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ABSTRACT

This study aims to analyze the availability and
quality of the Remeneng River, evaluate its
potential in supporting PDAM drinking water
services in Labuapi District, and formulate
management  directions  for  long-term
sustainability. Water availability was assessed
using the F.J. Mock rainfall-runoff model
calibrated against AWLR Keru discharge data
(2010-2018), with dependable discharge (Q90)
determined  through  Weibull probability
analysis. Water demand was projected using the
arithmetic population growth method for 2025-
2035, while water quality was evaluated using
the Pollution Index method based on
Government Regulation No. 22 of 2021. The F.J.
Mock model showed a very strong correlation
with measured discharge (r = 0.809). The Q90
ranged from 0.009 m3/s in August to 1.144 m3/s
in February, with critical deficits occurring from
July to October (<12 L/s). Population is projected
to increase from 84,959 (2025) to 106,768 (2035),
driving raw water demand from 143.30 L/s to
180.08 L/s, while the existing intake capacity of
104 L/s is insufficient to meet future demand.
Water quality remained generally good (PI:
0.534-1.513), although iron and color exceeded
standards during the wet season due to runoff
and erosion. The integrated quadrant matrix
revealed that only three months (April-June)
represent ideal conditions, while four months
(July-October) face critical deficits despite good
water quality
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INTRODUCTION

Sustainable drinking water services depend on the ability of raw water
sources to provide sufficient water quantity and maintain acceptable water
quality over time. As a fundamental human need, clean water plays a crucial role
in supporting public health, social welfare, and economic activities. Therefore,
ensuring the sustainability of water supply systems has become a major concern
in water resource management, particularly in areas experiencing rapid
population growth and increasing water demand (Muta’ali, 2012).

The increasing pressure on water resources is closely associated with
population growth, land-use change, seasonal variability, and climate-related
hydrological fluctuations. These factors influence the availability of surface water
and may reduce the reliability of rivers as raw water sources for drinking water
services. Although Indonesia possesses substantial water resource potential,
effective utilization remains constrained by spatial and temporal variability,
highlighting the importance of assessing water resource carrying capacity to
ensure sustainable use (Badan Pusat Statistik, 2017; Radhika et al., 2018).

One of the strategic raw water sources supporting drinking water services
in West Lombok Regency is the Remeneng River, which is utilized by PDAM Giri
Menang to supply clean water to communities in Labuapi District. The river
originates from the Sesaot area and flows through several villages before
reaching the intake structure that serves the Sembung Water Treatment Plant.
With an estimated discharge of approximately 104 L s7, the Remeneng River
represents one of the most important raw water sources within the service system
(Apriansyah et al., 2025; Putri, 2024). Consequently, the sustainability of drinking
water services in Labuapi is highly dependent on the river’s capacity to
continuously provide adequate and suitable raw water.

However, growing anthropogenic pressures have raised concerns
regarding the long-term sustainability of the Remeneng River as a raw water
source. Population growth within the surrounding area has increased the
demand for clean water, while rapid urban development in Labuapi District has
accelerated land-use conversion and settlement expansion. The number of
PDAM service connections supplied by the Remeneng River increased from
15,380 connections in 2023 to 16,437 connections in 2025, indicating a continuous
rise in water demand. At the same time, settlement areas expanded substantially
between 2015 and 2023, reflecting increasing development pressures on the
watershed environment (Al Hidayat, 2025; Badan Pusat Statistik Kabupaten
Lombok Barat, 2024). In addition to quantity-related challenges, the river is also
exposed to environmental pressures that may affect water quality and intake
operations, including sediment accumulation and solid waste transported during
high-flow conditions (Firmansyah, 2024).

Previous studies have widely applied water balance approaches to evaluate
water resource potential by comparing water availability and water demand.
These studies have successfully identified surplus and deficit conditions in
various watersheds and water supply systems (Aalimah et al., 2022; Kurniasari
et al., 2021; Widiyaningsih et al., 2021, Wintyaswan et al., 2022). Other studies
have focused on dependable discharge analysis and projected water demand to
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assess the sustainability of water supply systems (Aprianto et al., 2026;
Kurniawan et al., 2024; Nofitasari et al., 2024). Nevertheless, most existing
studies emphasize quantitative aspects of water resources and rarely incorporate
water quality conditions into potential assessments. Furthermore, limited studies
have integrated water availability, water quality status, and drinking water
demand within a single analytical framework for evaluating the potential of raw
water sources in supporting public water supply services (Siwabessy et al., 2024;
Wardana et al., 2024).

This study addresses that gap by focusing on the Remeneng River as a
specific raw water source directly supporting PDAM services in a rapidly
developing peri-urban area. The study contributes to knowledge enrichment by
integrating dependable discharge analysis, water demand projection, water
balance assessment, and water quality evaluation using the Pollution Index
method within a unified potential assessment framework. Through this
integrated approach, the study provides a more comprehensive assessment of
raw water source potential than evaluations based solely on water quantity or
water quality. Accordingly, this research aims to analyze the availability and
quality of the Remeneng River, evaluate its potential in supporting PDAM
drinking water services in Labuapi District, and formulate management
directions that support the long-term sustainability of drinking water services.

