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ABSTRACT

West Java has three cascade reservoirs namely Saguling, Cirata, and Ir. H. Juanda
(Jatiluhur). This research was conducted to describe water availability using the stochastic
method (ARIMA with RStudio) and to simulate future reservoir operating guidelines. The
operating guidelines used for these three reservoirs are based on the modified SNI Pd T-
21-2004-A for three conditions, dry, normal, and wet. The 1974 — 2018 Nanjung Station
historical discharge data are used. From the preliminary test results, the possible model is
ARIMA (1,0,0) (1,0,1) (12) and obtained correlation value of 0.51 and NSE value of
0.084. Forecasting is done for the next 5 years. The equation Yt = 6.4368 + 0.5593. Yt—1
+ 0.999. Yt—12 + at — 0.9723at—12 is obtained and the results have not been able to
describe the peak discharge. Dependable discharge is calculated for each condition. From
the results of the calculation of the operating guidelines, there is a shortage in November
2020, but the available discharge is still sufficient for PJT II needs. The Jatiluhur
Reservoir is hard to be full in June, so it is designed so that the reservoir will be closer to
full in May. The water shortage in the calculation of the reservoir operating guidelines
happens due to forecasted result that has not been able to describe the peak discharge.
Although there are differences, in general the energy produced increases because the
water elevation is maintained stable, and the discharge flow is not that different from data
in the operating guidelines plan.
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1. INTRODUCTION

In West Java, there are three cascade reservoirs located in the Citarum river, namely
Saguling, Cirata, and Ir. H. Juanda (Jatiluhur). In 2019, there was a drought that affected
the operations of the three reservoirs. It is noted that the water level in the Saguling
Reservoir is -1.09 meters below the normal operating limit, the Cirata Reservoir is -0.26
meters below the normal operating limit, and the Jatiluhur Reservoir is -1.84 meters below
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the normal operating limit (Tempo.co, 2019). Jatiluhur Reservoir, in the 2019 dry season
electricity production was only able to reach 110 MW by turning on four turbines
(Firmansyah, 2019).

To calculate and estimate the discharge that will occur, one approach method that can be
done mathematically is the stochastic method. By using the stochastic method, it is
possible to predict the pattern of discharge/rainfall that will be searched based on existing
data that has the same pattern. Then the data can be processed to obtain a calculation of
the operating pattern which is expected to be more appropriate to have a positive impact
on the practice of operating the reservoir in the future.

The model used will be made according to the condition of the series reservoir based on
the data obtained from the reservoir manager to predict the Reservoir Operational Pattern
(ROP) based on synthetic discharge data that has been generated by the stochastic
method. With the existence of ROP based on synthetic discharge data, it is hoped that it
can be one of the bases for decision making for anticipating drought or flood programs
that may occur in the future. With these problems, the researchers took the title "The
application of stochastic model in cascade reservoir of Saguling, Cirata, And Jatiluhur
Dam for reservoir standard operation procedure". In general, this study aims to:

e Get an overview of the availability of discharge in the future by using the
stochastic method.

e Simulates future series reservoir operation patterns based on the resulting
stochastic discharge. The reservoir operation pattern will be made under several
conditions, including wet conditions, normal conditions, and dry conditions.

With this research, it is expected to be able to produce appropriate ROP and be able to
know the use of water in each reservoir in the future. Not only that, but the researcher
also hopes that the development of this research can be used as a basis for making
decisions to anticipate droughts or floods that may occur in the future.

