountability. It reflects the user-focused
design that enables monitoring of resource

usage and financial status.

i e . o s

Fig. 8. Access water allocation & access your
bill for the

water
management
system.

5. CONCLUSION

In conclusion, this project demonstrates a
robust and innovative approach to tackling the
longstanding challenges of water resource
management by integrating blockchain
technology with artificial intelligence. By
combining a secure, decentralized blockchain
ledger with a predictive RFC model, the
system ensures that every water allocation
record, quality assessment, and billing
transaction is transparent, immutable, and
verifiable across a distributed peer-to-peer
network. The blockchain framework removes
the risks associated with centralized control,
such as unauthorized data manipulation and
bribery, by that no single
administrator can secretly alter the supply data
once it is committed to the ledger. At the same

ensuring

time, the machine learning component delivers
fast, reliable predictions of water safety based
on real-time input parameters like pH,
conductivity, turbidity, and organic carbon,
empowering administrators to make informed
allocation decisions. Overall, the combination
of decentralized trust and intelligent prediction
enhances the fairness, security, and efficiency
of water supply management, setting a solid

technological foundation for modernizing
public utility governance.
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