
GUIDEBOOK 
ON 

S&T INTERVENTIONS 

POND REJUVENATION
FOR

Including the outcomes of DST's Networking Project on 
Revival of Village Ponds through Scienti�c Interventions

An Initiative of 
National Geospatial Programme (NGP)

(Erstwhile NRDMS), DST, GOI

V. C. Goyal, NIH

Jyoti P. Patil, NIH

A. K. Singh, DST

ty 'kfDr ea=ky; 
ty lalk/ku] unh fodkl vkSj xaxk laj{k.k foHkkx
MINISTRY OF JAL SHAKTI 
DEPARTMENT OF WATER RESOURCES, 
RIVER DEVELOPMENT & GANGA REJUVENATION

NATIONAL INSTITUTE OF HYDROLOGY, ROORKEE



Dr. V. C. Goyal
Dr. Jyoti P. Patil
Dr. A. K. Singh

National Institute of Hydrology (NIH), Roorkee

Department of WR, RD&GR, Ministry of Jal Shakti
Government of India

NGP Division, Department of Science and Technology
Government of India

New Delhi, India

Edition-I

Copyright@NIH, Roorkee, Government of India

GUIDEBOOK ON S&T INTERVENTIONS 
FOR 

POND REJUVENATION

Authors

Published by

Funded by

ISBN: 978-93-5620-081-4



Published by
National Institute of Hydrology 
(Dept. of Water Resources, RD & GR, Ministry of Jal Shakti, Govt. of India)
Roorkee - 247 667, India
www.nihroorkee.gov.in 

Authors
V.C. Goyal, Jyoti P. Patil, A.K. Singh

Design & Print by
Paramount Offset Printers 
Roorkee
M. 9997311778

ISBN : 978-93-5620-081-4

All rights reserved. No part of this publication may be reproduced or 
transmitted in any electronic or mechanical form without permission  
from the publisher. 

© 2022, National Institute of Hydrology
First edition published March 2022

Suggested citation : Goyal, V.C., Patil, Jyoti P and Singh, A.K. (2022). 
Guidebook on S&T Interventions for Pond Rejuvenation. NIH Roorkee 
(India), 1-143 pp.  ISBN : 978-935620-081-4







Preface

The emphasis and importance of the pond rejuvenation were highlighted by the honourable Prime 
Minister Mr Narendra Modi, in a personal letter to all village heads in June 2019, where he called for 
undertaking and execution of rainwater conservation and pond rejuvenation at grass root level.

Ponds provide essential freshwater habitat for animals and plants and foster maintenance of high 
regional biodiversity in addition to many other societal benefits. Ponds, especially in rural areas, are an 
essential part of people's life. They provide multiple tangible and intangible benefits to the community in 
its catchment area. The village ponds were traditionally used for capturing rainwater and storing it for the 
dry season. Recharging groundwater due to natural seepage and percolation is another key benefit that 
they provide. Water is one of the key inputs in the agriculture sector. Pond water is generally used by the 
community for irrigating their lands. They use the same for bathing and washing purposes for themselves 
and their cattle. In water-scarce regions, they serve the purpose of providing drinking water and are 
treated places of religious importance. Agroforestry in the adjoining areas of the pond can provide an 
additional source of income. Plantation of annual and perennial crops on the pond bund can supply fruits 
and vegetables for livelihood. Some village ponds are specially used for pisciculture to not only meet 
their food demand but also help them socio-economically. Duckery, poultry and mushroom cultivation 
help in increasing their livelihood security and diversifying their food sources.

Therefore, the well-being and healthiness of village ponds is an important issue to look after. The practice 
of restoration or rejuvenation of ponds aims at improving quality as well as regenerating the original 
capacity/enhancing the capacity of the ponds. The basic objective of the rejuvenation of village ponds 
aims at restoring the functional status and enhancing the storage capacity of ponds so that these water 
bodies become effective as the instruments of water security at the village level. Once restored, these 
ponds contribute to the local groundwater recharge (with good quality water) and the treated pond water 
can also be used for limited irrigation purposes (such as agriculture, horticulture, floriculture), leading to 
improved livelihood for the local community.

DST ran a Networking Project on the revival of village ponds through scientific interventions, in 
different agro-ecological regions in the country to ensure proper representation of the test sites. The main 
objectives of this project were to assess and document indigenous knowledge of construction, 
management, use of village ponds and demonstrate scientific interventions on a pilot basis for the revival 
of village ponds while ensuring community participation. On the basis of the results of this Networking 
Project (at thirteen sites), and twenty-two ponds rejuvenated by NIH under DoWR, RD&GR, Ministry of 
Jal Shakti (GoI) funding- one site at Ibrahimpur-Masahi village (district Haridwar, Uttarakhand) and 
twenty-one sites in selected villages of Baghpat, Ghaziabad, Meerutand Muzaffarnagar districts (Uttar 
Pradesh), and other domain knowledge available in the country, this guidebook has been prepared. The 
primary purpose of this guidebook is to assist implementing agencies to provide them a ready module of 
the activities needing to be executed while undertaking any related pond rejuvenation activity, and will 
also be of assistance to policymakers, decision-makers, NGO's, state-run entities in decision making, 
formulating plans and executing tasks. This guidebook is expected to provide a sound basis to the 
methodology of S&T interventions for rejuvenation of ponds, which could be replicated at an all-India 
scale.

Like most scientific/literary works, this guidebook has its limitations. The main intent in preparing this 
guidebook was to provide general guidance to the planners and implementing agencies about the 



scientific interventions needed to carry out a pond rejuvenation project. Efforts have been made to collect 
and compile the appropriate information from different parts of India. Initially, a lot of field visits were 
planned to visit the pond sites and collect first-hand information. However, due to the Covid-19 
pandemic, not many visits could be made and the PIs of DST's networking project were requested to 
provide the available information from their respective projects, and the information available from 
NIH's pond rejuvenation sites from Uttarakhand and western Uttar Pradesh have been included. 
Published literature from various Indian authors was consulted. Useful insights were obtained by visiting 
some field sites where Mr. Ramveer Tanwar (The Pondman) has renovated village ponds in the NCR 
Delhi region. While this guidebook provides general guidance on the scientific interventions required for 
the rejuvenation of ponds, detailed information on specific aspects may be obtained from textbooks, 
manuals, etc.

This guidebook could not have been prepared had it not been for the valuable support of the colleagues 
from NIH, PIs of the networking project, and various researchers, who were contacted and requested to 
share their case studies and salient information. Dr Bhoop Singh, Ex-Scientist G & Head, NRDMS and 
Dr Debapriya Dutta, Scientist G & Head, National Geospatial Programme (NGP) (erstwhile NRDMS) 
provided useful suggestions while reviewing the progress of the DST's Networking Project, which laid 
the foundation for the preparation of a guiding document. Mr Anant Agarwal contributed immensely in 
preparing the draft manuscript of this guidebook. Mr. Varun Goyal's help in arranging the final formatting 
and designing of the Guidebook is profoundly acknowledged.

V C Goyal

Jyoti P Patil

Ashok K Singh
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Background

The Department of Science & Technology (DST) has the mandate for formulation of policies and 
establishing an institutional framework of S&T in the country. It focuses on enhancing the R&D capacity 
of the country and establishing infrastructure for the same by promoting science and technology 
activities in the country. DST has the mandate for the formulation of policies and establishing and 
providing financial support to the institutional framework of S&T in the country (DST, 2020a). 

To combat the prevalent and emerging challenges of water security, the Government of India has 
undertaken multiple projects/initiatives under various ministries, departments, and missions with 
varying objectives and aims. The DST has undertaken initiatives to promote R&D, capacity building, 
evolve S&T-based sustainable models with industry and recommend appropriate policy inputs National  
Geospatial Programme (NGP) (Erstwhile NRDMS) of DST supports research on geospatial technology-
based interventions for solving area-specific problems. In order to help good governance and digital 
India programs, NGP is supporting various subprograms like Health Geographic Information Science 
(HGIS), Village Information System (VIS), and Revival of Village Ponds. Water Technology Initiative, 
initiated in August 2007, aims to promote R&D activities aimed at providing safe drinking water at 
affordable cost and inadequate quantity using appropriate Science and Technology interventions evolved 
through indigenous efforts (DST, 2020b).

The National Water Mission, initiated by the Ministry of Jal Shakti (GoI) in 2009, aims to ensure 
integrated water resource management helping to conserve water, minimize wastage and ensure more 
equitable distribution both across and within states and increasing water use efficiency by 20%. It seeks 
to partially meet the water need of urban areas through recycling wastewater and adopt alternative 
sources of drinking water in coastal areas using technology such as low-temperature desalination 
technologies (National Water Mission, 2020a).  

The National Water Policy encompasses basin-level management strategies to deal with variability in 
rainfall and river flows due to climate change (National Water Mission, 2020b). It includes enhancing 
storage both above and below ground, rainwater harvesting, pond water rejuvenation coupled with 
equitable and efficient management structures. It seeks to optimize the efficiency of existing irrigation 

Figure 1: Special intervention areas of 
Jal Shakti Abhiyan

systems, including rehabilitation of systems and expanding 
irrigation. It includes incentive structures designed to promote 
water-neutral or water-positive technologies, recharging of 
underground water sources, and adoption of large-scale 
irrigation programs which rely on sprinklers, drip irrigation, and 
ridge and furrow irrigation. 

The Jal Shakti Abhiyan (JSA) is a time-bound, mission-mode 
water conservation campaign envisioned by the Honourable 
Prime Minister of India. It aims at water conservation and water 
resource management by focusing on the accelerated 
implementation of five target interventions. The creation and 
revival of village ponds have been taken as one of the objectives 
under the recently concluded Jal Shakti Abhiyan and has been 
initiated on a national scale for the 256 water-scarce districts in 
the country (Jal Shakti Abhiyan, 2020).
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Figure 2: Intervention areas of Jal Shakti Abhiyan

The basic underlying theme of all the above-mentioned initiatives is the better management of the water 
resources of India. Traditionally, India has been a water abundant region with adequate sources of water. 
However, we are moving towards a state of water scarcity. The 'Composite Water Management Index 
(CWMI) report, released on June 14, 2018 by NITI Aayog, states that 21 Indian Cities will run out of 
groundwater by 2020. Additionally, 40 percent of India's population will have no access to drinking water 
by 2030 if the business-as-usual situation continues. About 2,00,000 individuals are dying every year due 
to inadequate access to safe water; the situation is likely to worsen as the water demand will exceed the 
supply by 2050 (Press Information Bureau, 2019).

th
Further, the Standing Committee on Water Resources (2012-13) in their 16  Report on “Repair, 
Renovation and Restoration (RRR) of Water Bodies” stated that encroachment on water bodies is 

Figure 3: India: Challenges in 
respect to water needs

threatening the existence of many water bodies and throwing consequent 
challenges of depleting groundwater resources, the occurrence of 
devastating floods in urban areas as well as water scarcity. 

India has 4 percent of global water resources with 18 percent of the world 
population thriving on it. Therefore, the management of water resources 
has assumed great importance. Over 600 million people in India depend on 

rd
agriculture for their living and nearly 2/3  of land under cultivation has no 
assisted irrigation and thus relies on rain and groundwater sources. 
Subsidized electricity has also led to excessive pumping of groundwater by 
drilling more annually than China and America combined. Today 
availability of water resources is a major issue and is a big challenge facing 
our country.

According to the National Wetland Inventory and Assessment report 
(2011), India has 5,55,557 small water bodies (including village ponds) 
with an area of less than 2.25 ha. Rejuvenation of these water bodies has a 
large potential of achieving water security and climate resilience. These 
ponds are the instruments of water security, biodiversity hotspots, and 

medium for carbon sequestration. Apart from this, they also provide other miscellaneous services such as 
regulating the micro-climate of the area, by regulating the temperature and humidity in its surroundings. 
Additionally, these village ponds have always played a very important role in the socio-economic and 
cultural development of villages.

The emphasis and importance of the pond rejuvenation were further highlighted by the Honourable 
Prime Minister of India, in a personal letter to all village heads in June 2019, where he called for 
undertaking rainwater conservation and pond rejuvenation at the grass-root level. The practice of 
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restoration or rejuvenation of ponds aims at improving quality as well as regenerating the original 
capacity/enhancing the capacity of the ponds. Modern technology use involves the use of satellite data, 
GIS mapping, AI-IOT based instrumentation, hydromet instruments, etc.

DST ran a Networking Project on Revival of Village Ponds through Scientific Interventions, in different 
agro-ecological regions in the country to ensure proper representation of the test sites. The main 
objectives of this project was to assess and document indigenous knowledge of construction, 
management, use of village ponds and demonstrate scientific interventions on a pilot basis for the revival 
of village ponds while ensuring community participation. A lot of similar work is also being carried out 
by NGOs and consultants under CSR funding. District and local level authorities have also renewed their 
focus on restoring and managing their small water bodies. However, there is an urgent need to provide a 
scientific basis and a systematic methodology in the execution of work undertaken in pond rejuvenation 
projects. The element of sustainability must be ensured while working on these ponds. Therefore, a need 
for a guidebook for ready reference was felt. 

On the basis of the results of this Networking Project (at thirteen sites), and twenty-two ponds 
rejuvenated by NIH under DoWR, RD&GR, Ministry of Jal Shakti (GoI) funding- one site at 
Ibrahimpur-Masahi village (district Haridwar, Uttarakhand) and twenty-one sites in selected villages of 
Baghpat, Ghaziabad, Meerutand Muzaffarnagar districts (Uttar Pradesh), and other domain knowledge 
available in the country, this guidebook has been prepared. The primary purpose of this guidebook is to 
assist implementing agencies to provide them a ready module of the activities needing to be executed 
while undertaking any related pond rejuvenation activity, and will also be of assistance to policymakers, 
decision-makers, NGO's, state-run entities in decision making, formulating plans and executing tasks. 
This guidebook is expected to provide a sound basis to the methodology of S&T interventions for 
rejuvenation of ponds, which could be replicated at all-India scale.
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2.0Environmental functions and importance of 
village ponds in Indian context and SDG-6

Ponds provide essential freshwater habitat for animals and plants and foster maintenance of high regional 
biodiversity in addition to many other societal benefits. Ponds, especially in rural areas, are an essential 
part of people's life. They provide multiple tangible and intangible benefits to the community in its 
catchment area. The village ponds were traditionally used for capturing rainwater and storing it for the 
dry season. Recharging groundwater due to natural seepage and percolation is another key benefit that 
they provide. Water is one of the key inputs in the agriculture sector. Pond water is generally used by the 
community for irrigating their lands. They use the same for bathing and washing purposes for themselves 
and their cattle. In water-scarce regions, they serve the purpose of providing drinking water and are 
treated places of religious importance. Agroforestry in the adjoining areas of the pond can provide an 
additional source of income. Plantation of annual and perennial crops on the pond bund can supply fruits 
and vegetables for livelihood. Some village ponds are 
specially used for pisciculture to not only meet their food 
demand but also help them socio-economically. Duckery, 
poultry and mushroom cultivation help in increasing their 
livelihood security and diversifying their food sources. 
These allied sectors also require a large amount of water 
which can be supplied by a village pond. An increase in 
water storage capacity, checking in percolation and seepage, 
with subsequent crop and livelihood planning have a critical 
socio-economic impact on village life.

The village ponds were used for capturing rainwater and 
storing it for the dry season, thus providing water security to 
the villages. Recharging groundwater due to natural seepage 
and percolation is another key benefit that they provide. An 
increase in the water table level further reduces the cost of 
drinking water and irrigation. An increase in the water 
content of the surface layers of the adjacent areas diversifies 
and stabilizes the micro-fauna of the region. If plantation is 
carried out in the vicinity of the pond they add nutritional 
value to the diet of the community leading to health benefits. 
Apart from this, they help in moderating the microclimate of 
the area by providing an overall moderating effect on the temperature of the region. In urban areas, ponds 
provide good sites for absorption of stormwater and thereby help in flood control and groundwater 
recharge. Aesthetic beauty is highly impacted by the condition and nature of the surface water bodies 
present in the regions. A managed water body can be developed into a tourism center and further add 
value to the place. Many other indirect ecological benefits are provided by the ponds to the community. 

In recent times the pond has been losing their value as they have become highly encroached upon. Recent 
developments in urban areas like public water supply for household purposes, provision of household 
wastewater concrete channels, and toilet septic tanks have polluted the ponds. The infiltration of water 
has decreased due to the non-cleaning of silt from the pond beds. The silt deposition has also resulted in a 
decrease in the capacity thereby rendering many ponds in dire need of rejuvenation. Presently, most of 

Figure 4 : Tangible benefits of ponds

Figure 5 : Intangible benefits of ponds
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the village ponds are either silted or filled up or being used for disposing of village sewerage. The 
dumping of solid waste in ponds has become a common practice. The seepage and greywater infiltration 
results in the contamination of groundwater rendering the first water strata unfit for drinking purposes. 
Also, the filling of village ponds adversely affects the process of groundwater recharging. They have also 
become encroached by humans which used the bed for the cultivation of crops and establish illegal 
claims over it leading to land conflicts.

Apart from this, one major issue is the tectonic shift in the attitude of the people towards these water 
bodies. The local community has started neglecting these assets and has stopped caring, nurturing, and 
conserving these community resources. Mushrooming urban, industrial, and infrastructure development 

Figure 6 : Agroclimatic zones in India
(Source:ICAR, 2017)

has further changed the status of these water bodies from 
community resources to a mere dumping ground or sink for 
solid wastes, construction debris, domestic sewage, industrial 
effluents, religious offering, etc. resulting in severe 
degradation in the quality of such resources.

Therefore, the well-being and healthiness of village ponds is 
an important issue to look after. The practice of restoration or 
rejuvenation of ponds aims at improving quality as well as 
regenerating the original capacity/enhancing the capacity of 
the ponds. The basic objective of the rejuvenation of village 
ponds aims at restoring the functional status and enhancing the 
storage capacity of ponds so that these water bodies become 
effective as the instruments of water security at the village 
level. Once restored, these ponds contribute to the local groundwater recharge (with good quality water) 
and the treated pond water can also be used for limited irrigation purposes (such as agriculture, 
horticulture, floriculture), leading to improved livelihood for the local community.The issues and 
challenges posed vary from region to region. Indian Council for Agricultural Research (ICAR) has 
classified India into 15 Agri-climatic zones (ICAR, 2017) (Figure-6). The variations of challenges posed 
in pond rejuvenation are largely classified and categorized similarly.

SDG-6 sets the goal of ensuring “clean water and sanitation for all”. Only 0.3% of total water is available 
for human use. Adequate availability of water of required quality is a prerequisite for survival and quality 
of the human life. Surface water bodies like lakes, ponds, reservoirs, tanks, and rivers have been treated 
as community resources over the centuries and have been life support systems for a long. To achieve 
universal access to safe drinking water and adequate sanitation and hygiene to all by 2030, the UN 
adopted SDG 6. Through Goal 6, the countries of the world have resolved to protect and restore water-
related ecosystems, including mountains, forests, wetlands, rivers, aquifers, and lakes. This Goal 
committed the international community to expand cooperation and capacity building on water and 
sanitation-related activities and programs, and to support the local communities in improving water and 
sanitation management (UN India, 2020).

Almost all 17 SDGs are connected through the common theme of water. Therefore, it is necessary to 
safeguard the available water resources for an uninterrupted and reliable supply of water to achieve 
continuous economic growth into the future. Since most of the suitable sites for the construction of water 
resources infrastructure have mostly been utilized in many of the river basins, the protection of the 

     Agro-Climatic Zone 

1. Wester Himalayan
2. Eastern Himalayan 
3. Lower Gangetic Plains 
4. Middle Gangetic Plains 
5. Upper Gangetic Plains
6. Trans Gangetic Plains
7. Easter Plateau & Hills
8. Central Plateau & Hills
9. Western Plateau & Hills
10. Southern Plateau & Hills
11. East Coast Plains & Hills
12. West Coast Plains & Hills
13. Gujarat Plains & Hills 
14. Western Dry Region 
15. Islands
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already existing ponds can be considered as an important policy decision for achieving water security in 
rural and semi-urban landscapes. 

The Rajokri Lakeis situated 30 km away 
from Delhi, near the Delhi-Gurugram 
border. Till 2017, was a dying waterbody 
that had suffered years of toxic abuse. 
Clogged drains led up to the turbid pond 
suffering under a filthy blanket of plastic 
waste and rotting sewage. The area was 
primarily a dumping ground and hub for 
antisocial elements.Heavy encroachment 
plagued this water body. 

A revitalization project was taken up by the 

Case Study 1 The Rajokri Lake Project

(by Delhi Jal board & Irrigation and Flood Control Department; Source: Barua, 2020)

Delhi Jal Board (DJB) along with the Irrigation and Flood Control Department, Delhi (IFCD). It was 
Delhi's first-ever decentralized sewage system.The multi-fold goal was to create a pond that could 
efficiently treat all the sewage water flowing in, while also containing clean water throughout the 
year. It was also supposed to serve as an inclusive community centre and a natural ecosystem. The 
project had two major components– construction of a purification system and landscaping of the 
region to enhance aesthetic value while ensuring sustainable long-term management.

Figure CS1-1 The clogged drains at Rajokri lake

Figure CS1-2 Floating wetland in Rajokri lake

In the first part of the project, cleaning activities 
were taken up. To tackle the sewage inflow a 
unique SWAB (scientific wetland system with 
active bio-digester) technology was used. The 
wetland ecosystem was created with plants like 
spider lily and Typha latifolia, a layer of gravel-
lining zigzag (increases retention time) to filter 
the water, and a biofilm to process all pollutants 
were a part of the system. 

Floating wetland islands made from a 2X2-meter PVC pipe framework with geo-netting that 
supports knots of hormone-treated plants like canna and cyperus were also used. These plants not 
only increase nutrient uptake and accelerate the growth of other beneficial aquatic plants but also 
absorb pollutants and create a balance by preventing eutrophication. 

Finally, a rainwater harvesting system was installed on-site which ensured the removal of stilt and 
enhances percolation. Several elements like green landscaping with native plant species, percolation 
pores for groundwater recharge were added to enhance the value of the project.

This project had to both enhance the landscape as well as benefit the people on a long-term basis. 
Hence the structural design was strategized to be easily maintainable by the surrounding 
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communities.Therefore, a total area of 9,446 
square meters of public space, including 2,000 
square meters of the water body was 
redeveloped. From an amphitheater, an open 
gym, a green play area, and a bioswale rain 
garden, to changing rooms and inclusive 
spaces near the Chhath ghat, the Rajokri lake in 
its entirety was made keeping in mind the needs 
of the community living nearby. Also, based on 
one of the feedback received from the 
community; the treated water body was divided 

Figure CS1-3 The condition of Rajokri lake before and 
after rejuvenation

by a sandstone embankment for the commonly practiced Chhath festival rituals. 

The waterbody has now completely transformed. The gravel layer works to isolate and immobilize 
heavy metals and other organic material in the water to an acceptable level. Solar pumps are used 
to pump the water from a sedimentation tank into the artificial wetland. At the outlet of the system, 

the water is almost clear with a BOD 
(biochemical oxygen demand) of 20ppm. 
Additionally, at least10 to 15 different species 
of birds have migrated there.

One of the best successes of the project was that 
women in the area feel safer crossing the 
location after sundown.

According to estimates, a conventional STP 
project would have cost at least Rs.4 Crore, 
while the total expenditure of the Rajokri Lake 
stood at Rs.1.6 crore, making it a cost-effective 

and innovative model for others to replicate. Owing to this, Rajokri Lake was also awarded the 
excellence award from the Ministry of Jal Shakti, Govt. of India

Figure CS1-4 The ghat constructed at Rajokri lake

Figure CS1-5 The ariel view of rejuvenated Rajokri lake 
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3.0Pond Rejuvenation- Activity Components

The basic objective of the rejuvenation of ponds aims at restoring the functional status and enhancing the 
storage capacity of ponds so that these water bodies become effective as the instruments of water 
security. Once restored, these ponds contribute to the local groundwater recharge (with good quality 
water) and the treated pond water can also be used for limited irrigation purposes (such as agriculture, 
horticulture, floriculture), leading to improved livelihood for the local community.

This chapter details the important activities to be considered while rejuvenating a pond. The activities 
include baseline investigations to know the supply-demand scenario of the pond,  indigenous traditional 
knowledge about the pond, hydrological analysis, pedological study,  design of the civil work, peripheral 
area management, waste treatment,  value addition, impact assessment etc. There are two types of village 
ponds, one type is receiving wastewater and another do not receives wastewater. The different activity 
components related to scientific and technical civil work for rejuvenation of ponds are listed in Figure-7.

Types of ponds

Without wastewater 
input

Desilting, 
De-weeding, 

Cleaning of inlet/ outlet

With wastewater input

Treatment of  wastewater 
required along with

Desilting, De-weeding, 
Cleaning of inlet/ outlet

Scientific Work

Survey & baseline data collection

Pond water, groundwater, and 
wastewater sample collection & 

analysis-before & after rejuvenation 
of ponds 

Sludge and agricultural soil sample 
collection & analysis

Infiltration test; permeability and bulk 
density of pond soil samples 

Productivity assessment of ponds after 
rejuvenation

Assessment of Trophic status of ponds 
for fishery and irrigation purposes

Technical Civil  Work

Designing and Construction of grit 
Chamber inlet, Screening Bar, 
Sedimentation Tank, Natural 

Treatment System

Dewatering

Desilting

Periphery drain to tap all inlets

Outlet bypass for excess water

Installation of NTS

Activity components for Rejuvenation of Ponds

Figure 7: Scientific and technical civil work activities for rejuvenation of ponds



Guidebook on S&T Interventions for Pond Rejuvenation

Pond Rejuvenation- Activity Components

Page | 9

3.1  Baseline Investigations

The baseline investigations are carried out to establish the existing parameters of the environmental and 
geographic conditions of the pond area. Community involvement in these activities can be ensured 
through Participatory Rural Appraisal (PRA) methodology. The basic aim of these investigations is to 

a) To prepare inventory and status of ponds in the working geography representing an agro-
climatic zone

b) To assess and document indigenous knowledge of construction, management, and use of 
village ponds 

c) To document the existing conditions of the water and soil characteristics for subsequent 
analysis.

d) To understand the existing conditions to further develop a scientific plan for execution in the 
geography.

Baseline investigations aim to answer questions such as: How much surface runoff can be collected in a 
pond? How much cost will be incurred to rejuvenate the pond? Is there a possibility of using harvested 
water for supplemental irrigation?

3.1.1 Census / Observational study

3.1.1.1 Census

Inventory preparation and status of ponds

A widespread survey of the complete geography must be carried out to access the number of ponds in the 
area. Information regarding GPS Location and address of the water body, size or dimensions, depth, area, 

Figure 8 :  Flowchart showing domains of baseline investigations
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elevation above mean sea level, ownership of the water body, boundaries with earmarking, map of the 
waterbody (Digital map or remote sensing or satellite map over the years) with salient features must be 
obtained. National Wetland Atlas can be used to obtain an overview of the region. A detailed study of the 
digitization of ponds by using GIS technology can also be done. Geospatial database of selected ponds 
and other surface water reservoirs can prepare by using maps from Google Earth / Bhuvan or Satellite 
images. The digitized maps thus created should be ground verified also. Alternatively, GPS locations of 
ponds can be collected and thereafter digitized.

Some other important points to be captured include maximum depth of water (during monsoon and non-
monsoon period), total storage capacity, water permanence (permanent or intermittent), the destination 
of excess water from pond or lake, and utilization of the pond in terms both quantitative as well as 
qualitative factors (e.g.: drinking water source, fisheries, agriculture or cultivation of aquatic food plants, 
recreational and aquatic sports, average groundwater recharge, sediment sink, habitat for noteworthy 
animal species, migratory birds or any other purpose).

Figure 9 : Pond inventory creation of in Garadpur block of Kendrapada district, Odisha

(Source: Networking project, 2020)

The current condition and the cause of dysfunction (if dysfunctional) of the ponds also need to be 
documented. A questionnaire can be prepared to find out the utilities of the pond. Alternatively, a Focused 
Group Discussion (FGD) or household survey can also be carried out for the same. 

Population/ industries data

The population and indiustries (refinery, garages, small household businesses etc.) data shouldbe 
obtained from the respective local authorities or the latest population census. This data will be helpful in 
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the determination of the water demand pressure on 
the ponds. Other relevant socio-economic data 
points also are captured. Some examples include:

 Total families/households in the village 
 Total population (M +F), livestock
 Literacy % 
 Households primarily dependent on agriculture 

and allied activities
 Total irrigated area by pond water 
 Number of fishponds in the village 
 Number of families engaged in fisheries
 Number and types of industry (e.g. dairy, 

tannery) Figure 10:  Land use map of a village
(Source: Networking project)

3.1.1.2 Observational Data

Land-use Land Cover (LULC)

Land use and land classification help us determine the current use of the land and is therefore helpful in 
further analysis. It must be done using GIS technology and can be ground-truthed once done. 
Participatory rural appraisal and community involvement are important while figuring out the LULC of 
the region. It helps develop a better understanding of the region. Some common land use classes found in 
villages include agriculture (rainfed or irrigated), built-up rural (settlements/roads, common land, etc.), 
forest, grazing land, barren land, water body (ponds), canals, etc.

Sources of pollution

The identification of sources of water pollution entering to the pond are important in finalising the 
rejuvenation activites. The sources will be runoff from agricultural fields including fertilizers and 
pesticides, wastewater from houses and industricties located in the catchment of the pond.

