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ABSTRACT
User Requirements to Support Functional Characteristics of a Digital Early 

Warning System for Dam Failures in Sri Lanka

Dam failure is one of the most prominent disasters which created very bad impacts on 
humans as well as the properties. In terms of reducing the impacts of dam failures, 
early warning systems (EWS) play a major role by creating linkages between the dam 
safety procedures and the dam stakeholders. Currently, Sri Lanka is using a manual 
EWS for dam failures, and as a developing country, need to change for a digitalised 
EWS that consists of a digital platform for dam failures with the aim of reducing the 
impacts and increasing efficiency and the accuracy. Therefore, this study intends to 
enhance the functional characteristics of a digital EWS to reduce the impacts of dam 
failures in Sri Lanka.

The study takes an interpretivism stance in the research philosophy, where qualitative 
survey was the main research strategy. Semi structured interviews and focus group 
discussions formed the primary data collection techniques. Manual content analysis 
and user story analysis were used to identify the causes and impacts of dam failures, 
functional characteristics of the EWS with supporting system views, user requirements 
for an effective EWS for dam failures, and the characteristics of the digital platform to 
support the functional characteristics of the EWS used for dam failures in Sri Lanka. 
Empirical findings revealed that design, technical, and management causes act as the 
internal causes for dam failures while natural disasters, and human and animal acts act 
as the external causes for the dam failures. The loss of human life, social, 
environmental, economic, institution and political impacts were identified as the 
impacts of dam failures in Sri Lanka. The main fimctional characteristics considered 
for the design of the EWS were identified as forecasting and evaluating the risks, 
monitoring and detection, and warning and evacuation. Accordingly, data, community, 
communication, institution or stakeholder, and technology are the system views that 
support the functional characteristics of the EWS. However, thirty-two (32) user 
requirements were identified through the focus group discussion, and accordingly, the 
features were analysed for the digital platform for the EWS of dam failures in Sri 
Lanka. Finally, a framework has been developed by incorporating all the findings of 
the study. Hence, that will be beneficial to reduce the impacts of the dam failures in 
Sri Lanka by making speed and accurate warnings.

Keywords: Causes, Characteristics, Dam failure, Digital Platform, Early Warning 

System (EWS), Impacts, User Requirements
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CHAPTER ONE

1. INTRODUCTION

1.1 Research Background

Dams are transverse engineering constructions that vary in size and height and are 

composed of a variety of materials such as loose pebbles, wood, concrete blocks, or 

rocks in gabion baskets (Lucas-Boija et al., 2021). They are built by spanning 

ephemeral or permanent torrents, gullies, and streams (Patel, 2012). These structural 

components have a long tradition of use in particular hydrologic restoration, erosion 

minimisation, and land management, and they can be found all over the world 

(Mekonnen et al., 2014). Dams have always been associated with humanity’s 

development process (Chen et al., 2016). Hence, dams are categorised as large or 

small, and this categorisation is specifically related to the primary function and 

application of the structure (Nascimento & Ribeiro Neto, 2017). Dams have served a 

variety of purposes over the years, and their widespread use is because of the 

systematic knowledge applied in the design and protection of structures (Hsiao et al., 

2021). Hsiao et al. (2021) further asserted that studies and scientific discoveries 

precede, accompany, and enhance these structures. According to Lucas-Borja, et al. 

(2021) dams are used to improve the land, manage soil erosion, and moderate water 

and sediment flow. Hence, dams, irrespective of their size, represent a diverse range 

of purposes; dams primarily deliver power generation, but they are also employed for 

flow control, navigation, agrarian supplies (primarily for small properties), and water 

accumulation (Nava et al., 2021).

A dam failure occurs when a limited or unlimited capacity of fluid, pieces or their 

mixture collapses onto a horizontal or inclined channel (Chanson, 2006). According 

to Chanson (2006), it symbolises a broad range of practical problems with significant 

engineering implications. Among the most well-known examples are the collapses of 

water reserving dams and earth filling tailing dams (Di Cristo et al., 2010). The failure 

of these dams could have disastrous consequences for both human life and property 

(Li & Zhao, 2018). Dam failure can be caused by a variety of factors (Gregoretti et al.,
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2010). According to Gregoretti et al. (2010), the main causes of tail dam failure are 

unusual weather and poor dam management, whereas dam material, seepage, 

geometric dam configuration, and reservoir level all influence the stability of a 

landslide dam. The most corporate reason for dam failure, especially for moraine dams 

and earthen embankments, is overtopping (Balmforth et al., 2008).

As per Viseu and Betamio de Almeida (2009), dam accidents, including structure 

failure, pose serious risks to people and property. Despite increased dam safety as a 

consequence of enhanced engineering skills and higher construction quality, a 

completely risk-free warranty is not feasible, and an unfortunate incident can occur as 

a result of reducing the strength with the age, human actions, or natural hazards (Ge et 

al., 2020). Further, Ge et al. (2020) highlighted that those all justify an increased focus 

on dam security and valley management. Prospective dam failures, as well as public 

pressure for a secured surrounding, advocate dam risk assessment and reduction in 

downstream valleys in modem society (Green & Baird, 2020). Some modem technical 

guidelines and safety legislation encourage and assist dam failure flood risk 

management (Hsiao et al., 2021), which makes a significant involvement to public 

safety through downstream valleys as well as economic and environmental resource 

protection (Viseu & Almeida, 2009).

The latest dam failure happenings in the United Kingdom and the United States 

emphasise the significance of downstream populations being mindful and well 

educated about risks so that they can agree and react to warnings in a reasonable and 

timely manner (Mehta et al., 2020). Following the required evacuation order for 

188,000 people downstream of Oroville Dam, for example, some members of the 

community did not disperse as instructed because they were unsure whether the dam 

would actually fail, desired to safeguard property, and managed to avoid traffic 

congestion (Hollins et al., 2018). Hariri-Ardebili (2018) asserted that dam failure can 

be initiated by operational flaws in the initial design, dam age, or exterior events such 

as natural disasters that generate conditions which can exceed the dam capacities, 

having a devasting impact on downstream populations, property, infrastructure, and 

livestock in the same way that severe flash flooding does. Outside of the dam safety
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community, international bodies and emergency management organisations have 

recognised a lack of awareness about the dam failure effects (Mehta et al., 2020).

Mehta et al. (2020) have revealed two critical stages in dam failure risk management: 

forecasting damages or harms and their possibility via risk assessment and determining 

risk mitigation strategies while residual outstanding risks are unacceptable. Dam 

failure risk assessment determines the degree of the flood hazard that could occur as a 

result of a dam failure, guesses its main outcomes, and assesses its significance (Celik 

& Gul, 2021). Dam risk management is the result of fundamental factors: a dam is at 

all times a potential hazard, and there is a necessity to ensure rational and sensible 

safety to those concerned in the event of an accident (Hollins et al.. 2018). The primary 

goal of dam failure risk management and hazard mitigation is to lower the propable 

human losses and downstream injuries associated with dam accidents by implementing 

both structural and nonstructural measures (Mehta et al., 2020). The results of the risk 

analysis and risk evaluation processes are integrated into risk assessment, and 

recommendations regarding the need to reduce or simply control the residual risks are 

made (Bedford, 2013). Oanh (2020), further revealed that risk analysis offers the 

degree and nature of the uncertainty surrounding the situations under which the dam 

must perform, as well as the uncertainty surrounding the reactions of the dam to those 

situations.

