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River Improvement Plan
Planning Criteria
Objective River Stretch

The flood control works are executed to protect the river stretch of 9.76 km in total
length starting from the river mouth up to the confluence with Kreo River. The
uppermost point for river improvement is placed on the newly constructed bridge

300 m upstream from the confluence. The project area is administratively covered by

Kec. Semarang Barat in Semarang City, Central Java Province.

Targct. Complctidn Year

The detailed engineering design for this project is being undertaken under the JICA
Development Sur.ve.y‘ Program. It is expected that the construction of the Project be
cartied out immediately after this D/D Study. The subsequent works are Pre-
qualification of Tenders, Tendering and Construction, requiring about four (4) years

in total. The target completion year of the Project, therefore, could be set at 2004.
Flood Control Scale

The river improvement works are designed on the scale of 100-year return period
with flood control by Jatibarang Multipurpose Dam for the following reasons.

Without dam construction, the design scale is equal to 25-year retumn period.

(a) According to the Master Plan Study results conducted by JICA in 1993, the
optimum flood control plan was formulated by means of river improvement and
construction of Jatibarang Multipurpose Dam based on the planning scale of a

100-year return peribd.

{(b) Since the 1990 flood, the river improvement works for Garang River (from
Simongan Weir up to the confluence with Kreo River) has been carried out

based on a 100-year flood discharge (Q=1,100 m*/s) without dam construction.

(¢) The Fio'od Control Manual (MPW/CIDA,1993), the guidéline for flood control

works in Indonesia, requires that the scale of flood control works in medium
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and big cities should not be smaller than 25-year return period.

Design Rainfall, Flood Run-off Model and Probable Flood Diséharge

To obtain the hydrograph of probable flood in.Ga'rang river basin, the houfly rainfall
data of Kaligading Station are used after its total daily rainfalls have been adjustéd to
the basin average déily rainfall. Storage function meth.od is erhployed_ for the flood
_run-off analysis. The rainfall data, ﬂooﬁ run-off model and ther ﬁydrograph of
prbbable flood are presented in “3.3 Hydrological Anaiysis of Chapte_r 3", The

proba.ble_ flood discharges estimated are as follows:

- Return: Peak Discharge at Dam Site . Peak Discharge at Simongan
Period Inflow Cutflow Qut-max without Dam with Dam
(year) (ms) (m’fs) (m¥s) | - () (m’fs)
5 150 20 60 520 400

10 180 a0 70 640 : 500

25 220 30 . - 90 790 620

50 260 40 - 100 900 S T00

100 290 40 i20 1,010 790 -
Design Discharge

- In accordance with the'.proposed_ﬂood control _scale'aSIWell_ as updated pfobable

" flood discharges in Gararig river‘sjstem, the design flood discharge for the river

improvement has been determined as graphically shown below.
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The standard flood discharge of 1.010 my'/s in the downstream from the confluence is
reduced to 790 m'/s by flood control effect of Jatibarang Multipurpose Dam. The
discharge of 790 m'/s cosresponds 1o 25-year probable flood discharee when

Jatibarang Multipurpose Dam is not projecied.

Return Period Standard Flood Discharge | Design Flood Discharge
at Simongan Weir at Simongan Weir *1
100 year 1010 mYs ' RT90 :
5(} year 900 _11__1_3/5
25 year 790 m'/s 620 m'/s

*1 1 Flood controd by Jatibarang Dam is considered.
The design discharge of 790 m'/s is applied to the river improvement of the river

stretches from the river mouth up o the confluence with Kreo River.
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The standard flood discharge of 1,010 m"/s in the downStréam from the confluence is
réduced to 790 rn3/s by flood control effect of Jatibarang Multipurpose Dam. The
dlscharge of 790 ms corresponds to 25 year probabic flood dlscharge when

Jat:barang Mulnpmpose Dam is not projected.

Return Perlod Standard Flood Discharge { Design Flood Discharge

at Sxmonoan Weir at Slmon gan Welr *1
100 year 1,010 m'ls TS
50 year 900 mYs 700 ws
25year | ... 790 mMs {0 . 620 ms

*1 : Flood control by, Jaubarano Dam i is con51dered
‘. The desngn dlscharge of 790 m;’s is applxed to the river 1mprovemcnt of the river

" stretches-from the river mouth up to the confluence w1th Kreo River. -
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4.1.2 Project Works
River improvement of West Floddway/Garang River is projected for the following purposes.
(1) To increase the flow capacity of river channel and to prevent flood overflow from

river banks/dikes particularly in West Floodway,

(2) To make the flood water level below the hinterland ground level in Garang River,
and ' :

(3} To eliminate the dam-up effect of ﬂowmg water owing to the existing fixed type
Slmongan Weir.

To attain these pljrposes, the following major works have been proboéed.

: Project Works - River Stretch/Location
1. West Floodway Improvement : o L=543Tm '
- Dredging of downstream channel L=1370m
- Excavation of existing floodplain - L=5250m
- Raising/Reinforcing of Existing Floodwall L=2510m
- Embankment for dike in river mouth area ‘L= 760m
2. Garang River Improvement . L= 3,907_ m
- Riverbed Excavation/Deepening L=3,650m
- Excavation of existing floodplain L=3780m
3. Reconstruction of Slmongan Weir Pl o
- Gated Weir - S 5.43 km from river mouth
- Intakc Structure ' o

For sfabi]izing the river éhannel excavated, river structures such .as grbund sill, révctmént.and
groin are provided properly as well. As shpptemeritmy works, the existing drai_nage and |
intake structures, and bridges which may be affected by the tiver imp_fo;fenieni, will be re-

constructed or reinforced to maintain their existing functions, B_é_sides, in view of
maintenance and use of Tiver channel and structures, alid preservation of river environment,

waterfront and environmental related facilities are prbvided as required.
4.1.3  Basic Matters to be Considered
(1) River Sufvey

The .river'ir'npfovemént ;.;Jl.an is based. on the topographic ar'id' river' su'rvey 'resul'ts
conducted by theJ ICA Study Team in the phase 1 stage of thls project in 1997 for the
Ob]CCthG area. The Nauonal Bench Mark (TTG), wh;ch was determmed from the
Mean Sea Level of Jakarta Port, 1s-used for the horizontal and vertical reférence

points. It is noted that the Bench Mark '(SPB ~:'Serr_iafan'g. Peil Baru), which was _
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established by JRATUNSELUNA River Development Project, is commonly used for
river surveys in this region by the local government. The difference of datum line
between TTG and SPB is confirmed by comparing the crest elevation of Simongan

Weir as follows:

Bench Mark Weir Crest -
SPB EL.5.60m
TTG EL.5.18m

SPB=TIG+042Zm

When adjusting survey results between the existing river improvement plan and that B

of this project, the above conversion rate will be applied.

- In designing the river channel, the following survey results are used for this projeét.

Kind of Survey Particular

_RiverPlan 2,000
Cross Section . WF0-9 to WF186 (50 m interval ) *1
' : ' : V: 17100, H: 1/200
Longitudinal Profile- VL 1/100, H: 172,000

1 : Name of river cross section used in this project. The locations of bench
marks are shown in the plan for river improvement (refer to Fig. 4.2.1)

Intake from 'Garang River

" The minimum .dischér_ges of 0.5 m’/s for Semarang River and 0.15 I_n3/s for the left

bank drainage channel are io be divérted from Simongan Weir' throughout a year after

the completion of Jatlbarang Multlpurpose Dam. Dwerted water is used for the

- ﬂushmc of the downstrcam channels in densely populatecl urban area.

In addition, the discharge'of 2.04 m /s (presently, 0.98 m’/s) is planed to be taken for
the municipal water through the PDAM intake facilities located on the right bank of

Garang River at 1.2 km upstream point from Simongan Weir.

. The . existing. Simongan'Weir of fixed type enables the water intakes mentioned -

above. These intake systems are to be maintained in the river channel improvement.

River Maintenance Flow

- Should Jatlbarang Mulnpurpose Darn be complcted even if the serious draught w1th

: IO-year probabxhty oceurs, the minimum flow discharge of 2.69 m s is assured at the

confluence of Garang Rwel_' and Kreo _szver by Jaubarang Multlpurpose Dam. Thls'

flow discharge consists of the futﬁfc mﬁnicipai water of 2.04 m’/s and flushing water
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of 0.65 m*/s for Semarang River and the left bank downstream drainage channel,

In a serious draught, only a part of the ﬂushmg water of {) 15 m3/s released from the

irrigation channel is provided from the left bank channcl near National Road Bridge
into West Floodway, and no other river water is diverted from the weir. Accordmgly,

the flow of West_'Floodway channel is completely affected by tide. Other than the

. serious draught, river discharge of more t_han'the said amount is expected at the

confluence with Kreo River, and the flow discharge into West Floodway is increased.
River Crossing Bridge

There exist six (5) bridges spanning West 'FloodwaylGarang River d_owrlstream from
the confluence of Garang and Kreo rivers as listed below. Further, one bridge is
scheduled to be constructed w1thm a couple of ycars (in 2000) at about 300 m

upstream of S1mongan Weir mstead of the exlstmg Old S1mongan Br:dge

N g B Rﬁ—f;a;f;;f;"g) STy | ST W T
Rofﬁr;ﬁﬁ;r;g*z 1175 PC L-Girder | - -5136%%5. - 155
Railway Bridge | 3700 | WareenTruss | 2 Spaps. 90
Oigr?:;l:r;%an 7 5.,1_60 ' Plate Girder .8’:’35.3;5. 90
Tl boad 8980 | PCIGer | I | 50

*1  Each bridge is .named after the name of street or area for this prbject tehtativeiy

*2  This bridge is now bemg expandcd in w1dth by constructmg abutments and plcis

with the same structural dimensions as the ex1stmg one,

*3 ° This bndge will be demohshed after the New Simongan Bndge was constructed

in 1mmed1ately upstream of the exnstmg Simongan Weir.

Through the study on longitudinal proﬁle of West Fiobdway channel, it has been

proposed that Rallway Bridge be raised by 70 cm to have a required freeboard of 1. O

m against the dc51gn ﬂood water level establl‘:hed in this prolect

Sedimentation

" According to the analysis on sediment yield and balance made in Feasibility Study

(F/S), it is estimatgd that sediment deposited in the river channel of downstréam ff_om

the confluence of Garang and Kreo rivers amounts to about 90,000 m*/year. It is
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assumed that most sediment be deposited particulatly in the areas of river mouth and
immediate upstream portion from Simongan Weir. However, it is expected that a
considerable amount of sediment in the up.stream of Simongan Weir will be flushed
into downstream through the gated weir during big floods. The remaining sediment in

the channel could be removed by the periodical maintenance dredging/excavation.

Land Subsidence

It is reported that land subsidence caused by excess groundwater development is
being progressed in _th.e central low lying areas in Semarang City. According to the
survey results, their annual rates of land subsidence are variable from 2.0 to 10.0

cm/year. The area along the downstream of West Floodway, especially right bank

~ hinterfand is being affected as' well. It is anticipated that the proposed crown

elevation of earth dike/floodwall may be lowered from the original elevation with the
progressmg land sub51dence 1n the area. Monitoring and repair of dike/floodwall,
thercfore will be lmportant task in the mamtcnance and operation works of river

channel and structures.

- River Environment and Utilization

West Flood\#aylGarzing River is characterized as'an urban river which serves not
only for-_the flood control pnrpose in the flooding events but also for the purpose of _
supplying municipal water, channel flushing, industrial use and so on. Besides these
purposes, the iver serves for daily water use and flood plain use by local residents

living in the adjacent area.

" As other similar projects in this country indicated, river improvement projects have

produced good effects in proxnoting or developing environmental functions such as
reahzatlon of sanitary enwronment ‘improvement of river water quahty, creation of

better scenic view and pleasant open space.

Takmg the above snuatxons mto LOI]S[dBI'ﬂl']OI'l structures or facilities which can
contnbute to the reahzataon of the said functlons are prov1ded and demgned as ‘much

as poss;ble in the river lmprovement

Measures of River Improvement

“The measures of river improvement for West FloodWay/Garang River were studied in the

preceding F/S, and are summarized below.
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. West Floodway

" The following two (2) river improvement alternatives are conceivable for this river

stretch,

Alternative-A : Channel excavation .
Alternative-B : Raiéing of existing floodwalls or new dike embankment

Alternative-B requires a conside_rabiy high floodwall or embankment émd_

reconstruction of the éxisting three (3) bridges to cope with the high flood water level

" expected. The drainage system along the river chainel will be affected as well. On

the other hand, thé major works of Alternative-A are limited to excavation of the
floodplain (ﬁigh water channel béd) and riverbed, having little impact on the existing
bank pfotection structures and bridgé foﬁndations. As a supplementary wb_rks for
Alternative-A; raising:thg exis_ting ﬂood_wall crest is réqﬁired, .because._ the existing
floodwalls are about 1.0 m lower compared with that in 1991 as showh in Fig. 4.1.1.

This is due to the land subsidence-in the Semarang City.

According. to the project cost comparisoh of both alternatives under the F/S,
Alt_émative~A has b_eeﬁ proved to be_.mor_e economical (Altemative-A':_ Rp; 11,158 x
105, Altemaﬁve—B : Rp. 20,876 x 10§).: In addition to the tech'n‘ical and écoﬁorﬁical _
aspects, Alternative-B is planed 'with much  higher design flood level than
Aitemati‘ée—A resulting in higher ﬂood damage potentia.l 'in' the 'area" In due
conSIdcratlon of these factors, Altematlve—A is preferred as the river 1mprovement

measures for West Floodway.