3.1.2 Indigenous/Traditional Knowledge

The indigenous/traditional knowledge of the local community needs to be captured through participatory 
rural appraisal methodology. Alternatively, focused group discussion or door-to-door surveys can also be 
used as a mechanism for capturing local knowledge. Capturing the traditional knowledge is an important 
step as local as the most informed about the conditions of their regions and their insight into the region's 
geography is unparalleled. They are aware of the technological solutions which may or may not work in 
the region. E.g.: In a networking project executed in the Bharuch region of Gujarat it was found that 
locals apply a layer of raw cow dung mixed with water on the bottom of the pond to control seepage. It 
works excellently in the sealing of the bottom and increasing the water retention capacity of the pond.

Additionally, by engaging with the community a sense of ownership starts developing in them. Their 
support towards a project is one of the key elements for ensuring the sustainability of the regions. Local 
indigenous techniques can generally be the most successful mechanism for rejuvenation as they are tried 
and tested solutions for that geography. Further, the community can be easily maintained the structures in 
the future.

LULC map 

Canal 
Road 

Landuse 
All other values 

Types 
Cultivation Land 
Pond 
Settlement 
Vegetation 
Village Boundary

Land use map of Sakadda village
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3.1.3 Hydrological / Water Study:

The most important data type to be accessed is the hydrological data of the ponds as well as the water 
table. The observation regarding the water level and water quality needs to be made. Additional data can 
be collected if the objective is to develop the catchment/command area.

3.1.3.1 Surface Water

Rainfall Analysis

The amount of rainfall for the area can be obtained from India Meteorology Department. The pattern of 
rainfall, wettest and driest month along with mean annual rainfall need to be calculated. It is essential to 
note the season of the maximum rainfall so as correctly estimate maximum water pressure in the region. 

Drainage Network

The main types of Drainage patternsinclude Dendritic drainage patterns; Parallel drainage patterns; 
Trellis drainage patterns; Rectangular drainage patterns& Radial drainage patterns. It is useful to be 
aware of the pattern as it assistsin the final design of the pond inlet, outlet, and overflow channels. We can 
figure out the no of inflow channels and outflow of pond system can be thereby determined.

Figure 11 : Types of drainage patterns
(Source:Geologyin, 2021)

Delineation of catchment and command area

The catchment area of a pond is the total surrounding area that drains into the pond while the command 
area is the region downstream of the pond which is irrigated by the pond water.

The catchment area influences the hydrological regimes and key processes such as nutrient enrichment 
and sedimentation in the pond. The run-off from the catchment flows into the pond and therefore it needs 
to be delineated and assessed to measure the quantum of water that will flow into the ponds. The 
catchment area will help us to determine the final depth and size of the pond. A small catchment may not 
contribute sufficient water to fill the pond with enough water while a very large catchment may result in 
excess water inflow into the pond. The excess water may also carry eroded soil which can result in heavy 
siltation in the pond
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The main source of water (rainfall/groundwater seepage/catchment runoff/direct or indirect flow from 
any river or stream or creek) must be considered while doing this analysis.

Catchment areas are typically drawn on topographic maps using information from contour lines. Contour 
lines are lines of equal elevation, so any point along a given contour line is the same elevation. 
Alternatively, Digital Elevation Map (DEM) can also be used to mark the catchment areas. DEM data can 
be downloaded from the BHUVAN portal of govt. of India. Some other sources for DEM data are:

 ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) Global DEM
 SRTM (Shuttle Radar Topography Mission) DEM
 Earth Explorer – USGS

A resolution of up to 30m is generally freely available for use.

Figure 12 : Catchment area, Command area and Drainage network of a pond
(Source: Networking project, 2020)

Figure 13 : DEM Map from remote sensing image  and Contour map from Dumpy level Survey
(Source: Networking project, 2020)
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However, if higher resolution data is required then a Total Station Survey can be carried out. It will enable 
the user to prepare high-resolution maps which are more helpful in the case of smaller village ponds.

Figure 14 : Total station survey
(Source: Networking project, 2020)

3.1.3.2 Ground Water

Depth

The depth of groundwater must be measured by 
hydrostatic level transmitters or directly by suspending 
cables into wells, boreholes, deep bore-wells, or 
monitoring wells. The length of the cable/tapefrom the 
surface level to the water level needs to be noted. This 
value gives the groundwater level of the point. Multiple 
observation points help in establishing a better picture 
of the region. 

Groundwater information can also be obtained from 
Central Ground Water Board (CGWB) website or India 
Water Resources Information System (WRIS).The 
information so collected will be useful in impact 
analysis post-intervention.

3.1.3.3 Water quality analysis

Pond water samples must be collected from 15 to 20 cm 
below the surface and analyzed against the standards 
set forth by the Central Pollution Control Board 
(CPCB). The samples must be analyzed for pH, EC, 
major ions, DO, BOD, COD, and Chlorophyll-a as per 
standard methodology. Presence and concentration of 
heavy metals in sludge, pond water, and groundwater 

Figure 15 : Water level measurement
(Source: Networking project, 2020)
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should also be analysed (Annexure 9.6). Water temperature, pH, EC, and DO should be recorded onsite. 
Also, the incoming wastewater (if any) should be checked to see if it is under the standards set by CPCB 
for surface water discharge.

The water quality test of the groundwater should also be conducted to set a benchmark standard for the 
region. It should be determined whether the water is safe for drinking or not. It should also be determined 
whether the groundwater and pond water has similar pollutants. If both pond water and groundwater have 
similar pollutants, then the infiltration of polluted pond water into the ground could be a reason for the 
contamination of groundwater (Goyal et al., 2021).

Refer to Annexure 9.2 for details of the standards set forth by CPCB for different designated water uses.

3.1.3.4. Water budget

The water budget is the difference between the total inflow and outflow of water from the pond. It will 
help us determine the net volume of water that can be captured by the pond. It helps us access if there is a 
surplus or deficit of water in the pond ecosystem and take actions accordingly. 

The water budget is used to evaluate the change in the volume of water stored in the pond and water 
requirements from the pond over time. Therefore, the water balance of a pond is an account of different 
input and output parameters of pond water. It can be expressed in the form of a general mass balance 
equation as given below 

Input - Output = Change in storage

Figure 16 : Water balance components of a pond
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The input parameters are 
 Precipitation occurred directly on the pond surface (P) 
 The inflow of water from surface runoff / Basin Runoff (Q) 
 Seepage Inflow (S )i
The output parameters are 
 Evaporation from pond surface/water bodies (E) 
 Evapotranspiration from irrigated area and adjoining trees  (ET)
 Seepage Outflow (S )o

 Water Demands (Population + Livestock + Industry) (D)
 Overflow Discharge (O)
 Change in Storage  (P )D

The detailed equation can be given as:

P + S + Q - E- ET – S  - D -O = Pi o D

(Note : Components of water budget equation are experessed in MCM)

3.1.4 Pedological / Soil Study

Pedological studies are done to access the soil conditions.It helps us further in the calculation of the soil 
erosion estimation and water retention capacity of the soil. The data obtained is essential for the 
calculation of the size and depth of the pond as well as necessary mitigative actions (if any) to be taken to 
reduce erosion. Soil maps of the catchment area can be obtained from the published soil map by the 

Figure 17 : Measurement of infiltration using double ring 
infiltrometer

(Source: Networking project, 2020)

National Bureau of Soil Survey and Land Use 
Planning (NBSS&LUP).

3.1.4.1 Soil Characteristics

Soil texture and the infiltration rate need to be 
assessed for both the pond and catchment area.

Soil Texture analysis can be done using the 
Hydrometer Method or aggregate analysis by 
using either the Wet sieve method or Dry sieve 
method (Annexure 9.3).

The infiltration rate is the velocity or speed at 
which water enters the soil. It is usually measured 
by the depth (in mm or cm) of the water layer that 
can enter the soil in one hour. An infiltration rate 
of 15 mm/hour means that a water layer of 15 mm 
on the soil surface, will take one hour to infiltrate. 
It can be measured using an infiltrometer. 
Infiltration should be measured at several places 
in the catchment area and marked on the map. 
The infiltration rate of the pond bottom also 
needs to be measured to know the percolation 
losses.
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3.1.4.2  Soil Erosion estimation

Soil erosion is loosening and washing away of the topsoil by the natural physical forces of water and 

wind. Anthropogenic activities also such as tillage, mining, etc. lead to erosion of soil. In the present 

context, water and anthropogenic activities are the primary causes of erosion. 

Water can cause either Raindrop splash or Sheet erosion. Splash erosion is caused by raindrops hitting the 

ground and loosening up the topsoil. The loose soil is further carried in form of sheets as per the gradient 

of the topography. Higher the gradient higher the sheet erosion. Water also causes rill and gully erosion, 

but they generally take place over larger areas and are not relevant in the present context.

Anthropogenic activities such as tilling, deforestation, harvesting of the crop, slash and burn agriculture, 

etc. also aid the process of erosion. It loosens up the topsoil making it vulnerable to natural forces to act 

upon. Wind causes either Suspension (particles <0.05mm), Saltation (particles <0.05mm – 5mm) or 

Surface creep (particles: >5mm) of the soil particles depending upon their size.

The study of erosion and sediment yield from catchments informs us about the deposition of sediment. 

The higher the inflow of sediment the higher is the siltation in the pond. This reduces its water storage 

capacity and affects the water availability in the pond. Soil erosion estimation can be done to estimate the 

inflow of sediment into the pond. The value helps us determine whether there is a need for any catchment 

area treatment activities to be conducted. Many models are available for soil erosion estimation. Some of 

the widely used erosion models are: 

Empirical Models: 

 Universal Soil Loss Equation (USLE) 

 Revised Universal Soil Los Equation (RUSLE) 

Semi-Empirical Models: 

 Modified Universal Soil Loss Equation (MUSLE) 

 Morgan, Morgan, and Finney (MMF) Model 

Physical Process-based Model 

 Water Erosion Prediction Project (WEPP) Model 

Measurement: The cylinders of the infiltrometer are partially inserted into the ground and water is filled 
up to a margin inside the cylinder and after that, the speed of penetration of water is measured with respect 
to the time and depth of penetration of water inside the cylinder. Thereby it helps us determine the 
absorption capacity of the ground (Refer to Annexure 9.4 for details of measurement).

The infiltration capacity of some common soil groups is reported as given below (FAO, 2001): 

Soil type Basic infiltration rate (mm/hour)

Sand less than 30

Sandy loam 20 - 30

Loam 10 - 20

Clay loam 5 - 10

Clay less than 5

Table 1: Basic infiltration rates as per soil types



Page | 18 Guidebook on S&T Interventions for Pond Rejuvenation

Pond Rejuvenation- Activity Components

Erosion models try to simulate erosion processes that occur in a watershed and consider many of the 

complex interactions that affect rates of erosion. Modeling of soil erosion depends upon the factors 

affecting soil erosion. USLE is a simplified model and has been used most in studies because of its 

simplicity (Bähr and Vogtle, 1999). However, USLE was originally developed for agricultural 

applications therefore, it has limitations when applied to urban settings. Also, it cannot predict a single 

event's (e.g., storm) erosion data. The Revised Soil Loss Equation (RUSLE) erosion prediction model 

(Renard et. al., 1997) was developed to include the benefits of the USLE model and eliminate its 

shortcomings, (Foster et al., 2003). Therefore, the RUSLE model has been adapted to include non-

agricultural areas. RUSLE considers that some runoff is channeled into rills and gullies while USLE 

assumes that runoff is uniform over the catchment. RUSLE also captures better those long rains that can 

saturate the soil, leading to reduced intake and greater erosional runoff. 

The generic form of  USLE & RUSLE  is as follows:

A = R*K*L*S*C*P

Where, 

 A = Average soil loss per unit of area (e.g. in t/ha/year)

 R = Rainfall - runoff erosivity factor

 K = Soil erodibility factor 

 L = Slope length factor 

 S = Slope steepness factor 

 C = Cover management factor 

 P = Support practice factor

3.2 Geometrical design of the pond

The process of pond rejuvenation starts from the selection of the pond to be rejuvenated. The priority list 

of the ponds can be decided based on the inventory prepared using a baseline survey. Once you have 

selected the pond, a detailed study of the Hydrological and Pedological characteristics (as described in 

Section 3.1) must be done. The observations will need to be incorporated to develop a design plan for the 

rejuvenation project. This design takes into consideration the morphometric characteristics of the pond, 

the water budget of the region, the size of the catchment area and its drainage, soil erosion rate, etc. Apart 

from this, the design must be made according to location/terrain, end-use, and whether any amenities 

such as road access, recreation centre need to be provided.

Geometric shape: For a pre-existing pond, it is best to keep the original shape of the pond. However, 
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Figure 18 : Dimensions of a pond
(Source: FAO, 2001)

you can modify the shape and suit the situational needs of the region. Most ponds are generally oval or 

ellipse in shape. Rectangular ponds are also common. Other ponds may be round, square, triangular, or 

irregular in shape. We should decide the shape on basis of the already existing shape and availability of 

land for expansion. Rectangular shapes are often the easiest and cheapest to build, but a pond with 

rounded corners, indefinite shapes, and even islands, has more eye appeal and more potential for wildlife 

habitat. 

Size and Depth of the pond: 

After the decision on the shape, we will have to calculate the storage volume of the existing pond. This 

will be required to calculate the depth of the pond to be excavated. The formula for the calculation of the 

storage volume of the pond has been given below. 

   Volume of the Pond (V) = (A + 4B + C) / 6 × D

Where,  

 V = Volume of the pond

 A = Area of the pond at ground level

 B = Area of a pond at the middle depth of the pond 

 C =Area of a pond at the bottom of the pond 

 D = Average depth of the pond

Please refer to Annexure 9.1 for a detailed explanation of how to calculate the storage volume of the 

pond.  

As discussed in the earlier section on the water budget the primary sources of inflowing water into the 

pond include rainfall, surface runoff, incoming drains, and groundwater seepage. The water losses from 

the pond include percolation losses, evaporation, outflow, and domestic demand. The water budget 

equation gives you the total volume of water that will be available for storage in the pond. Therefore, we 

know the total volume of water that is available for the pond system. We had already calculated the 

storage volume of the existing pond. Now, using the figures from the water budget equation and the 

existing pond storage capacity the changes in-depth and size of the pond can be figured out. There can be 

the following situations:

 Existing capacity greatly exceeds the total volume of water obtained from water budgeting: 

Desilting should not be required. In this situation, there is a high chance of the pond drying up 

during the summer season. Therefore, increasing the inflowing water volume can be 

investigated. The pond can also be subdivided into smaller sections and water can be diverted 

into it for increasing the retention time (reduction in percolation and seepage loss). In some cases, 

desilting can still be carried out to remove silt and increase percolation if groundwater recharge is 

an aim. Also, desilting allows the pond to absorb surplus water during monsoons.

 The existing capacity is almost equal to the total volume from the Water balance: An 

increase in pond volume is required. As the pond has already reached its capacity, desilting 

should be carried out. If desiltation is not done, in the future, siltation will occur, and the pond 

won't be able to handle incoming water and overflow.
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 Existing capacity < Total volume from Water balance: Increase in pond volume is required. 

Desiltation is required and the possibility of boundary expansion needs to be explored. If 

possible, the volume of the pond should be made increased to absorb at least the complete excess 

volume of water. Additional capacity creation will help in storing surplus water that is available 

during rains. If the creation of enough capacity is not possible then surplus water management 

must be done. Details of how to manage surplus water have been given in a later section.

Thus, we see that according to the situation, the necessary changes to a pond may be required to be 

made. If desilting must be carried out and depth must be increased the calculation are as follows:

Additional Storage Capacity=Total Volume from water budget (V ) – B

Existing Capacity (V )E

The required depth and size for the additional storage capacity can be calculated using the same equation 

as above (Volume of the Pond (V) = (A + 4B + C) / 6 × D). The maximum depth should be taken at 5 

meters. The maximum area should be defined by the boundary limits of the pond. If the water volume 

still exceeds the storage capacity of the pond, provision for the management of the surplus water should 

be made.

Factors for deciding the depth and size: The depth of the pond is decided by considering soil depth, 

soil type, and equipment used in excavation. Though, the evaporation loss component can be minimized 

by increasing the depth but, from a practical point of view the ideal depth is limited to 3 to 3.5 meters. 

Any depth beyond 5 meters meter will be uneconomical as well as increase percolation losses 

significantly. Some other points to keep in mind while making changes to the surface area and depth of 

the pond.

 A deeper pond with a small surface area loss less water to seepage and evaporation than a shallow 

pond with a larger surface area.

 The depth of the water in the pond varies between winter and summer. 

 If rainfall distribution and water inflow are even through the year, then shallow depth ponds can be 

considered. If the region has heavy rainfall for a short span, then deeper ponds should be preferred 

as it reduces losses and increases storage. 

 The dimensions of your pond also depend on the intended use. If fish culture is a major objective of 

a pond, a pond needs to be at least 10 to 12 feet deep. If natural restoration is the only goal, a pond 

can be kept at 4 to 6 feet deep. If multiple objectives are sought, deeper water levels will be 

preferable.

 Generally, digging deeper than 5 meters not only increases the digging expense but also increases 

seepage losses due to increased water pressure on the ground surface.

 If the subsurface soil layers are sandy then a lower depth is preferred. 

 If the pond has limited scope for expansion but receives larger quantities of water, then the depth of 

the pond can be increased.
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3.3 Activities / Scope of Work

After geometrical designing of the pond, the work execution needs to be done. Various components of the 

activities that can be undertaken during the process of pond rejuvenation are described below. 

Additionally, value addition means, and management/use of surplus water has also been discussed.

3.3.1  Civil Work Component

3.3.1.1 Water Body Cleaning

Dewatering

The first step of the pond cleaning is to remove the water and dry the pond. The complete pond can be 

taken up or sections of it can be dewatered and further treatment is done.

De-weeding

Weeds grow abundantly in the pond and spread all along the pond periphery as well as along the pond 

bund. These plants invade the ponds and have the capability of destroying the pond ecosystem. They 

use upa large quantum of the pond water andalso destroy the scenic beauty.Therefore, complete weed 

removal along with its roots is essential to prevent the further growth and ingress of these weeds into the 

water body.

People typically correlate size with a surface water area, not water capacity. Length and width are more 

related to the aesthetic element of the area, whereas depth is the greatest factor in terms of intended use 

and variation in water levels between the summer and winter months. The storage capacity of a pond is 

also largely defined by its depth. E.g., A pond that is the size of a football field and a foot deep has the 
thsame water holding capacity as a pond that is 1/4  of a football field but 10 feet deep.

Provision for Catchment Area: In a naturally existing pond generally the catchment area is large 

enough to deliver sufficient surface runoff and groundwater flow into the pond. However, the pond may 

suffer from overflows during the monsoon season and therefore require management for excess water 

through outlets and overflow channels. The landscape above a pond must be protected against erosion, 

which will shorten the effective life of the pond by filling it with silt. Possible measures have been 

discussed in the next in the section on Peripheral Area Management.

Surplus water/Excess water: The surplus water may be available on a year-round basis or seasonally 

during monsoon. Measure to tap this surplus water must be made. More about has been talked in section 

3.4. 

Economic Linkages: In ponds where water is available in adequate quantities throughout the year, 

regular extraction for irrigation can be done. This will reduce the input cost for the farmer and ensure 

that he participates in the upkeep of the pond. Alternatively, in most cases with perennial pondfish 

culture, duckery and poultry farming can be done. A reliable water supply ensures their survival. 

In areas of water shortage/scarcity, the pond can be used to ensure drinking water availability. However, 

in this case, care must be taken to ensure that no other activity should take place in the pond. Further 

treatment of the water should also be done before supplying it to the community.
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It can be done either manually or by using motor-

driven weed removers (e.g., tractors with ploughs 

attached). Biological controls by using herbivorous 

animals can also be used. For example, a wide 

variety of insects, snails, crayfish, tadpoles, turtles, 

fish (sterile, triploid grass carp), ducks, geese, and 

swans can be introduced in ponds or lakes to 

consume aquatic plants (CPCB, 2019).

Desilting

Desilting is done mainly to increase the storage 

capacity of the pond. It involves the initial and 

periodic removal of accumulated sludge in ponds 

and lakes. It helps in ground water recharge 

potential, removal of contaminated sediments as 

well as increases storage capacity of lakes or ponds 

(CPCB, 2019). It can be taken up during the 

summer season when the water spread area of the 

pond is minimum. 

Desilting can be carried out using manual labour or 

mechanized means. While using manual means 

fund from govt. schemes such as MGNREGA can 

be used for this purpose. Greater depth of the pond 

and smaller surface area will also reduce 

evaporative losses. Care must be taken to dig the 

pond to its original capacity only. Excess removal 

of material may increase the rate of percolation and 

water losses to deep percolation will be significant. 

Generally, digging deeper than 5 meters will not 

only increase the digging expense but also enhance 

seepage losses due to increased water pressure on 

the ground surface. Peak rainfall should also be 

considered while deciding the depth of the pond.

Sediments removed from the ponds or lakes should 

be stored in a designated area (till moisture is 

completed drained out) at a suitable distance away 

from the water body and such dried sediments 

should be removed immediately so that sediments 

will not become a part of ponds or lakes once again 

especially in the event of any rain fall. As these 

Figure 19 : Dewatering and deweeding of pond

Figure 20 : Desilting of pond

sediments are generally nutrient-rich, they can be used as manure after draining. The sediments can also 

be used for embankment development. As a good practice, the silt/ sediments can be use to create one or 
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two islands in the pond itself. The plantation can 

be done on these island, which will help in 

natural/ biological treatment of the water by 

absorbing nutrients from the water. Moreover, 

natural habitat grows on these islands such as 

birds, frogs, toads, snakes etc. and help to 

maintain ecological balance of the area.

3.3.1.2  Strengthening of bund/embankment

After completing the water body cleaning, the pond boundary needs to be demarcated and reinforced. For 

this purpose, some techniques that can be used are mentioned below:

Figure 21 : Islands in pond using silt/ sediments
(Photo credit: NIH)

Figure 22 : Methods for strengthneing of bund

Stone pitching can be done for 
strengthening the bunds

A boundary wall can be constructed 
using brick work or concrete mix

Plastering of embankment walls 
with thick clay

Multipurpose and fruit trees can be 
planted along the bund to stabilize it

Grass can be planted to stabilize the 
pond 

Mix of cow dung & mud slurry (1:4) can be applied 
on the lateral surfaces. The surface must 

be kept dry for few weeks

(Source: Networking Project, 2020)
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The use of polythene is not advisable as it would rather disrupt the ecosystem of the pond and the niche of 

the aquatic life (CPCB, 2019). However, it is noteworthy that if the objective of the rejuvenation of the 

project is to retain the water in the pond system, then lining material can be used to reduce/prevent 

seepage losses.

3.3.1.3 Fencing/re-fencing of water bodies

Fencing serves the basic purpose of guarding 

the ponds. Fencing/Re-fencing of the water 

body with a provision of plantation of three 

rows of tree saplings will stop the entry of 

humans and cattle and provide the much-

needed scenic beauty to the pond apart from 

preventing the soil erosion from the slopes near 

the pond.

The fences can have passageways to allow 

access to man and animals for basic purposes.
Figure 23 : Fencing of water body

3.3.1.4 Inlet and outlet of the water body (Identification/ Monitoring)

It is important to identify and design an inlet and an outlet point in the ponds. While designing them the 

site condition, existing hydrologic, soil, vegetation parameters, etc., and easiness of construction should 

be considered.

Figure 24 : Typical layout plan for pond inlet and outlet works
(Source: NIH, 2018)

(Source: Networking Project, 2020)
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Inlet: The water should enter the ponds through one inlet or minimum periphery inlets. Multiple inlets 

should be merged. While laying the inlet channel, the safe velocity of the water must be ensured to avoid 

channel erosion. Inflow drainage channels should be provided with suitable: a) silt traps b) sediment 

tanks c)screen chambers basins at suitable intervals for control of silt especially during monsoon (refer 

to: Waste Treatment: Liquid Waste). Grasses can be grown in the channel for further protection. Stone 

pitching in the channel can also be used to reduce erosion.

Outlet: A single point outlet to allow overflow should be built. If possible, it should be connected to 

larger water bodies to form a drainage network. Pond outlets can be built in various ways, using different 

materials such as bamboo, wood, bricks, cement blocks, or concrete. The outlet is generally located at the 

lower end of the pond.  It should be thickly vegetated with grass to reduce erosion. The water flow 

through the outlet should be maintained at non-erosive velocity to minimize outlet erosion. The outlet is 

kept at a slightly lower elevation (up to 30 cm) in comparison to the inlet elevation to avoid the back flow. 

The discharge capacity of the outlet can be assumed to be half of that of the inlet capacity as the peak rate 

of runoff.

There are three main types of outlets as described below:

 Simple pipelines or conduit outlets are suitable for all types of ponds. Asbestos pipes, cement 

concrete, galvanized Iron pipes, PVC pipes, cast iron pipes are some of the different types of pipes that 

can be used.

 Avoid cuts through the dike/emabnkment: Canvas/grass lining or stone pitching should be done to 

protect the cut in the embankment.

 Siphons: They consist of a tube/pipe with one end in the pond and the other side over the 

embankment. They can be used in regions with loose soil which can easily get eroded due to water 

flow.

Figure 25 : Types of outlet of a pond

3.3.2 Peripheral Area Management

The area surrounding the pond needs to be scientifically managed to ensure the sustainability and 

longevity of the pond. The planning of the areashould be made considering factors such as terrain, 

rainfall, erosion rate, soil conditions along with the preferences of the local community. The treatment 

plan must consider the existing conditions and make suitable modifications to the same. An example of 

such a plan can be seen through LULC classification in the Figure 26 Two major components of 

peripheral are management are detailed below:

(Source : FAO, 2001)
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3.3.2.1 Catchment area treatment:

The study of erosion and sediment yield from catchments informs 

us about the deposition of sediment in the pond. If required, the 

catchment area needs to be treated to reduce/prevent the entry of silt 

into the pond as well as enrich the biodiversity of the region. It is 

generally necessary to adopt corrective measures in the catchment 

area to reduce the sediment load.

Afforestation:

The area can be demarcated for afforestation/agroforestry Species 

such as acacia and eucalyptus can be planted in the catchment area 

(Refer to: Plantation Alongside Water Body). Green manuring crops 

can also be used as it helps in increasing organic matter, reducing 

runoff/erosion and loss of soils and reducing siltation in the village 

pond, and help in controlling weeds.
Figure 26 : Catchment area treatment 

plan of pond
(Source: Networking project, 2020)

Storm Water Management: 

The storm water from the catchment should be channelized and passed through a silt trap to prevent 

excessive siltation. Also, they can be diverted through peripheral drains/garland drain to prevent 

overflow of ponds (refer to:the section on Waste Treatment). 

Silt traps: 

These are provided at the inlet point of the inflow channels to reduce siltation in the drains (refer to: Waste 

Treatment: Liquid Waste).

3.3.2.2 Plantation alongside the water body

Multipurpose and fruit trees should be planted along the periphery to stabilize the bund. Brick tree guards 

or wire mesh guards can be used to protect the trees. The community should be encouraged to take up 

responsibility for the same. 

Species to be planted:

The species should be decided based on the geographic location of the pond. Mainly plantation with a 

dense population of deep rooted plants, trees, shrubs, and grasses should be created to absorb nutrients 

(which promotes aquatic plant growth and a shift in the water quality) that comes directly from the 

anthropogenic activities.

According to a study by Pandey (2000), the village ponds are predominantly surrounded by Mango 

(Mangifera indica) in north India. Similarly, a pond with Peepal (Ficus religiosa) is also common. 

Bargad (Ficus bengalensis), (Ficus glomerata), Maulashri (Mimusops elengi), Gular (Ficus 

glomerata) and Bel (Agele marmelos) are other species found.

Based on an excellent study on the traditions of ponds in India, Mishra (1993) informs that embankments 

are found to have been planted with Peepal (Ficus religiosa), Bargad (Ficus benghalensis), and Gular 

(Ficus glomerata) immediately after the construction of embankments. In Madhya Pradesh, Neem 

(Azadirachta indica) was necessarily planted.

Aquaculture
building2
agroforestry 
vegetable2 
vegetable1 
pond 
paddy2
paddy1
Horiticultural_palntation
Building 1

Legend
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Wild Date Palm (Phoenix sylvestris), and Palash (Butea monosperma), Jamun 

(Syzygium cuminii), Mahua (Madhuca indica) and Wood Apple (Feronia 

limonia), Amla (Emblica officinalis) and Babool (Acacia nilotica) are some 

species that can be planted in the vicinity of the pond. Downstream of the pond, 

water-loving species such as Arjun (Terminalia arjuna), Screw Pine(Pandanus 

tectorius), and Jamun (Syzygium cuminii) can be planted.

Karanj (Millettia pinnata), Rain Tree (Samanea saman), Garmalo (Casia 

fistula), Sitaphal (Annona squamosal), Papaya, and Banana can be planted in 

the periphery. Jackfruit, monkey jack, and crambola are fruit species that can 

tolerate waterlogged conditions to some extent.

Water Willow (Salix babylonica), Basket Willow (Salix xuchonensis), Long 

Peduncled Alder (Alnus cremastogyne), Trobeculate Alder (Alnus trabeculosa), 

Swamp Cypress (Taxodium distichum), Hairy Paulownia (Paulownia 

tomentosa), Mulberry (Morus alba), and Pond Cypress (Taxodium scandens) are 

some of the timber species that can be planted in the pond systems (IndiaAgronet, 

2021). 