Early warning systems (EWS) which are either structural or non-structural 

instruments, can be used to minimise the influence of dam failures on the community 

and other constructions while performing as a moderation that is used to lower the 

risks linked with dam failures (Yang , et al., 2022). These systems place a strong 

attention on social relationship factors (for example, instead of just communication 

hardware, integrate technical aspects with collaboration and communication), 

involvement, education (and thus enhanced risk sensitivity), exercise, and assessment 

(Weber, 2020; Rajamaki & Katos, 2020). Weber (2020) further revealed as these are 

the most important factors of enhancing the efficacy of warning systems, and they are 

frequently overlooked or underemphasised. Messages from EWSs should be directed 

toward people in danger and should be capable of delivering people regardless of what

3



they are doing, be simple to admittance and use, not generate additional risk, be 

dependable, offer adequate lead time so that individuals can safeguard themselves and 

send authenticated messages (Mukhtar, 2018). To be effective, warning messages must 

be perfect, reasonable, accurate, frequent, believable, precise to the recipients, and 

provide specific instruction on whatever the outcome will be about and what to do to 

lower the risk from the approaching possible disaster (Rajamaki & Katos, 2020).

Digital methods with interactive tools have recently become available to help with 

disaster risk management decision-making (Henriksen et al., 2018). The main 

objective of the usage of digital technology for EWSs is to make significant 

improvements in community security, as well as the protective measures of the 

environment and the economy from the effects of floods and other dangerous 

occurrences (Goniewicz & Burkle, 2019). As per Rucinska (2014), IT systems will 

allow support for crisis management in a situation of disaster or any other hazard. A 

system based on the Internet of Things (IOT) developed by Xu, et al. (2018), utilises 

a mobile cloud computing platform to use as an evacuation planning system for the 

large densities of people in disasters. Hence, a digital platform is a set of subsystems 

and interfaces that form a common structure for/from which derivative applications 

can be developed and distributed' (Xu et al., 2010, p. 1305). Tan et al. (2015) further 

revealed that digital platforms have grown in importance as a means of organising a 

wide range of human activities, including economic, social, and political interactions.

Sri Lanka is prone to several natural disasters such as cyclones, droughts, floods, heavy 

rains, landslides, land subsidence, storms, strong winds, tornados, and tsunami 

(Keerthiratne & Tol, 2018). Additionally, in Sri Lanka, there are dams of various sizes 

and types like gravity, embankment, arch, and arch-gravity dams (Navarathinam et al., 

2015; Manatunge et al., 2009; Fujikura et al., 2009). Therefore, with the recent climate 

changes in the world and the aging of the dams, there is a necessity for dam safety. 

Moreover, the irrigation department of Sri Lanka highlighted that Sri Lanka is at risk 

of dam failures due to climate changes and the aging of the dams. Hence, it is high 

time to have an EWS for dam failures. Further, the non-structural nature of EWSs 

should consider minimising the impacts of dam failures in terms of social, economic,

4



and political paradigms. To facilitate this a digital platform can be a potential solution 

which can help to interconnect different paradigms of the EWSs.

1.2 Problem Statement

Many dams have been built around the world to provide a variety of benefits such as 

flood control, power generation, and water supply (Hariri-Ardebili, 2018). Despite 

providing massive economic comforts, dams can fail and cause devastating floods, 

posing major dangers to downstream occupants and the economy (Li et al., 2019). As 

revealed by Pisaniello et al. (2015) unfortunately, not only developing countries but 

also developed countries are unable to deliver adequate commercial support to confirm 

that all of their dams are in a sufficiently safe condition. The traditional standards- 

based approach determines dam safety requirements based on the protected population 

and economic volume (Ge et al., 2020). However, in a climate of increasing public 

security, it is becoming increasingly inadequate to handle a single dam or a portfolio 

of dams in allocating limited resources for their operation, repair, or improvement (Li 

et al., 2019).

Climate change has increased the frequency of natural disasters such as flash floods, 

hurricanes, and landslides around the world in recent years (Hsiao, et al., 2021). 

Natural disasters have a significant impact on human society and can be caused by a 

variety of hazards (Takabatake et al., 2020). Dow and Cutter (2002) revealed that 

evacuation planning has been studied for specific risks such as tsunami, earthquakes, 

and hurricanes. Hydrological hazards are distinct in that they bring a large amount of 

surface water into urban and rural areas, causing significant damage to civil 

infrastructure systems and resulting in the loss of lives and property (Chen & Pena- 

Mora, 2011). Flooding can be caused by a number of factors, including insufficient 

drainage capacity and heavy rainfall (Balmforth et al., 2008). Dam failure, on the other 

hand, is one of the most disastrous causes (Samarajiva et al., 2006). When a wavefront 

occurs, it can quickly reach downstream areas, giving local residents little time to flee 

danger (Hariri-Ardebili, 2018). Furthermore, reckless evacuation may increase the risk 

by exposing evacuees to additional hazards (Kitamura et al., 2020). As a result, in 

response to the emergency and the cascading effects of dam failure flooding, the

|| LIBRARY |
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downstream areas of a dam or reservoir may require pre-planned evacuation 

instructions (You et al., 2012).

Sri Lankan dam network includes over 350 medium and large dams, as well as over 

12,000 small dams in which design, age, and construction structures are varied 

(Samarajiva et al., 2006). Hence, there should be much attention to dam failures in 

order to reduce the hazards faced by the communities and the infrastructures. For 

example, the Kotmale reservoir inundated more than 4000ha of fertile land, including 

600ha of paddy fields, from the late 1970s to the early 1980s, displacing approximately 

3400 families (Fujikura et al., 2009). Moreover, scholarly articles highlighted that Sri 

Lanka still has doubts about dam failures (Fujikura et al., 2009; Manatunge et al., 

2009).

Most people have practised identifying the risk of dam failures through environmental 

changes like water stream levels (Mehta et al., 2020). Hence the author further revealed 

that it is vital to have an EWS for dam failures as there can be the risk of dam failures 

that cannot be identified through environmental changes such as the aging of the dam. 

Although the experts in dam authorities communicate about dam failures through 

mathematical and scientific methods, communities cannot understand those due to 

their less knowledge of the dam failure causes as they adhered to assess the risk of dam 

failures through their self-assessments (Khoshkonesh et al., 2019). Therefore, people 

are willing to have a pre-disaster risk identification method in order to increase the 

communication between communities and dam operators with the aim of reducing the 

hazard of dam failures. Celik and Gul (2021) asserted that hazard identification, risk 

assessment, and control are viewed as a sequential holistic process that is at the heart 

of risk management and necessitates good planning, management, and feedback 

systems.

