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1. Introduction

Population, economic, and industrial growth have increased the need for residential and industrial
areas. This results in changes in land use functions, especially forestry land conversion. These changes
also cause changes in the water resource or hydrological system, resulting in floods in the rainy season
and droughts in the dry season. This land conversion has increased the number of critical lands that
require a long time to restore their condition (Pambudi, 2022a; Prabowo et al., 2020).

Indonesia’s region, located on the equator, receives constant sunlight every year and only has two
seasons types: rainy and dry. The dominance of these two seasons greatly influences water availability,
but the negative impact of all this is a decline in environmental quality, which can ultimately result in
a shortage of clean water during the dry season and increased surface flow during the rainy season
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(Fransiska, 2022; Pambudi, 2022b). The current application of appropriate technology is expected to help
solve this system problem by anticipating the level of recovery of critical land, which will take a relatively
long time.

Recharge wells (infiltration/soakaway pits) are an evidence-based practice that directly advances
SDG 6 (groundwater recharge), SDG 11 (urban flood mitigation), SDG 13 (resilience to extreme rainfall/
drought), and SDG 15 (soil/ecosystem health). International guidance (CIRIA SuDS Manual; ISO 24536)
and peer-reviewed synthesis show that distributed low impact development (LID) measures incl. re-
charge wells reduce peak flow and runoff volumes while increasing subsurface storage when designed
and maintained properly. Monitoring should pair rainfall/flow with piezometers and routine O&M au-
dits, and scenarios should be stress-tested with design storms. Aligning indicators to UN SDG targets
and recognized stormwater standards improves scientific validity and comparability across cities.

Table 1. Indicators of Infiltration Wells Linked to the SDGs

SDG Core indicator Measurement / Typical evidence Reference

6 Annual grouandwater Water balance from captured runoffa rising/stable EPA, 2021; ISO, 2019
recharge (m®) dry-season groundwater trends at piezometers

11 Peak-flow reduction Event-based AQ_peak at outfalls during design CIRIA, 2015; Hoghooghi
(%) storms (e.g., 2-10-yr) et al, 2018

11 Runoif volume reduc- Even.t/ar.mual AV at sub-catchment scale from CIRIA SuDS. ciria.org
tion (%) monitoring/modeling

13 Performance under Scenario tests (e.g., SWMM) reporting AQ_peak/ Hoghooghi et al, 2018
extremes AV for >10-yr storms

15 Soil infiltration Pre/post double-ring tests; soil organic matter/ CIRIA, 2015; UN, 2025

(mm/h) & condition vegetation indices

Managed aquifer filling has recently become more popular to combat water scarcity and prevent
flood disasters (Kalwa et al., 2021; Setiabudi, 2012). Infiltration wells are one technical solution to this,
which is considered a form of effort in line with environmental issues. Infiltration wells are engineer-
ing buildings with the shape of a well, but their function is as a reservoir for water coming from above
ground. Infiltration wells are related to the drainage system because they are essential in controlling
surface runoff (Mardiah et al.,, 2018). Infiltration wells are formed naturally and assisted by water absorp-
tion in a particular area or location. Infiltration wells also take over the function of collecting sewage and
rainwater into the ground.

Theoretically, the process of filling water in the infiltration hole so that infiltration occurs in the
context of artificial recharge. This process is solely due to the influence of the earth’s gravity, but the
nature of the soil as a permeation medium will have a significantly crucial meaning. The permeability
coefficient indicates the physical properties of the soil that drains water in the form of seepage. The
permeability coefficient (coefficient of permeability) has the same units as speed. This term is mainly
used by land engineering (geotechnical) experts. Soil permeability coefficient depends on several fac-
tors, namely liquid viscosity, pore size distribution, grain size distribution, pore number, surface rough-
ness of soil grains, and degree of soil saturation. In clay soil, soil structure is essential in determining the
permeability coefficient. The presence of many absorption holes will increase the soil’s water absorption
capacity because water will more easily enter the body (profile) of the soil (Muntaha et al., 2022; Bahunta
& Waspodo, 2019).
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Table 2. Comparative Table of Infiltration Well Practices in Four Major Cities

Implementation

City Main Approach Scale Key Challenges Academic Source
Jakarta Massive program >29,000 units Construction quality, Sari et al., 2022
by provincial (2019-2024) maintenance, public
government, participation
regulation-based
Surabaya PI.IOt testing . > |n|t|aI. sites, Effectiveness validation, Prasetyo &
with academic expansion planned drai .
. rainage system Hidayat, 2023
collaboration and ) ;
integration
technology
Semarang Zero Delta-Q strategy, Target of 1,000 Inter—ggepcy Wibowo etal,
. ; coordination, 2021
multi-stakeholder units .
articipation community-based
P P funding
Bandung Civic movement >8,000 shallow Need for 500,000 units, Ramadhan &
and building permit wells, 78 deep wells  weak enforcement of Nugraha, 2020
regulation regulation