Methodology: 

It is very important to carry out the plantation in a scientific manner to ensure the 

survival of plant species. The major steps to be followed to bring the seedling to 

the plantation site (Choudhary and Faisal, 2005) are provided below.

a. Root Trimming: Pruning of roots with pruning shear/scissors or blade must 

be done if they are protruding out of gunny bag/Polythene enclosure. If they 

are curled up at the bottom, curled portion needs to be chopped off.

Neem
Mango
Karanj 

Rain tree
 Arjun

Garmalo
Sitaphal
Sadad
Peepal
Papaya
Banana
Banayan

Bel
Gular
Jamun
Palash

Wild Date Palm
Amla

Figure 27 : Trees for 
plantation around 

the water body

b. Distance between Plants: This depends on the type of species being planted. Generally, fruit species 

require wider spacing.  A space of 2m X 2m is required for forestry species. This is done so that 

competition for resources is minimized among the seedling and undergrowth is also suppressed. If a 

shelter belt is being planted, then the distance should be kept 1m or 1.25m.

c. Pit Making: A pit of 30cmX30cm should be dug out. The depth should be kept at 45 cm. If possible, 

the pits should be dug 3 to 5 weeks earlier than planting to expose soil to sunlight and enhance 

microbial growth.

d. Removal of gunny bag:  A longitudinal cut should be made on the gunny bag/plastic case ensuring 

that roots are not damaged in the process.

e. Planting of seedlings: The soil should be mixed with vermicom post or cow dung to add nutrition to 

the plant. Chemical fertilizers may also be used. Thereby soil compaction and watering of the plant 

should be done.

f. Proper Care: Proper care is required in the initial days to ensure the survival of the plants. Protection 

from animals and natural forces should be taken care of. Timely watering, pesticide, and fertilizer 

addition should be carried out if required.
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Aesthetic and Economic advantages: 

Apart from increasing the overall aesthetics of the region, the plantations provide many other 

advantages. The shade and wind protection provided by the raised mound and vegetation reduce 

evaporative losses. They can also be regularly harvested for the paper and pulp industry, fuel wood, 

timber, etc. The fruit species provide nutrient benefits and thereby reduce the economic burden on 

society. Fodder species can also be planted to provide ready fodder for cattle.

Figure 28 : Steps involved in civil work and peripheri area management of pond

3.3.3 Waste Treatment

One of the biggest issues is the management of waste in the ponds. Both solid waste and liquid waste need 

to be tackled separately. Besides implementing technological solutions, it is extremely important to bring 

about a change in the people's attitude and make the community aware about the importance of water. 

Information, Education & Communication/Behavioural Change Communication (IEC/BCC) tools 

could be used. The IEC tools will create awareness for a waste-free water body and minimize the 

Figure 29 : Schematic of water treatment setup for pond
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(Source : NIH, 2018)
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incidence of diseases- dengue, malaria, leptospirosis, gastro, and skin-related diseases. A wide range of 

options can be adopted for implementing IEC campaigns. Methods include Participatory Learning and 

Action (PLA) tools, pictorial printed material for widespread communication as well as InterPersonal 

Communication (IPC) at the grassroots level, capacity building sessions, and door-to-door contact. 

These form significant tools in achieving the state of waste management at a local level.

3.3.3.1 Liquid Waste

Garland drains / Peripheral Drains: 

These channels/ drains are constructed onthe 

periphery to divert the grey and black water from 

households into waste management systems to 

protect the pond from pollution. They are also 

capable of tapping stormwater or agricultural 

runoff that may take place. 

Biological Treatment:

Pond water quality management can also be done 

by using biological means. Some methods are 

described below:

 Banana ash: It can be used to reduce the 

turbidity of water (CPCB,2019). Ash of a 

banana plant is rich in potassium content and is 
Figure 30 : Garland drains

alkaline, which helps to increase the water pH level. Banana ash also binds dissolved and suspended 

particles in the water column and thus clears water by coagulating the particles. 

 Application of banana stem, paddy straw /husk in pond water to reduce turbidity: To control persistent 

clay turbidity the farmers/caretakers can apply paddy straw or pieces of banana stem. When the hay or 

banana stem rot, the farmer/caretakers periodically remove them from the pond. 

 Application of cow urine in the pond surface to control algae: To control algae in the pond 

farmers/caretakers spray cattle urine on pond surfaces.

 Plants such as duckweed and water hyacinth also have a great capacity to take up pollutants from 

water.

Nature-based Solutions- Natural Treatment System

Natural Treatment System (NTS) is a time-tested, eco-friendly, and cost-effective technology for 

handling the complete supply chain of sustainable wastewater management in the Indian context. 

Localized NTS solutions can provide a viable option either in combination with the traditional STPs or as 

standalone technologies (NIH, 2018). NTS can typically improve Total Suspended Solid, Biological 

Oxygen Demand, Chemical Oxygen Demand, Most Probable Number (MPN), and Total Phosphorus.

Constructed Wetland (CW)

These are designed to treat municipal, urban, agricultural, and industrial wastewater. The system is based 
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on specific plants, such as Elephant grass (Pennisetumpurpurem), Cattails (Typha sp.), Reeds 

(Phragmitessp.), Cannas pp. and yellow flag iris (Iris pseudocorus), normally found in natural wetlands 

and can also be used in CW. These species have natural filtration and treatment capability. Some 

ornamentals as well as flowering plants species such as Golden Dhuranda, Bamboo, Nerium, Colosia, 

etc. can also be used for treatment as well as landscaping purposes.  

Ponds are a common feature of almost all villages in India, and are widely used as important source 

of water for agriculture, aquaculture and groundwater recharge. Water conservation and restoration 

of village ponds is, therefore, essential for delivering secure water supplies for beneficial use of the 

society. Realizing the importance of village ponds for water conservation and sustainable 

development, the National Institute of Hydrology (NIH) has led a demonstration project aimed at 

rejuvenating a severely degraded pond in Ibrahimpur Masahi village of Haridwar district of 

Uttarakhand State. This has been achieved through the establishment of a Constructed Wetland 

based Natural Treatment System (CW-NTS) for the treatment of domestic wastewater that flows into 

the pond. The treatment chain comprises of bar screen for removal of large objects like rags and 

plastics, followed by 3 chamber grit chamber for removal of heavier inorganic particles (specific 

gravity: 2.4 – 2.65), 2-chamber subsurface flow constructed wetland, and the pond (Fig. CS2-1). 

Constructed wetlands are a low-cost, low energy solution for treating wastewater that use passive 

filtration and plant growth to improve the water quality and also provide natural habitat.

Case Study 2 Conservation of Pond in Ibrahimpur-Masahi Village and 
Performance Evaluation of Natural Treatment System 

(District Haridwar), India

(Source: Singh et al., 2020-21)

Figure CS2-1. Plan view of the CW-NTS at Ibrahimpur Masahi village
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For effective evaluation of the CW-NTS, and assessment of its potential replicability in other village 

ponds, NIH has collaborated with UK-based Centre for Ecology and Hydrology (CEH). The water 

quality of the rejuvenated pond in Ibrahimpur village has been compared with a control pond 

(without any constructed wetland treatment) in a nearby village (Masahi Kala). Field investigations 

related to water quality, ecological quality, greenhouse gas emissions, groundwater quality and level, 

and social surveys of villagers' attitudes to the constructed wetland and pond rejuvenation were 

carried out to evaluate the benefits of the constructed wetland treatment.

The demonstration study has shown that the treatment of wastewater entering the pond through the 

constructed wetland has greatly improved water quality (reduced organic loads, coliform bacteria 

and nutrients and increased dissolved oxygen levels) compared with the control pond. The difference 

in the BOD value of the two studied ponds is depicted in Fig. CS2-2. The ecological quality of the 

pond with constructed wetland treatment is also much higher, with associated enhanced ambience for 

villagers. The treatment of domestic wastewater entering the pond also resulted in the reduction of 

GHGs emissions. Mean CH4-C and CO2-C concentrations measured in Masahi pond were an order 

of magnitude greater than those measured in Ibrahimpur (7.66 mg CH4-C L-1 and 7.69 mg CO2-C L-

1 in Masahi compared to 0.237 ± 0.0550 mg CH4-C L-1 and 0.933 ± 0.720 mg CO2-C L-1 in 

Ibrahimpur). Importantly, the mosquito larva do not appear to be a particular issue in the Ibrahimpur 

pond as this was recorded only once and were found in very low numbers.

Figure CS2-2 BOD variation in the water of Ibrahimpur pond (with constructed wetland) and Masahi 
Pond (no treatment).

The rejuvenation of the pond resulted in enhanced groundwater recharge and was evident from the 

improved groundwater levels. Further, the improved pond water quality is also likely to result in 

improvements in the groundwater quality of the area, which will also have positive impacts on human 

and animal health. 
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Reed Bed Filter/ Planted Grey Water filter

It is one of the natural and cheap methods of treating domestic, industrial, and agricultural liquid wastes. 

Reeds are coarse grasses that grow naturally in a wetland. They can take up pollutants from the soil. Reed 

beds are considered as an effective and reliable secondary and tertiary treatment method where land area 

is not a major constraint (Woodand Hensmann, 1988). Generally,a reed bed has shallow pits, installed 

with an inlet or outlet in a bed of limestones, pebbles, and graded sand (Crites, 1994). In this porous bed, 

reed plants with hollow roots bring oxygen into the filter bed (Lawson, 1985).Two types of reed bed 

filters are available: Horizontal and Vertical

Horizontal Flow Filters

The horizontal greywater filter uses gravel is used as filter material. The water flows horizontally across 

vertical gravel and stone layers. The horizontal flow allows a flat construction but requires more space 

compared to the vertical greywater filter. The basin can be built in the soil as long as the outflow pipe ends 

up above the ground. The height difference required between the inflow pipe and outflow pipe of the filter 

is a minimum of 5 cm. Within this construction, even pipes from greywater sources that are low above the 

ground can be handled if the groundwater level allows an excavation. The Figure-31 is showing a cross-

section of the horizontal, planted greywater filter design:

Figure 31 : Cross section and planted horizontal flow filter
(Source: Huhn, 2015)

Roots of reed plants provide a favourable environment for bacteria, which take dissolved organic matter 

and thus the BOD load is further reduced. 

A horizontal planted filter is simple in principle and requires almost no maintenance. However, design 

and construction require a thorough understanding of the treatment process and knowledge of the filter 

medium.Planted filters are suitable for pre-treated (pre-settled) domestic or industrial wastewater of 

COD content not higher than 500 mg/l (CPCB, 2019) and (APHA, 1992). Wastewater must be pre-

treated especially for suspended solids to prevent the clogging of filter media.

The filter bed should not be deeper than the depth to which plants roots can grow (30-60 cm), as water 

tends to flow faster below the dense bed of roots. Shallow filters are more effective compared to deeper 

beds of the same volume. To prevent percolation of wastewater in-ground, the bottom must be sealed. 

While the top part of the filter media in a planted filter is kept horizontal, constructed bottom slopes down 

from inlet to outlet preferably by 1%.
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Case Study 3 Phytorid Technology, NEERI, Nagpur (NEERI, 2020)

NEERI has designed a phytorid technology that can be constructed in series and parallel modules/ 

cells depending on the land availability and quantity of wastewater to be treated. It is a subsurface 

flow type in which wastewater is applied to a cell/system filled with porous media such as crushed 

bricks, gravel, and stones. The hydraulics is maintained in such a manner that wastewater does not 

rise to the surface retaining a freeboard at the top of the filled media. The system consists of the 

following three zones:

 Inlet zone comprising of crushed bricks and different sizes of stones

 Treatment zone consisting of the same media as in inlet zone with plant species

 Outlet zone

The reduction in the treated effluent for the total suspended solids (TSS) varied from 70% to 80, BOD 

from 78% to 84%, nitrogen from 70% to 75%, phosphorus from 52% to 64%, and fecal coliform 

from 90 % to 97%.

Figure CS3-1: Wetland systems for wastewater treatment

Vertical Flow Filters

It is a reed-bed filter in which the effluent is periodically spread uniformly over the surface of the bed 

through a network of pipes. The matrix of the bed is made up of layers of sand and gravel. The effluent 

drains down vertically through the bed with air replacing the wastewater in the bed as it drains. The next 

dose traps the air which leads to a highly aerated system with good oxygen transfer permitting increased 

microbial growth and activity. 

The water is collected by drainage pipes at the bottom which discharges to the next reed-bed or directly 

into a water body. The bed then remains empty of water until the next dose is applied. Hence, unlike the 

horizontal filters, vertical flow is not constantly flooded but free draining. Vertical Flow Reed-beds are 

designed to be aerobic and to nitrify ammonia converting it into nitrates and nitrites. Therefore, they can 

cope with higher pollutant loads.
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Floating Treatment Wetlands (FTWs) 

FTW's or islands are small artificial platforms that 

allow aquatic emergent plants to grow in water that 

is typically too deep for them to survive. The roots 

of these plants take up nutrients and contaminants 

themselves. The plant roots grow down into the 

water creating dense columns of roots with lots of 

surface area. Thus, the floating island material and 

dense roots provide extensive surface area for 

microbes to grow - forming a slimy layer of 

biofilm. The biofilm is where the majority of 

nutrient uptake and degradation occurs in an FTW 

system (IISD 2021). 

The shelter provided by the floating mat also 

allows sediment and elements to settle by reducing 

turbulence and mixing by wind and waves. The 

unique ecosystem has the potential to capture 

nutrients and transform common pollutants into 

harmless by-products.

Physical Treatment

These are non-mechanized; low operation-

maintenance filtration units using physical 

methods to provide treatment to wastewater to 

bring it under the discharge standards (IS 

Figure 32 : Schematic and cross section of reed bed vertical flow filter

Figure 34 : Processes involved in floating wetland treatment
(Source:IISD, 2021)

2296:1992). These will generally work on the principles of the sand and gravel filters replicating the 

natural soil principles of soil filtration.

i. Screen chambers: These are simple square or rectangular chambers to filter out large solid 

particles and generally have a screen or mesh through which the water passes.

Figure 33 : Floating wetland treatment in pond
(Source: Networking project, 2020)
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ii. Silt Traps: In the inlet channel, a 

sediment  or  s i l t  basin  can be 

developed to trap the incoming 

sediment. In the upstream end of the 

silt basin, trap mesh can be installed to 

filter the inflow of floating materials 

including polythene, plastic bottles, 

coconut shell, etc. A schematic 

diagram of a silt trap can be found 

below. The size can vary according to 

the quantum of incoming water. 

 At the downstream end of the silt 

basin, a gabion structure can be 
Figure 35 : Schematic view of screen chamber

developed, so that any other lighter and small material which would pass through the screen 

chambers and silt basin, would be filtered there. 

iii. Sedimentation tank/basin: These are large tanks that hold the incoming water for a long enough 

duration to allow silt to settle down. These need to be designed considering the quantum of 

inflowing water. A tank/basin is generally rectangular but can be of any other shape as per the 

availability of land. They can be made of concrete, brickwork, or small trenches lined with non-

porous material.

Figure 36 : Top view and cross section of silt chamber; front view of gabion filter
(Soure: WaterAidIndia.org)

Figure 37 Schematic of sediment basin
(Source: Urban Stormwater Management Manual)

(Source: www.engineeringcivil.com)
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Seechewal model is the zero-energy centrifugal 

model which help in the segregation of the solid 

material and other material present in the 

wastewater. The water from the village sewerage 

system is collected in a pond. A filter-mash is used 

to remove objects floating on the surface of water. 

Then the polluted water is taken into three separate 

wells:

a. In the first well the silt from the sewerage is 

removed. 

b. In the second, fats, oil, and ghee are taken away.

Figure 38 : Schematic of Seechewal Model
(Source: Networking project, 2020)

c. The third well conveys the thus cleaned water into the main pond.

The water is the allowed to flow in the pond. Plantations are also done around treatment plant to keep over 

the foul control.

Case Study 4 Use of local materials for treatment of dry weather flows 
in open stormwater drains in Bengaluru, Karnataka

The Ashoka Trust for Research in Ecology and 

the Environment (ATREE), Bangalore conducted 

a semi-controlled field experiment  for treating 

dry weather flows (DWF) at the inlet of a small 

urban lake known as Sowlkere by using local 

aggregate materials such as gravel and terracotta,. 

This lake is located in the Koramangala-

Challaghatta subcatchment in Bangalore's 
◦ ′ ”southeast  periphery (12 55 304,644 N, 

◦ ′ ′′77 40 57.2232  E). The setup was a small-scale 

'model nallah' condition, which mimics the 

dimensions and materials of a typical concretized 

(Jamwal et al., 2022)

Figure CS4-1 : Geographic location of Sowlkere lake

stormwater channel found throughout the city. A horizontal subsurface flow (HSSF) treatment 

system was built with an overall dimension of 8 m × 2 m × 1 m (length x width x height) and 

subdivided into two independent cells (Cell A, and Cell B) each filled with a different filter material: 

gravel (4–5 cm) and terracotta rubble (10–15 cm, typically used as a roofing material locally). Gravel 

is a high-density material with low porosity and terracotta is a lightweight porous material. 

The system received DWF from a manhole to which urban wastewater was streaming from nearby 

commercial and residential land-uses. A mesh was inserted in the pipe connecting the manhole to the 

system to prevent large solids from entering the system. Both the inflow and the outflow from the 
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system was monitored fortnightly using bucket and stopwatch method. The average outflow 

estimated from both the system during the study period was approximately 1993 l/day. Wastewater 

flows were monitored fortnightly for a period of 14 months from July 2019 to September 2020. 

Samples were collected at the inlet and the outlet of the two setups (three samples-one from inlet and 

two from outlets).Figure CS4-3 Water quality before and after treatment

This study demonstrates the applicability of inexpensive, locally available aggregate materials 

(gravel and terracotta rubble) in treating the highly variable DWF in open stormwater drains without 

the use of specialized or mechanical technology. The average BOD5 /COD ratio greater than 0.4 was 

observed, indicating the suitability of setups using combinations of the physical, chemical and 

biological processes for treating DWF in open stormwater drains. Both gravel and terracotta 

Figure CS4-2 Horizontal subsurface flow system using gravel and terracotta

Figure CS4-3 Water quality before 
and after treatment

materials were highly effective in removing 

Total suspended solids (TSS), COD, DCOD and 

BOD5 with a removal efficiency greater than 

70% for TSS and BOD5. The gravel material 

exhibited a higher BOD5 and COD decay rate 

constant as compared to the terracotta setup. 

Except for Total Phosphorus (TP) and ortho-P, 

gravel produced similar quality effluent as 

compared to terracotta. Despite a lower 

hydraulic retention time (HRT), the quality of 

effluent produced by the gravel setup was 

comparable to terracotta setup, indicating better 

suitability and treatment capabilities of gravel 

materials for in-situ interventions, especially in 

cases where longer HRTs are not feasible.



Page | 38 Guidebook on S&T Interventions for Pond Rejuvenation

Pond Rejuvenation- Activity Components

3.3.3.2 Solid Waste

One time cleaning: 

One-time complete cleaning of the pond and peripheral region to completely remove the solid waste 

must be done. The waste removed should be sent to a waste management and treatment center. 

Involvement of the community should be ensured so as develop a sense of responsibility and ownership.

Figure 39 : Holy place adjacent to pond

Development of community centre/Holy place: 

After the treatment of the existing pond system by 

desil t ing,  waste removal,  and embankment 

development, the pond should be developed into a 

community gathering spot. This shall ensure the 

maintenance of the pond is taken up by the community 

and there are no-slip backs of the executed work. 

Linking of the pond to the local deity or development 

of a holy place of worship can also be done to ensure 

the sustenance of the ponds.

3.3.4 Value Addition

3.3.4.1 Groundwater recharge

Recharge of groundwater occurs naturally through a pond. The pond bottom allows for a natural seepage 

of water from the water above. However, over time this is reduced due to siltation and blocking of pores. 

Regular desilting of the ponds can be done to allow natural percolation to function optimally. However, it 

can be enhanced greatly and used to tap surplus rainwater by using the following techniques.

Recharge Pits

These are deep circular pits developed in the centre of the ponds. They are generally located at the centre 

of the pond where the water collects even during the dry season. They can be filled with gravel and stones 

Figure 40 : Schematic of Recharge pit
(Source: CGWB)
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and other filter material in gradient to prevent settlement of silt at the pond bottom and reduction of 

recharge capacity. Recharge pits can also be developed in overflow channels to further enhance 

groundwater recharge capacity.

Recharge Shaft: 

A recharge shaft is a cylindrical bore in the ground packed with gravel and stones. These are generally 

dug at the centre of the pond. Generally, the recharge shaft should ideally be at least 3m or 10ft above the 

water table. Multiple shafts can also be dug at various points in the pond if the size of the pond is large 

enough. This further enhances the groundwater recharge capacity of the pond

Figure 41 : Schematic of Recharge shaft
(Source: CGWB)

Figure 42 Floating solar panel system on water
(Source: Saur Energy)

3.3.4.2 Floating Solar Panel Systems:

The concept of a floating solar panel 

involves the installation of a system of 

solar panels on a water body. Advantages 

of the system include reduced land 

footprint for solar projects, the decreased 

surface temperature of the water body 

which reduces evaporation. It also helps in 

utilizing a large area that may otherwise be 

of no use. The energy generated is always 

a bonus that is supplied to the village or 

used to generate revenue.

However, some negative environmental 

impacts of floating solar panels on natural 

water bodies mayalso be found. The food 

chains of these ecosystems may get disturbed leading to collapse in the biodiversity of the pond 

ecosystem. Other negative impacts can be on socio-economic elements such as tourism, fishing, bathing, 
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and washing.

Therefore, it is important to analyze which ponds can be taken up for solar panels installation. Some 

points to consider include 

 Type of water body:If the water body is artificial or natural. New and artificial may be good 

candidates for this system.

 Existing biodiversity in the system: If biodiversity of the system is high then it is advisable to avoid 

the same as could lead to a loss of biodiversity

 The end objective of pond rejuvenation: If the objective is to conserve water,then solar panels help 

in reducing evaporation losses significantly. 

 Economic Feasibility of the project: Cost-Benefit analysis of the solar project can easily establish 

the economic viability of the project.

Therefore, if a pond doesn't have any other value associated with it and it is being rejuvenated to supply 

water or conserve water then this system can be of great value.

Figure 43 : An array of floating panels in Tokushima prefecture, Japan.
(Source: Ciel & Terre International)

3.4  Surplus Water

The ponds receive more quantity of water than it's carrying capacity due to seasonal rainfall. Better 

watershed management and reduction in water losses will also result in increased water in the ponds. The 

surplus water must be extracted from the system and its management is necessary. Otherwise, it may lead 

to flooding and degradation of the landscape. This surplus/excess can be sustainably used for commercial 

purposes. The user can be charged tariffs or user fees which should be ploughed back into the 



Guidebook on S&T Interventions for Pond Rejuvenation

Pond Rejuvenation- Activity Components

Page | 41

3.4.1 Widening of overflow channels:

The overflow channel is usually narrow and during excess 

rainfall, the overflow channel is not able to tackle all the 

excess water. It may cause flooding or a steep rise in the 

water level of the ponds. When water overtops the bund, it 

generally leads to breach in the bund and flooding and 

destruction downstream. Therefore, the widening 

of the overflow channel is very important for allowing the 

safe passage of the spilled water. Therefore, the overflow 

channel should be widened substantially with a very slight 

reverse slope. It will also provide an additional contact area 

for the flowing water thereby increasing the possibility of 

enhanced infiltration and recharge of the groundwater 

aquifer. The provision of the increased width of the overflow 

channel alongwith the reverse slope will greatly reduce the 
Figure 44 :Widening of overflow channel

maintenance of the pond system. Some possible mechanism to target the surplus water is as follows:

velocity of the flowing water and provide more time for the water to infiltrate into the ground for possible 

recharge of the shallow groundwater aquifers. It is expected that these measures will contribute to the 

increase in groundwater storage and help the local population to harness the groundwater sources for 

domestic use and irrigated agriculture. 

3.4.2 Use for agriculture/horticulture purposes

The stored water can also be used to irrigate crops. It will not only result in a reduction in the input cost of 

the farmer but also provide a reliable source of water throughout the year. The irrigated area covered by a 

pond maybe about five times more than the capacity of the pond (Singh et. al., 2015). The required 

storage capacity of a pond used for irrigation depends on various factors such as water requirement of the 

crops, expected rainfall during the growing season, efficiency of irrigation method, water loss due to 

evaporation, seepage, expected inflow to the pond, etc. It thereby reduces the risk of crop failure in case 

of below-average rainfall.

3.5 Impact Assessment

After investing the time and financial resources in the 

management of ponds, a large no of benefits should be 

observed. Ponds provide irrigation water, freshwater 

habitats that enhance biodiversity as well as the most 

important fact their involvement to harmonize the local 

micro-climate, regulate flooding, provide water for fighting 

fires, and create a unique rural landscape (Huang et al., 

2012).  It is therefore important to assess and analyze if the 

systems that have been put in place can meet the stipulated 

targets.
Figure 45: Impacts due to management of ponds

(Source: www.geograph.org.uk)

Biodiversity
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3.5.1 Soil/ Pedological Impact

3.5.1.1 Reduction in soil erosion due to CAT plan

Soil erosion reduction should be observed after treatment in the catchment area. Methods described 

earlier on soil erosion estimation (USLE/RUSLE) should be used after pond rejuvenation to compare the 

post-intervention status with the pre-intervention data. On a general basis, the following things should be 

observed

 Erosion values should be lower

 Reduction in runoff speed should be there

 Reduction in siltation in ponds

 Decrease silt deposits in silt traps, sedimentation chambers, and other such structures.

3.5.2 Water / Hydrological Impact

3.5.2.1 Pond area and storage capacity

One of the most important impacts is an overall increase in the area as well as the storage capacity of the 

pond as a result of the deepening and desilting-related activities. The storage capacity can be calculated 

as described in Annexure 9.1 and the change in the capacity can be noted down. The excess water now can 

be put forward to multiple uses (Refer Section 3.4- surplus water management). The pond after 

intervention becomes clearly defined with a well-demarcated boundary.

3.5.2.2 Water quality indices

The quality of the water indices should be observed before and after pond rejuvenation activities. 

Comparative analysis of laboratory reports (pre and post-intervention) of water testing should show 

improvements in the water quality of both the pond and underground water. The water quality parameters 

are to be followed are as prescribed by the Central Pollution Control Board (CPCB). The standards for 

Propagation of  Wildlife and Fisheries are as given below.

1.  pH  between 6.5 and 8.5

2.  Dissolved Oxygen 4mg/l or more

3. Free Ammonia (as N)

4.  Biochemical Oxygen Demand 5 days 20°C, 2mg/l or less

(For further details please refer to Annexure 9.2.)

Figure 46 : Improved water quality due to NBS
(Source: Networking project, 2020)

The floating wetlands and liquid waste 

management technologies, if used in the 

pond, should further improve the water 

quality. The BOD and COD of the pond water 

should show significant improvement. The 

Nature-Based Solutions also should reduce 

the heavy metal quantity. Additionally, 

visible changes in the water quality should 

also be observed. Clear blue water along with 

no weeds indicate the improved health of the 

pond after efforts were initiated for its 
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revival. Therefore, an improvement in the aesthetics will be there. 

3.5.2.3 Groundwater level

Monitoring wells should be observed for at least 1 year after the intervention to check the variation in the 

groundwater levels. If an increase in the downstream water table level is observed in comparison to 

previous years, it is the direct result of the increased storage capacity of the pond and the presence of 

recharging structures. This surplus groundwater could be further used for drinking, irrigation, or any 

other purpose.

3.5.2.4 Irrigation Methodology

The improved quality and quantity of the water may result in changes in irrigation methodology. People 

may move from ground water irrigation to surface water use (pond water irrigation). Catchment area 

treatment should result in increased water retention in the soil and a reduction in runoff. The higher 

ground water level should also reduce the water requirements of the crop. 

Table  2 : Hydrological impact monitoring 

Hydrological Impact Monitoring 

Parameter Methodology Data Points 

Pond Area and 
Storage 

Field observation / 
Satellite imagery 

Pond Depth and Pond dimensions 

Water Quality 
Water Sampling in the 

field and further laboratory/

As per the designated end use of the water 
according to CPCB guidelines (Refer to 

Annexure 9.2)/

Field Observation Aesthetic changes in the pond and its 
vicinity 

Ground Water level Field Monitoring 
Depth of groundwater through monitoring 

wells /observation wells 
Irrigation 

Methodology 
Field Observation / Survey              Changes in irrigation source

3.5.3 Impact on Biodiversity

3.5.3.1 Trophic status

The development of perennial ponds and retention of water year-round in the pond ecosystem will result 

in the development of a stable trophic system in the ponds. A complete littoral zone, limnetic zone, and 

profundal zone should be observed. Animal and plants belonging to different trophic levels develop and 

interact with each other leading to an establishment of a diverse pond system with multiple trophic levels. 

To figure out the changes in the trophic state of a pond we use the Trophic State Index. 

The Trophic State Index (TSI) is an index that classifies water bodies based on the amount of biological 

productivity they sustain. The TSI of a water body is rated on a scale from 0 to 100 (Vikaspedia, 2021). 

Using the TSI scale, water bodies can be classified as

 Oligotrophic (TSI 0–40):This water hosts very little or no aquatic vegetation and is relatively clear.  

