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ABSTRACT: Drainage systems were an important component of urban infrastructure for
controlling rainwater runoff and minimizing the risk of flooding, especially in densely
populated residential areas. However, in many urban areas, flooding still occurred repeatedly
despite the availability of drainage networks. This study aimed to evaluate the performance
and effectiveness of drainage systems in the Pelita residential area and to identify technical and
non-technical factors that affected the occurrence of inundation. This study used a quantitative
approach with a descriptive-evaluative method supported by qualitative data. Technical
performance analysis was carried out through channel dimension measurements, hydrological
analysis using the rational method, and hydraulic analysis using Manning’s equation. In
addition, community perceptions and levels of participation were analyzed through
questionnaires that had been tested for validity and reliability and analyzed using Pearson
correlation. The results of the study showed that the capacity of drainage channels was not
sufficient to accommodate peak runoff discharge, as reflected in the relatively high frequency
of flooding (3—4 times per year) and the relatively long duration of inundation. Statistically,
the physical condition of the drainage system had a strong correlation with flood frequency,
while community participation was moderately correlated with drainage effectiveness. These
findings confirmed that the effectiveness of drainage systems in densely populated areas was
strongly influenced by a combination of technical and social factors, indicating that an
integrated drainage management approach was needed.

KEYWORDS: Drainage effectiveness; drainage performance; densely populated areas; urban
flooding

1. Introduction

Urban flooding remained a major problem in densely populated residential areas, even though
drainage systems were available and operational [1]. In residential areas with high building
density, changes in land use and the increasing proportion of impervious surfaces led to reduced
soil infiltration capacity and increased surface runoff [2, 3]. As a result, the capacity of existing
drainage systems was often unable to accommodate runoff discharge during moderate to high
rainfall intensity, resulting in inundation and recurrent flooding [4]. This condition not only
caused infrastructure damage and economic losses but also reduced environmental quality and
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increased the risk of public health problems [5, 6]. Although extensive research had been
conducted on urban drainage systems, most studies still focused primarily on planning and
technical design aspects or on hydrological and hydraulic analyses conducted separately [7].
Empirical evaluations that examined the performance and effectiveness of existing drainage
systems in an integrated manner, particularly by linking channel technical conditions, flood
events, and community perception and participation in densely populated residential areas,
remained relatively limited [8, 9]. This research gap highlighted the need for a more
comprehensive investigation to understand why flooding persisted despite the availability of
drainage infrastructure [10]. Based on these issues and research gaps, this study aimed to
analyze the performance and effectiveness of drainage systems in densely populated residential
areas, using the Pelita residential area as a case study. The objectives were to evaluate the
technical performance of the drainage system based on channel capacity and runoff discharge,
to analyze the effectiveness of the drainage system in reducing flood frequency and duration,
and to examine the relationship between the physical condition of the drainage system, flood
frequency, and the level of community participation in drainage maintenance.

The hypothesis proposed in this study was that better physical performance of drainage
systems was associated with lower flood frequency and duration and that higher levels of
community participation in drainage maintenance contributed positively to increased drainage
system effectiveness [11, 12]. With these objectives and hypotheses, this research was expected
to contribute scientifically to the evaluation of urban drainage systems and to provide a basis
for practical recommendations for technically sound and participatory drainage management
[13]. The novelty of this research lay in its integrated evaluation approach, which combined an
assessment of technical drainage performance through hydrological and hydraulic analyses
with an analysis of community perception and participation, subsequently tested using
statistical correlation analysis. This integrated approach distinguished the study from previous
drainage research that generally focused on technical aspects alone, thereby providing a more
comprehensive understanding of urban drainage system effectiveness in densely populated
residential areas.

2. Methodology
2.1. Types and approaches to research.

This study used a quantitative method with a descriptive-evaluative approach to assess the
performance and effectiveness of drainage systems in densely populated residential areas [14].
The quantitative approach was selected because it enabled analysis based on measurable data,
including channel dimensions, runoff discharge, rainfall intensity, and the frequency and
duration of inundation [15]. The descriptive approach was applied to describe the existing
conditions of the drainage system, while the evaluative approach was used to assess the
adequacy and effectiveness of the drainage system in conveying rainwater runoff [16].