The benefits of constructing water absorption wells include (1) reducing surface flow and prevent-
ing waterlogging, thereby reducing the possibility of flooding and erosion; (2) maintaining groundwater
levels and increasing groundwater supplies, reducing or preventing seawater intrusion in areas adjacent
to coastal areas, preventing land subsidence or subsidence as a result of excessive groundwater extrac-
tion, reducing the concentration of groundwater pollution. In essence, the purpose of making infiltration
wells is to collect and absorb rainwater into the ground. Ideally, infiltration wells are to accommodate,
store, and increase groundwater reserves and can reduce the overflow of rainwater into drains and other
water bodies so that it can be used in the dry season and reduce the incidence of flooding at the same
time.

This article contributes to the theoretical and practical advancement of water resource governance
in Indonesia by addressing three critical gaps. First, it maps the integration of regulatory instruments
across ministries and between central and regional governments, offering a clearer operational policy
mix for infiltration well development. Second, it formulates design guidelines for infiltration wells based
on regional hydrogeological typologies—an approach rarely found in existing literature, which often
treats technical planning as generic. Third, it introduces a structured monitoring and evaluation matrix,
including indicators, targets, and frequency, to support local governments in assessing performance and
ensuring accountability. By bridging these gaps, the study not only strengthens the institutional and
technical foundation for infiltration well implementation but also enhances the replicability of policy
instruments across diverse ecological and administrative contexts. This positioning affirms the article’s
novelty within the broader discourse on environmental policy and sustainable urban water management.

Water absorption wells function to increase or raise groundwater, reduce floodwater, prevent sea-
water intrusion, and preserve and save water resources in the long term. Therefore, it is necessary to
construct infiltration wells, especially in the construction of buildings, housing, and shops. Infiltration
wells function as flood prevention to reduce surface flow because infiltration wells enter water directly
into the ground, protect and improve groundwater, and reduce the erosion rate.

As is known, the impact of development can, among other things, change the economic structure,
the physical structure of the region, the structure of consumption patterns, and, of course, the struc-
ture of natural resources and the environment, including technology and value systems. Thus, if these
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changes cause pressure that exceeds the limits of balance or harmony between natural resources and
the environment, humans face environmental problems (Pambudi, 2021; Amin, 2017). Infrastructure de-
velopment in various regions should have a significant positive impact on society if this development
is by established policies, but this differs in terms of results and effects. The construction of infiltration
wells, with its various theories and policies, does not always go according to plan. Infiltration wells may
experience poor performance if there are problems with their design, construction, or maintenance. For
example, if the filtration material used is not suitable or there is a blockage due to silt or other solid
material, the infiltration well may not be able to drain water properly or even be blocked entirely. Re-
views of infiltration wells in Indonesia can cover various aspects, including technical, institutional, social,
economic, and financing. What cannot be separated from the situation in Indonesia is matters related to
greater awareness and responsibility of infiltration well users to maintain and care for them. Therefore,
policymakers must review the concept of infiltration wells in technically more depth and evaluate its
policies.

This study aims to strengthen infiltration well development policies in Indonesia through a more
integrative and context-sensitive approach. It examines the regulatory framework across ministries
and between central and regional governments, which has not been systematically mapped in previ-
ous research. The study also formulates technical design guidelines for infiltration wells based on re-
gional hydrogeological typologies, addressing the lack of adaptive planning standards. Furthermore,
it introduces a structured monitoring and evaluation matrix—comprising indicators, targets, and fre-
quency—that local governments can use to enhance implementation effectiveness and accountabil-
ity. Through these contributions, the research seeks to bridge the gap between policy design and
field-level practice, offering evidence-based recommendations for sustainable and replicable water
resource management.

2. Research Methods

The analytical method used is a qualitative method approach, which is explained through literature
studies. The literature study will analyze concepts, policies, and regulations related to infiltration wells in
Indonesia. A literature study is a method for identifying, evaluating, and systematically synthesizing vari-
ous research results and ideas from researchers and practitioners based on existing regulations/policies
(Machi & MacEvoy, 2022; Strauss & Corbin, 1998). Several regulations are used as material for analysis,
starting from the statutory level to operational decisions from regional governments. The literature
study also took extracts from various journals related to important issues regarding the construction of
infiltration wells in Indonesia from technical and non-technical aspects.

