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Abstract. The objective of this study was to present a sifgasited method of
developing supporting material for flood controlpl@mentation in DKI Jakarta.
High flow rates in the Ciliwung River flowing thrgh Jakarta regularly causes
extensive flooding in the rainy season. The afigcéeea comprises highly
densely populated villages. For developing an iefficearly warning system in
view of decreasing the vulnerability of the locataa flood index map has to be
available. This study analyses the development dfoad risk map of the
inundation area based on a two-dimensional moddlisigg FESWMS. The
reference event used for the model was the mosnhteignificant flood in 2007.
The resulting solution represents flood charadiesissuch as inundation area,
inundation depth and flow velocity. Model verificat was performed by
confrontation of the results with survey data. Thedel solution was overlaid
with a street map of Jakarta. Finally, alternatif@sflood mitigation measures
are discussed.

Keywords: 2D modeling; Ciliwung River; FESWMS; flood confrfibod index map;
Jakarta flood.

1 Introduction

In the province of DKI Jakarta (Daerah Khusus Ibakiakarta, Special Capital
Region of Jakarta), the Ciliwung River forms thed®y of two municipalities
(kody3: South Jakarta (Jakarta Selatan) and East Jakdatearta Timur).
Hydraulic structures, Manggarai Gate (Pintu Air Mggarai) and Kota Gate
(Pintu Air Kota), divert the river flow to the Wesh Floodway and to the
original lower reach of the Ciliwung River. The eastudy area encompasses
the floodplain along the Ciliwung River for a lehgtf about 35 km upstream
from Manggarai Gate. Inundation occurs because hef Ciliwung River
overflowing when it is unable to accommodate flalgtharge from upstream.
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Flooding occurs frequently every year in Jakartaingu the rainy season,
causing huge losses. The intended way to draiwéter out of the city was by
constructing a floodway in the shape of a horsestieounding Jakarta.
Accordingly, the Western FloodwaB4njir Kanal Bara) was constructed and
still functions until today. However, constructiasf the Eastern Floodway
(Banjir Kanal Timu) came across financial problems and could not be
constructed. As a consequence, there are large areas regularly affected by
floods.

Information about potential flooding is not avaibso that the residents have
difficulty in making preparations for floods. Stedion flood index maps need
to be conducted in order to provide information wgbthe area and depth of
potential inundation in the study case area fob#mefit of an early urban flood

warning system.

The most recent significant flood event, with threagest impact, occurred in
Jakarta in the rainy season at the beginning o¥ 2B@rameters of this extreme
event served as the basis for the developmentlodd index map in this study.
The flood discharge estimated in the MT Haryondif@as accordant with the
discharge of a 100-year return period, so thatrélselting inundation may be
interpreted as an event with a 100-year returrogeri

The flood index map was developed using the twoedisional Finite-Element
Surface-Water Modeling System (FESWMS) to simulite Ciliwung River
flood. It is an extension of previous model-badedd index maps that use one-
dimensional models only [1]. The results obtainedimf the 2D model are
supposed to be closer to the ground state anddhemaore accurate.

The model inputs were discharge and water level dhtained from automatic
water level recording stations along the CiliwurigeR

Based on the modeling results, the inundation wappad onto detailed
topographic maps. The index map was verified uiiegdata of the inundation
area and depths from a survey. In the future, set®odels may be used to
predict potential flooding in real-time conditioirs view of an early warning
system for the Ciliwung River floodplain in Jakarta

With the results of this study, the early-warnirgpacity may be increased so
that citizens can be more vigilant and reduce tisk of loss. Avoiding
substantial losses due to flooding is very benalfitt Jakarta as the capital of
Indonesia, with a huge population and a large tsagéimportant activities.
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2 Model Components and Principles

For the purposes of this study, the U.S. Federghway Administration’s

Finite Element Surface Water Modeling System (FESSYMvas used. The
depth-averaged Flo2DH (Flow and Sediment Tranddodel), a component of
FESWMS, is a computer program that simulates thgement of water and
non-cohesive sediment in rivers, floodplains, estsa and coastal waters.
Flo2DH applies the finite element method to solteady or unsteady flow
equations that describe the two-dimensional depéneged surface water flow.
Flo2DH can be used when vertical velocities arauragsl to be negligible
compared to lateral flow [2].