Therefore, have low levels of  biological productivity and good water quality
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 Mesoeutrophic (TSI 40–50): This water  has a moderate level of biological productivity and fair 

water quality

 Eutrophic to Hypereutrophic (TSI 50–100): Eutrophic lakes host a large number of organisms, 

including algal blooms. Each trophic class supports different types of fish and other organisms. If the 

algal biomass in a lake or other water body reaches too high a concentration (say >80 TSI), massive 

fish death can occur because of the reduction of oxygen levels caused by excessive biomass 

decomposition.

Therefore, having the highest amount of biological productivity but a poor water quality.

Carlson's Trophic State Index (TSI) is the most common method for characterizing a lake's trophic 

state. It is calculated through algal biomass involving three variables namely,

 Secchi disc depth (SD)

 Chlorophyll-a (CA)

 Total phosphorus (TP).

The following table provides the relationship between the trophic index and limiting and other biological 

useful nutrient characters (Carlson, 1977 and Carlson and Simpson,1996). Please refer to Annexure 9.5 

for details of the computation of Carlson TSI. 

Trophic index

< 30 — 40

40 — 50

50 — 70

70 — 100+

Chlorophyll

0 — 2.6

2.6 — 20

20 — 56

56 — 155+

Phosphorus 
(mg/l)

0 — 12

12 — 24

24 — 96

96 — 384+

Secchi 
disc (m)

> 8 — 4

4 — 2

2 — 0.5

0.5 — < 
0.25

Trophic class

Oligotrophic

Mesotrophic

Eutrophic

Hypereutrophic

Table 3 Carlson's Trophic State Index classes

3.5.3.2 Flora and Fauna

The rejuvenation of the pond results in major improvements in the flora and fauna diversity of the pond 

ecosystem. The overall increase in the species diversity of the region is a direct result of increased water 

presence which promotes the growth of flora and fauna. Some of the major changes in the pond 

ecosystem after pond rejuvenation exercise are as follows:

 Conversion from seasonal to perennial ponds.

 Existence of both submerged as well as floating plants. 

 Additional increase in the floral diversity due to the plantation alongside the periphery of the 

pond/lake carried out.

 Increase in faunal diversity of small animals in the forms of birds, insects, butterflies, moths, etc. as a 

direct result of an increase in floral diversity.

 Many varieties of ducks, fish, carps, molluscs establish their homes in the ponds. 

 Gradual increase in the larger reptiles and aquatic animals due to availability of food.
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 Introducing fish culture in the pond also results in the enrichment of the diversity. 

 The arrival of migratory birds as they serve as resting spots in their journey. 

To access the changes in the flora and fauna, acensus must be done. A detailed field survey must be carried 

out to record the type and no. of different species (both flora and fauna) after periodic intervals. 

Comparative analysis of before and after surveys will determine the changes in the flora and fauna.

3.5.3.3 Microclimate

Ponds/Lakes are cooling agents and are essential to the microclimate of the region. The cool air, if 

allowed to flow unrestricted into the surrounding developed areas, creates a stress-free soothing 

environment for citizens in adjacent localities (CPHEEO, 2013). These water bodies have a moderating 

effect on the climate of the region and help in the prevention of extremes of temperature. Lakes also assist 

in rainwater harvesting and protection of biological resources, enhancement of water quality, and 

watershed management. 

To access the improvement in the standards of living a group discussion with the community can be done. 

Meteorological records can be analyzed to access changes maximum, minimum, and mean temperature 

of the region. Humidity and rainfall can be further looked upon to note changes.

3.5.3.4 LULC Changes

Plantations and CAT can result in changes in the land use pattern of the pond and surrounding area. By 

using GIS software for analyzing the before and after satellite images we can determine what changes 

have taken place in the pond geography. Some changes that can be observed are:

 Conversion of the seasonal pond to perennial pond.

 Proper demarcation of pond boundaries due to embankment development. 

 Change of land use in the barren area to forests; barren area to pastures; barren area to agro-

forestry/agriculture and from scrubl and to grassland/forestcan also take place due to increase in the 

water retention of the area. 

 Development of recreational centre/community places.

Figure 47 : Detection of land use/landcover change
(Source: CPHEEO, 2013)
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According to CPHEEO (2013), some areas of the waterfront become inaccessible and get inhabited by 

slums and other unauthorized usage. After removal of encroachment in pond borders, this can be avoided 

by giving free access to the public with well-landscaped spaces along the waterfront. 

Table 4 : Assessment of impact on biodiversity

3.5.4 Economic Impacts

3.5.4.1 Cost-benefit

The financial feasibility analysis is a systematic way to compare the streams of benefits and costs. The 

costs and benefits should be evaluated to find out the overall and long-term impacts. Such information is 

essential in deciding whether to implement a project or to choose from the available alternatives.The 

costs and benefits of pond rejuvenation can be calculated by using multiple methods. The analysis 

involves two key components: Qualitative and Quantitative. Both these costs must be considered while 

evaluation of the cost-benefit analysis.

Quantitative

To determine whether the technology was financially viable or not it can be done by using either Net 

Present Value (NPV) or Benefit-Cost Ratio (BCR) (Surve et. al., 2014). Both methods are used for 

quantitative analysis.

 Formula for Net Present Value:

NPV = (Cash flows)/(1+r)^t

 Cash flows =Total input cost in the selected/defined period

 r = Discount rate (It is expected rate of return on the money invested)

 t = time period

It is assumed that an investment with a positive NPV will be profitable, and an investment with a negative 

NPV will result in a net loss.

A benefit-cost ratio (BCR) is an indicator showing the relationship between the relative costs and benefits 

of a proposed project, expressed in a monetary or qualitative term.

BCR = Discounted value of benefits/ discounted value of costs.

 If a project has a BCR greater than 1.0, the project is expected to deliver a positive net present value.

 If a project's BCR is less than 1.0, the project's costs outweigh the benefits.
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Qualitative 

Non-monetary impacts or Qualitative costs and benefits (e.g.,environmental benefits) can be estimated 

using secondary data and information obtained from community and other sources. We can use an SLD 

for assessment.

A shared learning dialogue (SLD) can be conducted at the village level. In the SLD various options for 

water conservation (pond rejuvenation, farm bunding, etc.) can be discussed with villagers (Singh et. al., 

2015). Then, all the resultant impacts and benefits of each option should be listed. Then grading of the 

benefits of each technology solution can be done with the local community on a scale from 1 (lower) to 10 

(highest). Thereby the cost-to-score ratio can give us the best suitable technology.

Qualitative Cost-Benefit analysis of a pond project can also be carried out by the following method (City 

Water 2021):

Specify the set of 
alternative 

projects/policies

Decide benefits and costs 
Identify the impact 

categories, catalogue 
them, and select the 

measurement indicators

Predict the impacts 
quantitatively over the 
lifespan of the project

Monetise all impacts
Discount benefits and 
costs in order to obtain 

present values

Calculate the net present 
value for each alternative

Perform a sensitivity 
analysis

Make a recommendation

Figure 48: Qualitative cost-benefit analysis of pond

3.5.4.2 Livelihood Generation

Pond rejuvenation directly results in employment as the manual workforce is required for all the civil 

work-related activities. So direct short-term employment because of working on the project itself creates 

livelihood opportunities. However as discussed earlier, one of the key objectives is to provide long-term 

livelihood opportunities. Therefore, fish cultivation is an important allied activity that generates good 

employment opportunities. Fruit and medicinal tree plantation on the bunds of ponds improves the 

livelihood of SHGs and other included beneficiaries. Additionally, duckery, poultry, etc. also have the 

potential for livelihood generation. 
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Ponds not only provide direct employment through regular cleaning and desilting, but also contribute to 
the crop intensification and/or diversification and boost farm incomes. With enhanced availability of 
water in ponds, cultivation of vegetables and other high-value crops helps farmers to diversify their 
sources of livelihood through various farm and non-farm activities. Production of fresh vegetables in 
peri-urban areas throughout Southeast Asia has attracted special attention (Jansen, 1992; Midmore et al., 
1996). So, pond waters can help to make free the vegetables from the potential contaminants and toxic 
chemicals, and pathogenic microorganisms (Huang et al., 2006). This approach of vegetable production 
has exhibited remarkable benefits to the poor farmers in terms of income generation and family nutrition. 
The income optimization assessment as described in the next section may also be carried out to add 
scientific insight to the livelihood opportunities from village ponds.

Case Study 5 Livelihood services of traditional water bodies

Chowdhury and Behera (2021) assessed the economic values of provisioning ecosystem services 
people obtained from traditional water bodies  such as Harda Jhil (Binpur Block, Jhargram district) 
and Alam Sahar & Rishi Bundh (Raipur block, Bankura district) in West Bengal. The main criteria 
used while selecting the tanks was that they are multifunctional. The selected tanks are the main 

Livestock and
Duck

Agriculture nad 
Irrigations

Pisciculture
Fruits, vegetable, 

flower etc. non timber 
tank products

Benefits from 
traditional water bodies

Figure CS5-1 Benefits from traditional water bodies

source of water during summer and provide 
livelihood support for the people in the region. In 
this study, descriptive statistics and poisson 
regression model were used to analyse the data 
collected from 150 households residing around the 
three selected tanks. The prevailing local market 
price of provisioning ecosystem services were 
used to estimate the economic value of the tank 
produce people derive from the selected tanks. 
Following the Millennium Ecosystem Assessment 
approach (MEA, 2005) provisioning services are 
considered for valuation including shell, fodder, 
medicinal plant, vegetable, fuel wood, flower, fish, 
grass, and fruit. Three indicators were used to 
estimate the monetary value of each tank 
provisioning service: Gross Monetary Value 
(GMV), Net Monetary Value (NMV), and input 

cost (IC). 

The study finds that the average household income from agricultural activities linked with tank 
during 2016–2017 was estimated to be INR 1033, INR 7216 and INR 7044 for Alam Sahar, Harda 
Jhil and Rishi Bundh tanks, respectively. Regression analysis suggests that households with more 
female members and livestock, younger household heads and lower social caste backgrounds tend to 
obtain more provisioning ecosystem services from the tanks. The study finds that tank resources have 
economic values and contribute significantly to the household economy of the people living around 
the selected tanks. Approximately 60 percent of the sampled households depend on the tank 
resources for both self-consumptions and cash income. Tank products such as shell, fish, fodder, fuel 
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wood and leafy vegetable are among the major items that the households in the study areas collects in 
sizeable amounts which contributes significantly in promoting local livelihoods. Households living 
close to tanks pursue a variety of livelihood activities based on resources available in tanks for their 
sustenance. It is important to note that household relies heavily on tank for high value livelihood 
activities such as agriculture in the form of irrigation water, silted soil and livestock rearing. 

3.5.4.3 Income optimization assessment

Reduction in input cost of various income generating activities around a pond is an important outcome of 
pond rejuvenation. Cost-cutting can occur in both water and fertilizer needs in the agriculture sector. 
Easy availability of water from the pond reduces pumping costs of underground water or water from 
canals. Peripheral area management activities result in a reduction in topsoil erosion. This thereby 
decreases the loss of fertility of the soil and reduction in fertilizer needs. Thus, the input cost of 
agriculture decreases.

Direct employment due to pond rejuvenation-related civil work creates income for the local community 
which works in it. Additionally, alternate means of livelihood like fishery, duckers, and poultry that 
become viable because of dependable water supply can generate additional income in the household. 
There is also a decrease in the expenditure due to the plantation of fodder and feed crops in plantation 
areas by using agroforestry methodologies. Plantation trees on the bunds of the pond provide additional 
income to the beneficiary farmers or community. 

The economics of the above changes due to cost-cutting and additional income generated due to new 
livelihood opportunities can be worked out. The income optimization assessment should be carried out 
by comparing before and after costs. The assessment can be carried out on an individual basis or 
household basis.

Changes in Income   =  Increase in income from various sources +    

        Reduction in input cost of various sources

The methodologies for assessing economic impact are summarised in the table below:

Table 5 : Methodologies to asses economic impact

3.5.5 Miscellaneous

Some other impacts that may be observed are as follows:

 Reduction in the unpleasant smell 

 Reduction in the mosquito's population and disease incidences

 An increase in the recreational opportunities for citizens and mode of revenue for the local 
government for maintaining ponds. 
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The inflowing water into a pond is passed through a series of filtration mechanism involving both 

physical and biological filters. Once the filtration is done the water become of a relatively clean and can 

be subjected to further use which can be economically beneficial to the community. Additionally 

ensuring economic activity aids the sustenance of the pond as these beneficiaries become the care takers 

of the ponds. The various occupation that can be taken as follows:

4.1  Aquaculture/Pisciculture

It is estimated that only about 40 percent of the available area of 2.36 million hectares of ponds and tanks 

has been put to use and therefore there an immense scope for expansion of freshwater aquaculture (ICAR, 

2013).The primary requisites of fish culture area water body for fish culture and quality fish seeds.

The pond factorsthat affect pisciculture include: (Reddy, 2020).

 Soil type: It affects the water retention time of ponds; therefore, mud and mud-silt type soils 

should be preferred because they prevent leakage. The good quality soil containing a lower limit 

of 20 percent clay is necessary.

 Depth & Size: The ponds should not be more than 10 feet deep. The size of the pond should be less 

than 20 acres for better management. Sites where huge individual pond are available, can be 

divided into smaller ponds built in series.

 Water availability: the pond should be perennial and have regular source of water. The quality 

water can be enriched by using Raw cattle dung or fertilizer

The developmental support for inland fisheries is provided by the Indian Government through 

schemes/programmes such as Pradhan Mantri Matsya Sampada Yojana (PMMSY), Blue revolution, 

Figure 49 : Pisciculture in a pond
(Source: Networking Project, 2020)
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FIDF etc. In addition, additional support was also provided by various state governments, host of 

organizations and agencies like the Marine Products Export Development Authority, financial 

institutions, etc. ( Department of Fisheries, 2021).

4.2  Duckery

An integrated duck cum fish farming practice is highly beneficial in a pond system and result in great 

economic return. Both the occupations mutually complement each other and are advantageous to 

farmers in several ways, namely;

 Ducks droppings fertilize the pond. Thus ducks act as manuring machines� and result in cost 

and labour saving system for pond manuring. They resulting in complete savings on pond 

fertilizer and supplementary fish feed which 

accounts for about 60 percent of the total 

cost in conventional fish culture.

 Duck houses can be built  on pond 

embankment; therefore, no additional land 

is required for duckery activities.

 Ducks obtain most of their total feed 

requirements from the pond in the form of 

aquatic weeds, insects, larvae, earthworms, 

etc. Ducks require little feed, and farmers 

give kitchen wastes, molasses, and also rice 

bran, for the purpose.

 Ducks aerate the water while swimming and 

thus act as biological aerators.

Other benefits of integrated fish and duck farming include:

 Fish ponds provide a good environment to ducks which prevents them from infection of 

parasites.

 Increase growth of fingerlings as ducks feed on predators.

  Increase of feed efficiency and body weight of ducks and then utilization of spilt feeds by fish.

 Increased survival of ducks produced in fish ponds by 3.5 % due to the clean environment of fish 

ponds.

 Duck droppings and the leftover feed of each duck can increase the output of fish by about 37.5 

Kg/ha.

Figure 50 : Constructed Duck house
(Source: Networking Project, 2020)
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Figure 51 : Duckery practiced in a pond

4.3 Irrigation

The ponds storage volume increases after rejuvenation has been carried out. This surplus water stored 

can be used in dry months for irrigation purposes too. Additionally, the surplus rain water can also be 

harvested and stored for irrigation in the ponds. However, care must be taken to ensure that excess 

withdrawal is not done as it runs the risk of drying the pond and destroying the natural habitat. 

First, the Irrigation data has to be collected through primary survey. Land use classification will give the 

amount of area to be irrigated in the command area and also the variety of crops grown. Subsequently 

the total irrigation water demand of the command area has to be calculated. Then water budgeting has to 

be computed as described earlier. Using the equation we can figure out the excess water that might be 

available for use. 

Using both the irrigation water demand and surplus water, we have to calculate the maximum area that 

can be irrigated using the pond water for a specific crop. Implementation of different methods of 

integrated water management plan like drip, sprinkler, underground pipeline system etc. can further 

increase the area that can be covered. Alternate cropping or switching to water-efficientcrops can help 

reduce the water demand and thereby increase the irrigable land area.

Advantages of using pond water include:

 Treated pond water is generally safe and provides beneficial nutrients for growth of plants.

 Due to more storage in the pond after revival, the area under irrigation i.e. command area 

increases and accordingly yield and cropping intensity also increases.

(Source: Networking Project, 2020)
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Figure 52 : Paddy cultivation in the catchment of the pond
(Source: Networking project, 2020)

 Vegetables and other horticulture plants can be grown.

 Reduction of agricultural cost is also seen and therefore increase in the net profit.

Case Study 6 LU/LC Mapping of Pond Surroundings for Water 
Reuse Planning

(Source: Goyal, 2020)

Wastewater can be recycled and reused for a variety of water demanding activities such as agriculture, 

firefighting, flushing of toilets, industrial cooling, park watering, formation of wetlands for wildlife 

habitats, etc. (Yang and Abbaspour, 2007). In temperate zones of Australia reclaimed water is being 

used to irrigate a variety of crops including sugarcane. It is a wise decision to dispose the treated 

wastewater at its point of origin rather than transporting it to a longer distance. It is necessary to 

prepare Land Use/ Land Cover maps of villages to identify various stakeholders based on their land 

use patterns like crop lands, orchard/ groves, barren lands/ brick making factories, settlements etc. for 

reuse of recycled/ treated or semi-treated wastewater collected in the ponds after rejuvenation. 

An action research study, carried out by the National Institute of Hydrology with the primary objective 

of rejuvenation of 12 village ponds in Muzaffarnagar & Meerut Districts of Western UP (India). As the 
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3 3storage capacity of these ponds after rejuvenation ranges from around 9,000 m  to 45,000 m , to limit 

the cost of transportation of treated wastewater, 1 Km radius is fixed for every pond which caters the 

suitable land use pattern having sufficient area. Land Use/ Land Cover maps of villages were prepared 

using ArcMap 10 software. The ponds under the study were digitized as polygon features by adding 

online satellite image (google earth images: Feb – May 2018) to ArcMap – ArcInfo window as a base 

map. Then all land use patterns like crop lands, orchard/groves, barren lands/brick making factories, 

settlements etc. were digitized. Also, all obstructions like canals, river/streams, railways, highway 

roads, etc. were digitized to know the difficulties in transporting the treated wastewater for reuse. 

Then all similar land use patterns were combined within concentric circles and the area under various 

land use patterns at specified radii of 100m, 200m, 300m, 400m, 500m, and 1000m was calculated 

(Figure CS6-1). 

The treated wastewater collected in rejuvenated ponds of villages under this study can be used to 

irrigate crop land, orchard/grove, barren land, etc. (Table CS6-1). The advantage of using treated 

domestic wastewater is the presence of the nutrients in the water which reduces the demand of 

fertilizer for the crops.

Table CS6-1: Pond water reuse planning upto a radius of 1,000 m

S. N. Village Pond 
Crop Land 
(Ha) 

Orchard/Grove 
(Ha) 

Barren Land-Fodder 
(Ha) 

1 Pavli Khas 35.22 9.74 5.84 

2 Antwara 54.15 0.36 -- 

3 Bhora Khurd – 1 52.89 -- 0.18 

4 Bhora Khurd – 2 54.86 -- -- 

5 Bhoura Kalan 33.98 8.24 0.30 

6 Biral 43.83 -- 1.23 

7 Itawa – 1 48.75 -- -- 

8 Itawa – 2 47.98 -- 0.57 

9 Mohammadpur Madan 51.97 1.26 0.82 

10 Munnawarpur Kalan 67.26 8.62 1.32 

11 Roni Hazipur 33.08 0.68 -- 

12 Siwaya 35.40 -- 8.59 
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Figure CS6-1: Land Use/ Land Cover Map of Pavli Khas Village

4.4  Drinking water

To make the pond water fit for drinking purposes it needs to be provided with further treatment. The 

water quality report will enable us to find out the extent of treatment required. Generally passing through 

commercial filtration units brings the quality upto the drinking water standards prescribed by CPCB. 

The standards has been detailed out in Annexure 9.2. Usage of chlorine is recommended for disinfecting 

the water. Alum can also be used as it acts as a coagulant and settles any suspended particles. 

S.No.

1

2

3

4

5

6

Barren Land

Crop Land 

Orchard/grove

Settlement 

Water Body (Other Ponds)

Water Body (Pond Under Study)

12.90

194.23

74.07

30.63

1.28

1.02

5.84

35.22

9.74

25.55

1.16

1.02

3.32

21.00

4.20

20.05

0.66

1.02

0.29

9.81

2.12

14.76

0.28

1.02

0.00

4.37

0.32

6.85

0.00

1.02

0.00

0.97

0.00

1.15

0.00

1.02

100 m200 m300 m400 m500 m1000 m

Area (Ha) covered with in a radius of 
LU/LC Class
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As technology advances, the process of analysis of ponds and their management is changing drastically. 

The new technologies increase the efficiency and speed of assessment. They are also capable of 

automating the post-intervention system monitoring and management. These technologies can be used 

either standalone or in combination with each other.

5.1 Satellite and Drone Data Products

Satellite imagery and drone technology can provide excellent technological solutions as they are- a) 

time- and resource-saving, b) highly precise, and c) remotely accessible and d) flexible in the type of 

image (multispectral, infrared, etc.)

Satellite images of up to1-meter spatial resolution are available for public use. Drones can be used to 

provide higher resolution (less than 10 cm) images of the pond and catchment area. Standard drones such 

as a quadcopter are good enough to survey small ponds. 

Figure 53 : Satellite image showing water bodies
(Source: Networking project, 2020)

The high-resolution photographs of satellites and drones after further processing & extracting specific 

information can be used for various purposes such as: 

 Studying monthly, seasonal, annual, and long-term variation of water cover.

 Looking for vegetation cover, invasive plant populations, water conditions, algae growth, runoff, 

wildlife populations, etc. 

 Landscape designing for pond rejuvenation activities.

 Improving the accuracy in retrieving the vegetation water content.

 Water level monitoring and early warning.
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However, the images must be processed to extract valuable information from the same. This can be done 

by using NDWI Index.

5.1.1 Normalized Difference Water Index (NDWI)

NDWI is one of the most suitable indices to differentiate water from dry land or for water body analysis. 

Water bodies have higher reflectance on the blue spectrum than Green and Red. There is no reflection in 

Near Infrared (NIR) and beyond. Therefore, the index uses Green and Near Infrared bands of remote 

sensing images. The NDWI can enhance water information efficiently in most cases and thereby be used 

to study surface water bodies. The index is not very effective for studying land built-up and often ends up 

in overestimated water bodies (Earth Observing System, 2021).Therefore, as water coverage varies 

seasonally and can influence NDWI data, the index should not be used for delineation of the water body. 

Therefore, NDWI can be calculated by the following formula:

NDWI = (NIR – SWIR) / (NIR + SWIR)

For Landsat 7 data, NDWI = (Band 4 – Band 5) / (Band 4 + Band 5)

For Landsat 8 data, NDWI = (Band 5 – Band 6) / (Band 5 + Band 6)

SWIR: Short Wave Infra-red; NIR: Near Infra-red

Normalize Difference Water Index (NDWI) value lie between -1 to 1. Generally, the water body's NDWI 

value is greater than 0.5. Vegetation has much smaller values and therefore clear demarcation between 

water and vegetation can be done. Build-up features have positive values lying in the range of 0 to 0.2. 

But results that appear from the above formula can be poor in quality aspure water neither reflects NIR 

nor SWIR. The formula of NDWI was modified by Xu (2005) to usethe Green and SWIR bands.

MNDWI = (Green – SWIR) / (Green + SWIR)

For Landsat 7 data, NDWI = (Band 2 – Band 5) / (Band 2 + Band 5)

For Landsat 8 data, NDWI = (Band 3 – Band 6) / (Band 3 + Band 6)

Remote Sensing image 

Obtain water cover by 
thresholding index values

Calculate NDWI/MNDWI

Spectral behaviour of 
different substances

Extracting raster values by using 
point data and polygon data

Initial processing of image

Geo-referencing, stacking, clipping 
of image

5.1.1.1 Methodology to use satellite image:· 

 Shoot drone image/obtain Satellite image from Landsat database. 

 Stack together images of different bands to get the multispectral 

image.

 Clipping of the area of interest from the stacked image to perform 

spectral analysis of different land covers in the seven bands. 

 Select sample points and polygons from different land covers and 

plot in the 7 bands of the Landsat the raster values of these points 

and polygons.

 Develop an algorithm to detect the water cover using NDWI or 

MNDWI

 Finally, water cover can be obtained by thresholding the index's 

response to water. Figure 54 : Processing of satellite image



Page | 58 Guidebook on S&T Interventions for Pond Rejuvenation

Modern Technology Interventions

5.1.2     Field application of drone technology

Case Study 7 Field Applications of Drone Technology

Farm pond in Chhattisgarh:The 

study's focuswas on assessing the state 

of one farm pond and ascertaining how 

its impacts could be improved. The 

study identified the hotspots of 

accelerated erosion that are detrimental 

to the life of the pond and helped in 

locating the natural inlets and outlets 

through a high-resolution topographic 

mapping that was not possible through 

ground surveys (Sinha, 2019).

 Bunds in Odisha: The study focused 

on planning land improvement 

measures in the catchment area. Digital 

topography helped to identify the 

subtle breaks in slopes where bunds 

could be located to guide the water flow 

and prevent erosion and well use the 

rainwater more effectively for storage 

and further use (Sinha, 2019).

 Mexico's National Fisheries Institute 

utilized a drone to measure chemical, 

physical, and microbiological water 

variables  such as  temperature, 

Figure CS7-1 Identification of erosion hotspots using drone

Figure CS7-2 Planning of land improvement measures 
through drone survey

chlorophyll, oxygen, algae blooms, salinity, and other parameters that help in determining sites 

suitable for aquaculture (Timmermans, 2014).

 Morgan et al. showed the possibility of using small-unmanned aerial vehicle (UAV or drone) 

imagery to improve the estimation of microbial water quality in ponds in the USA. In situ 

measurements of pH, turbidity, specific conductance, and concentrations of dissolved oxygen, 

chlorophyll-a, phycocyanin, and fluorescent dissolved organic matter were taken at depths of 0-

15 cm in 23 locations across a pond in Central Maryland, USA. The pond surface was 

concurrently imaged using a drone with three modified GoPro cameras, and a multispectral 

Mica Sense Red Edge camera with five spectral bands (Morgan et. al., 2019).
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5.2 GIS applications

A geographic Information System (GIS) can be employed for obtaining and studying the geospatial data 

of the study area. It is a widely used tool because of its versatile applicability. GIS helps visualize the 

single or a network of the pond and attributed data sets to them. Thereby they greatly aid in the 

preparation of plans and management of large-scale systems. Apart from this multiple types of analysis 

and maps such as Drainage, DEM, TIN, Relative Relief, etc. can be generated using GIS. Some 

applications include:

 Mapping of any characteristics of ponds and their attributes

 Study of changes in water level& cover.

 Water quality assessment of the pond

 Preparation of site-specific action plans for rejuvenation

 Flood risk assessment and overflow assessment

Urban water planning, Groundwater Prospects, Catchment area treatment, Natural Resource 

Management, etc. are a few related applications of this tool. 

Case Study 8 Water Resource Assessment and Preparation of Management 
Planning Strategy using Remote Sensing and GIS

To assess the status of water resources in Thoothukudi taluk of Andhra Pradesh, a study was 

conducted by Govindaraju and Nagarathinam(2010) using GIS and remote sensing. In thisstudy, 

different maps and thematic layers were prepared using remote sensing and GIS. The base map and 

slope map were prepared using Survey of India toposheets. The watershed map was prepared using 

the watershed Atlas of India. Thereby, the delineation of the water resource units was done.

The union coverage of all the maps and their attribute layers were used in the ArcView GIS 

environment for table criterion analysis. The ranking was given based on the significance of the 

parameters of the thematic layers, rank 1 to 5 imply the status of water resources of the area as 

excellent, good, moderate, poor, and very poor. The table criterion was prepared as below: 

Parameter Unit Classes 

 I Excellent II Good III Moderate IV Poor V Very Poor 

Geology Quaternary 
alluvium 

Cuddalore 
sandstone 
and Fluvio-
marine 
sediments 

Quartzite Marine 
formation and 
Hornblende 
biotite gneiss 

– 

Table CS8-1: Criterion Table for Water Resources Assessment
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Geo-
morphology 

Buried 
pediment deep 
and flood-plain 

Buried 
pediment 
medium 

Buried pediment 
shallow, coastal 
plain and eolian 
plain 

Pediment buried 
pediment and 
pediment 
inselbergs 

Spit, salt flat, 
and mudflat 

Watershed Micro Mini Sub – – 

Soil high rate of 
infiltration and 
low runoff 

moderate 
infiltration 
rate and 
moderate 
runoff 

slow infiltration 
rate and 
moderate runoff 

very slow 
infiltration 
capacity and 
high runoff 

Coastal sand 
and river 
sand soils 

Slope 0-1% 0-1% 01-% 1-3% 3% above 

 

Results of the study showed that area was comprised of a very moderate area of good water 

resources. Nearly 50% of the geographical area had good to moderate resources. Moderate to poor 

land and water resource areas needed to be reclaimed to restore and improve their resource status. 

Coastal and marine pollution needed to be given more attention.

Resource management planning strategy was suggested which involved:

 In a region of intensive agriculture, irrigation water should be distributed, with a minimum of 

loss during its transportation. 

 Deepening and modernization of tanks (ponds) and evicting the encroachments.

 Rejuvenation of link channels to tanks both as feeders and surplus lines.

