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SUMMARY

This research focuses on the water allocation process of PJT II (Jasa Titra 2) in the Citarum river
basin, west Java province in Indonesia. The goal of this research was to do a reconnaissance
study on the need and feasibility to implement a water distribution model in the DSS (Decision
Support System) of PJT II. A water distribution model simulates the water allocation process in
an area, based on the demand, availability and policy regarding the water allocation process.
Currently there is no water distribution model implemented in PJT II's DSS, and this research
focuses on whether RIBASIM (River Basin Simulation Model) could fulfill this role. To answer
the research objective, three research questions were formulated. This research gives answer on
the questions: which characteristics should such water distribution model consist of, which
components should the model contain, and whether the results that the model provides are
useful for PJT II. The research was a joint cooperation between staff members of Deltares, Pusair
and PJT II.

The program that has been used for this research is RIBASIM; RIBASIM is a hydrological
program to analyze the behavior of water balances in rivers under several hydrological
conditions. RIBASIM allows policymakers to evaluate water balances due to changes related to
the water-infrastructure, -operation and -demand. The input data consists of: hydrological
network, water users, water suppliers, operation policies, economic data and scenarios.

The input data for the hydrological network and water-users/suppliers are based on data that
currently is being used by PJT Il in their water allocation process, and it is attuned to the desired
level of detail for PJT II. The structural foundation of the model was based on an existing model
that already included parts of the Citarum river basin but did not have the right level of detail.
Due to changes to the existing model, a new model was created that was in order with PJT IL.

In this research several scenarios were defined to determine the possibilities of this RIBASIM
model were. Due to changes on both the supply and demand side, new water balances were
simulated. The results of these simulations provide information on where and which effects may
occur in these different water balances in the Citarum basin. The information out of these
results is useful for PJT II in setting up new strategies or SOP regarding the water allocation
process.

This research shows that an implementation of RIBASIM as a water distribution model in a DSS
for PJT II is feasible and would help PJT II in their water allocation planning process. RIBASIM
would help P]T II setting up new policies about the water distribution in the Citarum basin.

In a further step of a possible implementation, research needs to be done about the upstream
part of the Citarum. This research main focus was on the downstream part from Jatiluhur
reservoir, the upstream part still needs be defined properly.

3|Page

UNIVERSITY OF TWENTE.



TABLE OF CONTENTS

PIEIACE ettt ettt sttt e s AR R AR R AR AR R 2
A0 04000 =) 0T 3
TADIE Of FIGUIES ..ceureeeeeeeesreurese st sssece s s s es b s SRR s R 6
TADLE Of TaADIES....cerieereeereeeeeesrese et ss s seess s ss s s e es b b RS R R R SRR e R R 7
ADDTEVIATIONS [/ TEITIIS coouvcerieueereeueieesseeeeuseesesss e e s ssss b s ses s s s e Ea e bR ane bbb R bbb 7
B 00 (o T L U 0 (o) U PP TPOPTOON 8
1.1, BACKEIOUNA oottt ettt sess s s bbb bR 8
1.1.1. Project FrameWOTK. ... sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 8

1 0 £ 1 1 (TSP 9
1.1.3. CItarum FIVET DASIN cuuiecerieseisseseessessesssesss st sessse s ssss s bbb ssssss s s st sessss s ssssssssssesas 9

1.2, Problem defiNItion ... sesessessessse e sssssssssssesssessssssss s sssesssass s sssssssssssss s sssssssess 11
1.3.  Research objectives & QUESTIONS ... es s sssssesse s ssss s sssssssasees 11
O N ST 1 o RE=Y 0] o) o - Lol o U DTN 12
1.5, RESEAICR SIIUCLUTE ...ttt bbb s s 12

I ¥ Lo T 1.3 11 o O PP 13
270 S o W0 Ta =1 0 o B D 1T 1) 0101 ) o P 13
2.1.1. What can RIBASIM dO7 ... ssss s s sssssssssssssssssssssssssssssssssssssssssssasans 13
2.1.2.  What is the RIBASIM INPUL c..oveuerrrerrerrees e seessersessessseesssesssesssesssessssssssssssssssssssesssesssessssssssssans 14
2.1.3. How does Ribasim WOTK?........ s ssssssssse s esssssssssesans 15
2.1.4. Model SCheMAtIZAtION .....ucurieeeeereeree et 17

K JRN U U=1 1 Uo Yo (0] (o = 200N 19
3.1, Water Demand Method ... sssessssssssss s sssssssssssssssssssssssssssans 19
3.2, MOAE] DESIGIL ..ottt ssesss s sesse s ess s s s s bbb 20
3.2.1.  What are the boundaries of the SYSTEM? ... sesssssesseens 21
3.2.2. Whatlevel of detail for the physical StrUCLUIE?.......oecurrereeereerrneereereerseerseessersessseesseeeseeens 21
3.2.3.  WHhiCh MVETr SIrEtCRES? ..t ssssssssssssnsans 22
3.2.4.  WHich and what level of detail Water USEIrS? ... ssesssesseeseenns 24
3.2.5.  Which river stretches will be aggregated? ... sessesseeseeans 24
3.2.6. POLENLIAl INEASUIES ..vueereeersirerssisei e issss s sss s s 25

170 TR\ [0 Te (=30 0 o1 Ul E=ir= PP 26
3.3 1. LaY-OUL NOGES .ottt eeecsse s ss s s ssse s es s s b s s bbb 26
3.3.2. Water demand NOGES......ccuuereeneeeneenseeseeeesseesse e ssssssessssss s sssssesssssss s s ssesssssssssasans 27

70 7R 15 o) <3PPSR 32

3.4, ReSt Of INDUL DAla.erisessicinsssssssssesssssss s ssssss s ssssssssssssss s sssssssssessssssssssssssssssasssssssssssnsans 34

4.  Results RIBASIM CalCUIAtiONS ..cccieuieeeureereeseesseseessesssessesssssessssssssssessesssssssssssssssssssssssssssssssssssssssssssssssssanes 35
4.1, MOAEL OULIOOK. ..ttt seesse s ee s sse bbb bbbt s b 36
4|Page

UNIVERSITY OF TWENTE.



N U= 1] ) T 36

4.2.1. WaLter SNOTTAZES ..ottt na e s s bbb bbb bbb b 36
4.2.2. RESEIVOIT BENAVIOUL ..ottt sses st st 38
4.2.3. WEIT FLOWS oottt seesss s sss s sssees s s s bbb bR 39

. DASCUSSION ceetureureusresseersrerssesssees et seeess e ssse s s bR R AR R AR bR R AR R 40
6. Conlusion & RECOMMENUAtIONS .....ccuriereuiererreeureieessessesseesesss s sessse s ssss s ssssbsss s e st sesans 41
BiDIIOZIAPINY .eurtrieurieceeeerecere sttt s st ase bR R R AR R 42
2N 0] 013 46 (o] 43
Appendix A: CUITENt MEtNO. ...t sssssssssssssnees 44
Appendix B: water demands current Method ... ecnerneeeeseereeenseeeesessseesssessessseessessssessesssessees 47
AppPendiX C: fUll NEEWOTIK ..ot seer e sees s sess s s s s e eas s snees 48
Appendix D: Supply-, Demand INPUL Data ... ssessessesssesseessesssessessesssssssssssssessees 50
Appendix E: Dimensions Nodes MOdEl ... ssssssssssssssssssssssssssssssssssssssns 52
Appendix F: Canal Capacity East & WEST.....oceeeeeseesssesssesssesssessssssssssssssesssesssessssessssssssssssssssssessees 53
Appendix G: SCENARIOS RESUILS ...t ssssssssssssssssssssssssssssssssssssssssans 54
G.1. “Base CaS-T0UOINTIOW ....eueeeeeereesseernseesseiseessess s s s s sssass bbb ss s 54

G.2. “Base CaSE+T0YOINTIOW ...ttt ssesss s s st st snsans 59

G.3. “Base CaSe+PIPElINE(S)” .eereermreressesinsssmsssssesssesssssssssssssssssssssssmsssssssssssssssssssssssssssssasssnsssssssesssssssnssans 64
5|Page

UNIVERSITY OF TWENTE.



TABLE OF FIGURES

Figure 1: WOTK @Qrea PJT Il eseeseeeceseesesssesessscssessesssssssssssss s ssss s s sessss s bbb st s st ssssas 9
Figure 2: Citarum River Basin Details ........oeecnerneenieseesseessssssssssesssesssssssssssssssssssssssssssssssssssssssssssssssnens 10
Figure 3: Schematization Of DSS ...t ssss s ssses s sss s s sssens 11
Figure 4: Components River Resources PIanNing .......cninensensinncssssessessssessssssssssssssssssssssesans 13
Figure 5: Water Allocation iNPUE Aata .......ocemreeneceneeenseneisessseessssssssesseesssssssssssssssssssssssssssssssssssssssssssssssssssess 14
Figure 6: Relation Demand VS. SUPPLY ...t sssssssssssssssssssssssssssssesssssssssssssssssssesans 15
Figure 7: Working of RIBASIM ... secssessssssssssssssessssssssssssssssssssssssssssssssesssesssssssssssssssssssssssassssness 16
Figure 8: RIBASIM SChemMatiZation .....c.oucriereuniereeseesseeseessessessesssesssssssssssssessssssssssssssssessssssssssssssssssssssasssssssssssesans 17
Figure 9: NOAES And LINKS ...t sssssesssesss s ssss s s s s ssss s sssssssssssesans 18

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:

Water demand DUILE UP ... sssssssssssssssssssssssssssssssssssans 19

Water demand three SYSTEIMS ........ueerreeereeenerseessesseessessseessessssessssssssssessssssssesssesssessssssssssssessens 19
L08R 0] 41 = T 20
PJT 1T SCHEMAIZAtION w.cvvveeeeeeeieeseieeseesesssises s ss s s s s b sasees 22
Network Levels (Red=System, Green=Region and Blue = sub-region) ... 23
Water Demand BUIlt UD i sssssssssssssssssssssssssssssssssssssssssens 24
Canal design RIDASIIML. ... e seessessssssess s sess s sssess s sssssssssssssessans 25
Local water SUPPLY EQSt VS. WEST ...t sssssesssssse s ssssssssssssasees 27
Schematization WEST SYStEIM ... ucereereeseesseeesesssessessssesssesssessseesssssssssssssssssssssssssssssssesssssssessans 28
Schematization NOTth SYSEEML ... e saeees 28
Schematization EASt SYSTEIM ... ssesssess s sessssssssssssssssssssssssssssssssesssesans 29
Diversion NOdEeS LOCATIONS ...cuueueueererersensseeseessessesssesssesssesssesssssssessssssssssssessssssssssssesssesssssssessans 31
Relation Canal CAPACILY ... reeeneerreeresseesesseessesseessesesssessessesssesssessesssssss s sssesssss s s st sssssssasees 33
NO HINK CAPACILY covrevrerreeseeseeeeeesseesseesseesssesssesssessseessessssesssssssessssssssssssesssesssesssessssssssesssesssessssssssesssesssessans 33
INETWOTK DESIZI ..ttt esses s ss bbb bbb 36
West System Water Shortage [1951-1978] ..eeneereeseereeensessessssesssessesssesssesssssssessessees 36
East System Water Shortage [1951] ..o sssesssessessessssssessssssesasees 37
North System Shortage [1951-1978] ...ereenmerneeremserssesseesseessesssessssssssssesssssssssssssssssssssssans 37
Result JatilUNUL RESEIVOIT ...t sses bbbt sanees 38
CUTUE WEIT FIOWS .ottt seeseeecs s es s s ss s e s bbb 39
Walahar WEIT FIOWS ... seesssesesssssssessssssssssesssessssssssssssssssssssssssssssssssssssssssssesssessnees 39
Total Water Demand Three SYSTEMS ... ssessssssesssessessssssssssssssssssaeees 46
West Water demand VS. CAPACILY ... eeeeeeseesseesssessesssessseessesssssssssssessssssssssssessssssssssssssssesssens 47
North Water Demand VS. CaPaCity .....coeereemeeneeseeneesseesessessessssssesssessesssssssssessesssesssssssssssssssseees 47
East Water demand VS. CAPaCity....ouueeereemeeneesseeeessesssesssssesssessessssssesssssessssssesssesssssssssssssssaeses 47
FUll RIDASIM NETWOT K.t sssssssssssssssssss s ssssssssssssssssssssssssssssssssssssssssssssssaness 48
WESE SYSTEIM NETWOTK. ..ottt ss s sss s s 48
NOTth SYStem RIDASIM.....ccuuceeeeeeesseereerreessees s s ssess s sess s sssess s ssssssssssssssans 49
EaSt SYSteIM RIDASTIN ..ottt ss bbb s 49
NOAES lISTEA At PJT IL.ucuiiceirrerersecssisessessesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssaness 53