Ga_rang River (Simongan Weir to Confluence with Kreo River)

'As the case of West Fl'oodway', the same river imprdvément mieasures can be applied

to Garang River, namely, excavatlon of the exlstmg low water channel (Altematwe— .

© . A)and dlke embankment/raising of floodwall (Altematwe B).

.Thé:highéf ﬂdod_ level in Garaﬁg Ri#n_ér is’a_tﬁ_ibuté:d 't'é‘.'c.i:amiup effect by Si'moﬁgan
' Wei'r-and_ the fhi'gher back—hp water level byi_héhhfrbw channel of 'in'imédiatcly

upstream stretch of the weir. Alternative-A is aiming at lowering the high 'flo_od level -

by eliminating the said causes through reconstruction of the existing fixed type weir
to a gated weir and excavation of the low'\#afer'éhallnei With this measure the

design hlgh water level can be kept below’ the existing ground level of the hmterland -

'rcsuitmg in reduction of the flood damace potemlal
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. In case of Alternative-B, emphasis is placed on raising/reinforcing the existing

dikes/floodwalls and construction of new dike/floodwall to accominodate the design
flood without any channel excavation. Simongan Weir is also reconstructed as the

new fixed weir because of the structural overage,

The design high water level of Alternative-B tends to be much higher than the
hinterland ground tevel (3 m to 4 m). Compared with the design high water level of
Attemative—A, that of Alternative-B is estimated at about 1.5 m higher. Accerdingly,
when an extraordinary flood over the design flood of 25-year return period (without
Jatibarang Multipurpose Dam) occurs, the dike may be destroyed by channel
overﬂow' causing disastroue flood damage in the area as experienced in the 1990
flood. On the other hand, Alternative-A could lower the design high water. level and

minimize the flood damage potenttal by channel overflow.

Aecordirlg to the_cost eorhparison between two (2) alterrtatives made in the F/S, the

projeet_ cost of Aliernative-A (Rp. 33,891 x 106) is htgher t'h.a.n that Qf'Altern'ative—B

' _(Rp. 3_1?3_07 x 106). However,'.the difference in the cost is limited to 2,600 ﬁﬁllion Rp.

which corresponds to only 8 % of the entire project eoét of Alternative-B.

~In due eonsrderatton of dlsadvantages/advantages Altemattve—A is preferred for the

river tmprovement measure for Garaug Rtvet

Reconstruction of Simongén Weir

The existing Simongan Weir of fixed type' primarily causes the serious floods.in the

: upstream by its dam- -up effect on. flood water. Eltmmattng this adverse effect and

lowermg the water level in the upstream stretches durmg flooding ttme is considered

as the most effecttve river 1mprovement measure for Garang R1ver

On the other hand, Stmongan Wetr at present plays an important role in 5upply1ng

both mumcrpal water for Semamg City and ﬂushmg water for Semarang River and

the irrigation chartnel throughout a year.

| _Tt) fulfill both fttnct.ions of flood control and Water supply, the existing fixed type
.Stmongan Wetr needs to be reeenstructed to a gated weir whtch has flexible

" functions of flood control and water supply

" Apart from the flood control asPect, it is'considered_ that the structiiral stability of the

~ existing weir is remarkably lowered because of structural overage and serious
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4.2

4.2.1

e
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riverbed scouring of up and downstreams. In consideration of these existing

conditions, Simongan Weir should be reconstructed to a new weir with a structural

safety together with river improvement of Garang River.

~ Basic Design

Planning/Design Criteria
General

The planning/design criteria are prepared to serve the hydraulic and structural design

- of river improvement works and flood control structures for the project. The basic

concepts and procedures for the planning and designing are based mainly on the

“Flood Control Manual” prepared by the Ministry of Public Works, Government of -

Indon'esia.'As well as the ‘.‘Teehnical_ Standard of River and Sabo Works” by the

Ministrj} of Construction, Go‘kemrnent o'f' Japan is used to suppiemem the said

“Flood Control Manual” The other standards/codes pertammg to the speetﬁc flood

control structures are also used as requlred

In this section, the basrc plannmg/destgn cnterla wluch serve for determmmg the

dtmensmns of river channei locauon and basm form of river structures “are

presented. “Intenm Report (4): Vo]um 1l Demgn Crltena are prepared as we}l for

the detailed hydraulrc/structural design of cha_nnel and structures.

_ Planninngesign Criteria for River Channel

'Takmg the exrstmg river morphology and ﬂood control effect on the hinterland of

West Floodway/Garang River 1nto account the followmg ltems shal] be apphed to

the deSIgn of river channel 1mprovement |
(a) 'Alignment of Low Water Channel and Dike
In designing' the alignment of river course, straight lines or fairy wide curves
are used to prov1de a smooth ﬂood ﬂow The channel and dlke alignments are
- prmcrpally made within the arca covered by the exrstmg nght—of way

boundary Land &LqUISltIOII shall be kept to a minimum 1f necessary

) Setting of Design High_Water Le\;'el '

In principle, the high water level should not be higher than the predominant
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elevation of the adjoining ground or the existing dike to minimize the flood

damage potential except for the low-lying portions where keeping the high

" water level lower below the ground height is physically difficult.

Setting of Design Riverbed

The design riverbed profile principally follows the existing average riverbed
profile to avoid unbalanced scouring and scdim'enta-t.ion as weil as to minimize
relocation and modification of existing river structures. The ratio of riverbed
gradient between the upper and lower stretches is basically set at less than 1 : 2
to ensure the stabnltty of the rlver ch'mnel In addlt:on the desnvn riverbed
shou!d bc determmed in relatlon with the average velocny and high water level
of river channel, consndenng dxke Stdblllty and the flood damage potentlal in

the hmterland of the channel.

| Cross_ Seotional Form of River Channel _

| The ex:stmg river channel is composed of low water channel and ﬂood channel

(high water channel) formmg a compound trapczo:dal cross sectlon ThlS type

- of chaimei can accommodate the low flow dlscharge in the low water channel

during ordmary non- ﬂoodmg time and confme bigger ﬂood dlscharge within
the whole cross sections of channel during flooding event. This is preferable

for channel s;ab'iiity, channel maintenance and uiilization of the floodplain.

- Taking these advantages into account, the double trapezoidal cross section

(compound cross sectional form) is used in the river improvement plan. As for

the side slope, a siope of 1 : 2 (vertical to horizontalj is, as a rule, adopted for

the fow water channel to ensure bank s'tabilit),r

Freeboard

The freeboard above the deéign high water level is provided to prevent

oyeﬂopping of the dikes/floodwalls or river banks, For West Floodway/Garang

) River., a freeboard of 1.0 m is employed, which corresponds to the design

disoharge of 500 to 2,000 m'/s accordiﬁg to the “Flood Control Manuai®.
RoughneSs Coefficient of the Channel

For both unif_orm'and non-uniform flow calculation, the following Manning’s

roughness coefficients are used based on the recommended figures in “Flood
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Control Manual”.

Low Water Channel {excavated)

0.030
Low Water Channel (existing) 0.033
Floodplain (excavated) *1 0.035
Floodplain {existing) 0.040
Channel = with - Lining  (narrow 0025

~ *1  ‘The floodplain here is refereed to the bottom portion

of high water channel.

(3) _Plan'ning/Design Criteria for Specific Facilities

' Accdrding to the “Flood Control Manual”, standard of design' flood and design

criteria tecommended for flood control facilities are prepared as shown in the

following tables.

Item Return Period (Years) Objective Structures
River Bank Protection o 25 Revetment; Groin
Dike Siope Brosion | 50 Revetment
Protection R . - y .
Channelization © varies Bankfuil or regime discharge for natural
B : e _ channel o :
Bridge - _ . 50 -
Weir ' 50 to 100 -
Sabo Dam o - 100 - : : : :
Pipe Line _ - .50 Elevated line or buried pipeline which
Coe ' convey non-polluting materials.
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Design Criteria for Dikes and Floodwalls

[tem . Criteria

Design Flood Discharge | 790 mfs {100-year return period with Jatibarang Dam)

The dike height should be selected to convey the discharge mentioned
above without over-topping. Side slope erosion protection should
accommodate the 50-year flood without damage.

Right-of-Way In accordance with existing law the government acquires and has control
and Land Use over all lands 1o a distance of 5 meters beyond the outside toe of dike,

: Permanent residential or industrial type structurcs should not be allowed
within thc regulatory flood plain.
High crops (e.g. Banana plantations) and crops which Jeaves soil cxposcd to
potential erosion (c.g. Vegetable crops) should not be permitted,
Certain types of agriculture are allowable within the regutatory flood plain.
Livestock pasture or low héight crops which provide croston protection for
undertying soils are recommended,
Land use within the rcgulalory floed plam should have a negllg:b]e impact
on flood waler level,

Construction Materials {.Utilize locally available constiuction materials including silts, sands and
and ' _ clays where workable. Dikes built of silts and sands should be capped with
Geotechnical matters a 0.3 meter thickness of clay for protection against rapid failure in the cvent
of over topping.

Dikes should be compacted to a minimum 90 percent of Standard Proctor
Density or greater depending on specific site requirements.

Cross Section Details | Minimum width of dike crown: 4.0 m (500 m/s <Q=790 m’/s <2,000 m’/s}
~ | Minimum Dike/Floodwall freeboard: 1.0 m (500 m¥s <Q<2,000 mJ/s)

In all cases freeboard should be greater than wave setup and runup.
Minimum Dike Sideslopes should be 1:2 (veriical to horizontal). Flatter
slopes or berms may be required based on actual seil condmons and the
results of stability calculations.

Dike slopes should be protected against erosion by vegetation, plannncr of
shrubs ot use of armor (¢.g. rock riprap) depending on site and soil.

S$pecial Considerations. | An additional freeboard is added on the design dike/floodwal] crest, when
- the ground subsidence is anticipated.

S o E'rE L F k

Item : : ' o Criteria :
Design Flood 25-year return petiod ﬂodd for river banks -- > 100-year for this project
. ' 50:year return period flood for river dikes -- > 100-year for this project
River Engineering ‘Should withstand hydraulic forces and nverbed scour for design flood
i oo i eonditions,

Should be safe from oulflankmg due to river channel movement dunnu a
23-years project life. :

Hydraulic " | Should provide a safe factor of 1.25 for stablhty durinig the design ﬂood
S o - | Adequaté underlymg filter layer(s) should be provided under the armoring.

The alignment of the barik protection should provide a smooth and gradual
transition to the upstream and downstream banks.

Misceltaneous Bank protection works should be designed to minimize damage from
' - | vandalism.
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Domgngnmna_foLBndggs_an;LRumLCmssmg&

Item - Crileria

Design Flood Discharge | 790 m’/s {100-year return period with Jatibarang Dam)

of the river channel :

Design Flood At Jeast equal to project flood standard. Any backwater effect during the
design flood should not exceed 0.3 m. Higher standards for specific sites
may be required by the Department of Road and Bridge..

Freeboard Department of Public Works “Guideline for Bridge and Highway Loading”

requires at less than 1.0 m freeboard between the 50-year flood level and
bottom of bridge girder. In this project the high water level is set based on
the 100-year design flood.

Freeboard of navigable waterways is not considered.

River Engineering

Bridge crossing location and design layout should be selected to suil the
river engineering and geomorphologic characteristies of the stream.

The ratio between the total pier width and effective river width should be
less than 5 %. If the ratio is over 5 %, a study on what extent the bridge
piers have an influence on upstream water level shall be carried out. -

Bridge Spao

Total bridge span should not be less than the natural width of the river
channel and shoutd be designed to satisfy pass the design flood.

Bridge Piers

Bridge piers should be Eocated and spaced fo insure passage of debris
during the flood.

Bridge piers. shouid be deSIgned to accommodate potennal scour and
channet dcgradatlon .

Sand mining should be prohtbl(ed in thc vicinity of bridge plers

Item

Criteria

Design Flood

At lcast equal to project flood standard. -- > 100-year for this project

Mmlstry of Public Works Standard SNI 03-2415-1991 requires that weirs
be designed for & flood return period between 50- and 100-vear.

Weirs which are located upstream of major population densities should be
designed such that catastrophtc do not occur in the event of over-toppmg or
operator error. :

River Engineering

The weir should be ablc o safely pass the design floods wnthout
interception of sediment and debris loads.

River works should be designed to withstand river bed scour and
degradation during deSIgn tlood event and fateral erosion during project
life, :

The ratio between the tolal width of plcr and effective river channel width
should be less than 1/10.

