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ABSTRACT. Since the beginning of river valley civilizations, humans have sought to harness the potential of flowing waters.
The monumental structures of dams have been instrumental in damming these flowing waters and providing a wide range
of benefits to society, including irrigation, drinking water, and generating clean energy. The present paper reviews in detail
the hydropower reservoirs (dams) and presents a broader depiction of the 3Ps associated with their profits, problems, and
planning. A literature review pertaining to dam construction and their impacts has been undertaken to analyze various
approaches involving studies on socio-economic and environmental indicators and sustainability/risk factors related to dams.
Various online search engines have been used to identify the desired studies and research for review. The first section of the
paper gives a detailed account of the contribution (i.e., profits) made by dams to the economic development of humanity.
The second part presents the negative social and environmental impacts (i.e., problems) of dams. As the paper proceeds,
numerous tools/models analyzed during the literature review are presented that can be used to mitigate the negative fallouts
of these dams (i.e., planning). However, it has been found that all these methods provide fragmented information with no
certainty regarding which essential aspects require more emphasis while planning for these superstructures. Thus, a basic
uniform frame is suggested, showcasing the fundamental and most critical aspects to be considered while planning a dam
structure, which are described according to the three phases of dam construction, i.e., pre-construction, construction, and
post-construction phases. While presenting the 3Ps (profits, problems and planning) of dams and analyzing their pitfalls, the
3ls (innovative keys) are recommended, emphasizing innovative technologies, innovative planning, and innovative solutions,
which are needed in making these dams more optimal, judicious, and sustainable.
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INTRODUCTION present, there are around 800,000 dams constructed and

operating on the earth, of which 50,000 are large dams

Earth is known as the blue planet (Byatt et al. 2001) as
its surface has around 71% of water and 29% of land. Out of
all water, oceans constitute around 96.5% of the remaining
fresh water in the form of rivers, lakes, ice caps, glaciers,
underground aquifers, and so on. However, the irony is
that water resources are unevenly distributed over the
land. These spatial variations in water distribution are the
reasons why people in many parts of the globe still do not
have enough water for drinking, sanitation, and irrigation.
At some places, there are floods, while other regions
experience droughts. To overcome the problem of regional
variations in water availability, humans relied on dams not
only in modern times but also in antiquity (Castelan 2002).
Going back into history, the first dam was constructed
in Jordan around 4000 BCE, and Sadd El-Kafara dam
construction dates back to 2600 BCE in Egypt (Schhnitter
1994). In modern times, the Spanish were the leaders in
dam construction around 1600 CE (Tullos et al. 2009). At

(Kornijowl 2009). The International Commission on Large
Dams (2022) describes dams with a height greater than
15 m as falling into the category of large dams. Whatever
the size, whether small, large, or medium, all dams are the
need of the hour all over the world, where the top three
most populous countries, i.e., China, India, and the USA, are
also the top-ranking countries with the largest number of
dams (World Register of Dams 2020a), viz,, China, which
has 23,841 dams, followed by the USA (9263) and India
(4407) (Fig. 1).

These hydropower reservoirs become inevitable,
especially in developing countries, as they find no
better option than dams to meet the demands of water
supply, electricity, changing and urbanizing lifestyles
of burgeoning populations, along with the mounting
pressure to mitigate carbon emissions in the scenario of
climatic change (Biswas 2012).
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Fig. 1. Top Nine Countries with Largest Number of Dams in the World

Need for Dams. To mitigate and overcome the problems
faced by emerging and developing countries and to address the
growing needs of power, water, irrigation, food production, etc,
dams play a vital role. Table 1 summarizes some facts that answer
the question, why are these dams needed or and why do we
need dams?

Considering these facts, countries all over the world are
shifting their dependence from fossil fuels to more renewable
and clean sources of energy (Fig. 2) (International energy agency,
market report July 2021www.iea.org.electricity). Among the
renewables, hydropower dominates, with more than half a share
of power generation (International Hydropower Association
2020). In the year 2016, hydropower contributed 16-17% of
the world's power, which was 70% of all renewable sources of
energy (Alam et al. 2017).