6|Page

UNIVERSITY OF TWENTE.


file:///D:/Users/User/Documents/Documenten%20College/Bachelor%20eindopdracht/Hoofdverslag/concept%20final%20verslag.docx%23_Toc364277494
file:///D:/Users/User/Documents/Documenten%20College/Bachelor%20eindopdracht/Hoofdverslag/concept%20final%20verslag.docx%23_Toc364277495
file:///D:/Users/User/Documents/Documenten%20College/Bachelor%20eindopdracht/Hoofdverslag/concept%20final%20verslag.docx%23_Toc364277496
file:///D:/Users/User/Documents/Documenten%20College/Bachelor%20eindopdracht/Hoofdverslag/concept%20final%20verslag.docx%23_Toc364277497
file:///D:/Users/User/Documents/Documenten%20College/Bachelor%20eindopdracht/Hoofdverslag/concept%20final%20verslag.docx%23_Toc364277499
file:///D:/Users/User/Documents/Documenten%20College/Bachelor%20eindopdracht/Hoofdverslag/concept%20final%20verslag.docx%23_Toc364277500
file:///D:/Users/User/Documents/Documenten%20College/Bachelor%20eindopdracht/Hoofdverslag/concept%20final%20verslag.docx%23_Toc364277501
file:///D:/Users/User/Documents/Documenten%20College/Bachelor%20eindopdracht/Hoofdverslag/concept%20final%20verslag.docx%23_Toc364277509

TABLE OF TABLES

Table 1: Citarum CharaCteriSTICS ..o iseeseessesseessessss s b s b s s bbb s s b b 10
Table 2: Designed RIVET SLIETCHES ...t sssss s sssess s sssssssesssssssss s sssassssssssesns 23
Table 3: Fixed INflow NOAE PrOPEIties ... sssssssssssssssssssssssssssssssssssssanes 26
Table 4: Diversion NOAE ProPerties... .. eeeeneessesseinssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssanes 31
Table 5: Diverted FIOW REIALION ...ttt ssseetssessssessess et ssssssss st s sssssssess st sssasssassssssssssss 34
Table 6: SIMUIATION CASES ..cuieriuriereeeeureireeseesesseesessesssesssssse s st s bsse bbb s s s s s b s bbbt s nbaes 35
Table 7: DEMANd PEI NOGE ...t ssses s ssssssssssssesssssss s ssses s ssssessssssss s s sssassssssssesas 50
Table 8: SUPPLY Per NOAE BASE CASE ....cuieeeriereereereireessetseesseisss s sesssssssssss s ssss st ssssssanes 50
Table 9: SUPPIY BaSE CASE ~L10U0 ..uucuuerrermreerreerseereesessessseesssesssessseessesssssssssssssssessssssssesssesssesssesssssssssssesssesssssssseess 51
Table 10: SUPPIY BASE CASE + 1000 c.uueeueeereerreeereerseesessessseesssssssesssssssssssssssssssssssssssssssssssssesssesssesssssssssssasssasssssssesss 51
Table 11: CapaCity PEI NOGE. ... e s seesseesseesessess e sesssees s sessse s sssess s sssesssees s s sssesssesssessssesas 53
ABBREVIATIONS / TERMS

6 Cis Six rivers model in RIBASIM
BC-10 Base case 2010
DSS Decision support system
Ha Hectares
Km. Kilometer
Km2 Square kilometers
M3 Cubic meter
M3/s Cubic meters per second
PJTII Jasa Tirta Il
PUSAIR Indonesian water research institute
RIBASIM  River Basin Simulation Model
SOP Standard operation procedure

7|Page

UNIVERSITY OF TWENTE.



1. INTRODUCTION

In this section, the background (1.1) and goal of the research is explained. In 1.1.1 the
framework of the project is defined, 1.1.2 and 1.1.3 give information about the organizations and
areas involved. The definition of the problem (1.2) can be made out of the background (1.1), the
problem is defined in research objectives and questions (1.3). 1.4 & 1.5 provide information
about the approach and structure of the research.

1.1. BACKGROUND

1.1.1. PROJECT FRAMEWORK

This research has been collaboration between three organizations: Deltares, Pusair and Jasa
Tirta II. Deltares was the initiator of the research in cooperation with PJT II for which it is for,
Pusair supported the research.

Deltares is a Dutch independent research institute that is specialized in water management,
hydrology, infrastructure and soil mechanics. It is one of the premier research institutes in the
world, which innovations and technologies are implemented on several sites over the world. Its
slogan is “enabling delta life” which means enabling living in delta areas. Deltares works close
with many governments in creating solutions and policies to make provide safety for the
combination of urban and delta area (Deltares.nl, 2012).

Deltares is part of a joint cooperation program (JCP) together with Pusair, KNMI (Royal Dutch
Meteorological Institute) and BMKG (Indonesian body of meteorology, climatology, and
geophysics). The program was started in 2011 and runs till 2015, its objectives are: “Knowledge
sharing and capacity building between Indonesian and Netherlands Research and Development
Institutes in the field of water resources and climate” (Views Magazine, 2010)

Pusair is a abbreviation for “Kementerian Pekerjaan Umum Badan Penelitian Dan
Pengembangan Puslitbang Sumber Daya Air”, translated to English it means “Ministry of Public
Works Research and Development Center for Water Resources”. Pusair is the water resources
department of the ministry of public works of Indonesia. In contrast to Deltares, Pusair is not
independent but a public institution. Pusair does not directly manage any delta, but provides
institution that does with advice and expertise about water-related topics.

The goal of this research is to provide PJT II first insights on the possible implementation of
RIBASIM. This goal can be divided into multiple goals, which eventually will lead to those
insights:

- Build a model of the Citarum river basin using RIBASIM

- Carry out simulations to show the possibilities/capabilities of RIBASIM

- Provide recommendations for possible further implementation of RIBASIM within the
modeling framework of PJT II.

The study area is the Citarum river basin, which falls under the jurisdiction of PJT II, more
information about this can be found in the next sections. (1.1.2, 1.1.3)
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1.1.2. PJTII

PJT II (Jasa Tirta II) is a public organization that is originally founded in 1970 under the name of
“Jatiluhur Authority Public Corporation” by the Indonesian government. In 1999 the name was
changed to the current one Jasa Tirta Il public corporation. PJT Il is been assigned to manage the
complete Citarum river basin, and parts of the Ciliwung and Cisadane river basins. This starts
from the watershed areas till the channels mount to sea. The work area of PJT II covers 72 rivers
and tributaries, which are viewed as one hydrological network; in total the area of the basin
covers 12.000 km2. PJT Il main concern is to manage the water resources allocation process at
Jatiluhur reservoir properly. Many areas are dependable on the water of Jatiluhur, the drink
water supply for Jakarta is the most premier one.

In Figure 1 the total total work area of PJT II is shown. It starts south of Bandung and ends north
bordering the Java Sea. The map shows the (hydrological-) infrastructure in the work area. This
research focuses on the northern part; this area is the Citarum river basin. More about the
Citarum river basin will be explained in the next section.

PETA WILAYAH KERJA
PERUM JASA TIRTA Il
u

_ KEPULAUAN-SERIBU

LAUT JAWA

—
\PERUM JASATIRTAI

[ Carah Kiava No.1 Jatiuhur Purvakarta Jana Barat

Tl : 462 624 201972
Website - hitp: v fasatita2 0.
Emai: pR2@jasatita2 co

FIGURE 1: WORK AREA PJT II

1.1.3. CITARUM RIVER BASIN

The Citarum is a river basin that is located in the West Java province of Indonesia. The
Citarum is one of the 6 Ci’s(Rivers) in western Java(Banten, DKI Jakarta and West Java), it is also
the biggest one of the six(270 km.). The origin of the Citarum is on Mount Wayang near
Bandung, from this point the river floats in Northern direction to the Java Sea. Along the river
the government built three water basins: Saguling, Cirata and Jatiluhur. The combined effective
volume of the three Citarum cascade reservoirs is about 3.276*1076 m3. The first two cascade
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reservoirs (Saguling and Cirata) are managed by the electrical company: PLT (Dijkman J.; Krogt
W.v.d. ; Hendarti; Brinkman JJ, 2012). The third (Jatiluhur) reservoir is managed by PT] II, unlike
the first two this reservoir is intended for multiple purposes, not only electricity but also
domestic and irrigation water.

The Citarum is the main domestic water supplier for the Jakarta area; approximately more than
14 million people are relying on water out of the Citarum basin, and because of the rapid growth
of Jakarta it is expected to be more in the near future. To make sure that the water allocation is
done properly, the following priority list is set up (Djajadiredja, 2011):

1. Domestic
2. Agriculture
3. Industry

4. Energy

The total potential water availability of the Citarum river basin is annually 12.95 billion m3.
Approximately the Citarum provides 6.0 billion m3 and the other rivers contribute 6.95 billion
m3 to the basin. The existing hydrological infrastructure can control about 7.65 billion m3, the
rest of the water will flow unregulated. In Figure 2 the distribution of the water resources are
illustrated. (Idrus H.; Mardiyono A.; Andrijanto)

A Jakarta
Irrigation

i Drinking

Total 12.95 Billion m3/year 867% WTP

Citarum  :6.00 Bm®/year \ 6:03% —_

Other rivers : 6.95 Bm?3/year ~——y 7 5.0%

Unregulated 5.30 x 10Y m*/year \Domedstic

Equal to 40.03% ) an
—_— Industry

Municipal 2.0%

0.3%

Regulated 7.65 x 10° m3/year
Equal to 59.07%

\ From Citarum: 6.00 x 10° m3/year (all utilized for HEPP)
From others: 1.65 x 10° m3/year

FIGURE 2: CITARUM RIVER BASIN DETAILS

As seen in Figure 2 Irrigation is the main user of water (86,7%) followed by domestic(6%),
Industries(2%), municipality(0,3%) and approximately 5% will be unused. It is expected that
the river basin will only able to cope with the demand up to year 2015. After 2015 in the current
situation the demand will be expected to be higher than the supply. In Table 1 some facts about
the Citarum are shown, these facts show the magnitude of the area and the urgency for proper
management.

TABLE 1: CITARUM CHARACTERISTICS

Total Area 12.000km2

Population along the basin 10 Million (50% Urban)
Number of served population | 25 Million

Hydropower Capture 1400 Mega Watt
Irrigation Area 240.000 Hectare
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1.2. PROBLEM DEFINITION

In the current situation PJT Il has a DSS (Decision support system) of the river delta. This system
is designed to support decision makers in their policymaking for the Citarum river basin. In the
DSS there is a module that continuously makes analyses of the data that enter the system, these
analyses then will be evaluated using rules and regulations. The analyze module is built out of
different hydrological models; examples are Rainfall-Runoff and water allocation models. In
Figure 3 a schematic overview of the DSS is shown.

Precipitation, Streamflow,

Infrastructure Water Qualit:

Control Warning
alarms

Support

System

Operating rules,
expert System

gi"s‘;"““““' Database, FIGURE 3: SCHEMATIZATION OF DSS
Management . Data Model
Data Display

Rainfall/Runoff, Flooding, Hydraulics, .
N water allocation, water pollution BASIN At this moment the models

Jasa Tirta Il Public Corporation - Indonesia are bu]lt 1n Exce] Although
Excel is a good program, there are more advanced software packages available. Therefore, the
goal of this research is to do a first research about the possibility to implement the software
package RIBASIM into the DSS of PJT II. RIBASIM (River Basin Simulation Model) is a software
package that has been developed by Deltares. RIBASIM is designed to evaluate different
measurements/conditions in a river basin, and the effects that those events have in relation to
the water balance. Basically RIBASIM is a water balance simulation of a river basin, features like
water demand and supply are the main components. Implementing RIBASIM would help P]T II
for their policy making in relation to water allocation, because it is expected that the water
demand will be higher than the supply in the near future, so good policy is keen to maintain a
healthy river basin.

