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Abstract - Rapid urbanization and the deterioration of 

existing water infrastructure have resulted in significant water 

losses in service reservoirs and feeder mains, leading to financial 

strain and inefficient utilization of water resources. Persistent 

leakages not only cause economic losses but also pose health 

risks due to contamination and reduced water quality. Despite 

advancements in engineering practices, there remains a lack of 

systematic application of construction management strategies to 

effectively monitor, control, and mitigate leakages in water 

supply systems. 

This study aims to develop a comprehensive framework 

integrating technical and managerial approaches for leakage 

reduction in service reservoirs and feeder mains. The primary 

objectives include identifying the key causes of leakage, 

assessing existing management practices, and implementing 

construction management techniques to achieve cost-effective, 

timely, and sustainable solutions. The methodology involves 

literature review, site inspections, and data analysis using digital 

tools such as EPANET, AutoCAD, and Building Information 

Modelling (BIM). Project management software like MS Project 

or Primavera will be employed to optimize planning, scheduling, 

and resource allocation throughout the implementation process. 

The expected outcomes of this research include the 

identification of critical leakage points, formulation of a 

structured management framework, and recommendations for 

sustainable leakage control. By integrating engineering 

solutions—such as surface preparation, crack and joint 

treatment, and waterproofing coatings—with advanced project 

management techniques, the study anticipates achieving 

improved operational efficiency, reduced repair costs, and 

enhanced service life of water infrastructure. Ultimately, the 

proposed strategies aim to assist municipal authorities and 

engineers in developing resilient, eco-friendly, and cost-

efficient water distribution systems for future urban demands. 
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1. INTRODUCTION 

1.1 General: 

An Elevated Service Reservoir (ESR) is an essential 

part of a water supply infrastructure system. It stores treated 

water and provides a stable water supply by using gravity to 

maintain consistent pressure in the distribution network. ESRs 

are typically constructed at a height that ensures a continuous 

flow of water to consumers without the need for constant 

pumping. 

 

Feeder mains, on the other hand, are large pipelines that 

transport treated water from the source or treatment plant to the 

ESR. Together, these components form a backbone of the 

municipal water distribution system. Their design and 

construction must consider multiple factors such as population 

demand, pressure requirements, structural stability, 

environmental concerns, and operational efficiency. 

 

In this report, we will explore the complete process of ESR and 

feeder main construction — from site selection and planning to 

execution, quality control, and safety. Special emphasis will be 

placed on how construction management practices play a vital 

role in timely and cost-effective project delivery. 

 

1.2 Need of the Study: 

1. Rising Urban Water Demand 

Rapid urbanization has led to increased water 

consumption, requiring efficient water storage and 

distribution infrastructure. ESRs provide reliable 

pressure and reserve capacity to meet peak demand. 

2. Inefficiencies in Existing Systems 

Many cities suffer from old, leaky, or under-capacity 

distribution systems. Inadequate feeder mains and 

improperly sized ESRs often result in water losses, 

pressure drops, and service interruptions. 

3. Optimizing Water Supply Distribution 

A well-designed ESR and feeder main system ensures 

uniform pressure, minimizes energy use (by reducing 

reliance on pumping), and supports equitable water 

delivery across zones. 

4. Seismic and Structural Concerns 

Many ESRs are built in seismic-prone zones without 

adequate design considerations. Modern studies aim 

to improve resilience through dynamic and structural 

analysis. 

5. Integration with Smart Monitoring Systems 

There's a growing need to incorporate digital tools 

(e.g., SCADA, IoT sensors) for real-time monitoring 

and control, making it essential to modernize ESR and 

feeder infrastructure for data-driven management. 

6. Sustainability and Cost Efficiency 

By optimizing design, material use, and construction 

methods, modern ESR and feeder projects can reduce 

lifecycle costs and environmental impact while 

enhancing service reliability. 
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1.3 Objectives of ESR and Feeder Main 

 

The primary objective of constructing an ESR is to 

provide adequate storage of treated water and ensure its 

distribution under gravitational pressure to end users. This 

reservoir also acts as a balancing storage tank to accommodate 

daily demand variations. 