2.1  Governing Equations

Equations describing the flow of water in floodpksi estuaries, and other
surface water bodies are based on the classicabpbof conservation of mass
and momentum. Equations describing depth-averagddce-water flow are

found by integrating the three-dimensional mass ammentum transport

equations with respect to the vertical coordinatemf the bed to the water
surface, considering vertical velocities and acedilens to be negligible. The
vertically-integrated mass transport equation artionity equation is:

oH , 0g, , 99,
ot ox oy

whereq; = UH = unit flow rate in the x directiomp = VH = unit flow rate in the
y direction,q, = mass inflow or outflow rate per unit aréf= water depthyJ,

V = depth-averaged velocity components in the hatedo< andy coordinate
directions, respectively and water mass dengityis considered constant
throughout the modeled region. Equations descrilbmognentum transport in
thex andy directions, respectively, are as follows:
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wheref = isotropic momentum flux correction coefficiehat accounts for the
variation of velocity in the vertical directiog,= gravitational acceleratios, =
channel bottom elevatiow, = water mass densitp, = atmospheric pressure at
the water surface) = Coriolis parameternm,, andt,, = bed shear stresses acting
in thex andy directions, respectivelytsx andts, = surface shear stresses acting
in thex andy directions, respectively, amg, Tx, T,x, andty = shear stresses
caused by turbulence where, for exampjgjs the shear stress acting in the
direction on a plane that is perpendicular to tliérgction [2].

2.2 Geometry

The finite element mesh was generated using the SBi@face-Water

Modeling System) software. SMS is a pre- and postgssor for surface water
modeling and analysis. It includes two-dimensiofii@ite element, two-

dimensional finite difference, three-dimensionahitk element and one-
dimensional step-backwater modeling tools. The rexof SMS comprise
interfaces specifically designed to facilitate th#ization of several numerical
models [2].

The domain was determined on the basis of the tapbg: map of DKI Jakarta
developed by Department of Public WorkBi{as Pekerjaan Umujn It
comprises the lower area of the Ciliwung River basi the section upstream
from Manggarai Gate to the border of DKI Jakartd Beepok. The length of the
included river section is 35 km. There are two efd municipalities with eight
districts kecamatapand 21 villageskelurahan within this domain.

Considering the length of the modeled river sectibe domain was divided
into four overlapping parts (Table 1) to make tbkison less demanding on the
hardware.

Table 1 Lengths of model sections.

Section of Model Length of River Reach

(km)
Manggarai Gate—Cawang 8.12
Cawan¢Balekamban 9.4C
Balekamban-Tanjung Bare 6.8(
Tanjung Barat—DKI Jakarta border 11.38

The structure of the finite element mesh followkd topography within the
domain. The mesh was created by conversion of ¢gimtoar lines from the
topographic map imported into SMS and manual adjest. The result was a
finite element mesh consisting of triangular andhdrilateral elements. The
average density of the mesh was about 6,000 elsnpemtl km2. The area of
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element depends on the terrain slope with effootsretain only a small

difference in the terrain elevation within one ety most importantly to

achieve accurate results. Therefore, the shapeost slements in the mesh is
more or less elongated, whereby the elongatiorovi@lthe direction of the

contour lines. Topographic data with a verticalote8on of 1 meter were

brought from the topographic map and a more pregesmetry of the river

channel was derived from a detailed Ciliwung Rpefile [3].

2.3 Case Study Area

The case study area comprises an extremely depsplylated and flood-prone
location in DKI Jakarta, where vulnerability is sificant due to high poverty.
The average population density in DKI Jakarta isutti4,500 inhabitants per
km2 [4,5]. The main object of analysis was a secid the Ciliwung River
(from Manggarai Gate to Depok) and its inundatioeea The domain includes
21 more or less flood-prone villages.

