.43 Desiga and Cost Estimate

(1) Facility Design

() Design of River Improvement Works

The structure of river improvement works was designed and taking into account the
following points: 1) sheet piles earth anchors are designed to protect existing flood walls
against excavation of riverbed, 2} river stream was planned to be diverted constructing sheet

- piles in the center of river course, 3) Flood wall was designed as L- shape reinforced concrete
.revelment Typical cross section of river lmprovement works is shown in Flgure-l 26.

Sy River-bed Excavation ‘ 2 ) I*Ioo(l Wall Hclghtemng
o - River Widih R o — Rna Width R
’ : P S U S S S
I ; S : Groond Surface
' o Ground Surface e ; o
. l] l’mposcd Rh;t""bca"—’\_c ‘ li‘roq;os?fd»&n,\.cr-btdbﬁﬂt

(3): Cﬂ;icrcie'Cltal_lxlel. C)) ﬁiverWidening |

PRSI .1 151 (11, B, —Rinsr Wid_‘h_w ——

U N S anchor werk 1 '
- Ground 'iarl'ac
- . : l"m scd Rnci-“l:»cﬁu:l—-f" s J
o s o :

shect pile §

Figure-1.26  Typical Cross Sections of River Linprovement

All the drainage 1o rivers should be improved installing the gates, which are classified into 3
types according to the sizes of drainage. Exisling bridges are planned to be reconstructed or -
rehabilitated if necessary.

(b) Design of Diversion Works

The structure of diversion tunnel and fixed weir is shown in Table-1.30 and Table-1.3 1.
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_Table-£.30  Dimension of Diversion Tuunel

“Hem  Dimension : " Remarks -
Qutlet Level R ~0.80m - ‘{ HighTide Sealevel
Inlet Lovel | T Taso | - .
 Tunncl Length ' 900m N : -
Tunnel Gradient . 1/450 i o
| Diameter of Cross Section | 6.00m __| Horseshoge shape section

Table-1.31_Condition of Fixed Weir Design

_ Item . o - Main Stream - Diverted Stream
Weir - : © . Fixed Weir o : - Fixed Weir ;
Top of Weir - - 4.39m e U 829m .
. Length of Weir . S Heom . o 18.0m :
| Height of Weir ' “1.0m o ' 0.%m
OverflowDepth  ~ : L. 26m D S By

(c) Design of Dams

" The dam iype of rock fill dam with inctined clay core was adoptéd because water leakage

prevention measures are necessary and because dam foundation rock strength is not
expected to be strong enough. The major structural features of the danis are shown in

Table-132.. o

As quaternary limestone was found 1o be distributed in the both dam sites and reservoir areas,
leakage . prevention is. designed in ‘the reservoir area. The structure of water leakage

-~ prevention measures are shown in the foltowing Figure-1.27. -

'\"”\\Z g SuchageWaterlevel =~ -

o " "Normal Water Level R

Scil Blanker
'}'{auikeh.l“onﬁaﬁon

QCopefete Channel / :

Quatemary Limzstone

Riverbed arca : Concrele channel, Gentle slope arca : Soil blanket; Steep slope area : Shotcrete

Figure-1.27  Resevvoir Protection

Table-1.32 Major Structural Features of Dams

Structure ' CTem ‘  Bato Gajah Batn Ganlung
Pain - | Type - - : .~ Rock Fill Dam with Inclined Clay Core
: Height : . 50.00m. . : 36.60m

[ CrestLength x Crest Width  © - 1 240mx10m 100.m x 10m

| Volume of Dam ' T Us97000mY | 159,000’

C Dam Slope : Upsirean/Downsitean o 1:30/1:25 1:30/1:25

Spiltway ! |Type . .. 1. . | L S Overflow . .
.. | Width / Height , 6.5m/39m | fm/42m
Emergency | Type =~ a NonGated Type | = Non Gated Type |
Spillway | Discharge Capacily 3 190m’fs (2,000year) | 220n1s (2,000-ycar) |

: " Overltow Crest Elevation _ EL.6660m_ EL. 96.80 m

Overllow Deplh / Length | BSm/135m 1.5m/ 12.0m
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| {8) - Design of Check Dam

The check dams were desugned as a masonry gravity dam. Specitications of the check dams . .

are shown in Table-1.33.-

Table-1.33 Specification of Check Dams

_ River "~ Ruhu : Tomm Batu Gajah Batu Gantung
" Dant Type —. ‘ o Masonry Gravity Dam _ _
Basement Elvation BLGn) | 620 - | 345 | nss | - 1100
DamHeightm) = | 38 49 61 | 35
Dam Length (m) osle | 3o | 320 ] 250
Overdlow Depth m) . | 417 RERT-UNEIN IR B 2.96
Free Board (m) | e 0.60 - 066 | 060
Spillway Height (m) T s T 26 ] Ta0e 336 |
Spiltway Width {m) 1o | 1o 100 F g0
Dait Volume () . | 1000 - | g0 | 70 . | . 300

Note: River Bed E\ca\almn is set a5 1.0m deplh
(e) ' Dcnign of Land Rcclamation Area

The maxmmm depth for the sea wall neces‘:aly to enclose the land reclamation area was
_assumed as - 2.0m below mean sea level, Reclamation area iwas asswined as -+ 2.0m above
niean sea level. Froin the bathymetric map, which was surveyed and made by JICA Study
Team, the avaitable area for land reclamation and the potential volume for- dlsposal of
e\(cavalcd material was calculated as shown i Table 1.34.

Table-1.34  Available Area for Land Reclamatlon.

. L : Sea Wall Dmlenston
: ] C. crage D i ) :
Name Type Aréa A\cng.c cpth | Tola Voh.m:\e_ Average Height | Total Length
WaiNita [0 MY | 6,56 bha 30m 196,800 m® $5m |  -865m
. Rectamation _ . o

(2) ‘Construction Schedute

The construction works of the project were divided into the four components such as 1)
river improvement works, 2) diversion tannel, 3) dam constniction aind 4) land reclamation.

These works is planned to be constructed according to the construction schedule shown in -

Table-1.35. The total construction penod is 5 years (60 momhs) from Apnl 2002 to March,
2006.