2.2. Study area.

The research was conducted in the Pelita residential area, which had a high population density
and frequently experienced inundation during moderate- to high-intensity rainfall events. The
study area was selected based on characteristics such as significant land-use changes, the
presence of existing drainage systems with varying physical conditions, and a relatively high
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frequency of flood events. Research activities included field surveys, measurements and
observations of drainage channels, distribution of questionnaires to the community, and
interviews with relevant stakeholders.

2.3.Hydrological and hydraulic analysis.

Hydrological analysis was performed to calculate the design runoff discharge using the rational
method, considering rainfall intensity, runoff coefficient, and catchment area [17, 18]. The
rational method was chosen because it was suitable for relatively small catchment areas and
widely applied in urban drainage system evaluations [ 19]. Hydraulic analysis was subsequently
conducted using the Manning equation to evaluate the capacity of existing drainage channels
to convey the generated flows [20, 21]. The results of hydrological and hydraulic analyses were
used to assess the compatibility between channel capacity and runoff discharge, thereby
determining the technical performance level of the drainage system [22].

2.4.Data collection and field observation.

Primary data were collected through field observations to obtain information on the physical
condition of drainage channels, including measurements of channel width and depth, channel
bed slope, structural conditions, sedimentation levels, the presence of garbage and vegetation,
and flow performance under dry conditions and after rainfall. Observation points were
determined purposively along primary and secondary channels in locations that frequently
experienced inundation, based on information obtained from the local community. Social data
were obtained through questionnaires distributed to heads of households, which measured
public perceptions of drainage conditions, flood frequency and impacts, and the level of
community participation in drainage maintenance. Prior to analysis, the questionnaire
instruments were tested for validity and reliability to ensure accurate and consistent
measurement of research variables [23, 24].

2.5. Statistical analysis and respondent selection.

Statistical analysis was performed using IBM SPSS Statistics software on interval-scale
quantitative data obtained from field measurements and questionnaires. The relationships
among drainage physical condition, flood frequency, and community participation were
analyzed using Pearson correlation at a significance level of o = 0.05, following standard
practices in urban drainage and flood management research [25]. The number of respondents
was determined based on sample representativeness, time, and resource constraints, resulting
in 43 heads of households from a total population of 162 households. Respondents were
selected purposively according to their willingness to participate and suitability with the
research criteria, which was considered sufficient to describe community perception patterns
and participation levels in drainage maintenance.

3. Results and Discussion

3.1. Drainage system capacity limitations.

The results of the analysis showed that the limited capacity of the drainage system was the
main factor causing repeated floods in densely populated residential areas. The relatively small
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cross-sectional area of the channels and the low slope of the channel bed led to reduced flow
velocities, and the ability of the channels to drain runoff discharge was limited [26]. This
condition was consistent with the findings of [27], which stated that mismatches between
channel capacity and design discharge were a common cause of urban drainage system failures.
In addition, increased surface runoff due to the high proportion of impervious surfaces in
densely populated residential areas worsened the performance of the drainage system. Land-
use changes without a corresponding increase in drainage capacity had been widely reported
as a dominant factor causing urban flooding [28]. Thus, the results of this study reinforced the
empirical evidence that evaluation of existing channel capacity was essential in urban drainage
management.

3.2. Factors that trigger recurrent floods.

The relatively high frequency of floods and the long duration of inundation indicated that
drainage problems were not only derived from technical aspects but were also influenced by
operational and environmental factors. Based on the results of the questionnaires, flooding
events in the study area occurred on average 3—4 times per year, with inundation lasting
approximately 5 hours. Sedimentation, garbage accumulation, and a lack of regular
maintenance of drainage channels contributed to the decrease in the hydraulic capacity of the
channels. This condition was consistent with the findings of [29], which confirmed that
maintenance factors played an important role in the effectiveness of urban drainage systems.
In addition to internal channel factors, the occurrence of high-intensity rainfall over a short
duration also increased the risk of overflow. Study [30] suggested that urban drainage systems
in densely populated areas tended to be more vulnerable to extreme rainfall due to limited space
for additional infrastructure development. These findings indicated the need for an adaptive
approach in drainage planning and management, particularly in the context of climate
variability.