2.4  Steady State Solution

The final solution of the 2D modeling was furtheansformed into an
inundation map that represents conditions withaaffected area at the time of
peak discharge. Therefore a steady state anabased on the peak discharge
values, was performed. A steady state analysis duss display flood
propagation over time; on the other hand, it dogwige sufficiently precise
information about the extreme situation on whiahfibod index map is based.

2.5 Procedure of Successive Computation

Since the domain was divided into four segmentgresenting four Ciliwung

River sections, the process of computation comgrisar steps. First, the most
downstream section was computed, followed by coatprt of the second
section using the achieved results. The same poses repeated for the
remaining sections.

Each segment of the model overlapped the previodgtee next segment for an
average length of 200 meters. Correct connectiothefmodel sections was
controlled within the overlapping segments.

2.6 Model Input Data

2.6.1 Boundary Conditions

For each model section, setting both the inflow amdgflow boundary
conditions was required. Considering subcriticalnvlwithin all domains, the
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inflow boundary condition is a value of dischargeawerage velocity in the
inflow profile, while the outflow boundary conditiois a value of depth or
water surface elevation in the outflow profile. Téare one outflow profile and
two inflow profiles (main channel of Ciliwung Riveand tributary) in each
model section.

The resulting water surface or depth values in ithfeow profile of the
downstream model section were used as the downstieandary condition for
the corresponding profile of the next section. &mmple, the model of the first
section (Manggarai Gate—Cawang) provided the setabér surface and water
depth data within the first domain. The resultirdues of water surface in the
profile, which was defined as the Ciliwung Riveoss section at Cawang, was
then applied as the downstream boundary conditorihie same cross section
in the second model section (Cawang—Balekambanbgls @pproach was
possible for all following model sections because ¢ach section overlapped
the previous one.

Table 2 2007 flood data recorded by AWLR stations.

. River Station Peak Discharge Water Date, Time of
AWLR Station km] 2007 [m¥s] level [m] Flood Peak
p.a.Manggare 0.00C 10.9C 4.2.2007, 6:0
MT Haryono 7.614 4.2.2007, 4:00
Sugu Tamu 41.177
Jembatan Panus 46.980 4.92 3.2.2007, 18:00
Ratu Jay 49.84: 373.¢ 3.2.200°
Kampung
Kelapa 57.607

The discharge and water surface elevation (or waégrth) input data were
obtained from AWLR stations (Table 2). The dataemarovided by Balai Besar
Wilayah Sungai Ciliwung—Cisadane. Unfortunately mofthe measurement
facilities were affected by the devastating effemftthe extreme flood, so that
only few usable data are available.

Table 3 River station of AWLR stations and inflow profile§ model sections.

AWLR Station Inflow Profile River Station [km]
p.a.Manggars 0.00(¢
MT Haryonc 7.61¢
Cawang 8.121
Balekambang 17.009
Tanjung Bare 23.81:8
DKI Jakarta board: 35.19:

Sugu Tamu 41.177
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The water surface measurement from p.a. ManggdadioS was used as the
initial input for the water surface elevation reggsting the outflow boundary
condition in the first model section. Evaluationtbé discharge values for the
inflow boundary conditions required additional edétions since the inflow

profiles did not correspond with the AWLR stati@cations (Table 3).

Reliable records of the water level at p.a. Mangg&tation and almost
complete records from the MT Haryono Station fréwa 2007 flood event were
available. At MT Haryono recording was interruptist a couple of hours
before the flood peaked — on 4.2.2007 at 2:00 dnilewhe peak is estimated to
have been at 4:00 am. Furthermore, a rating clowvéhe MT Haryono profile
was available [3].

For the purpose of peak discharge estimation inMfAeHaryono profile, a

correlation between the p.a. Manggarai and MT Haoystation data was
applied. Optimal correlation was realized for thatev level data set from p.a.
Manggarai Station and the data set from MT Hary8tation, with a two-hour

difference. This corresponds with the speed of ftbed propagation — two

hours on a 7.6 km long river section equals anamewelocity of flow of 1.05

m/s.