(3) Wark Quantity and Cost Estimate

The construction cost and éompenéation cost of each work item is presented in Table-1.36.
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" Table-1.36 Construction Cost and Land Acquisition &
Compensation Cost of Work Hems

Sun-30

Unit : Rp. million
| _ River Improvement o
akien S | Pl | T PGy g
_ i Qty | Cost Q_IT Cost | Qty | Cost | Qy | Cost | Qlty | Cost
1.1 Préparatory Work (LS) - Va7 |1 [ 706 | 1 [1z210| 1| 825 1| 587
1.2 River Bed Excavation (1113} 25,900] 389 | 20,600 309 [28,000| 420 |18,800] 282 }12,300] 185
3 Conercte ') | 3,050 1 2.248 | 7,200( 5,306 [ 15,900] 11,719 9,950 | 7,333 | 6,550 | 3,82%
1.4 Gate Work (picce) 18 1 163 | 1 | s | 19 [} 25 | 247 9 | 105
1.5 Bridge Improvement (br.) i ] 678 3 464 |10 | 1,542 13 322 |4 11,292
1 1.6 Sheet Pile (o) 600 | 1,197 | L1140 2,274 1,010 12,015 ] 920 | 1,836 | 630 | 1,237
[ 17 Anchor Work (picce)’ 100 | 395 | 300 {1,580 205 | 810 | 180 | 7er [ 120 | TS14
| 1.8 Check Dam (1) 1,000 | 737 - |- ]800 | 590 | 750 | 553 | 300 | 221
(Sggnzf'r‘gg&g Cos) 6214 0781 | 13492 12,609 8,969
2.1 Land Acquisition (mz) 615 62 1250 | 250 | 1,781 | 802 859 |- 387 791 | 1356
2.2 Reseittement (houschotd) | 5 | 225 {21 |45 10 | 450 | 19 | 855 | 26 | 1,170
Sub Total (2) 287 1,195 1,252 1242 1,526
Construction Cost - - G214 16,784 ‘18,492 12,609 - 8,969
Indirect Cost {25%) 1,554 2,696 4,623 | 3,152 12,242
[ Economic Cosl 7,768 . S 13,480 23,115 15,761 ° 11,211
: ) _ Dam Construction Diversion - Disposal
Work e " Batu Gdjeh. © {.. Balu Ganlung’ |  'BatuMerah- . |  WaiNilu
: _ o Qty | Cost | Qty | Cost Qi | Cosl Qty | Cost
ﬁl:.‘l Preparatory Work (LS) | .L C : 1 " 1,107 :
" 1.2 Tunnel Excavation (i) 40,900 | 12,548
1.3 Concrete Lining (m’) 13,950 | 12,338
1.4 Excavation (m’) 5,500 83
1.5 Concrete Work (') _ - 1,150 318
2.1 Preparatory Woik (LS) 1| 3,823 1| 2,500 e '
2.2 Access Road (m) 2,100 | 317 2,05¢ | 310 o
2.3 Reservoir Sealing () 47,500 | 21,150 | 40,000 | 18,000
2.4 Diversion Tunnzl {m) - T 398 ~ 3,821 217 2.083
2.5 Excavation (m’) 5,000 | 2,279 | 37,000 S44
2.6 Embankment (m’) 597,000 | 14,925 | 159,000( 3,975
2.7 Spillway Concrete (') 12,426__ 9,150 | 10,580 | 2,798
2.8 Intake (LS) 1 [ 3,000 1 3,000
3.1 Preparatory Work (L.S) : 1. | 432
3.2 Sea Wall () 1 A 865 | 6,176
(8831;!;?:3!‘({;:26?5)‘} | san 38,110: ._16,9.24-' © 6,608
5.1 Land Acquisition (%) 92,100 | 3,842 | 148,500| 3,355 | 3,000 660 .
5.2 Resetllement (onsehold) | 50 - | 2,230 1| 45 Sz 540
| Sub Total (5) 6,092 4,500 ©L140 o o
Conistruclion Cosl 58,471 © 38,210 16,924 L 6,608
Indircct Cost (25%) 14,618 © 9,553 4,231 TR
»Economic Cost . 73,089 47,763 21,155 8,200 -



1.4.4  Project Evaluation -
(1) Environmenial Impact Assessment

Initial environmental examination was conducted for the Flood Contro! Master Plan and
negative impacts were identified on 12 environmental elements of which resettlement, solid
waste and groundwater were considered to be significant inipacts during implemention of
the proposed projects. On this basis, the environmental impact assessment (EIA) for the
priority projects was conducted wnh the ulenhﬁ ed 12 environmental elemems as mam sludy

1 1tems

 The Stu(ly Tean) carrxed out ﬁeld surveys mc!udmg an interview survey with the households
- which would be p0551bly involved in the resettlement program, a biological survey for the
-rivers and estuary areas, a water. quality survey at the' proposed dam sites ‘and a

hydrogeological survey in areas where groundwater may be influenced by the two dams at
Bmu Gajah and Batu (Janlung and the diversion {unnel at Batu Merah, -

:Regardmg ail the env:ronmenta} elements for wh:ch possible . negative inpacts were

anticipated by the IEE, the extent of impacts were estimated and countermeasures were
proposed to eliminate or reduce the impacts as fac as possible. chardmo the three items for
which significant m\pacts were identified,- - the impacls werc carcf‘ully analyzed and
conc[m:ons were drawn as follows. - ' :

'(h) Reselilement

Resettlement will unavoidably happen when the projects are implemented. However, cfforts
“can be made to reduce the number of resettlement households to the minimum. This has
. ‘already been considered during project planning. Resettlement may involve very sensitive
- social problems which need 10 be well solved under the responsibility of local government.
- Recommendations were given in the EIA report regardmg impact reduclion. In addition to

reasonable compensatioh and provision of improved living conditions, continuous care of the
resettled population was recommended.

(2) Solid Waste
Solid waste disposal is important with river improvement and dam construction. The

quantity of solid waste was estimated and several sites were proposed for ils disposal;
namely, a land reclamation site at Wai Nilu, existing landfills and construction matenal reuse.

“Through these measures, solid wasle dlsposal w:ll not be a significant problem during project

COI‘! St ﬂ!CllOﬂ

.(3) Gmund\\ ate:

'.Impacls on groundwatcr may be expccted from the construction of the l\l.o multipurpose
- dams, the diversion {unncl at Batu Merah and river unprovemem with three-sided concrete

~ “channel.

Since the dam site geology has high permeabitity, water proof measures for reservoir’ and
dam sites should be taken into account, in order to reduce the influence on the groundwaler
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or springs at the doWnstrean{ stde.

Buring the diversion tunnel construction, loss of grm.ndwaler from the excavated tunnel is
unavoidable. However, afler tunnel construction, continuous loss of groundwater will not
~ oceur since the bottom and walls of the tunnel are concrete lined. Sealing of the diversion
tunne! against groundwater flow may also affect groundwater levels. In order to reduce the
impacts on people who are using groundwater from that aquifer, provision of new sources
for supplying drinking water has to be considered.

Three-sided concrete channel reduces groundwater recharge and may cause a decrease in .

well water level. Thus countermeasures should be taken mto account for the desugu of the
three-sided channel slmclure during detail dcs1gn -

?(2) Fconomlc Anal) sss

Table—! 37 shows the results of economic anaiys&s on ihc construction of the flood comrol .