Deltares modeled all the six rivers in West Java in RIBASIM; this model is called the “6Ci’s”. The
Citarum river basin is one of those six included in this model. For this research the 6Ci’s model
will be used, with the primary focus on the parts that are within the jurisdiction of PJT II.

1.3. RESEARCH OBJECTIVES & QUESTIONS

The main goal of this research is to carry out a reconnaissance study on the need and feasibility
to integrate a water distribution model in the DSS of PJT II.

In this study the main focus will be on identifying the current situation and searching for
differences with the possible “future” situation. Recommendations and conclusions will be made
out of the results, mostly based on quantified results.

The research will be conducted by answering the following main research questions:

1) What are the characteristics of a water distribution model as needed for PJT 11?7

2) Which components should such water distribution for PJT II contain?

3) Are the kind of results produce by such water distribution model realistic and useful for
PJT I1?

11|Page

UNIVERSITY OF TWENTE.



1.4. RESEARCH APPROACH

At first, the current situation/model needs be studied. This will be done using existing
documentation and models. By studying the old situation (P]T II DSS), it will be possible to find
differences with the new one (RIBASIM). Also analyses need to be made on how the current
water demand is determined.

Next the requirement list for the RIBASIM application will be set up. This will be done using
intensive meetings with shareholders/specialists of PJT II. In this phase it needs to become clear
which level of detail is the right fit for purpose.

After setting up the requirement list, the RIBASIM application will be analyzed in this phase, the
functionalities and possibilities of the application will studied. The comparisons will be made
between the possibilities of RIBASIM and the requirements that are set up. Therefore the
functionality of RIBASIM for this case study can be defined.

In phase four, phase- two and -three are being put together. In this phase the model is being built
using the data gathered in previous phases. The restrictions and possibilities that the previous
phases provided are taken into account. Several scenarios are being created to show the
possibilities that RIBASIM has.

At last, the finalization of the report will be carried out. During the overall process there will be
continuously work on the documentation part, in this phase all the documentation will be
combined into one final report. In the final report, recommendations will be done about further
steps regarding this subject.

1.5. RESEARCH STRUCTURE

First the RIBASIM program is being explained in section 2, on how it operates and is set up.

In section 3 the methodology that is being used is discussed. It starts with explaining the current
method to determine the water demand by P]T II. The RIBASIM program is explained in section
2 but the input data that is been used for creating the model in RIBASIM is explained and defined
in section 3.

In section 4, the results of the model are shown. This research focuses on the outlook of the
model and the simulations it could do. The actual numbers that the simulations provide are not
that important, the focus is on how the model operates when characteristics of the scenarios are
changed. A base case and four scenarios are created to simulate these changes.

In section 5 and 6, the outcome of this research will be discussed and conclusions will be made
upon the results and methodology that was being gathered and used.

The research ends with the references and appendixes that are referred to in the report.
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2. RIBASIM

2.1. PROGRAM DESCRIPTION

In this section the program that will be used to design and create the model will be explained.
This program is being called RIBASIM (RIver BAsin SIMulation), different topics about the
capabilities and usability of this program will be brought forward. This chapter is based on
(Krogt, RIBASIM Version 7.00, Technical Reference Manual, 2008).

2.1.1. WHAT CAN RIBASIM DO?

RIBASIM is a specially designed tool to support policymakers in their decisions regarding water
allocation. River basins are usually complex and contain multiple points and areas that need or
supply water from and to the system. In RIBASIM a schematization of the hydrological
infrastructure is been made using links and nodes section 3.2. Each link and node presents a
specific hydrological feature in the area; each feature has its own characteristics. Basically
RIBASIM simulates all the relations that these features have regarding the need or supply of
water. Changing the characteristics of the features or the relations between them, different
water balances will occur. By evaluating these different water balances conclusions and
recommendations are being taken, these recommendations are to support the policymakers.

Figure 4 presents the major components and inter-relationships in the planning for a river basin.
This figure shows the process of balancing resources in water resources management. From top
to bottom situations and scenarios are created, after that estimations of the target demands are
been made. These estimations and options of water management lead to the balancing of
resources. The balance that has been created will have certain consequences; these
consequences can be expressed financially. Evaluating the several consequences and
alternatives can lead to new plans for resources management. The role of RIBASIM in this
process can be the overall simulation of it

FIGURE 4: COMPONENTS RIVER RESOURCES PLANNING
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2.1.2. WHAT IS THE RIBASIM INPUT

To use RIBASIM several input variables need to be defined. These inputs range from scenario’s
till water infrastructure till the demand and supply of water. There are five sections that
distinguish the multiple inputs, except for the economic data each of the inputs have to be
covered to generate a working model. The economic data is an optional input that can be used to
analyze the monetary consequences of allocations. The input for RIBASIM is according to (Krogt,
RIBASIM Version 7.00, Technical Reference Manual, 2008):

1. System
a. Infrastructural network
b. Policy

c. Demographic Content
2. Water demand
a. Demographic
b. (Economic)
c. (Crop water requirements)
d. Current and future water demands
e. (Pollution generation)
3. Water Supply
a. Historical inflows
b. (Groundwater resources)
4. (Economic Data)
a. Water use rates
b. Capital costs
c. Discount rate estimates
5. Scenarios

The RIBASIM model requires three main inputs variables to do a water allocation simulation.
First of all there needs to be a hydrological infrastructure built out of nodes and links. For this
research the hydrological network of the 6Ci’s will be used. Second there needs to be water
supply in the area, surface runoff and groundwater flows are three examples of those inputs.
Third and last there is a water demand side, this side consists all the different water usages like
domestic and agricultural. When each of these three inputs are included, the model is ready to
run simulations. Other inputs are economic data to express water shortage in monetary
damages, and scenarios were different policies are used for the water allocation. Every run of
the model is basically running a scenario; by changing the properties of the model different
scenarios are generated. This may vary from climate change to infrastructural modifications to
new policies regarding the standard operation rules. Every change to the model will likely
generate a different outcome of the allocation, therefore organized working is essential.

\

Water Demand

Water
Allocation

‘U FIGURE 5: WATER ALLOCATION INPUT DATA
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2.1.3. HOW DOES RIBASIM WORK?

RIBASIM calculates the water balance in a system for each time-step, when all the time-steps are
been proceed the simulation is completed. A time-step may vary from months to a couple of
days. The amount of time-steps in this study is similar to the one used by PJT II in their water
demand schedule: 24 time-steps for each year by dividing each month in two. In each time-step
RIBASIM simulates the water balance based on the water- supply, -demand, policy and scenario
which are applicable in that time-step. Input variables may vary over time, therefor it is
important that all inputs are applicable on the same time-step unit; otherwise inconsistencies
could occur caused by overlapping inputs.

The time-step that is being used in this research is larger than the time it costs for water to
travel from the most upstream point to most downstream point, assuming there are no
restrictions. Therefore relatively simple mass balance equations are been used (Krogt, RIBASIM
Version 7.00, Technical Reference Manual, 2008). In these equations the inflow of a site equals to
the outflow of it during the same time-step. Therefore, no residual water can be found in streams
and non-storage sections of the river basin. In reality this is not the case but it is adequate for the
goal of this research. The actual time-steps that are been used can be seen in in appendix E.

For simulating a water balance, two features have to be at least being included: 1 an hydrologic
period that varies over multiple years, 2 a demand series for one year. In Figure 6, a
representation is displayed; this figure shows the relation between the supply- and demand-side
over time during a simulation.
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FIGURE 6: RELATION DEMAND VS. SUPPLY

Each node that represents a demand of water, has an own specific source list. This source list
includes all the sources that can be used to fulfill the demand of water (Krogt, RIBASIM Version
7.00, Technical Reference Manual, 2008). In the default situation an automatic source list is been
made by RIBASIM, this list includes all the possible sources for water no distinguishes are been
made between the different sources. But it also possible to create modifications to the source
list, this will generate a “source priority list”, the node then will try to gather water following the
priority list that is stated. In the design that is made in section 3.2, no modifications are been
made to the source priority list.
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The process of simulation works in time-steps, each time step RIBASIM creates a water
allocation that is done priority after priority (Krogt, RIBASIM Version 7.00, Technical Reference
, Manual, 2008). Each simulation step
statls-watar s stem consists out of two phases: targeting
B roet nsneled phase and the allocating phase. In
T Figure 7 a schematization of the
! computation for interval t . AT
I allocation process for each priority is
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consumptive demands setting phase

step.
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FIGURE 7: WORKING OF RIBASIM demands.

In reality reservoirs have standard
operation rules, which are used as guidelines for reservoir management. One of the benefits of
RIBASIM is that it can actually simulate SOP. If there is no discharge restriction defined, then the
outflow of the reservoir in RIBASIM will be equal to the demand, provided that the inflow or
current volume is sufficient (Krogt, RIBASIM Version 7.00, Technical Reference Manual, 2008).
Due to the SOP this is usually not the case, and therefore RIBASIM will determine what the
discharge will be.

In the second phase the allocation phase, water is being routed through the network in a
downstream direction. Each demand node is initially given a priority; the demand nodes with
the highest priority (1) will have the water allocated first. After priority 1 RIBASIM allocates
water to priority 2 etcetera. With this method the demand nodes with the lowest priorities will
the first ones to deal with water shortage, this depends on the network. A high priority will not
immediately mean no shortages before all the lower ones have, it depends highly on the network
and how much RIBASIM can “control” the allocation.

RIBASIM does not make distinguishes between demand nodes in the same priority category.
RIBASIM works following the “first come, first serve” idea, this means that the first demand
nodes downstream are the first ones to acquire water. This will lead to water shortages to be
likely downstream (Krogt, RIBASIM Version 7.00, Technical Reference Manual, 2008).
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The results are expressed in terms of water shortages, evaluations and adjustments are being
made on the results of shortages. Changing settings in the target phase could lead to different
results. In section 4, the results of the simulations are shown and explained.

2.1.4. MODEL SCHEMATIZATION

In the RIBASIM application the Citarum river basin is implicated using a schematization. This
schematization consists out of all the major water extraction and supply points, also the points
where water gets distributed or allocated are included. For such schematization it is impossible
to include all the small and different water users. Therefore, a clear distinguish had to be made
between the relative important regional basins and the small local basins. For this research
there is only focus on the regional basins, with a higher level of detail more and more sub-basins
could be included. This is something that requires more study, but it remains questionable if the
addition of more small basins would give a more accurate analysis of such a large basin like the
Citarum.

An illustration on how the process of schematization works is pictured in Figure 8. The left side
illustrates the initial situation how it is in the reality, and the right side shows the
schematization in RIBASIM of the same situation. What stands out is that the location depends
on the relation with other features instead of the positioning on the map. The main thing that
RIBASIM does is simulating what all the different relations regarding water allocation do. So
RIBASIM is not necessarily a complete hydrological simulation of the whole area, but only
focusing on the water allocation relations.

BASIN MAP 1 RIBASIM
schematization
large
technical
irrigation
area

small scale irrigation

,ll

large
technical
irrigation
« river reach, canal = network link
i sub-basin index Irrigation node
irrigation area intake X diversion node
B reservoir variable inflow node
|_| sub-basin boundary ® confluence node
E]] sub-basin boundary A reservoir node

FIGURE 8: RIBASIM SCHEMATIZATION

Nodes and Links

The schematization is carried out using nodes and links that represent certain features in the
area. Each node and link has its own characteristics that are based on the features in the basin.
The schematization is a conversion from “reality” to a virtual simulation. The network of nodes
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and links consists out of all the features that could have influence on the water balance in the
area. There are four clear distinguishes between those features:

1) Water infrastructure, these are the water flows that transport water. (Surface and
groundwater reservoirs, lakes, rivers, canals, pipelines.)

2) Water Demand, these are the water users. (Domestic, agricultural, industries,
hydropower)

3) Water Supply (Water flows, evaporation, precipitation, runoff, groundwater flows.)

4) Water management (Reservoir operation rules, water allocation rules)

Each of these above mentioned features has its own specific node or link type in RIBASIM. And
by connecting all these different types a network that has the same features like the reality will
be created. An overview of all the different nodes and links is showed in Figure 9. More details
about the functions of these nodes and links that are used are stated in section 3.3.
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FIGURE 9: NODES AND LINKS
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3. METHODOLOGY

For this research multiple methods and models are been used. In this section several methods
and models will be explained, and pointed out how they contribute and affect the research. The
important part of this section is about the design choices that are being made. The overall goal of
this research is to create a model in RIBASIM that would contribute to the allocation process for
PJT I In section 4, the results of the model will be explained. This section will only focus on the
design part of the model.