Apart from that, to formulate the evaluation results, a Focus Group Discussion was carried out
involving various development stakeholders, both from the government side (especially the regional
government in charge of infiltration wells in Jakarta, Surabaya, Semarang, and Bandung) and the com-
munity. This process is summarized in the Strengths, Weaknesses, Opportunities, and Threats (SWOT)
analysis table. SWOT analysis is carried out on the strengths, weaknesses, opportunities, and threats that
the organization has and will be faced by the organization (Mujito, 2023; Rangkuti, 2011). SWOT analysis
can help the government as a policymaker in planning and implementing development to improve its
performance. SWOT analysis is a careful evaluation of internal strengths and weaknesses, as well as an
assessment of external opportunities and threats from the environment (Griffin, 2015).

Analysis in the form of an evaluation of the construction of infiltration wells is expected to provide
recommendations for control and improvement efforts for policymakers in Indonesia so that the con-
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struction of infiltration wells is more effective and efficient and has an optimal impact on the expected
sustainable development.This study employed a qualitative approach combining systematic literature
review and Focus Group Discussions (FGDs). The literature review used databases such as Garuda,

"o

Google Scholar, and Scopus, with search strings including “infiltration wells,” “rainwater management,”
and “water policy,” covering publications from 2013 to 2024. Following a PRISMA screening flow, 87
documents were identified, and 42 were selected for analysis comprising 28 journal articles and 14 regu-
latory documents.

FGDs were conducted in Jakarta, Surabaya, Semarang, and Bandung, facilitated by local environ-
mental and public works agencies. Each session involved 8-12 participants representing government,
community groups, and private sector actors, selected based on their direct involvement in infiltration
well planning or implementation. Discussions were held offline in May-June 2024, lasting 2-3 hours per
city, guided by a structured question list covering regulation, technical design, funding, and monitoring.
Ethical clearance and confidentiality protocols were observed.

Data were analyzed using thematic content analysis, focusing on four key themes: regulation,
implementation, financing, and operation maintenance. SWOT matrices were constructed from coded
themes derived from literature and FGD transcripts, ensuring findings were evidence-based rather than
author opinion. This framework supports replicable policy recommendations for sustainable water gov-
ernance.

3. Results and Discussion
Regulations Analysis for the Infiltration Well Development in Indonesia

The policy of building infiltration wells in Indonesia has begun to be widely implemented since ex-
treme climate (weather) changes have occurred, which have had disastrous impacts, such as floods in the
rainy season and droughts in the dry season. It is an environmental effect as a result of the development
process. Apart from climate change, rapid population growth and urbanization in the last few decades
have changed the prior natural urban landscape into various building types to support human activities.
Increasing urbanization and expanding development have resulted in a drastic increase in the percent-
age of rainwater runoff. That is because the impervious surface covering the natural urban environ-
ment has increased drastically, resulting in the hydrological process of surface water runoff becoming
unnatural. The extensive use of concrete such as asphalt, paving blocks, and concrete in infrastructure
development has contributed to the problem of water resource management because it has imperme-
able properties or is not easily water-penetrated (Hatmoko et al,, 2021). The covering of the land surface
further increases surface water runoff and reduces water infiltration into the soil. Surface runoff from
rooftops, city streets, and parking lots has become a key source of water pollution in many urban areas.

The results reveal that inter-agency coordination remains a major challenge in infiltration well
implementation, particularly in Semarang and Bandung. This is reflected in Table 2 and reinforced by a
statement from the Semarang FGD: “We don't yet have a cross-departmental forum to align infiltration
well targets with spatial planning and environmental budgets.” (FGD, May 2024). Groundwater contami-
nation risks also emerged as a key concern, supported by technical literature (Muntaha et al., 2022; Ba-
hunta & Waspodo, 2019) and echoed in the Jakarta FGD: "Some infiltration wells have become stagnant
pools due to lack of filters and proximity to wastewater channels.”

Monitoring and evaluation weaknesses were identified through the absence of technical indicators
such as AQ_peak and soil infiltration in local practices, as shown in the SDG-linked table. The Bandung
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FGD noted: “We don't have a regular monitoring system—ijust visual checks during heavy rain.” Capac-
ity disparities across regions were evident, with Jakarta implementing over 29,000 units while Surabaya
remains in pilot testing (Prasetyo & Hidayat, 2023). These findings underscore the need for structured,
evidence-based policy instruments that are both scalable and context-sensitive.

In Indonesia, regulations regarding infiltration wells can vary between various levels of govern-
ment, from national regulations to regional law. Regulation Law Number 32 of 2009 concerning Environ-
mental Protection and Management states that infiltration wells are included in managing rainwater and
the environment. It is declared in Government Regulation 16 of 2018 concerning Water Quality Manage-
ment and Water Pollution Control. This Government Regulation regulates water quality management
and water pollution control. One aspect that is regulated is rainwater management, including the use of
infiltration wells. At the regional level, there are regional regulations that regulate environmental man-
agement, including the use of infiltration wells. These regulations may vary in each region depending on
local needs and conditions.