Tacilitics for each of the five rivers and on the entire priority project, based on the assumption

that all the facilities are constructed i in five years for. separale cases and i0 nine years for -

,enure pro;eci

Constiuction of river nnpfovemenl facilities in each of the ﬁve rivers ‘is hlghly feas1b!e

showing IRR of between 19.9 % to 39.1.%. The projects for each river with 30-year relurn
period, namely Batu Merah, Tonw, Batu Gajah is also access to be feasible showing IRR of
between 10.5 to 25.8 %. Of these pro;ects IRR is very high on the project in Batu Merah
and Tomu River, and is fair on that in Batu Gajah and Batu Gantung Rwer

The entlrc pro;eul is also assessed to be f‘ea31b!e atlammg IRR of 164 %

| 'I'ab!c-l.S'? ~ Economic Cost,'Nl‘V, BIC and IRR ol‘ Each of the Five Rwers

- Case Economic Cost NPVallg% . | B/Cat | IRR
o 1 _ _ : : 10% :
Ruhy | TUver improvement Rp 7,768 million | Rp 26,154 million | 53 | 28.1%
(5 year return périod) B . o — . .
Bage | RV improvenent Rp 13,480 million |  Rp88,95Smillion | 9.6 | 39.1%
Moerah (Sl)mr-rclum period) .
River inprovement and | po gy casittion | - Rp 98,256 million [ 4.7 | 25.8%
.t diversion channel . o .
Toinu | River improveient Rp 23,115 million | - Rp 36,474 miliioﬁ_ S0 19.9%
| River improvement o - | - Y
G{:;::: (10 year retom period) Rp _15,761 m_lll:p_n _Rp 52,938 million | - 5.4 ae 28.0%
| Rivecimprovement Rp92,980 million |  Rp37,262million | - 1.4 | 13.1%
with multi-prpose dan - .
River improvement Ty it = . SR SO
G-,,,]i?t:: (10 year return period) Rp‘ 11,211 lll.l"-lt)ll : RE)_Z:),%Z millipn 4.4 . 25.1/0_
- | River improvement Rp 63,104 mittion | - Rp * 3,619 million S | doss
| with mnlti-purpose dam . 1
Five Rners ' : Rp 221,602 lmlllon ' Pp 168,756 mllllon 2 2 16'4%

l\ote Design scale ol‘ the pnonl) pro_;cds are S-year relurn p\,nod for Rulw River and 30-)ear retirn penocl
for the other rivers. ‘
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. Note. - Five construciion packages are shown in e follomng lablc

1.4.5 TImplementation Program

(1) Implementation Schedule

The responsible agency for the project implementation is the Ambon Flood Control Project
Oftice which will be newly established at the project site. The project is requested to be
financed by the OECF (The Overseas Lconomic Cooperation Fund, Japan). ’Jhe ovcrall
mlplemcmatmn schedule is shown in Table-1.38.

. Table-1.38 = - Tmplemen(ation Schedule - S
FistYear | (D | @ | GO | () | (5 ) | (M| & | O | (49
~ | 19989911999/00] 2000/01 ] 2001402 | 2002/63 ) 2003/04 2004405 | 2005/06 | 2006/07 | 2007/08

g e

llems\ Month 1’-—]-:!!' Qut fapr (Ot |Apr 1Ot JApr 1Ot TARE Qat Apr 0ot JApr 1O fApr O JAD Ot fapr 0et
’ v | Sep! Marj Sopt M Sept Mag Sepr Mo Sept My S f Sepl Ma Sepl Mar]  Sept  Marl - Sepl: Map

..i..--.4'.-...;-:.;:.4;1-.---uicii.n- AAAAAA YIIYEY

busasalissaadessssbodtinsanabiginentahidnnriarsarnaanaas 'ntaen el

] Loan Procedure

a Pledge B B O S D O T O O T CEUN SO PR FHO IS SO
b Loan Agn.cme':t ' - | : ‘ R i
7 Procurement | Balinid

a_Copsulting Services | Mr . 0 i L ioobodiofeedoa i e b b

b Constructtorl Work IR R Rl Sesverl, R R
< Pre-gualification : ;
- TiDoc, Preparation : : #
- Teider Period . b e +r
- Tender Evaluation |~ '

= OECF Cbn';uncncc

3

¥ EETAN

- Conlract s
Negotiation

- OFECF Concurrence *

- LIC Open :

} Consulting Senvices |- §- Eft%;

TIELLINY

Survey & Design - |

) l.'i:uxl_:n\n RPN R sy FEELESN PHIRTTIPE I TANNIT; TN iRV

x12T1E unn.n\xn uu\:'u!lu

¢ Const. Supervi
4 Construction
a

i3 B

XN,

ATENY ITSINT, AN

A I FULNE LTI
d Pﬂc’kag&—’i. i 1y ; s
5] Packag;- ....... 375 uuuéunu ’ |

5 Land Acqm:.mon

Packages fo:_‘ Civil Works
Packaging - © -7 Scope of Works
| Package- 1 | - - Batu Gajah Multi-purpose Dain

Package-2: - Bata Gantung Mulli-purpose Dam

e - Wai Nitu Disposal Site

" Patkage -3 | ‘- BaluMeral River Improvement
‘ | - Balu Merah Diversion Tunncl

Package -4 | . - Ruhu River lmprovement

- Tomu River Improventent

- Ruhu Check Dam '

"= Tomu Check Dam .

" Package - 5 - Batu Gajah Rivér Improvement

- Batu Gantung River Improvemént

- Batu Gajah Check Dam :

- Batu Gantung Check Dam
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Fiuance and Dlsbmsemcnt Scheduie

‘The total project cost is 302, 049 billion Ruplah {12.379 billion Yen), ebhmatcd in September

1997 Basis. Qut of the total project cost, 242 338 billion Rupiah (9.952 billion Yen) will be -

financed by OLCF loan. Other potion of the project cost: 59.211 billion Rupiah (2427
billion Yen) will be financed by the national budget. The disbursement schedule of the
project is summarized in Table-1.39.