Afterwards, the water level data from the MT Hargomprofile were
extrapolated based on this correlation until thémeged time of flood peak
(Figure 1). The last recorded value from MT Hary@tation was 8.52 m (at
2:00 am). The extrapolated line culminated in aigalf 8.97 m (at 4:00 am).

Water level during flood 2007
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Figure 1 Water level data correlation, extrapolation of M@rkono data, peak
water level estimation.
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The culmination point was then transferred into Mg Haryono rating curve
(Figure 2) in view of obtaining the value of peakatharge (531.5 m3/s).
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Figure 2 Rating curve of MT Haryono profile, peak dischaegtimation.

p.a. Manggarai 4.2.2007
wse =10.90 m

M.T. Haryono 4.2.2007
Q =531.5md¥s

Ratu Jaya 3.2.2007
Q=373.4mds

p.a. Manggarai 4.2.2007
wse =10.90 m

M.T. Haryono 4.2.2007
Q =531.5m%s

512.1 m¥s
500.4 m¥/s
470.6 m3/s

Ratu Jaya 3.2.2007
Q =373.4m3s

Figure 3 Discharge values allocation, based on sub-basasare

Consequently, two applicable peak discharge vakee available: 531.5 m3/s
from the MT Haryono profile and 373.4 m3/s from tRatu Jaya profile. These
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values were used for discharge (inflow boundaryddmn) determination for
every particular section of the model. Discharglueaallocation in the four
inflow profiles, between MT Haryono and Ratu Jayeas based on a
computation of the Ciliwung River sub-basin arehe Tsub-basin areas are
presented in Figure 3.

Table 4 Discharge difference division between MT Haryonal &Ratu Jaya
station.

) . Sub-Basin Sub-Basin Disch. Diff.
River Section

Area [km?] Area [%] [m3/s] **
Cawang—Balekambang * 10.16 12.3 194
Balekambang—-Tanjung Barat * 6.16 7.4 11.7
Tanjung Bare-DKI Jakarta 15.61 18.8 20.8
border *
DKI Jakarta border—Sugu Tamu 9.06 10.9 17.3
Sugu Tamu—Jembatan Panus 17.92 21.6 34.2
Jembatan Pan-Ratu Jay 24.01 29.C 45.¢
Total 82.92 100.0 158.1

The difference in discharge between Ratu Jaya amdHdryono was 158.1

m3/s. This value was divided over six sections ketwthe stations according to
the percentage of the sub-basin area of each se@iable 4). For the model

requirements only three values in the inflow pesfilvere applied.

Q = p (Qum ~ Q) = p, (1581 (4)
_Ai 5
b= A ( )

whereQ, = discharge difference between two profilpss percentage of sub-
basin area from the sum of sub-basin areas bettheel T Haryono and Ratu
Jaya stationQurm = peak discharge in MT Haryono profil@r; = peak
discharge in Ratu Jaya profil&, = sub-basin are#d = sum of sub-basin areas
between MT Haryono and Ratu Jaya station.

Table 5 Discharge values in inflow profiles (inflow boungtaronditions).

Inflow Boundary Condition [m?3/s]

Section of Model

Main Channel Tributary
Manggarai Gate—Cawang 531.5 19.0
Cawang—Balekambang 512.1 19.4
Balekamban-Tanjung Barz 500.£ 11.7

Tanjung Barat—DKI Jakarta boarder 470.6 29.8
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Finally, the total discharge values for the inflpwofiles (Table 5) were set as
the sum of the discharges in the Ratu Jaya prafilk the discharges from the
sub-basin of all upstream sections. Furthermom stib-basin discharge value
in every model section was introduced as tributaflpw. Hence, the discharge
from the sub-basin was concentrated in one prdfikejunction of tributary and
main channel. This simplification was applied cdesing that the tributary
inflow was much smaller than the discharge in th@innthannel. The only
unknown value was the discharge from sub-basin IngManggarai Gate—
Cawang), because the discharge in the Manggara @aftile was unknown.
This value was estimated in the same way as thegqu®values, from the sub-
basin area, where the rate of contribution fromsthie-basin was assumed equal
to that between the Ratu Jaya and the MT Haryoaofilgr

A _o.)=A 6
Q A (QMTH QRJ) A 1581 (6)

where Q; = discharge difference between MT Haryono and Manggarai
profiles,A; = area of sub-basin no. 1.