Accordingly, there is a gap between existing EWSs for the dam failures and the 

response to them through the community (UNDP, 2009). Further, the failures of the 

traditional EWSs for dam failures in Sri Lanka act as a major barrier to the reduction 

of risks allocated with dam failures (Samarajiva et al., 2006). There are several 

scholarly articles based on the dam failures of Sri Lanka (Fujikura et al., 2009;
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Manatunge, et al., 2009; Navarathinam, et al., 2015) and only limited articles have 

discussed the need for an EWS for the dam failures in Sri Lanka (Samarajiva et al., 

2006; UNDP, 2009). In addition to that, the government attempts to use digital 

technologies for current warning systems to fulfill the gaps and it has all been naught 

because there is no comprehensive strategic plan for implementing the systems. 

However, the adoption of digital technology for the EWSs of dam failures in Sri Lanka 

is still at the infancy level (Hettiarachchi & Weeresinghe, 2014). Hence, this study 

intends to investigate the support of digital platform to reduce the impacts of dam 

failures in Sri Lanka.

1.3 Aim and objectives

Aim

The aim of this research is to enhance the functional characteristics of a digital EWS 

to reduce the impacts of dam failures in Sri Lanka.

Objectives

1. To identify the causes and impacts of risks associated with the dam failures in 

global context and in Sri Lanka.

2. To explore the functional characteristics of EWSs used for dam failures in Sri 

Lanka

3. To define a set of systems views that can be used to support the functional 

characteristics of an EWS.

4. To capture user requirements for an effective EWS for dam failures in Sri 

Lanka

5. To define the features of a digital platform to enhance the functional 

characteristics of an EWS for dam failures in Sri Lanka.

1.4 Research Methodology

This study adopted an interpretivism philosophy by taking predominantly an abductive 

approach. Further, the study was conducted as qualitative research as it can be used to 

create new relationships with the variables to understand the complex processes and

7



to illustrate the influence of society (Shah & Corley, 2006). Further, the researcher 

creates an environment by interconnecting the communities and the government 

officers in order to collect subjective and attitudinal information for the user 

requirements of EWSs. The researcher would perform a specific role in identifying the 

user requirements and making solutions for them through the digital platform with the 

observations and measures taken from the key stakeholders. As the research has an 

exploratory nature a survey strategy was adopted to gather primary data.

When it comes to data collection, semi-structured interviews, and a focus group 

discussion were conducted in order to have a great understanding of the research area 

with the people’s experiences, beliefs, perspectives, and knowledge. Semi-structured 

interviews with key stakeholders including communities were conducted to identify' 

the causes of dam failures and the economic, social, and environmental impacts of dam 

failures (objective 1), to explore the functional characteristics of EWSs in the Sri 

Lankan context (objective 2), to identify the different system views that support for 

the functional characteristics of EWSs (objective 3) and to capture the user 

requirements of the usage of effective EWS for the dam failures in Sri Lanka (objective 

4). Finally, objective 5 in which the digital characteristics of EWS for dam failures 

were evaluated with the necessary input from the experts on the technology. The 

features of the digital platform that had already been developed as part of another 

research project (MOBILISE) were evaluated against the user requirements captured 

to make the digital platform suitably support the EWS for dam failures in Sri Lanka. 

All the data collected qualitatively through the semi-structured interviews were 

analysed using qualitative content analysis and user story mapping. The user story 

mapping consists of 5 steps such as establishing the vision, identifying the users of the 

system, building the backbone, breaking the activities into user stories, and user story 

prioritisation. The final step of prioritising the user requirements gathered through the 

primary data was achieved using a focus group discussion with experts from dam 

construction and technology.

As such, this study undertook an in-depth inquiry related to dam failures, EWSs, and 

digital platforms

8



1.5 Scope and Limitations

Though the literature review explored five functional characteristics of an EWS, this 

study has limited only to three characteristics as it mainly enhances the digital EWS to 

minimise the impacts of dam failures in Sri Lanka.

1.6 Chapter Breakdown

The study has been illustrated in the following chapters.

Chapter 01: Introduction

The background for the study with the aim. objectives, and methodology outline is 

described in chapter 01.

Chapter 02- Literature Review

Comprehensive literature is conducted in chapter 2 with the use of journals, books, 

conference proceedings, and websites to identify the causes and the impacts associated 

with the dam failures and the characteristics of the EWSs.

Chapter 03- Research Methodology

This chapter contains the steps that followed to achieve the aim. and objectives of the 

study with the research philosophy, data collection techniques, and data analysis.

Chapter 04- Data Collection, Analysis, and Discussion

This chapter contains the data collected through semi-structured interview's and user 

stories. Then the collected data will be analysed according to the manual content 

analysis and finally, the discussion is outlined the key findings of the study with a 

revisiting of the literature findings.

Chapter 05- Conclusions and Recommendations

Finally, the conclusion and recommendations of the study are contained in this chapter 

with the recommendations for future research areas.
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1.7 Chapter Summary

The background of the study with the rationale and justification, problem statement, 

aim, and objectives are discussed in this chapter. In addition, the outline of the 

methodology adopted to achieve the objectives of the study and the illustration of the 

chapter breakdown are shown.
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CHAPTER TWO

2. LITERATURE REVIEW

2.1 Introduction

Chapter one (Introduction) of this study mainly focused on the background of the study 

with the research problem, aim, and objectives. According to chapter one dams 

provides a variety of purposes for human and society’ such as flood control, electricity 

generation and/or irrigation, and promoting agriculture. However, the dam will cause 

severe damage to both humans and society when it fails. This chapter discusses dam 

construction with its different types and purposes, the causes and impacts of dam 

failures, and the functional characteristics of the EWSs.

2.2 Dam constructions

A dam can be identified as an obstruction created by steel, concrete, or earth to disturb 

or manage the flow of water by constructing across streams or rivers and can be defined 

as a structure used to create reservoirs (Manikowski & Strapasson, 2016). As revealed 

by Youdeowei, et al. (2019) dams are introduced as engineering structures that are 

used for the storage, regulation, and diverting of water from rivers, and they are 

artificial man-made barriers built across the water. However, dams have become 

unique constructions all over the world (Akindele & Indabawa, 2015). Hence, dam 

construction encompasses a wide range of disciplines including structural engineering, 

geotechnical engineering, environmental engineering, hydrology, geology, and 

hydraulics among others (Manikowski & Strapasson, 2016).

Dam construction has significantly altered the flow regimes of the majority of the 

world’s rivers (Nislow et al., 2002). Dams can alter the natural flow regime by 

affecting the magnitude, frequency, duration, timing, and rate of change in the flow, 

as well as the sediment, nutrients, and energy (Magilligan & Nislow, 2005). Changes 

in flow regimes caused by dam construction cause extensive environmental 

degradation and a loss of biological diversity (Lytle & Poff, 2004; Castello & Macedo, 

2015). River damming is necessary in order to predict a barrier’s long-term
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environmental impact as well as a dominant anthropological effect on river systems 

(Cecilia et al., 2016). Furthermore, cascade dam construction is becoming more 

popular as a means of increasing economic efficiency (Yi et al., 2018). Human dam 

construction has resulted in significant changes in the functioning of riparian 

ecosystem areas that directly adjoin and influence inland water bodies (Li et al., 2012). 