Atmual Dishursemeat Schedule of the Praject

o5

Table-1.39 .
e N ~ Unit; Million Rupiah
{tems Total | 199900 moamlzmwz zxmxglﬁamt 20405 ’msml mml:mms ‘
Consu!lmg hngmeermgs Mot SRR R ER R ’;'3'5‘ D
Construction B i e TSR
Land Aoqmsnmn&(‘omp aietnn St : -

1 Construction Cost  ~ . [246,302 © 49,708 50,699 51,716 52,748 27,055 14,375
DirectCost 1 . L | 41,0811 41,9001 42,7411 43,593 22,3539 11,880
Package -1 |- Basc Cost 9,748 9,744 9,748 9,748 9,744 9,746

: - Price Esc. 1014) 12300 1449 167§ 1904] 2134
................................ <Towal> | 67,87 110,759 10,978 11,194 11,418 11,646 11,880
Package 2 -Base Cost |- 8,964 8,963 8964 8,963 8,964

- | - Price Esc. 933 31 1333 1539 1749
i) ETolaE> -] 51,503 1.9,89710,094 10297 10,502 10,713
Packa’ge-3 Base Cost 6,921 6,927°6,927 6,927 -

: - Price Esc. 21t 874 103G 1189 -
| <Total> |12 gesisug
Package -4 - ~BascCosi 6,177 6,176

- Price Esc. 219 1060
i) STotal> - | 28,107 R.7,090. 1234 ).
Package - 5 - Base Cost 5, 195 5,394

- Price Esc. ! 302 924

<Total> | 24,548 oaen-63d b

b [5%era | L2037 2180 LY 594

)4 o s%ofa 2;-.!.3.?..2.?_-..!..39._...l..a.!..l...ﬂ.... 594

d] Tax: 10% of (a4 b +¢) 4,701 4,795 2,400 1307

2 Land Acquisition & Conip. 3.992 4,077 4,134

alDirect Cost | ] 3,299 3,365 3,435

- Base Cost 2,872 2,872 2,874
e . PrricE BsC. A2 A9y Sseh

b| Contingency A6y 168 174

¢| Aduwiinistration 3 A6y 168 172

d|Tax: 10%ofGatbtcy 363 - 3700 374

3 Consulting Engineering S. 3,_93( 4,015 4,095 2'0-38|

a| Direct Cost - | 340§ 3,479 3,514 1,808

- Base Cost 2,967 2,967 2,967 1,483

|- Price Esc. | : 81 - 309 L 374 4 ‘ 32y

b| Contingency [3%ofa | 138 7193 197 sd 164 - 167 .90

¢ Tax: 10% of (a ’rlH c) E ' ‘ | ' 1o
Grand Tolai 302,049 4,454 4,548 4,998 57,329 58,472 59,615 60,835 35,300 16,463 . -
. OEC Loan Portion 242,834 3,054 4, 132 1,124] 46,575 47,504 48 $5({ 49,423 27,2001 14,373

[\‘ole]

Base for cost cstimalion

Conversion rates -

: September 1997

(1 USS = Rp2928 Y 120 Rp/Y = 244 Ypr 0.041
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1.5  Recommendations

(1) Emplementation of Priorvity Project

The Priority Project proposes flood control measures and water resources development for
the center of Ambon city as follows:

- Ruhu River -t River Improvement, Check Dam
- Batu Merah River : River Improvement, Diversion Tunnel
- TomuRiver - : River Improvement, Check Dam

- Batu Gajah River River lmprove'rilént;Mulli-purposc'Dam_, Check Dam
- ‘Batu Gantung River : River Improvement, Multi-purpose Dam, Check Dam -

“The Government of Indonesia has raised the policy to support and prontote development of

the eastern regions, which are felatively undeveloped within Indonesia. Anbon City has long

~ been the social and economic center of eastern Indonesia including Maluku Province. One of
*the projects being most urgently implerented in the effort to develop the infrastnicture of -

Ambon is to put flood prevention measures and cily water supply in place in the uban

- districts of the city. Therefore, implementation of the priority project proposed in this study

should commence as soon as possible. -

- Although Ruhu h{;xlli-pt;rpdse dam is not included il_i the priorily project, water de\kelo'pmeﬁt

is néeded considering long term city water demand. The implementation of this dam should
start following the priority project. ' 3

(2)  Implenientation of Non-structural Measures '

Non:structural flood control measures were proposed in this study and aimed at 1)
suppression of flood runofl, 2) improvement of flood proof function, and 3) facilitation of
flood disaster prevention activities. As non-structural measures are as unporttant as the
structural measures, the nop-structural measures should be implemented in line with the
structural measires by establishing the special committee proposed as a coordination body.

(3) Financing the Proje(it'Cost
The total priority project cost is estimated to be 302.049 billion Rupiah (12.379 billion Yen).

In order to iniplement the project, 59.211 billion Rupiah (2.427 billion Yen) should be
financed by the national budget. Tlhie other portion of the project cost 242.338 billion Rupiah

- (9.952 billion Yen) could be financed by OECF loau. Thus necessary preparation and
* arrangement should be taken by the central government as soon as possible.

- (4)  Countermeasures to Land Acquisition and Resettlenent

* Totally 144 houscholds will be involved in the resettlement program. Land acquisition of

8,300 m” in the city area and 241,000 m’ in the upstream area is needed to implement the

- priority 'piojcc;. ‘As these land acquisition and resciiteinent shall be settled by the local

government, carcful and appropriate measures are necessary.
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(§) River Favironment Management

As one of the non-structural measures, river environment management has been proposed n .

+ the flood control master plan. This includes restriction on garbage dumping in the rivers,
 installation of sanitary facilities such as septic tanks and public sewers. In order to 1mprovc
the biological condition and protect reservoir water quality for water supply by dams, it is

recommended that in Batu Gajah and Batu Gantung, the dams and reservoirs and their

surroundmg areas shall be taken as natural protection areas. Reforeslallon around the
reservoir is an important measure for lhIS purpose.

{6) Watel Dlsiuhuhon Plan

~The pnonty project includes watcr resources development wnh Batu: Gajah and: Batu
-Gantung ' Multi-purpose Dams, but - does not include water distribution plan such as
puification plants and distribution pipe network from the dams. Therefore, th|s plan should
be studied and fonnu!aled as soon as possible by the local government

| : (7) Conlmuous Effort of Collecimg l[ydromemc l)ata

For the i‘urlher study of the plan on flood control and waler: resources development

- hydrometric data, such as sainfall data and river discharge data must be collected. As -

hydrometric _stations - were installed in thls Study, thesc data should be conimuously
measured, stored aud processed. :
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' CHHAPTER 2 FLOOD CONTROL FOR PASAHARTI'AREA |

2.1 General Condition of Pasahari Area

2.1.1 Socio-economy
(1) Current Socis-cconomic Conditions

:3 Transmigration to Seram Istand is co:wen!rated in the Paséhari Area. {t.is 1oéated in the
-Seram Utara Sub-District of the Central Maluku District. The study area-is composed of

seven villages (Wailoping, Kobi, Waitohipa, Marasahu, Morokai and Samal) and other new
transmigration units outside the villages. Most of the families i m the Pasahari Area migrated
under the Government’s transmigration pollcy There were 27 resettlément umils as of

jAugust 1996. Table-2.1 shows the number of households and popurauon in the Study An.a

mcludmg both (ransnugrated and local people.