LITERATURE REVIEW
Balance for Raw Water Availability Assessment

Water balance analysis is a fundamental approach for evaluating raw water
availability by comparing water supply and water demand within a particular
area. A surplus condition indicates that available water exceeds demand,
whereas a deficit condition suggests that water resources are insufficient to meet
existing needs (Admadhani et al.,, 2013; Tufaila et al.,, 2016). Water balance
assessment has been widely used as an important tool for water resource
planning and management, particularly in regions experiencing rapid
population growth and increasing development pressures. Previous studies have
demonstrated that water balance analysis can effectively identify the
sustainability status of water resources and support decision-making for future
water allocation (Maulina et al., 2022; Ningsih et al., 2020). Therefore, evaluating
the balance between water availability and water demand is essential for
determining the potential of raw water sources used for drinking water services.

Dependable Discharge as an Indicator of Water Availability

The availability of river water resources is generally assessed using
dependable discharge, which represents the minimum river flow that can be
expected to occur at a specified probability level. Unlike average discharge,
dependable discharge emphasizes supply reliability and is therefore more
suitable for evaluating raw water sources intended for continuous water supply
services (Soemarto, 1987).

For drinking water systems, dependable discharge with a 90% exceedance
probability (Q90) is commonly adopted because it represents flow conditions that
can be maintained during most periods, including dry seasons. The use of Q90
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reduces the risk of supply failure and provides a more reliable estimate of water
availability for public water supply planning (Sarminingsih, 2023; Yekti et al,,
2020). Several studies have successfully applied dependable discharge analysis
to evaluate the sustainability of river-based water supply systems and to identify
periods of potential water shortages (Sari et al., 2019; Yanidar et al., 2020).

Water Demand for Drinking Water Services

Water demand represents the quantity of water required to satisfy domestic
and non-domestic activities. Domestic demand includes household water
consumption for drinking, cooking, bathing, washing, and other daily activities,
while non-domestic demand includes water use by public facilities, commercial
establishments, educational institutions, healthcare facilities, and other socio-
economic sectors (Salim, 2019).

Future water demand is commonly estimated using population projections
combined with per capita water consumption standards. Population growth and
urban development significantly influence the magnitude of water demand,
particularly in rapidly developing areas. Consequently, water demand
projections are essential components of sustainable water resource planning
because they provide estimates of future pressure on available water resources
and drinking water infrastructure (PUPR, 2020; Salim, 2019).

Water Quality Assessment and Pollution Index

In addition to water quantity, water quality is a critical determinant of the
suitability of a river as a raw water source. Water quality is generally evaluated
by comparing measured physical and chemical parameters with the applicable
water quality standards established under Government Regulation No. 22 of
2021 Annex VI concerning Class I water quality standards for drinking water raw
sources. Compliance with these standards indicates whether river water can be
utilized for specific purposes, including drinking water supply.

The Pollution Index (PI) method, introduced through Ministerial Decree
No. 115 of 2003, is one of the most widely applied approaches for assessing water
quality status. The method evaluates the extent to which observed water quality
parameters deviate from established standards and integrates these deviations
into a single index value. As a result, the Pollution Index provides a practical and
comprehensive measure of overall water quality conditions and facilitates the
classification of water bodies into categories ranging from unpolluted to heavily
polluted.

Previous studies have shown that pollution assessment is essential for
identifying environmental pressures originating from domestic activities, urban
development, agricultural runoff, and other anthropogenic sources that may
compromise the suitability of water resources for drinking water purposes
(Haque et al., 2024; Hossain et al., 2025). Therefore, evaluating water quality
alongside water availability is necessary for achieving a comprehensive
assessment of raw water sustainability.
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WATER AVAILABILITY WATER QUALITY
Hydrological Data : s
- Rainfall (CHIRPS) Water Quality Parameters WATER QUALITY ASSESMENT
- Climate (ERAS Ag) - pH (Pollution Index Method)
- Watershed Character. - Suhu (°C) ‘
{ - Warna (TCU) WATER QUALITY STANDARDS
F.J. MOCK MODEL - Besi (Fe) (PP No. 22 of 2021 Annex VI
(Rainfall-Runoff Analysis) - Amoniak (NH;-N) Class I for Raw Water)
- Klorida (CI") i
DEPENDABLE DISCHARGE (Qy,) - Nitrit (NO,") WATER QUALITY STATUS
- Nitrat (NO;7) (Good / Lightly /
WATER SUPPLY - Mangan (Mn) Moderately / Heavily
(Available Water) Polluted)

WATER BALANCE
Comparison of Water Supply and Water Demand

.