 

The feeder main's objective is to convey water from the source 

(often a water treatment plant or pumping station) to the ESR. 

It must be designed to handle high-pressure flows and large 

volumes efficiently, and must be durable enough to function 

under varying soil and weather conditions. 

Overall, the combined infrastructure ensures that: 

• Water supply remains consistent even during peak demand 

• Pumping costs are minimized as gravitational flow is used. 

•  Water losses and leakages are reduced through robust 

pipeline networks. 

•  Emergency storage is available for firefighting and 

contingency needs. 

 

1.4 Scope of the Study:  

  Design and Structural Analysis of ESRs 

• Evaluate various structural configurations of elevated 

service reservoirs. 

• Assess seismic performance, stability, and load-

bearing capacity. 

• Optimize the tank shape, height, and material 

selection for different capacities. 

  Hydraulic Design of Feeder Mains 

• Analyze pipeline routes, diameters, and material 

choices for efficient water conveyance. 

• Ensure adequate pressure and flow at distribution 

nodes. 

• Integrate hydraulic modeling tools (e.g., EPANET or 

WaterGEMS) to simulate system performance. 

 

  Assessment of Existing Infrastructure 

• Examine deficiencies in current ESR and feeder main 

systems in selected urban/rural areas. 

• Identify factors causing inefficiencies such as 

leakages, corrosion, or pressure loss. 

  Optimization and Cost-Benefit Analysis 

• Propose cost-effective solutions through design 

alternatives and materials. 

• Evaluate capital and maintenance costs versus 

performance benefits. 

  Environmental and Safety Considerations 

• Study the environmental impact of new construction 

and suggest mitigation strategies. 

• Address health and safety compliance in design and 

implementation phases. 

  Technological Integration 

• Explore the use of smart meters, automation, and 

monitoring systems for real-time management. 

• Recommend integration strategies for SCADA or 

GIS-based tools in water supply management. 

  Policy and Implementation Framework 

• Provide recommendations for municipal or 

government agencies on ESR and feeder main 

planning. 

• Develop guidelines for phased execution and public-

private collaboration. 

1.5 Methodology: 

1. Structural Design Methodology (ESR) 

• Limit State Design (LSD) 

Applied to ensure safety and serviceability by 

evaluating ultimate and working loads. 

• Working Stress Method (WSM) 

Used for comparison and in projects following older 

design codes. 

• Finite Element Analysis (FEA) 

Advanced method using software (e.g., STAAD Pro, 

ETABS) to model complex stress behavior and 

seismic response of ESRs. 

2. Hydraulic Design Methodology (Feeder Mains) 

• Hardy Cross Method / Newton-Raphson Method 

Traditional methods for network flow analysis in 

looped systems. 

• Hydraulic Modeling Software 

Tools like EPANET, WaterGEMS, and MIKE 

URBAN simulate pressure, flow rate, and demand 

zones. 

• Darcy-Weisbach / Hazen-Williams Equations 

Used for estimating head loss and flow characteristics 

in pipelines. 

3. Geotechnical Investigation 

• Soil Testing and Site Surveys 

Essential for foundation design of ESRs. Includes 

Standard Penetration Tests (SPT), Plate Load Tests, 

and Borehole Logging. 

4. Seismic and Wind Load Analysis 

• In seismic zones, dynamic analysis is performed using 

Response Spectrum or Time History Methods, per 

codes (e.g., IS 1893:2016). 

• Wind load calculations as per IS 875 Part 3 for 

elevated structures. 
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5. Material Selection and Economic Optimization 

• Life-Cycle Cost Analysis (LCCA) 

To determine the most cost-effective materials and 

construction methods. 

• Value Engineering (VE) 

Used to enhance value by evaluating functional 

requirements at the lowest total cost. 

6. Monitoring and Control Methodologies 

• Supervisory Control and Data Acquisition (SCADA) 

Enables real-time monitoring and automation of ESR 

levels and feeder main flow. 