Based on Government Regulation Number 43 of 2008 concerning Ground Water, groundwater
conservation is an effort to maintain the existence, quantity/reserves, nature and characteristics and
function with the aim that the quantity/quantity, quality, and function can meet the needs of living crea-
tures, society with its various needs, both now and in the future. If the existence, reserves, quality, and
function of groundwater/springs are done properly and correctly, then it can be ensured that surface
water resources (rivers, lakes, lakes, and dams) can also be guaranteed to have their existence, quantity,
quality and function and sustainability (Gol, 2008). When groundwater resources are sustainable, surface
water resources will indeed be sustainable. One of the basic principles of water conservation is to man-
age rainwater/runoff water (during the rainy season) so that as much as possible can seep into the layers
of soil and rocks to become groundwater. Infiltration wells are a form of water resource conservation to
maintain the reserves, quality, and function of water in the ground in line with the principles of sustain-
able development.

For the Ministry of Public Works and Public Housing (PWPH), infiltration wells are an effort to
maintain the water cycle and natural hydrological conditions, as well as meet water needs in buildings,
which is in the use of rainwater and management of rainwater in buildings and their plots (Gol, 2014). It
is in line with the provisions of Article 42 of Government Regulation 36 of 2005 concerning Implement-
ing Regulations of Law 28 of 2002 concerning Buildings, where the regulation states that every building
must include rainwater distribution as one of the sanitation system requirements. In the regulation of
the Ministry of Public Works of the Republic of Indonesia 20/PRT/M/2018 concerning Procedures for
Calculating Standard Building Costs, it is stated that infiltration wells can be considered as one of the
technical components in calculating standard building costs (Gol, 2018). Infiltration wells are drainage
facilities that function to absorb rainwater from the roof of a building into the ground through a well.
Apart from these regulations, there are also technical guidelines from the PWPH Ministry, such as Tech-
nical Guidelines for Infiltration Wells for Buildings. This guide provides instructions on planning, design-
ing, constructing, and maintaining infiltration wells.

For the Ministry of Environment and Forestry, the philosophy of the importance of infiltration wells
is based on the mandate of Law 37 of 2014 concerning Soil and Water Conservation, which states that
infiltration wells are part of efforts to rehabilitate forests and land civilly and technically. Conceptually,
infiltration wells are related to the direction to be achieved in Law 32 of 2009 concerning Environmental
Protection and Management and Law 17 of 2019 concerning Water Resources. A water absorption well,
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in a broader sense, is one of the water conservation engineering techniques in the form of a building
made in such a way that it resembles the shape of a dug well with a certain depth, which functions as a
place to collect rainwater that falls above, which has the benefit of reducing surface flow, maintaining
and increasing groundwater levels, reducing erosion and sedimentation, preventing water intrusion and
land subsidence and reducing groundwater pollution. A development like this is related to the state's
efforts to protect everyone's right to a good and healthy living environment as part of the entire eco-
system protection (Gol, 2009a).

Meanwhile, the Ministry of Energy and Mineral Resources sees infiltration wells as part of ground-
water recycling efforts (Gol, 2012). Article 10 of the Regulation of the Ministry of Energy and Mineral
Resources (ESDM) of the Republic of Indonesia Number 15 of 2012 concerning Saving the Use of Ground
Water, it is directed that one way of saving groundwater is to reuse groundwater by making rainwater
infiltration wells into the ground. From an environmental perspective, infiltration wells are seen from the
rainwater utilization (Gol, 2009b). Ministry of Environment Regulation 12 of 2009 concerning Rainwater
Utilization defines an absorption well as a hole to absorb rainwater into the soil and water-bearing rock
layers. The obligation to use rainwater through infiltration wells excludes karst, swamp, or peat areas.

Table 3. Synthesis Table of the Concept of Infiltration Wells in Ministerial-Level Regulations in Indonesia

Ministry of
Environment and
Forestry (MoEF)

Ministry of Public
Works (PUPR)

Ministry of Energy and Mineral

Regulatory Level Resources (MEMR)

Legal Reference Regulation No. Regulation No. Regulation No. 16/2012 on
20/PRT/M/2018 P.12/2009 on Groundwater Conservation
on Building Cost Rainwater Utilization
Standards

Technical Definition Drainage facility that Absorption holes Groundwater conservation
channels rooftop directing rainwater through rainwater infiltration
rainwater into the into soil or aquifers
ground via a well

Policy Objective Water resource Environmental Efficient groundwater use and
conservation and rehabilitation and recharge
disaster mitigation water conservation

Implementation Mandatory in building  Applicable in non-karst  Targeted at buildings with

Implication design and cost and non-peat zones intensive groundwater use
calculation

Source: Analysis Result, 2022

For the regional government, infiltration wells are considered one application of sustainable devel-
opment that balances economic, social, and environmental aspects. Therefore, the regional government
is based on Law 23 of 2014 when issuing policies regarding absorption wells, including not neglecting
the use of the Technical Law regulatory basis. However, at the planning and implementation level, vari-
ous problems often derive that are interesting to study from the perspective of development planners.

