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Abstract: This research aimed to evaluate the existing condition of the Jatigede reservoir regarding the
inflow and outflow of water use and whether the water usage has been optimal. Based on the observation, floods
often occur upstream of the Jatigede reservoir, so the evaluation result will become input for the optimization of
water management in the Jatigede reservoir, which, according to the plan, will analyze the water conservation in the
reservoir upstream. The methodology consists of an analysis of inflow using a tank model, an analysis of irrigation
and hydropower demands, an analysis of the spill-out through the spillway, and an analysis of the inflow in the weir
that is under Jatigede reservoir. The data indicates that the full supply level (FSL) is attained following two weekly
periods of three weeks each. Based on this condition, it is estimated that water use is not optimal or completely safe.
In addition, the water conservation in the upstream region of the Jatigede reservoir has not been analyzed.
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1. Introduction control. However, water management is confronted
The management of water resources involves  With @ highly intricate challenge that encompasses the

implementation of water conservation [1, 2], water environment [3]. This problem is further complicated

resource utilization, and water destructive power DY the increasing population and the intensification of
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economic activities, which result in significant and
rapid alterations in natural resources. The lack of
coordination in land preparation for agricultural
expansion, population growth, and industrial
development has resulted in significant issues with
spatial planning [4, 5]. This has led to problems such as
land degradation, erosion, landslides, and floods.
Furthermore, conflicts have arisen between water users,
particularly in urban areas, where there is competition
for both surface and subsurface water for household
needs as well as agricultural and industrial purposes.
Groundwater extraction, which occurs in excessive
amounts in several aquifers, leads to the encroachment
of seawater and results in a decrease in the elevation of
land levels. The unavailability of sanitation systems
and well industry waste processors has also caused
groundwater and river pollution by household and
industry wastewater, mainly during the dry season. The
objective of this study is to establish a strategic model
for making decisions related to water allocation
management in the Cimanuk watershed, with a focus
on the role of the PUPR as a technical implementer
unit.

Optimizing land use aims to maximize or increase
the watershed function to decrease erosion by
analyzing resource limitations [6]. However, the
management of irrigation water allocation (dependable
discharge) optimizes water availability, crop schedule,
and cropping patterns [7]. Optimization of the area is a
strategic step toward decreasing land deficiency in crop
production that intends to increase the cropping index
(IP) and land rice field productivity. Water use in
Indonesia exceeds the available water supply, so it is
necessary to determine the water resource allocation for
domestic as well as non-domestic demand [8]. The
other problem is the limitation of available sources for
protecting biodiversity at minimum cost [2].

The optimization model is an effective technique for
determining irrigation water allocation efficiently [9,
10]. However, optimization is a process that aims to
achieve the optimal or most effective result, which can
be referred to as the effective value that can be attained.
Furthermore, optimization can be utilized to optimize
an existing entity or to design and construct something
optimally [10, 11]. This research aims to study water
resource management in Jatigede reservoir to support
the optimization model of water management in the
reservoir.

2. Materials and Methods

Cimanuk River is in the downstream of Papandayan
mountain foot in Garut Regency, which is in the height
of +1,200 m over sea surface, flowing to the north
along 180 km, and the estuary is in Java Sea,
Indramayu Regency. The flow of the Cimanuk River
originates from the Cimanuk watershed. The land use
in the Cimanuk watershed accounts for 66% of the total

area, with a substantial portion of it being dedicated to
agriculture. Specifically, the agricultural region spans
2,736 km? and is composed of 41% rice fields, 8%
plantations, and 17% farmland. Forests and bushes
comprise 1,044 km? or 29% of the watershed area;
however, the remaining 180% (5%) is made up of
residential, business, and industrial areas. In 2006, the
critical region of the Cimanuk watershed was reported
to be 178,794 ha. This area comprised a forest region
spanning 46,128 ha, with the remaining portion located
outside of the forest. The biggest critical area is Garut
Regency, which has an area of 90,000 ha. Fig. 1 shows
a map of the Cimanuk watershed.
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Fig. 1 Map of the Cimanuk watershed (The authors)

2.1. Tank Model

The tank model is a nonlinear mathematical model
based on the hypothesis that runoff flow and infiltration
are functions of water that is saved in soil. However,
the tank model is the most suitable for every watershed
[12].