2. STUDY LOCATIONS

This research was conducted in three series reservoirs, namely Saguling, Cirata, and
Jatiluhur reservoirs. These three reservoirs are in West Bandung Regency, Cianjur
Regency, and Purwakarta Regency. These three reservoirs are in the Citarum River Basin.
Saguling Reservoir is a 99 m high embankment type reservoir which has a capacity of
560 million m3 at a normal water level at an elevation of + 643 m. These reservoirs have
an electric generator engine capacity of 4 x 175 MW with the discharge capacity of each
generator is approximately 54 m3/s. The management is at PT. Indonesian Power. Cirata
Reservoir is a reservoir in the middle between Saguling Reservoir and Jatiluhur Reservoir.
This reservoir has a height of 125 m and has a capacity of about 1,784 million m3 at
normal water levels at an elevation of 220 m and equipped with a generator engine with
a capacity of 8 x 125 MW with the discharge capacity of each generator is approximately
135 m3/s oratotal of 1,080 m3/s. This reservoir is managed by PT. PBJ BPWC. Jatiluhur
Reservoir is a reservoir that has 4 saddle dams. The height of the main reservoir is about
96 m from the river body or about 105 m from the deepest foundation. Based on the
survey in 2013, its capacity reached 2,685 million m3/ s at normal water level conditions
at an elevation of 107 m. This reservoir has a generator engine with a capacity of 187.5
MW. This reservoir is managed by PJT II.
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Table 1. Water catchment area (Associated Consulting Engineering ACE

(PVT) LTD, 2015)
Reservoir Local Catchment Area Total Catchment Area
(Km?) (Km?)
Saguling 2.283 2283
Cirata 1.794 4.077
Juanda 460 4537
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Figure 1. Catchment Areas of Each Reservoir

3. HISTORICAL DISCHARGE
Historical discharge data is available from 1919 — 2018, but in 1937 — 1973 the available
data have twice the value of the other data. Because the data used must be stationary, one

of the first steps that can be done is to choose data that has similar pattern. So that the
data that used in the modeling are the data from 1974 — 2018.

Nanjung Historical Data
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Figure 2. Nanjung Historical Data 1974 — 2018 (Pusair, 2019)

Mokoagow (2012) performs discharge calculations using the rational method and the
NRECA method for regional discharges in the Saguling Reservoir. Calculation with the
rational method with C = 0.62 shows a correlation between observation discharge and
observation discharge of 76.48% while the NRECA method shows a correlation value of
62.33%. To simplify the calculation process, the regional discharge calculation in this
study will be calculated based on the comparison of the rational debit formula. The runoff
coefficient for each reservoir is Saguling = 0.62 (Mokoagow, 2012), Cirata =

0.75 (Physical and Spatial Conditions, 2014), Jatiluhur = 0.38 (RPMJD West Java 2018
-2023,2019).
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4. ARIMA

ARIMA stands for Auto-Regressive Integrated Moving Average, where the function used
is part of the data forecasting function with the Auto-Regressive (AR), Moving Average
(MA) method, and the differencing method (which is denoted by I and describes a
differencing process to produce a stationary input data). ARIMA is also often referred to
as the Box-Jenkins model. The non-seasonal ARIMA model is classified as “ARIMA (p,
d, q)” while the Seasonal ARIMA model is classified as “ARIMA (P, D, Q)”.

Table 2. Determining the Forecast Model with ACF based on PACF.

Type of ACF Pattern PACF Pattern
Model
AR Decreasing Exponentially Decreasing Drﬁ;‘gally at Certain
MA Declining Dre}itllgcsally at Certain Declines Exponentially
ARMA Decreasing Exponentially Decreasing Exponentially

Source: Widarjono (2013) in Wellyanti (2019).

In the forecasting process, data are divided into 2 parts, training data and
testing/validation data. The distribution of training and validation data is usually random,
in this study the comparison of training data and testing data is 8:2 because the data is
quite long. Training data from 1974 — December 2009 (432 monthly data) and testing
data from January 2010 — December 2018 (108 monthly data).

4.1 Preliminary Test

To determine the ARIMA parameter, training data is used. The data are plotted, and it is
seen that the data has a seasonal effect. This is also evidenced by the ACF value which
has an up and down form with significant numbers at lag 12 and its multiples.