MATERIALS AND METHODS

We conducted a literature review based on peer-reviewed
journal articles pertaining to the construction of the dam'’s
reservoir and their socio-economic and ecological impacts,
both positive and negative. Further, we reviewed the articles

pertaining to various approaches involving studies on social
indicators, environmental indicators, sustainability indicators,
and risk factors. For deriving the desired studies and literature,
we used the online search engines Research Gate, Scopus, and
Google Scholar and the National Digital Library of India, using
the search terms viz, large dams, impacts of dams, hydropower,
and dam construction-specific impacts on socio-economics and
the environment (Fig. 3). A combination of all these could result
in a limited number of selected studies. In total, 82 research
papers have been reviewed, out of which 26 were reviewed for
problems associated with major dams constructed in the world,
25 were reviewed for positive impacts of large dam construction,
and 25 were reviewed for different approaches used to study
various impacts of dams, respectively. The remaining papers were
reviewed to analyze the innovative solutions recommended in
the findings.

For exclusion criteria, we did not include papers related to
run-of-river, small hydropower projects, or dam removal impacts,
stipulating that impacts of dams and reservoirs must be based
at least partially on large dams’ construction. Fig. 3 depicts the
flow diagram that shows the search engines used to select the
studies for review using select terms and exclusion criteria.

Table 1. Summary of facts: why do we need dams?

Facts regarding dams

Measures and numbers

Aggregate storage capacity

7714 km? (World Register of Dams 2020b)

Hydropower

2.3 trillion kilowatt hours of electricity each year (World Register of
dams 2020c)

Number of people dying of hunger

25000 /day (United Nations 2022)

Number of hungry people in the world

828 million people sleep hungry every night globally (World Food
Program 2022)

Number of people without access to clean Cooking

2.6 billion people globally (IRENA 2021)

Number of people without access to drinking Water

1.5 billion people globally (IRENA 2021)

Number of people without electricity

759 million people globally (IRENA 2021)
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Fig. 2. Global share of fossil fuels and low carbon renewables in electricity generation, 2020
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Fig. 3. Methodology for selection of articles on Large Dams

RESULTS AND DISCUSSION

The present paper analyzes the 3Ps associated with
the profits, problems, and planning aspects of dams in a
comprehensive and detailed manner. Firstly, the major
profits of dams are discussed, followed by the problems
that dams bring with them, and finally, the most significant
planning perspective is scrutinized, which can maintain a
balance between profits and problems of dams to make
the dams more environmentally friendly and sustainable.

Profits (of Dams): without the exploitation of rivers,
the world would be a much different place with cycles
of droughts, floods, and famines (Altinbilek 2002). The
International Energy Agency (2021) has found that energy
produced by hydroelectric installations throughout the
world provides approximately 1/5th of the world's total
electrical energy. As per the Hydropower Status Report
(2022) for the year 2021, the total hydropower installed
capacity reached 1360 GW, with the top six countries
being China, Brazil, the USA, Canada, Russia, and India
(Fig. 4) (International Hydropower Association 2022). The
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International Renewable Energy Agency (IRENA 2021)
reported that the world’s existing hydropower capacity
needs to grow by around 60% by 2050 to reach 2150 GW
to help limit the rise in global temperature to well below
2°C. Considering their overall utility, dams are known for
their multipurpose roles and benefits. Primarily, dams are
constructed for four major profits, as listed below:

- to meet the increasing demand of water (Eiriksdottir
etal. 2017);

- to provide electrical energy to expanding urban and
industrial centers (Altinbilek 2002);

- to irrigate the agricultural regions (Brown 2009);

- to control floods and divert the excessive river waters
to arid regions (Brown 2009).