Based on various existing regulations, the construction of infiltration wells generally aims to imple-
ment the basic principles of water conservation. Specifically, the goal is to prevent or minimize water
loss due to surface runoff and to store as much water as possible in the ground. In simple terms, this
principle ensures that rainwater runoff, which occurs during the rainy season, does not flow directly into
rivers and eventually towards the ocean. Instead, rainwater must be managed and stored in a way that
allows it to seep back into the ground, facilitating groundwater recharge. However, when the rainwater
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discharge increases and has the potential to cause flooding, efforts to immediately drain the water are
an unavoidable option. A sustainable rainwater system through infiltration wells is not merely a system
built to overcome the problem of water runoff and avoid unwanted contaminants but rather a system to
increase the potential and usefulness of water resources.

Analysis of Infiltration Well Development Problems from Technical and Policy
Aspects

Nationally, the government’s response to population growth rates and development needs is in-
creasing, but the decline in water resource reserves continues to decrease so that the threat of a water
crisis is through the development of basic infrastructure (Pribadi et al., 2021). One of the strategies in
developing basic service infrastructure for the next five years (RPJMN 2020-2024) is the provision of
groundwater as a raw water resource that is safe and sustainably available (quantity and quality aspects)
so that the target for additional industrial and domestic raw water is to be 50 m3/second in 2024 can be
achieved. In the next five years, one of the targets that must be achieved to strengthen economic resil-
ience and increase the provision of basic service infrastructure is achieving an increase in groundwater
reserves to provide and ensure domestic and industrial raw water, which is estimated to reach a need of
around 81.4 m3/second (in 2019) which must increase to 131.36 m3/second (in 2024). Infiltration wells
are something that is considered necessary by the government, in general, and formally, the National
Standardization Agency has made technical requirements and conditions for infiltration wells as ground-
water conservation techniques as stated in the Indonesian National Standard (SNI) Number 8456 of 2017
concerning Absorption Wells and Trenches of Rainwater.

In national development planning, water resource conservation policies are also related to water-
shed management which involves cross-sectors, cross-actors, cross-regions, and cross-scientific disci-
plines (Pambudi & Kusumanto, 2023; Masthura et al., 2023). The Ministry of Environment and Forestry
conducted national activities to build 3,443 water absorption wells in 2015, 755 units in 2016, 6,417
units in 2017, and 6,000 units in 2018. However, this policy was no longer implemented in 2019 (MOEF,
2020). In its development, the Ministry encouraged the construction of water absorption wells through
a Special Transfer Fund mechanism. The provincial government implements Special Allocation Funds in
Environment and Forestry and district/city regional government to carry out vegetative and technical
civil land rehabilitation outside forest areas, which is in a labor-intensive pattern with the community,
one of which is the development of infiltration wells.

Table 2 Infiltration Well Development Problems in Indonesia

No Problems Explanation Literary Source
1 Changesin Changes in hydrological conditions, such as a decrease in Wirasembada et
hydrological groundwater levels or changes in surface water management, al, 2017; Wigati
conditions can affect the performance of infiltration wells. If hydrologic & Ichwan, 2017;
conditions change significantly, infiltration wells may need to be  Bunganaen et al,
adjusted or modified to ensure optimal performance. 2016
2 Improper One of the technical problems that need to be considered when Gunawan et al,
planning and constructing infiltration wells is the lack of proper planning 2021; Bahunta &
design and design according to regional conditions. Designs that do  Waspodo, 2019;

not consider hydrogeological conditions, soil infiltration levels, Iriani et al, 201
or hydrologically predicted rainwater volumes can result in
infiltration wells not functioning properly or even failing.
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No Problems Explanation Literary Source

3 Groundwater If infiltration wells are not designed or constructed adequately, Maryono et al,
contamination rainwater that seeps into the ground can contaminate 2022; Mukaromah,

groundwater with pollutants or dangerous chemicals. It happens  2020; Suprayogi &
if the infiltration well is located too close to a source of pollution, Malawani, 2019

the waste disposal system is poor, or if the soil around the

infiltration well is inadequate to filter pollutants.

4 lack of One of the problems from the social side is the lack of Rafsanjani et al,
understanding understanding and awareness about theimportance of infiltration ~ 2020; Wibowo,
and awareness  wells. Many people may not know about the benefits of infiltration  2013; Daniel et al,

wells or how to build and maintain them. It potentially hinders 2012;  Angguniko,
the widespread adoption and implementation of infiltration 2010

wells. In some cases, people may consider infiltration wells as

unimportant or complicated.