Manjung Data Training
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Figure 3. Plot of Nanjung Data Training

Data training was then tested in preliminary tests, namely the Box-Cox Transformation
test, Augmented Dickey-Fuller Test, observations on the Plot Auto Correlation Function
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and Partial Auto Correlation Function, coefficient tests, Ljung-Box Test and Kolmogorov
- Smirnov Test. Stationarity testing in variance is carried out using the Box-Cox
transformation, the data is said to be stationary if the value is one.

From the calculation using the BoxCox method, it is known that the data is not stationary
in the variance (lamda 0.49) for that the data is transformed first until the data is stationary
in the variance. The data that is stationary in the variance and which is used in the
calculation is named train.t2. Furthermore, the stationary data in the variant was checked
for stationary against the trend using the Augmented Dicker-Fuller (ADF) test and it was
found that the data was stationary, p < 0.05.

The next step is to identify the model based on the transformation data (train.t2) by using
the ACF and PACEF plots.

Series traini2
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Figure 4. Plot of ACF on Data train.t2.

The ACF plot is presented in Figure 4, based on the figure it is known that the lag is
interrupted (not significant) after the second lag, so that the order of q = 2. It is also seen
that the lag is very significant in every multiple of 12 so it is identified that there is a
seasonal pattern in every 12 period. Furthermore, it is necessary to do a differentiation
with order 12 on the transformation data to get the seasonal order.

Serles traint2

Pr Al &

Figure 5. Plot of PACF on data train.t2.

The PACEF plot is presented in Figure 5, based on the figure it is known that the lag breaks
(changes direction) after the first lag, so that the order p = 1.

4.2 Identification of Seasonal Effects
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Since the data has seasonal effects, seasonal differentiation is performed on the
transformed data (d12.train .t2) and repeated ADF testing was carried out to check for
stationary data.

Serles di2.train.t2 Serles di2.train.t2
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Figure 6. Plots of ACF and PACF on Data d12.train.t2.

The ACF plot is presented in Figure 6, based on the figure it is known that the lag is
interrupted (changes direction) after the first lag, so that the MA order for the seasonal
component is obtained, namely Q = 1. Based on the PACF plot it is known that the lag is
interrupted (changes direction) after the fourth lag, so that the order of AR for the seasonal
component is P = 4. Furthermore, the ADF-test was carried out and it was found that the
data was stationary.

4.3 Results of Training Data Identification

The Transformed data (train.t2) is stationary so that the order of d = 0 is obtained. Based
on the analysis of the ACF and PACF plots of the transformation data, the values of p =
1 and q = 2. While in seasonal differencing because the data is stationary, it is obtained
D = 0 and based on the plots of ACF and PACF obtained P = 4 and Q = 1. So, if these
values are combined there are 45 models to be estimated.

Based on the estimation results of the model above, a model with all significant
parameters was selected. The significance of the parameter is indicated by the P Value or
in the output P(>|z|) less than 5%. After obtaining significant ARIMA models, the next
step is to test the assumptions of normality and residual independence. To determine the
independence and normality of the residuals, the Ljung- Box Test, and the Kolmogorov
— Smirnov Test were used.

In the Ljung — Box test, the p value > 0.05, it means that the residual is independent. In
the Kolmogorov — Smirnov p value > 0.05, it means that the residual has no significant
difference in distribution from the normal distribution. From the results of the residual
test, only the ARIMA model (1,0,0) (1,0,1) (12) meets the requirements.

4.4 Validation of Nanjung Discharge Data

Nanjung discharge was forecasted based on data training, and obtained results as shown
in Figure 7. Forecasting with R produces a forecast range with a 95% confidence level.
In the figure, the mean value of the forecast are plotted. The data are still in the form of
“data transform” so that the retransform process needed.
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Figure 7. Nanjung Validation Discharge in m3/sec.

In general, the forecast still does not show the peak of the discharge in a period. However,
statistically the results of this forecast are forecasts that meet the requirements and have
a correlation value of 0.51 and have an NSE value of 0.084 or close to 0 which means
that the value generated by the modeling has the same accuracy as the historical data.