Table—2.1 No. of Households and Populahon in the Study Area (December 19921

- Transmigration Area | Potential [mgatwu An,a “No. of Houscholds ~ Population
Samall 22017ha 1488 5764
CSamal 11 - P -2,500ha c 815 : T 3,500 .
Kebi . | 288ha . 1,779 _' 6,522
TOTAL | 751508 Coq082 . 15,786

- Source : JICA Study Team -

Social facilities  such as schools; clinics and religious facilities are provided by the

* Government under the transmigration schiéme. No public transport is available yet; bicycles

and motorcycles are the major means of transport within the villages, while private
trucks/vehicles are available for tranisport between or outside the villages.

(2) Irrigation Scheme

The construction of the Ministry of Public Works’ irrigation schente, which has mainly been
financed by the Asian Developmeni Bank, started in the fiscal year 1993/94. It is expected
that construction oni'1,884 ha in Samal I and 1,411 ha in Kobi {and 281 ha in Lofin) will be
completed by the end of the fiscal year 1996/97. The total construction costs are expected to

“be Rp 3,250 million for Samal I and Rp 10,550 niiltion for Kobi.
L (3) Curfcnt Agricultural Production

: 5'[ he populatlon is hlghly dependent on the agricultural sector for employment. Trading

aclivities arc expected 1o increase in‘accordance with the increase in agricultural pmducuon
food crops are alrcady shipped to Ambon City through Kobisadar Poit, which is located

“close to the mouth of the Samal River. This port is equipped with a rclauvcly large pier that

enables loading of agricultural products onto several medium-sized boats at onc time. It

~ takes about four days to go by boat from Kobisadar to Ambon. Rice production is expected

to sngmﬁcamly increase, in line with the development of irrigation facilities. A}Drlcullural _

~ income is sull small, esumated atRp 2.5 to 3 miltion per houschold.
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. (4)  Future Population

~ According to the Transmigration Agency, 4,120 people are scheduted to be transmigrated by
the end of fiscal year 1998/99. Since no more transmigration is currently planned by the
Transmigration Agency ‘in the Pasahari Arca, this study used 1.9% as the figure for future
population growth rate in this area, which is the same as the national population growth rate.
The future population in the Study Area is shown in Table-2 2.

_ _Table-2,2 ° Future Popuiation in the Study Area _ _
Year - | 1996 1998/ .2000] 2008 - 2010 . 2005 2020{. 2025 2030

© New Transmigration | - | 4,120 4278  4,700] 5168|5674 6233) 63849 7,524
Existing Population | 15,786] 16,392] 17,020] 18,700| 20,545 22,573] 24,800f 27,247] 29,936

Total 15,786 20,512 21,208] 234000 25,709| 28246| 31,034 31,006] 37,460
‘Source : JICA Stody Teant '

(5) Expected Increase in Agricultural Production

It is expected that agricultural production in the Pasahari Area will increase in line with

development of irrigation canals. The Seram Irrigation Project of DGWRD anticipates that

the future cropping intensily in paddy will be 170% for Samat 1 (limited water availability

will prevent the second cropping in some arcas) and 200% for Kobi. Each area is expected

to attain a yield of 4.5 towha/harvest by the year 2001. As a result, the anticipated rice

production in Samal 1 and Kobi from 2001 is 16,960 tons/year and 26,082 tons/year,

respectively, Although there are no data available regarding water availability in Samal 1I, B
cropping inteasity in paddy is expected 1o increase significantly also in this area when the
-irrigation project is realized.

#
",

2.1.2 Physicai Geography
(1) Topegraphy and Geology

Vast alluvial lowlands are formed to the north of the center of Seram Island near the estuary.
The Samal River and the Kobi River flow generally north from hilly arcas to alluvial plains,
where the river is very gentle in slope and meanders signilicantly. Flood water sometime
overflows from the river course to altuvial plains. Meandered rivers are eroded on the outer
“section of the curve and cause sedimentation on the inner section of the curve and thus form
flood plains.

The free intake of Samal River is situated at the extreme position where the hilly area,
formed from sedimentary rock of the neogene tertiary period, changes to alluvial lowlands.
Nen-consolidated conglomerates containing pebbles with diameters of 30 to 50 centimeters
are distributed in the river bed. Further downsiream, the pebbles become smaller and sand
and silt are found to be superior. The free intake of the Kobi River is located in the alluvial
{owlands formed non-consolidated conglomerates containing pebbles with diameters of S to
10 centimeters.

&
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- (2) Cmﬁ'r'ent and Future Land Use

. The overall land use situation i Pasahari Area in 1988 is shown in Figure-2.1. This land use

map was compiled by the Study Team based on the aero-photographs which were taken in
1988, The' Pasahari arca was once covered muainly with forests and grasstands, with
mangrove forests along the coast. However, since cullivation is expanding rapidly in line
with the transmigration and irrigation schemies, some forest and grasslands have already been
turned into farmland.

The rescitleinent to the Samal and Kobi areas is scheduled to be finished in the fiscal year
1998/99, while irrigation facilities for Samal T and Kabi will be completed by the end of the
fiscal year 1996/97. Except for the Samal II project, no further irrigation projects are yet
scheduled. Paddy field has been deve[opcd on the alluvial plains of Samal and Kobi by
avoiding habitually flooded areas. These arcas will be turned into paddy field if lood control
facilities are constnicted. The area located between the mainstream of Kobi River and
Tinvipa River {a branch of Kobi River) has potential to be developed into farmiand in the
near future.

2.1.3  Hydrology and Flood Damage

(1) Climate

" The weather conditions in the Pasahari Study Area are outlined in Figure-2,2. The average

temperature and humidity are as high as 24.7 °C and 89% respectively, indicating a hot and
humid climate.
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Figure-2.2  Seasonal Fluctuation of Weather in Kobisonta Station
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(2)  River S)slems

The Study area in lhe Pacahan area of Scram Ilthlld(“i the two river basm , tiamely Samal

- and Kobi rivers, and their tributaries Musi and Tinupa rivers: The catchinent areas and main
- river lengths have been measured by the Study Team using the revised 1:100,000 scale

topographical map. The results are given in Table-2.3 and the longitudinal profiles of the
two rivers are shown in Figure-2.3 below. The river systems are shown in Figure-2.4.

Table-2.3 Study River Basihs - Pasahari Area -

River Name  Catchment Area Length of Main River
o ' k') - {km) '
- SammatRiver, | - 2689 - . 568

_ KobiRiver . 2718 506

1500

12.00
E 90
§

?
£ o
300
00 oo 200 300 420 500 00

Distanee freny $ea (km)

Figure-2.3  Longitudinal Profiles of Samal and Kebi Rivers

Lo

Jf»é/:”

[ \ e TR Y \

o - Scale 7 PP SV é,
!__L___—_-L b .:'.. . T - - -

T \'\ \ : ‘ i ! / )

Figure-2.4  Samal and Kobi River S}'Stems
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{3) Il)dromeu ic Stations

1n Seram Island, there are cight meteorological (rainfall) stations, two of which are located
~in the vicinity of the Study Arca (Wahai and Kobisonta in Pasahari). Of the seven
'~ hydrological stations, two stationis are located in Samal River and Kobi River, but no data
ar¢ available.