Kellogg and Zhou (2014) revealed that dams obstruct material and energy exchange, 

as well as the longitudinal speed of plant seeds. However, dam construction received 

very important consideration among all other constructions as it provides essential 

purposes as well it can emerge into potential risks (Movahednejad, 2021). Therefore, 

it is necessary to propose specific methods for the construction industry' to prevent the 

risks and hazards associated with dam construction as well as dam failures (Celik & 

Gul, 2021).

2.2.1 Effects of dam construction

Even though dam construction provides vital service to the country, it may cause bad 

effects during the construction as well as when they are broken (Green & Barid, 2020). 

The Flood-pulse cycle is an essential natural flow needed for many types of fish to 

spawn and such natural hydrological flows which are critical for the other river 

ecosystem functions can be disrupted by the construction of dams (Arias et al., 2014). 

Furthermore, dam construction can be disrupted by the transportation of sediments 

which are required for the downstream agricultural and ecological processes (Barid et 

al., 2015). Barid et al. (2015) further revealed that there can be cultural sites, natural 

habitats, and homes that are affected by floods near the reservoirs created by the large 

dams. As revealed by Scudder (2012), there can be economic, social, and health issues 

with the people who are displaced due to the construction of large dams. The major 

reason for such issues is the inability to provide adequate natural or economic 

resources to rebuild their lives in the resettlement areas (Scudder, 2012). However, 

dam developers and their government backers profited from their power to minimise 

the scope of the affected areas, lowering the amount of money required to reduce 

environmental consequences and compensate rural fishermen for lost livelihoods 

(Green & Baird, 2016). As revealed by Wu et al. (2019), dams may have an impact on 

the biodiversity of microorganisms, benthos, plankton, fish (including aquatic



mammals), botany, and birds. Dam construction reduced the biomass and richness of 

water fungal communities in reservoirs and downstream reaches but increased soil 

microorganisms in downstream lake wetland (Cheng et al., 2015). Even though there 

are such effects with the construction of dams, there are various types of small, 

medium, and large dams incorporated with the intended purposes.

2.2.2 Dam types

According to the intended purpose and the usage, design strategies, and construction 

materials, various types of dams can be found in a wide range of locations around the 

world (Youdeowei et al., 2019). Among them, earth dams, embankment dams, 

concrete dams, hydroelectric dams, tail dams, check dams, cascade dams, and arch­

type dams are very popular (Lyu et al., 2019; Kang et al., 2013; Li et al., 2012; 

Youdeowei et al., 2019). Compared to other dams, earth dams are the most sensitive 

engineering structures which need well-improved design and construction techniques 

and required continuous analysis to ensure the stability of the dam and when 

accounting 75% of the dams in the world are earth dams (Alateya & Ahangar Asr. 

2019). Hydroelectric dams, tail dams, and check dams are the most popular type of 

dams in the global context that are varying according to the function of the dam and 

they are further described as follows.

2.2.2.1 Hydroelectric dams

The demand for energy increased as a result of demographic growth, industrialisation, 

and economic development in 1970 while acting as a strategy for the expansion of 

electric energy production (Moretto et al., 2012). Amazon (Belo Monte dam on Xingu 

River) was prioritised as the region with the highest potential for hydroelectricity by 

giving importance to the construction of hydroelectric dams as a strategy in Brazil as 

in early Europe and the USA (Moran, 2016). Chen et al. (2015) further asserted that 

Amazon is regarded as the hydropower development horizon where 352 dams are 

scheduled with 96 hydroelectrical dams and 256 smaller dams that have the ability to 

generate energy. The attention to the construction of national and international 

hydroelectric dams was opposed by social groups due to the associated negative 

impacts, especially the flooding of territories of native groups (Feamside, 2016). Apart
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from those considerations, the financing difficulties also have stopped the 

development of hydroelectric dams (Morettoet et al., 2012). The hydroelectric dams 

were revived in the first decade of the 21st century as a reaction to concerns about 

electricity generating deficits caused by lower precipitation and lower electricity 

production in existing dams, as well as poor planning and financing in the electricity 

sector (Jiang et al., 2018). Kotmale, Victoria, Samanalawewa, and Rantabe are some 

examples of hydroelectric dams within Sri Lanka (Khaniya et al., 2020). The 

Samanalawewa hydraulic dam which used water from the Walawe River to generate 

electricity was commenced in 1988 and completed in 1992 (Udayakumara & 

Gunawardena, 2018).

2.2.2.2 Tailing dams

Reasonably, tails are considered to prevent the enrollment of the water cycle through 

rivers in the mining process (Lyu et al., 2019). The chemical reactions of the mining 

process have effectively disturbed the storage of tailings under the water (Wei et al., 

2016). Accordingly, tailings are usually stored in a slurry form which is considered the 

waste items in the process of providing benefits (Ozcan et al., 2012). However, the 

aim of constructing tailing dams is to ensure the safety of the natural environment from 

damage and hazards by safely storing the tailings (lnam et al., 2010). Even though 

tailings dams are one of the largest structures constructed by geotechnical engineers 

(Naeini & Akhtarpour, 2018), often there have been tailing dam failures on a global 

scale which caused huge negative impacts on human life, surrounding properties, and 

the economy (Smuda et al., 2014).

2.2.2.3 Check dams

Check dams are engineering structures that can be found in a variety of environments 

around the world that has a long history and they are constructed with general uses like 

soil conservation, watershed restoration, and erosion mitigation (Mekonnen et al., 

2015). However, globally they are widely used as hydrological structures for 

watershed management for the purpose of groundwater recharge, water capture, 

sediment retention, and carbon retention (Lu et al., 2012). Kang et al., (2013) have
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asserted that with the aim of reducing channel erosion, check dams have been 

constructed across the channels to pool water. Although up to some extent check dams 

interact with multiple processes and with time the dominant process will be changed 

with the initial purpose conceived by the designer and it will be associated with a single 

process (Boix-Fayos et al., 2020). Even though check dams are constructed with a 

variety of materials, rock check dams are built using large stones which are kept at 

intervals in the channel as a common and standard practice in the construction sites 

(Patel A., 2012).

2.2.3 Purpose of dams

The main purpose of dam construction can be identified as the water supply for human 

activities, water supply for agricultural and industrial use, flood control, and electrical 

energy supply (Haghshenas et al., 2016). As revealed by Samaras et al. (2014), the 

main problem for human beings is the control of water that need to sustain their life. 