3.1. WATER DEMAND METHOD

The water demand that is being used is determined by PJT II. Three water demands are defined,
for each system/canal a unique water demand: West, North and East. These three demands are
allocated at Curug (West and East) and Walahar (North) weir. Each of the three systems is
subsequently built up out of several sub-systems. These sub-systems are built up out of water
usages like: domestic water usage, industry and agricultural. A detailed explanation of the water
demand structure can be found in appendix A.

Three System built Sub-system
sytems up water usage

\—/

Total

[ —
System/Canal <

\—/

Citarum River
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FIGURE 10: WATER DEMAND BUILT UP
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In Figure 11, the water demand for each region is shown. The demand lines show similar trends,
compared with the overall water demand. The big decrease in the north demand during the
months august and September indicates that the influence of agricultural water use is big to the
total water demand. The west system compared to the other two has a far more constant
demand line. The influence of the dry and wet seasons does not look to affect the water demand
too much. This is due to the relatively high domestic presence in the west demand.
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FIGURE 11: WATER DEMAND THREE SYSTEMS
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3.2. MODEL DESIGN

There is already a model existing that includes the river basin that is being focused in this case,
this model is called the 6Cis model, the name is based on the fact that there are six big rivers in
western java, Banten en Jakarta and the Indonesian word for river is Ci (Anon, 2012). In Figure
12, the work area of the 6Cis is shown. One disadvantage of using the 6Cis model is that the 6Cis
is relatively slow because of its complexity. More nodes and links are included than are
necessary for P]T II. Therefore, the model will be cropped into a new model that only includes
the parts that are relevant. During the cropping of the model the effects of cutting away relations
should noticed. Otherwise the model can lose much of its accuracy and level of detail. The
creation of the new model does not only include cropping but also some modifications/adding
new nodes and links.

s w730 S Diagram Lokasi

' JAWA BARAT

A

FIGURE 12: 6CIS WORK AREA

So basically a new model had to be designed, this is done using guidelines. In this study the
design is based by answering the following questions, which are stated in (Krogt, RIBASIM
Version 7.00, Technical Reference Manual, 2008):

What are the boundaries of the system?

What degree of detail in the physical structure do we need?

Which river stretches will be represented by individual links?

Which river flows do we aggregate before feeding them into the network as a time series

of inflow at a node?

e What water users do we take into account and with what degree of detail do we have to
simulate them?

e What potential future measures do we intend to simulate, in terms of potential new

reservoirs, canals, weirs, etc., and also in terms of operation?
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3.2.1. WHAT ARE THE BOUNDARIES OF THE SYSTEM?

The boundaries of the system are limited to the boundaries of the jurisdiction that PJT II has,
because PJT II cannot make policies about areas they do not control. The boundaries in the
model start from the point the water flows into the system till the water leaves the system. The
water can enter into the systems using two types of nodes:

i.  Fixed inflow, a fixed discharge during the time series in the simulation. Each year the
discharge will be the equal in the same time-step.

ii.  Variable inflow, a time series of discharges for the whole simulation period. This is based
on historical data with run-off models.

Water will eventually leave system by one type of node:

i. Terminal node, a node that represents the point where water leaves the system. A
terminal node only records the water that leaves the system, it has no further
preferences.

Between the inflow and the outflow nodes all the demand and control nodes are located. The
boundaries of the system are normally set and fixed. The changes that occur between those
boundaries are usually the different scenarios.

There are multiple ways to set the boundaries of the system, because of the fact that the current
6Cis model boundaries already have been set. Using the current boundaries will not hurt the
model, given that it is already beyond the jurisdiction of PJT II. However, the question remains
whether it makes sense to use to such broad boundaries.

There are two ways to design the upper stream part of the Citarum till Jatilhur Lake.

i.  Keep the outlook of the upper stream part as designed in the 6Cis model. The benefit of
this choice is that it can simulate the water supply for the Jatiluhur reservoir.

ii.  Fixed inflow node directly to Jatiluhur Lake. PJT II has no control over the two upstream
reservoirs; the only data PJTII receives is de outflow of those two reservoirs. The outflow
of the Cirata reservoir can be transformed into a fixed inflow node which eventually will
represent the whole upstream part of the Citarum. The advantage of this choice is that
the conditions can easily be changed.

Water will leave the system after it has passed the demand nodes of the different areas in the
system. Initially it is only important for PJT II to know if the water demand can be fully fulfilled
and if not what measures could be used. So initially the focus is only the part that is interesting
for PJT II. To determine where the terminal outflow nodes will be placed it is dependable on the
required level of detail. The level of detail will be determined in section 3.2.2 and 3.2.4.

3.2.2. WHAT LEVEL OF DETAIL FOR THE PHYSICAL STRUCTURE?

During the process of applying the RIBASIM application to the current method, different levels of
detail are being used. Each level of detail provides a specific amount of information regarding
the consequences of the policy regarding water allocation. However, a high level of detail does
not automatically mean that is better, because there is also a limit to the control level that PJT II
has. The level of detail shall be chosen based on the fit for purpose. In Figure 13, the
schematization that PJT II uses is shown. The schematization in RIBASIM is based on this layout;
this guideline is used for determining the level of detail. The schematization in Figure 13 shows
the relations that the canals have to the separate rivers. In the east system, there are some
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differences between the figure and the schematization built in RIBASIM. The amount of rivers in
the east system and the amount of water demands are not equal: 7 rivers versus 5 water
demands (PJTII, 2012).
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FIGURE 13: PJT Il SCHEMATIZATION

3.2.3. WHICH RIVER STRETCHES?

The river stretches that will be represented by the links will be a part of the Citarum river basin
infrastructure. This study only focuses on the part of the Citarum that is represented in the
water demand schematization used by P]T II. In the previous section the level of detail is defined
on sub-system level. This will mean that the water infrastructure needs to be designed on sub-
system level; the water will leave the reservoir and flow till it arrives at the right sub-systems.
Only the locations of the sub-systems are necessary, because the infrastructure of the sub-
systems will not be represented. In the following part will be explained step by step what rivers
will be represented, this will be done using the level of detail steps.

System level:

The main river stretch of the study area is the Citarum River; the rest of the basin consists out of
tributaries of the Citarum. The Citarum floats from the Jatiluhur Lake via Curug- and Walahar-
weir to the Java Sea.

Region level:

Connected to the Citarum are the three region systems: west, north and east. At the Curug weir
both west and east canal are connected, and the north canal is connected to the Citarum via the
Walahar weir. Parts of each of those three region systems are schematized in the model.

Sub-region level:

The sub-regions are limited to the weirs in the canals. As pointed out in Section X, the west an
east canals have multiple weirs down stretch. Each of these weirs provides water for rivers
delta’s downstream. In Section 3.1 is the built up of the different river delta’s explained. In the
design of the model only the downstream part of each sub-river from the weir is taken into
account.
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In Figure 14 the three detail levels are shown in the network, each color represents a different
category. This figure shows the clear distinguish between levels of detail on the network level.
The system level is being represented by the red line, the line flows in the middle of the network.
Attached to the system/red line are the three region/green lines. These lines are representing
the three region systems as explained in section 3.1. The last type of lines and the ones attached
to greens ones, are the sub-region levels. These lines represent the different sub-basins of each
water demand.

TABLE 2: DESIGNED RIVER STRETCHES

Citarum | North North System
West | Cibeet
Cikarang

Bekasi

Jakarta

East Barugbug

Jengkol

Macan

Gadung

Salamdarma

D.416

FIGURE 14: NETWORK LEVELS (RED=SYSTEM, GREEN=REGION AND BLUE = SUB-REGION)
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3.2.4. WHICH AND WHAT LEVEL OF DETAIL WATER USERS?

The water users that will be taken into account are defined in the water demand model of PJT II.
In the model that is used by PJT II, the water demand is built up step by step. The water demand
that currently is used by PJT II can be seen in four layers. The lowest layer is the water demand
on a specific location; an example is the domestic water usage in the Bekasi area, or the
agricultural usage in the same area. When all these water usages are summed up in each unique
area, the water demand of each sub-system is defined. All these sub-systems combined give the
water demand for each separate system: West, North and East. The highest layer is the
summation of these three water systems, and represents the water demand of the complete
Citarum river basin. In Figure 15 an example of the schematization of these four layers is shown,
not all the sub-systems and accompanying content is included, because that would have
produced a too complex/unclear schematization.

Citarum

Area

| |
Sub-basin content m

FIGURE 15: WATER DEMAND BUILT UP

river basin

Aggricultural Industy

As pointed out in section 3.2.2, the level of detail is restricted on the capabilities of PJT II. The
physical capabilities of PJT II are restricted to the weirs on the sub-basin level (P]JTII, 2012).
Therefore, the water users on the sub-basin level will be used for this research. This means that
the content of these sub-basins are not taken into account, but that these demands are added
together and are considered as “one” water demand.

3.2.5. WHICH RIVER STRETCHES WILL BE AGGREGATED?

With aggregated river stretches, it is meant river stretches that are reduced to a couple of nodes
instead of long scattered connections of links en nodes.

River stretches that will be aggregated are the upstream parts of the several sub-regions. As
pointed out in appendix A, is the local water supply included in the water demand of each sub-
region. The local water supply is provided as a one year time series. It is unnecessary to keep the
current upstream part till the weir, because: 1 there is no control over this area 2 it will not have
influence on the actual supply flow. The river stretches will be aggregated to fixed inflow nodes
that contain the local supply time series from the demand method. In section 3.3.1.1, more
details will be revealed about the fixed inflow nodes.

24|Page

UNIVERSITY OF TWENTE.



3.2.6. POTENTIAL MEASURES

In this section will the different scenarios that are used are pointed out. A distinguish between
the changes to infrastructure/policies/scenario’s is made. The “default” scenario is the scenario
corresponding with the preferences in the “BC-10" case of the 6Cis model.

Infrastructure:

At this moment a project is going on to construct above-ground pipelines from the Jatiluhur
reservoir to the public water supply in Jakarta (AID, 2012). Surface water around Jakarta is
internationally known as one of the most polluted ones. The contaminated water is a result of
the several domestic and industrial users of water of the west system canal. Preventing clear
drink water to get contaminated, plus to be ensured that enough water is supplied to Jakarta, has
the administration of Jakarta do deciding that a pipeline will be build (Setiawati, 2009). The
pipelines will be built up in three stages, in the first stage an additional 5 m3/s will be flowing to
Jakarta by one pipe, in the 2nd another 5 m/3s in a second pipeline, and after the third pipe is
realized with 5 m3/s the total will be 15 m3/s (AID, 2012). The original water supply for Jakarta
remains the same, the pipeline is just extra, and in 2030 the goal is to have a water supply of 30
m3/s.

The pipeline will be represented in RIBASIM as a new water demand site, which is connected at
the beginning of the west canal. Figure 16 shows how the canal is designed in RIBASIM.

FIGURE 16: CANAL DESIGN RIBASIM

Hydrologic Scenarios

Three different hydrological scenarios are set up; these scenarios differ in the water supply part.
The water demand in each scenario will be kept the same, to make sure that the results of the
different scenarios can be compared. In appendix D, the supply per node is shown.

- 1.Dry year (10% less water supply)
- 2.Normal year ( 0% change to the water supply)
- 3. Wetyear (10% more water supply)
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3.3. NODE INPUT DATA

In section 3.2 the network of the model is determined and designed; in this section the
properties of the nodes will be defined. There are three main node types: layout (Lay-Out
Nodes), -demand (3.3.2) and -control nodes (3.3.3). In each subsection of this section the
properties of these nodes will be explained, and how the nodes operate with their properties.

3.3.1. LAY-OUT NODES

In RIBASIM there are two different inflow nodes: variable- and fixed inflow nodes. The variable
inflow nodes are used for simulation of the “expected” inflow over a large window of time, and
fixed inflows are used for a one year time series.

3.3.1.1. FIXED INFLOW NODES:

As explained in appendix A, the water demand that P]JT II determines includes a local water
supply for each sub-system. By taking the local water supply out of the water demand and place
it in a separate inflow node, scenario’s that include a change in the water supply can be carried
out quickly. Another reason to separate the supply from the demand is that in the current
method the demand is set to zero if the supply outreaches the demand. But as a result the
supplied water cannot be used in other downstream areas where there maybe is still need. The
choice of separating these two, will give PJT Il more options on the possible allocation of water.