RAW WATER POTENTIAL
(Potential of Remeneng River as Raw Water Source
for Sustainable PDAM Services)

Figure 1. Conceptual Framework

METHODOLOGY
Research Data
The comprehensive datasets utilized in this study encompass water quality
records, hydrometeorological parameters, watershed characteristics, and
socioeconomic indicators.
Table 1. outlines the specific variables, their types, and data sources

Data Type Variables Source
Water quality | pH, temperature, color, Fe, PDAM Giri Menang historical records
data Mn, NH;, CI7, NO,7, NO;5~ (2020-2025)
CHIRPS (Climate Hazards Group InfraRed
Rainfall data | Daily rainfall (mm/day) Precipitation with Station data) via Climate
Engine

Potential evapotranspiration

Climate data ERA5 Ag (ECMWEF) via Climate Engine

(mm/day)
Watershed Catchment area, land use, soil | DEMNAS (BIG), Ministry of Agriculture,
characteristics | type, slope Ministry of Environment and Forestry
Population Number of inhabitants Central Bureau of Statistics (BPS), Lombok
data Barat Regency
PDAM Number of connections, water
operational L . PDAM Giri Menang (Perseroda)
data consumption, intake discharge

Water Availability Analysis

Water availability was estimated using the F.J. Mock rainfall-runoff model.
The model was calibrated against observed discharge data from the AWLR Keru
station (period 2010-2018) using the Pearson correlation coefficient (r) to ensure
simulation reliability. Daily rainfall (CHIRPS) and potential evapotranspiration
(ERA5 Ag) data were processed to simulate monthly river discharge for the
period 2010-2025.

The dependable discharge with 90% exceedance probability (Q90) was
determined using the Weibull probability method through flow duration curve
(FDC) analysis. The Weibull plotting position is expressed as follows:
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P =

1 X 100%
where:

P = probability of exceedance (%)

m = discharge rank (descending order)

n = total number of discharge observations

Water Demand Analysis

Future water demand was projected using the arithmetic population
growth method, selected as the most representative method based on the lowest
Mean Absolute Deviation (MAD) value. Domestic water demand was estimated
based on the Water Supply System Planning Criteria issued by the Directorate
General of Human Settlements (Direktorat Jenderal Cipta Karya, 1996), with a
service coverage of 80%, per capita consumption of 110 L/person/day, non-
domestic demand of 20%, and distribution losses of 20%. Total raw water
demand was converted into liters per second (L/s) and compared with the
dependable discharge (Q90) to evaluate the water balance for the period 2025-
2035.

Water Quality Analysis
Water quality status was evaluated using the Pollution Index (PI) method
based on the Decree of the Minister of Environment No. 115 of 2003. The
Pollution Index was calculated using the following mathematical expression:
(#), + (@)
PI; = Ml
J 2

where:
PI; = Pollution Index for water use j
C: = measured concentration of parameter i
Lij =water quality standard of parameter i for water use j
M = maximum value of C;i/L;;
R = average value of C;/Lj
The measured parameters were compared with the Class I water quality
standards specified in Government Regulation No. 22 of 2021 (Annex VI) for
drinking water raw sources.

Table 2. Pollution Index Classification

PI Value Water Quality Status
PI<1.0 Good (meets water quality standards)
1.0<PI<5.0 Lightly polluted
50<PI<10.0 Moderately polluted
PI>10.0 Heavily polluted

Source: Decree of the Minister of Environment No. 115 of 2003
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Integrated Water Availability and Water Quality Assessment

Tabel 3. Integrated Water Availability and Water Quality Matrix

Quadrant Classification
| Water Deficit - Good Water Quality
11 Water Deficit - Poor Water Quality (Critical)
11 Water Surplus - Poor Water Quality
v Water Surplus - Good Water Quality (Ideal)

The classification is adapted from the One Out, All Out concept (UNEP,

2020), which integrates water availability and water quality into a single
assessment. A water resource is considered ideal only when both quantity and
quality meet the required criteria, whereas failure in either component indicates
a less favorable condition requiring management attention.

RESEARCH RESULT
Water Availability Assessment

4.0 0
61.26
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Figure 2. Monthly hydrograph of average rainfall, calculated streamflow (F.].

Mock), and measured streamflow (AWLR Keru)