In order to venfy meteorological and hydmfog:cal data in the target niver basins, an
~ automatic rainfall recorder (ARR), an automatic water level recorders (AWLR) and two
~water tevel staff gauges have been installed as part of this Study as showiin Table-2. 4. The

locanon of these observation stations are shown i in Figure-2.5.. : »

f'Tah!e-2.4 - ,ssl of Inslallcd QObservation Stations

fem - |- Station Conic- i Rner or Basin : (alchmcnlAnea (km)
. ‘ _ o - Station - | “Total
Staff Gauge | ~ S-SM-1 Samal River 2604 - 269
_ : SKB1 Kobi River w40 | 272
AWLR | ~AW-SM-1 © SamalRiver . - 2604 269
ARR AR-PH-1 ;- SamalRiver | - 3 -]
o K.ﬂbi River 2K - R A
Samaancr .k T
3! . : P
N o s
1,\\‘\‘““ ‘.
'i
AL ¢ ~ Yegend: _ 8
" - Ingtalled by JICA :
5, - O Stalf Gauge |
y L A {3 Automatic Water Level Recorder
c:,-;i‘ Musi me A Autoinatic R.sunfa!] Recorder
Scate 1:100,000 L -~ Existing

A Auionuttc Ramf 'dl Recorder

Figiire-2.5  Location of Observation Stations

(4) Experienced Flood Damage

Based on the flood damage survey for 1988/01/27, 1989/04/03, 1996/02/19 and annual
floods, the inundation area was drawn for each flood and the inundation area and depth of
the biggest flood, 1988/01/27 flood, is shown in Figure-2.6.

{5) Flood l“OI‘CCaSﬁl:lg and Warning S ‘_stchl
¥ .

‘For inhabitants in Pasahari, flood forecasting is only based npon experienced rainy season in

December, January and February. Simple methods of flaod forecasting by the indigenous

people include the observation of very dark rain clouds in the mountainous upstream regions -

and the fact that large Noods tend to'occur every four years, usually alter the long penod of

the diy scason. Although there are govemmem offices in Masohi and Wahai, there is no

government oftice in Pasahari and actually no formal methods of flood forecasting. For the g
people Iwmg, in the study ar¢a, generally lhey do not have any flood wammg system and the

- only warning method is by shouting on the river banks.
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2.1.4  Environmént
(1) Resetilement and Land Acquisitioil

Pasahari is a newly developed agricultural area where -most of the population are
transmigrated from Java under the Government’s Transmigration Program. Therefore,
resettlement is a comnion practice in this area although there has been no experience of
resettlement due to industrial or any infrastructure development activity. Since Pasahari is

still an underdeveloped area and lands are aliocated by the Government to the reseftled

peop‘le for housing and farmmg, and to other developments such as the construction of the
__|mgat|on systems etc., land acquisition has not bccome & prob!em so far.

(2) 7T mnsporta!mn and Public Facilities

lnfrastmclure has riot yet been well constructed in Pasahari area - most of the roads are

. unpaved, electricity is not available in most of the villages and there is almost no public

telecommunication service. No public transport is yet available. The public facilities in
* Pasahari area arc limited to schools (one junior high schoo} and one senior high school at

-Kobisonta and primary schools at most of the vnllages) health centers, one post oftice (at
: Koblsonla) and mcsques (at each village). ‘

3) “Public Health

As for pubhc health service, there is one cormunity health center in Samal area wuh 2

doctors and one in Kobi area with 1 doctor. There are sub- health centers in most of the

villages each with one petson for simple medical care. ‘The medical services are provided by
the Government under the transmigration scheme. Malaria, skin infection, diarrhea and
influenza are the main diseases in this area, and death from diarrhea happens occasionally.

(4) Environmental Sanitation

In Pasahari area, domestic water supply mainly depends on groundwater from dug-wells. In |

the rainy season well water is sufficient, but in the dry season people in'some villages have to
get water from the Samal and Kobi Rivers at their upstream side. There are no water quality

data available but villagers have complained salinity, high iron concentration and turbidity

problems. To improve water supply, the Transmigration Agency pianned to construct water

pipes to transfer clean river water to the transmigration villages and plpmg work has ‘already

started at some villages in Samal area.

{S) Flora and Fauna

Allhough there are no data available on the vegetation in Pasahari area, it is said that the

main {lora species, especially those in the forests, are about the same as those in Ambon area.
As for wildlife, wild boar, deer and some spec;es of birds are dommant in the forest area.

(6) River and Coastal Envirosment

In'the estuaries of the Samal and Kaobi Rivers, there are largc areas of mangrove forests _

which extend 2 or 3 km to the upstream direction and protect the river bank well Bank
erosion is found to be serious from the end of mangrove forest to the middle stream part of
the niver. The upstream part of the river ﬂows through the forest and grassland area where
river course is broad and shallow and bank erosion is less setious.

In rainy season, sediment runofY is the main problem for the rivers and estuaries. Sea water
turns yellowish in a broad coastal area. Through a survey from the estuary to the upstream
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| Note * - Calcutated by Non Annual Probability Method

part of Kobi River, it was found that most of the sediment was from 1he middle stream part
of the river. The influence of sediment runoft on the coastal enwromucnt is &gmﬁcant

(7 Environmental Pollution

No environmental monitoring has ever been conducted in Pasahari arca. However,
considering ils low population density and limited: development aclivity, it can be said
environmental pollution is not significant presently from man-made pollution sources. Some

~ - eavironmental problems mentioned above are mainly caused by natural reasons. For example,
~sca water intrusion may bc the main reason for the salinity problem with the groundwater
- and river water quality. - ‘

| '2.2 : Flood A_ualysis

2.2.1 Rainfall Analysis

t)) :7 Representative Rainfall Stations and Basin Rainfall

In Pasahari area, since the station at Kobisonta is within the Study Area and possesses eight |
- years of daily rainfall data, it can be taken as a representative station for both of the target

river basins: However, the station at Kairatu is the only station to'provide hourly rainfall data

. in Seram, but is 160 km from Kobisonta and located on the opposite side of the island where

the rainy season and dry season are reversed. However, a comparison of the data from -
Kairat and Kobisonta shows the similarity of the two stationis in terms of probab!e dally
rainfall. As for the hourly rainfall, therefore, the da!a in Kairalu can be tdken as: a

© represeniative station For the above mentioned reasons, the representative rainfall

observalzon stations in the Pasahan Area are chosen as follows:

- Dally Rainfall : Koblsonta - Hourly Rainfall : Kairatu

In Pasahan area, the represcnlalwe rainfall stations of Kobisonfa and Kairatu are at low

ahtitude (EL 2m and 20m, respectively). However, because the basins of the two larget rivers
cover a wide area of appromnatcly 250 km® and reach an altitude about 1,000 m in the
upstream mountainous area, it is riccessary to take into account the altitude diﬂcrmce for
basin rainfall. Manusela raml‘ali station is located in the mountainous area, and mean annual
rainfall‘'data is about two times as that of Kobisenta. From rough Tiesen division based on
the location of Kobisonta and Manusela in the river basin, it is decided that the basin mean
rainfall can be taken as the arithmetic average of the data from the two stations, i.c. 1.5 times

“the mean annual rainfall recorded at Kobisonta.