3.3. The role of community participation and its implications for urban drainage management.

The results of statistical analysis showed that community participation had a significant
relationship with the effectiveness of drainage systems. The level of community participation,
which was categorized as fairly active, indicated awareness of the importance of drainage
maintenance, even though the implementation was not optimal. These findings were consistent
with research [31], which stated that community involvement played a role in maintaining
channel cleanliness and preventing blockages. However, the correlation results indicated that
community participation alone was insufficient to address the flood problem comprehensively.
Support for technical improvements and government policies was still needed to increase the
capacity and sustainability of the drainage system. A collaborative approach between
government and society, as proposed by [32], was a relevant strategy to enhance the
effectiveness of urban drainage management. Based on the results and discussion, the practical
implications of this study included the need for integrated management of drainage systems
that combined technical and social aspects. Increasing channel capacity through rehabilitation
or redesign needed to be balanced with regular maintenance programs and increased
community participation. The findings of this study supported a sustainable drainage
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management approach that emphasized synergies among technical planning, public policy, and
community engagement [33].

3.4. Community participation and maintenance.

Table 1 presented a summary of the condition of the drainage system based on objective data
from field measurements and community perception data obtained through questionnaires. The
results of the questionnaire analysis showed that the level of community satisfaction with the
drainage system was in the medium category. Community assessments included the physical
condition of the channels, drainage cleanliness, flow smoothness, and response to inundation.
The average score of satisfaction with the physical condition of the drainage was 3.2 (adequate
category), channel cleanliness was 3.5 (moderate), and the level of community participation in
drainage maintenance was 3.4 (moderately active) on a Likert scale of 1-5. Pearson correlation
analysis showed a moderate relationship between community participation rates and the
effectiveness of drainage systems. This indicated that community involvement in maintaining
the cleanliness and function of the channels played a role in improving drainage performance,
although technical capacity enhancement through local government intervention was still
needed.

Table 1. Drainage system conditions based on field data and community perception.

Variable Mean Description  Source
Physical Condition of Field Measurement and
. 32 Normal
Drainage Survey
Flood Frequency per Year 3.8 Frequent Respondent Questionnaire

Observations and
Questionnaires
Community Surveys and
Inspections

Focused Group Interviews
and Discussions

Flood Duration (hours) 52 Prolonged
Drainage Channel Hygiene 3.5 Clean

Community Participation 34 Quite Active

3.5. Statistical analysis resullts.

The results of the validity test showed that all questionnaire items had an item-total correlation
value above the minimum threshold (r > 0.30; p < 0.05), so all indicators were declared valid.
The reliability test yielded a Cronbach’s Alpha coefficient of 0.81, indicating that the
questionnaire instrument had a good level of reliability. Pearson correlation analysis showed a
strong positive relationship between the physical condition of the drainage channels and the
frequency of flooding events (r = 0.68; p < 0.01), indicating that the worse the physical
condition of the channels, the higher the frequency of flooding. In addition, there was a
moderately strong positive association between community participation levels and drainage
system effectiveness (r = 0.55; p <0.05), suggesting that increased community involvement in
drainage maintenance contributed to improved system effectiveness. These findings confirmed
that drainage management in densely populated residential areas required a synergy between
technical improvements and community participation.

4. Conclusions

This study showed that the performance and effectiveness of drainage systems in densely
populated residential areas were still not optimal. Technical performance evaluation indicated
that the capacity of existing drainage channels was insufficient to accommodate rainfall
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discharge, so floods continued to occur repeatedly. In addition, the effectiveness of the drainage
system was also influenced by non-technical factors, particularly the level of community
participation in channel maintenance. Statistical analysis confirmed a significant relationship
between the physical condition of drainage channels and the frequency of flood events, as well
as a positive relationship between community participation and the effectiveness of drainage
systems. These findings indicated that improvements in the technical performance of the
drainage system needed to be balanced with active community involvement to achieve more
effective drainage management. The practical implications of this study included the need for
capacity building and maintenance of drainage systems integrated with community-based
management approaches. Synergy between technical improvements, increased awareness and
community participation, and support from local government policies were key factors in
enhancing drainage effectiveness and reducing flood risk in densely populated urban areas.
Further research was suggested to examine the spatial and temporal aspects of drainage systems
and to involve a larger number of respondents to strengthen the generalizability of the findings.
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