4.5 Nanjung Discharge Forecasting Nanjung

Forecasting procedure is done in the same way. First, the data is transformed to be
stationary in variance and mean (train.t3). Then do the calculations with the ARIMA
model (1,0,0)(1,0,1)(12). From the results of the ACF and PACEF plots, it is known that
the data will have an order of p=4 and q=1. Because the resulting ARIMA order is still
the same as train.t2, the data is directly forecasted using ARIMA (1,0,0)(1,0,1)(12).
From the results of model testing, it is known that the ARIMA (1,0,0)(1,0,1)(12) model
still meets the requirements for modeling. The next stage is to do the forecasting. Based
on the test, the equation for the model is Yt = 6.4368 + 0.5593. Yt—1 + 0.999. Yt—12 +
at —0.9723at—12. After doing the forecasting with the following results obtained.

Table 3. Nanjung Forecasted Discharge (m?/s)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2019 91.25 93.34 105.12  102.60  64.82 42.27 26.56 19.93 21.99 35.38 74.19 92.58
2020 80.85 87.35 101.49  100.57  63.94 41.90 26.41 19.87 21.96 35.36 74.15 92.53
2021 80.81 87.31 101.44 100.52  63.94 4191 26.43 19.90 21.99 35.38 74.13 92.49
2022 80.79 87.28 101.39 10047  63.93 41.92 26.46 19.92 22.01 35.40 74.12 92.46
2023 80.77 87.25 101.34  100.43 63.92 41.94 26.48 19.95 22.04 35.42 74.10 92.42
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Figure 8. Nanjung Forecasted Discharge

5. RELIABLE DISCHARGE
Calculation for reliable discharge is carried out using the Weibull probability calculation.
After getting the forecasted discharge results, the next step is to calculate the reliable

discharge that will be used in each condition.
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Table 4. Nanjung Reliable Discharge Design (m*/s) Upper Limit, Q35.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019 10523 12090 13635 14230  82.68 5645 3251 2457 2760 4384 9675  127.52
2020 10475 12033 13453 14141 8214 5453 3115 2448 2620 4259 95838 12585
2021 10427 11976 13272 14051  81.61 5260 2978 2439 2480 4135 9500  124.18
2022 10372 11922 13098 13970  81.14 5128 2885 2413 2387  40.14 9348  122.90
2023 103.06 11872 12934 139.00 8078 5075 2850  23.67  23.58 3898  9L10 12216

Table 5. Nanjung Reliable Discharge Design (m?/s) Normal Limit, Q50.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019 89.10 8950 11600 11500 7410 4200 23.10 1810 1748  31.80  80.40  100.00
2020 8970 9058  111.00 11475 7376 4214 2366 1855 1774 3181 8035  99.71
2021 89.10 8950 10600 11449 7341 4200 2422 1900 1800  31.82 8030  99.42
2022 8855  89.25 10556 11275 7271 4196 2433 1912 1850 3191  79.60  99.10
2023 8800  89.00 10512 111.00 72.00  41.92 2445 1924 1900 3200 7890  98.79

Table 6. Nanjung Reliable Discharge Design (m?/s) Lower Limit, Q65.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019 7637 7295 8753 10510 6210 3030 1661 1063 1135 2210 5899 9335
2020 7662 7351 8939 10436 6245 3112 1770 1068 1147 2243  61.06 9291
2021 7686 7408 9124 10359 6280 3193 1878 1074 1158 2277 6312 9257
2022 7756 7458 9239 10279 63.14 3345 1941 1080 1176 2312 6431  92.54
2023 7885 7502 9259 101.80 6347 3588 1942 1088 1202 2348 6432 9251

6. REGIONAL DISCHARGE
Regional discharges are obtained based on the equation resulting from the calculation of
Nanjung regional discharge with runoff coefficients (C) that have been mentioned before.