The primary objective of the tank model selection is
to simulate a watershed by altering it with a specified
quantity of storage, which is visually represented by a
series of tanks. The tanks have holes in the tank wall
and will produce run-off, however flow that is through
the tank bed is infiltration [13].

Four tanks were utilized to simulate the runoff, as
depicted in Fig. 2. The four tanks are related to the tank
base hole; each has two holes for passing water to the
side. The highest tank was the simulation of the soil
surface and surface flow from the tank side (qgl).
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However, the second tank is the groundwater (sub-
surface) flow through the second hole (g2), and it is
mentioned as an intermediate runoff. Besides, the third
and fourth tanks are related to subsurface water flowing
as the discharge (g3) and (g4), which is the
groundwater flow. In this simulation, a monthly time
base was used, and the analysis stage was as follows:

a. The monthly average rainfall depth is added to
the initial runoff depth in the first tank.

b. The monthly evaporation depth is the evaporation
in the first tank as the losses. If the difference in run-off
depth and losses due to evaporation is negative, the
water depth is assumed to be zero.

c. The analysis of the water depth, g1, emanating
from both side holes of the first tank is conducted
employing the tank model equation.

d. The water depth that comes out of bed through
holes (Gw1) is analyzed using the model tank equation.

e. The water depth that comes out of the bed is
added to the initial water depth of the second tank.

f. The runoff depth (Q) was analyzed as the amount
of outflow from the side holes (Q =gl +g2 + g3 + g4).

g. Analysis of run-off depth that comes out of the
fourth tank bed (Gw4) indicates groundwater that does
not contribute to surface run-off.
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Fig. 2 Schematic of the tank model (Own study)

2.2. Reservoir Simulation

The mass-storage equation is employed in the
analysis of the behavior or simulation of the capacity
change of reservoir storage. This equation is a
continuity equation that establishes the relationship
among the inflow, outflow, and storage change.
McMahon [14] expressed the equation as follows:

St+1 =St + Qt — Dt — Et — Lt (1)

0<St+1<C
where:
t - interval of the used time
St+1 - reservoir storage at the end of the t-time interval
and the beginning of the t+1 time interval
St - reservoir storage in the beginning t time interval
Qt - inflow during the t time interval
Dt - outflow during the t time interval
Et - evaporation during the t time interval
Lt - the other water losses from the reservoir during the
t time interval; this value is small and can be ignored,
including seepage losses.
C - active storage

By considering a reservoir's inundation area that
fluctuates over time,

St+1 = St + Qt + Rt(A) — It - Et(A) — Ot — SPt(A)
where:
Rt(A) - rainfall into reservoir in the t time interval as a
function of the water surface area in the reservoir
It - reservoir water extraction during the t time interval
Et(A) - evaporation during the t time interval as a
function of the reservoir water surface area
Ot - spill as the outflow through the spillway during the
t time interval
SPt(A) - seepage during the t time interval as a function
of the reservoir water surface area, which, according to
McMahon, includes other losses and can be ignored

3. Results and Discussion

Fig. 3 presents the inflow of the Cimanuk River and
the control point of the Jatigede reservoir. This inflow
was obtained from the analysis using the tank model;
the result is presented in Table 1. The average of the
two weekly rainfalls is 23.56 mm, the lowest is 1.04
mm, and the highest is 37.05 mm. However, the
average of the two weekly inflows is 54.44 m?/s, the
lowest is 4.04 m%s, and the highest is 431.00 m%s. The
rainfall and inflow data will be input to the existing
condition simulation of the Jatigede reservoir.
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Fig. 3 Inflow of the Cimanuk Reservoir at the control point of the
Jatigede Reservoir (Own study)
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Table 1 Cimanuk River inflow as a result of the tank model (Own study)

January | Februay |  March | Aprl |

July | August | September | October | November

Year |

vay |
11112111211111111111

2 | 1 [ 2 [ 1 [ 2121317 1]1]1]"1

2
28.45) 1935 3544\ 5012\ 6123\ 5531 6633 7555\ 7555\ 3115\ 22314\ 19013\ 559\ 4535 2111J 2011J 12.05 945J 634 544

44| 1024 11.25] 25.56] 29.25

The data presented in Fig. 3 are secondary as they
have been previously analyzed. Subsequently, a
reevaluation of the available inflow was conducted
using the most recent data prior to the optimization
analysis. However, the storage capacity curve of the
Jatigede reservoir (Fig. 4) was based on the topography
and capacity design of the reservoir. The curve is much
needed to check the simulation result for the reservoir.
Fig. 5 shows the use scheme of the Jatigede reservoir.
The purpose of the scheme is to assess the Jatigede
reservoir's capacity to satisfy the demands of its users
while ensuring water conservation and safety in the
downstream areas.
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Fig. 4 Capacity curve of the Jatigede Reservoir (Own study)
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Fig. 5 Schematic of the Jatigede reservoir utilization (Own study)