 Artificial recharge program or diversion of excess river water and tank water from one basin to 

the other. 

 Improvement of dead storage by the construction of ditches in the tanks.

 Farm development works including construction of ponds, to improve groundwater recharge, 

especially in the mining areas of major tanks.

Case Study 9 Using GIS to study long term changes 
in pond/lakes in Bengaluru city

In a study conducted by Bharadwaja and Ahmed (2015) the use of GIS was exhibited to study long-

term changes in water bodies of Bengaluru city. They used satellite images from Landsat satellites of 

the years 1973, 1992, 2002, and 2012. Normalized Differential Water Index (NDWI) was computed to 

carry out the assessment.

The study showed how the extents of the lakes in the city are continuously diminishing making the city 
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prone to water inundation problems even for relatively lower rainfall. Unplanned urbanization had 

resulted in the encroachment of surface water bodies. The decreased surface water bodies had induced 

water stagnation and increased the chances of urban floods.

NDWI-1973 - Highlighting Only Surface 
Water Bodies

NDWI-1992- Highlighting Only Surface 
Water Bodies

NDWI-2002 - Highlighting Only Surface 
Water Bodies

NDWI-2012- Highlighting Only Surface 
Water Bodies

Figure CS9-1: NDWI images for interpretaion of decreased water bodies over the years

5.3  Hydromet instruments

Hydrological /meteorological instruments and equipment are used for measuring, and recording rainfall, 

stream gauging, water level assessment, water flow detection, salinity testing, etc. The application of 

Hydromet instruments enables quick data collection as well as regular monitoring of the system. 

Hydromet instruments are used in conjunction with IOT and Artificial Intelligence technologies to 

completely automate a pond. They enable the strengthening of the Data Collection Network of 

ponds/lakes. Some of the common instrument and their use has been explained below.

Digital Water Level recorder/ Water Level Indicators

It consists of a weatherproof enclosure containing the data logger and power supply and comes complete 

with a solar panel and a Shaft encoder-type water level sensor. The measurements are automatically 

stored in systems memory with date and time stamps.  They can be usedwith an integral solar panel. 

Use: It records the water levels of a pond periodically. 
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Figure 55 : Digital water level recorder

Ground Water Level Recorder (Piezometer)

This is a Microcontroller-based instrument for the 

measurement/logging of real-time water level data 

with date & time stamping. The Water Level 

Recorder is suitable for the installation in 

groundwater bore wells/pipes, tanks, open 

canals/channels, etc.

Use: It records the groundwater level on a period 

basis thereby helping in the analysis of the 

effectiveness of water recharge structures.   

Water Current Meter/Flowprobes is suspended 

in the water using a cable with sinking weight or 

wading rod and can accurately measure stream 

flow velocities. This meter also takes temperature 

measurements in either °F or °C, including 

minimum and maximum temperature and current 

temperature.
Figure 56 : Groundwater level recorder

Use: Measurement of the flow rate through the inlet and outlet channels.They provide data for the 

calculation of the quantum of water coming into the pond and going out of the pond. Additionally, they 

can collect temperature levels which can be useful in monitoring fish health.

(Source: Networking Project, 2020)

(Source: CGWB)
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Suspended solids Indicators have advanced 

electronics with optical sensor and have multi-range 

indicators designed for the measurement of suspended 

solids in aqueous solutions. 

Use: They can record the TSS levels of the pond 

automatically thereby helping in water quality level 

monitoring.

Water Quality Measurement: These instruments are 

capable of measuring water quality parameters such as 

dissolved oxygen, nitrogen, phosphates, and other 

parameters. These may be packed into one singular 

unit or have an instrument each for a single parameter.

Use: They help in continuous and real-time water Figure 57 : Water current meter

quality measurement which is especially useful in cases where aquaculture is being practiced.

Figure 58 : Water quality multimeter and probes 

(Source:  www.analyticon.com)

5.4  AI applications

Artificial intelligence (AI) or machine learning (ML) is intelligence demonstrated by machines based on 

software and algorithms. It is constantly evolving in nature and as more data enters the system, the 

machine becomes smarter and figures out the best possible solution to the task at hand. AI has 

applications in almost all fields.

AI has great scope for applicability in water management and governance. AI systems work in the 

following flow: they collect data, then they cleanse data, then models are created and trained, and then 

possible futures are predicted looking at the past performance and data.

An artificial intelligence (AI) system may help remotely monitor water parameters and temperature 

conditions through sensors and analyze the situation. Additionally, they can also help in the development 

of Water Level Prediction Models, classification of vegetation in a wetland, Wetland Restoration 

Prioritization, etc.
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However, these automated AI systems require constant monitoring and proper maintenance of sensor 

systems to ensure maximum efficiency.

Case Study 10 Wetland Restoration Prioritization 
Using Artificial Neural Networks

A study on prioritization of the restoration of a damaged wetland ecosystem was carried out by Maleki 

et al. (2020) in an arid area-the Hamoun wetlands—which are in an arid region on the Iran-

Afghanistan border. According to him, wetlands are complex ecosystems, and the greater the number 

of variables considered during a restoration project greater the success rate of a restoration project. 

This, however, increases the complexity of the analysis. His team demonstrated that AI algorithms can 

learn the ecological patterns of a restoration project. A multilayer perceptron (MLP) neural network 

was applied by his team to investigate the ability to use these algorithms for wetland restoration. The 

artificial neural network (ANN) consisted of one hidden layer and 15 neurons were used to determine 

the best areas for wetland restoration. The neural network was trained using the Levenberg-Marquardt 

algorithm; then, the trained ANN was used to determine the best areas. The results of the study 

demonstrated AI's ability to learn the ecological patterns and illustrated the performance of ANN. 

Neural networks could calculate the final weights mathematically, and the algorithms can analyze 

multi-input complex models.

Case Study 11 Shrimp farming in Andhra Pradesh

Demonstrated by a multi-national start-up c Fog in Andhra Pradesh, a solar-powered AI system can 

revolutionize the decades-old practice of shrimp farming by allowing farmers to manage their ponds 

using smartphones. (Basu, 2018)

Aquafarming is a collective term used for the practice of raising fish, shrimps, or prawns in artificial 

ponds. To ensure maximum yield, levels of dissolved oxygen, ammonia, pH, and temperature need to 

be constantly monitored. Originally, farmers collect water samples and take them to nearby 

laboratories for testing. The time lag and off-field testing would result in inaccurate results and long 

waiting periods. Being highly sensitive, if shrimps are exposed to high ammonia levels for a few days, 

they would die. The farmers would use aerators for up to 20 hours a day resulting in huge operational 

costs.
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Figure CS11-1 AI based sensor system for monitoring water quality in artificial ponds 
(Image:mordernfarmer.com)

The new AI system is sensor-based and constantly monitors the water parameters and alerts the farmer 

through a smartphone app in case of any fluctuations. The device uses AI to automate aerators and 

feeders across multiple ponds, reducing energy bills as well as manual labor required to manage the 

farm. If oxygen levels go down, the aerators automatically switch on. The data collected by the 

devices is used to train machine learning algorithms that help in predicting the risks of infections and 

diseases in the shrimps, based on weather patterns, and changing water parameters. The farmers can 

remotely monitor their pond performance parameters. Therefore, the farm then becomes completely 

automated. The technologies also help in creating full-time jobs for educated villagers and internship 

opportunities for local college students.

5.5  IOT based smart sensors

Internet of Things (IOT) is the technological revolution of computing and communications which 

enables a robot/system to complete a task as assigned by a remote user or that transfers information 

obtained through sensors to producers for analysis on smartphones.In recent years with advancements in 
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monitoring and automation technology, research has resulted in the development of automated smart 

sensor-based systems. 

A smart IoT system that is used to automate the monitoring and maintenance of a pond/ fish farming pond 

in remote locations, to bring it closer to its natural form by the most effective means using remote 

monitoring via wireless communication technologies like cellular, LoRaWAN, WiFi or Satellite 

communication. This smart system aims to the reduction of the environmental stress that affects the fish 

population in the fish farming pond (Fig. 59) (Nocheski and Naumoski, 2018).

Automatic
Pump

Level sensor Temperature 
Sensor

Figure 59 : A scheamtic IOT based system

Basic sensors can detect changes in their environments and convert 

measured data into a digital format for the external microcontroller 

to process. The “smart” is in the microcontroller. Combining the 

microcontrollers in a single package makes it possible for the 

sensors to become “smart.” The information collected by the sensor 

device can be visualized and analyzed in the web application 

dashboard and mobile app. This system enables the management of 

multiple ponds from a single remote location. Modern technology 

enables this combination to be accomplished within small 

packaging.The machines are usually used to automate the processes 

and lower the steps of the human interaction to reduce the risk of an 

error.

These systems are capable of monitoring water quality, drainage 

patterns, fish passage, etc. These systems can also monitor dissolved 

oxygen (DO) quantity, pH, and temperature levels in the pond. Such 

a device is of great use in the fish farming pond. E.g., They 

Monitoring 
DO levels

Monitoring 
PH values

Water 
management

Communicate to the 
user about the status 

of these values.

Switches on/off the pumps, 
motors,  aerators or the 

diffusers based on response.

Monitoring 
fishes 

behaviors

Figure 60 : Basic sensors to monitor 
fish farming
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automatically turn the aerators ON at required timings only and thereby reduce the power bills. These 

devices can operate with both GSM and LoRaWAN Network (which gives ultra-low power consumption 

and provides long-range coverage). Hence, by installing our smart pond device, the operators not only 

earn profits in terms of production but also reduce the capital expenses required to manage the ponds.

Case Study 12 Using IOT to Reduce Pollution in Lake/Ponds System

Elemento Aqua is a floating automated dispenser of chemicals developed by TetherBox Technologies. 

A pilot project using this IOT technology was conducted in June 2016 at Ulsoor Lake in Bangalore. 

The lake had become a toxic ecosystem with an increasing presence of high pollutants which even kill 

the fish. 

Elemento Aqua provides real-time analysis of the water body, by highlighting the percentage of 

contamination and monitoring the oxygen levels in the lake. The study team gathered water quality 

readings, and through big data, conducted a pre-and post-analysis of the pilot region. Initially, the lake 

had less than 1 milligram of oxygen per litre of water, with a visible 10-30 percent of waste cover. Post 

their intervention, the amount of oxygen per litre of lake water went up by 4 milligrams and it also 

resulted in a visible reduction in algae cover. (Bhalla, 2016)

Case Study 13 How IOT, AI, Remote Sensing, qnd Geospatial Analytics 
could help Save India's Polluted Lakes

Lake Sembakkam, in Chennai, India is one of these degraded wetlands in terms of water pollution, 

eutrophication (the overloading of nutrients and minerals), and deterioration of native biodiversity. 

Lying on the east coast of South India, this lake has long suffered from sewage disposal, untreated 

solid waste dumping, and excessive accumulated silt.

To help monitor, generate evidence-based solutions, and support decisions to sustain the health of 

Lake Sembakkam, IBM volunteers partnered with The Nature Conservancy India on a water 

conservation project in early 2021.

The team members, who collaborated virtually from across different business units of IBM, joined 

forces to develop a roadmap and technical design for an Internet of Things (IoT) system with sensors 

for  measuring and monitoring water quality, while also leveraging remote sensing capabilities and 

spatial datasets. The system design includes an alert when water quality reached concerning levels. 

(Source: IBM, 2021)
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The goal was to help maintain the health of aquatic resources by preventing and minimizing pollution 

with regular monitoring of wetlands, bringing the wetlands to a condition where wildlife and fish 

would thrive. The IBM volunteers and The Nature Conservancy India collaborated to approach water 

monitoring in innovative ways by using physical IoT data along with earth observation satellite 

images to estimate water health and quality across space and time. The team processed the images and 

data satellite images using IBM Geospatial Analytics (now part of the IBM Environmental 

Intelligence Suite) to determine several water quality parameters and surfacing actionable insights.

Solid waste at Lake Sembakkam © Image source: The Nature conservancy 
India

Figure CS13-1 Solid waste dumping at Sembakkam lake before juvenation
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6.0 Model Pond Rejuvenation Sheet/Plan

The pond rejuvenation sheet can be prepared by using the following model tables for ready reference and 
quick analysis:

NATIONAL INSTITUTE OF HYDROLOGY, ROORKEE 

POND REJUVENATION SHEET: (POND NAME) 

BEFORE AFTER 

PHOTO 

  NO. OF INLETS     

TOTAL INCOMING WASTEWATER   
NO. OF HANDPUMPS WITHIN 500m 

RADIUS   

LULC CLASSES WITHIN 500m RADIUS   

NTS: FLOATING WETLAND 

RETENTION TIME 

HYDRO-PERIOD   

I PHYSICAL DIMENSIONS 

AREA (ha)   

STORAGE CAPACITY (ha-m)     

QUANTITY OF SLUDGE REMOVED     

II HYDROLOGICAL PARAMETERS 

ANNUAL RAINFALL (mm) 

INFILTRATION RATE 
(mm/hr.) 

Dt. 

Dt.    

Dt.    

PERMEABILITY (m/day) 
Dt. 

Dt.    

Dt.    

GROUNDWATER 
LEVEL (m, bgl) 

Dt.  Dt. Dt.

HP01      

HP02      

HP03      
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III QUALITY OF 
POND 

WATER 
WASTEWATER GROUNDWATER 

DATE 
DATE DATE DATE DATE DATE DATE 

Samples 
Sample 

1 
Sample 

2 
Sample 

3 
Sample 

1 
Sample 

2 
Sample 

1 
Sample 

2 

PHYSICAL 

pH 

EC (µS/cm) 

TDS (mg/l) 

ORP (mV) 

CHEMICAL 

DO (mg/l) 

COD (mg/l) 

BOD (mg/l) 

TN (mg/l) 

Nitrate (mg/l) 

TP (mg/l) 

TRACE METALS 

Hg (mg/l) 

Pb (mg/l) 

As (mg/l) 

Cd (mg/l) 

Cr (mg/l) 

Cu (mg/l) 

B (mg/l) 

U (mg/l) 

Zn (mg/l) 

Al (mg/l) 

Se (mg/l) 

BIOLOGICAL 

TOTAL 
COLIFORM 

(MPN/100ml) 
FAECAL 

COLIFORM 
(MPN/100ml) 

LIMNOLOGY 

SECHI DEPTH 
(m)  

TSI 

PRIMARY 
PRODUCTIVITY          

(g C m−2) 
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Case Study 14 Punjab State Action Plan for Rejuvenation of Ponds

The Directorate of Environment and Climate Change, Department of Science, Technology, and 

Environment (DSTE), Government of Punjab, prepared the state action plan for rejuvenation of ponds 

in pursuance to the Hon'ble NGT order dated 10.05.2019 in M.A. No. 26/2019 in O.A. No. 325/2015 

in thematter titled "Lt. Col. Sarvadaman Singh Oberoi Vs UOI & Ors". This NGT order directed all 

States and UTs to review the existing framework of restoration of the water bodies by preparing an 

appropriate action plan for further submission to CPCB.

Punjab is one of the progressive states of India with 13,260 villages and 167 Urban Local Bodies 

inhabited by 63% and 37% of the total population, respectively. A total of 15,466 rural and 249 urban 

ponds have been identified in the State by the Department of Rural Development & Panchayats 

(DRDP) and the Department of Local Government (DLG), respectively. However, in the absence of 

any treatment facility for scientific disposal of sludge, most ponds in the State have become prominent 

disposal sites for wastewater. Water overflowing from ponds due to siltation is a common problem, 

which reduces their water-holding capacity. The nutrient loading from run-off from nearby 

agricultural areas, dumping of waste, infestation by aquatic weeds, encroachment, etc. are the other 

major threats to these village ponds.

The State of Punjab envisages a comprehensive plan for the restoration of ponds with a vision to 

promote the development, restoration, and management of ponds in a scientific manner with 

community participation and utilization of pond water after treatment, thereby reducing dependence 

on freshwater resources and enhancing water efficiency. The comprehensive plan is formulated by 

involving all the stakeholders, namely the DSTE, DRDP, DLG, Department of Water Supply and 

Sanitation (DWSS), Punjab Pollution Control Board (PPCB), and District Administration. The scope 

of the action plan is to repair/restore/rejuvenate the ponds (having a size of >0.5 acres as per revenue 

records) falling in rural and urban areas as per CPCB Guidelines along with the development of 

periphery of the pond with greenery and to preserve the aquatic life of ponds for conservation of 

biodiversity. The water quality of pond's water envisaged meeting with the required standards for 

various purposes such as bathing of human and animals and drinking of cattle.

To achieve the objectives, the DRDP has prepared the Pond Atlas of the rural areas for the State 

consisting of the information as district, block, village, name of the pond, area of the pond, longitude, 

latitude, capacity of the pond, population discharging wastewater into the pond, whether the pond can 

be used for irrigation purpose and present use of the pond. The village ponds would be rejuvenated 

/restored as per the preference of utility, religious value, and economical aspects of the water body. 

After rejuvenation/restoration,management of ponds would be handed over to the respective Gram 

Panchayats. The work of restoration/rejuvenation of urban ponds will be carried out by the respective 

 (Source: Government of Punjab, 2020)
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Urban Local Bodies under the overall coordination, supervision, and support of DLG. The concerned 

executing departments will do monitoring and it will be their primary responsibility to ensure 

compliance with the Action Plan. 

Various steps to be carried out for the rejuvenation of village ponds would be as follows.

i. Information collection (historical and existing features)

ii. Assessment of water quality of pond (every year)

iii. Preparation of plan for rejuvenation/restoration of the pond

iv. Preparation of DPRs and award of works

v. Execution of works

vi. Evaluation through the achievement of permissible parameters
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7.0Sustenance of the Ponds

A pond rejuvenation exercise is incomplete without ensuring the sustenance of the interventions taken 

up. To ensure that the pond continues to maintain its efficiency, mechanisms need to be developed at the 

time of rejuvenation activity itself. A set of regular activities which have been described in the sections 

below need to ensure its smooth functioning. There is a requirement of funds and an executing body to 

take care of the pond. Therefore, to ensure sustainability two major components need to be worked out: 

Operation & Maintenance for physical components and Community Awareness for ensuring that the 

local community partakes in the care taking of the pond.

7.1  Operation and Maintenance

As time progresses the abrasive forces of nature shall take their due course. The pond will suffer from silt 

deposition, algal growth, bund breakdown, etc. The water treatment structures like trapping mesh, silt 

Activity Frequency* 

Desilting 3-5 years 

Surface Cleaning 3 days - weekly 

Inspection and Repairs Quarterly 

Plantation Daily watering 

Trapping Mesh Daily Weekly 

Sedimentation 
tanks/Silt Traps 

Monthly/ 

Quarterly/ 

Annually 

Artificial Wetlands Monthly/ 

Quarterly/ 

Annually 

* Frequency can be variable as per site demand

Table 6 : Monitoring frequency of rejuvenation activitieschambers, sedimentation chambers, artificial 

wetland, etc. will get clogged up and their 

efficiency will reduce over time. Peripheral Area 

Management activities will slow the rate of pond 

deterioration, but eventually, regular maintenance 

of  the pond will be required. Hence, after the 

execution of civil work, the following activities 

should be regularly done to ensure the 

functionality of the pond.

7.1.1  Activities to be taken up

The following set of activities needs to be 

executed as per the time requirements of the 

geographic region. A generalized frequency of the 

activities has been mentioned in the table below.

1) Regular desilting of the pond.

2) Routine surface cleaning of the pond and 

inlet and outlet channels/structures.

3) Inspection and repairs of all the physical structures like treatment structures, embankments, 

fences, etc.

4) Watering and caretaking of plantation till 3 years after plantation.

5) Regular cleaning of trapping mesh: bigger and coarse objects such as pieces of plastics, 

wrappers, etc. which may clog up the mesh and may require daily/weekly cleaning depending 

upon pollutant load.

6) Cleaning of the sedimentation tanks and silt traps: these require cleaning and removal of the 
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deposited sediment and silt. The silt can be sun-dried and thereafter used as manure in fields or 

plantations. 

7) Maintenance of Artificial Wetlands: A common problem that occurs over time with these 

wetlands is the clogging of the filter media. Therefore, filter media will require cleaning or 

changing over time. In the case of floating wetlands, shoots can be trimmed and removed from the 

FTW to facilitate the growth of plants by uptake of pollutants from water.

8) Any other allied activity is specific to the pond system.

7.1.2  Institutional mechanism for operation and maintenance

To ensure that the above-listed activities are executed, funds are required. Therefore, there is a need for an 

institutional mechanism to make available the required funds. For this, the involvement of government 

institutions and the community is paramount. The key point here is to ensure the designation of the 

ownership of the pond. The owner/entity shall be responsible for ensuring funds as well as making sure 

that the pond does not suffer from a lack of action. The ownership of a village pond can be Lease based / 

Community-based/ Government based. 

1) Lease Based: An individual/group can be given the land on lease for a specific period for 

undertaking economic activity such as fishery, duckery, etc. The return of economic value should 

ensure that the leaser will take care of the pond system. A vigil should also be kept by the leasing 

authority (panchayat official/local authorities) as well as the community members to ensure that 

the leaser is fulfilling the agreement.

2) Community-based:This approach is useful in places where the pond is being used by the whole 

community. The responsibility of maintenance can be distributed amongst the community 

members. They can contribute in cash or kind (labour/material etc.) towards the upkeep of the 

pond. A system can be developed in consultation with the village community. They may agree to 

pay user charges for specific services of the pond; they may agree to pay a person to take up the 

maintenance work; they may agree to distribute the work among themselves etc. There can be 

many models for community-based sustenance and can show variation from region to region 

however they must be all be decided in consultation with the community and not be thrust upon 

them.

3) Government Based: The gram panchayat can also play an important role in the upkeep of the 

pond. They can dedicate funds from their annual budget towards the upkeep of the ponds. They 

can draw funds from various central/state government schemes and programs to take up the 

maintenance and upkeep. Additionally, the district and block level authorities can use funds 

available with them to ensure the upkeep of the systems. 

 The in-charge authority should treat the pond as 'natural resources' to act as the potential catalysts 

to better civic health, provide recreation, improve tourism, possibly meet the water needs of local 

people, etc. Such gains shall be attained only after the ponds are treated on an ecosystem-based 

approach.
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7.2  Community Awareness

The second and the most important element of ensuring sustainability is to spread awareness and 

sensitize the local community as well as all the stakeholders. Further to make them self-reliant and 

empower them, their capacity building through trainings and workshops must be done.

7.2.1  Sensitizing and spreading awareness

The involvement of the community and local stakeholders in the rejuvenation process itself helps in the 

development of a sense of ownership for the pond amongst them. This ensures that they participate in the 

upkeep of the ponds. Apart from involvement, additional sensitization of the whole community as well 

stakeholders should be done. This can be done through various IEC/BCC & awareness activities and 

conducting training.

7.2.1.1 Identification of key stakeholders/functionaries/members

The first step in community involvement is the identification of key stakeholders and their active 

involvement in the process. Every community has some natural leaders and respected individuals. 

Ensuring their support in the pond rejuvenation project can ensure the success of the project. Engaging 

and interacting with the local religious leaders, panchayat representatives, and government officials 

should also be done. On-boarding of potential beneficiaries of the pond system and local community and 

ensuring their support, as well as involvement in the execution stage, will ensure that project does not 

suffer failures and keeps providing dividends in the future.

7.2.1.2 Water literacy programs/campaigns

During and after the execution of pond rejuvenation activities, there is a need to aware the 

public/community about the pond rejuvenation work and the concept of water as a resource. Campaigns 

can be run for the same having the following components:

a) Water conservation behaviour in daily life. 

b) Benefits that will arise out of pond rejuvenation.

c) Wastewater management principles/practices and knowledge transfer of the same.

d) Safe drinking water habits.

e) Awareness on; water contamination, water conservation, safe sanitation practices, solid waste 

management, health hazards due to water contamination, etc. 

To bring about a change in the people's attitude and to be aware of the importance of ponds, IEC/BCC 

tools will be required. The campaign should aim to spread awareness through various communication 

strategies and awareness-spreading techniques as described in the next section. 

7.2.1.3 IEC/BCC & Awareness Activities

A wide range of options should be adopted for implementing literacy campaigns. Methods include 

Participatory Learning and Actions (PLA) tools, pictorial printed material for widespread 

communication as well as InterPersonal Communication (IPC) at the grassroots level, capacity building 
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sessions, and door-to-door contact. A list of activities of IEC/BCC and awareness activities that can be 

carried out are:

a) Community Meetings: Small Scale meeting to ensure complete reach to the household level.

b) Community Events/Campaigns: Large Scale meetings/campaigns for mass mobilization.

c) Child/Women Activities: Specific target-oriented activities aimed at a specific target audience.  

d) Capacity Building- Training/Workshops: Aimed at capacity building of the beneficiaries.

e) IEC Printing: Printed material to be prepared for awareness and knowledge transfer.

f) Night Chaupals/Nukkad Nataks: Audio Visual means for effective communication of relevant 

content.

g) Wall Paintings: Promotional Messaging for increasing the spread of information.

h) Display boards also should be provided at all the salient points on 'Do's and Don'ts' for the public.

The IEC/BCC tools will create awareness about the pond benefits and how the local community can use it 

to their advantage. IEC campaigns should support the existing management practices and create a 

mechanism for increasing the efficiency of the same. The knowledge spread will raise awareness on the 

benefits of the ponds and how the community can utilize the resources for their benefit without 

overexploitation or misuse. The campaigns/activities will also educate people to ensure the maintenance 

of clean surroundings around the pond. 

7.2.2 Training of key stakeholders

If we are expecting the community to participate in the maintenance of the ponds, they should be 

empowered and made capable of taking decisions. The resource agency responsible for execution must 

change from "benefactors" to "facilitators" who enable communities to make their own decisions. Thus, 

community management involves a long-term and changing partnership between communities and 

supporting agencies.

The capacity-building process involves imparting training to the identified key stakeholders. The 

training provided should be designed to enhance the skills of beneficiaries and enable them to make 

decisions independently without outside assistance. The training should cover information about water 

services, water conservation, wastewater treatment structures, and their upkeep, catchment area 

management, and any other relevant information. The training should also be imparted to local 

government officials and Gram Panchayat members, work execution and monitoring committees, 

women groups/school children, other key stakeholders, and identified beneficiaries.

Once the training is complete, they should be given some field exposure and handholding support for a 

reasonable period (6 months or 1 year). Hand holding support will boost the confidence of the trainee as 

well as the trainer that the community will be able to take care of the pond. Any lapses/knowledge gaps 

can be plugged during the hand holding phase.

7.3 Conversion to recreational spot/ Community centres:

Another alternate mechanism that can be more relevant in urban areas is to convert the pond into a 

recreational centre/community centre with boating activities, walkways, and benches for visitors. 
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Children's Park with a swing, a playground can also be set up in the vicinity. An entry fee or maintenance 

fee can be charged from the visitors to raise funds for the maintenance of the lake or pond area. The 

existing government municipal body can be linked as the maintenance authority for the pond. It shall be 

incharge of the fee collection and maintenance of the pond and its surroundings. Additional income 

through the plantation of fruit trees and other horticulture plants can also be generated. It will also 

improve aesthetic beauty and deter miscreants from damaging the pond. Alternatively, the development 

of temples/religious structures and providing the pond a religious significance can also ensure the 

maintenance of these structures.

Case Study 15 The Pondman  reviving Ponds in Greater Noida

Mr. Ramveer Tanwar (PondMan), started his campaign 

called Jal Chaupal in Gautam Budhha Nagar, Uttar 

Pradesh; urged people to conserve water and to save natural 

resources like ponds, lakes and Wetlands. Mr. Tanwar is the 

founder of NGOSay Earth. The Government of Uttar 

Pradesh declares him as Brand Ambassador of Swachh 

Bharat Mission, Ghaziabad, and appointed district 

coordinator of the 'BhuJal-Sena'. He is also working as a 

consultant with different public and government 

departments for the restoration of water bodies and 

awareness campaigns. Mr. Tanwar has contributed to 

restoring and rejuvenating 40+ ponds and lakes all over 

India. 

The team from National Institute of Hydrology (NIH), Figure CS15-1 Mr. Ramveer Tanwar (PondMan)

Figure CS15-2 NIH's visit at rejuvenated pond 
(Mr. Ramveer and Dr.. V. C. Goyal, Sc. G, NIH)

Roorkee visited few ponds rejuvenated by Mr. Tanwar 

in Greater Noida, Uttar Pradesh. The team interacted 

with him and gathered procedure followed by Mr. 

Tanwar for rejuvenation of ponds, which is 

summarized below:

Jal Chaupal: The procedure starts with Jal Chaupals 

(water meeting with local communities) where they 

discuss importance of water conservation in ponds, 

and topics like ground water extraction, water 

pollution, rainwater harvesting, water budgeting etc. 
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Jal Chaupal has been found as the most important support tool in motivating the local people to engage 

in pond restoration work. This helps build an emotional connection between the villagers, 

communities, and water bodies. 

Cleaning/ rejuvenation: The removal of sludge, silt, non-biodegradable and inorganic waste (Ex: 

Plastic, Rubber, Cloth, Thermocol, E-waste etc.) from ponds and segregate into organic & inorganic 

waste and processed as manure and recycled as appropriate. Most of the waste is used in bund 

preparation around the water body or as manure in agricultural fields or for filling of low lying 

depression areas in nearby villages.

Filtration & Water Quality management: It includes construction of sedimentation pit at the inlet 

of ponds, Constructed Wetland, etc. The inorganic waste is screened at the intercepting pit and 

removed manually. The wastewater is treated 

through permeable bed and dense  aquatic 

plants and this arrangement improves water 

qual i ty  and odour.  In  some ponds, 

constructed wetlands and floating wetlands 

are also used to purify water by absorbing 

various chemical contaminants.