The local water supply is determined for each sub-system excluding the north system. The only
water supplier for the north system is the Citarum, and therefore no local water supply is
defined. The west and east system however do include local water supply for each of their sub-
systems. In appendix D, all the water supplies for each sub-system are shown. These water
supplies are directly taken out of the water demand documents, no further adjustments are
being made to the water supply. The reason that no extra adjustments are being made, is
because the values have to be the same as used in the current method. The water supply is
subtracted of the gross water demand after all the margin adjustments are been made. Figure 17
shows the total local water supply for both the east and west system.

The fixed inflow nodes are not connected or related to upstream terminal nodes. Therefore only
one equation is applicable to the node (Krogt, RIBASIM Version 7.00, Technical Reference
Manual, 2008):

Qaownlt] = Qinfix [t] — Qmisc,act[t]

TABLE 3: FIXED INFLOW NODE PROPERTIES

Explenation Value in model
Qaown[t] (m3/s) Downstream flow -
Qinfix[t] (m3/s) Fixed inflow Spec. model data
Qmisc,act[t] (m3/s) | Upst. Water consumption | 0

The inflow flows that are specified in the model data will be equal to the actual flows that
RIBASIM simulates out of the fixed inflow nodes.
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FIGURE 17: LOCAL WATER SUPPLY EAST VS. WEST

3.3.1.2. TERMINAL NODES

According to (Krogt, RIBASIM Version 7.00, Technical Reference Manual, 2008), terminal nodes
are categorized as lay-out nodes. The only function of a terminal node is to record the water that
leaves the system, and because the terminal nodes in this model are not connected to variable
inflow nodes the only equation applicable is:

Qoutlt] = Qup [t]

Explanation:

Qout[t] (m3/s) | Flow leaving the system

Quplt] (m3/s) Flow in upstream link

One new terminal node is added to the network, to cover the drink water supply for Jakarta. The
rest of the terminal nodes that were initially placed in the 6Cis model keep their location.

3.3.2. WATER DEMAND NODES

Section 3.1 describes how the water demand is built up. The water demand can be seen on three
levels: area, region and sub-region. As section 3.2.4 points out, the water demand for this design
will be on the sub-region level of detail. The result will be that the demand for each region will
be appointed to the different sub-regions. So instead only having a water demand for the west
system, there will be now a water demand for Jakart, Bekasi, Cikarang en Cibeet. The water
demand of each region will be explained in a subsection.

The node type that is been used to visualize water demand, is the public water demand node.
The public water supply is built for simulating the water demand of industries and domestic use.
It provides the possibility to specify a water demand time series that is the same for every year.
This study is only focused on surface water, so ground water flows are default or zero. The
equations that are being used by RIBASIM to determine the flows that are applicable for the
public water demand node.

An overview of the explicit demand that each demand node has is shown in appendix D.
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3.3.2.1. WEST SYSTEM

The water demand of the west system is built up of four different water demands: DKI Jakarta,
Bekasi, Cikarang and Cibeet. These four water demands including the extra margin for physical
losses present the water demand for the west system that will be supplied from the Curug weir.
In the model five demand nodes are defined: Jakarta, Bekasi, Cikarang Cibeet and the error
margin one. In Figure 18 a schematization of the west system is shown. The single circles
represent the demand nodes; the double circles represent the local supply of each sub-region.
The squares represent the weirs in the canal.

.
ocal Suppl ocal Suppl

FIGURE 18: SCHEMATIZATION WEST SYSTEM

Cibeet Weir Physical loss

ocal Suppl

3.3.2.2.  NORTH SYSTEM

The north system does not contain several sub-regions but is built up as one big demand node.
Therefore the total water demand of the north system is used that is stated in Section X. The
water demand node of the north system is via a couple of confluence nodes connected to
Walahar weir. In contrast to the east and west system, the north system does not have a
separate demand node to represent the physical loss.

Rest of Citarum to
Java Sea

FIGURE 19: SCHEMATIZATION NORTH SYSTEM
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3.3.2.3. EAST SYSTEM

The east system is built like the west system out of several different water demands:
Salamdarma, Gadung, Macan, Jengkol and Barubug. Each of these five sub-rivers is represented
in the model as an individual water demand node. Like the west system, the east system also
includes an error margin for physical losses; this separate demand node is connected directly at
the beginning of the canal.

Curug Weir

o)

Outflow east canal

»{ Macan Weir

Lw

>¢Jengkal Weil

ocal Suppl ocal Suppl

FIGURE 20: SCHEMATIZATION EAST SYSTEM

Public water demand nodes

Dnet[t] = Dex|t]

100

D[t] = Dnet|[t] = T00 =L

D[t] = Dsw[t] + Dgw|t]
Qpws[t] = MINIMUM (D[t], Qupsw(t] + Qupgw(t]

Qpwslt]

=P
Qreturnsw]t] swt] * 100

Qdown|[t] = Qupsw[t] + Qupgw[t] — Qpws|t] + Qreturnsw]t]

Explanation Value in model

Dnet[t] (m3/s)

Net pub. Wat. Dem. -

Dex[t] (m3/s)

Explicit wat. Dem. Given in appendix D

Dt] (m3/s)

Gr. Pub. Wat. Dem. -

L (%)

Distribution loss 0

Dsw|t] (m3/s)

Dem. Surface water. The only one applicable.

Dgw[t] (m3/s)

Dem. Gr. Water -

Qpws|t] (m3/s)

Allocated water -

Qreturnsw(t] (m3/s)

Return flow surf. Water.

Psw(t] (%)

Return flow surf. Percentage 0

Qupsw(t] (m3/s)

Upstream surf. Water

Qupgw|t] (m3/s)

Upstream ground water.

(e)

Qdown|[t] (m3/s)

Downstream flow
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3.3.3. CONTROL AND INFRASTRUCTURE NODES

Confluence nodes

Confluence nodes are used to connect links, without having an influence on the water balance. A
confluence node can be connected to multiple upstream links, but only to one downstream link
(Krogt, RIBASIM Version 7.00, Technical Reference Manual, 2008). No extra data is required
when adding or changing a confluence node. The downstream flow is equal to the sum of the
upstream flows. The only equation that is applicable to the confluence node:

Qdown[t] = z Qupi[t] fori=1..n

Explanation
| Upstream flow link index
N Number of upstream flows

Qiown[t] (m3/s) | Downstream flow
Qupilt] (m3/s) Upstream flow

Diversion nodes

A diversion node represents a site where water is diverted from the main link (in this case the
Citarum or one of the three canals) to satisfy downstream water demands. Diversion nodes are
used to represent weirs; in this case there are several weirs, which will be represented by a
diversion node. The flow that is diverted from the main link depends on a number of factors
(Krogt, RIBASIM Version 7.00, Technical Reference Manual, 2008):

- Available water in upstream link
- Operation policy
- Physical and operational characteristics of the diverted link

1 upstream flow target

i diverted flow target —»
As pointed out in section 2.1.3, the water allocation process is carried S5 ——75~—

out in two phases: target setting- and allocation phase. Diversion
nodes are used for allocating water, and therefore the equations SW flow link
applicable are also separated for both phases.

1 downstream flow target
Target setting phase:

A diversion node is always connected to three links: 1 upstream flow, 2 diverted flow and 3 the
downstream flow. For each of those three flows a target has to be set. In the target phase the
diverted and downstream flow demand are combined, so one upstream water demand is defined
at the diversion node (Krogt, RIBASIM Version 7.00, Technical Reference Manual, 2008):

Qtargsy[t] = Qtargs,'[t] + DIt]

Qtarg;[t] = MINIMUM (Cap;[t], Qtarg;[t] + D[t]

Qtargyyt] = MAXIMUM(f; (Qtargi[t]), ) Qtargilt] + Qtargg,)

Allocation phase

After the target setting phase the allocation phase is carried out. During this phase water is
simulated trough the network of nodes. In this phase becomes clear whether the supply covers
the demand or not.
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Q:[t] = Minimum(Cap;[t], Qtarg;[t], f;(Qup[t]))
Quwlt] = Quplt] = )" Qilt]
Explanation

|

Diverted flow index

Qtargsy(t] (m3/s)

Updated target flow downstream

Qtargy,'[t] (m3/s)

Target flow downstream

D[t] (m3/s)

Demand of downstream demand node

Qtarg;[t] (m3/s)

Updated target flow at diverted flow link

Cap;[t] (m3/s)

Maximum diverted flow

Qtarg][t] (m3/s)

Target flow at diverted link i

Qtargypy[t] (m3/s)

Upstream target flow

)] Diverted flow relation
Q;[t] (m3/s) Flow in diverted link
Qup|t] (m3/s) Upstream flow

Qs [t] (m3/s) Flow in downstream link

Basically a diversion node is placed on every location water has to be allocated, except for the
Jatiluhur reservoir. An overview of all the diversion nodes and the direct demand it supplies can
be seen in Table 4. The only diversion node that supplies two demands is the Bekasi node.
Originally the canal flows till Jakarta, so the Bekasi node is the last one of the west canal which
does have an influence on the allocation.

TABLE 4: DIVERSION NODE PROPERTIES

Number | System: | Name: Supplies RIBASIM Name:

1 Curug West- & East Canal | CIT _Curug Weir

2 Walahar North Canal CIT ‘Walahar_Weir

3 West Cibeet Cibeet CIT _WTC_Cibeet_Weir

4 West Cikarang Cikarang CIT _WTC_Cikarang_Weir
5 West Bekasi Bekasi and Jakarta | CIT _WTC_Bekasi_Weir

6 East Barugbug Barugbug CIT _ETC_Barugbug Weir
7 East Jengkol Jengkol CIT _ETC_]Jengkol_Weir

8 East Macan Macan CIT _ETC_Macan_Weir

9 East Gadung Gadung CIT_ETC_Gadung Weir
10 East Salamdarma | Salamdarma CIT_ETC_Salamdarma_Weir

FIGURE 21: DIVERSION NODES LOCATIONS

UNIVERSITY OF TWENTE.

31|Page



Surface water reservoir node

The surface water reservoir node represents river basin reservoirs, places were (high) volumes
of water are stored and the water outflow is controlled in such a way that the available water is
used in the most efficient way for the purposes (Krogt, RIBASIM Version 7.00, Technical
Reference Manual, 2008).

- Supply water for downstream demand nodes
- Electricity generation
- Flood control

Each reservoir has its own characteristics that influence the operation and behavior of the
reservoir. Hydrological (full reservoir level, main gate level, maximum capacity, etc..),
Hydropower (Turbine intake level, turbine capacity etc...) operation rule curves, hydrological
data and miscellaneous data; the first two characteristics influence the operation of the reservoir
but are not likely to be changed often. The operation rules curves are set up as part of the
reservoir operation, these curves include minimum and maximum storage at any given time. The
hydrological and miscellaneous datasets contains information like: time series for rainfall and
evaporation and the initial reservoir level at the beginning of the simulation.

Reservoirs play an important role in the water resources management, but in this study there
will not be further discussed. There are currently already studies underway on the reservoir
operation of the three reservoirs (Jatiluhur, Cirata & Saguling). In this model, nothing has
changed has been changed to the reservoirs, they are equal to the reservoirs from the 6cis.
Therefore this node is not discussed on its equations, because that is not relevant for this study.

3.3.4. LINKS

In this section the different links that are used will be explained. In appendix E, there is an
overview of the total numbers of links in each category shown.

Surface water flow

The most standard used link is the surface water flow. These are the links, which cannot be
categorized in any of the other link types. The surface water flow link has to types:

- Canal or Pipeline, this link has a yearly time series with a limited capacity
- River: no capacity limits

The capacity is taken into account, during the second phase (target setting). The following
equation is only applicable when the surface water link represents a canal or pipeline with a
flow capacity.