The World Commission on Dams categorizes the
purposes of dams in nine categories (Table 2). According

to the study conducted by the United States Committee
on Large Dams (USCOLD) (1997), the living conditions of
people today are certainly improved by the construction
of dams. For managing the finite water resources in a
sustainable manner and to fulfil the potable and industrial
water demand and the ever-increasing energy demand,
dams are indeed considered to be an effective tool in this
regard (Altinbilek 2002).

The large amount of water that can be stored in
reservoirs makes dams more useful as they can generate
power instantly according to the varied electricity demand,
which is otherwise not possible with other sources of
power generation, such as thermal and nuclear sources
(Egrea & Milewskib 2002). Dams are considered large
social investments as they have a great role in the future
prospects of both urban and rural populations, especially
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Fig. 4. Countrywise hydropower installed capacity, 2021: 1360GW

Table 2. Categorization of Dams based on Purposes

Code Description Dams with sole purpose Multiple-purpose dams

C Flood control 2539 4911
F Fish farming 42 1487
H Hydropower 6115 4135
| Irrigation 13580 6278
N Navigation 96 579
R Recreation 1361 3035
S Water supply 3376 4587
T Tailing 103 12

X Others 1579 1385

—_
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in developing countries (Dixon et al. 1989). Dams control
flood hazards and support flood plain agriculture (Poff &
Hart 2002). IPCC (2007), in its report, predicted that due to
the increased frequency of precipitation events, the areas
affected by droughts and floods will be augmented, the
effects of which can be controlled by dams (Tullos et al.
2009).

Dams contribute much more than the above-
explained benefits, such as low carbon emissions and
adding very few impurities to the air (Jumani et al. 2017).
Thus, hydropower can be a major bridge to the urgently
needed transition to sustainable energy (Goodland
1995). Dams raise the socio-economic status of people
by providing modern infrastructure and employment to
them (Brown et al. 2009). For example, Bui Dam in Ghana
led to improvements in road networks, drinking water,
health, and education (Mortey 2017). Dams also provide
recreational and navigational facilities as well as income to
society (Brown et al. 2009).

The benefits and contributions of some of the major
dams in the world are summarized in Table 3 and Fig. 5.
Clean and affordable energy and zero hunger are two of
the 17 Sustainable Development Goals adopted in 2015 by

193 countries to end extreme poverty, reduce inequality,
and protect the planet through its Agenda 2030 (United
Nation 2021).

Certainly, the path to reach these goals goes through
hydropower if the problems associated with dams are
reviewed and eradicated using proper planning and policies.
There is a dire need to shed some light on the problematic
side of dams, which is being done in the following section.

Problems (associated with dams): World Commission
on Dams (2000) reports that “shortfalls in technical,
financial and economic performance have occurred and
are compounded by significant social and environmental
impacts of dams, the costs of which are often
disproportionately borne by poor, indigenous people and
other vulnerable groups”. Dixon et al. (1989), found that
dams have direct benefits, but there are many associated
environmental and social effects, most of which are likely
to be costs. Globally, the major issues arising due to dam
construction can be grouped as socio-economic impacts of
dams (Rao 1989; Pinho et al. 2007; Sharma and Thakur 2017)
and environmental impacts (Richter et al. 2010; Pinho et al.
2017). These negative impacts often lead to undue cost/
schedule overruns of dams (Fig. 6).

Table 3. Benefits of some major dams in the world

Country (Dam)

Benefits

Mexico (Chicoasén Dam)

42% for agriculture, 39% for hydropower, 9% for water supply,10% for water supply (Castelan 2002).

Turkey (Ataturk)

irrigates 882,000 ha land which is about 56% of the total irrigated land, generate 8900 GWh/year energy
and contributes about 3.8 billion US$/year to its economy (Altinbilek 2002).

Switzerland (Grande Dixence
Dam)

59.6% of electricity comes from hydropower (Kellner 2019).