6.1 Saguling Regional Discharge
Table 7. Saguling Regional Discharge (m>/s) Upper Limit, Q35.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2019 13776 15826 17849 186.28 10823 7390 4256 3217 3613 5739 126.65 166.93
2020  137.13  157.52 17611 185.11 10753 7138  40.77  32.05 3430 5576 12551 164.74
2021 136.50 156.78 173.74 18394 106.83 68.86 3898 3192 3246 5412 12436 162.55
2022 13577 156.07 17146 18288 10622 67.12 37.77 31.59 3125 5254 122.37 160.89
2023 13491 15541 16931 18196 10575 6643 37.31 3098 30.87 51.03 11926 15991
Table 8. Saguling Regional Discharge (m?/s) Normal Limit, Q50.
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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2019 116.64 117.15 15185 150.54 97.00 5498 3024  23.69 22.88  41.63 10525 13091
2020 117.42 11857 14531 15021  96.55 5516 3097 2428 2322 41.64 10518 130.52
2021 116.64 117.15 138.76  149.87 96.10 5498  31.70 2487 23.56 41.65 105.12 130.14
2022 11592 116.83  138.18 14759 9518 5492  31.85 2503 2422 41.77 10420 129.73
2023 11520 116.51  137.61 14531 9425 5488  32.01 2518 2487 41.89 103.28 129.32

Table 9. Saguling Regional Discharge (m*/s) Lower Limit, Q65.
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2019 9998 9550 11458 13758 8129 39.67 2174 1391 1486 2892 7722 12220
2020 10030 9623 11701 13662 8175 4073 2316 1399 1501 2936 7992  121.63
2021 10062 9697 11944 13561 8221 4180 2458 1406 1516 2980 8263 12118
2022 10152 97.64 12094 13455 8265 4378 2541 1414 1540 3026 8418 12114
2023 10322 9820 12121 13326 83.08 4697 2543 1425 1574 3074 8420 121.10
6.2 Cirata Regional Discharge
Table 10. Cirata Regional Discharge (m®/s) Upper Limit, Q35.
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2019 13095 15044 169.67 177.08 10288 70.24 4045 3058 3434 5456 12039 158.68
2020 13035 14973 16741 17596 10221 67.85 3876 3046 3260 53.00 11930 156.60
2021 12975 149.03 165.15 17485 10155 6545 3706 3035 3086 5145 11821 154.52
2022 12906 14836 16298 173.84 10097 63.80 3590 3003 2971 4994 11632 152.93
2023 12824 14773 16095 17297 10052 63.15 3546 2945 2935 4851 11336 15201

Table 11. Cirata Regional Discharge (m®/s) Normal Limit, Q50.
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019 110.87 11136 14435 143.10 92.21 5226  28.74 2252 21.75  39.57 100.05 124.44
2020 111.62 11271 138.12 14278 91.78 5243  29.44  23.08 22.07 39.58 99.98 124.07
2021 110.87 11136  131.90 14247 9135 5226  30.13 23.64 2240  39.59 99.92 123.71
2022 110.19  111.06  131.35 14030 90.47 5221 3028 2379 23.02  39.70 99.05 123.32
2023 109.50  110.75 130.81 138.12  89.59  52.17 3042 2394 23.64 39.82 98.18 122.93

Table 12. Cirata Regional Discharge (m3/s) Lower Limit, Q65.
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019 95.04 90.78 108.92  130.78  77.27 37.71 20.67 13.23 14.12 27.50 73.40 116.16
2020 95.34 91.48 111.23  129.86  77.71 38.72 22.02 13.29 14.27 2791 75.97 115.62
2021 95.64 92.18 113.54 128091 78.15 39.74 23.37 13.36 14.41 28.33 78.54 115.19
2022 96.51 92.81 11496 12790  78.57 41.62 24.15 13.44 14.63 28.76 80.02 115.15
2023 98.12 93.35 11522 126.68  78.97 44.65 24.17 13.54 14.96 29.22 80.04 115.12

