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This study investigates the hydrological impact of mining activities on surrounding river
systems and the resilience of civil infrastructure in affected regions. Employing a
qualitative methodology, this research synthesizes existing literature to understand how
mining operations alter hydrological patterns, affect water quality, and influence the
overall health of river ecosystems. The review highlights the various ways in which
mining activities disrupt natural water flows, leading to increased sedimentation, altered
flood regimes, and contamination of water resources. Furthermore, the study examines
the implications of these hydrological changes for civil infrastructure, including bridges,
roads, and water supply systems, emphasizing the need for adaptive strategies to enhance
resilience. Key findings indicate that communities near mining sites face significant risks,
including infrastructure damage and diminished water quality, which can adversely affect
public health and local economies. The study concludes by recommending integrated
management approaches that consider the hydrological impacts of mining and promote
sustainable practices to mitigate adverse effects on river systems and infrastructure
resilience. This research contributes to the discourse on environmental management and
sustainable development in mining regions, providing valuable insights for policymakers,
engineers, and environmentalists aiming to balance economic growth with ecological
preservation.

1. INTRODUCTION

pressing concern. As mining operations expand,
the alterations to natural water flows and

Mining activities have long been recognized as a
cornerstone  of economic development,
providing essential resources that fuel various
industries, including construction,
manufacturing, and energy production. The
extraction of minerals and metals is crucial for
meeting the demands of modern society, yet this
process is accompanied by significant
environmental challenges. Among these
challenges, the hydrological impact of mining
on surrounding river systems and civil
infrastructure resilience has emerged as a

©

quality can have profound implications for both
ecosystems and human  communities,
necessitating a comprehensive examination of
these interactions (Kim et al., 2025).

The hydrological impacts of mining are
multifaceted. Mining activities can lead to
increased sedimentation in rivers, changes in
groundwater levels, and the release of pollutants
that compromise water quality (Kupa et al.,
2024). These alterations can disrupt the natural
hydrological cycle, leading to increased

This is an open access article under the CC BY License
EY (https://creativecommons.org/licenses/by/4.0).

1137


mailto:salmani@poliban.ac.id

flooding, altered drought patterns, and the
degradation of aquatic habitats. For instance,
research has shown that the removal of
vegetation during mining operations can
exacerbate soil erosion, resulting in higher
sediment loads in nearby rivers. Such changes
not only threaten aquatic life but also jeopardize
the infrastructure that communities rely on,
including roads, bridges, and water supply
systems. Despite the critical nature of these
issues, there remains a significant gap in the
literature regarding the specific hydrological
changes induced by mining and their
implications for civil infrastructure
resilience(Tannor, 2024).

Prior studies have primarily focused on the
environmental consequences of mining, such as
land degradation and biodiversity loss, often
neglecting the intricate relationship between
mining activities and hydrological dynamics.
While some research has investigated the
impacts of mining on water resources, few
studies have quantitatively assessed how these
activities influence the resilience of civil
infrastructure(Cantelmi et al., 2021).

This oversight is particularly concerning given
the increasing frequency and intensity of
climate-related events, which can exacerbate the
vulnerabilities of infrastructure in mining-
affected regions. The urgency of addressing this
research gap is underscored by the fact that
communities situated near mining operations
frequently face heightened risks, including
infrastructure damage, compromised water
quality, and adverse public health outcomes.

The significance of this research lies in its
potential to inform policymakers, engineers,
and environmental advocates about the critical
need for sustainable mining practices that
consider hydrological impacts. By synthesizing

existing literature, this study aims to provide a
comprehensive overview of the hydrological
effects of mining on river systems and
infrastructure resilience. Furthermore, it seeks
to highlight the importance of integrating
hydrological analysis with civil engineering
perspectives to develop adaptive strategies that
enhance resilience in vulnerable regions.

This research is novel in its multidisciplinary
approach, bridging the fields of hydrology and
civil engineering to explore the complex
interactions between mining activities and
hydrological systems. By examining the ways in
which mining impacts water resources and
infrastructure, this study aims to contribute to
the discourse on environmental management
and sustainable development in mining regions.
The primary objective of this research is to
elucidate the hydrological impacts of mining
activities on surrounding river systems and
their implications for civil infrastructure
resilience. To achieve this, the study will identify
and analyze key factors influencing these
dynamics, providing valuable insights for
stakeholders involved in resource management
and infrastructure planning.