Foundation & Ab_utment

The foundation and abutment must be stable and should not undergo
excessive deformation under any loadmg condition,

Seepage through the foundation and abutment must be controlled o’ prevant
uplift, piping, instability, sloughmg, erosion, etc,

Freeboard

Top of structure and wing wall will be at least 1.0 m hlgher than the desngn
high water level of Garang River. - :

Span Length of weir *1

The span length (SL) of the movable portion of the weir (the distance
between the center lines of adjoining p1ers of weir should be longer than the
values shown in the following:

Q< 500m¥s - SL=15m (O: Dcsngn Flood D:scharge)
500 <Q<2,000m¥s ---SL=20m
2,000 <Q <4000 m¥s ---SL=30m
4,000 m¥s < Q --SL=40m

Note *1:

This provision is accordance w1th Technical Standards for River and Saho {River

Association of Japan) -
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422  West Floodway Channel

River improvement of West Floodway is made focusing on the floodplain excavation and

raising of the existing floodwall to enlarge the flood flowing area without excessive

deepening of the fow water channel,

ey

@

Alignment of River Channel and Dike

The river plan in terms of iow water channel and dike is madc as showu in Fig. 4.2.1,

and the key tdeas in dcmgmng the channel alignment are descrlbed bt,low

(@

®)

(©)

@
(o)

ity

The existing rivef channel of West Floodway forms an almost straight

ahgnment Therefore, the des:gn low water channel follows the alignment of

‘ exmtxng one using fairly gentle curves.

Floodplain excavation'is made on the spacious side of floodplain spreading on
the right bank. -

Earth dike is brnposed along the fight bank in the ri_vef section between North
Ring Road Bridge and the river mouth to protect the land reclamation area from

_flood damage Dike alignment is made in paraliel with the alignment of low

water channel bank keepmg a d;stance of 10 m in order to ensure the dike

stability and to lead ﬂood flow smoothly to the sea
In raising the cxisting floodwalls, there is no chz_mge in alignment.

The channel and dike alignments are principa_lly made within the area covered

by the existing'right—of—way boundary. Land acquisition shall be kept to a

minimum if necessary.

Regardlng the future land reciamatlon on the right bank at the river mouth, the
river mouth should be w1dened toward the sea with the angle of 11 as shown

in Flg 4.2, 1(113) in order to lead flood flow smooth]y into the sea.

_.Long1tud1nal Proﬁle

Fig '4?2. shoWS the 1011gitudinal profilc of West FloodWéy channel, including

ex1stmg rwer proﬁle and desxgn lmes such as desrgn riverbed, de51gn high water

1evel desxgn dike crown and the elevatlon of flood plam The desngn llnes are

' determmed based on the concepts menuoned below :
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Design Hizh Water Level

In principle, the design high water level (D.H.W.L.) should not be higher than the
predominant elevation of the adjoining ground or the existing dike to minimize the
flood damage potential except for the low-lying portions where keeping D.H.W.L.
below the ground height is physically difficult.

_Techmcalfy, the D.ILW.L. is determined based on the water stage calculated. Thc

followwg condltlons are taken into account as well,

(a) ~ At the river mouth, D. H.W.L is set at BL.+0.500 m that is a little hlgher than
the highest hlgh water !evel of EL.+0.450 m.

(b) In the river stretches between _North Ring Road Bridge and Railway Bridge,
D.H.W.L is set beiow'the crest lcvel of existing ﬂood\#all.

(¢) In the upstream from Rallway Brldge to Slmongan Weir, it is possﬂ)le to set the
_ D HW.L at lower level than the cx1st1ng riverbank level w1th the required
' freeboard of l O m.

{dy The proposed high water level is set lower than the underside elevation of
existing bridge girder as much as p0531ble except Railway Brldge so that bridge

~ raising works are avoided,

The design riverbed profile principally follows the existing average riverbed profile
" to avoid unbalanced scouring and sedimentation as well as to minimize relocation
and modification of the existing river structures. The specific considerations are as

follows.

(a) Distinctive rlverbed aggradatlon is observed in the river mouth section,
“resulling in the lowering of the flood flowing capacity of the channel. -
Therefore, excavation of the’ nverbed is made in this river section with the

. adequate excavation depth as shown in Fig. 4. 2.2, The riverbed elevauon at the
river mouth is set at EL.-2.500 m based on the average rwerbed elevation in the

downstream channel and seabed elevatlon near the river mouth

(b} Flat riverbed profi!a is adoptéd for the dowustream from WE30 to th'e'river ‘
“mouth because the elevation of exlstmg riverbed is higher in the downstream

than that of the upstream, so called the reverse slope of riverbed is presently
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formed in this stretch.

(c) In the stretch from WEF30 to Simongan Weir, the design riverbed slope of
172,650 is chosen cousidering the constraints of D.H.W.L and the stability of
structures of which foundation are embedded in the riverbed.

To determine the suitable ri_v'erbdd profile, comparative study v'vas_'done for several
alternatives in‘t_emis of river hydraulics and morphology. The detailed description is
presented in “Design Notes, 2.2 Design Riverbed and Channel Hydfaulics”. Through

the comparison the optimum riverbed profile was determined as follows.

River Mouth WE30 Simongan

WE9 : WEY9+29

Riverbed Elevation EL -2.500 EL -2.500 BL.-L.184
Riverbed Slope Level 1/2,650

Cross Section

“In order to accommodaté the de.sign discharge of 790 m3/"s' the double trapezoidal

"cross sectlon (compound cross sectlon) with a 31de slope of 1:2 (vertlcai to

honzontal) lS cmployed tor the cross sect;onal form of river channel The 108§ -

_'sectlons of the rlver are demgned based on the folIowmg cons1derat10ns and the

. standard cross sections are shown mn- FIU 4, 2 ’5

(@) The low water channel is widened by excavating the cxisting flood plain (high

“water channel bed) with the appropriate excavation width. The width of design
c_hanﬁel is determined by comparing calculated water level and D.H.W.L. The

proposed widths of river chanmel are as follows together with existing ones.

River Width

Riverbed Width of

River Stretch Width of Existing
. (Dike to Dike) Low Water Channel Design Low
: : _(m) ~ (m) Water Channel (m)

WF0-9 ~WF 0 - e 150

- WF0~WF4 e 130 t0 180 150~ 115
TWF4~WFI5 | 15010 160 10010130 _ 115
"WE 15 ~WF 42 160t 190 60 to 100 115

WE42 ~WF53 | 12010 185 5010 60 115~ 58
WE 53 ~WE 69 95 10 120 401055 58
WE 70 ~WF 98 851095 401050 50

" (b) In w1denmg the low water channel, the mlrumum ﬂood plam w;dth of 20 m is

L prov1ded on both sides for the sake’ of channe] maintenance, riverbank stability

4-17



Chapter 4 Formulation of Definitive Plan

4)

()

C))

and utilization of the waterfront area.

The depth of the low water channel is determined to be 3.0 to 3.5 m depending
on the location. With this depth of the channel, the flood plain will be
submerged under the flood of about 2-year return period (Q,=350 m’/s) for the
whole channel stretches except the lowermost portion near the river mouth.
Thrs ‘proposed ground elevation is almost the same helght as that of existing
ﬂoodp]am Filling on ﬂoodplam Is requrred for the lower pomon ' '

" For the narrow channel portion between Railway Bridge and National Road

Bridge retaining wall with a side slope of 1 : 0.5 (vertical to horizontal) is used

~on the upper portion of channel cross section to confine the desrgn channel

- cross section within the rrght of way boundary.

Bridge and Clearance'

_ 'I‘he clearance of respective bridges against the D.H.W.L is as follows. -

Underside Elevation

e ; : Existin
Name of Bridge - | of Bridge Girder D.HW.L Clearanse 7
North Ring Road (WF15) -~ EL.252m BL 1.2lm | 131im
Railway Bridge (WF65) E.L.3.37m - EL.3.03m- 0.34m
National Road Bridge (WF73) 1 - BlL.4.14im EL.338m 076 m
New Simongan Bridge (WF105+20) (BE.L.9.23 m) *1 EL.825m 1.00m
Toll Road Bridge (WF174+18) - BEL.18.17m EL.11.75m 6,42 m

: BINAMARGA is, at present, rcvrewmg their original D/D of the bridge,
and they agreed that they adjust their bridge design to meet thc

- requirements of the proposed river channel,

. Of the flve (5) brldges the clearance of Rallway Brrdge and National Road Brrdge

does not meet the required clearance of 1.0 m.

(a)

Raiiwoy Bridge

The clearance of 0.34 m is a half value of the requrred cIearance of 1.0 m
(standard SNI No. 1725 1989-F, Department of Public Works) The ciearance
of 0.34 m does not fulfill the minimum clearanc_e of 0.8 m (appired for design

d_isaharge of 200 m*/s to 500 m’/s) stipulat_ed in "‘Flood_ Control Manual™,

Asto the bridge sub-structure the exrstmg bridge prers and footmgs are rather
old structures with more than 60 years history. Besrdes the embeddmg length .-
of exrstmg pier footing is consrdered very small Therefore the piers may be )

_endangered when the excavatron around them 15 made in the channel
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improvement,

Taking these hydraulic and structurat disadvantages into account, it is
proposed that the existing super-structure be raised and sub-structures be

reconstructed.
National Road Bridge

The estimated high water level at this bridge is 0.76 m lower than underside of
bridge girder. This height is a little smaller than the required :clearance of 1.0
m.  There are no adverse factors affecting water surface profile, because the
flood water flows straight and smoothly with a flow width of more than 60 m
at this river section. Besides, there is less possibility of debris (including
floéting logéj jams which may affect water levels. Furthermore, this bridge is
quite new constructed in 1993 on the main road of this .district. Social

difficulty would be 'acc'ofnpanied by bridge raising.

In consmieratlon of these cond:tlons lh1s bridge should be left intact rather

' than raising,

Otherl-Exi_sting Bridge

The other bridges have ehQUgh clcarance between the underside of girder and

the design high water level_ -

‘New Simongan Bridge

, Accordmg to the br1dge construction plan the brldge girder will be placed on

. the higher posmon above the existing floodwall. Therefore, the sufficient

clearance more than 1.0 'm against the design high water level will be assured,

and the bridgé length is longer than the proposed river width.

Drainage By-pass Channel a:t River Mouth

A. drainage éhahnel with a channel width’ of about 10 m joihs West Floodway from

the rlght bank at the statlon WF 12 In connection with dike constructlon a bypass

channel connectmg the ex1stmg dramage channel with the river ‘mouth is proposcd

mstead of construcnon of a water gate at the ]UnCthI‘l with the main river channel.

This is because a bypass channel is advantageous from _ec_onomlcal_ and maintenance

4-19



Chapter 4 Formulation of Definitive Plan

(6)

aspects compared to construction of a water gate. This channel is excavated behind
the proposed earth dike in parallel with dike alignment having a distance of 5.0 m
from the dike and a length of 770 m as shown in Fig, 4.2.1(1/3). As a result, some

land acquisition is required along the existing riverbank.

The design discharge of channel is determined by estimating the flow capacity of the
existing drainage channel. Accordingly, the dimensions of proposed channel are

determined as tabulated below,

Channel Section nght Bank, WFO to North Ring Road Bridge
Length | 770m : :
Hydraulic Data .

- Design Discharge o o110 m’fs Flow capacity of the existing
© _ Clearance . : 03m channel is considered,

- Roughness Coefficient 0.030 i
Longitudinal Profile e C ' .

- Design High Water Level EL +0.50 m (level) | H.H.W.L (Tide) +0.05 m

- Riverbed elevation (lowest| EL~1.850m | 0.6 m higher than the riverbed
end) . _ 1/1,650 "I elevation of Floodway.

- Riverbed Slope - ' oo
Cross Section _ :

- Width of Riverbed - ' 500m Same as the existing channel

-Side Slope 1:2 Stable slope '
Small Dike 2.5 m wide For inspection

' about 0.5 m high | -

Utilization of River Channel

In downstream from Railway Bridge, a large open space exists on the floodplain.
Some areas are utilized as farm land, ‘sports ground fish pond and'so on, but many
other areas dare 50 called an utlllzed land. Rlversrde activities such as ﬁshmg, rowing

boats and canoe, and salt loadlng/unloadlno are found as well.’

With the river improvement, the w1dth of floodplain wrll be reduced to 20 to 60 m
from the orlgmal width for the right bank side and 10 to 35 m for the left bank side.
The ground elevauon of ﬂoodpiam is set at the posmon 3.0m hrgher than the demgn

rrverbed accordmgly, it is estrmatod that the ﬂoodplam will be 1nundated once in

two years. The floodplam with those dimensions i is considered usable as sports f:eld

river park and other recreanonal purposes durlng non- ﬂoodm0 tlme

The walkways/pedestrian paths along the river channel, which connect upstream and
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downstream areas, are proposed together with approach steps. They will serve for

water front activities, strolling and inspection of the river channel and structures.

In addition, mooring facilities are provided for small boats and canoes which have

been increasing in number recently.

4.2.3 Garang River Channel

Unlake the channel 1mpr0vement method in West Floodway, with the purpose of lowering

hlgh ﬂood stage, the riverbed excavation and reconstrucuon of S1mongan Weir are employed

as the deOl‘ lmprovement works for Garang Rwer The river plan is shown in Fig. 42.4.

(H

2

A[ignr_nént of River Channel and Dike

(a)

)

(c)

@

The low ‘water channel excavauon is made along the ex1st1ng Tiver course

without any cut—off channels because the ex:stmg low water channel runs quite -

“ smoothly.

'I‘he _rive'r‘banks_ adjacent to PDAM Water Intake Structure, which are situated
in the concave side of a channel bend, are prone to serious erosion and scouring
by ﬂood.ﬂow. To ease hydraulic imipact on the intake facilities, the course of
low waler channel is shifted to the other side of the intake with the distance of

10 to 20 mi from the éxisting flow center.

Large open spaces Spre_ading in the river channel (river sections .WFIIS to
WE125, WF136 to WF'142_ and WF165 to WF172) are to be left intact in

consideration of retarding effect of flood.