6.3 Jatiluhur Regional Discharge
Table 13. Jatiluhur Regional Discharge (m3/s) Upper Limit, Q35.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019 17.01 19.54 22.04 23.00 13.37 9.13 5.26 3.97 4.46 7.09 15.64 20.62
2020 16.93 19.45 21.75 22.86 13.28 8.81 5.03 3.96 4.24 6.89 15.50 20.34
2021 16.86 19.36 21.46 22.72 13.19 8.50 4.81 3.94 4.01 6.68 15.36 20.07
2022 16.77 19.27 21.17 22.58 13.12 8.29 4.66 3.90 3.86 6.49 15.11 19.87
2023 16.66 19.19 20.91 22.47 13.06 8.20 4.61 3.83 3.81 6.30 14.73 19.75

7" International Conference on Sustainable Built Environment




Icsw2 ISSN 2541-223X
on} Volume 4 2022

Table 14. Jatiluhur Regional Discharge (m3/s) Normal Limit, Q50.
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019 14.40 14.47 18.75 18.59 11.98 6.79 3.73 293 2.83 5.14 13.00 16.17
2020 14.50 14.64 17.94 18.55 11.92 6.81 3.82 3.00 2.87 5.14 12.99 16.12
2021 14.40 14.47 17.14 18.51 11.87 6.79 391 3.07 291 5.14 12.98 16.07
2022 14.32 14.43 17.06 18.23 11.75 6.78 3.93 3.09 2.99 5.16 12.87 16.02
2023 14.23 14.39 16.99 17.94 11.64 6.78 3.95 3.11 3.07 5.17 12.75 15.97

Table 15. Jatiluhur Regional Discharge (m?/s) Lower Limit, Q65.
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019 12.35 11.79 14.15 16.99 10.04 4.90 2.69 1.72 1.83 3.57 9.54 15.09
2020 12.39 11.88 14.45 16.87 10.10 5.03 2.86 1.73 1.85 3.63 9.87 15.02
2021 12.43 11.98 14.75 16.75 10.15 5.16 3.04 1.74 1.87 3.68 10.20 14.97
2022 12.54 12.06 14.94 16.62 10.21 5.41 3.14 1.75 1.90 3.74 10.40 14.96
2023 12.75 12.13 14.97 16.46 10.26 5.80 3.14 1.76 1.94 3.80 10.40 14.96

7. RESOP Model Operational Procedure

RESOP Model Guidelines are made by the Water Resources Research and Development
Center and are compiled based on the exchange of experiences in the creation of Reservoir
Operations Citarum Cascade since 1992 with related agencies such as PT. PLN (Persero)
Distribution and Load Management Center (P3B) — Bidding Unit and System Operation
(UBOS). In this study, the RESOP model was used as the basis, which modified its
appearance to display some other data that was deemed necessary.

In general, the normal operating patterns of the three reservoirs have similar conditions.
Reservoir filling occurs in December to June and then the water level will shrink from
July to November.

7.1 Relationship between Elevation, Reservoir Volume, and Reservoir Surface Area
Reservoir

NEWIJEC Characteristic Equation (1988) used to calculate reservoir surface area and

head, namely:

A=a. (V)b (1)
H=(cxV)P)+e )
Where:
a, b, ¢, d, e are constants obtained through calibration
A is Reservoir Surface Area (ha)
A% is Reservoir Storage Volume (m3)
H is Reservoir Elevation (m)

After comparing the relationship between elevation value, reservoir volume and reservoir
surface area based on reservoir coefficients made by NEWJEC in 1988 and Mokogaow
in 2012, with the 2019 and 2020 Operational Pattern Plans, it is known that the results are
irrelevant. For this reason, calculations are carried out based on data from the 2019 - 2020
Operational Pattern Plan. By testing, using data from NEWJEC as a basis, it is found that
by changing the coefficients ¢ and e have the smallest average error value compared to
changing the other coefficients.
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Table 16. Coefficient Calculation Results

Coefficient Saguling Cirata Jatiluhur
a 289,70 17,46 2,15
b 0,90400466 1,0738287 0,42742471
c 0,113 0,3963 0,9605
d 0,6667 0,5546 0,8939
e 164,3402 38,968934 617,4648
Elevation Min 625 206 106,5
Max Elevation 642.5 219,5 87,5
A Average Error 5,247 3,547 8,429
H Average Error 0,504 0,235 1,387

Maximum average error produced is 8.4% for the calculation of the area of the Jatiluhur
reservoir. However, after comparing the data in the 2019 Operational Pattern Plan and
2020 Operational Pattern Plan Draft, in general the correlation of data generated from
calculations using these coefficients is close to 1. For this reason, these coefficients are
used in this study.