Ultimately, the findings of this research aspire
to contribute to the development of effective
management strategies that promote
sustainable mining practices while safeguarding
vital water resources and enhancing the
resilience of infrastructure. By addressing the
hydrological impacts of mining, this study aims
to advance academic discourse and provide
practical solutions that balance economic
growth with ecological preservation. In doing
so, it seeks to empower communities affected by
mining  activities, ensuring that their
infrastructure remains resilient in the face of
environmental challenges and promoting a
sustainable future for all stakeholders involved.
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2. METHOD

This study employs a qualitative research
design, utilizing a literature review as the
primary method for data collection and analysis.
The qualitative approach is particularly suited
for this research as it allows for an in-depth
exploration of the complex relationships
between mining activities, hydrological impacts,
and civil infrastructure resilience. By
synthesizing existing literature, the study aims
to provide a comprehensive understanding of
the multifaceted nature of these interactions
and to identify gaps in current knowledge.

The data sources for this research include a
wide range of academic articles, government
reports, case studies, and environmental
assessments related to the hydrological impacts
of mining activities. The selection criteria for
the literature included studies published in
peer-reviewed journals, reports from reputable
organizations, and relevant theses or
dissertations. Emphasis was placed on sourcing
data from diverse geographical contexts to
capture a broad spectrum of mining practices
and their associated hydrological effects. This
approach ensures that the findings are not only
relevant to specific regions but also applicable to
a wider audience concerned with the impacts of
mining on water resources and infrastructure.

Data collection involved a systematic review of
the literature, wherein key themes, findings,
and methodologies from selected studies were
extracted and organized. This process began
with an extensive search of academic databases
such as Google Scholar, Scopus, and Web of
Science, using keywords related to mining,
hydrology, water quality, and civil infrastructure
resilience. The search was refined to include

only studies published within the last two
decades to ensure the relevance and currency of
the information.

The analysis of the collected data was conducted
through thematic synthesis, which involved
identifying recurring themes and patterns
across the literature. This method allowed for
the integration of findings from various studies,
facilitating a comprehensive understanding of
how mining activities impact hydrological
systems and infrastructure resilience. Thematic
analysis was particularly useful in uncovering
the relationships between mining practices and
their environmental consequences, as well as
highlighting the adaptive strategies employed by
communities and infrastructure systems in
response to these challenges.

Throughout the analysis, particular attention
was paid to the contextual factors influencing
the hydrological impacts of mining, such as
geographical location, regulatory frameworks,
and community engagement in resource
management. This holistic approach not only
enriches the findings but also provides valuable
insights into the complexities of managing the
hydrological impacts of mining activities.

In summary, this study employs a qualitative,
literature-based methodology to explore the
hydrological impacts of mining activities on
surrounding  river systems and civil
infrastructure resilience. By synthesizing a
diverse range of sources and employing
thematic analysis, the research aims to
contribute to a deeper understanding of the
intricate  relationships  between  mining,
hydrology, and infrastructure, ultimately
informing sustainable practices and policies in
mining regions.
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3. RESULT AND DISCUSSION

The analysis of the hydrological impacts of
mining activities on surrounding river systems
and the resilience of civil infrastructure reveals
a complex interplay of environmental changes
that demand careful consideration. Through a
comprehensive review of existing literature,
several critical findings emerged that illustrate
the multifaceted nature of these impacts and
their implications for both ecosystems and
human communities.

One of the most pronounced effects of mining
activities is the alteration of natural
hydrological patterns. Mining operations,
particularly open-pit and surface mining, often
involve the extensive removal of vegetation and
soil, which significantly disrupts the natural
landscape. This disturbance leads to increased
surface runoff as rainwater is unable to
infiltrate the ground, resulting in higher
volumes of water flowing directly into nearby
rivers. Consequently, this can lead to an
increase in the frequency and severity of
flooding events. Numerous case studies have
documented instances where mining operations
have exacerbated flooding, causing substantial
damage to both the natural environment and
civil infrastructure. For example, in regions
where mining is prevalent, rivers that once
maintained stable flow patterns have
experienced sudden surges in water levels,
overwhelming drainage systems and leading to
infrastructure failures such as collapsed bridges
and inundated roadways.

In addition to flooding, mining activities have
been associated with significant degradation of
water quality. The introduction of heavy metals
and other pollutants into nearby water bodies

poses a serious threat to aquatic ecosystems and
human health. Runoff from mining sites often
carries contaminants such as arsenic, lead, and
mercury, which can accumulate in the food
chain and adversely affect local communities
that rely on these water sources for drinking
and agricultural purposes. The implications for
civil infrastructure are profound, as
contaminated water can corrode pipelines,
damage treatment facilities, and render water
supply systems ineffective. Furthermore, the
degradation of water quality can lead to
increased treatment costs, necessitating more
advanced purification technologies that place
additional financial burdens on municipalities.