Setting the outflow boundary conditions startedrfrine downstream profile of
the first model section, i.e. the p.a. Manggaraifilg. Recorded data were
available with a water level peak of 10.90 m.

After the first model run, the resulting water lewe the next downstream
profile (Cawang) was applied to the second modeliae The same process
was repeated until the last model section. Theltieguvalues of outflow
boundary conditions were presented in Table 6.

Table 6 Water surface elevation values in outflow profi{estflow boundary
conditions).

Section of Model Outflow Boundary Condition [m]
Manggarai Gate — Cawang 10.90
Cawang- Balekamban 18.4¢
Balekamban¢ Tanjung Bare 24.01%
Tanjung Barat — DKI Jakarta boarder 29.08

2.6.2 Roughness Parameters

Roughness parameters of the modeled inundation \meea represented by
Manning’'s roughness coefficient n. In view of modehplification, only two

types of surface roughness were applied: roughoéssver channel and
roughness of inundation. This simplification wasdeaonsidering the large
domain with practically continual conditions; thever characteristics are
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similar along the model section and the inundaticea consists of a compact,
densely populated region.

Manning’s roughness coefficient of the river chdnwas estimated ah =
0.034, which corresponds with a natural winding@atn with some pools and
shoals. This value was calculated on the basih@frating curve in the MT
Haryono profile [1]. For inundation, the intervaf #Manning’s roughness
coefficient was estimated at= 0.08-0.20 (area with very dense housing) based
on the field survey. A calibration was performed imore precise value
acquirement.

The solution was performed taking the parameterghef 2007 flood into

consideration, including its large inundation arBlae precision of all available
topography and hydrology data was quite low. Theeefa more detailed
estimation of roughness, especially in the highdpskly populated area, was
irrelevant.

3 Model Verification

The most indistinct model parameter was the inuadatoughness. This
parameter covered most of the domain area. Moreavsignificant difference
in result was not achieved by alternation of thanttel roughness parameter.
Therefore, a calibration was performed on the ba$is single inundation
roughness parameter alternation.

Reference data for the calibration were collectrednfthe survey in the 2007
inundation area along the Ciliwung River. The dsgtcontained geographical
position of survey points, elevation of terrain agpth of inundation during the
2007 flood. The survey data were acquired in situcbllecting information
from local people and recording visible traces gfthe flood. The scope of the
field survey was limited by time and financial coamts.

Twelve points from the survey with the most releabhd accurate values were
chosen and applied in the calibration process.npkito consideration the size
of the domain, these twelve points were not enoughhis study they were
only used to represent the system of the calibrgiiocess. For a more accurate
solution a more detailed survey needs to be corduct

Subsequently, a first model run was performed. fdwmilts were saved, the
parameter of inundation roughness was replaced thed next run was
performed. After a series of model runs, the resuléere compared with the
reference data (Table 7).
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Table 7 Water depth during 2007 flood, survey data, modsuilts.

Water Depth [m]