As a remedy, dams have been constructed and used as a method to control the water 

by protecting it from floods, storing water, changing the direction of rivers, and 

irrigating the lands in the past centuries (Celik & Gul, 2021). Although, apart from the 

agricultural and storing water for the human day today activities dams have been used 

in modem society for complex purposes like preventing flood erosions, depositing 

sand and clay near the river mouths, preparing barren lands for agricultural activities, 

and hydroelectric power generation (Ribas & Perez-Diaz, 2019). Fang (2017) revealed 

that the pattern of the transportation of nutrients downstream can be changed with the 

construction of dams, as it can reduce the connection of the w'hole catchment through 

the interception of sediments and runoff. However, the greatest number of dams in the 

world have altered the hydrological processes on the earth's surface and especially 

have affected the transportation of nutrients downstream (Li et al., 2018).

The large area of water level fluctuation zone in which the environment is very difficult 

to recover, sensitive, and vulnerable was characterized by a narrow riverbed and huge 

vertical changes with the construction of a hydropower dam at the Lancang River in 

the Southwestern region (Li et al., 2019). Adhering to the past centuries, these water 

level fluctuations have caused bad effects on vegetation degradation by creating soil
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degradation (Zhao et al., 2014), soil erosions (Zhang et al., 2013), land-use changes 

(Willison et al., 2013), landslides (Liu et al., 2014), and heavy metal pollutions (Song 

et al., 2019). Therefore, it is vital to recover and protect the water fluctuation zone in 

order to maintain the health of reservoirs and it has been ensured with the construction 

of a hydropower dam at the Lancang River (Li et al., 2019).

The relationship between the dam construction and the sedimentation, soil erosion, 

and soil transportation in riverbeds have descriptively explained by Hallouz et al. 

(2018) with reference to the Sidi Mohamed Ben Aouda dam on the Wadi Mina in 

Algeria. Additionally, Kotti et al. (2018) and Hadour et al. (2021), also proved the 

purpose of large dam construction with the perspective of controlling the flow of 

sediments to the sea downstream of the dams by relating the Medjerda River in Tunisia 

and the Wadi Chellif in Algeria respectively. Therefore, many dams in the world have 

proved that they have declined the sediments that are caused the river flow regulations 

and river fragmentation (Grygar et al., 2018).

The original hydrological pattern of the w'ater and sediment frequencies will be 

changed with the storage of water through the construction of dams with the aim of 

producing hydropower and also it can change the level of water (Liang et al., 2021). 

The hydroelectric dam construction may trigger some ecological, social, and w7ater 

resources issues (land use, alters the hydrological cycle through root evaporation, a 

manifestation of human activities, vegetation retention, etc.) while changing the sand 

and water exchange in the river-lake systems and controlling the flood associated with 

the reservoir (Hu et al., 2018). Even though the artificial reconstruction of large-scale 

hydroelectric dams inevitably created hydrological and hydraulic changes between the 

river and the lake, there have been large and small dams constructed with the four 

tributaries in the Hunan province with the purpose of generating power and flood 

controlling (Li et al., 2018). Hence, these hydroelectric dams have been considered as 

a key part of the economic solutions through the supply of hydroelectric power 

(Youdeowei et al., 2019).

Even though the primary purpose of the dams is storage and the retention of water, the 

construction of dams has created much more purposes such as acting as a center of
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tourist’s attraction, reducing unemployment by introducing new jobs, acting as a rich 

source of fish and there is a little fallback at the period of droughts (Youdeowei et al., 

2019). As a result, numerous types of dams have been constructed all around the world 

with the aim of helping communities and economies by taking benefits from water 

resources (Bayazit et al., 2020). Therefore, the authors further revealed that it is 

difficult to analyse the benefits of dam construction on the social systems, livelihood 

and health of the people, and culture. Another indirect purpose of dam construction is 

to increase the production of food and due to that, there is an alleviation of poverty 

due to the fisheries and irrigated agriculture (Youdeowei et al., 2019). For example, 

Oyekanmi and Mbossoh (2018) revealed that 35,000ha of farmland capacity have been 

designed for irrigating by the Bakolori dam in Nigeria and a further 20,000ha by the 

Tiga dam, 125,000ha from the Kafin-zaki, and 20,000ha from the Challawa dam have 

designed for the irrigation.

The purposes of the dam construction discussed are summarised in Table 2.1.

Table 2.1: Purposes of dam construction

Water supply for human activities
Water supply for agricultural activities 
Water supply for industrial use_____
Flood control

Direct Purposes water storage
Electrical energy production 
Changing the direction of rivers
Control flow of sediments
Preventing flood erosion
Prepare barren lands for agriculture_____
Depositing sand and clay near river mouth
Changing the flow of nutrients________

Indirect Purposes Increase food production
Act as a center for tourists
Introduce new jobs
Act as a source of fish

Source: (Haghshenas et al., 2016; Celic & Gu 

al., 2018; Youdeowei et al., 2019)
, 2021; Ribas & Perez-Diaz, 2019; Hallouz et

2.3 Dam failures

The overturning of the still water column in a reservoir as a result of the removal of 

the sluice gate will represent an ideal sudden dam failure which can introduce a
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mechanism that involves creating and formulating rapid unsteady flow (Khoshkonesh 

et al., 2019). The predicting of flood routings, risk management, and hazards 

analysation are priorotised at the preliminary design stage and the operational stages 

in order to in detail identify the features of dam failures (Aleixo et al., 2011). As a 

result, while modifying the hydraulic characteristics of the reservoir, its geometry and 

the initial conditions may take a key role (Yang et al., 2018). As per the reports 

published in 2000 by the World Commission on Dams, 40-80 million people 

worldwide have led to displacements due to dam failures and it has been caused by 

60% of world rivers (Khoshkonesh et al., 2019). Even though still there are not any 

strong reports on the characteristics of dam failures, inflow and outflow hydrographs 

of control sections downstream, and certain energy and their resulting forces in the 

reservoir have commonly been identified as the characteristics of dam failures 

(Khoshkonesh et al., 2019).

Terrible damages may cause for both human life and the properties due to the failures 

associated with the dams (Li & Zhao, 2018). According to Hsu and Peeta (2014), there 

should be horizontal and vertical management and cooperation within the 

organisations in order to identify the dam failures and to maintain a collective 

relationship between them with the aim of reducing the damages caused by the dam 

failures. However, it has been identified that the general public has well aware of the 

dam failures before the organisations identified the dam failures (Sheu, 2014). In 

addition, Hariri-Ardebili (2018) revealed that much attention has to pay to public dam 

safety by international bodies and emergency management agencies. Hence, it is a 

critical task for organisations to arrange emergency medical sendees (Chen & Yu, 

2016), manage heavy equipment (Chen et al., 2011), and the vital task is to activate 

evacuation plans, and relocate populations for safety during dam failures (Hsu & Peeta, 

2014). Though, emergency management agencies connected with the dam regulators 

and have attempted to monitor EWSs and emergency action plans by introducing new 

concepts for the public to respond with the aim of reducing the negative outcomes of 

dam failures (Mehta et al., 2020).
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Generally, a dam failure is a time-dependent, non-homogeneous (various materials, 

different levels of soil compaction, and so on), and multiphase (water-soil 

collaboration) event which causes destructive losses for both properties and human life 

by creating major disasters as the end result (Kim & Sanders, 2016). Transferring 

methods of sediments, hydrology, fluid mechanics, and geotechnical and structural 

characteristics contributed to the creation of dam failures (Paquier & Goutal, 2016). 