The resilience of civil infrastructure in mining-
affected regions is further compromised by the
hydrological changes induced by mining. As
sedimentation rates increase and water quality
deteriorates, the structural integrity of
infrastructure such as roads, bridges, and dams
is threatened. Research has shown that
sediment buildup can reduce the capacity of
drainage systems, leading to overflow and
subsequent damage during heavy rainfall
events. In some cases, bridges have been
reported to collapse due to the combined effects
of increased sedimentation and flooding,
highlighting the urgent need for adaptive
infrastructure design that considers the unique
challenges posed by mining activities.

Moreover, the long-term impacts of mining on
hydrology =~ extend  beyond  immediate
infrastructure concerns. The alteration of river
systems can lead to changes in habitat
availability for aquatic species, disrupting local
ecosystems and diminishing biodiversity. This
loss of biodiversity can have cascading effects
on ecosystem services, including water
purification, flood regulation, and habitat
provision. As these services are compromised,
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communities may find themselves increasingly
vulnerable to environmental shocks, further
exacerbating the challenges faced by civil
infrastructure.

The findings of this analysis underscore the
critical need for integrated management
approaches that consider the hydrological
impacts of mining on river systems and
infrastructure resilience. Policymakers and
stakeholders must recognize that mining
operations do not exist in isolation; rather, they
are part of a larger ecological and social system
that requires careful stewardship.
Implementing sustainable mining practices,
such as minimizing land disturbance,
employing effective sediment control measures,
and monitoring water quality, can mitigate
some of the adverse effects identified in this
study.

The hydrological impacts of mining activities on
surrounding river systems and civil
infrastructure resilience are profound and
multifaceted. The alteration of natural
hydrological patterns, degradation of water
quality, and  subsequent threats to
infrastructure highlight the urgent need for a
comprehensive  understanding of these
dynamics. As mining continues to play a vital
role in economic development, it is imperative
that  stakeholders prioritize  sustainable
practices that protect both the environment and
the communities that depend on it. By fostering
resilience in  civil infrastructure and
safeguarding vital water resources, it is possible
to create a more sustainable future that
balances economic growth with ecological
preservation. The insights gained from this
analysis not only contribute to the academic
discourse but also provide practical guidance
for policymakers and practitioners working in
mining-affected regions.

Alteration of Natural Hydrological

Patterns

Mining activities significantly alter the natural
hydrological  patterns of  surrounding
environments. The removal of vegetation and
soil during mining operations disrupts the
natural water cycle, leading to increased surface
runoff and reduced groundwater recharge. This
disruption can result in higher peak flows in
nearby rivers, which are more susceptible to
flooding. Studies have shown that areas
subjected to mining experience more frequent
and severe flooding events compared to
unmined regions. The increased runoff not only
raises water levels but also contributes to the
rapid erosion of riverbanks, further
destabilizing the river systems.

Moreover, the alteration of hydrological
patterns can have cascading effects on local
ecosystems. The changes in flow regimes can
disrupt the habitats of aquatic species, leading
to declines in biodiversity. For instance, fish
populations that rely on stable water levels for
spawning may be adversely affected by the
erratic  fluctuations caused by mining.
Additionally, the sedimentation resulting from
increased erosion can lead to the siltation of
riverbeds, further degrading habitats and
impacting the food web.

The implications for civil infrastructure are
significant. The increased flooding and
sedimentation can overwhelm drainage
systems, leading to infrastructure failures such
as road washouts and bridge collapses.
Infrastructure designed to withstand certain
hydrological conditions may  become
inadequate in the face of altered flow patterns,
necessitating costly upgrades and adaptations.
Furthermore, the unpredictability of water
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levels can complicate infrastructure planning
and development, as engineers must account
for new risk factors introduced by mining
activities.

In summary, the alteration of natural
hydrological patterns due to mining activities
poses serious challenges for both ecosystems
and civil infrastructure. The increased
frequency of flooding and changes in sediment
dynamics require a reevaluation of current
water management practices and infrastructure
design. As mining operations continue to
expand, it is crucial to implement strategies that
mitigate these impacts and promote the
resilience of both natural and built
environments.