The F.J. Mock model simulation results showed a very strong correlation

with the measured discharge, with a Pearson correlation coefficient of 0.809
(80.9%).
Table 3. F.J. Mock Model Streamflow Probability (m3/s)
P(%) | Jan | Feb | Mar | Apr | Mei | Jun | Jul | Agu | Sep | Okt | Nov | Des
588 1.69 | 205 | 1.75 | 1.68 | 1.63 | 1.39 | 149 | 051 | 0.64 | 1.06 | 1.45 | 1.72
0 8 2 7 8 4 2 0 6 5 9 6
11.7 | 161 | 1.70 | 1.66 | 1.58 | 143 | 060 | 062 | 042 | 0.36 | 057 | 1.13 | 1.56
6 7 6 5 0 0 7 7 0 8 4 9 8
176 | 148 | 167 | 159 | 154 | 1.36 | 055 | 0.60 | 0.27 | 029 | 055 | 1.09 | 1.51
5 3 5 8 1 9 1 2 3 9 4 1 3
235 | 1.36 | 1.64 | 155 | 149 | 1.29 | 050 | 050 | 011 | 0.03 | 0.27 | 1.07 | 1.27
3 6 3 7 3 3 8 9 2 0 0 3 8
294 | 126 | 157 | 149 | 146 | 1.21 | 050 | 0.30 | 0.10 | 0.01 | 0.12 | 1.06 | 1.08
1 6 3 2 0 3 1 4 8 9 0 5 3
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352 | 125 | 148 | 145 | 1.28 | 1.00 | 047 | 029 | 0.07 | 0.01 | 0.01 | 0.96 | 1.06
9 2 6 6 5 7 4 8 1 9 8 5 9
411 | 123 | 148 | 144 | 1.21 | 094 | 047 | 0.26 | 0.01 | 0.01 | 0.01 | 090 | 1.04
8 1 4 6 0 8 2 4 8 9 8 4 3
47.0 | 1.22 | 146 | 142 | 1.14 | 0.79 | 046 | 024 | 0.01 | 0.01 | 0.01 | 0.73 | 0.99
6 7 5 1 9 2 3 6 8 7 8 2 5
529 | 1.20 | 145 | 138 | 1.14 | 0.73 | 042 | 022 | 0.01 | 0.01 | 0.01 | 0.68 | 0.97
4 4 1 9 5 9 4 3 6 7 6 3 7
588 | 1.20 | 1.37 | 1.34 | 1.10 | 0.67 | 033 | 019 | 0.01 | 0.01 | 0.01 | 0.67 | 0.97
2 2 5 4 5 5 0 5 6 5 4 9 4
647 | 1.00 | 1.36 | 1.33 | 1.10 | 0.60 | 0.32 | 0.14 | 0.01 | 0.01 | 0.01 | 0.66 | 0.91
1 1 8 0 0 0 7 3 4 3 4 7 8
705 | 096 | 1.34 | 1.30 | 1.07 | 059 | 029 | 0.13 | 0.01 | 0.01 | 0.01 | 0.64 | 0.91
9 6 4 7 6 9 7 2 3 3 3 2 4
764 | 089 | 1.26 | 1.30 | 1.07 | 057 | 0.27 | 0.07 | 0.01 | 0.01 | 0.01 | 0.55 | 0.89
7 4 3 3 1 4 7 4 3 3 3 8 8
823 | 085 | 1.21 | 1.29 | 1.05 | 0.55 | 0.27 | 0.01 | 0.01 | 0.01 | 0.01 | 0.48 | 0.88
5 0 4 6 8 0 7 4 1 3 3 9 2
882 | 076 | 1.20 | 1.08 | 0.94 | 0.44 | 0.26 | 0.01 | 0.00 | 0.01 | 0.01 | 0.48 | 0.84
4 6 3 1 6 9 0 3 9 1 1 6 3
941 | 059 | 1.00 | 1.06 | 0.63 | 0.44 | 0.06 | 0.00 | 0.00 | 0.00 | 0.01 | 0.32 | 0.79
2 5 6 6 1 5 4 9 9 9 1 1 6
071 | 114 | 1.07 | 0.85 | 0.44 | 0.20 | 0.01 | 0.00 | 0.01 | 0.01 | 0.43 | 0.82

90 5 4 6 2 8 2 2 9 1 1 6 9

The Q90 dependable discharge of the Remeneng River ranged from 0.009
m?/s to 1.144 m3/s. The highest discharge occurred in February, while the lowest
discharge occurred in August.

Population Projection

ADMINISTRATIVE MAP OF
LABUAPI DISTRICT

Figure 3. Administrative Map of Labuapi District
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Table 4. Population Projection 2025-2035

Years Actua.l Arithmetic Eksponential Geometric
Population
2016 65.331 65.331 65.331 65.331
2017 65.978 67.512 67.266 67.266
2018 66.598 69.693 69.258 69.258
2019 67.195 71.874 71.310 71.310
2020 78.960 74.055 73.422 73.422
2021 79.932 76.235 75.597 75.597
2022 81.214 78.416 77.836 77.836
2023 84.345 80.597 80.141 80.141
2024 83.728 82.778 82.515 82.515
2025 84.959 84.959 84.959 84.959
2026 - 87.140 87.475 87.475
2027 - 89.321 90.066 90.066
2028 - 91.502 92.734 92.734
2029 - 93.683 95.481 95.481
2030 - 95.863 98.309 98.309
2031 - 98.044 101.221 101.221
2032 - 100.225 104.219 104.219
2033 - 102.406 107.306 107.306
2034 - 104.587 110.484 110.484
2035 - 106.768 113.756 113.756
Korelasi (r) - 0,9408 0,9402 0,9402
Standar Error - 2.982,22 3.214,64 3.214,63

The arithmetic method produced the lowest standard error and was
selected for population projection. The population of Labuapi District is

projected to increase from 84,959 people in 2025 to 106,768 people in 2035.