Qdown|[t] < Qcaplt]

Explanation
T Time step index
m3) Flow in the downstream link

Qdown|[t] (T
m3 The limited flow capacit
Qcaplt] (=) pacity

The west and east canal have both a changing discharge capacity, the capacity changes
further downstream. Figure 22, shows both decreasing discharge capacities. The horizontal
axes represent the “relative” distance from Curug weir downstream. The west canal line in
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Figure 22 is longer because the west canal is built up from more different channel capacities,
this figure does not tell anything about the length of both canals. The horizontal lines show
the limited constrain in Curug weir for both canals, this shows that the capacity of the canal
is in the beginning larger than the maximum diverted flow from Curug, but further
downstream becomes lower than the maximum water flow. One exception for the canal
capacity is the link between the fixed inflow and diversion node. As pointed out in section
3.3.3, a diversion node can only have one upstream flow; therefore the inflow node is
connected one node before the diversion node. A schematization of the new situation is

show in Figure 23.
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FIGURE 22: RELATION CANAL CAPACITY

FIGURE 23: NO LINK CAPACITY
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Diverted water flow

The diverted water flow is the link that is diverted from the diversion link stated in section 3.3.3.
This type of link is being used to represent the water flows that are diverted from a main stream
canal or pipeline.

The maximum discharge the diverted water flow can be specified in two ways; both settings
have to be set. The lowest of both flows is the maximum constrain (Krogt, RIBASIM Version 7.00,
Technical Reference Manual, 2008).

- Annual time series (m3/s).
- The relation between the upstream- and diverted flow in m3/s.

The relation between the maximum diverted flow and upstream flow of the diversion node has
to be specified. In the default settings, the diverted flow will be zero, independent of the
upstream flow. Underneath Table 5 the settings of the upstream and maximum diverted flow are
shown, the settings are set that this relationship has no constrain on the maximum diverted
flow. With settings from Table 5, the diverted flow can minimum and maximum be equal to the
upstream flow.

TABLE 5: DIVERTED FLOW RELATION

Upstream flow [m3/s] | Diverted flow [m3/s]
0 0

1000 1000

-1 -1

The operation of the diverted flow has two switches.

- Online adjustable gate setting:
o ON: Diversion target equals target flow set in target setting phase
o OFF: Target flow is equal to the maximum diverted flow
- Operate on downstream demand:
o ON: The diversion target flow can be updated in allocation phase.
o OFF: The diversion target flow is set during the target setting phase only, and is
not updated during the allocation phase.

Both switches are turned on in the model.

3.4. REST OF INPUT DATA

The simulation case that was being used is “BC-10" out of the 6Cis model. The most important
data of this case is hydrologic scenario 015 that is being used is the rainfall-runoff flows in the
upstream part of the Citarum. In the BC-10 file a hydrologic series is included that is been used
on the inflow side of Jatiluhur reservoir. The nodes and links that were upstream in the
beginning of the BC-10 scenario remained unaffected of the modifications/building that kept
place. The time series of the hydrological data ranges from 1951 till 1979. This period is also
used in the simulations for testing the model.
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4. RESULTS RIBASIM CALCULATIONS

In this section the results of the RIBASIM model are published. First of all in 4.1 the outlook of
the model is shown, section 4.2 provides the results of the outcomes of the simulations. There
are multiple ways to analyze the water balance in the area, but for this research the most
interesting one is the possible water shortages in the demand nodes. Supplying sufficient water
for the demands is what P]T II is most interested about. When running the simulation, RIBASIM
supplies water to nodes that are demanding water. Due to different circumstances or situations
it may happen that the total demand outreaches the total supply. The difference between the
demand and the actual supply is the water shortage.

The water shortage can be expressed in two ways:

3
- Shortage in mT
- Percentage of demand supply ratio

m3 m3 m3
Water shortage(T) = Water demand(T) — Water supplied(T)

m3
, Supply(—-)
Ratio(%) = ————S—+ 100%

Demand (mT)

Both numbers provide different information about the water shortage. The shortage expressed
in cubic meters per second (m3/s) gives insight in the actual shortage, while the shortage ratio
shows how much of the demand is not fulfilled. As an illustration to show the different insight
both numbers provide, an example: suggest that the water shortage in m3 / s is low, this could
mean that there is a low deficit. But if the total demand being low as well, then the deficit very
high in percentage terms. And the opposite could also be possible that there is a high shortage in
terms of m3/s, but that the shortage for the particular demand node relatively low is.

The goal for PJT II is to have none or at least try to minimize water shortage. Water shortages
can lead for example to monetary damages due to insufficient water cover in the (agricultural)
industry. And even more dangerous consequences if there is insufficient water available for
domestic usage.

Multiple simulations are carried out that have an effect on the outcome. In Table 6, the different
simulations are shown plus their respective “change” towards the initial base case. In this
section only results of the “base case” are shown, the results of the other three cases can be
found in appendix G.

Table 6: Simulation Cases

Name simulation Difference
“Basecase-10" -10% fixed inflow
“Basecase” Standard case
“Basecase+10” +10% fixed inflow
“Basecase+pipeline(s)” | Pipeline Jakarta

For this study, the actual results are not that important, but this is only to show what kind of
information the model can give to policymakers.
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4.1. MODEL OUTLOOK

The schematization that is set up in section 3.2 is translated into a RIBASIM model. This is done
by using the different nodes and links that are explained in section 3.3. In Figure 24, a part of the
model is shown. This part comes directly after Jatiluhur reservoir; all the demand and supply
nodes that are defined are shown in the figure. An overview of the full network is shown in

Figure 24 and overviews of each separate system are shown in appendix C.
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FIGURE 24: NETWORK DESIGN

4.2. RESULTS

4.2.1. WATER SHORTAGES

West System

In Figure 25 is the water shortage shown for all the western canal demand nodes in m3/s. What
stands out is that in the whole simulation periods [1951-1978], only one time shortage occurs
during that specific period. The drink water demand for Jakarta has insufficient water supply
during that period. In appendix G, the water shortages for the west system are shown with
different local inflows, the results are as expected more shortages when the inflow is lower and

less shortage with a higher inflow.

Graph for parameter Shortage from metwork (m3/s)

FIGURE 25: WEST SYSTEM WATER SHORTAGE [1951-1978]
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East System

Like the west canal, the different demand nodes show similar shortage patterns. In appendix G
the water shortages are shown when different scenarios are being applied. The east system is
the only system of the three, which has an annual returning water shortage in their system.
Figure 26 meanwhile shows the water shortage for one year [1951]. The three demand nodes
which encounter shortage are located at the eastern end of the channel; this corresponds to the
theory that the most downstream demand nodes are likely the first ones to encounter first
shortage at equal priorities. Another possible cause for the water shortage in the east system is
that the total demand of the east system outreaches the capabilities at Curug weir, as shown in
appendix G, the demand is higher than the maximum diverted flow; these months corresponded
with the month’s shortage in the east system.

Graph for parameter Shortage from network (md/s)

FIGURE 26: EAST SYSTEM WATER SHORTAGE [1951]
North System

The north system’s water shortage is shown in Figure 27. Five times does the demand outreach
the supply, the water shortage occurs in five straight years [1963-1967]. The north system does
not have a fixed inflow that can be changed in different scenarios, but the effects of the scenarios
are also visible. When the local inflow decreases, the demand of the west and east canal to
Jatiluhur increases, this has an effect on the available water for the North system. In the -10%
scenario the shortage increases with approximately 3 m3/s for the same period, in the wet
scenario (+10%) it decreases compared to the base case with 3 to 4 m3/s. With the realization of
the pipeline(s) the water shortage also increases, in the maximum situation five times the
demand/supply ratio is zero.

FIGURE 27: NORTH SYSTEM SHORTAGE [1951-1978]

Graph for location North_Local_Demand_Walahar




4.2.2. RESERVOIR BEHAVIOUR

Jatiluhur reservoir

Figure 28 shows the behavior of the Jatiluhur reservoir for the first two years of the simulation
[1951-1952] in the base case. The pink line represents the target level that is defined in the SOP.
The red line represents the actual water level at the end of each time step, and at last the orange
line shows the level when reservoir is full and will spoil over. The “actual level at the end of the
time step” is the only line that can be different each year; the full reservoir and target level are
defined on a one year time period as pointed out in section 3.3.3. The water level of Jatiluhur
reservoir is not the same in both years, the first year is probably a more dryer year than the

second because of the low water level at the end of year one.

Graph for location Rsv_CIT_D305_Jatiluhur
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FIGURE 28: RESULT JATILUHUR RESERVOIR

In appendix G, the water levels of Jatiluhur reservoir are shown for the other scenarios. What
stands out is that the minimum of the actual water level differs in each scenario; this illustrates
the fact that the actual outflow of the reservoir is based on the water demand downstream. In
the “normal” scenario the minimum in 1951 is just beneath 97 meters, in the dry scenario it
reaches 96 meters and in the wet period its minimum is around 97,5 meters. The water level of
the reservoir changes when the demand or supply also downstream changes. The same results
happen when the scenarios with the pipeline(s) are executed, in the final stage (+15m3/s) the
minimum for the reservoir in the first two ears reaches almost 95 meters.
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4.2.3. WEIR FLOWS

RIBASIM records all water flows in each link or node. Therefore it also gives the possibility to
gather information about the diversion nodes. In Figure 29 and Figure 30 are the flows in
Walahar- and Curug-weir shown for the first two years of the simulation. The top line (pink)
shows the inflow of the upstream link, the red line represents the diverted flow and the orange
line shows the outflow to the downstream link. The diverted and downstream flows summed are
equal to the inflow flow.

m3 ) m3 m3
Inflow flow[T] = Diverted flow[T] + Downstream flow[T]

Between both weirs there are no links or nodes located that could cause new inflow or outflow.
Therefore, the inflow of Walahar weir should be equal to the downstream flow of Curug weir,
comparing both figures shows that indeed the outflow of Curug is equal to the inflow Walahar. It
also shows that the downstream flow of Walahar weir (rest of Citarum) is sometimes equal to
zero, what shows that the reservoir is not at the target level, otherwise it would be spilling.

Graph for location Div_CIT_D307_CurugJatiuhurEtc

FIGURE 29: CURUG WEIR FLOWS

Graph for location Div_CIT_D310_Walahar

FIGURE 30: WALAHAR WEIR FLOWS
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5. DISCUSSION

To get an answer on the question whether a water distribution model was needed and feasible
in the DSS of P]T II three research questions were defined, these three questions gave answer to
the questions: what should the model do?, which components need to be included in the model
and do the results provide useful information for PJT II. The choice to first do research on which
characteristics such distribution model should was to determine whether RIBASIM satisfies the
possibilities that such a water distribution model should have. If RIBASIM did not meet the
requirements than no further research should be done. Next it was important to determine
which components should be included in the model, it is important to have clarity in what
should and what should not be included in the model. By means of answering questions about
the purpose of the model the right level of detail was determined that formed a structural basis
for designing the model. The third research question was set up to get a conformation whether
RIBASIM was indeed suitable as a water distribution model in the DSS of PJT II.

The components that were included in the model were based on the existing 6Cis model and
input data from PJT II. The input data for the demand nodes was created by dividing the current
water demand in multiple smaller demands. During the set-up of these new demands new
calculations had be done to ensure an error margin of 5%, these new calculations lead to slightly
different water demands, but the influence of these new calculations was not too drastic in such
a way that they will lead to completely different results.

The model includes components of the upstream Citarum River, which were copied from the
existing 6Cis model. The frame-work of this research was set on the downstream part of the
Citarum River, therefore the input data of the upstream part was not validated, it is assumed
that the set-up of the upstream part was done properly. Changes to the upstream part will only
affects the model on the supply side of Jatiluhur, and therefore have limit influence on the
results.

This study did not focus on the reservoir operation at Jatiluhur. As a result the water outflow of
the reservoir was limited, and likely caused shortages that could have been prevented by a
different operation of the reservoir. Not to state that all shortages would be prevented because
of the multiple variables that determine the water balance, but at least some of them. During a
meeting staff members of P]T II stated that the unofficial minimum that they use is 87,5 meters.
This is approximately 10 meters lower than the minimum that was found in the first year of the
simulations. However, in the dry period of the simulation (1963-1967) the reservoir level did
decrease till 90 meters.