Apart from those King et al (2019) revealed, that dam failures can be occurred as an 

outcome of broad selection and the sequence of operating requirements, comprising 

natural disruptions, component malfunctions, high inflow actions, and operational 

errors. The weak positions caused due to the pipping or the overtopping on the 

downstream face or the crest of the earth dams have affected the dam failures (Tannant 

& Skermer, 2013). Hence, Tannant and Skermer (2013) have further revealed that 

0.5% (1 in 200) of earth dam failures have been caused due to piping and interior 

erosions and among them, 1.5% (1 in 60) have suffered from piping cases. In addition, 

embankment dams also have suffered from dam failures due to the erosions in the 

embankment materials by overtopping which is the most regular cause of dam failures 

and leakages caused by pipping (Sharma & Kumar, 2013). Though, Sharma and 

Kumar (2013) further revealed by the analysis of past records, the insufficiency of 

hydrological procedures used earlier to calculate the severity of floods and the lack of 

details on the planning of spillway designs have affected the dam failures.

However, when compared with the past dam constructions more attention has been 

given to modern dam safety as modem dams are very large than the earlier and due to 

the industrialisation of the past and the high density of population around the dams 

(Wang et al., 2018). Even though there are varieties of dams (arch dams, gravity dams, 

earth dams, etc.), embankment dams which are called earth fill or rockfill dams have 

drawn much attention as it has a higher risk of dam failures and as it is the most 

common type of dam which is in use. Fu et al. (2018) have also identified rockfill dams 

as the dam type which caused the greatest rate of dam failures and the massive number 

of disasters that vary from fairly minor to devastating events affected by the 

downstream areas and nearby environment as hazardous outcomes.
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You et al. (2012) have revealed mathematical modeling and dam failure experiments 

as the two main studies based on dam failures. A number of dam failure models like 

statistical models, physically-based models, and parametric models have been 

developed with the interpretation of the dam failure procedure in order to forecast the 

discharge of the hydrograph and to simulate the breaking improvements (Tschiedel et 

al., 2020). Nevertheless, breaking erosions can be identified as a multivariable and 

associative issue and there is large uncertainty with the prevailing technologies used 

to create the models based on dam failures which are developing to forecast the failing 

parameters (Tedla et al., 2021). Apart from those, a small-scale laboratory was 

conducted to predict the dam failure and there is an uncertainty with the outputs due 

to the scale of the tests (Aureli et al., 2021). Therefore, it is vital to identify the causes 

and the bad impacts of the dam failure to create a strategy to mitigate the risks 

associated with dam failures.

2.3.1 Causes for the dam failures

Dam failure is a hazardous consequence and it is essential to identify the causes of 

dam failures in order to minimise the negative impacts. Ribas et al. (2021) have 

identified the major causes involved in the dam failures as technical shortages like 

pipping and sliding, obstructions in the spillway due to bank slide into the basin, 

overtopping, dam excavations for discharge, disasters such as upstream breakings and 

landslides, meager management, meager layout plannings, and meager designs. In 

addition to those Escolano-Sanchez and Femandez-Serrano (2015) asserted that it is 

difficult to conduct frequent inspections to observe the conditions of the dams to 

prevent dam failures due to the uncontrolled growth of vegetation on the dams and it 

can harm the embankments.

Moreover, dam failures can occur due to natural disasters like floods, earthquakes, 

landslides, strong winds, tsunamis, volcanic activity, wildfires, and snow and ice or 

can be formed due to human actions like terrorist attacks or wars (Ardeshirtanha & 

Sharafati, 2020). In addition to that Ardeshirtanha and Sharafati (2020) highlighted 

that global wanning which increased the atmospheric temperature can be a threat to 

dams as it will create floods due to the dissolution of glaciers and also it will increase
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the rainfall. Besides DeNeale et al. (2019) highlighted that mechanical or electrical 

consequences and internal erosions also can be taken into natural disasters which 

caused dam failures if there is no physical initiator. In addition to those, dam failures 

will create due to the aging of the dam materials, design errors, insufficient 

maintenance, and the extremely long service of lives (Ribas et al., 2021). In another 

form, Donnelly and Acharya (2020) revealed that the following matters or 

combinations of those can create dam failures.

• Inaccurate standard-based design as a result of a failure to anticipate critical 

environmental activities or inadequate site evaluations

• System failures

• Errors or poor engineering methods and totally inadequate investments during 

construction and basin filling

• Inadequate inspections, supervision, and the maintenance

Even though the some researches identified the causes for dam failures as natural 

causes and human actions, some have identified as external causes and internal causes 

(You et al., 2012). Therefore, according to You et al. (2012) hurricanes, earthquakes, 

heavy rains, etc were classified as external causes, and foundation failures, dam body 

failures, aging of the dam, and so on were identified as internal causes. Despite those, 

the availability of the major constructions near the dams also caused dam failures, for 

example, thirty thousand dams including eighty-five thousand reservoirs are in danger 

due to the major constructions (Alamatian et al., 2021). However, Abdedou et al. 

(2020) also revealed that the uncertainties caused during the design of dam-like meager 

knowledge, random nature of the input parameters which directly affect the evacuation 

plans and the inundation mapping, and the measurement errors also can be 

significantly affected by the dam failures.

On the global scale, frequently there were dam failures associated with the tailing dams 

which are considered some of the largest structures constructed by geotechnical 

engineers (Lyu et al., 2019). Failure of a tailings dam causes major environmental 

contamination and mortality (Kossoff et al., 2014). The failure rate in the reported 

18,000 mines throughout the world during the last 100 years is estimated to be 1.2%
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(Berghe et al., 2011). The typical water storage dam has a failure rate of 0.01% (Naeini 

& Akhtarpour, 2018). Further Naeini and Akhtarpour (2018) revealed, that every year, 

three of the world’s 3500 tailing dams will fail. Rico et al. (2008) have asserted that as 

the embankments of the tailing dams are constructed with the soil, coarse waste, and 

residual materials from the mining operations and do not have specific regulations on 

the design standards tailings dams are tends to fail than the other water storage 

structures. Mence, other than the common natural disasters like earthquakes, floods, 

and rainfalls Lyu et al. (2019) highlighted that the leakage field directly makes the 

uncertainty of the tailings dam (seepage and internal erosion), the unsteadiness of the 

tailings dam foundation (poor foundation conditions), flooding that creates the tailings 

dam slope to becoming unbalanced (overtopping), an earthquake consequence (static 

and seismic instability), other reasons like mine collapsing, structural, external 

erosion, and slope unsteadiness will act as the major causes for the tailing dam failures.

Another aspect that contributed to the tailings dam failure was a lack of proper 

management of the tailing facilities, which is critical for guaranteeing the safety and 

stability of tailings dams (Schoenberger, 2016). Schoenberger (2016) further revealed 

that the proper management of tailing dams includes the minimisation of 

environmental impacts and subjecting them to legal documents.