India (Sardar Sarovar)

Irrigates 18.45 lac ha land in Gujarat, provide drinking water to 173 Urban centers and 9490 villages,
flood protection to 4 lac population of Gujarat, has two power houses of 1200 MW & 250 MW each
(Sardar Sarovar Narmada Nigam Ltd. 2021).

China (Three Gorges)

It protects about 15 million residents and 3.7 million acres in the Lower Yangtze floodplain (Earth

observatory 2007).

Brazil (Tucurui)

Supplies power to 13 million people (La Rovere and Mendes 2000).

Bhakhra dam, the harbinger of
green revolution in India

Irrigation & land (Kornijowl 2009).
Food * Contribute to 12-16% of global
Production food production (Richter et
212010).

le are employed in
Employment mopower :zduysu'y
(IHA,2020)
«Hydropower plants are 2 times
more efficient than thermal
. plants
Efficient &  .Giobal emissions would be 10%
Pollution higher if there was no
Free With hydropower. Also, it avoided
Low Carbon 148mt of air pollutants, 6.2 mt
Emissions of sulphur dioxide and 8 mt of

*Dams irrigate 30-40% arable

*Worldwide, about 2 million

nitrogen oxide thus protects
from health and environment
related problems (IHA,2020)

Fig. 5. Worldwide contributions of Dams
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Fig. 6. Cost overruns of hydroprojects in million US dollar
(Shaktawat & Vadhera 2021)

Impoundment and presence of reservoirs in dam
construction are the major causes of negative socio-economic
as wellas environmental impacts of dams (Egrea and Milewskib
2002; Sokolov et al. 2020). Also, global climatic changes and the
growing demand for electricity intensify the negative impact
of dams (Tullos et al. 2009). The intensity and magnitude of
socio-economic impacts are vast in time and space and are
explained below:

- Involuntary displacement and resettlement are the most
dreadful of the socio-economic impacts (Mcnally et al. 2008;
Gutman, 1994) leading to adulteration in social networks
(Brown 2009). For example, over 10 million people were
displaced by dam construction between 1950-1990 in China
alone, and many more in other Asian developing countries
(Kiik 2023). Similarly, in Poland, during the filling of Czorsztyn
Reservoir, over 300 households were drowned in the village
Maniowy (Kornijow! 2009). Gorshkov et al. (2013) discussed the
problems of ponds and dam reservoirs in Russia.

« Profound direct and indirect negative impacts on the
livelihood of displaced populations are found (Aung etal. 2021).
Moreover, locals are cheated in the name of employment and
electrification (Jumani et al. 2017). Forest and agricultural land
are inundated (Mcnally et al. 2008), resulting in food insecurity
(Richter et al. 2010), increased water conflicts (Rao 1989: Moller
2005), changes in resource allocation and resource use patterns

(Gutman 1994). Sikka (2020) analyzed the large displacements
caused by the Sardar Sarovar Dam in India. Chandy et al. (2012)
found that due to dam construction in Sikkim, India, changes
in land use and occupation of people could adversely impact
their livelihoods. Also, there is immigration to host places,
and thus relocation results in higher densities and greater
struggles over resource access (Tullos et al. 2009) by altering
the land-man ratio. Worldwide, about 1249 large dams have
been constructed in protected areas, which adversely affect
the health of protected areas; thus, dam construction within
or near protected areas should be avoided (Thieme et al.
2020). The World Commission on Dams, in its seminal report,
noted that dams are spatially significant, locally disruptive, and
come along with lasting and often irreversible effects (Tullos
et al. 2009). The World Register of Dams (2020d), illustrates the
magnitude of displaced people through some of the largest
dams (Fig. 7). The negative impacts of dams are summarized
in Table 4. These problems can be tackled with the numerous
tools/methods mentioned below in the planning section.
Planning (of dams). As numerous sectors such as water,
food, and energy supply get affected by water resource
projects, the framework of optimal designs for proper
operation and maintenance of these projects and existing
water resource—related curricula need to be improved and
updated (Singh 2023). The sustainability of a dam depends on