(2) Rainfall Probability Analysis

Table- 2'54'57216\\’3 the probable daily and hourly rainfall calculated based on the representative
rainfall station data. The Non Annual Probability Method is applied since daily and hourly

=ram[‘a!i dala ale mﬂy available for 7 years at Kob:sonla station and 8 years at Kairatu statiob.

:Table—z.S' _ Probable l)mly Ramfall 1l’asaha|n\rca Kob;sonia] _
ReturnPeriod - |year| 2 | "3 | § 10 | 20 | 30 ) so | te0o | 200

Probable Daily Rainfall § mm 99.3 | 109.8 (1229 | 1407 | 1585 | 169.0 | 182.1 1999 2117
Probable Hourly Rainfall] mum | 438 | 43.9 § 6.6 { 503 | 53.0 | 56.1 | 588 | 62.5°| 66.2

.- Non Annual Daily Rainfall Data more than Sﬂzmnfda), for 7 ycars
- Non Annual Hourl) Rainfall Data for 8 years

Sum-65



| 222 Flood Runoff Analysis

(1) Division of Catchment Aveas

The division of the Samal and Kobi caichment areas is shown in Figure-2.7. The main
discharge reference points were chosen as the existing road bridges near the downstream of
* both rivers. Tn addition, the confluence of the tributaries of Musi and Tinupa rivers were
taken as discharge reference points. The catchment area, river length and average slope
associated with each of the reference points are given in Table-2.6.

‘Fable-2.6  Division of Samatl and Kobi Catchment Al'ons

C River . °Caichmcnt ‘ River lcngt!n Max. Elev | Min. Elev Slepe

s . : Arca (k) - (km) s (m) {m) » o
Samal - Tolal to Bridge 2604 451 . | 1300 16 | 135
Samal Free Intake | = 1527 C304 -0 | 1300 40 124 .
“Intake - Bridge - 204 14.7 40 16 | 1612
WaiMosi ] 873 35.5 500 20 | e
Kobi- TotaltoBridge - | - 2640 = 425 - 800 . -3 /53¢
- Kobi Frée Intake 1778 - 321 S 800 L 20 - 1041 -

- Intake - Bridge L8l 104 20 | .30 1/612 -
WaiTinupa. - 58.1 : ©242 0 | 350 -5 1/70

' (2) Runol‘f Coel‘l‘ment

The mnof} cocﬂnc&cnt used in the Rational Formula is determined based on the topography,

ground cover, vegetailon and land use in the catchinent area. A value of' runo[F cocfficient £

= 0.7 is adopted for the rivers in the Pasahan study’ area

(3) Peak Discharge by Rahonal anmla

The peak flood discharge was calculated for various' return penods usmg the Rational

Forawla. The results of the peak d|scharge calculation, and lhe corruspondmg spec1ﬁc
discharge for cach return period, are given in Table-2.7. :

Table-2.7  Peak Flood ami Spcclﬁc ])lscharge by Ihlmnal Formula :
"1)1s»haigu HCA T : Pwkl)mhargc(m’hcé) PR Y
Ref}nnt i} (han2) | (nin) ’2 ::5 . _10 15 sanp2s] 3] 50 E-'3"?'(3 _3."_'10(}- 260
Talbet Formula Coeft (a) | 170.7] 210.4| 240.4] - 258 270.7 28().5 288.60| 311 125634151 3723

Talbot Formula Coeff(b) | 1.723] 2.009] 2.187| 2 276| 2.341| 2 388] 2.429| 2 526} 2 582 2.643{ 2.749
SAMALRVER _ " .
Free Intake 1527 215 955| 1117) 1237 1307] 1356] 1395[ 1425 1511] 1568] 1629] 1746

Before Confl. | 171.0 1070] 1251| 1385] 1464] 1519 1562} 1596] 1693| 1756| 1824} 1955
WaiMusi | 873 | 160 | e38] 740) sis| seo| sor| 9is| 934| 9ss| 1024] 1062 1135
After Conf. | 258.3 1708) 1990] 2201} 2324| 2410( 2477| 2530 2681 2780| 2886| 3090
Road Bridge | 2604 | - | 1721 2006 2218] 2342| 2428| 2496] ‘2549 2702 2801| 2908| 3114

Spexific Dischargé ndfsee/m2) '561 “770] 8528 78991 9.33] 9.59] 9.79| 10,37 10.76| 11.17] 11.96
KOBIRIVER | - N D I O I N
FreeIntake © | 177.8 | 202 | 1160[ 1353] 1497 1581] 1639 1685| 1721] 1825 1892] 1965) 2105

Before Contl. {2045 | | 1334] 1556] 1722 1818 1885| 1938] 19801 2099] 2177| 2260| 2421
Wai Tinwpa | 8.1 | 115 | 530 eo0s{ e62f 695)" 718 736| ;750 791] 818[ 846 S0
Afer Conf. | 2626 | 1864] 2161] 2384] 2513} 2604] 2675| 2730} 2890| 2994] 3106] 3322
Read Bridge | 2640 | 1873| 2172] 239s| 2526] 2616] 2688 2744} 2901] 3009] 3121] 3339

Spevific Dhchmgt,(nﬂfc-ecﬂxml);_ 7.05] 823|907} 957 9.91]10.18] 10,39} 11,00 11.40] 11.82] 12.65
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Figare-2.7  Division of Samal and Kobi Catchiment Aveas
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2.23  Flood Damage Analysis
'(l) - Discharge Capacity of River Channels

Longitudinal and cross sectional river surveys for Samal and Kobi rivers, and their tributaries
Musi and Tinupa, were carried out during this Study. The results of these surveys were used
to assess the current discharge capacity of the rivers. This cross section data was compited
and the uniform flow calcutation method was used to obtain stage discharge (H / Q) curves

for every cross seclion over a range of flows up to a maximum of 800 m*/scc (400 m’/sec for

-Musi & Tinupa). The discharge capacity at cach section was then estimated by comparing
the left and right - bank heights to the calculated stage discharge curves.:Based on this