The new dike is provided on t_he' right bank in the upstream from Toll Road
Bridge with the dike crown elevation 1.0 m higher than the D.H.W.L.

Ldngitudinal Profile

©

' Aumng at lowcrmg the high flood stage of the exxstmg nver channel the longltudmal

~ profile is designed as shown in Fig 4.2.5, and main pomts are presented as follows.

The dé_Sign high water level is determined based on the water level calculated

. by uniform flow calculatipn'. Calculation proceduré is presented in Fig. 4.2.6.
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(b) In the downstream reaches between Simongan Weir and WF124, the design

high water level (D.H.W.L) is set lower than the hinterland ground elevation by
lowering the riverbed by about 1.5 m." '

(c) In the upstream reaches between WF124 and WF184, D.HW.L is placed at the
position more than 1.0 m below the existing crest of dtkes/ﬂoodwalls so that
the existing dikes/floodwalls can be effective with a required freeborad.

Design Riverbed

The rwerbed proﬁle has been dotermmed through the companson study regardmg the

setting of hlgh water level. The detailed study results are prescnted in “Design

Notes, 2.2 Demgn chrhed and Channel Hydraul;us

Atmmg at lowenng the high

water level of the river channel the riverbed proflle is determined as follows:

 (a)

N0

(e) .

Simongan WF124 WF176

: WEF99+29 : o

-] Riverbed EL.-1.184/ - EL 2.343/ - EL. 5910 -
Elevation | EL +1.500 EL. 3.843 :
Riverbed - 1/1,250 . 1/1,250 - 1/500
Slope . - : ‘ :
Elevation 2.684m - 1.50 m - -
Difference :

The riverbed elevation at Simongatn'Wéir is set at EL.1.500 m by adjusting to
the lowered riverbed for the: stability of structure, Accordmgly, the riverbed
difference between upstream and downstream of the weir comes to 2.684 m.

The river bed of Slmongan Weir and immediately downstream riverbed are

- connected with a adequate transition section in the form of steps to prevent

riverbed degradation.

With the excavation of the nverbed in the downstream the groundsﬂl with hoad
(hydraullc drop) is' required to connect downstream’ and upstream tiverbeds.
The height of drop structure 1s limited to 1.5 m to maintain nverbed stabthty in
the downstream.

The riverbed slope of 1/1, 250 is appixcd to the river stretch up to Toll Road

' Brldge of which point is focated at the lowermost end of the steep stream

channel with riverbed material of gravel and cobble stone The “riverbed
elevation of this point is set at EL.5.91 m, Wthh is the samc as the existing
riverbed.

3) CrossSeCtion
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The double trapezoidal cross section (compound cross section) with a side slope of
{:2 (vertical to horizontal) is, in principle, employed for the whole river stretches.

The standard cross sections are shown in Fig. 4.2.7.

(a) For the narrow channel in the upstream of Simongan Weir, the channel
widening is limited to 35 m at the riverbed position due to the oxistihg narrow
channel topography and social constraints. After the riverbed excavation was
done, the height of low water channel becomes 5.0 m. The side'slope of 1: 0.5

s used for some portions to avoid encroachment of public road.

(b) In the river stretches between the proposed groundsill and Toll Road Bridge,
the riverbed width and height of low water channel are 40 m and 3.5 m,

respectivcly.'

{c) At the be'nding'sec'tioh of river channel, a rise in water level and sediment
deposit arc unavoidable. To cope with them, bending section is widened by
about 10 % from the width of standard cross section.

Utilizat_ion of River:Chahnel
There are large open spaces on the ﬂoodplam in the middle reaches and they are used

as farm land (moludmg aquauo plants) sports fxeld factory yard and 50 on. Although

the channel excavation is made most part of the existing floodplain is left intact, The

- future utilization of floodplain, therefore, is baswally the same as the present one.

" To facilitate waterfront activities and maintenance works for river channel, approach

roads/steps, walkways are provided along the low water channel. The frequency of

floodplain overflow is approximately once two years.

Tall trees and plants growing thickly on the floodplain, which are hampering smooth

flood flow, should be cut or eliminated in the river improvement works,

[j;:ibuta_rigs

(1

Existing Condition

There are two (2) tributaries in Garang .Rive'r Kalito River (right banl( about 1,800 m

upstream from Slmongan Weir) and Cengkek Channel (right bank about 1 400 m
_ upstream from the ‘weir). Concrete flood. walls have been constructed based on the

~ high water stage of 1990—flood for protectmg the area w1th lower ground elevatlon
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()

The catchment area, estimated flood discharge and channel dimensions of these

tributaries are as follows.

Item Kalito River Cengkek Channel

Catchment Area (km?) 5.20 1.80
10-year Design Discharge (m’fs) - 18 7
5-year Design Discharge ( m’/s) 15 5
Widih of Channel in Lower 15-20 10-20
Reaches () o ' : '
Riverbed Gradient ' 1/300 - 14400 1/125 - /150

Back-Water Effect of Garang River

Figs. 42.8 and 4.2.9 show the river channel profiles of Kahto and Cengkek channels

at confluence portlon with Garang River. After the river improvement and_

reconstructlon of Slmongan Weir were completed, the orlgmal water level under the

100-year flood in Garang River would be lowered by about 1. l m at the confluence
of Cengkek Channeis and 0.8 m at the confluence of Kahto Rwer As the result, it is

confirmed that the surface elevat:on of probable back water of the main river is lower

_ than the elevation of both right and left river banks and the elevatlon of unders;de_ of

the existing bridgés as showh in Figs. 4.2.8 and 4.2.9. The.refore,- the existing

floodwalls become effective as the floodwall of the new improvement plan without

raising.

- Bven thoﬁgh the ex_istihg bridges in Cengkek Channel do not have a required

clearance of 1.0 m agaihst the probablé back water level, raising of .bridgcs will not
be adopted, The reason is that the area along Cengkek Channel i is 50 congested with
roads and buildings that the. bridge raising is not allowed from social and geologlcal
constramts Instead, floodwall with a height of about 0. 5 mis provxded on the left

river bank of which elevatlon is lower than that of rlght bank.

For the smooth connection of channc] with the main rwer course, the channel beds of

tnbutar;es are excavated with a proper channel bed sloPe as shown in FIUS 4, 2 8 and

-4.2.9.

424 Dike Embankment and Raising of Existi'n_g Floodwaill\

Earth dikes and floodwalls were provided under the Central Java River Improvement Project

for the most parts of target river stretches excépt for the areas of river mouth and confluence

with Kreo River. These structures are rather new and are on the whole still functioning as the
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flood control structures. Therefore, based on the river improvement plan established, the
existing dikes/floodwalls are used with necessary reinforcement (including raising works) or
repair, New earth dikes are constructed for the said arcas where diking system is not

provided..
(1)  Location and Type of Dike

Earth dikes/floodwalls are constructed or raised for the following places.

Location Length (m) ' Type of Dike
WED to WFI5 (Right bank) . 724 - | New Earth dike
WFI15 to WFE6S(Right & Left| 2,510m (R} [ Raising of existing floodwall
banks) - ' ' ' 2,460 m (L) . :
WF74 to WF80 (Left bank) 180 New Floodwall
WF134 to WFI36 100 New Floodwall
WF175 10 WF179 170 New Earth dike
WF181 to WF185 ' 150 Raising of existing road

(2) © Freeboard

. Freeboard is provtded to pretrent_overtopping of floods cal.ised. by wave run-up,
| Super-elevation' of flow at a bend; potential dike Settlement,' crown deterioration and
50 en‘ A.-freeboa'rd of 1.0 m is employed for.the dike ar_td floodwall of West
Fioedway/Garang River, which t:orrespondé to the tiiseharge between 500 m’/s and

2,000 m/s according to the “Flood Control Manual”,
'(3) Earth Dike
() ~ Existing Earth Dike
- In the upstream reaches of Garang River, earth dikes exist on the right bank
with a totéi length of about 1 ,750 m. These dikes have a crown width of 40m
. and dike slope of 1:1. 5, and lower slopes are protected with concrete
revetment Aithough minor damaoes are seen on dtke slopes and crown for
some pomons their stmcture is, in general sound. Therefore, after necessary

: remforcement works are provnded for the problem pomons these dikes are

used as the permanent dikes for Garang Rlver '
(b) Pfoposed Earth Dike

~ The river dike 'should'ha_ve adequate shape and dimensions to ensure stability

against seeﬁage, piping, slope failure and erosion by flood flow, and to serve as
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(4)

maintenance road for periodical inspection, flood fighting activity and so on.

The proposed earth dikes are designed with dimensions given betow,

Item Particular
Cross Seclion Trapezoid
Crown Width 4.0m
Side Slopes I : 2 (vertical to horizontal)
Frechoard .Om

The proposed dikes are made'of earth materials excavated from'lhe' river
channel. The excavated materials, excepl those in downsiream from North
ng Road are found suitable for dike embankment from geotechmcai survey

results.

Extra e'mba_nkr'nent' is reqﬁir‘ed to cope with settlement of dike body and

consolidation of subsurface .lﬁyer after construction. To 'proteet 'dike_ slopes

from erosion by raindrops and flowing water, soddings are p'rovid_ed_ on both
sides of dike. |

Inspectioﬁ road- is provided- on the dike crown for river patro} and flood
fighting activities as well as river use by lecal people The road is 3.0 m wide

with gravel or macadam pavement.

Typicia.l cfo’ss sections of proposed dikes are presented in Fi g 4.2.10.
Floodwall
In the raisi.ng'of existing floodwalls in West Floodway, the necessary raising height
including a freeboard of 1.0 m, is determined by comparing the proposed design high
water level with the existing crest clevation. Raising works are made by co_nne_eting' :

reinforced concrete with the exis.ti.ng' floodwall body. The structural dimeﬁsioh_s of

floodwall are basically determined based on the existing ‘ones, but, seme

reinforcement works are requlred to ensure the structural shblhty and to prevent
“scour around the- wall. Namely, they are foundation loo piles and cover:ng

* embankment in front of floodwall as 111ustratecl in Flg 4.2.11. Since most Jomts of

existing floodwall are deterlorated repair is requlred before raxsmg the wall

Raislng of the existing ﬂoodwnll is made on the river 81de of flood pl'un avoiding an

encroachment of boundary area sueh as roads, dramaue duches and pnvate lands
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The other floodwalls which will be newly constructed, are designed based on the

standard structure employed in the previous Garang River Improvement Project.

425 Reconstruction of Simongan Weir

General

The existing Simongan Weir of fixed type, which was constructed at the end of the 19th
century, primarily causes the serious floods in the upstream by its dame-up effect of
floodwater. Eliminating this édverse effect and lowering the water level in the upstream
stretches _during flooding time are considered as t_he most effective river improvement

measures for Garang River.

On the other hand, Simongan Weir, at preseﬁ_t plays an important role in supplying municipal
water and flushing water for both Semaréing River and the irrigation channel on the left bank

t_hroughoht a year. Alsb, the weir is regulating flood dischafgc to the West Floodway.

To fulfill both functions of flood control and water supply, the existing fixed type Simongan
Weir needs to be reconstructed to a gated weir that haé flexible functions of flood control and

water supply.

 The existing intake structures on both sides of the weir also have a lon.g history since the
construction. The current sl.ructurés are aiready overage, at the same time structural stability
- has been’ lowered. During the construction of the main weir,.these intake structures will
surely be affected, As a result,. the structural stability will not be assured. Under the

conditions, reconstruction of both intake structures is also proposed..
. !iasié ngnﬂit_igps for D..esign
.. Prior to the désign of weir,'the follc;wing basic conditions are co_nfirrned.
| N | Requirenients of ..Weir Design
Thé weir is desigﬂéd to s:atisfy the f'o"llow.ing .requirements'.
(a) To ha.\_fg sﬁf:ﬁcié_nt ﬂéw _cépac_ity for_fhe design ﬂ.oo.d discharge _of Garang River,
' (b) | To méi.ntain the probér' c};an:nei \'»:'ate_,f lt_a\}el. f.qri'ml_m.icipal water .in.take and. to -

divert maintenance flow to Semarang River and the left bank irrigation channel,

427



Chapter 4 Formulation of Definitive Plan

(2)

©

To discharge sediment on upstream riverbed through the gates.

Location of the New Weir

The important factors in determining the location of the new weir are as follows:

The river flow can be diverted easily and smoothly into both Semarang River and

the left bank irrigation channel through the diversion/intake gates.

The river portion that is less affected by river impacts such as flood flowing
force, scouring and sedimentation should be selected for the location of weir in

consideration of operation and maintenance of the facilities.
Total construction cost for the necessary facilities can be minimized.

The current river environment such as water quality, river flow volume, water

surfaee area, water front utrlrzatlon etc should not be worsened.

Takmg these factors into account the foliowmg two alternatives are drawn up and

compared.

[Altemative-lj ' Same location .as the existirrg ﬁxéd weir (WF99+29 my,

Shell type steei roiler gate for flood diversion portmn and”
_ Girder type steel roller gate for ﬂushmg portxon
(Refer to Fig. 4.2.12)

: [Altternative—;?] 550 m upstream section from the exrstmg fixed weir (WFI 10+30rn)

Inflatable rubber type gate: for flood diversion portron and -
Girder type steel roller gate for flushing portion.
(Refer to Figs, 4.2.13 to 4.2.15)

A comparative study was rnade as presented in Table 4. 2 1, and Altematwe—l was

selected asa suitable location of the new weir from the foilowmg reasons.