< 1,600,000 1,400,000
@ 1,400,000
Bl 506,000
8 800,000
= 600,000
9 400,000 200,000
& 200000 80,000 ! 150,000 110,000 70,000
= r
9 0 —_— [ ] —
o —
= ol - "D ) g - e
CQ\{\ CF\(\ \(‘a C(\‘{\ \\__r-,""\ .\g}’,“" ob’b
< & 'b@‘ & ((\q‘ Q'SL- @"-‘3
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g,"J ’00 ~§b {b -3 Q'a‘ Q,."
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Fig. 7. Resettled persons due to major dam construction
(Shaktawat & Vadhera 2021; World Register of Dams, 2020d)
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the policy, its planning, and its proper implementation. A well-
crafted plan integrates policymakers, the scientific community,
and the people who will share the costs and benefits. Public
involvement in planning and decision-making processes is an
important aspect (Gogoi 2023). A lack of involvement from any
one of these three factors often results in the construction of
controversial dams. Considering the negative impacts of dams
and reservoirs, many countries in the west (including USA and
European countries) have initiated dam and reservoir removal
projects as well (Habel 2020).

Water resource management through dam construction
is such a dynamic process as it involves the entangled web
of society, environment, climate change, and sustainability.
These four aspects are so interrelated that a minor imbalance
in one can derail the entire development process initiated
through dams. An innovative hydropower development
model is one that can coordinate environmental protection
and resettlement while boosting economic and social

development and is needed the most (Sun et al. 2020).
Such an innovative model is the precursor to the ‘innovative
technology’ required for making sustainable dams. In the
last 20 years, as dam construction has picked up mainly in
developing countries, there has been an urgent need to
address the issues related to the various impacts of dams. After
the WCD (2002) report, new areas of research in the context
of dams have emerged, namely climate change and dams,
downstream impacts of dams, and gender-based studies in
dam impacts (Schulz & Adams 2019). We recommend the 3Is
(innovative keys) which emphasize the need for innovative
technologies, innovative planning, and innovative solutions
to enhance the optimization, judiciousness, and sustainability
of dams. To begin with, getting acquainted with innovative
technologies, some of the approaches/models for planning
and sustainability assessment of dams (Tables 4-7) are
summarized and presented here.

Table 4. Studies/approaches involving risk factor

Tools/Model

Indicators Used

Main Findings

Fuzzy Topsis
(Agarwal & Kansal 2020)

Risk Index based initial cost interval
assessment by using Multi criteria decision
making methodology

The result of case study matches the actual
values of project

Fuzzy Logic
(Kucukali 2011)

Fuzzy rating tool to calculate Risk Index (R)

Site geology and Environment issues were
the most important risks

Fuzzy Hybridized with ANN and genetic
Algorithm (Shaktawat & Vadehra 2021)

Sensitivity analysis to evaluate Risk factor is a
primary method

Study found that construction phase is the
most critical and Life cycle risk assessment is
required for sustainable growth

Risk Framework
(Cleary et al. 2015)

Consequences of failure modes of Earth
dams

Earth dams are more vulnerable to failures
due to Overtopping, Piping and Landslip
failures

Hydro Informatic
(Approach Maan et al. 2020)

Estimation of design flash flood

Flood hydrographs are more important in
flood-risk management.

Table 5. Studies/approaches involving environmental indicators

Tools/Model

Indicators Used

Main Findings

Greenhouse Gases Risk Assessment Tool
(GRAT) (Kumar et al. 2019)

Life cycle GHG emissions of reservoirs using
age of reservoirs, annual mean temperature,
annual mean precipitation and runoffs

Three Gorges reservoir was found under high
risk of CH,.