5  Lack of In some cases, weak institutions in the form of regulations and Kusuma et al., 2022;
regulations and  policies can hinder building and maintaining infiltration wells.  Satriawansyah et al,,
policies Without a clear legal framework and support mechanisms from  2020; Diandra et al,

the government, communities may not feel encouraged to use 2020
infiltration wells.

6 Infiltration wells often involve various parties, including Nurkhotiah et al,
Lack of S . .

L individuals, community groups, local governments, and related 2023; Prayitno et al,
coordination . 2 . ' .
between agencies. Lack of coordination and collaboration between these 2021; Rafsanjani et

. parties can lead to conflicts of interest, ineffective planning, or al, 2020
related parties ! . .
uncoordinated implementation.
7 Maintenance Infiltration .weIIs require regular care ahd maintenance to Molya ot al,
ensure optimal performance. Lack of maintenance, including .
and not cleaning, necessary repairs, or performance monitorin 2023, Nyoto &
sustainability 9, necessary repairs, or p : 9 Ruldeviyani, 2022;
; can cause infiltration wells to experience technical problems .
issues . : - Mukaromah, 2020;
and ultimately not function properly. Inadequate attention to
maintenance and sustainability can cause infiltration wells to
become ineffective over time.

8  Resource In some cases, infiltration wells may not meet technical standards  Nurwidyaningrum
and technical or be unsuitable for local environmental conditions. Technical et al, 2023; Sajar,
limitations limitations in the design and construction of infiltration wells 2021; Iriani et al,

can lead to their poor performance or even complete failure. In
addition, limited resources such as funds and labor can affect the
ability to build and maintain infiltration wells effectively.

2019

Building infiltration wells is a commonly used method for managing rainwater and maintaining

groundwater balance in urban areas (Wirasembada et al., 2017; Wigati & Ichwan, 2017). Infiltration wells
are a vital component of sustainable development. In theory, infiltration wells are designed to manage
rainwater by allowing it to seep into the ground, thereby reducing waterlogging and contributing to the
improvement of the natural water cycle.

One of the positive impacts of building infiltration wells is reducing flooding (Bahunta & Waspodo,

2019; Iriani et al., 2019; Bunganaen et al.,, 2016). By absorbing rainwater into the ground through in-
filtration wells, surface water flow can be reduced, reducing the risk of flooding. Infiltration wells also
help reduce the burden on drainage channels and piping systems, which can trigger flooding. In some
instances, infiltration wells also allow rainwater to be filtered naturally by the soil before reaching un-
derground water sources. It helps reduce the risk of water pollution because soil functions as a natural
filtering medium that can remove pollutants before they reach water sources.
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Another positive impact of constructing infiltration wells is maintaining groundwater availability. In
some areas, groundwater resources are becoming increasingly limited due to global warming and over-
exploitation. Infiltration wells help improve groundwater availability by allowing rainwater to seep into
the soil and recharge underground aquifers. Infiltration wells help provide the water needed by plants.
By reducing surface runoff and allowing rainwater to soak into the soil, infiltration wells help retain soil
moisture and support plant growth.

In sustainable development, it is essential to consider the design and location of infiltration wells
(Nyoto & Ruldeviyani, 2022; Mukaromah, 2020). It must consider several factors such as soil conditions,
rainfall, and building layout to ensure the effectiveness of infiltration wells. Regular care and mainte-
nance are also crucial so infiltration wells continue functioning well. By including infiltration wells in de-
velopment designs, we can manage water sustainably, protect the environment, and support long-term
sustainability in water resource management.

However, several negative impacts occur due to the construction of infiltration wells in the area.
One of these negative impacts is a decrease in groundwater quality. If infiltration wells are not properly
maintained or not designed correctly, groundwater contamination can occur (Maryono et al., 2022;
Mukaromah, 2020; Suprayogi & Malawani, 2019). Hazardous chemicals, such as industrial waste or ag-
ricultural residues, can seep into infiltration wells and contaminate groundwater, which can negatively
impact the quality of drinking water and other water sources.

Table 3. Assessment of Strengths, Weaknesses, Opportunities, and Threats of Infiltration Well Policy in Indonesia

Strengths

Weaknesses

Infiltration wells have a lot of regulatory support
from the central government to regional government
levels

Infiltration wells contribute to groundwater recharge,
thereby reducing the risk of groundwater shortages
in the future

Infiltration wells contribute to efforts to reduce
rainwater runoff, which can cause puddles or
flooding in urban areas

Improve water resources management to support
sustainable development goals (SDGs)

Easy to create and deploy at multiple scales, from
individuals to regions

Therearestillmanyweaknessesintheimplementation,
particularly the construction of many infiltration wells
without adherence to proper technical standards,
which reduces their effectiveness.