Raw Water Demand Projection
Table 5. Raw Water Demand Projection 2025-2035

Tahu | Populatio | %Servic qumest NRW Qnon- Average Maks Qd
n n es ' (L/day) | 9O 1 day) | PV Ly
(L/day) Y | (L/day) Y | (L/day)
2005 | 84959 | 67067 | 7476392 1,7944,33 1,4985,27 10,726,00 12,320,90 148.3
2007 | 89321 | 71457 | 7.860,248 1,8806,46 1,5702,05 11,3;8,75 13,016,57 15;).6
2030 | 95863 | 76690 | 8435044 2,0274,62 1,6897,18 12,1;17,75 13,929,92 1691.6
2032 | 100225 | 80180 | 8819,800 2,1126,75 1,7603,96 12,730,51 14,6(9)5,58 1659.0
2035 | 106768 | 85414 | 9395584 2,2561,94 1,8779,11 13,5%9,64 15,5;9,08 1830

The projected raw water demand increased from 143.30 L/s in 2025 to
180.08 L/s in 2035. The increase follows the projected population growth during
the planning period.
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Table 6. Water Availability and Demand Ratio

Bulan (n%g/os) Qdaops | Ratio | Qdagpy | Ratio | Dagzo | Qd | D3z | Ratio Qd2035 Ratio
Jan 0,715 0,143 + 0,151 + 0,162 | + | 0,169 + 0,180 +
Feb 1,144 | 0,143 + 0,151 + 0,162 | + | 0,169 + 0,180 +
Mar 1,076 | 0,143 + 0,151 + 0,162 | + | 0,169 + 0,180 +
Apr 0,852 | 0,143 + 0,151 + 0,162 | + | 0,169 + 0,180 +
Mei 0,448 0,143 + 0,151 + 0,162 | + | 0,169 + 0,180 +
Jun 0,202 0,143 + 0,151 + 0,162 | + | 0,169 + 0,180 +
Jul 0,012 | 0,143 - 0,151 - 0,162 | - | 0,169 - 0,180 -

Agu 0,009 | 0,143 - 0,151 - 0,162 | - | 0,169 - 0,180 -
Sep 0,011 | 0,143 - 0,151 - 0,162 | - | 0,169 - 0,180 -
Okt 0,011 | 0,143 - 0,151 - 0,162 | - | 0,169 - 0,180 -
Nov 0,436 | 0,143 + 0,151 + 0,162 | + | 0,169 + 0,180 +
Des 0,829 | 0,143 + 0,151 + 0,162 | + | 0,169 + 0,180 +

+ = Surplus; - = Deficit

1,2

1,144

Jan Feb

=—O— Q90 (Debit Andalan)

Mar

Apr

= = = Kebutuhan Puncak 2035 (Keb2035 = 0,180 m%s)

Mei

DEFISIT AIR

____________________________________

0,009

O

0,011

O

0,011

: -
Jun Jul

-0

Agu

-0

Sep

Okt

T
Nov

0,829

Des

— — — Kebutuhan Eksisting 2025 (Keb2025 = 0,143 m/s)

Figure 4. Comparison between Q90 and Water Demand

Keb2035 (0,180 m/s)
————————— Keb2025 (0,143 m/s)

Most months from November to June exhibit a considerable water surplus,
as the Q90 discharge exceeds both the existing intake discharge and future water
demand projections. However, during the dry season (July-October), the
available discharge falls significantly below the projected demand, indicating a
potential water deficit and highlighting the need for water resource management

strategies during low-flow periods.

Water Quality Assessment

Water quality assessment was conducted using nine parameters, namely
pH, temperature, color, iron, ammonia, chloride, nitrite, nitrate, and manganese.
The measured values were compared with Government Regulation No. 22 of

2021.

1946




International Journal of Contemporary Sciences (IJCS)
Vol. 4, No. 7, 2026: 1937-1958

Table 7. Seasonal Water Quality Monitoring Results (2020-2025)

Tanggal Season | pH | Suhu | Warna | Fe | NH; | CI" | NO: | NOs” | Mn
28/03/2020 Wet 7,1 29 15 042 | 0,09 | 7,1 | 0,038 2,1 0,13
15/08/2020 Dry 7,3 28 8 0,21 | 0,06 | 58 | 0,028 1,6 0,09
10/02/2021 Wet 6,9 29 10 0,38 | 0,07 | 69 | 0,033 1,9 0,12
02/07/2021 Dry 7,2 28 10 0,187 | 0,05 | 6,2 | 0,029 1,7 | 0,117
20/01/2022 Wet 7,0 30 18 051 | 0,11 | 83 | 0,044 2,4 0,16
18/09/2022 Dry 74 27 7 0,18 | 0,05 | 55 | 0,024 1,5 0,08
05/02/2023 Wet 6,8 30 20 055 | 0,13 | 87 | 0,047 2,6 0,18
10/08/2023 Dry 7,3 28 9 0,22 | 0,06 | 6,0 | 0,027 1,8 0,10
15/03/2024 Wet 7,0 29 16 047 | 0,10 | 7,8 | 0,041 2,2 0,15
22/09/2024 Dry 7,5 27 6 0,16 | 0,04 | 53 | 0,022 14 0,07
18/02/2025 Wet 6,9 30 22 058 | 014 | 91 | 0,050 2,8 0,19
05/09/2025 Dry 74 28 8 0,20 | 0,05 | 5,7 | 0,026 1,6 0,09