Afforestation: This step includes activities 

such as deweeding of bunds to create space 

for plantation, soil preparation for plantation 

and selection of native, aromatic, medicinal 

trees, dense shrubs and flowering saplings. 

Landscaping: The landscaping includes natural boundary/fencing using bamboo, wire-mesh and 

pillars, placing benches and dustbins for the entire stretch. 

Environment Awareness: The program focuses on engagement local community members 

including students, youths and members of self-help groups, Panchayats and Municipal Corporations 

etc. among others, to bring a sustainable change. The activities include Nature Walk (A walk with 

nature across different wetlands, forests, organic villages), Wall Painting (Mural wall art paintings are 

drawn in communities and open areas on themes varying from water conservation, pollution and 

health hazard, importance of plants and trees etc.) and Waste-To-Art workshops (various kinds of 

waste material are used, recycled and converted into useful products in an artistic manner).

Maintenance & Sustainability:The regular maintaince of the ponds is done with the help of 

villagers, local panchayat, municipalities and using corporate funds. The sustainability of the ponds is 

ensured by promoting the aquaculture like fish farming and lotus farming in restored ponds.

Selfie With Pond: This is an online campaign to create awareness where the youngsters visit their 

nearby water bodies and share geo-tagged photos of the dying water bodies. Through this campaign, 

the youngsters are motivated to help save/ revive ponds/lakes.

Figure CS15-3: Filtration of wastewater at inlet of 
Chauganpur pond
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Table CS15-1: Summary of few ponds rejuvenated                                           

Chauganpur Pond, 
Dadri 
(GB Nagar) 

Ajampur 
Pond 
 Sadar Block 
(GB Nagar) 

Kulipura Pond 
Sadar Block 
(GB Nagar) 

Dadha Pond 
Sadar Block 

1. Size of pond 
(surface area) 

10000 m2 5000 m2 8500 m2 5000 m2

2. Capacity of pond 
(volume)- before 
and after 

4000m3

11000 m3
3500 m3

15000 m3 
Initially Dry 
4000 m3

16000 m3

Barren 
land10000 m3

3. Types of waste 
dumped 

Sewage,(village+BSF 
camp), car service 
station effluent, 
garbage, plastic 

Sewage + 
direct dumping 

Sewage + direct 
dumping 

No waste 
Bund preparation 

4. Volume of sludge 
removed (and where 
dumped) 

2000 m3

Agricultural fields, low 
lying areas, pathways of 
dams 

1200 m3

Pathways 
3000 m3

Agril fields 
NA 

5. Inlet/ outlet 
creation/ fencing 
etc. 

Inlet created 
o/l same as i/l 
fencing done 

Natural Natural  Inlet 

6. Any technology 
employed 

Vetivar grass 
Intercepting tank 

Intercepting 
tank 

Mini pond 
2 pond system 

No 

7. Date of start & 
completion 

June 2019 
May 2020 

July 2019 
December 
2019 

March 2017 
Nov 2017 

Jan 2018 
March 2018 

8. Who is maintaining 
after rejuvenation? 

Fish farmers+ 
2year CSR funds 

Village 
panchayat 

Fish farmers with 
help of 
aquaculture 
farming 

Villagers 
Waterlogging 
removed, natural 
habitat 

9. Expenditure 
incurred 

INR 14 Lakh INR 6 Lakh INR 
2Lakh(Villagers 
contribution) 

INR 1.5 Lakh 

Figure CS15-5: Condition of ponds                                           

Azampur Chauganpur 
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by Mr. Ramveer Tanwar and team

Mutaina Pond 
Jewar (GB 
Nagar) 

Dabra Pond 
Dadri (GB 
Nagar) 

Morta pond 
(Ghaziabad) 

Manpur 
Palwal 
(Haryana) 

Meertor Pond 
Khurja 
(Bulandhshar, 
UP) 

 25000 m2  7000 m2  7000 m2  9000 m2  5000 m2

12000 m3

40000 m3
10000 m3

14000 m3
12000 m3

21000 m3
17000 m3

27000 m3
7000 m3

11000 m3

Sewage + 
direct dumping 

Sewage + 
direct dumping 

Sewage + 
direct dumping 

Sewage + 
direct dumping 

Sewage + direct 
dumping 

9000 m3

Bunding 
2800 m3

low lying 
areas, 

3000 m3

Bunding 
Agricultural 
fields 

8000 m3

Govt schools 
where water 
logging  

low lying areas, 
bunding 

Inlet Inlet Inlet Inlet Inlet 

2 pond system Intercepting 
chamber 

Intercepting 
chamber 

Constructed 
WL 

Intercepting 
chamber 

Feb 2019 
Dec 2019 

April 2017 
Nov 2017 

Dec 2020 
Nov 2021 

April 2018 
March 2019 

Dec 2018 
Dec 2019 

Fish farmers Fish farmers Fish farmers 
panchayat 

INR 3 Lakh INR 4.5 Lakh  INR 9 Lakh INR 11 Lakh INR 7 Lakh 

VillageFish Farmer

before and after rejuvenation 

Kulipura Morta 
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The summary of few rejuvenated ponds is given in the table above. It was observed that most of the 

ponds were having inflow as wastewater from the village and stormwater runoff during the monsoon 

season. The capacity of the ponds was reduced due to silting and direct dumping of garbage. During 

the rejuvenation, sluge was removed from the ponds and it was used for the bund construction or 

filling of low lying areas in village or as manure in agricultural fields. Plantation was done for 

peripheral area management and fish farming was encouraged to ensure sustainability of the 

rejuvenated ponds.

Figure CS15-4: Selfie with pond (Mr.Ramveer and NIH team)
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8.0 Learnings from The Networking project on 'Revival 
of Village Ponds through Scientific Interventions'

The DST ran a Networking Project on Revival of Village Ponds through Scientific Interventions from 

March 2017 to March 2020. The main objective of this project was to assess and document indigenous 

knowledge of construction, management, use of village ponds and demonstrate scientific interventions 

on a pilot basis for the revival of village ponds while ensuring community participation.

To achieve the project objectives, pond rejuvenation activities were carried out at selected sites in 

different geographical regions all over India. This section focuses on specific learning from the various 

project undertaken. 

8.1  Birhum District, West Bengal

Conducted by Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, WB (PI: Dr. A 

Mukherjee)

Study area:

1) Kheledanga 28-year-old; mainly used for domestic purposes.

2) Sakodda. 42-year-old; a farm pond mainly used for agricultural purposes and fish cultivation. 

Problem area: Reasons behind choosing the site:

 Located in drought-prone, red laterite soil zone.

 Both ponds had become dysfunctional due to neglect, 

siltation, and weed growth.

 3-4 feet depth of silt deposits (de-silting work had 

never been carried out).

 Runoff loss of 35%- 40% of total annual rainfall due to 

undulating topography. 

 Water quality was a concern as these were used for 

irrigation, fish culture, and domestic use.

 People of Kheledanga village traveled 2 km daily to 

fetch water for their domestic needs during February to 

June.

 High livelihood dependency on the pond. Both ponds 

had a high unrealized potential of livelihood 

generation by increasing the water capacity of the 

pond. 

 Negligence in maintenances blocked the outlet and inlet channels of both ponds. 

Scientific interventions: 

Kheledanga village:

a) De-siltation of the pond to increase water storage capacity.
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b) Plastering pond surface with cow dung and mud slurry to reduce lateral seepage and percolation 

losses.

c) Strengthening pond bund by plantation of horticultural crops like guava and lemon.

e) Renovation of existing channels and creation of new inlet and outlet channels to streamline 

runoff.

e) Construction of two bathing platforms, six duckery and poultry sheds.

f) Analysis of water quality and quantity along with soil analysis.

g) Fish seedling and technological intervention for pisciculture.

Sakodda village:

a) De-siltation and cleaning of the pond.

b) Strengthening of bund by plantation of forestry and horticultural crops in the pond bunds.

c) Supply of less water-consuming varieties seeds of rice.

d) Supply of fish seedlings, fish food along neem cake.

e) Awareness and training program on mushroom cultivation, duckery, and vermicomposting.

Results

Revived ponds enriched the livelihood of the tribal families. Awareness programs regarding water 

quality, revival processes of a pond created a foundation for the accomplishment of the objectives. 

Training for mushroom cultivation, duckery, poultry, and fish cultivation generated immense sensation 

among the rural people.

 Enhanced water storage and holding capacity and reduction in drainage losses due to desiltation 

and lining.  The total volume of the water, despite weak monsoon in 2018 & 2019, remained at a 

higher level post project implementation.

 Year-round favorable conditions for pisciculture at both sites due to increased water level and 

improvement in water quality. 

 Cultivation of different crops became possible in the land adjoining the ponds. 

 Introduction of shorter duration rice varieties, namely Nayanmani and Shatabdi (100-125 days), 

during the rainy season by replacing traditionally variety MTU 7029 (145-150 days) saved active 

cropping days. Additionally, it also saved water which was used to grow additional crops such as 

mustard and lentil.

Specific learnings
1. 1:4 cow dung mud slurry mix is highly recommended for pond lining to reduce seepage 

losses.
2. Livelihood Generation:Year-round reliable water supply ensures fishery, duckery and 

poultry. These can greatly improve economic conditions of the community.
3. Changing crop mix by switching to vegetables like brinjal, tomato, pulses and oil seed can 

result in the 3-to-8-fold increase in the pond irrigable area.
4. Critical revival process (desiltation, lining, channel making) should be done periodically 

years in areas with high siltation. 
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8.2 Varanasi District, Uttar Pradesh

Conducted by Banaras Hindu University (PI: Dr. Amlan Kumar Ghosh)

Inventory creation of block

A total number of 664 ponds in 61 villages comprising of 28 panchayats in 8 blocks of Varanasi district 

were digitized using Google earth.

The village ponds were used as water 

harvesting structures for irrigation (after 

Kharif rainfall), washing clothes, growing 

vegetables, etc., retting of sun hemp, 

cultivation of water chestnut and for 

drinking water.  Fishery was also 

conducted is some ponds.

The exercise showed that the use of ponds 

had decreased and most of the ponds were 

in critical condition due to disuse/bad use/ 

neglect. Over-exploitation of ground 

wa te r  th rough  tubewel l s ,  f au l ty 

agricultural practices, encroachment are some other problems in these ponds. Additionally, they do not 

serve the purpose of being a drinking water source anymore.

Study area: Karnadadi village situated in the Karnadadi Panchayat of Arajiline block of Varanasi 

District.

Problem area: This pond fell in the critical category of groundwater availability and covered a larger 

watershed area.

Scientific interventions: 

1. Village level meetings for pond selection and sensitization about the project.

2. Collection of socio-economic data of village

3. Collection & analysis of baseline data (pond volume, depth, rainfall data, DEM, infiltration rate, soil 
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structure, and penetration resistance of the 

catchment area)

4. Pond boundary delineation & construction, 

desiltation, embankment development, and inlet 

– outlet channel construction

5. Post intervention- soil and periodic water analysis

6. Creation of water users' group

7. Release of fish and duck: boosting farm income

8. Catchment area treatment: line sowing, zero 

tillage planting, soil test-based fertilizer 

application

9. Demonstration of floating wetland using canna 

indica

Results

  Significant recharge in well downstream of the 

pond. 

  A fourfold increase in pond water volume. 

Irrigation to surrounding wheat crop is possible.

  Boosting of livelihood linkage for unemployed 

youth,especially fish farming

Specific learnings

 Treatment of catchment area resulted in both 

increase in yield and water use efficiency.

 Downstream recharge of ground water increased 

potential for irrigation.

 Inventory preparation helps in assessment of 

larger wetland situation of the region and thereby 

prioritize the most affected/problematic area.

 Soil and Water Assessment Tool (works in 

conjunction with ArcGIS) was found to have 

limited success in a small area. 

Specific learnings

 Treatment of catchment area resulted in both increase in yield and water use efficiency.

 Downstream recharge of ground water increased potential for irrigation.

 Inventory preparation helps in assessment of larger wetland situation of the region and thereby 
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prior i t ize  the most  affected/ 

problematic area.

 Soil and Water Assessment Tool 

(works in conjunction with ArcGIS) 

was found to have limited success in 

a small area. The MGNREGA 

scheme was utilized for desiltation 

activities

Specific learnings

 Treatment of catchment area resulted in both increase in yield and water use efficiency.

 Downstream recharge of ground water increased potential for irrigation.

 Inventory preparation helps in assessment of larger wetland situation of the region and thereby 

prioritize the most affected/problematic area.

 Soil and Water Assessment Tool (works in conjunction with ArcGIS) was found to have limited 

success in a small area.

8.3  Jodhpur, Rajasthan

Conducted by ICAR-Central Arid Zone Research Institute, Jodhpur (PI: Dr. Priyabrata 

Santra)

Study area: Baorli pond at Baorli Bambore and Agolai pond at Agolai village of Jodhpur District 

Rajasthan. 

Problem area: Occurrence of frequent 

drought in the region has a serious 

impact on availability of water in the 

pond, which is the lifeline of the 

village.Tap water was available only 

twice a week thus villagers were 

dependent on pond water for drinking 

and domestic purposes. Siltation of 

pond was a major problem.

Scientific interventions: 

Field sites at Baorli Bambore and 

Agolai village of Jodhpur, Rajasthan 
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Indigenous technical knowledge (ITK) of the region.

 Long-term observations on runoff water accumulation 

area for selection of a suitable sitefor construction of a 

new pond.

 Desilting of ponds during the summer months when 

the stored rainwater in the 'nadi' or 'talab' almost dries 

up. The time interval for desilting work is about 10-15 

years for the region. 

 The silt removed from the bottom of pond site was 

were selected after field survey and secondary data collection. The following scientific interventions 

were undertaken:

1. Participatory rural appraisal for resource inventory analysis.

2. Development of geospatial database of selected ponds, other village resources, and drainage  

pathways in the catchment area.

3. Contour survey and preparation ofdigital elevation model of the selected pond for calculating the 

storage capacity of the ponds.

4. Assessment and documentation of indigenous 

technical  knowledge for  construct ion and 

management of village ponds

5. Establishment of the rainfall-runoff relationship in 

the pond catchment using digital rain-gauge and 

water level recorder.

6. Reduction in sediment load carried through runoff 

from catchment to pond through plantation of 

multipurpose tree species along the drainage 

pathways of the selected ponds.

7. Desiltation of the pond to increase the storage 

capacity of the pond through convergence of Government scheme (e.g. MGNREGA) and community 

participation.

8. Characterization of soils in the catchment area of the selected pond.

9. Characterization of infiltration behaviour in the catchment area of the selected pond

10. Monitoring water spread area in the pond through analysis of remote sensing images.

11. Periodical analysis on quality of water in the selected pond.

12. Capacity building of villagers and related stakeholders on revival of village ponds in the context of 

climate change and future water scarcity situations.
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used either in nearby agricultural fields or in 

developing the embankment of the pond. 

 Desilting of pond is generally carried out by 

removing top 3 ft layer in the mid-section of pond 

and top 1 ft layer at the periphery of pond.

 Chrome alum (chromium potassium sulfate) or 

white stone, locally known as 'fitkari' is used for 

quick sedimentation of suspended solids in water 

for its further use as drinking water.

'Agore' was deputed by the community for the care 

and management of the pond. Violation of rules laid 

by the person was charged a penalty. Few of the rules for sustainable management of  'agore' are 

(i)  It is strictly prohibited to leave excreta by the people in the catchment area,

(ii)  Cutting of tree branches within the catchment area is not allowed, 

(iii) Cultivation of fish in stored rainwater is not permissible, etc. 

Results

 Water storage capacity in both ponds has increased by 20-25% after interventions whereas quality of 

water has also improved significantly. Increased water storage capacity of the pond will ensure 

reliable supply of water for meeting domestic needs especially for drinking purpose throughout the 

year.

 Convergence of Govt schemes (such as using MGNREGA) may help in the successful revival of 

village pond at large scale.

 Villagers and scientists from the Institute participated in the field workshop and exchanged their 

views and understanding for successful management of water resources in village pond, which is a life 

line for the arid region.

 Community participation has provided enough 

strength in successful revival and sustenance of 

village ponds to meet the water demand of 

villagers even during drought year.In the project 

sites, following community participation were 

done while reviving the village ponds : 

a. At Agolai village, 'Sarbajanik Talab Vikas 

Sami t i  (Agola i ) '  was  es tab l i shed  for 

management of a common fund for renovation 

of pond contributed by the villagers community. 

A community contribution of 12 lakhs (approx. 

6 lakhs from village community and approx. 6 
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lakhs from 'Jal Bhagirathi foundation', an NGO) was developed for successful renovation of the 

village pond at Agolai.

b. Management of catchment area (locally known as 'agore') to maintain the cleanliness and hygiene of 

the pond ecosystem was taken up by the community through local panchayat functionary. 

c. Additionally, identified village community is generally responsible for the management of the water 

harvesting structure. 

 Remote sensing based algorithm was developed to monitor temporal variation in water spread area of 

both the ponds for optimal management of water resources.

Specific learnings

 Ensuring community participation increased the efficiency of the work execution and 

sustainability of the pond with community taking complete ownership of the pond.

 Hydromet instruments facilitated data collection which could then be used for continuous 

assessment and monitoring.

 MNDWI worked well for assessing the monthly variation of the water levels of the ponds.

8.4  Bharuch, Gujarat

Conducted by ICAR-Central Soil Salinity Research Institute (Regional Research Station) (PI: Dr. 

Anil R Chinchmalatpure)

Study area: Two village ponds; one each in village Samni and village Sudi, both in District Bharuch 

were taken up for the study. The project area is representative of a hot semi-arid eco-region with medium 

and deep black soils. There is one canal in the area, which is operational only for four months from 

November to February. Ponds are refilled by the canal water from December to February.

Problem area:

The study area is having deep to very deep, heavy textured black 

cotton soils (vertisols) with subsurface soil salinity. The 

groundwater in the villages is also affected by salinity. The area 

suffers from issues like increasing scarcity of water, fast 

depleting water resources in quantity and quality, high water 

losses along with soil erosion/sediments, and non-functional 

village ponds.

Scientific interventions: 

 Baseline survey and preparation of a database of the village 

using geo-spatial technology including socio-economic 

status 

 Assessment and mapping of selected pond catchment areas 

      AER 5.0 
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for rainwater harvesting including large scale mapping (1:4000) and geo-referencing 

 Characterization of rain, runoff, soil, and land engineering parameters and suggest appropriate land 

interventions 

 Computation of water balance of the pond catchment areas

 Installation of rain gauge and piezometers observational points at village level 

 Assessment of pond water quality 

 Development and demonstration of operational ponds was done

o Cleaning (dewatering/ desilting) of ponds

o Development of inlet and outlet channels

o Embankment development and beautification

o Pond water and groundwater quality characterization

  Identification and implementation of soil conservation interventions to check siltation level in the 

runoff water 

 Soil sampling and analysis of soil fertility in pond 

soils as well as in catchment area

 Estimation of water productivity

 Capacity building and mass awareness

Documented ITKs from the study region

1. De-siltation of pond and application of pond 

bed silt in the field

 To maintain the capacity of the pond farmers, 

carry out desiltation work. The silt drawn from 

desilting work is further used in the field for improving the nutritional status of the soil.  The silt is 

applied over the field to a depth of 10 cm and then thoroughly mixed with soil manually. After 10 

to 15 days ploughing is done before sowing seed. 

2. Pond water quality management

 i. Use of banana ash to reduce the turbidity of water

 The ash of the banana plant is rich in potassium content and is alkaline, which helps to increase 

the water pH. Banana ash also clears water by coagulating the particles.

 ii. Application of banana stem, paddy straw /husk in pond water to reduce turbidity

 To control persistent clay turbidity the farmers, apply paddy straw or pieces of banana stem. 

When the hay or banana stem rot, the farmer periodically removes them from the pond.

 iii. Application of cow urine in the pond surface to control algae

 To control algae in the pond farmers spray cattle urine on pond surfaces.
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3. Protection from seepage

 Cow dung: Raw cow dung mixed with water is used and a layer of it is applied to the bottom of 

the pond. This works as an excellent sealing of the bottom increasing the water retention capacity 

of the pond.

4. Establishing vegetation

 The pond is surrounded by hillocks and therefore such embankments are normally very tall and 

have steep sides. During heavy rainfall most dykes are prone to erosion and damage. To prevent 

this, farmers plant plantation crops like coconut and betel nut on the dykes. They also practice 

turfing of the side of the embankments with grasses immediately after construction

5. Management of dissolved oxygen deficiency

 Depletion of dissolved oxygen especially during morning hours is managed by farmers through 

indigenous methods like channelizing fresh spring water, beating the water with bamboo 

pole/banana pseudostem, making children swim in pond, and use of ducks which swim in the 

pond and aerate the water.

6. Vegetative barrier: 

 This ITK is practiced by all categories of farmers on an individual basis. This is evolved by 

experience and is in place for the last 50 years. About 5 % of the area is covered under this 

practice. Under this practice, Ipomea, Sindhwar, and Bamboo are planted thickly in two rows on 

the bund. This practice helps in reducing fertile soil loss. It also stabilizes bunds. Ipomea, 

Sindhwar, and Bamboo are freely available and require regular cutting as a part of maintenance.

Result

 Water quality in the ponds as well as in the surrounding tubewells/borewells/handpumps found to be 

improved.

 Silt from the ponds contained nitrogen, phosphorus, and potassium content. Hence, silt of the ponds 

can be used in agri fields for crop cultivation.  

 Sudi Pond

1. Water is mainly used for irrigation purposes whereas it was also used by animals for drinking

2. Wheat and green gram crops were cultivated in the command area of the village pond and the total 

area irrigated with pond water was 12 ha. 

3. Approximately 26,000 cubic meters of pond water was utilized for irrigation and the total income 

generated from crops was Rs. 7,35,150/-. Therefore, the average water productivity of Sudi pond was 
3

found to be Rs. 28.28 per m
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 Samni village pond 

1. Water is mainly used for fish cultivation and animal drinking. 

2. Two fish species viz. Rohu and Katla were raised in the pond and the main expenditure incurred for 

their growth was on the fish feed. Approximately, Rs. 3 lakh total income per year was generated 

through fishery activities.

Specific learnings

 Capturing the indigenous knowledge and utilizing it for water management is of utmost 

importance.

 Ponds have great potential for income augmentation and livelihood generation.

 Pond catchment area is to be given more attention as it is having more impact on runoff 

generation, water quality, and soil erosion. 

 Parts of South Gujarat have black cotton soils and receive high rainfall and are therefore prone 

to heavy waterlogging. The use of ponds for collection of this runoff water can help in 

minimizing the problem of waterlogging. 

 Use of stored pond water in crop production through drip irrigation can greatly improve 

productivity

Sudi village Sudi village pond before (Nov., 2017) and after (Dec.,2018) cleaning 
(Google image) and current status (Dec., 2021)

Samni village pond before (Nov., 2017) and after (Dec.,2018) 
cleaning (Google image) and current status (Dec., 2021)
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8.5  Bhopal, Madhya Pradesh

Central India Hydrology Regional Centre, NIH, Bhopal WALMI Campus (PI: Dr. T Thomas)

Study area: Two village ponds were selected under this project. First, a village pond in Sahawan village 

in Banda block of Sagar district. It is believed that the pond is more than 200 years old. The catchment 

area of this pond mostly comprise of degraded / barren lands and therefore the inflow water is relatively 

free from agricultural pollutants in the form of pesticides and fertilizer residues. Another pond in 

Chilpahadi village is in the same region. The pond was used by domestic animals, and washermen 

community. Some fishermen communities are also engaged in fishery activities.

Problem areas:

Two major causes that restrict the use of the ponds are i) insufficient water availability and ii) unfit water 

quality. The ponds have never been desilted which has resulted in the reduction in their capacity to a large 

extent. Also, the water quality is rather very poor due to the influx of grey/black water and fecal coliforms 

were present both in pond water and groundwater. Additionally, washing of clothes, bathing of animals, 

etc. have added to the increase in pollutant levels.

The area also suffers from very limited groundwater availability. The only source of drinking water for 

the population is groundwater in shallow wells, which is mainly fed by the recharge from the pond water. 

When the pond dries up, there is a drastic reduction in groundwater levels and during the summer season, 

people face a severe shortage of water. Also, there is not much difference in the water quality in dug wells 

and village ponds.

Scientific interventions: 

1. Baseline survey conducted for identification of 

dysfunctional village ponds.

2. Assessment and mapping of selected pond 

catchment areas using GIS & Remote Sensing 

based analysis.

3. Field surveying for estimation of the water 

spread area, capacity, and catchment area of 

ponds.

4. Installation of rain gauges and establishment of 

groundwater monitoring network.

5. Evaluation of infiltration capacity and saturated hydraulic conductivity of soils in the catchment, 

command, and water spread area of these ponds.

6. Water quality monitoring and analysis of the pond water and groundwater.

7. Analysis of hydro-meteorological variables, drought assessment, and monitoring of rainfall.
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8. Soil sampling and analysis from catchment and command and estimation of surface runoff.

9. Civil Work for pond rejuvenation.

a. De-weeding and desilting through 

MGNREGA, 

b. Stone pitching for embankment 

strengthening

c. Barbed wire steel fencing all around 

the pond to prevent pollution of water 

body due to human and livestock 

activities, 

d. Contour trenching on the slopes on 

the pond periphery with plantation of Amla, Bel, and Neem in the trenches

e Widening of overflow channel to pass of heavy floods and prevent bund breach,

f. Establishment of recharge pit in the overflow channel.

10. Water budgeting for assessment of supply-demand scenario.

11. Installation of groundwater quality improvement mechanism (for drinking water) on a dug well with 

help of M/S Nova Intonew, a start-up 

working for water treatment.

12. Floating wetland setup for water quality 

improvement.

13. User interaction with villagers, stakeholder 

workshop & consultation workshop

Result

There are 70,388 village ponds with the size of 5 

ha and less and the total catchment area of these 

ponds is 106,079 ha. 

Rainfall is the only inflow component in the 

water budget whereas the outflow components 

include surface runoff, evaporation from the 

pond, evapotranspiration from cropped areas, 

domestic and livestock requirements. It was 

found that the ponds generally fill in 5 to 8 rainy 

days and therefore water harvesting measures 

were taken up.

More than 57% of the pond catchment falls 
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under the very high erosion class i.e.>10 ton/hectare/year. Therefore, any amount of desilting of the pond 

will not be of much use, unless treatment is attempted. Plantations have been carried out after the 

completion of the project and manpower employed to safeguard the plantations.

 Water level in the ponds has increased and 

water is now available in the pond even 

during the peak summer season. The pond 

water spread area has considerably 

increased post-intervention.

 Increased availability of water in the dug 

wells which do not get dried up during the 

summer season anymore. The BOD levels 

of the pond camedown under the 

permissible limit and fecal coliform were 

also absent.

Specific learnings

 The conversion of 50% of the barren lands to agro-forestry can reduce the soil erosion by 48%. 

Similarly, the conversion of 75% of the barren lands to forests (25%), agro-forestry (25%) and 

pastures (25%) can reduce the soil erosion by 58%. 

 Up-scaling of pond rejuvenation activities can result in significant impact on the water stress 

related issues of the region.

 Floating wetlands can be very effective for improving the water quality in ponds.

December 2021
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8.6  Palampur, Himachal Pradesh

Conducted by CSK Himachal Pradesh Krishi Vishvavidayalaya (PI: Dr. Sanjeev Kumar 

Sandal)

Study Area: The selected pond is locatedin the village of Chadhiar Kufraina Jol. It is located in the small 

plain regions locally called Jol and the pond is exactly located in the middle of the Jol are as and 

surrounded on both sides by small hills. The village lies in the 

rainfed regions of Baijnath Tehsil and the block of Kangra district. 

The village pond was in use mainly for drinking by animals and 

spiritual ceremonies near water bodies.

Problem Area: The pond is the only source of stored rain/runoff 

water for the village. The runoff water flow is well directed with 

RCC structure to the pond. During winters the water level goes 

down due to seepage losses and becomes dry. 

Scientific interventions: 

 Prepared slope map, drainage map, land cover map, and 

delineated grid points for sampling in the catchment area using 

GIS tools. More than 60 % area was found to be covered with 

forest. · 

 Revival of ponds by bush clearance, removal of silt, and minor 

repair work. Additionally, desilting was also done to increase its 

storage capacity.

 Plastering the sides of the ponds with thick clay to control deep 

seepage losses.· 

 Citrus fruit and guava tree plantation on the periphery.

 Survey for water vulnerability in surrounding villages.

 Awareness program conducted for water use and revival of 

ponds.

Result:

3
 Water storage volume of 800 m of the pond has been obtained.

 Reduced seepage losses from 20 mm/ day to 5 mm /day have 

been observed.

 Stored water availability has increased from 6 to 11 months.

 The stored water is being used for village road construction and 

houses

 The religious ceremonies are being performed at the rejuvenated 

pond where otherwise the villagers had to move to 4-5 Km area 

for the want of stored water
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 Drinking facilities for animals have increased 

 Recharge of groundwater downstream has also been observed.

Specific learnings

 Usage of thick clay for surface lining can greatly reduce seepage losses.

8.7  Bastar, Chhattisgarh

Conducted by S.G. College of Agriculture and Research Station (PI: Dr. D S Thakur)

Study area: A community pond in the DeorgaonVillage in Tokapal Block, Bastar District.