(a)

(b

(©)

This alternative is advantageous in reducin'g the total co'nstru’ctiori cost for weir

structures, steel gates mtake structures and protectlon works around structures.

Since the weir is placed close to the exlstmg dwersron/mtake gates a relrable

and precise diversion can be performed.

“This alternative shows a high flood control .ability due to the bigger riVer

channel width and the current river environment can be improved for the better.
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(3) River Channel Dimensions

The gate of weir is placed at the channel section of WF99+18.5 m and data on the

channel section are shown in the following table.

Design Flood Discharge 790 m’fs
Design River Bed :

- Upstream _ EL + 1.500m

- Downslream ' EL.-1.184m
Design High Water Level EL, +8.000m
Design Dike Crown : EL +9.000m
Low Water Channel (Upstream) -
- Width of Rwerbcd ©350m

- nght . _ 5.00m -

- Side Slope Grad:cnt 1 ; 2 (Vertical :Horizontal)
Low Water Channel (Downstream)

- Width ol'Rwerbed : 50.0m

- Helght : o _ 3.50m

- Side Slope Gradient ' 1 = 2 (Vertical :Horizontal)

' (4)  River Discharge'

._ The pr_op'osed weir is primarily designed to let the design Vﬂood (790 m'/s) pass safely

.' to the downstfeam channel at the rat'e. of onee every 100 years‘ (after J atibarnng Dam
is completed) KS'imnlténe:onsly, tne .weir has to .cope with the daily river flows
throughout a year. Before the. dE‘Slgﬂ of welr/gate is done the river flow is well
.studled to set the- necessary condmons on d1scharge and water level of the channel as

descrlbed below.

Flow regime of Gar'ang'R.i-v.'er has been obtained as sl.lo.v'vn in Table 3.3.23, which are
based on the observed dlscharge in the past 10 years and the dlscharge given by the
run-off s;mulatlon Moreover the relat1on between discharge and frequency of its

occurrence is given as follows.

Discharge Frequency of Occurrence {times/year)
' (m>/s) By observed Data | By estimated Data
30 : 18.9 . 246
40 - 105 14.5
50 5.2 _ ' 8.8
- 60 ' 34 : 53
70 : 19 - .. .35
80 1.5 B 2.0
90 . - 14 14
100 | 1.2 1.0



Chapter 4 Formulation of Definitive Plan

The above flow regime is used in establishing gate operation rule. In addition to the
flow regime, the relation between discharge and water level of the channel was
estimated at the channel sections of weir and immediate downstream point as shown
in Fig. 4.2.16. These H-Q curves are obtained based on critical flow calculation and
non-uniform flow calculation, respectively, and used for hydraulic analysis for the _

Cowelr. .
(5) Basic Operation for Gate and Reservoir

Aiming at achieving an easy and effective operation of gate and reservoir, the gate
operati:on rules shall be basically the same as those of the existing fixed weir,

namely:

» The channel water level is kept at EL. +5.200 m (hereinafter referred to as
normal water level), which is equivalent to the crest elevation of existing fixed
weir, by closing operation of both flood discharge gates and sediment flush

gates.

o If the 1nﬂ0w to the welr mcreases and the water level reaches a certam elevatron
over the gate crest flood drscharge gates dnd flush gates are to be fuily open.
'lhrs level of f]ood corresponds to big floods w1th a discharge more than 200
m /s In case that the flood is small or mnddle scale, a partral gate Operatlon will

be performed to control the water level.

. Sediment flush gates are pulled up with a certain opening over the riverbed in
_ order to dlscharge sedlment deposrt of the upstream rlverbed as requrred for the
mamtenance of river channel. This gate operation is made in the wet season

when the river flow is afﬂuent
The detailed gate operation rules are discussed in “CHAPTER 9. Operation and
Maintenance”. ' . S '
(6) Intake from the River Channel

For the design of the intake structures located at both sides of weir, the foilowing :
design discharges are to be considered. These are determined based on the current
gate operatton and diversion practrce tal\en by the flood control sector of Provincial

Government of Central Java.
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Right bank Intake Structure 0.50 m*/s in dry scason (for future plan 1,00 m’/s)
(for Semarang River) 0.70 m*/s in rainy scason

Left bank Intake Structure 0.15 m'/s

(for downstream drainage channel) :

Foundation Work for Weir

The pier footing is placed on the alluvium layer of sandy soil which contains a lot of
gravel. The .laye.r has 'med.ium hardness with the N-value of 20 to 50, and the
thickness varies 3.0 to 5 .0 m. This layer is not suitable for a bearing layer of
structure because both th_ickness and N—v_alue of layer are variable, and not stable.
There exists a 8 mto lb m thick soft layer of sandy silt beneath the said hard sandy
layer. Further, .a diluvial cemented sand layer with the N-value of more than 50

spreads. under the soft layer.

J udging from the above ground and soil conditions, the diluvial cemented sand layer

is selected as the bearing layer to ensure the structural stability of the weir, This layer

~ is situated at the position about 12 m below the pier footing, so the pile foundation is

employed. Concrete sheet piles are also provided for the purpose of seepage control.

n_Basi

The basic matters that have to be considered in designing the weir are discussed hercinafter,

(1)  Height of Gate

Noy

The pfbposéd fiood diversion gates are -d'esigned as an overflow type gate. When the

' gates are totally closed, the top elevation of gates is set at the same height of the

crown elevation of existing fixed weir, so that the normnal water level of reservoir

(EL.45.20 m ) can be maintained_..

On the other hand, the sediment flush gates are designed. considering only underflow.

Flow over the'-gate:is not -allowed to avoid 6Iogging- with floating trees or other

' ﬂo’wing objéctsduring ﬂ‘ood.ing event. The top elevation of flush ‘gates, when ﬁllly

closed, is sét 065 i higher than the normal water level of EL. +5.200 m.
Elevation of Weir Floor and Transition of Ups.tream and Downstream Channels

" The design riverbed elevation at the weir has been set at EL.+1.500 m, which was
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given as the proper riverbed elevation through the study on river channe! profile of
Garang River. The ﬂbor elevation of weir, therefore, conforms to the design riverbed
elevation of EL.+1.500 m. It is noted that a part of the existing riverbed of the
immediate upstream channel is heavily jowered due to the serioué scouring
phcndmenon. If the riverbed elevation of rhe area is fower than the design riverbed,

then filling works in the lower portion of riverbed will be carried out'up to the

_eirzvation of design riverbed.

There is a elevation difference of 2.684 m between the floor level of weir and the

downstream riverbed. This elevation difference may induce scouring on the

“downstrearn rlverbed resultmg in riverbed degradauon To prevent/reduce this

adverse effect, both riverbeds are connected with the long transition section in the

form of steps.’

River Width and Span of Gate

(a) ~ Cross Sectioh_ of River Weir

Dimensions of the 'proposéd river channels in ﬁpstream and downstream of
Simongan Weir are shown in the table below together with the width of

existing weir.

(b)

Item . Downstream ‘Upstreain Existing Weit

C : Channel Channel :
Width of Existing Weir T U
- Flood Diversion Section - - 64.6m
- Sediment Flushing Secticn - - 59m x 2
Width of Riverbed : :
(Design River Channel) ‘ S00m 35.0m .
Width of Low Water Channel o : )
(Design River Channel) ' 64'0 n 55‘0 m )
Distance between Right and : '
Left River Banks 100m : 83 m about 97 m .
Flow Area Under Design Flood | 360 m® or more - 124 m* about 181 m’

- In designing the cross sectional form of weir, the width of ﬂoo_c_l diversion

section should be bigger than that of low water channel in the immediate

upstream stretch (w—SS 0 m). Further, the flow area of the flood diversion

section is to be bigger than that of the upstream channel (A-324 m )

Span Length of Weir Piers in quocl Discharge Section .

4-32

The weir piers are built across the river channel, becoming an obstruction to




(c) -

Chapter 4 Formulation of Definitive Plan

the smooth flood flow, In view of river hydrautics, the larger the span length s,
less influence the weir has on the flood flow. On top of that, construction cost,
technical aspects of gate manufacturing and maintenance should be taken into

consideration for deciding the span length of weir piers.

From the vieWpoint of effective flood control, the following span tength of

weir piers are recommended depending on the design discharge of river

channel.
Class { 3 4
Design Discharge ~ Less than 20000  More than
(m*/s) e 500 4,000 4,000
Span Length(m) . =~ 15 30 40

Source : Technical Sta_ndard for River and Sabo, Ministry of Construction Jzip:m.

Applying the above criteria to the reconstruction of Simongan Weir {Q=790

m’/s), the span length of 20 m is given as a proper span length of the weir pier.

: Referfing to the span length obtai.ned above,l four (4) alternatives (refer to Fig.

4.2.17) in terms of the span of weir pier are set as follows; :

: . Span Length (m) Number of Gate
-Alternative (1) ; 28.0 2
Alternative (II) 18.5 3
Alternative (111} 14.0 4
Alternative (1V) 11.0 5

" Comparative study regarding flood control ability, operation and maintenance

and construction cost was done as presented in Table 4.2.2. As a result, the

_ _'Altematiye (II) (a span length of 18.5 m) has been justified as a s_oimd span

_ léngth for Simo'ngaﬂ Weir.

Width of Sédiment .Flush Gate

* The sediment flush gate is installed at both right and Ieft sides of weir. The

‘width of sediment flush geite is determined to be 5.0 m based on the following

considerations. =

- .'(i) : 'I"he"exiSting gate structure is composed of two wooden slide gates and

* " the total gate width is 5.0 m. The proposed gate width should be 5.0 m or
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@

more than this width to have enough space for sedimentation discharge.

| (i) The width of gate should be wide enough to enable floating trees to pass

smoothly without being trapped.

(iii) The flow _velocity under the gate should be high enough to flush

“sediment such as soil, sand and gravei to the downstream.

.Type of Gate

The fol]o‘gvihg four (4) gate type were compared in F/S from technical and

- economical aspects, and roller gate has been selected as the best alternative.

(a) Steel _rolfer gate. o (Al.temative-l)
(b) Inflatable rubber gate ~ (Alternative-2)

© (c) Steel radial gate © (Altemative-3)

(A Steel'tilting gate  (Notadopted for Alternative *1) -

o In general, this type of gate. is employed only for the gate of which helght is less than 3.0m

from the rehablllty of gate and flood control ablllty The gate height of proposed Slmongan

Welr is3.7m. Thcrefore this type will not be adopled for altermtlves

Based on the newly 'ohtained river survey results and geotechnical data, and the

detailed channel data, comparative study on gate lype said ébove was carried out.

For each altematwe plan the prehmmary d681gn was made as shown in F:cs 42.18to
4.2.20. To select the smtabte type of gate, a comp'lratwe study focusmg on operatlon
mamtenance and construction cost was made (refer to Table 4. 2 3) and the

Alternative -1 (steel roller gate) has been se]ccted for the followmg 1easons.

(d) Safe and precise gate operation (opehing and closing) can be performed and
high flood control ability can be maintained for a long period of time compared o

with the other alternatives.

'(b) Gate operatlon wrll not be affected by rlverbed sedtment or stones transported

from the upstream

(c) The steel gales can w1thstand any vandahsm that rmght happen in the congested
' urban area, and has a long durab:hty In regard to the gate type, rubber type gate '

should not be_employed_because t_he safety agalnst heavy vandalism is not
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ensured in a urban area.

(d) Repair/replacement and maintenance of the gates can be made easily by using

femporary lifting gate without providing cofferdams around the gates.
Underside Elevation of Gates When Fully Opened

When the gates are lifted up to the highest level, the underside elevation of the gates
must be sét at the level higher than the top of dike crown, so that the design flood

discharge can pass safely under the gates without causing obstruct to the flood flow. |

The design dike crown elevation is EL.4+9.00 m at the point of weir, so the same

- elevation is applied to the underside elevation of gates at full opening.

Location of Intake Structures and Conditions of Intake Structures and Channel

The'propbsed intake - structures are placed at the same location of existing ones,

- because there are no other proper locations which provide suitable area and ensure

smooth intake for Semarang River and left irrigation channel. During the

construction, the current intakes have to be maintained by using other means of

© measures. -
7 TR ‘Dimensions of Intake Structure and Downstream Channe!
Existing Facilitics Right Bask |~ - Left Bank
Size of Existing Gate . 130m x 1.80m x 7 gates | 1.50m x2.20m x 2 gates
Floor Elevation of Box Culvert - EL.380m .. EL. 3.50 m
Riverbed Elevation : EL.380m - - BL.440m

Discharge Rating for Gate_ :

- In developmg the gate operatmn rule for the flood dlscharge gate and sedlmem flush

gate dlscharge versus overflow and dlscharge versus gate opening were calculated
based on the caiculation- formulas presented in “Hydrauhc Design Criteria”, The
results’ are shown m FW 42.21. In this flgure discharges are obtamed usmg the total

width of gates
Discussion (_)n Ffshway ._ '

Consnderatlons were made as to whether flSh ladders should be provxded at the welr

~or not. Accordmg to the blolooical study carried out by the Study Team so far, fish

spe:cms found in the upstrcam ‘and downstream of Simongan We1r are obwously
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different, The number of species is lirnited to five (5) or six (6), and rare specics are
not observed in West Floodway/Garang Rwer Neither mlgmtory fishes nor benthos
are found except a few fishes that move toward upslream durmg ﬂoodmg event.
Assuming that fish ladders are provided, it is considered that there is no change in
ecology such as kinds of fish and beﬁlhos, habitats of fish, spawning pattern of fish

and so on.