Dam Environment Vulnerability Index (DEVI)
(Latrubesse et al. 2017)

The Basin Integrity Index, The Fluvial
Dynamics Index, the Dam Impact Index

The study found that the Maderia River
watershed in Amazon River basin is the most
vulnerable with high value of DEVI (80-100).

Artificial Neural Network (ANN)
(Xu etal. 2019)

Quantification of plant biodiversity indicators
related to Hydropower ANN was used to
maintain a balance between hydropower
and biodiversity targets by developing an
optimization model

Recommended to use Pareto-Optimal
solutions to optimize the human as well as
ecosystem Objectives.

Life Cycle Impact Assessment (LCIA)
(Gracey et al. 2016)

Quantification of environmental Impacts of
hydropower on Biodiversity.

Study found that main impacts being,
freshwater habitat alteration, water quality
degradation, land use impact.

Multi - criteria scoring tool to assess the
environmental risks of SHPs (Kucukali 2014)

Environmental flow, water quality, fish
passage and protection, watershed
protection, threatened and endangered
species, selected on basis of EBRD*

The hydropower plant under case study
failed in all criteria of EBRD.

Hierarchical Framework (Burke et al. 2009)

Quantification of First order, 2" order and 3
order impacts of multiple dams within the
study area.

Recommended alternative River
management Strategies using Hierarchical
framework over space and time.

Environmental Impact Assessment (EIA), a
Comparative analysis (Abdul-Sattar 2007)

Legislative and implementation deficiencies
in developed and developing countries.

Case study in Pakistan shows deficiencies
even after the implementation of EIA
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Table 6. Studies/approaches involving social indicators

Tools/Model

Indicators Used

Main Findings

Social impact Assessment of three large
Hydro Projects £gre & Senecal 2003

Resettlement issues and Resettlement Action
Plan

Pre-project SIA is useful if resettlement plans’
implementation is based on its findings

Social Life Cycle Assessment (SLCA)
Aungetal. 2021

Multiple social stressors, Different impact
Categories within Potentially disturbed
communities

Shweli Dam has more negative impacts than
benefits to locals.

Integrative Dam Assessment Model (IDAM)
Brown et al. 2009

Objective and subjective Cost/benefit
analysis using 27 impacts of dams

Policy makers can use it to find alternatives
and priorities in dam construction

Comparison of SIA in two dams
Tilt et al. 2009

Migration and resettlement, changes in
rural economy, employment, infrastructure,
cultural aspects, health and gender relations

Policy makers can know which interventions
to be taken and how by identifying the dams’
impacts

Hydraulic Modelling
Wyrick et al 2009

Social impacts of dam removals

The study recommends Interaction between
all stake holders

Matrix Framework-A Review
Kirchherr & Charles 2016

Unification of existing frameworks for social
impacts into a single Framework

A holistic way to assess the complex and
multi-dimensional social impacts of dams

Resettlement and Livelihood adaptation-A
Case study Sayatham & Sudhardiman 2015

Farming households with different assets
and resources

Insufficient agricultural land is the major
obstacle in livelihood adaptation after dam
construction

Four stages planning for Resettlement
Scudder 2005

Socio-economic status of displaced people

Handing over a Sustainable Resettlement to
2" generation

Table 7. Studies/approaches involving sustainabili

ty criteria

Tools/Model

Indicators Used

Main Findings

Hydropower Sustainability Assessment
Protocol Hartmann et al. 2019

Good and best practices at each stage of
lifecycle of a hydropower project for 24
topics

Teesta-v project meets proven best practice

on 6 out of 20 topics. It exceeds basic good

practice on 9 topics and meets basic good
practice on 5 topics

PROMETHEE & Analytical Network Process
Wuetal 2017

Firstly, HELTS* is used to rank social
sustainability of each alternative. Then
Analytical Network Process is used to

measure Correlation between indicators

Public recognition is discovered as key
indicator by Comparative analysis

Multi-Criteria Analysis Morimoto 2013

Quantitative relationship between economic,
environmental and social indicators

Economic indicator has biggest impact (.324)
followed by environment impact (0102)

Emergy Analysis Zhang et al. 2014

Environment loading and Sustainability of
energy Systems

Environment loading ratio is acceptable
when 2.04.