However, according to a past analysis conducted before 1974 with 43 countries and 

534 dam failures, earth rock dams have contributed to all those causes of dam failures, 

and it included 28% of failures due to seepages in the dam body while 29% due to the 

seepage in the foundation and 49% due to the overtopping (You et al., 2012). Further, 

You et al. (2012) have revealed that it accounts for 85% of dam failures caused by 

earth dams due to overtopping and seepage according to an analysis conducted with 

3498 dam failures between 1954 and 2006 in China where 90% of dams are earth 

dams. Therefore, despite those cases, overtopping and the failures associated with the 

pipping have been identified as the most instantaneous causes of dam failures and 

leakages or the seepages have been categorized as the main cause of earth dam failures 

(Al-Shukur & Mahmoud, 2019). As a result, Ratiat et al. (2020) highlighted, that even 

though there are much more causes that affect dam failures, frequently earth dams
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faced leakages which diminish the dam structure and cause dam failures due to 

technical issues. However, Ribas et al. (2021) have categorised the failure modes of 

earth dams related to their elements as illustrated in Table 2.2.

Table 2.2: Failure modes of earth dams reference to its elements

Function Failure Mode Cause Effect
Earth dam

Sudden filling of the 
reservoirOvertopping External erosion
Exceptional heavy 
loadImpound the 

reservoir Mechanical failure General instability 
with flooding out of 
control

Mass movement Foundation settling

Crest
Ensure free edge of Blocking access 
the dam

Deformations Blocking access
Excessive
deformation

Settling External erosion
Mechanical failure Obstruction of flow

Drainage system
Control piping and 
internal erosion

Piping or internal 
erosion through the 
dam

Inadequate filtration Seepage
infiltration

and

Clogging Deformations and 
cracks

Foundation
Rapid lowering of 
the reservoir

Geological
movementsSupporting the dam Deformations and 

cracksPiping due to 
internal erosion

Inadequate
foundation

Abutments
Sliding of earth and 
rocks

Undersized structure Dam instability
Dam steadying and 
erosion protection Internal erosion into 

abutment foundation
Faults not detected Seepage

infiltration
and

Riprap
Protect the slope Stone displacement Waves due to the External erosion 

wind
Spillway

Interrupted
floodgates

Drive system failure Inability to keep 
reservoir levelAdjust the reservoir 

level Ramp deterioration Erosion of the 
structure

Cracks
deformations

and

Source: (Ribas et al., 2021)

Some of the major causes of dam failures can be described as follow.
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2.3.1.1 Seepage/ Leakages

Seepages are highly influenced by the stability of the dams as most dams are water 

permeable (Bao et al., 2011). Therefore, it is vital to determine the fields of seepage 

during the dam failure studies (Hu et al., 2014). As a result, theoretical methods, 

numerical simulation methods, and model test methods are available to evaluate the 

seepages of dams to reduce dam failures (Zhang et al., 2011). Due to the complex 

geological conditions and the inaccuracy of the boundaries, it is difficult to find the 

seepage or difficult to give solutions for the field of seepage through theoretical 

methods (Dong et al., 2017). Even though there are two other methods to evaluate the 

seepage, the most common numerical method is used as the cost for the model test 

method is very high and the results of the tests depend on the test conditions (Yin et 

al., 2011). As revealed by Ozer and Bromwell (2012) with the piping effects and the 

drainage failures the dam materials will lose their properties and decrease the shear 

strength of the dam. As a result, the dam basin may be collapsed, and the dam may 

tend to fail (Ozer & Bromwell, 2012). However, after an investigation, it has been 

concluded that the improper design and the lack of monitoring from the professionals 

have affected the occurrence of seepage in the dams (Hu et al., 2016).

2.3.1.2 Foundation failures

According to the researches, foundation failure is a common cause that occurred 

during past dam failures (Kossoff et al., 2014; Lyu et al., 2019). Therefore, it is 

necessary to analyse the stability of the foundation with the soil conditions and the 

used materials with the aim of reducing dam failures (Yu et al., 2013). As per Lyu et 

al. (2019), the penetrability of the foundation is very significant when considering the 

stability of the dam structure. Poor penetrable materials used for the foundation base 

affected increase the pore pressure and shear stress on the foundation (Ozer & 

Bromwell, 2012). Additionally, piping effects can be caused on the foundation if the 

foundation materials have high water penetrability (Wang et al., 2011). Furthermore, 

to strengthen the foundation, the surrounding soil conditions have to be investigated 

while giving greater attention to the slopes (areas with the risk of accidents) and the 

interface between the fine and coarse grain layers (Ozer & Bromwell, 2012). Apart
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from those, while selecting the location for the dam foundation, surrounding hydrology 

and geology have to be investigated and it is easy to make ground treatments to ensure 

the stability of the foundation while having detailed geological data (Lyu et al., 2019).

2.3.1.3 Overtopping

Overtopping has been identified as the main cause of the failing of earth dams and 

tailing dams (Kossoff et al., 2014). Since most of the reservoirs are very close to the 

mountains, the water level of the reservoir rises within a very short period during heavy 

rainfalls (Villavicencio et al., 2014). Meanwhile, due to the poor permeability of the 

dam, it will fail as a result of overtopping circumstances which directly affect the 

stability of the dam (Sitharam & Hegde, 2019). Following an overtopping event in a 

tailing dam, some of the water penetrates into the tailings dam, enabling the tailings 

sand to saturate, increasing the dead weight of the tailings dam, and triggering gravity 

erosion (Ozcan et al., 2012). Simultaneously, the tailings sand gets wet, diminishing 

its strength and, as a result, the stability of the tailings dam will get reduced, and it will 

be broken (Wei et al., 2016).

2.3.1.4 Earthquake

An earthquake is an unexpected event, and it is critical to have earthquake analysis for 

the dams as their failures can create a huge loss of both life and costs (Tarinejad et al., 

2014). Wang et al. (2011) revealed that while conducting analysis on the effect of the 

earthquake on the dams in order to evaluate the response of dams to the earthquake, 

dynamic properties of the dams like damping ratios, mode shapes, and the natural 

frequencies are very essential parameters. When computing these numerical values to 

make assumptions about the earthquake, the uncertainties and the complexities during 

the simplification may cause errors and inaccurate assumptions in the earthquake 

analysis (Naeini & Akhtarpour, 2018). The main uncertainties may occur with the (a) 

geometries such as mass distribution and topographical features (b) material properties 

and the reservoir bed structure (c) initial load like temperature, pressure, and stress, 

and (d) main load estimations (Tarinejad et al., 2014). Therefore, it is critical to have
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earthquake analysis on the dams to reduce the risks for humans as well as properties 

(Lokke & Chopra, 2018).

However, dam failures have badly impacted the people and the properties by creating 

dangerous consequences for their life patterns (Al-Shukur & Mahmoud, 2019). 

Therefore, it is very essential to identify the main causes of dam failures to reduce their 

impacts. Table 2.3 illustrates the causes of dam failures according to the analysis of 

Zhang et al. (2009).