• GIS Integration 

Spatial analysis of pipeline routes, leak detection, and 

asset tracking. 

7. Sustainability Assessment 

• Environmental Impact Assessment (EIA) 

Evaluates ecological implications of construction and 

long-term operation. 

• Green Building Concepts 

Apply for water-saving designs and reduced carbon 

footprints. 

2. LITERATURE REVIEW 

1. Comparative Study of Elevated Service Reservoir 

(E.S.R.) with Dynamic Analysis for Earthquake Zone 

V in India 

o Authors: Shubham Pandey, Afzal Khan 

o Year: 2023 

o Summary: Analyzed ESRs under seismic 

conditions using IS codes and STAAD Pro 

software, focusing on base shear, moments, 

and structural stability in high-risk zones.  

2. Optimization of Circular Elevated Service Reservoir 

o Authors: Dr. S. A. Halkude, Mr. A. B. 

Jadhav 

o Year: 2014 

o Summary: Applied optimization techniques 

to the structural design of circular ESRs, 

aiming for economical designs by varying 

tank capacities and D/H ratios.  

3. Energy-Based Design of RC Staging in Elevated 

Service Reservoir 

o Authors: G. Darwin, Ratnesh Kumar, Onkar 

Kumbhar, Vijay N. Khose 

o Year: 2022 

o Summary: Proposed an energy-based design 

approach for ESR staging, comparing it with 

traditional code-based methods to enhance 

seismic resilience.  

4. Optimization in Design of Elevated Service Reservoir 

by Limit State Approach 

o Authors: Mr. P. R. Vaidya, Mast. Aashlesh 

R. Nyati, Mast. Nayan R. Naik 

o Year: 2019 

o Summary: Explored the efficiency and 

economy of ESR designs using the limit state 

method, considering serviceability criteria 

like crack width. 

5. Analysis and Development of the Composite 

Sustainable Condition Index for Elevated Service 

Reservoir (ESR) by DER Method 

o Authors: Shrikant Baviskar, Arunkumar 

Dwivedi, Hiteshkumar Patil 

o Year: 2022 

o Summary: Developed a condition index 

using the DER (Degree, Extent, Relevance) 

method to assess the sustainability and 

maintenance needs of ESRs. 

6. Design and Analysis of Underground and Elevated 

Service Reservoir in Single Structure 

o Authors: Sneha V. Dhanawade, Prof. A. N. 

Humnabad 

o Year: 2021 

o Summary: Presented a combined design 

approach for underground and elevated 

reservoirs to optimize space and improve 

water pressure. 

7. Analytical Study of Elevated Service Reservoir with 

Water Baffles Under Seismic Loading 

o Authors: Pradeep, S.; Anuwar Husain, S.; 

Ansari, K. 

o Year: 2021 

o Summary: Investigated the impact of water 

baffles in ESRs to reduce seismic-induced 

sloshing and enhance structural stability. 

3. DESIGN, CASE STUDY AND OTHER 

CONSIDERATIONS 

3.1 Planning and Site Investigation 

The success of any infrastructure project begins with sound 

planning and thorough site investigation. ESR construction 

requires the identification of a location that provides maximum 

gravitational advantage to surrounding areas. Preferably, this 

should be at the highest point in the locality to avoid the need 

for additional pressure-boosting equipment. 

Site investigations include topographical surveys and detailed 

geotechnical assessments. Soil testing is conducted to assess the 

load-bearing capacity, groundwater levels, and presence of 

expansive soils. The results of these investigations influence 

foundation design — for instance, poor soil may necessitate pile 

foundations rather than shallow footings. 

Capacity planning is another critical aspect. Engineers must 

estimate the volume of water required based on current 

population and projected growth over a 15–30 year horizon. The 

Indian Public Health Engineering standards or CPHEEO 

Manual may be used for such calculations, with a provision for 

future scalability in design. 
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3.2 Design Aspects 

3.2.1 Elevated Service Reservoir (ESR) 

Designing an ESR involves structural and hydraulic 

considerations. Structurally, the reservoir must withstand not 

only the load of the stored water but also seismic and wind 

forces, especially in high-rise tanks. The staging (support 

columns or a central shaft) is designed using reinforced cement 

concrete (RCC) as per IS 456 and IS 1893 standards. 