Under such river ecology in West Floodway/Garang River, the necessity of fish
ladder can not be seen. Therefore, fish ladder will not be provided for the

reconstruction of Simongan Weir.

Prelimi Design of the We
(N Structaral Component

To fulfill the requirements of weir mentioned before, the existing Simongan Weir is

reconstructed as'the gated weir with the structural components mentioned below.

Fio'od'discharge port.ion .

.Sechment flush portlon

Intake structures for Semarang River and left bank xmgatlon channel
Retammg walls and protectlon works for rlverbed and rlverbank

'Mamter_aance and approach bridges, and

® f@f@ ©00

Operationfl\/fanégemént Compound. -

Rach component comprises the follawing structures/facilities.

Component _ Structures
Flood discharge portion Shell type steel roller gates (3 gates)
o - | Gate piers, Gate floor slabs, Stilling basin,
. Conirol house on the pier., Hoisting systems.
Sediment discharge portion | Girder type steel roller gates (2 gates)
' : - Gate piers, Gate floor slabs

. L Control house on the pier., Ho:stmg syslems
Intake structure o Steel slide gates (4 gates for right bank, 2 for lefl bank)
' ' Box culvert, Concrete walls and deck,

Contro} house and Hoisting system.

Maintenance bridge : I-shape girder type

Protection works for river | Concrete apron and foundation piles, Retaining walls,

bank and riverbed Revetment, Riverbed protecuon (Concre{e block and
L ' gabion mattress) :

Control/Management Management  office bu;ldmg,_. Electr:cal bmldmg.

compound ' Warehouse, Guard house, Access road, Pa.rkmg lot,

Flower bed, Tree planting.
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(2} Layout Plan of Facilities

Both flood diversion gates and sediment flush gates are placed perpendicular to the
flow direction and the center line of gates is located at 12 m downstream point from
the uppermost end of existing weir body. The layout plan for the proposed weir is

presented in Fig. 4.2.12.
(3)  Preliminary Design

Based on the study results mentioned in the previous section, the preliminary design

of weir was carried out. The table below shows the dimensions of major structures

~ and materials. -

Name of Component

Material

"~ Dimensions

Main Flood Diversion Gate

Steel Roller Gate

©18.50 m x 3 gates

-~ Length , Width (Slab)
- Length (Up/Down streams)
- Foundation Works

PC Pile

- Width of Gate
- Height of Gate _ 3.70m
Flushing Gate Steel Roller Gate : '
-+ Width of Gate ' " 5.50m x 2 gates
- Height of Gate 4.35 m
Galte Pier : S Reinforced Concrete o
- Height from Riverbed ' 12.00 m
- Length "17.50m
- Thickness : 2.50 m .
- Footing Reinforced Concrete 80m x 175m x 16m
- Foundation Works PC Pile Dia. 560 mm x 12.0m
Floor Slab and Apron Reinforced Concrete

175m x 13.0m
150 m/7.50 m

Dia. 400 & 350, 1=12.0 m

Intake Gate Steel Slide Gate S ‘ :
- Right Bank P 225m x 2.0m x 4 gates
- Left Bank 200m x 2.0m x 2 gates
Maintenance Bridge _ : ' ' :
- Main Bridge "PC Girder Type 21.0m x 3 span

Riverbed Protection
- Downstream, Length
- Upstream, Length -

Concrete Block and .

100m x 3 + 15.0m

Control House .
- Main Office Building
- Warehotise

- Meéﬁa:nicaUElééétical

Gabion Mattress

75m 4+ 100m -

180m x 7.0m

120m x 5.0m
0.0m x 7.0m -

4.2.6 . River'Structures.
(1) Geheral _

" Revetments are mainly provided for protection of river banks or dikes from erosion
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and scouring due to water flow and wave wash. The locations of the proposed

revetments are as follows:

{a)  Along the concave sides of meander bends of channel;

{b) At the downstream and upstream sides of hydraulic structures including

bridges;

~ (c) At the water colliding front of river bank which is prone to erosion by flow

water;,

(d)  Atthe river mouth where ﬂushing flood flow arises; and

(e) At confluence of tributarigs and main river channel..

Revetments are provided on the river bank slopes or dike slopes below the design

high water level,

To protect lhé toe of sidé slope from scouring and lowefi.ng of the channel bed “foot
protectton is provided. The elevatlon of the top of foot protection is placed at the
deslgn nverbed helght In case the existing channel bed is lower than lhe demgn bed,

the pos;tlon of footing i is pIaced at the exlstmg channel bed. The w1dth of the foot

protectlon is to be more than 3.0 m.

Type of Revetm.ent.

In general the following types of revctmcnt are appllcablc for the protectlon of river

banks and d:ke slopes
Type of Revetmient Standard Slope Application
(1) Wet Stonc Masonry - _— River bank, Dike slope -
(Gravity type) Vertical to 1:0.5 Heightof 3mto7m -
(2) Wet Stone Pitching thh -} 1:1.0 or gentler Height of 3ImtoSm
Concrete Frame o ;
{3) ‘Wet Stone Pitching : | 1:1.0 or gentler . - Ditto
(4) Dry Stone Pitching (Riprap) 1:2,0.0r gentler | Height of upto3m
(5) Precast Concrete Block 1:1.0 or gentler ‘Heightof 3mtoSm-
(6) Sheet-pile Wall Vertical -~ Water front structures
: o 3 Height : 3 mto4 m
(7) Sheet-pile Wall with Anchorage | Vertical . ‘Water front structures
: Height: 4 mto 8 m
(8) Gabion Maltress/Cylmder ' 1:1.0 or gentler | Transition of charnel

Of these revetment types, the wet stone masonry type and wet stone p1tchmg type are
con51dered smtable for West Floodway/Garang River from the aspects such as

availability of material, reasonable construction cost and preferable scenic view in

- -urban area. In principle, these two'types are mainly used in this project, In additioh,
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sheet-pile wall type and gabion type are also employed depending on the site

conditions.

Based on the river characteristics, channel cross section and soil mechanical

conditions of sub soil layer, features of revetments are determined as shown in Fig.

4.2.22,

round Si

D

Location and River Channel Dimensions

The following two (2) gfound sills are proposed in the river improvement plan.

{a)  Ground sill with Head (Hydraulic Drop) (WF124)
Being located at 1,055 m upstream portion from Simongan Weir,' this ground
* sill is placed at the point in which the riverbed elevation changes in the form of
" step. The re'qu_iremen[s that the ground sill must meet are i) to prevent riverbed
degradation i) to stabilize the upstream and downstream riverbeds and, iii) to
maintain longitudinal and cross sectional forms of river channel.
The dimensions of river channel at the ground sill is as follows:
Location- . - - 1,055 m upstream from Stmongan Weir
Riverbed Width o 35 m for downstream,
L U * | 40 m for upstream
Drop Height .. ' : 1.50m
Elevation of Riverbed EL.2.343 m/EL.3.843 m
Height of Low Water Channel 3.5 m for downstream,
(Riverbed to flood plain) 5.0 m for upstream
Maximum Water Depth 6.5m/59m
Ground Sill (WF173)

®)

If ie éhficipated that rivefbed degradétieh of Garang River ch.'annel downstream
‘ from the confluence with Kreo River arises after the completlon of Jatlbarano
Dami. Accordmgly, the ex1stmg structures constructed in the channel may be
| affected. For this reason, a ground sill alm_mg at protectlng the pler foundation
~ of Toll Reéﬂ Bridge frem riverbedjriver bank enéfoachment is proposed at the
_ 1mmed1ate downstream pomon from the brldge The followmg are the

'-dxmensmns of river charmel at the stmcture site.
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Location ' 1,100 m upstream from Simongan Weir
Riverbed Width 450m -

Drop Height None

Elevation of Riverbed EL.5.793 m

Height of Low Water Channel | 3.5 m

Maximum Water Depth 59m

(2)  Structural Type

The ground sill (WEF124) is of concrete gravity type connected with an zipron to
safeguard its own body from hydraulic_ force during floods. The concrete body is
constructed on the hard clayey laycr without using foundation piles; Flexible gabion

' mattresses are placed on upstream and downstream riverbeds of the ground silt with
an appropriate length to protect riverbed. Fig. 4.2.23 shows the general feature of the
groimd sill (WF124).

. On the other hand, the ground srll (WF 173) con31sts of main sill body made of wet
masonty and mounded gabion mattress placed on the upstream and downstream
- nverbeds This type of ground sill is flexible to conform thc riverbed variations. The

' general feature of structure is presented in Fig. 4 2.24,
Groin

Groins are provnded at the concave side of large bending pomons and at the water collrdmg
~ fronts of rwer banks in the mldstream reaches of Garang River in order to control river bank
erosion by reducmg the flow velocrty along the river bank and by mducmg sedrment deposit
in and around the groms '

(1} . Location

Groins are planed for the following locations.

No. _River Section = | Right/Left | Length (m) | ° - Condition of river bank :

1 WF115 toWF117 | Right Bank 100 . - | Bending portion

2 WF127 toWF129 | Left Bank 100 | Straight riverbank with chff
.3 WF130 toWF132. | Left Bank 100 Bending portion. '

g

WF144 1oWF147 Left Bank 150 | Straight riverbank with cliff
(2)  Structural Type
Since the proposéd groins are placed in the river stretches wit.h. a gentle riverbed

gradient of 1 : 1,250, permeable groiné mad_e'df reinforced concrete piles and beams
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are employed. Reinforced concrete piles are more reliable than timber structures in
terms of stability and durability. Fig. 4.2.25 shows a typical features of proposed

groins.

The general dimensions of groins are determined based on the empirical formula as

follow:
ltem Particular
Height about 0.3 times of highest water depth
Length S Less than 10 % of low water channel width
Angle to downstream Right angle to river bank
bank
Spacing Two (2) to four (4) times of length of groin

Groin root should be embedded in the bank to resist the lateral force on the groin and
to pre;\rent flow outﬂa.nking the groin. Further, the area around groin root will be well

protected against local scouring of flow.

ion for Bridge nd Pier

The abutments and piers of the existing bridges may be affected to' some extend by river

improvement works such as deepening and widening of river channel. The channel cross

sections at the e'xisting' bridges are desighed to maintain structural stability of bridge sub-

structures. However, further erosion or scouring around abutments and piers are an avoidable

phenomenon, then the protection works for abutment and pieré are provided.

The wet masonry tYpe reVetment is used as the erosion protection around the abutments.

While, mounded gabions shown in Fig. 4.2.26 is ac_!bpted_for preventing local scouring of

riverbed around the 'pi'ers. "_I'he proteCtion will be made with an adecjuate area.

rainage Outlet

M

Flap Gate

Accbrding to the inventory survey of the existing drainage outlet, 47 drainage

: ditcheé/culvefts[pipes with a Zéhannel_ width of 0.4 m or more have been confirmed.

Some of the drainage outlets are éqﬁipped with wooden or stgef flap gates, but many

others  are without - gates. Comparing' the top elevation of the drainage
channels/ditches and the D.H.W L, the impact of the back water from the main river

on the existing drainage channels/ditches is assessed and the necessity of gate is.

' judged as presented in Table. 4.2.4.
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Although wooden or steel plate flap gates are widely used in West Floodway/Garang
River, almost all gates are in trouble with corrosion, sedimentation at outlet portion
and structural overage. In duc consideration of the existing conditions, suitable gate

type is decided together with the modification of existing outlet structure.

Steel flap gates are basically employed for the whole drainage outlets, because of its
easy operation without operator and reasonable cost. Features of typical drainage

outlet is shown in Fig. 4.2.27.

Sluice Gate

(2)
There exists four (4) drainage Cul.Vﬁ[.’tS on the right bank of Garang river stretch
between WF 172 and WF.173. They are placed close to each other within 2 60 m
distance. Wooden gates are prov:ded at the outlet portlons These drainage structures
are not well functioning because of structural overage and cl_ogged culvert. Moreover,
~ erosion around the outlets is also a serious problem in the event of flooding.
Taking these problems into account, the above four (4) drainage culverts are
intégrzited into one drainage structure and reconstructed as a concrete sluicewdy with
steel gate. the structural features are as follows:
Item : ' - - Particular
Location - - | Garang River WE.172+6 m nght bank
Type of Gate - Steel Slide Gatc
Size - 1.6m x 1.6m x | box
Lifting System Spindle Type, Manual Operation
-Design High Water Level .| EL. +11.643 m
Elevation of Floor EL. +9.700 m
Foundation Structure Spread Foundation
Waterfront and Environmental Related Facilities
(1)  Facilities and Location

As proposed in Channel Utilization Plan, waterfront and environmental related

facilities are provided in the following areas :

s Mooring facilities‘at river banks in downstream of West Floodw.ay' 3 places),
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¢ Riverside walkways along the low water channel of West Floodway/Garang
River (Total length : 8,460 m for West Floodway, and 6,500 m for Garang

River),

» Approach steps on river banks and dike/floodwalls of West Floodway/Garang
River (Total number : 40 places for West Floodway, and 37 places for Garang

River), and

¢ Planting and railing alongside the river bank in upstream of West Floodway
(Total Length : 2,000 m for West Floodway, 600 m for Garang River). -

Riverside Walkway/Inspection Road

Riverside walkway is provided along both banks of the low water channel, which is
used for mamlenance of the channel and strolling along rwer Thrs pedestnan road is

paved by gravel with a width of 3. 0Om and thickness of 15 cm.