The results shown in section 4 are useful for PJT II in a way that the numbers that are being used
by the model are not any different from the numbers that are used right now in the decision
making process. The numbers are raw and are most likely not the same as the “actual” numbers,
but it provides feedback about the effects those policies could have on the water balance. The
model operates properly, but it was not possible to validate the results, therefore it is impossible
to give an answer on the question whether the results are realistic. However, the results are
realistic in such a way that the effects of the water distribution carried out by RIBASIM are
realistic, but the magnitude of the effects is most likely different.
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6. CONLUSION & RECOMMENDATIONS

This report gives an answer on the reconnaissance study on the need and feasibility to integrate
a water distribution model in the DSS of P]T II, it simultaneously shows the process on how a
water distribution model in RIBASIM has been built for the Citarum river basin, and what kind of
possibilities it can provide for the managing organization of that basin: PJT II. At this moment
there is no (computer-) model that carries out the water allocation process for PJT II in their
decision making process, RIBASIM could be that model in the future.

The characteristics of the water distribution model as needed for PJT II is that it allows
policymakers to evaluate different types of policies regarding the water allocation process.
RIBASIM visualizes and provides insight in the effects of certain policies and hydrologic
scenarios. These effects can be expressed in both water quantity or monetary damages caused
by water shortages. A water distribution model calculates the water balance for each time step
during a simulation, during each time step a water supply and demand for each (relevant) point
of the network is being determined. The balance between water supply, demand and priorities
will eventually lead to potential shortages. This gives an answer to the question what the
characteristics of a water distribution model were needed for P]T II.

The components that such water distribution model for P]T II should contain are represented in
the RIBASIM model. The several rivers, canals and tributaries that should be included in the
model because of the level of detail are present. The water distribution model has the same level
of detail as is being used by PJT Il in their set-up of the water demand. The level of detail is not
only determined by the water demand method but also the physical control level that PJT II has
over the area. PJT Il cannot control all tributaries in the area, and the control level is therefore
limited, this is included in the model. The overall water demand that is defined by PJT II is
divided into multiple smaller water demands for specific tributaries, which are in line with the
determined level of detail, and therefore give answer to the question which components should
such model contain for PJT II.

The results that RIBASIM produces in the scenarios that were set-up in this research show the
usefulness of RIBASIM for P]T II, because they provide insight into the effects that changes on
both the demand and supply side have on the water balance in the Citarum basin. The results
help PJT II in determining which areas are most likely to encounter water shortages when
changing the conditions. The results in section 4 and appendix G show the changes to the water
balance that several scenarios can lead to; this provides PJT II useful information to set up
strategies for those scenarios, and this is automatically an answer to the third research question,
whether the results produced by the model were useful for PJT II.

The conclusion of this study is that RIBASIM is an added-value for P]T II as an water distribution
model in their DSS. The added-value of using RIBASIM is that it simulates the water distribution
according to certain policies and scenarios for PJT II. RIBASIM is a simple and easy way for PJT II
to evaluate the effects that different scenarios and policies have on the water balance in the
Citarum basin. Currently there is no model in the DSS of P]T II that calculates the water balance
according to distribution, so it is not urgently needed because the process currently works
without a water distribution model, however an implementation of RIBASIM would help PJT II
directly, and an implementation of RIBASIM is feasible in the current DSS of PJT II.

It is recommended that in the future still more research need to be done, especially about the
upstream reservoirs. Reservoir operation is an important topic for policymakers in water
allocation issues. When a good solution has been found for the upstream part of the river, the
model will be even more useful and accurate. In a follow-up study it is maybe also good if there
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is more focus on the supply side of the sub-rivers. In this model the sub-rivers are aggregated to
a fixed inflow node, this is a relative simple solution. Also it is maybe a topic for discussion on
how the water demand is determined, if the demands get separated more and are given a
location, the model can provide even more information.

BIBLIOGRAPHY

Views Magazine. (2010, 04). Retrieved 05 2013, from
http://www.deltares.nl/media/views/2010/4 /magazine.html# /spreadview/8/

Deltares.nl. (2012). Retrieved 04 2013, from http://www.deltares.nl/en/about-deltares
AID. (2012, 01 17). Jatiluhur - Jakarta Pipeline & Water Treatment Plant. Australian AID.

Anon. (2012). WATER RESOURCES MANAGEMENT IN THE 6 CIS RIVER BASIN TERRITORY.
DIRECTORATE GENERAL WATER RESOURCES MINISTRY OF PUBLIC WORKS.

Dijkman J.; Krogt W.v.d. ; Hendarti; Brinkman ]J. (2012). Review of the standard operation
procedure for the Citarum Reservoirs. Ministry for Public Works.

Djajadiredja, E. A. (2011). Water Resources Managment Sustaiability in Jasa Tirta Il Public
Corporation. Jasa Tirta Il Public Corporation.

Idrus H.; Mardiyono A.; Andrijanto. (n.d.). Water Resources Regulation on Several region in
Citarum River Basin, Indonesia. Jasa Tirta Il Public Corporation - Indonesia.

Krogt, W. v. (2008). RIBASIM Version 7.00, Technical Reference Manual. Deltares.
Krogt, W. v. (2008). RIBASIM, River Basin Planning and Managment. Delft: Deltares.
Krogt, W. v. (2012). Development of the Eastern Nile Water Simulation Model. Deltares.

PJTIIL (2012). rencana pokok penyediaan dan penggunaan air untuk tanam padi rendeng musim
tanam 2012/2013, tanam padi gadu dan tanam palawija musim tanam 2013 serta
kebutuhan air untuk air minum, industri, dan perkebunan tahun 2012/2013. Perum Jasa
Tirta IL

RIBASIM. (n.d.). Retrieved 04 2013, from www.deltares.nl:
http://www.deltares.nl/en/software/479948 /ribasim2

Setiawati, L. (2009, 11 05). City to build water pipeline from Jatiluhur dam. Retrieved 05 2013,
from thejakartapost.com: http://www.thejakartapost.com/news/2009/11/05/city-
build-water-pipeline-jatiluhur-dam.html

42 |Page

UNIVERSITY OF TWENTE.



APPENDICES
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APPENDIX A: CURRENT METHOD

PJT II does not have a model to simulate different water allocations. What they do have is a
method to calculate the water demand for the river basin. The several water flows are
determined based on yearly averages and provided demands of water, electricity and industry
companies. In this section will this method be explained, how it is built up, and how it operates.
The focus will be on the parts that are relevant for this study. One of the goals of this study is to
implement this method into the RIBASIM application.

In the method the Citarum river basin is divided into three regions: West, North and East. This
research will only focus on the downstream part from Jatilhur. The three cascade reservoirs
(Saguling, Cirata and Jatilhur) are connected in a direct series to each other. From Jatilhur the
Citarum flows to Curug, the weir at Curug is responsible for the water distribution into the three
separate systems. From Curug the West and East systems are separated from the Citarum. The
north system is separated at Walahar weir, further downstream. Therefore it is reasonable to
state that water allocation process happens at Curug weir.

The model calculates the water demand for each of those three region-systems. These demands
apply for Curug and Walahar weir. Despite the Citarum continuing flowing after Walahar weir,
no specific water demand is determined after that. This study will only focus on the part till
Walahar weir.

The water demand is estimated on a two weekly base. Every month is divided into two periods
of two weeks: I and II. Each year is made up into 12*2=24 time stamps, so each area has 24
separate amounts of water demands. It is not exactly two weeks because that would give
52/2=26 time stamps, but it is roughly. The same time-steps will be used in the model to make
sure that there is no conflict regarding inconsistent water demands.

The water demand of each region is built up, from different sub-systems that are connected to
each canal. The total water demand of each system is the sum of all sub-systems water demands.
The water demand of each sub-system consists out of several components: domestic drink
water, agricultural, industrial and electricity. Not every component is applicable on every sub-
system, for example the water demand for Jakarta is only based on the domestic drink water
need (PJTII, 2012). The demand of the drink water is based on the actually demand that the
drink water companies have, this water component also haves the highest priority as stated by
(Djajadiredja, 2011).

The largest and second highest priority demand component is the agricultural water demand.
The crop is divided into five schedules, each schedule lasts three months. The difference is the
start of each schedule, the first one starts in the first week of October, and the fifth one in the
first week of December. Basically each time-step a new schedule starts. The crop schedules occur
two times a year: the dry and wet season. For each schedule there are two different surfaces, one
during the wet- and one for the dry-season. The water demand per hectare for each time-step
for each schedule is determined. Therefore, the water demands changes drastically over time.
The agricultural water demand is basically the summary of five crop schedules. To calculate the
water demand in time-step t for crop schedule y with area x, the formula is as follow:

Water demand(t),,, = Area, x Water consumption(t),,

Unit
Area Hectare
Water consumption | M3/s/hectare
Water demand M3/s
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From this point forward all the units in the water demand method, are m3/s. The area and water
consumption are only applicable to the agricultural water demand.

When all the different water demands are determined, the gross water demand is being
calculated. This is done by taking the sum of all the individual water demands and multiply it by
0,05. This is an error margin to cover potential losses.

Locgrosswat.dem. = Z water demand * 1.05

After the gross water demand is calculated the local water supply will be applied. The local
water supply is only applicable to sub-regions that have a upstream part. The local water supply
has a negative influence on the water demand, and it is therefore necessary to have an accurate
estimation. During the wet periods the influences of the local water supply will probably reduce
the water demand of Jatiluhur water in the area, and during the dry season it will be opposite.

Locnetwat.dem. = LOCgrosswat.dem. — LOCwat suppiy

The total gross water demand of each region is the sum of all the net local water demands.

Tot.gross wat.dem. = Z Locpetwat.dem.

To calculate the final water demand that will be used in the allocation process, some
modifications still have to be done. First of all the total gross water demand will be multiplied
again with 5% to create an error margin for unforeseen losses. After adding the 5%, a fixed
physical loss will be added (PJTII, 2012). This physical loss is different for each region. In TABLE
X, the different physical loss flows are shown.

Region West | North | East
Physical loss (m3/s) | 11 8 9

Tot et wat.dem = (Tot.gmss wat.dem.* 1,05) + Physical loss

The total net water demand is the water demand that theoretically based is requested each time-
step by the region. This might not be the actual water quantity that is supplied to the area, but
gives policymakers an indication about the size of the water demand.

The maximum amount of water that PJT II can supply is based on the canal capacity. It is not
possible to supply more water than the water infrastructure is able to. For each of the three
regions there is a difference maximum. In appendix B, is shown that the demand for the east
system outreaches the capacity of the canal. The difference between what PJT II can supply and
what it really supplies is called the water surplus.

Region West | North | East
Maximum supply (m3/s) | 57,5 95 62,5

Water Surplus = Maximum possible supply — Actual water supply

A low water surplus indicates that the water supply is already close to the maximum capacity. In
a case of a low surplus action could be taken in two ways, try to reduce the water demand but
that is not likely to happen, or enlarge the capacity of the canals.
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The recommendation that the system gives to the policymakers is the minimum amount of
water that is demanded. The recommendation is just a guideline for the policymakers, because
the situation in reality is always different then the theoretically based situation in the model. The
weather at the moment of deciding is the big key, because it is hard to estimate what the
weather will do on a two week base for the rest of the year. If it is dryer or wetter than expected
the outflow of Jatiluhur will be adjusted to situation at that moment. This largely due to the fact
that estimations are made one time a year, so it is based on historical data, and deviations are
always occurring.

For quick analyses P]T II has a water demand for the whole area that will be distracted directly
from the Jatiluhur reservoir. In Figure 31 the water demands for the whole river basin are
stated. Basically, this water demand is the summary of the three different region demands. The
demand line shows some clear trends, during the dry period the demand increases, and
decreases in the wet period. This is likely to be caused by the change in local water supply
during the dry and wet season. Another highlight that stood out is the low demand in the month
of September. In the creation of the water demand of the farmers, there is no crop planned in
September. This is done in order to create a buffer for possible maintenance and evaluate and
re-drafting the water demand for the next year (PJTII, 2012). In reality farmers usually keep
farming, unless the danger of potential water shortage.
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APPENDIX B: WATER DEMANDS CURRENT METHOD
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APPENDIX C: FULL NETWORK

Full Network:

FIGURE 35: FULL RIBASIM NETWORK

West system:

FIGURE 36: WEST SYSTEM NETWORK
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North system:

FIGURE 37: NORTH SYSTEM RIBASIM
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APPENDIX D: SUPPLY-, DEMAND INPUT DATA

The input data for the several inflow and demand nodes are shown in this section. The demand
input data does not change in the several scenarios, therefore the demand data is shown
independent of the scenarios.