Quality Standard 6-9 | Dev 3 15 0,3 0,1 | 300 | 0,06 10 0,1

2,00 .. .
—o— Wet Season (W)  —#— DrySeason (D) --- Quality Standard (PI = 1.0)
1,75

1.513

1,50

-
N
9]

1

Pollution Index (PI)
S g
a1 o
\

o i == e S 6:755\ — ®
0,694 . ;8 - P 0,687
0,613 o
0,50 0,534
0,25 A
0,00 T T T T T T
2020 2021 2022 2023 2024 2025

Year

Figure 5. Pollution Index in Wet and Dry Seasons

Integrated Water Availability and Water Quality Assessment
Table 8. Summary of Quadrant Classification by Year

Quadrant 2025 2030 2035
Quadrant I (Deficit-Good 4 (Jul, Aug, Sep, 4 (Jul, Aug, Sep, 4 (Jul, Aug, Sep,
Quality) Oct) Oct) Oct)

Quadrant II (Deficit-Poor
Quality / Critical)
Quadrant III (Surplus-Poor 5 (Jan, Feb, Mar, 5 (Jan, Feb, Mar, 5 (Jan, Feb, Mar,
Quality) Nov, Dec) Nov, Dec) Nov, Dec)
Quadrant IV (Surplus-Good
Quality / Ideal)

3 (Apr, May, Jun) | 3 (Apr, May, Jun) | 3 (Apr, May, Jun)

The quadrant classification remained unchanged across the 2025, 2030, and
2035 scenarios because the assessment was based on the same seasonal pattern
of water quality and historical Q90 water availability, while only the projected
water demand varied between scenarios.
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DISCUSSION
Water Availability and Quality of the Remeneng River

The F.J. Mock model was successfully calibrated using discharge data from
AWLR Keru (2010-2018), yielding a Pearson correlation coefficient of 0.809
(80.9%) (Figure 2), indicating a very strong relationship between simulated and
observed discharge. Based on Table 4, the Q90 dependable discharge ranged
from 0.009 m3/s in August to 1.144 m3/s in February, demonstrating pronounced
seasonal variability. The highest discharges occurred during the wet season
(November-March), while the lowest values were recorded between June and
October (0.009-0.202 m3/s), indicating that river flow is strongly governed by
rainfall distribution within the watershed. This pattern is characteristic of tropical
monsoonal river systems (Mathew et al., 2021; Wang et al., 2024).

The extremely low dry-season Q90 values are primarily attributed to the
physical characteristics of the catchment, which is dominated by Regosol and
Litosol soils (Figure 4.1). These soils have high permeability and rapid drainage
but low water-holding capacity, causing rainwater to infiltrate quickly without
prolonged storage to sustain baseflow during dry periods (Baskoro & Tarigan,
2007; Syukur, 2012). As a result, groundwater storage that contributes to
baseflow becomes limited, and river discharge declines drastically after the rainy
season ends (Mulyono et al., 2023; Sayama et al., 2021). The rapid response of
this small catchment (10.05 km?) to rainfall events means that once the rainy
season ceases, the limited soil moisture storage is quickly depleted.

The extremely low dry-season discharge observed in the Remeneng River
is consistent with hydrological patterns documented in other catchments across
West Nusa Tenggara Province. Yasa et al. (2023) found that catchments in Bima
Regency experience dry periods lasting 8-9 months with maximum deficits
reaching 1.09 m3/s. Similarly, Indrawati et al. (2021) documented that small semi-
arid catchments in Sumbawa respond rapidly to rainfall, with streamflow
declining sharply once precipitation ceases, while Putranto et al. (2023)
confirmed that prolonged low inflows are a persistent feature of the region's
hydrological regime. The Q90 value of the Remeneng River (<12 L/s during the
critical dry months) is therefore consistent with the behavior of other small,
seasonal catchments in NTB's semi-arid climate, reflecting the combined effects
of seasonal rainfall patterns, limited groundwater storage capacity, and the
physical characteristics of small catchments in this region.

In terms of water quality, Table 8 shows that most measured parameters
remained within the Class I standards of Government Regulation No. 22 of 2021.
The Pollution Index (Figure 5) ranged from 0.534 during the dry season to 1.513
during the wet season, indicating "good" status (PI <1.0) during most dry-season
observations and "lightly polluted" status (1.0 < PI < 5.0) during wet-season
events. However, color (up to 22 TCU) and iron (Fe) concentrations (up to 0.58
mg/L) consistently exceeded the standards during the wet season. These
exceedances are primarily attributed to surface runoff, soil erosion, and
mobilization of naturally occurring iron-rich minerals from the catchment during
high-rainfall events (Han et al., 2021; Kritzberg & Ekstrom, 2011). The dominance
of Fe and color contributions to the PI values (Ci/Lij ratios of 1.400-1.933 for Fe
and 1.000-1.467 for color) confirms that wet-season water quality degradation is
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driven by erosion and sediment transport processes rather than continuous
point-source pollution (Marselina & Nurhayati, 2025; Yustika et al., 2019).
Conversely, during the dry season, all parameters remained within acceptable
limits, with PI values consistently below 1.0, indicating stable and good water
quality.