There are still many people who do not understand
the benefits of infiltration wells, so their
implementation often depends on the government
or certain institutions

It is hard to find adequate land to build infiltration
wells, especially in densely populated areas and big
cities

There is still a weakness in the management quality
of infiltration wells after they are built, as indicated
by the presence of pollutants in the groundwater
layer

Opportunities

Threats

Opportunities to integrate modern technology in the
creation and management of infiltration wells, such
as digital monitoring for efficiency.

Opportunities to involve the private sector, NGOs,
and local communities in supporting the construction
of infiltration wells

Opportunities to contribute more to sustainable
water management, supporting water security
amidst climate change.

Opportunities to gain support from international
donors focused on environmental and water
management issues

Erratic rainfall intensity can reduce the effectiveness
of infiltration wells in recharging groundwater
Improperly managed domestic and industrial waste
can contaminate the water entering the infiltration
well

Regulations regarding infiltration wells are often
less strict in implementation, so many parties do not
comply with them.

Implementing this program requires a large budget,
especially if it is to be implemented on a wide scale
with good quality

Sources: Analysis Result, 2024
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The construction of infiltration wells also poses a potential risk of local flooding (Lubis et al., 2023;
Azwarman, 2017). If the infiltration well system is inadequate or unable to accommodate excessive rain-
water flow, the water can overflow and cause local flooding. It occurs when the absorption well is full
and cannot absorb further water. If there is no adequate stormwater drainage system, flooding can
submerge roads, residences, or other areas.

In some cases, constructing infiltration wells can risk reducing soil stability (Gunawan et al., 2021).
Improper construction of infiltration wells can result in a decrease in the stability of the surrounding soil.
When water seeps into the soil, changes can occur in soil composition and moisture, which can cause soil
settlement or soil movement. It can damage surrounding infrastructure, such as roads or buildings. Geo-
logical conditions and soil structure in an area can influence the effectiveness of infiltration wells. Very
clayey soil or soil with a high seepage level can hinder the infiltration well’s ability to absorb water prop-
erly. Hard rocks or certain soil formations can also make it difficult to build effective infiltration wells.

Polluted infiltration wells can cause health problems (Suprayogi & Malawani, 2019). If groundwa-
ter is polluted due to poor infiltration wells, it can cause health problems for humans and animals that
consume it. Contaminants present in polluted groundwater can cause disease and health problems, pri-
marily if the water is for drinking or cooking. In urban areas, soil and water contamination risk is usually
higher due to human activities such as industry, transportation, and domestic activities. When rainwater
flows over contaminated surfaces, the possibility of groundwater contamination in infiltration wells in-
creases. Therefore, it is necessary to conduct regular testing and monitoring to ensure that the water
collected in infiltration wells is safe.

Potential of Infiltration Wells Development in Indonesia

Considering its geographical and climatic characteristics, Indonesia has great potential for devel-
oping infiltration wells. Indonesia has high yearly rainfall, especially in tropical regions such as Sumatra,
Kalimantan, and Papua. Abundant rainfall provides excellent potential for collecting and utilizing rain-
water through infiltration wells.

Despite having high rainfall, Indonesia also faces water shortage problems in several areas. Infiltra-
tion wells can be a massively developed solution for collecting and storing rainwater, which can be used
as an alternative water source, especially during the dry season.

Rapid urban growth in Indonesia presents challenges in rainwater management. Infiltration wells
can help reduce flooding and improve groundwater quality in dense urban areas. The potential for de-
veloping infiltration wells in Indonesia is also supported by large land areas in urban and rural areas. It
allows for building infiltration wells with sufficient area to collect rainwater.

Many organizations and communities are promoting infiltration wells as part of water conservation
efforts. This community support can encourage the development of infiltration wells in Indonesia, apart
from the fact that the Indonesian government has issued various regulations and policies that support
the development of infiltration wells. Public awareness about the importance of water and environmen-
tal management is a crucial factor in the effectiveness of infiltration wells. When the community under-
stands the benefits of infiltration wells and actively participates in their construction and maintenance,
these wells can function effectively and have a positive impact.

By harnessing these potentials, infiltration wells development in Indonesia can help address water
shortages, improve rainwater management, and enhance groundwater quality. To achieve this, the gov-
ernment, relevant institutions, and the community must collaborate to build and maintain infiltration
wells effectively and sustainably.
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Based on the analysis results, an improvement strategy for the infiltration well policies develop-
ment in Indonesia was formulated. This strategy is based on a SWOT analysis, which is divided into
four categories: SO (Strength-Opportunity), WO (Weakness-Opportunity), ST (Strength-Threat), and WT
(Weakness-Threat) strategies.