Impacts on Water Quality

The impact of mining activities on water quality
is profound and multifaceted. Mining
operations often introduce a range of
pollutants, including heavy metals, sediments,
and toxic chemicals, into nearby water bodies.
These contaminants can originate from various
sources, including the mining process itself, the
use of chemicals for ore processing, and runoff
from disturbed land. As a result, water quality
in surrounding rivers can deteriorate
significantly, posing risks to both aquatic life
and human health.

Research indicates that heavy metals such as
arsenic, lead, and mercury are commonly found
in runoff from mining sites. These pollutants
can accumulate in the tissues of aquatic
organisms, leading to bioaccumulation and
biomagnification through the food chain.
Consequently, local communities that depend
on these water bodies for drinking and
irrigation may face serious health risks,
including neurological damage and other long-
term health effects. The presence of these
contaminants not only affects human health but

This is an open access article under the CC BY License
B (https://creativecommons.org/licenses/by/4.0).

also poses challenges for water treatment
facilities, which may struggle to meet safety
standards.

Furthermore, the increased sediment loads
from mining activities can lead to turbidity in
water bodies, reducing light penetration and
affecting photosynthesis in aquatic plants. This
can disrupt the entire aquatic ecosystem,
leading to declines in fish populations and other
aquatic organisms. The loss of biodiversity can
have cascading effects on ecosystem services,
including water purification and flood
regulation, further exacerbating the
vulnerabilities of local communities.

The degradation of water quality also has
economic implications. As water quality
declines, the costs associated with water
treatment increase, placing additional financial
burdens on municipalities. Moreover, the
potential contamination of water resources can
impact local industries such as agriculture and
tourism, leading to economic losses and
reduced livelihoods for communities that rely
on these sectors.

In conclusion, the impacts of mining activities
on water quality are severe and multifaceted.
The introduction of pollutants and increased
sedimentation not only threatens aquatic
ecosystems but also poses risks to human
health and economic stability. It is imperative
for stakeholders to implement effective
monitoring and management strategies to
mitigate these impacts and protect vital water
resources.

Sedimentation and Its Effects on River
Systems

Sedimentation is a critical consequence of
mining activities that significantly affects river
systems. The removal of vegetation and soil
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during mining operations leads to increased soil
erosion, which contributes to higher sediment
loads in nearby rivers. This sedimentation can
have profound effects on river morphology,
water quality, and aquatic habitats. As sediment
accumulates in river channels, it can alter flow
patterns, leading to changes in the physical
characteristics of the riverbed and banks.

One of the primary effects of increased
sedimentation is the alteration of habitat
availability for aquatic species. Many fish and
invertebrate species rely on specific substrate
types for spawning and feeding. The
introduction of excessive sediments can
smother these habitats, reducing biodiversity
and disrupting the food web. Additionally, the
changes in flow dynamics caused by sediment
buildup can lead to the formation of new
channels and the loss of existing ones, further
impacting aquatic habitats.

Increased sedimentation also poses challenges
for civil infrastructure. Sediment can clog
drainage systems, reducing their capacity to
manage stormwater and increasing the risk of
flooding. This can lead to infrastructure
failures, such as road washouts and damage to
bridges, which can be costly to repair.
Furthermore, the accumulation of sediment in
reservoirs can reduce their storage capacity,
impacting water supply and flood control
measures.

The long-term effects of sedimentation on river
systems can be particularly concerning. Over
time, the accumulation of sediments can lead to
the degradation of riverine ecosystems,
resulting in a loss of biodiversity and the decline
of ecosystem services. As sedimentation
continues, the resilience of these systems is
compromised, making them more vulnerable to
the impacts of climate change and extreme

weather events.

In summary, sedimentation resulting from
mining activities poses significant challenges
for river systems and civil infrastructure. The
alteration of habitats, increased flooding risks,
and long-term ecological degradation highlight
the wurgent need for effective sediment
management strategies in mining regions. By
addressing sedimentation issues, stakeholders
can help protect both aquatic ecosystems and
the infrastructure that communities depend on.

Infrastructure
Resilience
The vulnerability of civil infrastructure in
mining-affected regions is a critical concern
that arises from the hydrological impacts of
mining activities. Infrastructure such as roads,
bridges, and drainage systems are designed
based on historical hydrological data, which
may no longer be applicable in the context of
altered flow patterns and increased flooding
risks associated with mining. As a result,
existing infrastructure may be ill-equipped to
handle the new challenges posed by these
changes, leading to increased failures and
maintenance costs.