Potential of the Remeneng River in Supporting PDAM Drinking Water Services

Population projection using the arithmetic method (Table 5), selected based
on the lowest standard error (2,982.22) and highest correlation (0.9408), estimates
that the population of Labuapi District will increase from 84,959 inhabitants in
2025 to 106,768 inhabitants in 2035. This demographic growth drives an increase
in raw water demand (Table 6) from 143.30 L/s in 2025 to 180.08 L/s in 2035,
reflecting domestic consumption (110 L/person/day), non-domestic demand
(20%), and distribution losses (20%). The existing intake capacity of 104 L/s is
already below the projected demand for all planning years, indicating that
current abstraction infrastructure is insufficient to meet future water
requirements.

The water balance analysis (Table 7 and Figure 4) reveals a distinct seasonal
pattern. Surplus conditions occur from November to June (eight months), while
deficit conditions prevail from July to October (four months). In 2025, the surplus
ranges from 0.059 m3/s (June) to 1.001 m?/s (February), while the deficit ranges
from -0.131 m3/s (August) to -0.134 m3/s (July). By 2035, the surplus margins
diminish, particularly in June (reduced to 0.022 m3/s), while deficits worsen to -
0.171 m3/s in August. Critically, even in 2025, the Q90 during July-October
(0.009-0.012 m3/s) falls dramatically below the existing intake capacity of 104 L/s
(0.104 m3/s), indicating that the river cannot reliably supply even the current
abstraction rate during the dry season.

The persistent deficit pattern across all planning years (2025-2035) indicates
that the water shortage is not a temporary phenomenon but a structural
imbalance between seasonal hydrological availability and year-round demand.
This pattern is consistent with findings from other Indonesian catchments. In the
Mayang Watershed, East Java, Sthombing et al. (2021) found that unmet demand
occurred continuously from May to December, peaking in October at 0.67 million
m?. Similarly, Basri et al. (2023) documented that the Krueng Jrue sub-watershed
in Aceh experienced recurring deficits during June-September, with 4-5
consecutive months of water availability below 3 m3/s during dry years. Both
studies confirm that monsoon-driven catchments in Indonesia commonly
experience water deficits during the dry season when rainfall decreases but water
demand, driven by domestic consumption, irrigation, and other sectors, remains
high.

The deficit pattern in the Remeneng River is closest to the Krueng Jrue case
in terms of seasonal timing (June-September), while the Mayang case shows a
longer deficit window (May-December). Nationally, Illahi et al. (2025) confirmed
that seasonal water stress is concentrated during the dry season in Java, Bali,
NTB, and NTT, where low precipitation coincides with peak demand. The
pressure is further intensified by population growth, which increases per capita
consumption and total water demand (Afifah, 2019; Illahi et al.,, 2025). In
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Bengawan Solo, Trinugroho et al. (2024) showed that dry years are characterized
by consistently low monthly water balance and rapidly declining discharge after
the early wet-season peak. The Remeneng River therefore exemplifies the
seasonal mismatch typical of tropical monsoon regions: water availability
declines sharply during the late dry season, while domestic and irrigation
demands do not decline proportionally, resulting in recurring annual deficits.

Management Directions for Long-Term Sustainability

The integrated quadrant matrix (Table 3 and Table 9), adapted from the
"One Out, All Out" principle (UNEP, 2020), provides a comprehensive evaluation
by combining water quantity (surplus/deficit) and water quality
(good/polluted). The classification reveals that only three months (April-June)
fall into Quadrant IV (Ideal), where water quantity exceeds demand and quality
meets standards. Five months (January-March, November-December) fall into
Quadrant III (Surplus + Poor Quality), where water is abundant but requires
intensive treatment due to elevated Fe and color. Four months (July-October) fall
into Quadrant I (Deficit + Good Quality), representing the critical period
requiring alternative supply. No months fall into Quadrant II (Critical),
indicating no simultaneous failure of both quantity and quality. This
demonstrates that the Remeneng River's potential as a raw water source is
seasonally constrained, with the critical dry-season deficit posing the greatest
threat to supply continuity.

Based on this classification, three strategic management directions are
recommended to ensure the long-term sustainability of drinking water services.
First, the critical dry-season deficit during July-October (Quadrant I) requires the
development of dry-season storage. Since water quality during this period is
good (PI < 1.0), the primary challenge is quantity. Studies in Indonesia have
demonstrated the effectiveness of small-farm reservoirs (embung) in capturing
wet-season rainfall for use during dry periods. In Gondangrejo, Central Java, five
small reservoirs successfully harvested 10.4%-30.6% of total rainfall, with
sufficient water to support dry-season cultivation of rice and shallots even during
four short drought events (Ariyanto & Yoshiyama, 2016). For the Remeneng
River, the substantial wet-season surplus (e.g., 1.001 m3/s surplus in February
2025) could potentially be stored to bridge the four-month dry-season deficit. The
identification of suitable sites for rainwater harvesting ponds in Indonesia's semi-
arid regions using GIS-based methods (Patrisius et al., 2023) provides a practical
approach for implementing such storage solutions in NTB.