Point Location

Model Results *

SUVEY 006 n=04(  n=01: _n=01f _ n=0.2
JI. Kebon Baru, Kebon Baru 4.0 34 -06 38 -0214.01 4.5 0.5 5.1 1.1
JI. Kebon Baru, Kebon Baru 4.0 33 -07 37 -0304.00 4.4 0.4 4.9 0.9
JI. Pengadegan Timur,
Pengadegan 3.0 24 -06 28 02 32 02 36 063 413
Pengadegan 2.0 17 -03 21 01 25 05 30 10 386
Pengadegan 3.3 28 05 31 02 34 01 39 065 412
JI. Pengadegan Timur 1,
Pengadegan 1.9 15 -04 18 -01 21 02 26 072 313
JI. Pengadegan Timur 3,
Pengadegan 1.6 11 -05 14 -02 17 01 21 058 212
JI. Angsana Raya, Pejaten
Timur 0.0 00 00 01 01 05 05 11 11 19 19
JI. Kemuning, Pejaten Timur 1.8 16 -02 20 024206 29 11 37 19
Pejaten Timur 0.1 00 -01 00 -01 00 -01 065014 13
Pejaten Timur 0.0 00 00 00 00O 05 05 11 118 118
JI. Jembatan 1, Balekambang 1.8 1.2 -06 16 -0.20 20.2 2.6 0.8 3.3 1.5
STANDARD DEVIATION 0.24 0.15 0.22 0.26 0.33

* Values of depth/difference from surveyddi— duney for various Manning’s roughness coefficient n of

inundation area

Comparison of the model results with the refereshaa shows the best match
for Manning’'s roughness coefficientrat= 0.10 (with lowest standard deviation
equal to 0.15 m). This value was then used foinaihdation area within the
domain. For a more precise solution, variation o&nking’'s roughness
coefficient n should be considered.

4 Results and Discussion

2D inundation modeling of a Ciliwung River sectiom DKI Jakarta was
performed in order to develop a flood index mapisTihap may serve as an
information source about potential flooding andb&sed on the 2007 flood

event.

The steady state solution of the 2D model provithedfollowing results:

1. 2007 flood inundation area
2. depth of inundation within the domain
3. velocity of flow within inundation

The flood inundation area for every village affecty the extreme flood event
of 2007 is presented in Table 8. [6]

The results from the FESWMS model were converteca t€AD file and
connected with a street map of Jakarta, resulting digital inundation map.
The map consists of two parts: a map of inundatepths and a map of
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velocities (samples are presented in Figures 56antihe depth resolution is 1
m, corresponding to the topographic map of DKI dakaand the velocity
resolution is 0.5 m/s.

Table 8 Ciliwung River inundation area in DKI Jakarta.

Village area  Inundation Inundation

Village (Kelurahan) [m?] area [m?] area [%]
Manggarai * 1,068,142 329,435 30.8
Bukit Duri * 1,074,591 457,29! 42.¢€
Kebon Baru * 1,257,786 402,514 32.0
Cikoko 666,426 82,059 12.3
Pengadegan 986,266 167,713 17.0
Rawajati 1,533,213 187,165 12.2
Pejaten Timur 2,973,569 398,041 134
Tanjung Bare 3,580,04. 307,80! 8.6
Lenteng Agung 3,157,838 220,616 7.0
Srengsengsawah 5,568,097 75,076 1.3
Kebon Manggis 779,650 589,178 75.6
Kampung Melayu 479,468 391,951 81.7
Balimeste 672,06 239,62: 35.7
Bidara Cina 1,243,502 494,747 39.8
Cawang 1,944,230 395,591 20.3
Cililitan * 1,818,292 346,517 19.1
Balekambang 1,691,469 387,015 22.9
Gedong 2,571,497 182,473 7.1
Cijantung 2,468,21 58,92: 24
Baru 1,968,301 173,332 8.8
Kalisari 2,522,823 29,318 1.2

* Inundation of marked villages was also causeaigther stream except the
Ciliwung River, which is not included in the inutida area shown in this table.

For a comparison of 1D and 2D approaches we usedewous study on

modeling flood index maps, which only used one-disienal (1D) models [1].

The advantages of a 1D model are faster processingometry data, faster
model building and a significantly shorter compigtattime compared to a 2D
solution [7]. For long channels with a narrow inatidn area it is suitable to
use 1D modeling. The problem comes with large imtiod areas, especially in
urban areas like Central Jakarta, where it is isipbs to represent flow
parameters (depth, velocity, direction of flow)ligt&cally with a 1D approach.

Especially for the development of flood index mdps large flooded urban
areas it is more appropriate to use 2D modelingchvban realistically simulate
real conditions.