Causal Diagrams to show Impact Pathways
Voegeliet al. 2019

Series of 10 casual Diagrams each showing
specific topic

Stakeholders’ perspective with proper
understanding of pathways to know the
main reason of conflicts.

Sustainability Assessment -A Review
Nautiyal & Goel 2020

Hydropower, development, society,
environment, economy is interlinked

Sustainability prediction of HPPs is
incomplete without considering all
biophysical impacts.

Undoubtedly, there are numerous models/approaches
being developed from time to time for assessing the
impacts of dams based on different aspects; however, it
has been found that whenever dam impact assessment is
done, it is focused on only a single aspect, and there is a
lack of a unified basic frame that can give a comprehensive
understanding to policymakers (Schultz & Adams 2019), so
that whatever method or tool they are applying to plan a
proposed dam construction should be focused on some
fundamental aspects to make dams more judicious and
optimal development devices (Shafa et al. 2023). To fill
this gap, phase-wise essential aspects for the planning of
dam construction are being suggested here as ‘innovative
planning’ (Table 8). Taking these planning phases as a
uniform code for all dam construction, any method can be
used to assess these aspects, on the basis of which policies,
decision-making, and planning can be done accordingly.

126

Also,itisnecessarytoinvolve plannersand policymakers,
keeping in view the interdisciplinary approach. Apart from
the above-mentioned aspects, there is a need for some
‘innovative solutions’ for redressing the negative impacts
of dams, which are discussed as follows:

- To use dams’ infrastructure for installing the solar
panels, this way enhances energy production (Rauf et al.
2020; Vella 2021).

- To focus on developing new technologies to capture
methane from hydroelectric reservoirs before it enters the
atmosphere and convert it into energy (Hirsch 2007).

« As methane is a much more potent greenhouse gas
than CO,, you can control methane emissions by planting
trees like pines, spruce, etc. that can absorb methane
emissions (Yoneda 2013).

- To control reservoir siltation, detailed statistical
analysis of the morphometric parameters at the micro-
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Table 8. Phases of dam construction planning

Phase -I

Phase-ll

Phase-lll

Pre-construction Planning
1. Socio-economic equality and inclusion
2. Awareness among all the stakeholders
about their roles in making dams sustainable

5. Environment safety and conservation
6. Climate change, hungry water and gender
impacts of dams and vice-versa
7.Potential of dam reservoir for GHG
emissions burden

Construction

. Planning . !
3. Site geology . ) 1.Re-checking and evaluating what has been
4. Cost/schedule over runs 1.Dam failure ;Issgessasrrfe;atfety easures achieved and what is the lacking?

2.Assessing the burden of infrastructure on
local as well as outsourced resources

Post-construction Planning

2. Measures and solutions to mitigate the
remaining problems

watershed scale is essential (Singh & Singh 2020) and the
most severe impacts of sedimentation can be prevented
if sedimentation management begins within a decade of
reservoir construction (Anari et al. 2023).

- To use dam water for hydroponics, there is a benefit to
the locals (Sharma et al. 2019).

- To use ‘optimization model’ for allocating reservoir
water efficiently for irrigation to different cropping zones
(Alfaisl et al. 2023).

- To use various ‘Non-Revenue Water (the amount
of water produced and lost before it reaches customers)
Reduction Strategies’ (Farouk et al. 2023). In this way,
water theft and other water losses (losses due to leaks,
bursts, overflow from water mains, service connections) in
developing and developed countries can be reduced.

CONCLUSION
Dams have numerous profits along with various

problems associated with them, for which these inevitable
developmental tools attract criticism. However, one thing
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