Problem area:

 Inlet was broken and the outlet was not constructed. 

 Siltation through the inlet was observed. 

 The catchment area is small and therefore diversion of 

drains to the pond needs to be managed.

 Pond was infested with heavy weed population.

 The pond water was underutilized.

 Water retention is an issue after monsoon season as 

losses occur due to deep percolation.

Scientific interventions: 

 Deepening, de-siltation, and excavation of soil in the inner sides of the embankment.

 Catchment Area Treatment activities:

 a) Construction of continuous and staggered contour trench (CCT & SCT)

 b) Cleaning of drains lines 

 c) Deep summer ploughing in the upper portion of the catchment area.

 Improving the socio-economic status of the beneficiaries through water conservation and value 

addition:

 a) Fish cultivation in the pond through introduction of 4000 fingerlings in the pond. Fish feed 

and FYM were used for the proper growth of fishes.

 b) Fruit tree plantation was done on the bunds of the pond.

 c) Introduction of cultivation of vegetables in the fields around the pond using its water for 

irrigation.

 Formulation of village user groups:

 a) Fisherman group

 b) Vegetable producer and nursery raising group
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 c) Lac production group

 d) Duckery group

Results:

 Oval shape ponds were more capable of 

retaining water compared to rectangular or 

square shape ponds.  Embankments were 

more durable and did not get eroded in the oval 

shape ponds.

 Increase in the water holding capacity of the 

pond.

 Increase of moisture percent in the soils of 

nearby fields.

 Gross income generated from value-added 

activities areas per the table below:

Activities Introduced/ Intervention Expected Gross income 
Generated (Rs.)

Fish cultivation (1.0-acre pond) 75,000/-
Cultivation of turmeric on the bunds of pond area (0.50 acre) 30,000/-
Cultivation of vegetables in surrounding land of the pond (2.0 
acre)

40,000/-

Cultivation of crops other than vegetables in the surrounding land 
(rainfed rice- 4.0 ha.) 

1,12,000/-

Specific learnings

 Village ponds have great potential for income augmentation and livelihood generation.

 Linking them with economic activities can be a very useful mechanism for ensuring 

sustainability of the pond.

8.8  Puri & Kendrapada District, Odisha

Conducted by ICAR –Indian Institute of Water Management (PI: Dr.Susanta Kumar Jena)

Study Area: Two ponds were worked upon under this project:

2Site 1: One pond in Garadapur village in Kendrapada district spread over an area of 42000 m .The pond 

consisted of a large pond and a few small ponds at one side of the large pond. The small ponds were used 

to rear fishfries and fingerlings which were later released to the main pond. It is also used by the local 

people for domestic as well as irrigation purposes.
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Site 2: One pond in Kapileswarpur 

gram panchayat in Puri district. 

The study area was about 4 km 

away from the Bay of Bengal and 

about 300 m away from the 

Bhargabi River. The pond was 

mainly used for domestic use. In 

the area, paddy is grown in Rabi 

season and the pond is used as an 

irrigation water source to meet the 

crop water demand. 

Problem Area:

Both the districts are coastal districts and are highly vulnerable to natural calamities like floods, cyclones, 

and drought. In this area groundwateris saline due to saltwater intrusion from seas, so the freshwater 

sources are river water and pond water. Access to river water is not feasible always as during flood time 

people cannot fetch water from the 

river. So, people depend upon 

ponds for drinking water and water 

for other household activities

In Garadapur, the big pond and 

adjacent ponds were highly silted. 

They were full of water hyacinth 

and other aquatic weeds. The pond 

was not cleaned, so the condition 

of the pond water was also not 

good for domestic use.

In Kapileswarpur gram panchayat, 

the pond was also highly silted, and conditions were unfit for domestic use.

Scientific interventions: 

These aimed to enhance the capacity of the existing ponds so that there is an enhancement in crop 

productivity, cropping intensity, crop diversification and rural livelihood options

Garadapur Village Pond

 Catchment area delineation using ASTER and SRTM

 Analysis of rainfall and evaporation data for the design of the pond

 Hydrological balance analysis

 Design of different components of the pond system

 o Inlet channel
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 o Inlet structures: Design of trapping mesh, 

sediment basin, gabion filter, and emergency 

spillway

 Catchment area planning 

 Aquaculture in the pond, agroforestry, vegetable 

plantation, paddy, horticulture

 Installation of automatic rain-gauge.

 Provision of boat for regular cleaning and removal 

of weedsand water hyacinths.

 Implementation of the above plans by the team of 

scientists with the help of Gram Panchayat office 

bearers, farmers, and in consultation with various 

government departments in participatory mode.

 Convergence of different government schemes and 

different line departments to ensure availability of 

funds and participation of local government in the 

project.

Kapileswarpur Village Pond

 Desilting and de-weeding of the pond.

 Application of nutrient-rich silt around coconut 

trees.

 Peripheral  area  management  through 

development of concrete road on one side of the 

bund and plantation on the other

 Income augmentation using aquaculture.

 Awareness generation and dissemination of 

knowledge

 Soil and water testing at regular intervals for 

both the ponds.

Results

After the commencement of the project and with the 

co-operation and active participation of gram-

panchayat, ponds at both sites were cleaned to remove 

all the weeds and water hyacinths. Specific 

achievements of each pond are as follows:

Garadapur Village Pond

nd
 The SHG made a net profit of Rs 2.5 lakh and Rs 4 lakhs in the first year and the 2  year, respectively.
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 Through inter-departmental convergence:

o Bathing ghats were constructed using funds 

from the schemes of the Government of 

Odisha.

o Construction of concrete road on the farm 

bund was done from funds provided by 

District Rural Development Agency.

o Groundwater recharge cum water-lifting 

points were developed using funded by the 

Government of Odisha scheme.

o Children's Park was developed with help of a 

MLA local area development fund.

o Toilets were developed under the Swachch 

Bharat Mission.

o Rejuvenation of bund plantation after 

cyclone Fani was done with help of the 

horticulture department by planting new 

trees on the bund of the pond.

Kapileswarpur gram panchayat· 

 Development of bathing ghat and changing room 

by Gram panchayat using convergence fund from 

Department of Panchayati Raj and Rural 

Development.

 Net profit varying from Rs. 50,000 to more than 

Rs 100,000 per ha was obtained from fishery 

activities.

Specific learnings

 Inter-convergence and involvement of local government can ensure fund availability and play 

a major role in sustainability of such projects.

 Increased water storage potential can increase the overall productivity of the pond.

 The people of the surrounding village also got motivated and removed the weeds, water 

hyacinths from 15 community ponds.

 Nutrient rich silt removed from ponds can be applied around coconut trees for better growth.
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8.9  Jalandhar and SBS Nagar, Punjab

Conducted by Punjab Agricultural University Regional Research Station (PI: Dr. Manmohanjit 

Singh)

Study Area: Two village ponds were renovated namely, Mansewal Village, Balachaur Block in SBS 

Nagar District and Haripur village, Nurmahal Block in Jalandhar, Punjab.

Problem Area: Mansewal village pond 

received runoff and wastewater from daily 

household activities like bathing, washing, 

etc. The major wastewater issues were an 

unpleasan t  smel l ,  s t agnant  wate r, 

mosquitoes,  and water-borne diseases.

Haripur village pond was located in the 

center of the village. The pond was silted up 

and was the source of environmental 

pollution. The village development 

committee took the initiative in participatory 
mode to put the sewerage system in the 

village.

Scientific interventions: 

 Cleaning and reshaping of pond bunds

 Increase in pond area due to de-silting

 Installation of proper inlet and outlet of the ponds

 ·Construction of Seechewal Model on the inlet: 

Seechewal model is the zero-energy centrifugal model 

which helps in the segregation of the solid material and 

other material present in the wastewater.

 Landscaping of pond bund.

 Judicious use of harvested water

 Pond water quality characterization

 Installation manual agro met observatory: A rain 

gauge, evaporimeter, thermometers for maximum and 

minimum temperatures, dry and wet bulbs were 

installed at pond sites.

 Water budgeting analysis 

 Capacity building & mass awareness 
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Results

 Increase in the storage capacity of village ponds: At Mansewal the storage capacity of the village 

pond was increased by 32% and at Haripur, there was negligible storage before the start of the project 
3and now it has a storage capacity of 2760 m .

 Improvement in quality of water: The quality of the water has improved significantly. The BOD and 

COD of the pond water have decreased after the interventions. The electrical conductivity and 

carbonate concentration have also improved significantly at the outlet as compared with the inlet.

 Beautification of the pond site: The pond site has been changed into a village park at village Haripur.

 Use of treated water for irrigation: The quality of water has improved significantly and farmers are 

using the excess water for irrigation purposes. 

 Other benefits: 60 percent of the beneficiaries found a significant reduction in the unpleasant smell. A 

significant reduction in the mosquito population and disease incidences were observed by the farmers 

of the village
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Specific learnings

 Seechewal Model can be implemented to effectively treat wastewater from small villages.

 Wastewater treatment can largely improve the aesthetics and decrease the disease burden on 

the community.

8.10  Kathua, Jammu& Kashmir

Conducted by Sher-e-Kashmir University of Agricultural Sciences and Technology, Jammu (PI: 

Dr. Vivak M Arya)

Study Area: 4 ponds were selected for study in the Kathua district:

S.No.  Pond  Village  Area (m
2

) Water source

1
 

Merth pond
 
Merth

 
5332

 
Watershed

2

 
Sahar pond

 
Sahar

 
12125

 
Watershed

3

 

Uttri pond

 

Uttri

 

10915

 

Watershed

4
Merth pond 2

(Untreated)
Merth 6249 Watershed

Problem Area:

The ponds were used for drinking purposes fifty years ago. After that, over years, as ponds filled with 

mud, silt, and plant materials they have become heavily silted. The water quality is unfit for drinking and 

aquaculture cannot be practiced due to low water levels.
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Scientific interventions: 

The following activities were undertaken

 GIS and Remote Sensing Analysis

 o Topography of the catchment area by using 

Digital Elevation Model (DEM) maps

 o Drainage network

 o Land use / Land cover classification

 o Soil sampling and analysis

 Participatory Rural Appraisal (PRA), 

 Desilting/Dewatering of pond

 Inlet & outlet channel modifications

 o Diversion of Sewage Water

 Embankment development of the ponds

 Adaptation of Resource Conservation 

Techniques (RCT)

 o Overgrazing prevention

 o Perimeter runoff control

 o Contour ploughing

 o Terrace farming

 o Agrostological measures

 o Cover crop

 Recording meteorological data

 Pond water & groundwater characterization

 Organizing training/awareness programs & capacity building

Results

 Due to various awareness program and interactions held, a sense of belongingness in villagers and 

interest among the younger generation was developed. 

 For the first time, the sensitization of village ponds was done through scientific interventions.

 Participation of allied departments and villagers was ensured in the construction of embankment 

bunds and diversion of sewage water through channels away from ponds

 Due to adaptation of resource conservation techniques (RCTs) in the catchment area following 

changes were noted:
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Storage Capacity of Ponds increased by 
3

5000-10000 m

WQI showed considerable improvement

Water Holding Capacity improved by 5%-7% Infiltration Rate improved by 3 - 4 cm/hr

3Runoff decreased by 30-35 m /ha/yr Sediment Yield decreased by 4.0-5.5 ton/ha/yr



Page | 108 Guidebook on S&T Interventions for Pond Rejuvenation

Sustenance of the Ponds

8.11  Mewat, Haryana

Conducted by Water Technology Centre, ICAR – Indian Agricultural Research Institute, New 

Delhi (PI: Dr. (Mrs.) Susama Sudhishri)

Study Area: One pond each in Untka and Bai villages. The ponds are mainly used for animal bathing, 

cloth washing, fishery, and other domestic purposes.

Problem Area:

The region suffer from water scarcity and water quality is also poor. Additionally, most of the 

groundwater is also saline. Poor quality of water was due to the dumping of sewage waste from the 

villages. The ponds also suffered from lessened 

capacity, no hygiene, non-maintenance, and 

damage to the bunds. The ponds are fed by water 

from rainfall, domestic sewerage, and a canal.

Scientific interventions: 

 Catchment of the selected ponds were 

delineated from the ASTER digital elevation 

model.

 A dumpy level survey was done, and contour 

maps were generated at 1:4000 scale. 

 Different thematic maps like slope, drainage, 

soil, landuse, and land cover maps were also 

generated. 

 Socioeconomic data collections were also 

collected through different PRA and RRA 

techniques.

 Probability analysis of rainfall taking long-term data, 

soil estimation using USLE, measurement of the depth 

of water level by installing staff gauge, monitoring of 

water quality (periodically), stage-storage relationships 

development, infiltration measurement, and soil profile 

study. 

 Water budgeting of the pond was done by measuring 

rainfall, storage, evaporation, estimating runoff and 

then other losses were estimated using the continuity 

equation.

 Desilting was done up to 1.5 to 2 m.

 Two bathing ghats were developed
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 For bund stability 

o Retaining walls were developed 

o Grass turfing/sodding was done

o Stone pitching with proper shoulder bunds and berms was done

 Diversion of sewerage water to another pond (in collaboration with Rural Water Supply Department). 

 Reshaping ofthe pond from irregular to trapezoidal shape with a surface area of 1.32 ha was also 

carried out. 

Result

The work was done in participatory 

mode through MGNREGA and in 

close liasoning with govt. officials, 

NGOs, and the local community.

3
 An additional 22,792 m  of storage 

volume was created. 

 Water quality increased with the 

reduction of BOD, pH, EC, RSC, 

and SAR. 

 It was observed that canal water 

filled up the pond up to a height of 

4.5 meters.

 Due to more extraction for irrigation, there was not much increase in the groundwater table (0.4 to 0.6 

m increase was observed). 

 Command area increased from 34 to 67 ha, and accordingly yield increased by 1.95 times and 

cropping intensity from 140 to 201%. 

 One optimal crop plan was developed using linear programming through LINGO software with 

different options of remunerative crops and integrated water management through the pressurized 

irrigation system and underground pipeline system with a net profit of Rs. 99,331/ha/annum. 

 If horticultural crops are included then farm income can be doubled.

Specific learnings

 Surplus pond water could be used for multiple use including, domestic, irrigation and fishery 

activities along with integrated farming system to increase the livelihood and sustainability.

 Optimal crop plan can be made to optimize the water usage using LINGO software.
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8.12 Bengaluru, Karnataka

Conducted by University of Agricultural Sciences (PI:  Dr. Jayadev, H. M.)

Study Area: According to the preliminary survey for selection two village ponds were identified at 

Hanjihalli village and Honnavalli village.

Hanjihalli pond is situated in Hanjihalli village, Kunduru hobli, Alur taluk, which is about 200 km away 

from Bengaluru. The water in the tank was used for irrigation, cattle, and domestic purpose. The water 

was used to irrigate 60 acres of paddy land only in Kharif season and kept fallow in the remaining 

seasons. 

Honnavalli pond was situated in 

Honnavalli village, which is about 215 

km away from Bengaluru. Honnavalli 

pond had an area of 1.25 acres and a 

catchment area of 15 acres. The water 

was used for irrigation, cattle, fishery, 

and domestic purposes. The water was 

used to irrigate 10 acres of farming land. 

Problem Area:

Hanjihalli pond: The pond was not 

utilized to capacity and controlling 

valves were not properly maintained. 

The watercourses and feeder channels in the catchment were blocked and water was passed into the 

cultivated field as runoff.
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Honnavalli pond: The pond was not utilized to 

capacity and excessive weed growth was observed. 

The controlling valves and wastewater weirs were 

not properly maintained. The watercourses in the 

catchment were blocked and water was passed into 

the cultivated field as runoff.

Scientific interventions: 

 Baseline survey and preparation of databases of 

the village using geo-spatial technology 

including socio-economic status on following 

parameters: 

o Topography of the catchment

o Drainage network

o Land use / Land cover classification,

o Cropping pattern 

 Assessment and mapping of selected pond 

catchment areas for rainwater harvesting 

including large-scale mapping (1:4000) 

and with geo-referencing: A rain gauge 

was also installed, and data was recorded.

 Soil sampling and analysis: soil type 

assessment

 Water/wastewater sampling

 Computation of the water balance of the 

pond and analysis of water and silt 

samples.

 Rejuvenation activities involved

o Cleaning (dewatering/desilting) of pond

o Release of Common carp fingerlings (8000 in no.) in Hanjihalli Tank

o Soil conservation interventions to check siltation level in the runoff water: Planting of mango 

seedlings, forest species, and fodder crops for soil and water conservation

 Demonstration on water management in paddy from tank irrigation

 Demonstrated the cropping pattern in command of pond water

 Demonstration on utilization of residual soil moisture and stored water in the tank

 Capacity building through training and mass awareness activities.

Result
3 

 Water storage capacity was increased by 200 m in the Honnavalli pond. 
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 2150 kg of Common carp fish were harvested from the Hanjihalli tank. 

 Plantation of 1507 and 620 trees at Hanjihalli and Honnavalli pond catchment areas, respectively.

 Soil fertility maps were prepared for N, P, K, Ca, Mg and S for both the catchment areas. Fertility maps 

for micronutrients were prepared for the Honnavalli catchment area.

 Neeruganti (influential person) was involved in the management of water release for the command 

area.

 Soil recommendation maps were prepared on a targeted yield approach using Soil Test Crop 

Response Studies (STCR) for paddy, maize, ragi, potato, and chilli.

Specific learnings

 Scientific management of water in command area (under paddy cultivation) showed higher 

grain yield of paddy besides saving water.

 Utilization of residual moisture in command area by growing cowpea can increase the 

cropping intensity and result in farmers earning additional income.

 Tree plantation in the catchment area was effective for soil and water conservation.

8.13 Bhagalpur, Bihar

Conducted by Bihar Agricultural University, Sabour (PI: Dr. Anshuman Kohli)

Study Area: The village of Kola Khurd in Bhagalpur District was selected for carrying out the 

interventions. It had 6 ponds in which two ponds; Farka Milky Pokhar (pond) and the Ganjra Pokhar were 

selected. Various scientific measures were introduced in the Farka Milky Pokhar whereas the Ganjara 

Pokhar was monitored without carrying out any intervention. 

Farka Milki Pokhar: was located east of the 
2village and had an area of about 6530.2 m . The 

pond recharged from rainwater and small 

streams originating from the Chanan River. 

Ganjara Pokhar: was located west of the 

village and was mainly used as a drinking water 

source for the animals, irrigation for the crops, 

and digging the soil for building construction. 

This pond could irrigate about 5 to 10 ha of land 

in both seasons.

Problem Area:

Excess water of village Kolakhurd freely 
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drained out to Kokra River, because of the 

northward slope of the village. Both the 

village ponds were of very shallow depth 

and the presence of water was limited to 

the rainy season.

Farka Milki Pokhar: The pond was seen 

affected by waste material of the farm 

fields, soil erosion, and siltation. 

Ganjara Pokhar: This pond was of small 

size and had weeds, other waste material, 

and bushy nature plants all around.  

If the depth of the pond was increased, 

more water could be harvested which 

could be used as a nutrient-rich irrigation 

resource for animal husbandry, drinking, and groundwater recharge. Recharged ponds could also be 

helpful for the promotion of crop production, domestic livestock, and the elevation of the living standard 

of the people.

Scientific interventions:  

 Study of the soil profile characteristics and infiltration rate of the pond bottom. 

 Regular monitoring of the pond water quality.

 Treatment of the catchment by planting of perennial grasses such as Hybrid Napier and Para grass on 
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the boundaries of the inlet channels. 

 Closing of the multiple inlet channels and directing the inflow through a single regulated inlet 

channel. 

 Installation of a sluice gate on the inlet to prevent back flow of water from the pond. 

 Installation of a piped outlet with a ball valve to regulate outflow from the pond for irrigating the 

command area.

 Deepening of the pond by a depth of about 5 feet to increase its storage capacity.

 Re-shaping of the pond embankment by filling the soil excavated from the pond bottom and planting 

perennial grasses and fruit trees for stabilization of the pond embankment. 

 Initiation of a user group for better utilization of pond water and upkeep of pond.
nd

 Monitoring of rainfall and water level in the pond every week (during the 2  year).

 Educational and training activities with the user group and other stakeholders of the adopted 

pond/village.

Result

1. Increased availability of water from the catchment areas.

2. A marked advantage in terms of utilization of harvested pond water for irrigation in rice was 

demonstrated in the pond with interventions (Farka Milki Pokhar) vis-a-vis the Ganjra pokhar where 

no interventions were implemented. 

3. Better aesthetics and maintenance of the surroundings.

4. Sensitization of the local population as well as the district administration about the need and scientific 
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methodology for improving the water harvesting, storage, and utilization of the traditional village 

ponds. 

5. Taking up of planned development and periodic maintenance of the rejuvenated pond by the Minor 

Irrigation Department.

Specific learnings

 Extension of scientific interventions to numerous village ponds should be done for optimum 

utilization of pond water resources in Bihar. 

 Pond silts needs to be tested in any planned removal as it may be contaminated or enriched. 

Therefore, it cannot be dumped just anywhere.
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Sustenance of the Ponds

Baseline Investigations Activities/ Scope 

Agency Census/ 
Observation 

data

ITK Hydrological 
study

Pedological 
study

Dewatering, 
de-weeding 
& Desilting

Embankment 
Development

Birhum, WB

Varanasi, UP

Jodhpur, RJ

Bharuch, GJ

Bhopal, MP

Palampur, 
HP

Bastar, 
Chhattisgarh

Puri & 
Kendrapada 
Odisha

PAU, Punjab

Kathua, 
Jammu& 
Kashmir

Mewat, HR

Bengaluru, 
KN

Bhagalpur, 
Bihar

Table 7 Summary of rejuvenation activities 
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of work Peripheral Area 
Management

Wastewater 
Treatment

Method 
Fencing Inlet/ 

Outlet 
creation

CAT Plantation Community 
awareness

Surplus water 
Management

Irrigation, Fishery, 
Mushroom & Duckery

Floating 
wetland

Fishery & Duckery

Irrigation

Floating 
wetland

Drinking water, 
Recharge Pit & 
Widening of overflow 
channel

Road and house 
construction & 
Religieous ceremonies

Aquaculture & 
Horticulture; 
Emergency spillway

Trapping mesh, 
sediment basin 
& Gabion filter

Aquaculture & 
Horticulture

Seechewal 
model

Irrigation

Diversion of 
sewage water

Diversion of 
sewage water

Irrigation & Fishery

Irrigation & 
Aquaculture

Irrigation

of Networking project centres
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9.1 Calculation of Morphometric Characteristics of a Pond

(Kumar et al., 2006 and FAO, 2021)

Length/Width: The length/width of a pond can be measured by tightening a graduated nylon rope 

between two ends of the pond. The ponds are generally of either oval or rectangular shapes. For oval and 

rectangular shape ponds, maximum length and maximum width can be measured. For irregular-shaped 

ponds also maximum length and width can be measured.

Depth of a pond: The depth from the 

outlet to the present water level and 

the height of the water level from the 

bottom of the pond (h2) can be 

measured. The height of the water 

level from the bottom of the pond can 

be measured using a small floating 

platform and staff gauge.

If the pond is large, with a regular 

shape, and has a bottom with a 

constant slope, we can increase the 

number of measurements. The depth 

can be measured at multiple points 

in the pond. Thereafter average of the all the depths can be 

calculated and considered as average depth.

If the pond is large with an irregular shape and an irregular 

bottom, we construct a square grid over the pond surface. The 

depth can then be measured at each grid intersection. The 

average of all the measurements can be considered as the 

average depth. 

From the measured length/width and depth of a pond, its surface 

area, perimeter, and storage volume can be estimated as follows: 
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Surface Area: If the pond has a square shape, multiply two sides (in meters, or m) or, if it has a 

rectangular shape, multiply the length (in m) by the width (in m) to find the surface area (in square meters 
2or m ).

2
Examples:   10 m x 10 m = 100 m

2
15 m x 10 m = 150 m

2
75 m x 25 m = 1875 m

If the pond has an irregular shape, you can find the surface area by dividing the pond into smaller 

areas that can be more easily calculated and adding these to find the total surface area. 

1. Prepare a plan of the surface area of the pond, as 

accurately as possible, on a sheet of paper. Now 

divide the plan into squares, rectangles, right-angled 

(or 90°) triangles.  

2. Further calculate the area of each square, rectangle, or 

triangle using accurate length, width, base, and height 

measurements (in m).

3. After you have calculated all the smaller areas, add 

them to find the total surface area. 

Note: If the pond has an irregular shape with a curving 

side, you may need to approximate the curved part to find 

the surface area. Construct a line across the curved side of the pond so that the part outside the line is 

approximately the same as the part inside. Then calculate area or areas as you did earlier in this section.

Surface Area (S) for  

i. Oval shape = π/4 (Length X Width)

ii. Rectangular shape = Length X Width 

iii. Area of a triangular pond = (Base X 

Height)/2

Perimeter (P) for  

(i) Oval = π/2 (Length + Width) 

(ii) Rectangular shape P = 2 (Length + Width)

(iii) Triangular pond = Sum all the 3 sides

Storage Volume (V) can calculate by considering 

the pond as a segment of a sphere. If the segment of 

the sphere has a radius r and maximum depth h (= 
2 2

h1+h2) then its volume is V= (πh/6) (3r  - h ). Radius 

r can be calculated for a pond considering it as a 
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circle having the same surface area as that of the pond.

Another alternate method to calculate the storage volume is by using the figures of the surface area and 

average depth. You can calculate the volume of water in the pond by multiplying the surface in square 
2 3

meters (m ) by the average water depth in meters (m) to get the volume of the pond in cubic meters (m ). 

This method can be used to know the rough storage capacity of a pond quickly without a detailed survey

Surface Area X Average Depth = Volume

A more accurate version of the same is formula is described below

V =(A + 4B + C) / 6× D

Where, 

V = Volume of the pond

A = Area of the pond at ground level

B = Area of a pond at the middle depth of the pond 

C = Area of a pond at the bottom of the pond 

D = Average depth of the pond

Seepage losses 

The rate of seepage losses in millimeters per day (mm/day) from various soil types (in the natural state) 

multiplied by time will give us the total seepage loss. The infiltration rate can be calculated as described 

in Annexure 9.4.

Evaporation losses: Using Class A Pan evaporation rates. 

2
To calculate evaporation losses, multiply the water surface area (in m ) by the corrected evaporation 

rate (in m) for the length of time your pond will be in use. The evaporation rates can be either 

obtained from the meteorological department or calculated by doing experimental observations in 

the field.

9.2  Water Quality Parameters

 (Hydrology and Water Resources Information System for India, 2021)

Each water use has a specific quality need. Therefore, to set the standard for the desired quality of a water 

body, it is essential to identify the uses of water in that water body. In India, the Central Pollution Control 

Board (CPCB) has developed a concept of designated best use. According to this, out of the several uses 

of water of a particular body, the use which demands the highest quality is termed its designated best use. 

Five designated best uses have been identified. This classification helps the water quality managers and 

planners to set water quality targets and design suitable restoration programs for various water bodies.
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Designated Best Uses of Water

Designated Best Use Class Criteria

Drinking-Water Source
Without convocational
Treatment but after
disinfection

A 1.Total Coliforms Organism MPN/100ml shall be 50 or 
less

2. pH between 6.5 and 8.5

3. Dissolved Oxygen 6mg/l or more

4. Biochemical Oxygen Demand 5 days 20 °C, 2mg/l or 
less

Outdoor bathing
(Organised)

B 1.Total Coliforms Organism MPN/100ml shall be 500 or 
less

2. pH between 6.5 and 8.5

3. Dissolved Oxygen 5mg/l or more

4. Biochemical Oxygen Demand 5 days 20 °C, 3mg/l or 
less

Drinking water source after 
conventional treatment and 
disinfection

C 1. Total Coliforms Organism MPN/100ml shall be 5000 
or less

2. pH between 6 and 9

3. Dissolved Oxygen 4mg/l or more

4. Biochemical Oxygen Demand 5 days 20 °C, 3mg/l or 
less

Propagation of Wildlife
and Fisheries

D 1. pH between 6.5 and 8.5

2. Dissolved Oxygen 4mg/l or more

3. Free Ammonia (as N)

4. Biochemical Oxygen Demand 5 days 20 °C, 2mg/l or 
less

Irrigation, Industrial 
Cooling, Controlled Waste 
disposal

E 1. pH between 6.0 and 8.5

2. Electrical Conductivity at 25 °C micromhos/cm, 
maximum 2250

3. Sodium absorption Ratio Max. 26

4. Boron Max. 2mg/l

Below-
E

Not meeting any of the A, B, C, D & E criteria

Source: CPCB , 2022
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A colour coding frequently used to depict the quality of water on maps

In India, CPCB has identified water quality requirements in terms of a few chemical characteristics, 
known as primary water quality criteria. Further, the Bureau of Indian Standards has also 
recommended water quality parameters for different uses in the standard IS 2296:1992 and IS 
10500:2012

Bluewater This water can be directly used for drinking, industrial use, etc.