Approach Sfeps

‘The rivér channel is used by inhabitants near the river for various domestic purposes.

' Therefore approach steps to the ‘waterfront are prov1ded on the dikes and river banks

wrth the’ 1nterva1 of 300 to 400 m. The waterfront steps are made of concrete or wet
masonry and riprap is provrded at both sides of step. Features of the waterfront steps

are presented in FIU 4.2.28.
Mooring Facilities

The facilities are designed for small size boats and canoes. The size of the facility is

10 m long and 7 m wide, and the height is 30m from design riverbed to the top of

deck. The facilities are composed of concrete steps, walls, concrete posts, paved road -

and revetment as shown in Fig. 4.2.28(2/2).

Planting (Tree and Flower).

- Low h.eight trees and ﬂowe'_r's are p'ro'posed_t.o be planted on the 'ﬂoodpiain:terrace in

the upstream of West Floodway. Tall trees and rai.ling., on the other hand, are

proposed on the top portion of river bank.
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4.2.7 Raising of the Existing Railway Bridge
General

The railway across the West Floodway is one of the most imnportant railway lines connecting
Jakarta and Surabaya, which is operated and maintained by the National Railway Corpération
(PERUMKA). See Fig. 4.2.29. '

The existing railway bridge across the West Floodway has steel truss structure with three
spans, on piers and abutments made of wef stone masonry. Fig. 4.2.30 shows the éxisting
railway bridge. '

According to PERUMKA, the substructures were constructed auring the period of Dutch
Colony and nlo design dra@'ings are aﬁailable now. The 'su'pers'_trﬁc'turés'até maintained and
periodically renewed by PERUMKA and their design drawings are available. '

According to the survey results of the existing bridge, the elevation of the girdér is EL.+3.5_20
m on the..right bank and__EL.+3.370 m on the left bank. On the-ot_her‘hand, th_e design high
water !é\_fel of West _Fl_oodway _is set at EL.+_1026 rh_at Raiiway Bfidge. Thére_ is c'n.nly_ a little
cleafance of 0.34 m between the design high water level and bridge girder. In the_rivér
improvement plan of West Flo_(:)dway, the river 'crossing' s_tmétufes are required to have a

clearance of 1.0 m over the design high water level. The required bottom elevation of the

girde.r is BL.+4.026 m.

It is, therefore, necessary to raise the railway bridge girder byr 0.406 m on the right bank and

{656 m on the left bank as a part of the West Floodway Improvément Work.
Design Concept
(1)  Superstructure

Since the existing superstructure of the railway bridge has enough struéture.'quality '

for further utilization, it should be used after raising the bridge.
' (2)  Substructure
(a) Basic Concept

By raising the bridge with the amount of 0.7 m, load aé;ingr on the substructure

increases. As the substructures were constructed more than 70 years ago and
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no design drawings nor design calculation are available, it is not possible to
confirm the stability of the existing substructure after raising. In addition,
digging around the exiting substructure leads the siructure to structural

instability.

Thus, all substructures, two abutments and two piers, shall be newly designed

~ and reconstructed in this project.

(b)  Structure Type .

* After studying several alternatives of structural design of the substructure, an
alternative of concrete pier and abutment constructed on a concrete beam
sopponed by a group of concrete piles driven on upstream and downstream
sides of the existing structures was selected as an optimum type. (Case 5 in
Table 4.2.5). '

For foundation pile PC pile with diameters of 450mm was selected as the most
economical and structural reasons.
Approach Tracks _

It is necessary to raise the approach tracks on both sides of the bridge in order to

attain the smooth transition of slope. According to the discussion with PERUMKA

the design slope and the range of approach tracks were determmcd as shown in Fig,

sides,

4.2.31. The length of the approach track to be ralsed is about 800 m each on both

Scope of the work.

Based on the planed ptofile'of the approach track, the scope of the work is proposed
as foliows whxch were determined among ) RATUNS]"LUNA PERUMKA and JICA

Study Team (refer to F:o 4. 2 5 )

. Abutment (Cirebon Side)
- Abutment (Semarang Side)
- Pier No l '

- 'P_ler'No.Z

. Raising of Track (Citebon Side) ~ ~ 1+627~2+251 (L=894m)
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- Raising of Track (Semarang Side) 14528 ~0+677 (L=851m)

- Related Structure with Raising of Approaich Tracks

Road Crossing 8 places

No. Name of Road Location | Width Raising Height -
_ | (km+m) (m) _fm)
1 |Brontojoyo : 00+711 7.22 0.03
2 [Noroyono : 00987 548 0.21
3 |Poncowolo Timur Raya G1+333 3.60 0.45
4 |Kokrosono 01+524 570 0.70
5 [Madukoro 01+633 12.60 - 0.70
6 |Wiroto : 01+875 3.60 0.64 -
7 [Sawojajar il 02+094 3.60 0.93
8 |Kencono WunguRaya | 024342 |~ - 3.60 0.80
Small Bridges 3 places
No. | - Structure  |Location Span  |Raising Height
' (km+m) (m) ()
1 steel bridge | 00+816 . 1.03 0.16
2 steel bridge 014177 | 1.62 s 0.44
3 steel bridge 02+331 8.00 - 0.83
General Construction Plan

After the discussion with PERUMKA, the following general conétr_u_ction plan was agreed by
PERUMUKA. | |

O

05

Alternatives on Construction Method

Two altemz_itivés were compared, in Case 1, the existing bridge is raised at the same
position while in Case 2, an temporafy bridge is constructed upstream or downstream
of the existing bridge during the construction period and a new bridge is constructed

at the exact location of the existing one. (refer to Table. 4.2.6)

After comparison of two alternatives, Case 1 was s_elécted'by economical reason and
to avoid social impacts of numbers of house evacuation on both sides of the river
bank. ' . .

Shift of Alignment in Left Bank Direction

There exist municipal roads on both side of the river croséing'.the railway. The road

 width of the right bank is 7.0 m and that of the left bank is 12.6 m. For the

reconstruction of the abutments, it is necessary to excavate a part of the roads.
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Considering the narrow width of the road on the right bank and a number of vehicles
passing, it is difficult to construct a new right abutment at the same position of the

existing one with the road traffic keep opcd.

Two alternatives are compared for abutment construction. Alternative A is to
" conistruct a new abutment on the same position as the existing one with right bank
road traffic closed for several months, while Alternative B is shift the whole
abutments and two piers towards west by 5 m and keep the both road traffic keep

- open during construction.

From the view point of river improvement, 5 m shifting of the bridge cat_tscs no
problem as the 'v_.fidth of the channel is wide enough at the section. Even though the
road width on the left bank will be narrower than the present width , it was agreed by

the road admihistrator, the Public Works Depanment of Se’marang City.

: Above two aitematwes were proposed to both PERUMKA and Semarang Ctty, who

1s the road admmtstrator and The altematwe B was S‘elected

43  Project Evaluation |
General

In'general, a project for public works conceming flooding and/or inundation will be
evaluated taking engineering and economic aspects into consideration. The engineering
aspects are studied on the technical feasxbﬂuy of the pro;cct from the wcwpomt of

constmctlon operatlon and mamtenance

Economlc analysis appralses a pI’O_]CCl under study in terms of a national and/or a regxonal .
. social economy by companng and measuring its economic cosfs and benefits. In other words,
cconomic analy51s evaiuatcs a degrec of economtc 1mpacts on a project under study that

‘would brmg about in the natlonal and/or reglonal soc1al economy
Methodology

"The Project Evaluation this time is'a re#iew of the 'evatu'ation cchuted in the Fcasibility

Study made by J ICA Study Team in 1993 s0 the way of the prolect evaluatlon from the

vmwpomt of economtc aspects in tlus stage of the Pro_}ect 1s made by the same manner '

"apphed for 1he evaluatton in thc Fc351b111ty Study at that timc namely, the mesh mcthod '
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reviewing the unit damageable value based on a price index for housing for determining of

value of general assets in the flood prone area.

Value of assets and/or damageable value of assets c_lcpend surely oﬁ a current pricé level.
because that they are usﬁally re-evaluated for estimation of amou.nt of damages by using the
current pricé level when they are damaged and/or Edst caused by flood and/or inundation. For
estimation of cxi'sting' damages and L_Ipdatcd daniageable value of properties consisting of
buildings and indoor movables, an annual éverage increase ratio of price index of 6.74 % for
the period from 1992 to 1997 in Semarang City as shown in Table 4.3.1 is applied to the
standard construction prices of building thh the same assumptlons used in the said

Peamb;ltty Study.

Table 432 'shows a result of estimation of a damages increasing rate using 10-year probable
flood. As shown in this table, the increasing rate of damages might be 1.495 comp'aring'the

amages in 1992 as a base. Th1s rate can be appl:ed for other scale of floods because of no

any changes of such assumptlons as standard construcnon price for rcmdence, mdustnal and .

commercial buildings, depreciation rate, rate of tax ~ building den51ty and so forth as

mentloned above,

. The economic internal rate of refurmn (EIRR) is calculated and used as an index of economic

feasibility. This EIRR is defi.ned by the following formula:

= -c = B

[ — !

CHATR) 5 (1+R)‘

where,T= the last year of the pro_|ect life,
- Cy=  ananmal economlc cost flow of the prolect under study in year t,
‘B,= an annual beneflt flow derlved from the project in yeal 1,and

R= the Economic Internal Rate of Return {EIRR).
~ The proj'ecf life is assumed at 50 years :after édﬁiplet-ioh' of the said flood control works.
Floed Damages
Table 4.3.3 shows a result of estimation of 'p_robable flood damages by flood scale of each
return period by using the said damhges increasing r'até of 1.495 for"gen'eral aése‘:'ts consisting
of bu11dmgs and their mdoor ‘movables of resxdeme mdustnal and busmess bulldlngs and

for pubhc facxlmes and busmess suspensmn losses. In this case, rates for applymcr for

estlmatlon of damage,s of pubhc facilities and busmess suspensmn losses are 468 % and -
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6.0 % to the said damages of general assets respectively which are the same rates applied in

the Feasibility Study.,

Total probable flood damages are Rp 176,669 million for IO-year flood, Rp. 360. 264 million
for 25- -year, Rp 545 983 mlllzon for 50 -year flood, and Rp. 805,102 million for 100-year
flood. :

Annual average flood damages are estimated based on the said flood damages by each flood
scale at Rp. 8,833 million for 10- -year flood, Rp. 24,941 million for 25- -year flood, Rp 34,004
million for S0-year flood and Rp. 40, 759 mlllton for 100-year flood as qhown in Table 4.3.4.

3 . -~ S : |
River i'mproyemer_lt works ‘for West Floodway/Garang River as Flood Control Works this
time is designed to relieve such general assets, industrial and business buildings and their
indoor movables, and public facilities and business 'suspen_sion losses from the damages
caused by 25- year.ﬂood Therefore, the above mentioned annual average 'probable damages
caused by 25-year flood, namely the amount of Rp 24,941 mllllon are only converted into

the beneflt due to the sald river 1mprovement works when there is no any dam construction

works.

A dam constructed in the upper streams of the ﬂood prone area has usualIy a function of
flood controI and the Jatlbarang Dam located in the upper streams of flood prone area is one
of main components of the PrOJect. Accordmg to the design criteria, damages caused by 100-
.year .ﬂood can be eliminated in combination of river improvement and the said dam

construction works.

Accordingly, the damages caused by 100-year flood, namely Rp. 40,759 million, can be

* converted into benefit due to_comp}etion of both the said two works.
tificati mi

Economic cost of a pm}ecl is 1dent1f1ed as opportumty cost of the prOJect In this case, if

goods and services would be invested in the project under study, they could no longer be .

utxhzed for other prOJects This :mphes that the beneflts of the other prO_]ectS could have

been created would be sacrificed. These sacnflced benefits of the other projects. are called
opportumty cost of the pro_|ect A pI’OjCCl cost con51sts of forelgn currency portion and local

 currency pomon
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Firstly, gross construction costs are separately estimated on river improvement works and

dam construction works based on unit prices and work volume as mentioned in previous

CHAPTER, and these gross construction costs includes construction base cost, engineering

service cost for supervision, cost for administration, value added tax, cost for compensation,

physical contingency and price contingency. In this case, the total dam construction cost is

allocated to river improvement works based principally on water utility with a rate of

35.40 % according to the désign criteria of the dam construction works.

(0

@

Foreign currency portioh

Usmg the said gross construcnon cost an economic cost of the Pro;ect is estlmaled
In this study, the constructlon base cost mcludes labour cost, cost for materlals and

cost for equipment. For the foreign currency pomon these costs for materials and

'.equ:pment are estimated in either Cost Insurance Freight (CIF) pnce or Free on

Board (FOB) pr;cc. These international prices are assumed to reflect ccon_omic cost

© directly,

" Value added tax is not included in the forcign chrrcﬁcy portion because that the said

tax should be paid by local corfeﬁcy based on the taxation regolation'in_lndonesio. S

For economic evaluation of the Pl‘O_]CCt such transfer cost as contractor’s overhead

‘and profit should be deducted and prlce contmgency should be excluded becausc

‘that compar;son of cost and benefit is made by net present valuc. '

Local currency portion :

Because it is presumed that local markets in developing countries are distorted by

price controls and other regulations, pnces in'the domestic markets do not reflcct '
econormc scarcmf of goods and services. This means that the pnces can not be used
to identify economic costs of local procurement and have to be convcrt_cd into

economic prices.