The map represents inundation depths and velocitidsr the conditions of the
2007 flood event in the Ciliwung River basin in #rea of DKI Jakarta (Figure

4).
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The solution was performed for steady state cammiti so information about
flood propagation is not included. The map represeharacteristics during the
peak discharge along all river sections. The flolaracteristics at each location
from the domain were therefore modeled as extrémethe peak of the 2007
flood.

GOV TRAMAN

water depth [m]
W 0.0-1.0

O 1.0-20
O 20-3.0
0 3.0-4.0

Figure 4 Map of 2007 flood inundation depth, Ciliwung RiveXI Jakarta.

The resulting solution displays the flood-proneaaralong the Ciliwung River.
The villages most affected, with more than 20%l@dded area, are Manggarai,
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Bukit Duri, Kebon Baru, Kebon Manggis, Kampung Mgela Balimester,
Bidara Cina, Cawang and Balekambang (Figure 5).

= velocity [m/s]
0.0-0.5
0.5-1.0
1.0-15
1.5-20
>2.0

Figure 5 Map of flow velocity within inundated area, sectipra. Manggarai-
Cawang.

ECOCOm

The accuracy of the model results was verified dmgaring the results with

the survey data. Based on the model calibratioa, gblution has the best
accordance with the survey data when the simplifiecidation area roughness
parameter is set to Manning's roughness coeffiagien0.10.

5 Proposed Measures for Flood Mitigation

5.1 Diversion Canal

One of the measures for flood mitigation seriousbcussed for the case study
area is the construction of a diversion canal, rdiivg a portion of the discharge
from the Ciliwung River to the Cipinang River inetleast and to the Eastern
Floodway [8]. The best position for connecting tigersion canal with the
Ciliwung River seems to be in the area of SoutraBidCina village. The reason
is the proximity of the Ciliwung and the Cipinaniger in this area and the
possibility to reduce negative impact in the mdsod prone villages located
downstream (North Bidara Cina and Kebon Baru, Bubitri, Manggarai,
Kampung Melayu and Kebon Manggis). Other strongfiecded villages
(Cawang, Balekambang and other villages locatedreg®) would not be



322 Adam Formdnek, et al.

protected. Nevertheless, conditions for many pelleg in a large area would
be improved by this measure. More specific locaiovithin the diversion

structure and trace of the canal have to be coresidgith regard to possibilities
of land occupation.

The mitigation rate achieved by this measure depemn the size of the
discharge portion diverted from the Ciliwung Ridrannel. This study briefly
analyses a situation where 50% of the dischardevésted.

Inundation was computed using the model describ@ovey reducing the
discharge in the Ciliwung River to 265.8 m3/s (508 the 2007 flood

discharge). A solution was made for the sectiomff@awang to p.a. Manggarai
with a theoretical location of diversion downstredmom the MT Haryono

profile. The solution shows conditions during flood the area downstream
from the diversion.

From the results it is clear that a discharge dieer causes significant
inundation depth reduction. But the inundation aremains large and many
houses are still far from serious protection.

Regarding the model results it should be noted @gh#iood problem solution
using a diversion canal reduces the flood impaet large area, however, even
if the largest part of the flood discharge (50%) be diverted, the effect is still
not satisfactory. This solution has a number o€iauisadvantages:

1. The need to build large-scale constructions, whigh be rarely utilized
and need to be maintained.

2. Land occupation on a large scale.

3. The solution only moves the problem from one placanother.

4. The capacity of the Eastern Floodway, availabledter joint rivers, is
decreased strongly.

It is recommended to consider other flood mitigatineasures, replacing, or
combined with, the proposed diversion canal.

5.2 Increasing Capacity of Ciliwung River Channel

Currently, the Ciliwung River channel is in poomdition. Channel capacity,
too low in itself, is strongly decreased by seditagan, vegetation and objects
discarded by people—illegal housing and constrastitrash, etc. Therefore, its
capacity is exceeded almost every rainy season.
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The only way to solve the inundation problem ighange the river conditions.
This can be done by a structural change of someneth@arameters.