(a) Elevation, Area, and Volume of Saguling (b) Elevation, Area, and Valume of Cirata
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Figure 9. Graph of the Relationship of Elevation, Area, and Volume of the Saguling (a),
Cirata(b), and Jatiluhur (c) Reservoir based on Equations with Generated Coefficients a,
b, ¢, d, and e.

7.2 Equal Sharing

In operation, cascade reservoirs operate proportionally based on the effective volume of
each reservoir to its total effective volume (all reservoirs). In other words, the percentage
of effective volume each month for each reservoir is always the same. In the 2020 draft
of the Saguling, Cirata and Djuanda/Jatiluhur Cascade Dam Operation Plan, the
percentage of the effective storage capacity of the Saguling Dam is 20.27%, Cirata
27.90%, and Jatiluhur51.83%. In the calculations, there are differences regarding the
principle of equal sharing. The calculation can be seen as in Table 17.
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Table 17. Comparison of Effective Volume
(Y0)

Reservoir RESOP Calculation

2019 2020 Upper Normal Lower
Saguling 21,56 20,27 4-12 2-10 1,5-9

Cirata 27,45 27,9 36,5-46,5 37,5-46,5 38-46,5

Jatiluhur 50,99 51,83 50-53 50-53 50-53

7.3 Calculation of Electricity Production

The calculation of electricity production in each reservoir is based on the formula
in SNI Pd T-21-2004-A. Where the calculation is based on the following equation:

e Saguling Reservoir

P=981xetxegx Q(Her— Ho)
_ 9.81xetxegxV x (H1-HO)

E
3600
with:
P is power, in kilowatts (kW).
et is turbine efficiency = 0.915
eg is generator efficiency = 0.98
Q is turbine discharge water, in m3/sec.

Hl1 is the water level of the reservoir, in meters.

Ho is the tail water level = 287.3 meters.

E is the energy produced, in Kilo Watt Hours (kWh)
e (irata Reservoir

P=981xegxQxHeff
E_9.81XengxHeff

3600

with:
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eg is generator efficiency = 0 .94
Heff is the effective head fall, in meters.
if H1>205 then Heff = (0.955 x H1) — 98.325
H1>215 then Heff = (1.09 x H1) — 127.55
E is the energy produced, in Kilo Watt Hours (kWh)
e Jatiluhur

B Mw
Q 0.009671 X H X (0.896— =72 )x (0.00255 x H+0.8233 )
E=Pxnx24 (8)

W is the power, in megawatts (MW).
is the flow of water out of the turbine, in m3/sec.
is the reservoir TDC in meters.
is the energy produced, in Mega Watt Hours (MWh)
is the number of days in the month.

B mmoZ

7.4 Reservoir Operation Simulation

Although the comparison of the effective volume of the reservoir is not in accordance
with the written percentage, the quantities in ROP 2019 and Draft ROP 2020 are in range
the same. In addition, for the Reservoir Standard Procedure for cascade reservoir, if there
is an agreement between the three reservoir stakeholders, changes are allowed. For this
reason, in this study, the limits on the principle of equal sharing will be based on
calculations as shown in Table 17 and the total volume ratio remains 100%.

Calculation of Reservoir ROP in 2019 is carried out using the modified RESOP Model.
The operating pattern is made by making the Maximum elevation in June at the RESOP
as a reference. From the operation pattern calculated in this study, it is attempted in such
a way that the elevation in June of the following year has the same value.