Second, wet-season water quality degradation during January-March and
November-December (Quadrant III) requires watershed conservation and
treatment optimization. The elevated Fe and color concentrations during wet
seasons are primarily driven by surface runoff and erosion processes. Integrated
watershed management combining land-use planning, reforestation,
agroforestry, and water retention infrastructure has been shown to reduce dry-
season deficits significantly. In the Upper Cisadane sub-watershed, West Java, a
combination of spatial planning, reforestation of converted forest areas,
agroforestry, and a 30 MCM reservoir reduced the duration of dry-season deficits
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from 5 to 4 months and reduced deficit intensity by 72% (Hidayat et al., 2024).
For the Remeneng catchment, upstream reforestation, erosion control, and
riparian zone restoration could reduce sediment and iron loads entering the
river, thereby improving wet-season water quality and reducing treatment costs.
Additionally, conservation practices in the Garang Hulu watershed, Semarang,
demonstrated that participatory conservation with pond construction reduced
runoff potential to only 26.5% of pre-intervention conditions (Basuki et al., 2022).
These findings confirm that watershed conservation is an effective strategy for
managing both water quality and quantity.

Third, demand-side management and infrastructure development are
essential to address the growing water demand. The existing intake capacity of
104 L/s is below the projected demand of 143.30 L/s in 2025, necessitating
capacity expansion. However, capacity expansion alone is insufficient without
complementary measures. Reduction of non-revenue water (NRW), currently at
20%, could provide additional water equivalent to 28.66 L/s in 2025 and 36.02
L/sin 2035. Although direct evidence of NRW reduction success is limited in the
available literature (Nugroho et al.,, 2022), water conservation campaigns,
progressive tariff structures, and diversified water supply portfolios are widely
recommended strategies for reducing pressure on single-source surface water
systems (Masdugqi, 2020; Tan, 2026). For eastern Indonesian semi-arid regions,
rainwater harvesting is broadly recommended as a dry-season strategy
(Masdugqi, 2020; Tan, 2026), reinforcing the relevance of embung development for
the Remeneng catchment.

In summary, maintaining the long-term sustainability of drinking water
services in Labuapi District requires an integrated approach combining: (1) dry-
season storage development (embung or small reservoirs) to capture wet-season
surplus; (2) watershed conservation through reforestation, erosion control, and
land-use management to reduce wet-season sediment and iron loads; and (3)
demand-side management including NRW reduction, water conservation, and
capacity expansion. This integrated strategy aligns with the broader framework
of sustainable water resource management in Indonesia, which emphasizes
balancing supply enhancement, demand management, and watershed
conservation to improve long-term resilience under increasing environmental
and demographic pressures (Basuki et al., 2022; Nugroho et al., 2022).

CONCLUSIONS AND RECOMMENDATIONS
Conclusions

The Remeneng River demonstrates adequate water quality for raw water
purposes, with most parameters meeting Class I standards and Pollution Index
values ranging from 0.534 to 1.513, although seasonal exceedances of iron and
color during the wet season require treatment optimization. However, its
carrying capacity to support PDAM drinking water services is severely
constrained by a structural imbalance between seasonal hydrological availability
and growing water demand, as the dependable discharge (Q90) ranges from
0.009 m3/s during the dry season to 1.144 m3/s during the wet season, while
projected water demand increases from 143.30 L/s in 2025 to 180.08 L/s in 2035.
The water balance assessment reveals that surplus conditions occur from
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November to June, but critical deficits persist from July to October, with the river
unable to supply even the existing intake capacity of 104 L/s during the dry
season, a pattern consistent with other monsoon-driven catchments in Indonesia.
Maintaining sustainable drinking water services therefore requires integrated
management strategies that address the critical dry-season deficit, manage wet-
season water quality degradation, and moderate growing demand through a
combination of storage development, watershed conservation, demand
management, and infrastructure expansion.

Recommendations

To ensure long-term water security, PDAM Giri Menang should implement
an integrated strategy that prioritizes the development of dry-season storage
infrastructure, such as small reservoirs or embung, to capture wet-season surplus
for use during the critical July-October deficit period, complemented by
upstream watershed conservation measures including reforestation, erosion
control, and riparian restoration to reduce wet-season sediment and iron loads
and maintain baseflow. Demand-side management through non-revenue water
reduction (currently 20%), water conservation campaigns, and progressive tariff
structures should be pursued alongside intake capacity expansion and
diversification of water sources to reduce dependence on a single surface water
system, while continuous monitoring and climate-adaptive planning are
essential to anticipate future changes in hydrological conditions and ensure the
long-term resilience of drinking water services in Labuapi District.

ADVANCED RESEARCH

Future research should incorporate climate change projections to assess
their impacts on river discharge reliability and water availability. Additional
studies on groundwater-surface water interactions are needed to better
understand dry-season baseflow contributions and potential alternative water
sources. Spatial water quality assessments are also recommended to identify
pollutant sources within the watershed and support more effective management
strategies. Furthermore, the feasibility of rainwater harvesting systems should be
evaluated as a supplementary water supply option to reduce pressure on the
existing PDAM infrastructure.
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