Table 4. SO (Strength-Opportunity), WO (Weakness-Opportunity), ST (Strength-Threat), and WT
(Weakness-Threat) Strategies for the Development of Infiltration wells in Indonesia

SO (Strength-Opportunity) Strategies WO (Weakness-Opportunity) Strategies
¢ Develop infiltration well models that are more e Develop technical standards that are easily accessible
efficient and easier to apply using modern to the general public, complete with visual guides to
technology, such as monitoring sensors for ensure effective implementation.
groundwater recharge ¢ Providing incentives, such as tax breaks or subsidy
« Utilize national policy support to collaborate with assistance, for households or companies that build
the private sector in funding and implementing infiltration wells according to standards
community-based infiltration wells ¢ Encourage the integration of infiltration wells with
¢ Increase public awareness of infiltration wells urban green infrastructure, such as city parks or porous
benefits by utilizing social media, applications, or pedestrian paths.
digital education platforms.
ST (Strength-Threat) Strategies WT (Weakness-Threat) Strategies
¢ Use simple technologies, such as natural filters or e Start implementation in strategic locations with high
filtration systems, to ensure that the water entering groundwater demand and low risk of pollution for
the infiltration well is free of pollutants optimal results with limited resources
¢ Integrate infiltration well policies with spatial e Provide training for the community and construction
planning and pollution control regulations to service providers to ensure the implementation of
minimize environmental risks infiltration wells according to standards.

¢ Develop multifunctional infiltration wells to Access international grants or research collaborations
recharge groundwater and serve as emergency to overcome funding limitations while improving the
water reserves for dry seasons quality of implementation.

Sources: Analysis Result, 2024

The SWOT strategy table (SO, WO, ST, WT) presented in the manuscript requires a clear narrative
explanation to guide readers through its analytical logic. After displaying the table, the authors should
elaborate on how each quadrant reflects the interaction between internal and external factors. For ex-
ample, SO strategies highlight the potential for innovation and collaboration by leveraging existing
strengths and emerging opportunities—such as sensor-based monitoring and private sector engage-
ment. WO strategies respond to systemic weaknesses by proposing incentives, community involvement,
and integration with green infrastructure. ST strategies emphasize policy alignment and spatial planning
to mitigate external threats, while WT strategies suggest phased implementation and capacity-building
in high-risk areas. This narrative is essential to ensure the table is not perceived as a static list but as a
dynamic synthesis of empirical findings and strategic foresight

This study integrates the 5C implementation framework—content, context, capacity, commitment,
and clients/coalitions—to strengthen policy recommendations for infiltration wells in Indonesia. While
regulatory content is well-established across ministries, implementation varies due to regional context
and uneven technical capacity. FGDs revealed limited monitoring systems and weak inter-agency co-
ordination, especially in Semarang and Bandung. Commitment and stakeholder engagement remain
inconsistent, with minimal private sector involvement.

To address these gaps, a mix of policy instruments is proposed: tax incentives (economic), special
allocation funds (fiscal), CSR programs (partnership), and mandatory building regulations (legal). Each
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instrument is mapped to responsible actors such as the Ministry of Finance, Bappenas, local govern-
ments, and private entities.

Operational performance indicators are recommended to enhance accountability, including runoff
reduction in target sub-watersheds, groundwater recharge rates, failure rates due to clogging, annual
O&M costs per unit, and compliance with building permit requirements. These indicators align with SDG
targets and international standards (EPA, 2021; CIRIA, 2015; UN, 2025), enabling evidence-based evalu-
ation and replication. By linking empirical findings to theory and measurable outcomes, the study offers
a scalable framework for sustainable urban water governance.

4. Conclusion

This study aims to strengthen infiltration well development policies in Indonesia through an inte-
grative, evidence-based approach. Key findings reveal persistent gaps in technical standards, fragment-
ed governance across ministries and regions, limited financing mechanisms, and weak operation and
maintenance (O&M) systems. Monitoring practices remain inconsistent, and community or private sec-
tor involvement is minimal. These challenges underscore the need for harmonized regulations, adaptive
planning based on hydrogeological typologies, and a mix of policy instruments—ranging from fiscal in-
centives to regulatory mandates—to ensure effective and replicable implementation. Establishing mea-
surable performance indicators is essential to support accountability and alignment with SDG targets.

Practically, the central government should issue national design and monitoring standards and
allocate Special Allocation Funds (DAK) for green infrastructure starting next fiscal year. Local govern-
ments must integrate infiltration wells into building permit systems and establish performance-based
monitoring frameworks. Developers are expected to incorporate site-specific infiltration wells during
project planning and construction phases. Communities and private sector actors should be engaged
through CSR programs and technical training, with phased implementation beginning in priority urban
areas by Q1 of the upcoming year.
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