Demand:

TABLE 7: DEMAND PER NODE

& &
Q\Q’ Q/’bé' $0
Jakarta Bekasi Cikarang Cibeet Start Total Salamdarma Gadung Macan Jengkol Barugbug Start Total Walahar
| 16 3 11 11 13 54 22 5 9 2 9 1n 59 53
January |— ]
1l 16 3 10 1 13 53 21 5 9 2 9 1 57 52
| 16 3 11 10 13 53 20 4 8 2 9 1n 55 52
February ——
1l 16 3 11 8 13 51 18 3 4 2 8 1 46 50
March | 16 3 10 1 13 53 16 4 8 1 6 11 46 56
Il 16 3 8 11 13 51 20 4 10 1 7 1 54 64
Aoril | 16 2 8 13 13 53 22 4 11 2 12 12 63 69
P 1l 16 3 17 15 14 64 21 6 10 3 13 12 65 74
= May | 16 4 18 15 14 67 28 6 11 3 12 12 71 83
@ 1l 16 4 17 16 14 66 29 6 22 3 12 13 85 84
5 June | 16 4 17 17 14 67 31 7 38 3 14 14| 106 87
S Il 16 4 19 16 14 68 34 8 49 3 16 15/ 125 92
£
g July |_ 16 4 19 13 14 66 34 7 40 4 17 14| 117 94
5 1l 16 4 18 10 13 61 28 6 38 3 13 13| 100 85
g August | 16 3 12 4 13 48 20 3 23 1 6 12 65 66
1l 16 1 3 2 12 35 14 0 16 0 2 11 43 45
| 16 1 2 2 12 32 4 0 4 0 2 10 20 29
September
Il 16 1 2 2 12 32 2 0 2 0 1 9 15 11
| 16 1 3 10 13 42 11 11 9 0 2 11 44 24
Oktober ——
1l 16 1 2 10 12 41 17 7 36 1 8 13 82 40
| 16 1 8 14 13 52 23 6 28 3 15 13 87 53
November ——
1l 16 3 17 15 14 66 25 8 12 3 15 12 75 62
| 16 5 17 14 14 66 29 6 11 3 12 12 73 67
December 1
(1] 16 4 13 12 13 59 2% 5 10 2 10 12 65 60
Supply:
“Base-Case”
TABLE 8: SUPPLY PER NODE BASE CASE
(j)\,
$® ‘ébé‘
Bekasi Cikarang Cibeet Total: Salamdarma Gadung Macan Jengkol Barugbug Total:
Januari | 17 6 23 46 35 7 8 14 11 74
1l 17 7 30 54 38 5 9 20 14 86
Februari | 19 8 31 58 57 10 9 26 33 136
I} 20 9 35 64| 53 12 9 19 36 128
Maret | 23 11 24 58 53 9 10 16 23] 111
1} 22 12 23 56 74 9 11 19 21| 133
April | 20 10 21 50 66 6 19 14 27| 132
1l 19 8 17 45 53 11 17 18 21 121
_ Mei | 18 8 15 41 34 7 11 14 15 81
g I} 17 4 12 32 20 5 4 8 7 46
£ Juni I 8 3 5 17 10 4 3 6 8 31
e I 6 2 5 14 7 2 3 5 71 23
3 Sl I 4 2 4 10 6 3 2 3 VR
I Il 4 1 3 8 1 1 1 3 5 12
5} —
= Agustus | 4 1 1 6 1 1 1 2 2 7
I} 2 1 1 4 0 1 1 1 1 3]
| 2 1 3 1 1 1 1 4
September—— 0 0
1} 1 0 0 1 0 0 1 1 0 2
| 4 5
Oktober 3 1 1 2 1 1 1 0
1l 5 1 9 15 1 1 1 1 3 6
| 8 2 13 22 10 7 2 7 12 37
November ——
I} 12 3 14 29 32 8 6 8 20 74
| 13 3 22 38 32 9 6 9 16 71
December |
1} 16 6 22 44 35 9 7 9 16 75
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“Base-Case-10%"

TABLE 9: SUPPLY BASE CASE -10%

,j)&

&
-10% N <@
Bekasi Cikarang Cibeet Total: Salamdarma Gadung Macan Jengkol Barugbug Total
Januari | 15 6 20! 41 31 6 7 12 10 67
1l 15 6 27 49 34 5 8 18 13 77
Februari | 17 8 27 52 51 9 8 23 30, 122
1l 18 8 32 58 47 11 8 17 32 115
Maret | 20 10 22 53 438 8 9 14 21 100
1l 20 11 20! 51 66 8 10 17 19( 120
April | 18 9 18 45 59 5 17 13 24, 119
1l 17 8 16 40| 43 10 16 17 19( 109
. Mei | 16 7 14 37 30 6 10 13 14 73
£ I} 15 3 11 29 18 5 4 7 7 41
£ Juni I 8 3 5 15 9 4 3 5 7| 28
= I 6 2 f 1 6 2 3 4 6 21
2 L
2 Juli | 4 2 4 9 6 3 2 3 6 19
& 1l 3 1 3 7 1 1 1 3 4 11
g Austus 3 1 1 5 1 1 1 1 2l 7
9 i 2 0 1 4 0 0o 1 1 of 3
| 2 0 1 2 1 1 1 1 0 3
September——
1 1 0 0 1 0 0 1 1 0 2
Oktober | 2 1 1 3 2 1 1 1 0 5
1 4 1 8 13 1 1 1 1 2 6
| 7 2 11 20 9 6 2 6 11 34
November ———
1l 11 3 13 26 29 7 5 7 18 66
| 11 3 20! 34 28 8 6 8 14 64
December |
1l 14 5 20! 39 31 8 7 8 14 68
“Base-Case+10%”
TABLE 10: SUPPLY BASE CASE +10%
5 &
10% & <&@
Bekasi Cikarang Cibeet Total Salamdarma Gadung Macan Jengkol Barugbug Total
Januari | 19 7 25 51 38 8 8 15 12 81
1] 19 7 33 59 41 6 10 22 15 95
Februari| | 21 9 34 63 63 11 10 28 36 149
1l 22 10 39 71 58 13 10 20 39 141
Maret | 25 12 27 64 59 10 11 17 25 123
1] 24 13 25 62 81 10 12 21 23 146
April | 22 11 23 55 72 6 21 15 30 145
1l 21 9 19 49 58 12 19 20 23 133
. Mei | 20 8 17 45 37 7 12 16 17 89
% 1l 18 4 13 35 22 6 5 9 8 50
£ Juni I 9 3 6 19 1 4 3 6 9 34
z I 7 3 5 15 7 2 4 5 7 26
1 i I 5 2 af 1 7 4 2 4 8 24
E 1 4 1 3 9 1 2 1 3 5 13
2 | aqustus 4 1 2 7 1 2 1 2 3 8
9 i 2 1 1 4 0 1 1 1 1 4
| 2 0 1 B 1 1 1 1 0 4
eptember——
I 1 1 0 2 0 0 1 1 0 2
|
Oktober 3 1 1 4 3 1 1 1 0 6
1 5 1 10 16 1 1 1 1 3 7
| 9 2 14 25 11 8 2 8 13 41
ovemberr——
1 13 3 16 32 35 9 6 9 22 81
| 14 4 24 42 35 9 7 9 17 78
ecemben
1] 17 6 25 48 38 9 8 9 17 83
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APPENDIX E: DIMENSIONS NODES MODEL

Overview:

Table 1.

1.

Dimension of the present schematization

Number
Number

Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number

Number
Number
Number

of
of

of
of
of
of
of
of
of
of
of
of
of

of
of
of

Timesteps:

nodes
water allocation priorities

variable inflow nodes
fixed inflow nodes
confluence nodes
recording nodes

terminal nodes

surface water reservoir nodes
run-of-river nodes
diversion nodes

low flow nodes

public water supply nodes
advanced irrigation nodes

links
surface water flow link
diverted flow link

Simulation time step definition data

Total

Max. number of timesteps in one year (first time

Time step Ix 1 2 3 4 5 6 7 8

Length

(days)

Leap year days 0 0 0 1 0 0 0 O

UNIVERSITY OF TWENTE.

9 10

0

15 16 15 13 15 16 15 15 15 16

0

11

15
0

305
290
15

Active Inactive

305
290
15

O > OO WwWoO OO o

[N}

step starts 1 january)

12

15
0

13

15
0

14 1

16 1
0

5

5
0

16

16
0

17

15
0

18

15
0

19

15
0

20

16
0

24

21 22 23 24

15 15 15 16
0 0 0 O
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APPENDIX F: CANAL CAPACITY EAST & WEST

The canal capacity is determined using Figure 39 and Table 11. Figure 39 shows the nodes that
represents river tributaries. In Table 11, the capacity for node stretches are shown, the
capacities for these stretches are copied to the RIBASIM model.

| PETA SKEMA JARINGAN IRIGASI PERUM

JASATIRTAII |

FIGURE 39: NODES LISTED AT PJT II

TABLE 11: CAPACITY PER NODE

Main Canal Section Tarum West Main Canal Section Tarum East
CANAL CAPACITY_Q (M3/S) | CANAL CAPACITY_Q (M3/S)
Curug Weir-B.Th 5 82 Curug Weir-B. Tt 8 83,88
B.Tb5-B.Th 17 80 B.Tt8-B.Tt16 77,98
B.Tb 17-B.Tbh 20 76,1 B.Tt 16-B. Tt 20 71,1
B.Tb 20-B.Th 21 72,5 B.Tt22-B.Tt 28 55,857
B.Tb 21-B.Tb 22 69,3 B.Tt29-B.Tt31 55,04
B.Th 22 -B.Tb 23 80,1 B.Tt31-B.Tt40a 52,03
B.Tb 23-B.Th 26 56,1 B. Tt 40a-B. Tt 44 42,03
B.Tb 28 -B. Tb 32 53,9 B.Tt45-B.Tt51 43,776
B.Tb 32-B.Tb 33 49,3 B.Tt51-B.Tt53a 31
B.Tb 33-B.Tb 34 48,8
B.Tb 34-B.Tb 35 39,3
B.Tb 35-B.Th 40 34,6
B.Tb 40-B.Tb 43 32
B.Tb43-B.Tbh 44 31,3
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APPENDIX G: SCENARIOS RESULTS

Four scenarios are generated to show examples of information that could help policymakers in
their planning of water resources management. The results of the “Base-Case” are already
shown in section 4; the remaining three scenarios are shown in this section. To compare the
results, the same model outputs are displayed: water shortage, reservoir behavior and weir

flows.

G.1. “BASE CASE-10%INFLOW”

In this case the local inflow in the canals is reduced with 10%; the demands are equal to the base
case. In appendix d, the reduced inflows are shown per inflow point. It is likely that new water
shortages will occur because of the decreasing inflow.
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North System

Graph for location North_Local_Demand_Walahar
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East System
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Jatiluhur reservoir

Graph for location Rsv_CIT_D306_Jatiluhur
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Graph for location Rsv_CIT_D305_Jatiluhur
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Walahar & Curug Weirs

Graph for location Div_CIT_D307_CurugJatiluhurEtc
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G.2. “BASE CASE+10%INFLOW”

The local fixed inflow in this case is increased with 10%. The fixed inflow is shown in Table 10 in
appendix D. With a higher inflow, it is reasonable to expect that the water shortage will decrease
because of the higher water supply.

West System

Graph for parameter Shortage from network (m3/s)
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North System

Graph for location North_Local_Demand_Walahar
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East System
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Jatiluhur

Graph for location Rsv_CIT_D305_Jatiluhur
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Walahar Curug Weir

Graph for location Cit_Curug Weir
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G.3. “BASE CASE+PIPELINE(S)”

As pointed out in section 3.2.6, the implementing of the pipeline happens in three stages; in each
stage the pipeline demand increases with 5 m3/s. The standard demand of 16 m3/s keeps the
same. So therefore in this scenario, three “sub-“scenarios are created, in each scenario the total
water demand of the pipeline will be increased by 5 m3/s.

The inflow is kept the same as in Base-Case. The results of the simulation show that directly
water shortage occurs in the west system. The most downstream demand node (Jakarta)
encounters yearly shortages. With each new pipeline, the shortage increases from 4- to 9 m3/s
and from 9 to 14 m3/s.

West System:
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Graph for parameter Shortage from network (m3/s)
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3th pipeline
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Jatiluhur Reservoir

1st pipeline

Graph for location Rsv_CIT_D305_Jatiluhur
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2nd Pipeline

Graph for location Rsv_CIT_D305_Jatiluhur
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