In economlc analys1s of a pr0ject conversnon factors are used to convert the costs in

" domestic markets mto economlc costs of a prOJect

Using export and import statistics, a stan'dard conversion factor (SCF) is estimated. -
The SCF converts the domestic commodity prices into the economic prices thaf can

be assumed to reflect the economic scarcity of the Tocal costs (refer to Table 4.3.5)'. _
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However, the SCF is applied to only tradable goods. The economic cost of non-
tradable goods and services have to be separately evaluated. Conversion factors of

l.and, skilled and non-skilled labours are i*eépoctively estimated.

Economic wage of unskilled laborers to be employed for the construction works is
assumed to be 90 % of the actual market wage, takiﬁg of the employment opportunity

of laborers in the study area into consideration.

Economic cost of land compensation including other compensation cost such as the

- cost for removal of houses is assumed to be 100 % of the financial cost, taking

account of the opporiunity cost of land use.

Total Economic Cost

The estimated economic cost is shown in Table 4.3.6, and summarized as follows:

Economlc Cost for River Improvement Works

_ . (Rp.10°

Year ' FC portion LC portion . Total

- 2000/01 - 2,889 3422 6311
- 2001/02 17,1340 17,984 35,118 .
- 2002/03 14,207 24,576 38,783
2003/04 - 16,839 .~ 12,457 29,296

Total  ° 51,069 - 58440 . 109,508

" Economic Cost for Jaibarang Dam Construction
Works to be Allocated for Flood Control

_ (Rp.10%)

- Year FC portion L.C portion Total
2000/01 - L4402 1,346
2001/02 . 3,156 4,182 7,339

- 2002/03 4,395 5,362 9,757
©2003/04 10,062 9,039 . 19,101
~2004/05 6,816 4353 11,169 -

Total 25,074 - 23,638 48,712

- Cost for OpgfationfMaintoﬁanoe and Replacement

Financial COS1S for operatlon!mamtenance (OM cost) and annuahzed replacement
- cost (cost for R) are estlmated hy work itemns at Rp.480 m;lhon per annum for river .
: -Improvemem works and at_ Rp.57_0 mllllon for Jatibarang dam construction works.

~ From these financial costs, an economic cost in total is estimated at Rp.457 mitlion
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_ per annum for river improvement works and at R'p.l76 million for Jatibarang dam
| construction works to be allocated for flood control by the same manner for
estimation of the said economic construction cost. These costs for OM and R will be
a burden to the Project until the end of the project life of 50 years after c.ompletion of
the river improvenient works. Detail of calculation process is also shown in Table

4.3.6.
The evaluation of the flood control works as._a component of the Project is made by using

cash flows of the 'said'cos.ts dnd benef.its as shown in Table 4.3.7. The results are also shown

in the table and summarized below.

EIRR (%) 19.77%
“BC . . 178
NPV (Rp.10% . 72,201

In this case, B/C rate is a corhparison' result of benefit and cost in present vaiue of them, and
NPV means net cash balance between benefits and costs also expressed by thelr present value,
For calculation of present value a dlscount rate of 12 % is apphed as same as that in similar

projects in Indonesia.

F:orﬁ the vié@point of EIRR, the rate is ini:ni:a:sed‘ fr.c.)m 16.2 % .in‘th'é Feasibility Study stage
to 19 8 % as indicated above, while the rate of B/C has decreased ffom 1.90 to 1.78. On the
other hand, the amount of net cash baiance has also increased from Rp 51,626 million in the '_
Fea31b111ty Study stage to Rp.72,201 million as shown in the above table. The annual avcrage
benefit has increased from Rp.27,264 mlll:on in the Feasnbﬂlty Study stage to Rp 40,759
million as shown in Table 2.8.7 in combmed case of the river 1mprovemcnt works and the

dam construction works
The economic internal rate of return ghanges its value depending on the parameters employed

for the calculation. Out of these parameters, the construction cost of the ProjeCt and its-

benefit are the most important determinants of the economic analysis.

Therefore, a sensitivity analysis is made for 16 combined cases including base case under the

" benefit df -10 %, -20 % and -30 %, and th(_z_'cc.)st. of +10, +20 % and +30 % taking into.
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account of fluctuation of the bencfit and the cost to be likely to come at present economic

situation in Indonesia.

A figure and a table hercunder show the results of sensitivity analysis for economic features,

Sensitivity of EIRR

450,000 m—
[ (Base, Cost Benefit
400,000 o
& 150,000 -10%, -20%, Base  -10% _-20%  -30%
= 2 ;ﬁgz‘;f;""‘ Base 1977 1812 1640 1462
3 300,000 P Cost (Base,  +10% 1827 1672 1512 {345
o 250000 +;gi.f:20%. +20% 1698 1552 1401 1244
o] L + om o 130% 15.86 1448 1305 11.57
e 200,000 the boitom) - "
= 150,000 :
. LE EIRR:19.77%
g 100000 _(Basc case)
. e
50,000 . : :
0 1 1 1 1 1 L 1 1 i 1 1 1 1 1 1 ] 1 L
2o g8 B 8 ®2 8 g8 »®B & 8 » v
(¥s] o0 fan] | <t 0 [+'a] (o] (%] el \Y=] [¢a] Q
— — — — — (&3] [aN] o4 o~ o™ ™
EIRR (%)

The EIRR under both .the_ benefit. and the cost in base casé is c.alcuiated as 19.77 % as
mentioned abave. And, nevertheless under the case of the benefit of 30 % decrease and the
cost of 20 % inérease , the EIRR is calculated as 12.44 % whicﬁ is higher rate than thc used
discount rété of 12 % fhat is suggested.by such iﬁtemﬁtional financing insiitutions as the
W.orld Bank. Also in the case under the benefit is decreased by 20 % and the cost is
increased by 30 %, the EIRR is still keeping more than 12 % as 13.05 % as indicated in the
above table. It means that the said flood control works as a component of the Project is

economically sound.

The EIRR of Flood Control Works indicates 19.8 %, and in the case of (1) 30 % increase in
cost with the 20 % decrease in benefit, and/or (2) 20 % increase in cost with 30 % decrease

in benefit, it is still_keep'ing more than and/or the same level of the used discount rate as 12 %.

According.ly, it _fn'ay say that the said Flood Control Works as a component of the Project has
high economic viability, and the above mentioned results indicates that the Flood Control
.Works Surely keeps its vi'ab'ility even if the cost would be increased by 30 % or the benefit

would be decreased by 30 %.
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Table 4.3.3 PROBABLE FLOOD DAMAGES BY FLOOD SCALE

R : (Rp.10%
Flood scale (return perio 5-year  10-year 25-year 50-year 100-year
Building
Residence* 0 3,922 11,217 17,146 30,413
Industrial* 0 3,210 8,025 14,445 21,824
Business* 0 9,287 15,091 20,894 25,252
Inddor movable _ ;
Residence* 0 18,070 51,527 75804 132,527
Industrial* S0 20,660 51,652 92974 141,167
Business* 0 60472 98263 136,055 175716
Sub total (damages to general assets 115,621 235,775 357,318 526,899
Public facilities** 0 54,111 110,343 167,225 246,589
Business suspension*** L0 6,937 14,146 21,439 31,614
Total probable damage 0 176,669 360,264 545,983 805,102

(Note)  *: For 10-year flood damages, refer to Table 3.6.1. :
: For 25-, 50- and 100-year flood damages, estimated based on the
flood damages used in the Feasibility Study in 1993 multiplying an
damages increase rate of 1.495 calculated in the said table.
**: Estimated by a rate of 46.8 % of damages to public facilities to the -
totai of general assets above as same manner in the said Feasibility

- Study.

**¥:Estimated by a rate of 6.0 % of damages to business suSpenmon

to the total of generai assets.

_ Table 4.3.4 ANNUAL AVERAGE PROBABLE FLOOD DAMAGES

. BRI (Rp.10%)
" Annual : Flood  Average Average Accumu-

Remm  2verage Probability damages _arno,umr © annual lated

: . _probability of by of amount of amount
period . of occurrence . return  assumed probable of probable

' excecdance - . period damages damages damages
S-year - 0.2000 00000 . 0O .0 0 0
10-year. = 0, 1000 0.1000 ~ 176,669 88,334 8,833 8,833 .
.. 25-year  ~ 0.0400 0.0600 - 360,264 268,467 16,108 24,941
" 50-year 0.0200 0.0200 . 545,983 453,123 0,062 34,004
675,542 6,755

40,759

100-year  0.0100 0.0100 805,102
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Table 4.3.7 CALCULATION OF ECONOMIC INTERNAL RATE OF RETURN

(Flood Control Works)
(Rp.10%
Yeari Flood control works Cost allocated from dam Cosl Cash
¢carin " N
N Year Construction cost  Cost for Construction cost  Cost for grand Benefit balan
order e et o Total ————————— Total
FIC LICOME&R FIC L/IC OM&R total
1 1998/39 0 0 0 0 0 0 ) 0 0 0 0
2 1999/00 0 0 0 0 0 0 o 0 0 0 0
T3 200001 2,889 3,422 ¢ 6311 644 702 0 1,346 7,657 0 1657
4 2001/02 17,134 17,084 0 35118 3,156 4,182 0 7,338 42456 0 42,456
5 2002003 14207 24,576 0 38,783 4,395 5,362 0 9,757 48,540 0 48,540
6 2003/04 16,839 12,457 0 29296 10,062 9,039 0 19,101 48,397 _ 0 -48,397
7 200405 457 457 6816 4,353 0 11,169 11,626 24,941 13,315
8 2005006 ‘ 457 457 0 0 176 76 633 40,759 40,126
9 2006/07 457 457 0 0 176 - 176 633 40,759 40,126
10 2007/08 457 457 176 . 176 633 40,75 40,126
o 200809 - 457 . 457 176 176 633 - 40,759 40,126
12 200910 457 457 176 176 633 40,759 40,126
13 201011 - 457 457 . 176 176 633 40759 40,126
14 200112 . 457 457 176 176 633 40,759 40,126
15 201213 457 457 176 176 633 40,759 40,126
16 20134 457 . 457 176 176 633 40,759 40,126
17 201415 457 . 457 176 176 633 40,759 40,126
18 2015016 ' 457 457 116 176 633 40,759 40,126
19 201617 ‘ 457 457 176 176 . 633 40,759 40,126
20 2018 T as7 457 176 176 633 40,759 40,126
21 201819 457 457 176 176 633 40,759 40,126
22 - 2019720 457 457 176 176 633 40,759 40,126
23 2020101 0 457 457 _ 176 176 633 40,759 40,126
24 2021722 : 457 457 116 176 633 40,759 40,126
25 2022/23 457 as7 . 176 176 633 40,759 40,126
26 202324 457 457 : 176 176 633 - 40,759 . 40,126
27 2024725 S 487 457 176 176 633 40,759 40,126
28 202526 457 457 176 176 - 633 40,759 40,126
29 202627 : 457 457 176 176 633 40,759 40,126
30 202128 _ 457 457 176 176 633 40,759 40,126
31 2028029 457 457 . 176 - 176 633 40,759 40,126
32 202930 _ 457 457 176 176 . 633 . 40,759 - 40,126
33 2030031 457 457 176 176 - 633 40,759 40,126
34 203132 . 457 457 176 176 - 633 40,759 40,126
35 2032433 457 457 176 . 176 633 40,759 40,126
36 203334 _ 457 © 457 176 176 - 633 40,759 40,126
37 203415 457 457 176 176 - 633 40,759 40,126
I8 2035/36 . 457 457 _ 176 176 - 633 40,759 40,126
39 2036/37 457 457 176~ 176 633 - . 40,759 40,126
40 203138 ¢ 457 457 176 176 633 40,759 40,126
41 203839 457 457 - 176 176 633 40,759 40,126
42 203940 457 451 .. 176 176 633 40,759 40,126
43 2040M41 - ' 457 457 . 176 176 - 633 40,759 40,126
4 204142 © 457 487 S 176 176 0 633 - 40,759 40,126
45 204243 457 457 . 176 176 . 633 40,759 . 40,126
46 2043044 457 457 - 176 176 633 40,759 40,126
47 2044045 : 457 457 176 176 633 40,759 40,126
48 2045046 457 457 : S 176 176 633 40,759 40,126
49 2046/47 o 457 457 - 176 176 633 40,759 40,126
50 2047048 457 457 : 176 176 633 40,759 - 40,126
50 2048049 457 457 COT16 176 633 - 40,759 40,126
52 2049450 457 451 176 176 633 40,759 40,126
53 2050/51 . 457 457 176 - 176 - 633 40,759 40,126
54 2051452 457 457 176 176 - 633 40,759 40,126
55 2053/54 457 457 _ 176 176 633 40,759 40,126
56 2054155 : 457 457 : 176 176 - 633 40,759 40,126
Tolal 51,069 58439 22,850 132,358 25073 23,638 8,624 57335 189,693 2,022,132 1,832,439
In the condition of discount rate at 12 %:
Net Present value (NPY): ’ 92,130 164,331 72,201
Internal rate of return (EIRR): L 19.77%
BIC 1.78
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