Table 2.3: Main and subsidiary causes for dam failures

Main Cause Subsidiary Causes
Overtopping Insufficient spillway capacity_______

Extreme flood exceeding design criteria
Piping in dam
Sliding of dam
Piping in foundation
Piping around spillway

Technical deficiencies Quality issues in spillway_____________
Piping around culverts and other embedded
structures
Quality issues with culverts and other 
embedded structure
Loss of reservoir capacity for flood control 
due to over storage prior to flood season
Poor maintenance and operation

Poor management Temporary heightening of spillway crest not 
removed in time
Organisation issue: unclear responsibility 
for dam management
Earthquake
Wars and terrorist attacks

Disasters Breaching of upstream dam
Reservoir landslides
Rodent den
Spillway blockage due to bank slide in 
reservoir
Excavation on dam for discharging
Poor design options___________
Poor planning of project layout

Others

Unknown
Source: (Zhang et al. 2009)
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Even though there are numerous causes for the dam failures as discussed above, that 

will be a risk for the dam if only it has any exposure to that cause (Ardeshirtanha & 

Sharafati, 2020). Therefore, all the identified causes may not be a risk for the failure of 

ail the dams. However, there can be a possibility with its exposure. Based on the above 

discussion, all the associated causes for the dam failures can be summarised in Figure

2.1.

Insufficient spillway capacity. Extreme flood 
exceeding design criteria, poor design

Design

Aging of dam, Piping in dam, Sliding of dam, 
Piping in foundation. Piping around spillway, 
Quality' issues in spillway. Piping around culverts 
and other embedded structures. Quality issues 
with culverts and other embedded structure, 
Spillway blockage due to bank slide in reservoir

Internal
Causes Technical

Poor management, Poor layout planning, 
Organisation issue, unclear responsibility for dam 

management. Poor maintenance and operationManagement

Dam
Failures

Floods, Earthquakes, Landslides, Strong winds, 
Volcanic activity, wildfire, and snowDisasters/ 

Natural Causes

External
Causes

Human Actions Wars, Terrorists attacks

Figure 2.1: Classification of causes for dam failures 

Adapted trom: (You et al., 2U12; Ardeshirtanha & Sharatati, 2U2U; Kibas et al., 2U21)
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2.3.2 Impacts of dam failures

Floods caused by dam failure are considered among the most catastrophic types of 

floods because of their sudden and unpredictable character, which results in significant 

material losses and the loss of human life, as proven by countless accidents 

(Lemperiere, 2017). The author further revealed that apart from the loss of human life, 

dam failures generate issues such as social capital loss, large-scale economic costs, 

and the formation of undesirable environmental consequences. Hsiao et al. (2021) 

explained the similarities as hydrological risks are distinct in that they transport a large 

volume of surface water into urban and rural regions, inflicting considerable damage 

to civil infrastructure systems and resulting in the loss of life and property. The 

complete risk analysis of risky reservoirs is an effective approach to enhancing and 

strengthening dam safety and management, and it primarily considers the likelihood 

of dam failure and the resulting loss or impact (Zhong et al., 2011). The main impacts 

of the dam failures can be classified as loss of human life, economic, social, and 

environmental losses (Mo et al., 2019). As revealed by Wang et al. (2019) with societal 

growth, the notion of dam flood management necessitates a focus not only on the 

protection of human lives and property, but also on the harmony between 

anthropology, society, and nature, especially, emphasising the social and 

environmental damages caused by dam failures.

2.3.2.1 Impacts on human life

Dam failures are adversely impacted human life and mainly it losses human life, their 

residencies, employment, and the fanning lands (Mehta et al., 2020). According to the 

past analysis of dam failures, at-risk population, warning time, flood severity, and 

public awareness of the severity of the darn failures were the main four factors that 

influenced the impacts on human life due to dam failures (Krue-hom & Kwanyuen, 

2017). Hence, there were various methods that can be used to determine the risk of 

human life due to dam failures as the Dekay and McClelland (D&M) method, Brown 

and Graham (B&G) method, Assaf method, Jiang method, and Improved Graham 

method (Li method) (Mo et al., 2019). The authors further revealed that the Li method 

is widely used in the analysis of human life impacts the dam failures.
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2.3.2.2 Economic impacts

Similar factors which influenced human life are generally considered in the economic 

impacts of dam failures (Krue-hom & Kwanyuen, 2017). With respect to the economic 

losses caused by dam failures it can be divided into direct and indirect economic 

impacts (Zhang & Tan, 2014). In addition to that, those economic impacts can be 

further considered with respect to the specified situations like agricultural income 

losses, physical losses, and industrial and commercial transport service losses (Mo et 

al., 2019).

The direct economic impacts/losses are the impacts/losses that can be directly 

financially measured in the flood-affected areas due to the reservoir dam failure 

(Zhang & Tan, 2014). Basically, direct economic losses have been caused by 

agriculture (crops, fishery, forestry, animal husbandry), industry, commerce, and 

infrastructure (roads, railways, telecommunication, and tunnels) (Wang & Zhang, 

2018). Therefore, the direct economic loss has been measured as physical losses and 

income losses (Nigatu & Dinar, 2015). Physical losses are the physical value 

reductions in buildings, equipment, machinery, and all type of fixed or current assets 

which were affected by the dam failure floods (Mo et al., 2019). Mo et al. (2019) 

further explored that the income losses are the profit losses that occurred due to the 

suspension of production and management activities as a result of the reservoir dam 

failure and it mainly includes the agricultural income losses and industrial & 

commercial transport service losses.

As revealed by Mo et al. (2019) indirect economic impacts included the expenses of 

flood management efforts, losses from decreased agricultural production and factory 

production, and the rising costs of typical socioeconomic activities.

2.3.2.3 Social impacts

As well as human life and the economy, dam failures badly affect the environment and 

society (Zhang & Tan, 2014). Not only is there a loss of life due to dam failures, but 

there is also damage to the physical and mental health of those affected as a result of 

injury or stress, and a decrease in the quality of daily life (Zhong et al., 2011). Other
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than that, damage to the cultural properties, art treasures, rare animals and plants, and 

even harmful political effects (i.e., national and social stability) can be identified as 

the social impacts due to the dam failures (Mo et ah, 2019).

2.3.2.4 Environmental impacts

The environmental and social impacts due to the reservoir dam failures cannot be 

ignored as much increased attention has been placed on the environment and society 

(Sun et al., 2014). Accordingly, the effects on the channel morphology, living creatures 

and their habitats (including rivers, wetlands, topsoil, vegetation, and so on), and the 

cultural landscape, as well as cause significant damage to the environment through 

contaminations (eg. River facilities and chemical storage facilities) can be identified 

as the environmental impacts caused with the reservoir dam failures (Mo et al., 2019).

The findings of the impacts of dam failures can be illustrated in Figure 2.2.
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Figure 2.2: I mpacts of dam failures

Adapted from: (Mo et al., 2019; Zhong et al., 2011; Zhang & Tan, 2014)
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