 

The tank itself may be circular or rectangular in plan, and the 

roof is generally dome-shaped or flat slab depending on design 

requirements. Wall thickness, base slab design, and roof 

reinforcement must be calculated considering water pressure, 

crack control, and construction economy. 

 

Material selection also plays a crucial role. High-grade concrete 

with additives for waterproofing and durability is used. In 

coastal or saline areas, corrosion-resistant reinforcement may be 

recommended. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig -1: Image of ESR 

 

 

3.2.2 Feeder Main 

 

Feeder mains are designed to handle large water flows under 

pressure. Common materials include ductile iron (DI), mild 

steel (MS), or high-density polyethylene (HDPE), each with its 

own advantages. The design includes pipe diameter selection 

based on flow rate (usually calculated using Hazen-Williams or 

Darcy-Weisbach equations), allowable head loss, and pipe wall 

thickness. 

Proper bedding and anchoring are part of the design to prevent 

pipe movement or damage due to soil expansion, traffic load, 

or seismic forces. The design also includes thrust blocks at 

bends and joints to absorb hydraulic thrust. 

 

 

 

 

 

 

 

 

 

 
Fig -2: Image of Feeder Mains 

 

 

4. CONCLUSIONS 

 
The Elevated Service Reservoir (ESR) and Feeder Main 

Project plays a pivotal role in ensuring the efficient, reliable, 

and sustainable distribution of water to communities. As an 

essential component of modern water infrastructure, the project 

contributes to meeting the growing demand for water in urban 

and rural areas while ensuring that the water supplied is of high 

quality and is delivered at the appropriate pressure. 

Key findings from the project highlight the following: 

1. System Design and Performance: 

The design of the ESR and feeder main is 

fundamental in meeting the current and future water 

demands. Careful consideration of factors such as 

hydraulic performance, material selection, and system 

redundancy is essential for ensuring that the system 

remains functional under peak load conditions and in 

the face of potential failures. Proper system design 

ensures long-term sustainability and reduces 

operational costs. 

2. Water Quality and Environmental Impact: 

Ensuring water quality and minimizing environmental 

impact are top priorities in the project. Effective 

monitoring systems and quality control measures have 

been implemented to maintain the safety of the water 

supply, while environmental considerations during 

construction and operation help minimize negative 

impacts on surrounding ecosystems. Regular water 

quality testing is essential to meet both regulatory 

standards and public health requirements. 

3. Reliability and Efficiency: 

The reliability of the ESR and feeder main is a key 

factor for ensuring that the system consistently 
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delivers water to consumers without interruption. 

Incorporating redundancy, real-time monitoring, and 

predictive maintenance strategies helps improve the 

operational efficiency of the system. This approach 

allows for early detection of issues, reducing 

downtime and preventing large-scale disruptions. 

4. Budget and Cost Management: 

Effective financial management and cost control 

measures have been implemented throughout the 

project lifecycle. Staying within the allocated budget 

while achieving all project goals, including quality 

assurance and compliance with regulations, ensures 

the project's success. The project also incorporates 

future-proofing elements to accommodate increasing 

water demand and avoid costly retrofits. 

5. Stakeholder Engagement and Regulatory 

Compliance: 

Continuous communication and collaboration with 

stakeholders, including local authorities, regulatory 

bodies, and the public, have been crucial for the 

successful implementation of the project. Ensuring 

compliance with local, national, and international 

regulations guarantees that the infrastructure meets all 

legal standards for safety, environmental protection, 

and water quality. 

6. Maintenance and Long-Term Sustainability: 

Proper maintenance practices are critical for ensuring 

the long-term reliability and efficiency of the ESR and 

feeder main system. Scheduled maintenance, along 

with an adaptive approach to system management, 

will help prevent failures, prolong the lifespan of the 

infrastructure, and reduce the overall cost of 

operation. 
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