Green water Water contained in soil and plants is termed green water

White water Atmospheric moisture is white water

Brown or greywater Various grades of wastewater are shown by brown or grey colour

Water Quality Standards in India (Source IS 2296:1992)

Characteristics Designated best use

A B C D E

Dissolved Oxygen (DO)mg/l, min 6 5 4 4 -

Biochemical Oxygen demand (BOD)mg/l, max 2 3 3 - -

Total coliform organisms MPN/100ml, max 50 500 5,000 - -

pH value 6.5-8.5 6.5-8.5 6.0-9.0 6.5-8.5 6.0-8.5

Colour, Hazen units, max. 10 300 300 - -

Odour Un-objectionable - -

Taste Tasteless - - - -

Total dissolved solids, mg/l, max. 500 - 1,500 - 2,100

Total hardness (as CaCO3), mg/l, max. 200 - - - -

Calcium hardness (as CaCO3), mg/l, max. 200 - - - -

Magnesium hardness (as CaCO3), mg/l, max. 200 - - - -

Copper (as Cu), mg/l, max. 1.5 - 1.5 - -

Iron (as Fe), mg/l, max. 0.3 - 0.5 - -

Manganese (as Mn), mg/l, max. 0.5 - - - -

Chlorides (as Cl), mg/l, max. 250 - 600 - 600

Sulphates (as SO4), mg/l, max. 400 - 400 - 1,000

Nitrates (as NO3), mg/l, max. 20 - 50 - -

Fluorides (as F), mg/l, max. 1.5 1.5 1.5 - -

Phenolic compounds (as C2H5OH), mg/l, max. 0.002 0.005 0.005 - -

Mercury (as Hg), mg/l, max. 0.001 - - - -
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Cadmium (as Cd), mg/l, max. 0.01 - 0.01 - -

Selenium (as Se), mg/l, max. 0.01 - 0.05 - -

Arsenic (as As), mg/l, max. 0.05 0.2 0.2 - -

Cyanide (as Pb), mg/l, max. 0.05 0.05 0.05 - -

Lead (as Pb), mg/l, max. 0.1 - 0.1 - -

Zinc (as Zn), mg/l, max. 15 - 15 - -

Chromium (as Cr6+), mg/l, max. 0.05 - 0.05 - -

Anionic detergents (as MBAS), mg/l, max. 0.2 1 1 - -

Barium (as Ba), mg/l, max. 1 - - - -

Free Ammonia (as N), mg/l, max - - - 1.2 -

Electrical conductivity, micromhos/cm, max - - - - 2,250

Sodium absorption ratio, max - - - - 26

Boron, mg/l, max - - - - 2

Guidelines are available to evaluate the quality of water for irrigation. For irrigation, water can be 
classified into five classes depending upon its chemical properties.

Guidelines for Evaluation of Irrigation Water Quality

Water class Sodium (Na) % Electrical conductivity 
(S/cm)

SAR RSC meq/l

Excellent < 20 < 250 < 10 < 1.25

Good 20 - 40 250 – 750 10 – 18 1.25 – 2.0

Medium 40 - 60 750 – 2,250 18 – 26 2.0 – 2.5

Bad 60 – 80 2,250 – 4,000 > 26 2.5 – 3.0

Very bad > 80 > 4,000 > 26 > 3.0
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Drinking Water Specifications (IS 10500:2012) (CPCB, 2022)

Table 1 : Organoleptic and Physical Parameters
(Foreword and Clause 4)

SI 
No.

(1)

Characteristic

(2)

Requirement 
(Acceptable 

Limit)
(3)

Permissible 
Limit in the 
Absence of 

Alternate Source
(4)

Remarks

(5)

Colour, Hazen units, 
Max

5 15 Extended to 15 only, if toxic  
substances are not suspected in 
absence of alternate sources

Odour Agreeable Agreeable a) Test cold and whenheated
b)Test at severaldilutions 

pHvalue 6.5-8.5 No relaxation -
Taste Agreeable Agreeable Test to be conductedonly after

safety has been established
Turbidity,NTU. Max 1 5 -
Total dissolved solids,
mg/l, Max

500 2000 -

NOTE
It is recommended that the acceptable limit is to be implemented. Values in excess of those mentioned 
under ‘acceptable’ render the wat er not suitable, but still may be tolerated in the absence of an alternative 
source but up to the limits indicated under ‘permissible limit in the absence of alternate source’ in col 4, 
above which the sources will have to be rejected.

Table 2 : General Parameters Concerning Substances Undesirable in Excessive Amounts
(Foreword and Clause 4)

SI No 

(1) 

Characteristic 

(2) 

Requirement 
(Acceptable 

Limit) 

(3) 

Permissible Limit 
in the Absence of 
Alternate Source 

(4) 

Remarks  

(5) 

i. Aluminium(asAl),mg/I,Max 0.03 0.2  - 

ii. Ammonia(astotalammonia-
N), mg/l, Max 

0.5 Norelaxation  - 

iii. Anionicdetergents (as 
MBAS) mg/l, Max

0.2 1.0  - 

iv. Barium(asBa) , mg/l, Max 0.7 Norelaxation  - 

v. Boron(asB),mg/I,Max 0.5 1.0  - 

vi. Calcium(asCa),mg/I,Max  75 200 - 

vii. Chloramines(asCl2),mg/I,Max  4.0 Norelaxation  - 

viii. Chloride (as Cl), mg/l, Max 250 1 000 - 

ix. Copper (as Cu), mg/l, Max 0.05 1.5 - 
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x. Fluoride (as F) mg/l, Max 1.0 1.5 - 

xi. Free residual chlorine, mg/l, 
Min 

0.2 1 To be applicable only when water is 
chlorinated. Tested at consumer end. 
When protection against viral 
infection is required, it should be 
minimum 0.5 mg/l 

xii. Iron (as Fe), mg/l, Max 0.3 No relaxation Total concentration of manganese (as 

Mn) and iron (as Fe) shall not exceed 
0.3 mg/l 

xiii. Magnesium (as Mg), mg/l, 
Max 

30 100 - 

xiv. Manganese (as Mn), mg/l, 
Max 

0.1 0.3 Total concentration of manganese (as 
Mn) and iron (as Fe) shall not exceed 
0.3 mg/l 

xv. Mineral oil, mg/l, Max 0.5 No relaxation - 

xvi. Nitrate (as NO3), mg/l, Max 45 No relaxation - 

xvii. Phenolic compounds (as C6 
H5 OH), mg/l, Max 

0.001 0.002 - 

xviii. Selenium (as Se), mg/l,Max 0.01 No relaxation - 

xix. Silver (as Ag), mg/l, Max 0.1 No relaxation - 

xx. Sulphate (as SO4) mg/l, Max 200 400 May be extended to 400 provided that 
Magnesium does not exceed 30 

xxi. Sulphide (as H2S), mg/l, Max 0.05 No relaxation - 

xxii. Total alkalinity as calcium 
carbonate, mg/l, Max 

200 600 - 

xxiii. Total hardness (as CaCO3), 
mg/l, Max 

200 600 - 

xxiv. Zinc (as Zn), mg/l, Max 5 15 - 

NOTE: It is recommended that the acceptable limit is to be implemented. Values in excess of those 
mentioned under 'acceptable' render the water not suitable, but still may be tolerated in the absence of an 
alternative source but up to the limits indicated under 'permissible limit in the absence of alternate source' 
in col 4, above which the sources will have to be rejected
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Table 3 : Parameters Concerning Toxic Substances 

(Foreword and Clause 4)

Sl No.

(1) 

Characteristic 

 (2) 

Requirement 

( Acceptable 
Limit) 

(3) 

Permissible 
Limitinthe  
Absence of 
Alternate 

Source 

(4) 

(i) Cadmium{asCd),mg/1,Max 0.003 Norelaxation 

(ii) Cyanide(as CN),mg/1, Mnx  0.05 Norelaxation 

(iii) Lead(as Pb),mg/1,Max 0.0I Norelaxation 

(iv) Mercury(asHg), mg/1,Max  0.001 Norelaxation 

(v) Molybdenum(asMo),mg/I,/  Max 0.07 Norelaxation 

(vi) Nickel(asNi),mg/1,Max 0.02 Norelaxation 

(viii) Polychlorinated biphenyls, mg/1, Max  0.0005 Norelaxation 

(ix) Polynucleararomatic hydro-carbons (as PAH), mg/I, Max 0.0001 Norelaxation 

(x) Totalarsenic (asAs), mg/1,Max 0.01 0.05 

(xi) Totalchromium (asCr), mg/1,Max 0.05 Norelaxation 

(xii) Trihalomethanes:    

 a) Bromoform,mg/1,Max 0.1 Norelaxation 

 b) Dibromochloromethane, mg/1,Max 0. 1 Norelaxation 

 c) Bromodichloromethane,  mg/1,Max 0.06 Norelaxation 

 d) Chloroform,mg/  1  .  Max 02  Norelaxation 

NOTE: It is recommended that the acceptable limit is to be implemented. Values in excess of those 
mentioned under 'acceptable' render the water not suitable, but still may be tolerated in the absence of an 
alternative source but up to the limits indicated under 'permissible limit in the absence of alternate source' 
in col 4, above which the sources will have to be rejected.

9.3  Soil Texture Analysis using Dry Sieve Method

(Wright and Upadhyaya, 1998, Kemper and Koch, 1966 and WSU, n.d.)

Soil texture is an important indicator of the ability of soil to absorb and hold both water and plant 

nutrients.

Soil Types by Percentages 

Soil type can be classified as follows:

 Sands: 85-90% sand and <10% clay and silt
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 Loamy Sands: 70-85% sand and <15% clay

 Sandy Loams: > 52% sand and < 20% clay

 Loam: 7-27% clay, 28-50% silt, and <52% sand

 Silt Loam: >50% silt, 12-27% clay; or 50-80% silt 

and <12% clay

 Clay Loam: 27-40% clay and 20-45% sand

 Clay: 27- .40% clay and less than 45% sand and less 

than 40% silt

Materials Required  

 Balance 

 Weighing paper 

 Paper towels 

 Dry soil samples (at least 100 g. per sample) 

 Soil Sieves (4) 

Note: Soil sieves are available in sets with 

usually 4 screen mesh sizes (#5 = largest, 

#10, #60, and #230 = smallest; sometimes 

#120 is used) 

Methodology:

1) Lay the soil samples out on brown paper 

or newspaper and leave them until dry. 

Paper can also be used to cover the 

samples to prevent contamination. 

Drying times vary depending on how wet the samples were when taken and ambient humidity. If 

needed, the samples may be gently broken up by hand along natural fracture lines. This procedure 

may be repeated during the first few days of drying, but do not force the soil to break apart. Most 

samples will be dry within one week. To make sure that the samples are dry, check to see if the 

weights change with further drying. To do this, make the following measurements: 

 a. Weigh a subset of three to five samples from the various treatments when you think that they are 

dry

 b. leave these samples to dry either by incubating overnight (at least 8 hours) at room temperature or 
o

drying on a slide warmer or in an oven at less than 40 C for at least 2 hours

 c. Weigh the samples again and compare weights.

2) Dry soil may be weighed at this point for a total soil weight (WT) or the sum of the weights in each 

aggregate size class may be used for the WT value. 

3) Place your weighing paper on the pan of the balance and determine its mass. Record this on your data 

table. Make sure to subtract the weight of paper from the total weight. 
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4) Arrange the soil sieves so that the largest screen size 

is on the top, followed by decreasing screen size to 

the bottom. 

5)  Set the balance to 100g PLUS the mass of the 

weighing paper. Weigh out that mass of soil that has 

been broken up into loose particles. 

6) Place your soil sample into sieve #1 (the largest). 

Shake your sample over sieve #2 for two minutes so 

that sieve #2 collects any smaller soil particles. 

7) Place the remaining soil from sieve #1 on the 

weighing paper and determine its mass. Record this 

on your data table 

8) Shake the soil collected in sieve #2 into sieve #3 (the 

smallest) for two minutes. 

9) Place the remaining soil from sieve #2 on the 

weighing paper and determine its mass. Record this 

on your data table. 

10) Place the soil collected in sieve #3 on the weighing 

paper and determine its mass. Record this on your 

data table. 

11) Calculate the relative percent of sand, silt, and clay 

in the soil sample and record your data in the table below. 

 A. % Sand = mass of sand/total soil mass x 100 

 B. % Silt = mass of silt / total soil mass x 100 

 C. % Clay = mass of clay / total soil mass x 100 

10. Determine the type of soil based on the relative overall percentages you calculated. 

Data Table

Sample Mass measured Soil Mass Measured Soil Percentage

Percentage

Weighing paper

Total Soil sample

Sieve #1: Sand particles

Sieve #2: Silt particles

Sieve #3: Clay particles
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Type of Soil for Sample Collected: _______________________________

We use the dry sieve method described below for the following reasons: 

 Soil samples are air-dried to a constant weight to make sure samples are at the same moisture content.

 Samples are dry sieved by hand to collect aggregate size, one size class, at a time rather than using a 

rotary sieve or sieve shaker with stacked sieves. This will reduce the mechanical shearing of 

aggregates and keep larger aggregates from impacting and breaking up smaller aggregates.

 Collecting each size class individually allows for each size class to be analyzed individually

9.4  Infiltration Rate using Double Ring Infiltrometer

(FAO,2001, Champatiray et. al., 2014 and Eijkelkamp Soil & Water, 2012)

Infiltration is the process of penetration of water into the ground surface and the intensity of this process 

is known as infiltration rate. The infiltration rate is expressed in terms of the volume of water poured per 

ground surface per unit of time. Soil erosion, surface runoff & groundwater recharge is affected by this 

process. At a certain moment, the maximum infiltration rate can be indicated by the infiltration capacity 

of the soil. 

Infiltration of water into the soil can be determined by a simple instrument called a Double ring 

infiltrometer. The cylindrical ring infiltrometer consists of a single metal cylinder. These cylinders are 

partially inserted into the ground and water is filled up to a margin inside the cylinder and after that, the 

speed of penetration of water is measured for the time and depth of penetration of water inside the 

cylinder. To spread the water vertically after infiltration we use double-ring infiltrometer. The 

measurement of infiltration rate and incremental infiltration rate can be achieved by using the instrument 

double-ring infiltrometer. Different ring sizes are available, and their combination can be used for the 

calculation of reading. For e.g., 15cm, 30cm, 45cm & 60cm rings can be experimented as 15-30cm, 15-

45cm, 30-45cm & 30-60cm double-ring infiltrometer setups. 

Materials Required: 

a) 4 no. of cylindrical ring infiltrometer (height=60cm, diameter 15cm,30cm,45cm,60cm) 

b) Wooden piece (to drive the cylinder inside the soil) 

c) Hammer (to dig the cylinder inside the soil without any disturbance in the soil surface) 

d) Measuring bucket of 3no. (12litre, 13litre,20litre) 

e) Measuring jar (2litre)

f) Metal plate 

g) Long pipe 

h) Stopwatch (to know the time interval in which infiltration must be measured) 

i) Tape & scale (the amount of water penetrates inside the soil within a specific time interval) 

j) Cover & plastic sheet 

k) Stationary use 
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Procedure

1. Place the inner ring with the cutting edge facing down on the ground. Remove small obstacles such as 

stones or twigs. When measuring below the ground surface, a profiled pit should be made. 

2. Put the driving plate on top of the inner ring. 

3. Use the hammer to insert the infiltration ring about 5-10 cm vertically into the soil. Make sure to 

disturb the soil as little as possible. In stiff soils have someone stand on the driving plate while another 

person drives it in. Remove the driving plate from the inserted infiltration ring. 

 a. Keep the depth of placement as limited as possible so as not to disturb the top layer. Insert the 

rings in any case below a particular top layer, such as a disturbed or crusted top layer or layer with 

macro-pores. 

 b. In this case, you should encounter any place between the ring and the ground, push the ring back 

in its place. A disturbed crust can be healed using bentonite or other soil material. 

4. Place the outer ring with the cutting edge facing down around the inner ring and put the driving plate 

on top of it. 

5. Repeat step 3. Ensure that both the rings are level after driving the rings into the ground. (Using a 

driving plate will ensure a depth identical to that of the inner ring)

6. The standard double-ring infiltrometer set allows simultaneous measuring. Place the rings 2 - 10 m 

apart, depending on the field situation, and repeat steps 1 to 5. 

 a. All rings' sets should be at the same depth to allow comparison of the results. Differing ring 

diameters are not supposed to produce differing results. 

7. Place the measuring bridge with a measuring rod and float it on the inner ring. Remove, without 

disturbing the soil structure, any vegetation that may hamper the free movement of the float or affect 

the measuring. 

8. Fill the outer ring with water, then the inner ring, to approximately 5 - 10 cm. Start measuring 

immediately to determine the infiltration curve (see paragraph 3.2). 

 a. The water level within the infiltration rings should be as low as possible to ensure vertical 

infiltration. The rings should not go dry. It is recommended to fill to 5 - 10 cm. 

 b. To protect the ground surface when pouring the water, use plastic foil, a jute cloth, a sponge, or a 

1-2 cm layer of sand or gravel. It is also possible to pour the water via your hand on the ground. 

 c. Make sure to have sufficient water at hand. Filling one set of rings requires approx. 25 litres. 

Some remarks: 

 To measure only the infiltration capacity of saturated soil it will suffice to saturate the soil (by pouring 

water in the rings) without measuring. 

 To obtain optimal results in determining the infiltration capacity, use water of similar quality and 
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temperature to that of the real system you are examining.

Calculation

1) Start the measuring by noting the time and the water level in the inner ring (reference level) as 

indicated on the measuring rod. Use columns A and B on the field list. When carrying out synchronic 

measuring, use several field lists. 

2) Determine the drop in the water level in the inner ring during a certain interval. Note the time and the 

water level in columns A and B on the field list. Start with short intervals (for instance 1-2 min) and 

conclude measuring with a longer interval (20 - 30 min, depending on the type of soil). 

a. Make sure the infiltration rings do not go dry during the measuring. Add water when only a few 

centimeters of water are left in the rings. Write the new levels in column B of the list. 

B. Keep the water in the inner and outer ring at a similar level. A higher water level in the outer ring will 

lead to a decreasing infiltration rate in the inner ring. A lower water level in the inner ring will cause 

the buffering against lateral spreading to decrease. 

3) Stop measuring only if the infiltration rate has reached a constant value. A change of < 10% in a 

certain phase is often considered constant. Depending on the type of soil this may occur within 1 or 2 

hours, in exceptional cases only after a day. 

4) Remove the rings using the pull-out hooks. 

5) Rinse the rings, make sure no earth sticks, and set to the rings. Proper maintenance will prevent 

unnecessary disturbance of the soil upon installation.

A B C D E F G H

Time 
Reading 

(hr.mn.sc)

Water level 

(mm)

Cumulative 
time 

(Min)

Time 
Interval 

(Min)

Infiltration 
(mm)

Infiltration 
Rate

(mm/min)

Infiltration 
Rate 

(…/….)

Cumulative 
Infiltration 

(mm)

Before 
filling 

After 
filling

Determine 
from A

Start = 0

Determine 
from A

Determine 
from B

Calculate 
from D & E

Calculate 
from F

Determine 
from E

Start = 0
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9.5  Trophic State Index

(Prasad and Siddaraju,2012; Vikaspedia, 2021 & Carlson 1977)

The trophic state is defined as the total weight of the biomass in a water body at a specific location and 

time. The trophic state is the biological response for nutrient additions to the water bodies 

(Naumann,1929). But these nutrient effects may be modified by parameters such as seasonal variations, 

grazing of phytoplankton by zooplankton, and mixing depth of the water, etc., Carlson's Trophic State 

Index (TSI) uses 3 variables namely:

1. Secchi's disc transparency

2. chlorophyll-a

3. Total phosphorus

Taking a Secchi Disk Reading

1) Lower the Secchi disk into the water 

on the shady side of the boat or surface.  

2) Keep lowering the disk slowly until it 

disappears. Note the depth on the cord 

at his point.

3) Lower the disk a little more and then 

slowly pull the disk up until you see it 

again.  Note the depth on the cord 

again.

4) Average the 2 depths & record the 

average depth on the Secchi data sheet 

along with the date and time of the 

reading.

Measurement of Total Phosphorus and chlorophyll A: The values can be done by using standard 

laboratory practices which generally use a Spectrophotometer to estimate the values.

Calculation of Carlson Trophic State Index

The trophic state indexof Carlson was calculated using the following formulae:

 TSI for Chlorophyll-a: TSI (CA) = 9.81In Chlorophyll-a(ug/L) + 30.6 

 TSI for Secchi depth:TSI(SD) = 60 - 14.41In (SD) (Meters) 

 TSI for Total phosphorus: TSI(TP) = 14.42 In TP(ug/l) + 4.15 

Where TSI is Carlson Trophic State Index and In is Natural logarithm. The Total Phosphorus and 

Chlorophyll-a values are in micrograms per litre while Seechi Disk's (SD) transparency values are in 

meters. 

For calculation of Carlson TSI average values of TSI's of these three parameters are considered.



Guidebook on S&T Interventions for Pond Rejuvenation

Annexures

Page | 133

Carlson's trophic state index (CTSI) = [TSI(TP)+TSI(CA)+TSI(SD)] / 3

However, theoretically, any of the three variables can be used to classify the state of the water body. 

Chlorophyll-a is given higher priority for classification because this variable is the most accurate among 

the three for the prediction of algal biomass.

The obtained TSI value of a water body is on a scale from zero to one hundred. On the TSI scale, water 

bodies may be classified as:

 Oligotrophic (TSI 0–40, having the least amount of biological productivity, "good" water quality).

 Mesoeutrophic (TSI 40–50, having a moderate level of biological productivity, "fair" water quality); 

or

 Eutrophic to hypereutrophic (TSI 50–100, having the highest amount of biological productivity, 

"poor" water quality).

The range of Carlson's trophic state index values and classification of lakes are presented in the table 

below.

Trophic 
index

Chlorophyll
(mg/l)

Phosphorus 
(mg/l)

Secchi Disc 
(m)

Trophic class Water 
Quality

<30–40 0 - 2.6 0 - 12 > 8 - 4 Oligotrophic Good

40 - 50 2.6 - 20 12 - 24 4 - 2 Mesotrophic Fair

50 - 70 20 - 56 24 - 96 2 - 0.5 Eutrophic Poor

70 - 100+ 56 - 155+ 96 - 384+ 0.5 -< 0.25 Hypereutrophic Poor

A detailed description of the TSI values and their correlation with the average Carlson TSI values, its 

corresponding trophic status, and the related water body characteristics/features is given in the table 

below:

TSI 
values

Trophic 

Status

Attributes

< 30 Oligotrophic Clearwater, oxygen throughout the year in the hypolimnion

30-40 Oligotrophic A lake will still exhibit oligotrophy, but some shallower lakes will 
become anoxic during the summer

40- 50 Mesotrophic Water is moderately clear, but the increasing probability of anoxia during
the summer

50-60 Eutrophic The lower boundary of classical eutrophy: Decreased transparency, 
warm-water fisheries only

60-70 Eutrophic The dominance of blue - green algae, algal scum probable, extensive 
macrophyte problems

70-80 Hypereutrophic Heavy algal blooms are possible throughout the summer, often 
hypereutrophic

>80 Hypereutrophic Algal scum, summer fish kills, few macrophytes
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9.6  Heavy Metals Concentration in Soil, Sludge and Groundwater at Pond Sites

Why study heavy metals toxicity?

Small water bodies such as lakes and ponds, especially those located near habitations, are polluted 

mainly due to the discharge of wastewater from residential areas, sewage outlets, solid waste dump sites, 

livestock rearing sites (e.g. dairy, poultry), and fertilizers and pesticides from farmers' fields. Long term 

use of contaminated water, either directly from these water bodies or from the nearby handpums or 

tubewells, can cause serious threats to human health as metal contamination enters the food chain. Heavy 

metal contamination is important due to its potential toxicity for the environment and human beings 

(Guo et al., 2010;  Kumar et al.,  2019). Metals are non-degradable and can accumulate in the human body 

causing damage to the nervous system and internal organs. Heavy metal pollution brings toxicity, has 

implications for life and lead to environmental risk with their poisonous, long-latency and accumulative 

characteristics (Rai et al., 2019). To protect against high exposures of metal contamination in human 

body, limits are set for these metals in food commodities (FSSAI, 2020).

Heavy metal pollution of soils is resulting from the intensive use of wastewater for irrigation, sewage 

sludge, pesticides, emissions from vehicle exhausts, mining and smelting, and is an increasingly urgent 

problem all over the world. Heavy metals in the soil include some significant metals and metalloids of 

biological toxicity, such as mercury (Hg), cadmium (Cd), lead (Pb), chromium (Cr) and arsenic (As), etc. 

They also include other heavy metals of certain biological toxicity, such as zinc (Zn), copper (Cu), nickel 

(Ni), tin (Sn), vanadium (V), and so on. The distribution of heavy metals in soil depends upon several 

factors like background parent rocks, weathering process, human activities, geology, and anthropogenic 

sources (Guo et al., 2010; Munyika et al., 2014; Raju et al., 2015). Atomic absorption spectrophotometers 

(AAS) and inductively coupled plasma emission spectrometers (ICPS) are commonly used to determine 

the metal concentration in soil solutions. The leaching potentiality of the heavy metals in the sludge and 

soil is also studied to understand the potential to contaminate the water resources.

The main anthropogenic source of heavy metal contamination is mining, disposal of partially or 

untreated waste as well as using pesticides and fertilizers in agricultural fields. Groundwater 

contamination is a common issue at pond sites, which have been turned into waste dumping sites (Malik 

and Biswas, 2013). Municipal solid waste disposal in and around ponds and lakes also contributes a 

considerable amount of metals to the groundwater. At these sites, contaminants such as iron, lead, nickel, 

zinc and cadmium dissolve from soil and waste material and are transported into groundwater in a 

process known as leaching. 

Methodology of Sampling and Computing Toxicity Indices

Groundwater samples were collected from the handpumps, which are purged for 10-15 minutes before 

sampling. The samples are collected in acid-washed and rinsed PE bottles and preserved by adding HNO  3

(2% v/v) (APHA, 2012). The sludge and pond soil (Psoil) samples are collected from the pond bed and 

soil samples from the nearby agricultural fields (Asoil). The soil/sludge samples are collected in 

polyethylene bags and transferred to the laboratory, to be preserved on ice packs and kept at 4°C in the 

laboratory till processing. The sludge/soil samples are microwave digested with HNO  and H O . The 3 2 2
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mobility of heavy metals from the sludge and soil of the study area are determined using the USEPA 

Toxicity Characteristic Leaching Procedure (TCLP) method 1311. The leachates obtained from the 

TCLP are centrifuged, filtered through 0.45µm filter paper and the supernatant was acidified with HNO  3

acid to preserve. The groundwater samples and acid digested sludge/soil samples are analysed using 

Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES), calibrated with standard metal 

solution traceable to NIST.  

Pollution Level Indices: To assess the pollution level and potential of heavy metals to contaminate the 

soil and groundwater, the following indices are used:

Geo-accumulation Index (I-geo): The geo-accumulation index (Muller, 1969) widely used as a 

quantitative indicator for studying the degree of heavy metal contamination in sludge was used for the 

assessment of pollution levels in the study area.

I-geo = Log2 /(C /1.5B )                                            …………………(1)n n

 Where

 C = concentration of the metal pollutant (mg/kg)n

 B = Geochemical background concentration of the pollutant in sediment (mg/kg)n

 1.5B =background matrix correction factor caused by the lithologic effectn

 I-geo= Consists of seven grades ranging from unpolluted to very highly polluted (Table 1)

Index of Geo-accumulation 

I-geo Grade Assessment

0 0 Uncontaminated

0-1 1 Uncontaminated to moderately contaminated

1 to 2 2 Moderately  contaminated

2 to 3 3 Moderately to highly contaminated

3 to 4 4 Highly contaminated

4 to 5 5 Highly to very highly contaminated

>5 6 Very highly contaminated

Contamination Factor (CF): CF is estimated by the following equation:

CF = C /Cn b

Where C  is the concentration of an element in the soil sample while C  is the geochemical background n b

value of non-effected soil at the study site. Soil quality is classified as CF<1 (low contamination), 1≤

CF<3 (moderate contamination), 3≤CF,6 (considerable contamination), and CF≥6 (very high 

contamination).
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Potential Ecological Risk Index (PERI): The potential ecological risk of individual metal element can 

be determined as follows:

i i i i i i
  E  = C  x T  = (C /C ) x Tr r r s n r

Where,

i
C  = concentration of an element in the soil samples

i
C  = geochemical background value of non-effected soiln

iT  = toxic response factor for each metalr

Toxic response factor is taken as 2 for Cr, 5 for Cu and Pb, 10 for As, 40 for Hg and 50 for Cd. Soil quality 

can be classified by Er value as, Er<40 (low risk), 40≤Er<80 (moderate risk), 80≤Er<160 (considerable 

risk), 160≤Er<320 (high risk), and Er≥320 (very high risk).

Heavy Metal Pollution Index (HMPI): HMPI is an effective tool to characterize groundwater pollution 

due to heavy metals. It represents the composite influence of metal on the overall quality of water. Heavy 

metal pollution index was calculated using the below equation:

……...........……………….(2) n
i = 1 WiQi / Wi

n

i = 1 

th
Where Qi is the sub-index of i  parameter

th
Wi is the unit weightage of i  parameter and n is the number of parameters considered

The Qi sub-index is calculated using the equation below

n

i = 1 
Qi= (Mi − Ii)/(Si −Ii )X100 ………………………….(3) 

th thWhere Mi is the evaluated values of heavy metal of the i  parameter, Ii is the ideal value of the i  
th

parameter and Si represents the standard value of the i  parameter.

Table 2: Heavy Metal Pollution Index Classification of Groundwater Samples (Emmanuel et al., 2018).

HMPI Classification Class

<0.3 Very Pure 1

0.3 -1.0 Pure 2

1.0-2.0 Slightly Affected 3

2.0-4.0 Moderately Affected 4

4.0-6.0 Strongly Affected 5

>6.0 Seriously Affected 6
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