Saguling (June 2019 - June 2020) Cirata (June 2019 - June 2020)
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Figure 10. Saguling (a), Cirata(b), and Jatiluhur (c) Reservoir Operation Pattern (June
2019 — June 2020)
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Figure 11. Saguling (a), Cirata(b), and Jatiluhur (c) Reservoir Operation Pattern (June
2020 — June 2021)

There is a difference in the energy produced. In general, the energy produced has
increased. This is probably because the reservoir reservoir is kept relatively stable, and
the discharge is not so different from the pattern contained in the data in the operation

plan.
Table 18. Comparison of Energy Produced in June 2019 — June 2020 Pattern.
Total Energy (GWh) Delta
Operation Reservoir L C-H
Histories  Calculated
(H) (©) (GWh)
Saguling 3157.3 2929.86 -227.44
Upper Cirata 1786.5 1845.68 59.18
Jatiluhur 1280.6 1935.99 655.39
Saguling  2259.5  2316.86 57.36
Normal Cirata 1304.2 1429.38 125.18
Jatiluhur 930.2 1538.94 608.74
Saguling 1667.9 1877.73 209.83
Lower Cirata 936.2 1142.92 206.72
Jatiluhur 636.2 1155.40 519.20

Table 19. Comparison of Energy Produced in June 2020 — December 2021 Pattern.

Total Energy (GWh) Delta
Operation Reservoir o C-H
Histories Calculated

(H) (©) (GWh)
Saguling 1339,2 1147,32 -191,88

Upper Cirata 831,6 778,80 -52,80
Jatiluhur 724 847,90 123,90

Saguling 889,8 942,94 53,14

Normal Cirata 549,1 611,49 62,39
Jatiluhur 477 710,09 233,09
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Saguling 623,4 765,59 142,19
Lower Cirata 381,4 481,90 100,50
Jatiluhur 336,6 611,05 274,45

8. CONCLUSION

e The correct ARIMA model for data calculation is the ARIMA model (1,0,
0)(1,0,1)(12) with the equation Yt = 6.4368 + 0.5593. Yt— 1 + 0.999. Yt— 12 +
at — 0.9723at-12.

e From the validation, the resulted value is still not able to describe the peak
discharge in each year.

e The correlation value between the data in the validation period and the calculation
results is 0.51 and the NSE value is 0.084 or close to 0 which means that the value
generated by the modeling has the same accuracy as the historical data.

e The pattern of operation using the RESOP Model starts from January to January
and each reservoir will be at full condition in June.

e In the RESOP Model there is no spill column because the operation pattern
designed without spill.

e Based on calculations, there is a shortage in November 2020. However, the value
is smaller than the river needs. As the water used by PJT II will return to the river,
and this operating pattern is still able to flow the needs of PJT II, the results are
still considered as valid.

e In general, the water level of each reservoir in the generated operating pattern
approaches full in May and will return to full condition in June of the following
year. However, in Jatiluhur Reservoir, this condition is difficult to fulfill. So, in
this study, the Jatiluhur reservoir is designed to be as close to full as possible in
May. This is because the water demand is greater than the amount of incoming
water obtained from the calculation.

e The shortage of water generated in the calculation of the reservoir operating
pattern is due to the prediction of the amount of water entering more than not
being able to describe the peak amount of incoming water.

e There is a difference in the energy produced. This difference is due to differences
in inflow, elevation, and outflow calculated with the 2019 and 2020 ROP Plans.
In general, the total power generated from this calculation has increased. The
increase occurs because although the inflow, elevation, and outflow values are
different, in general the values are close to each other.

e The use of an application to determine the optimization of the ARIMA method
and the ROP modeling of the Cascade Reservoir is very necessary considering the
large number of coefficients and constraints that would be difficult to calculate
manually.

e Reservoir optimization calculations in series reservoirs cannot be treated as a
single reservoir considering that there is a limit to the reservoir storage volume
capacity.
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