The Jatigede reservoir's simulation results for the
data/design period from 2022 to 2023 were
documented and can be found in Table 1. The
simulation was carried out for 2 weekly periods from
2022 to 2023. This simulation illustrates the inflow and
outflow for each demand, including irrigation and
hydropower, as well as the spill-out through the
spillway and the inflow for the Rentang Weir, which is
located beneath the Jatigede reservoir. The simulation
results will serve as the basis for optimization. The
realization of water for irrigation has not been optimal,
but there is spill-out in some periods, and water
conservation in the reservoir upstream has not been
calculated. Table 2 presents the annual plan of reservoir
operation (RTOW) for the Jatigede reservoir from 2022
to 2023.

Table 2 RTOW for the Jatigede Reservoir from 2022 to 2023 (Own study)

Elevation of Reservoir

Actual Inflow P

rigation

TOTAL
OUTFLOW

Total inflow of

Spillway
gt Rentang Weir

Hydropower

Tahun | perioe | "MIOWPlan Actual
Reservoir

Water Level

Reservoir
Water Level
Plan

Qe

Reservoir)

OutflowPlan|  (Period)

Allocation

Plan
Actual

Outflow

Discharge

T Prediksi

Energy Peak | EnergyBase | Spillout | Spillout

m3/s m3/s m m

m3/s

2022 [ Jul-1 15 55.87 55.87] 258.80) 258.80)

Jul-2 16 66.72 6.7 258.37] 258.37]

Aug-1 15 8.30] 30.46 256.76) 256.77]

Avg-2 16
Sep-1 15

12.42)
5.87

253.25]
250.13)

Sep-2 15 2.77 247.24)

40.68|

Oct-1 15

4.79

246.64

110.39]

oct-2 16

8.69

246.27]

185.60)

Nov-1 15

21.70|

246.08

268.21]

Nov-2 15

25.03

245.61]

258.59)

245.60

256.89)

35.01
40.89
108.10|

24655

2023 [ Jan-1 15

249.74

252.84
254.08

48.84]

361.95)

21258

60.98
190.82

96.97]

173.45

76.64

121.72)

250.33]
251.80)
257.99
250.9
250.98

105.77

259.9

97.75

250.93]

27.64)

258.12)

256.74

254.73)

40.68
3168
26.29

10.11]

252.82)
250.66)

12.74

248.25]

8.30]

246.73

12.42]

245,84

5.87

244.78

277

243.45)

4.79

242.2))

242.50

869
zuﬂ

242.93

243.50)

25.03
35.01
40.89
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Fig. 6 presents the RTOW for the Jatigede
Reservoir from 2022 to 2023 for two weekly periods.
In the RTOW, it is observed that the FSL is achieved
within a period of two weeks, occurring three times.

Based on this condition, water use is not optimal or
completely safe because it has not analyzed the water
conservation downstream of the Jatigede Reservoir.
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4. Conclusion

This study seeked to assess the current state of the
Jatigede Reservoir with respect to inflow and water
usage to determine whether the utilization of water was
optimal. Additionally, this study aimed to develop a
strategic model for decision-making regarding water
allocation management in the Cimanuk watershed,
taking into account the role of the technical
implementer unit of the PUPR. Optimization refers to
the process of achieving the best possible result or
optimal value and can also be used to design or
construct something in the most effective manner.

According to the findings on the Jatigede
Reservoir's downstream area, flooding often occurs,
and the evaluation results will serve as input for
optimizing water management in the reservoir. The
plan analyzes water conservation in the reservoir's
downstream area. The results indicate that the FSL is
reached every two weeks for three periods. However,
the water use is not optimal or completely safe because
it has not analyzed the water conservation in the
upstream area of the Jatigede reservoir.
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