Theoretically it is possible to change: 1) rivedksope, 2) channel width, 3)
channel depth. Currently, the average width of @levung River channel in
the most flood-prone area is around 30 m. The geesdope is 0.0006 and
channel depth varies from 3 m to 8 m.

Due to the location of this river section, in & fl@wnstream area, a significant
change of the river bed slope is not possible. dfioee, increasing the capacity
can only be done through appropriate amendmertetwidth and depth of the
channel.

This study shows a brief design of these two chiapaeameters (in case of a
rectangular cross section), based on Manning’stditam

Q:%SR%VVZ ()

whereQ = dischargen = Manning’s roughness coefficier,= cross section
area,R = hydraulic radiusi, = slope of energy(river bed slope).

Since the possibility of increasing the depth af @iliwung River channel is

very limited (the depth can only be increased bystwicting levees), it is

evident that the channel has to be widened onatng $ections. A combination

of widening and levee construction should be careid, bearing in mind the

local conditions, particularly land availabilityh& demands on land, together
with the anticipated high cost of construction, #re major disadvantages of
this solution. Furthermore, the drainage systemth& adjacent area, and
pumping stations should eventually be an integaal gf the design.

The advantage of this solution is that the desim lwe implemented stepwise,
prioritizing the most affected areas. Together wvéfipropriate operation and
maintenance, it could provide effective and lomgrtéood protection.

6 Conclusions

In this study, the 2D Finite-Element Surface-Watglodeling System
(FEMWS) was applied to simulate extreme flood eseantorder to develop a
flood index map of the area along a section of @levung River in DKI
Jakarta. The 35 km long section is located betv@zmtral Jakarta (with the p.a.
Manggarai outflow profile) and the border betwedkl Dakarta and Depok. In
this section, the Ciliwung River, flowing from sbuto north, forms the border
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of South Jakarta in the west and East Jakartaeireéist. The area around the
Ciliwung River is densely populated and its vultdity is increased by high
poverty.

The first step in the development of an early wagrsystem for the protection
of the threatened inhabitants is to define thectéftt area and to predict the
flood characteristics within this area with suféiot accuracy. Considerable
efforts were spent on developing the flood index rima this purpose. This map
can serve as a basic source of information abeupthential flood area, depth
of inundation and flow velocities.

This study concerns the development of a flood »ndep based on the
application of a 2-dimensional hydraulic model. THeS. Federal Highway
Administration’s FESWMS was used, whereby the patans of the flood
event that occurred in the beginning of 2007 seaseHasic input data.

The steady state solution using the 2007 flood pkséharge was performed,
whereby the value of peak discharge was deternmbyeslaluation of recorded
data (AWLR stations). Essential records of wateele were acquired from the
p.a. Manggarai AWLR station. The peak water leeebrded at this station was
the initial input for computation of the water I&vas well as inundation depth
during the 2007 flood event.

The accuracy of the solution was verified by corimgathe resulting inundation
depth with survey data. From the comparison, dgefiic accordance was
evident.

The data obtained from the FESWMS model were caedeio a digital map
and overlaid by a street map of Jakarta, providifgrmation about the flooded
area, depth of inundation and flow velocities foe ttase of a flood with the
same parameters as the 2007 event. The depthtiesdkil m and the velocity
resolution 0.5 m/s.

The resulting map presents an overview of the floahe areas along the
Ciliwung River, the most vulnerable locations artte tmost problematic

sections of the river. Based on this map, consdgianeasures and decisions
can be made in view of improving conditions in &nea.

Two alternative measures for flood mitigation wémefly discussed in this
study. The first, the construction of a diversianal, diverting a portion of
extreme discharge from the Ciliwung River to theabiang River and then to
the Eastern Floodway, appears insufficient in fitsélevertheless, in
combination with other measures, it could be eiffect The second, more
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ambitious measure, increasing channel capacityeappio be more effective.
The biggest obstacles for both measures are lamam and costly, large-scale
construction.
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