Vulnerability and

Research has shown that infrastructure failures
are often linked to inadequate design and
planning that do not account for the unique
hydrological conditions created by mining
activities. For example, drainage systems may
become overwhelmed during heavy rainfall
events, leading to localized flooding and
damage to roads and bridges. In some cases, the
structural integrity of these infrastructures may
be compromised due to the increased
sedimentation and erosion caused by mining,
resulting in costly repairs and disruptions to
transportation networks.
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The resilience of civil infrastructure can be
enhanced through adaptive design strategies
that take into account the specific hydrological
impacts of mining. For instance, implementing
green infrastructure solutions, such as
permeable pavements and vegetated swales, can
help manage stormwater and reduce flooding
risks. Additionally, regular monitoring and
maintenance of infrastructure can help identify
vulnerabilities and facilitate timely
interventions to mitigate potential failures.

Moreover, = community engagement in
infrastructure planning and decision-making is
essential for building resilience. Local
stakeholders  often  possess  invaluable
knowledge about the hydrological dynamics of
their region and can contribute to the
development of context-specific solutions. By
fostering collaboration between engineers,
policymakers, and community members, it is
possible to create infrastructure that is better
suited to withstand the challenges posed by
mining activities.

In conclusion, the wvulnerability of -civil
infrastructure in mining-affected regions
underscores the need for adaptive strategies
that address the hydrological impacts of
mining. By  prioritizing resilience in
infrastructure design and involving local
communities in the planning process,
stakeholders can help safeguard vital
transportation networks and enhance the
overall resilience of mining-affected regions.

Policy Implications and
Recommendations

The findings of this study have significant policy
implications that underscore the need for a
comprehensive approach to managing the
hydrological impacts of mining activities.

Policymakers must recognize the
interconnectedness of mining, hydrology, and
civil infrastructure and develop integrated
management strategies that address these
relationships. A key recommendation is the
establishment of stricter regulatory frameworks
that govern mining practices, with a focus on
minimizing environmental impacts and
protecting water resources.

Implementing best management practices
(BMPs) for mining operations is essential to
mitigate the hydrological impacts identified in
this study. BMPs may include measures such as
erosion control, sediment management, and
water quality monitoring. By adopting these
practices, mining companies can reduce their
environmental footprint and contribute to the
sustainability of surrounding ecosystems and
communities.

Furthermore, enhancing collaboration between
various stakeholders, including government
agencies, mining companies, and local
communities, is crucial for effective resource
management. Stakeholder engagement can
facilitate the sharing of knowledge and
resources, leading to more informed decision-
making and better outcomes for both the
environment and local populations. Public
participation in the planning and monitoring of
mining  activities can also empower
communities and ensure that their concerns are
addressed.

Investment in research and development is
another key recommendation. Continued
research into the hydrological impacts of
mining and the effectiveness of mitigation
strategies is essential for adapting to changing
conditions and improving resilience. By
supporting innovative solutions and
technologies, policymakers can help mining
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operations evolve in a manner that balances
economic development with environmental
protection.

In conclusion, the policy implications arising
from the hydrological impacts of mining
activities on surrounding river systems and civil
infrastructure resilience highlight the need for a

multifaceted approach to resource
management. By implementing stricter
regulations, adopting best management

practices, fostering stakeholder collaboration,
and investing in research, it is possible to create
a sustainable framework that protects vital
water resources and enhances the resilience of
communities affected by mining. These efforts
are essential for ensuring a balance between
economic  growth and  environmental
stewardship in mining regions.

4. CONCLUSION

The hydrological impact of mining activities on
surrounding river systems significantly affects
both environmental integrity and civil
infrastructure resilience. Mining operations
often lead to alterations in hydrological
patterns, including changes in water quality,
flow rates, and sediment transport, which can
disrupt aquatic ecosystems and degrade water
resources essential for local communities.
Additionally, the increased risk of erosion,
flooding, and contamination from mining
runoff can compromise the structural integrity
of civil infrastructure, such as roads, bridges,
and water treatment facilities. To enhance
resilience, it is crucial for policymakers and
industry stakeholders to implement sustainable
mining practices, monitor hydrological changes,
and invest in adaptive infrastructure designs
that can withstand the adverse effects of mining
on river systems. By prioritizing integrated
water resource management and fostering
collaboration between environmental scientists,

engineers, and local communities, we can
mitigate the negative impacts of mining and
ensure the long-term sustainability of both
natural and built environments.
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