* analysis, the discharge capacity of cach river is summarized in ‘fable-2.8. The summary table ‘

gives the average and extrenie values of minimum discharge capacniy

“Table-2.8 _Summary Result of Discharge (,apaclly

CRierName | e e
Samal River o 100 - 150 . ' 1
Musi River o 0e150 . 66
Kobi River  Tw0-150 0 | 84
. Tinnpagi\'er o T 100150 72

{2) Estimation of Fio_od Damage

It is necessary to estimate the damage to be caused by future floods in the “without Project”

case, in order to quantify the benefits in the “with Project” case. In this Study, the flood
damage analysis was carried out in the follomng way:

1} Specify the hclghl of water and the area flooded of the past three major floods and
annual flood through interviews and contour analysis

2) Estimate the damage of the above floods

3} Draw a “flood discharge - damage value” curve based on the results of above 2)

4) Calculate yearly benefits of the project, in other words, yearly average of damage
alleviation derived from probabilities of several water amount cases.

"(3) Damage to General Assets (houses/buildings, household articles and farinland)
The damage 1o the _Iicuiscs and buildings and farm had to be estimated through interviews

with residents and owners of business activities. The exact damage to houses and buildings
was, however, diflicult to estimate, since people’s memory on the floods was already lost,

while damage to the structure of the houses does not show immediately. After compa:ing_ .

the damage situation acquired from interviews with the standard damage rate used in Japan,

the Study Team judged that it would be reasonable to apply lhe Japanese damage rale whlch_

was acquired by the past experience in Japan.

The Study Team estimated the value of each type of general assets in all the flooded area

through the field investigation (refer to Table-2.9), and made a zoning map based on this

information. In addition, the data on the height of water were obtained by the flood damage
survey, through 1nlerv1ews wnh around 50 reSIdenls in the Study Area.
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Value of General Assels

Table-2.9 ) |
ltem * Houscs Houschold * | Farm Depreciable | “Farm Rice Crop -
Axlicies - Assels Stock Asscls
Unit per Building | per Building-— pet Bui!dinug_ per Building perion
Unit Value (Rp million) g s | 2 0.4 0.4

(4} Damageto Infrastructure

 Damage data to the infrastructure in Pasahari were not obtained. Then the Study Team used -

the Japanese standdrd damage rate on the infrastructure: when damage to general assels is

facnllty 43, to the eleclnmty syatem 24, totalmg 79.4.

”(ﬁ) (,nop Damage

. 100, the damage to roads and bridges can be estimated at 28, to ﬁelds 6 and to irrigation | -

“The main farm crop in Pasahari is paddy rice. Since the flood damage cost and rates to crops
are not known, the daniage rates shown in the following table for the cost of crop damage _
caused by pasi floods in Japan shall be apphed to calculate crop damag,c m the Pro;eci area. .

L Table-2.10  Paddy Rice l)amagc Rates. .
m {nundation Depth Less than 0.5 0.5-0.9%1 1.0m or ﬁ:orc_’ﬁw
| . _Inundation Days . Y2 | a4 |56 | 6< ] 12 ;3-'4 56 | 6< |12 | 34| 56 6<
 Damags Rate (¢ a) L300 36|50l 24 a8 )so] 7137 s4]68] 74

: Source : Manuat for River Works in Japan, Sun ey, Ministry of Construction
Note: The faim ctop dm_ua'gc rat¢ is the ratio of damage assuming the crop production valuc to be 100.

6 Estimation bf Past Flood Damagc

The past flood damageé are 'esf!imatcd @nd’shown' in Table-2.11.

Table-2.11 Estimation of Past Flood Damage

~Unit : Rp, miltion

Flood : Item Samal Kobi Total
No. of Houses 577 _ 201 718
1988/01/27 | General Assels Damage 1103 328 143}
.. CropDamage - 568 3in2 .90
“Infrastracture Damage 1327 556 N 1883
Tolal Damage 2997 1 125 . | 4252 |
_ No: of Houses 505 R 1S 620
-1992/04/03 | General Assets Damnage - | 382 192 . 1074
: Crop Damage 176 T 770
Infrastruclure Damage 1078 386 1464
B Tolal Damage 2436 872 3308
" MNo. of Houses 60 i 13 B 73
1996/02/19 | General Assets Damage 91 i c 29 120
' . - Crop Damage 62 ' B 116 178
Infrasttucture Damage 121 114 ‘235
o “TolalDamage -~ | - 274 IR 533 ]
: No. of Houscs - 28 8 36
Annval | General Assets Damage 43 17, . 60
: Crop Damage 12 -3 1 - 45
Infrastruciure Damage 67 16 g3 .
Total Damage 152 36 188

Source : }ICA Study Team
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- (7) Estimation of Assumed Flood Damage

" Flood damage at probable discharge with 100-ycar return period was estimated. In this case,
~assuming that all of flood discharge flows inside of the river course; river water level, namely
flood water level is calculated by using uniform flow calculation. Referring to the estimated
flood water Jevel, micro-topography of flooded area, the past flooded area and water depth,
flooded area and water depth with 100-year return period was studied. T he flooded area
with 100-return period is presented in Figure-2.8.

Applying the same tiiethod of the past flood daiilag_e_ estimation, the flood damage with 100-
year return period was estimated and is shown in Table-2.12. The peak discharges are shown
“in Table-2.12. B P T

_'l:‘abie'-Z.lz Estimation of Flood Damage with 100-year retura period

Flood © o ltem - Samal Kobi Total
Flood with | No. of Houses ) 1147 906 2053
'100-year . | General Assets Damage (Rp. Million) 2917 . 2243 5180
" Return | Crop Damage (Rp. Million) : ' 1581 1883 3464

Period Ln_fmslmc!ur’eDmnagcj(Rp. Million) 3587 3276 6863

“Fotal Damage (Rp. Million) C3105 - 7402 8507
Soutce ¢ JICA Study Team R :
§ - o Table-2.13 __ Peak Discharge (m’/sec} __
Probability Location Samal - Kobi
1120 " Road Bridge _ 2,428 2,616
1/100 Road Bridge 2,908 3,121

LR
=

(8) Estimation of Past Flood Discharge

The past flood discharges and prabability were estimated from daily rainfall, because hourly
rainfall data were not obtained. These are presented in Table-2.14, '

__Table-2.14  Estimation of Past Flood Discharge

Item 1988/01/27 Flood | 1992/04/03 Flood | 1996/02/19 Flood
" Daily Rainfall (mavday) T 1089 63.1
| Reluse Period 10-year S-vear N I-year
Discharge Samal at Road Bridge 2218 2006 1520
(w’/sce) Kobi at Road Bridge 2395 2172 1670

Source : JICA Study Team

(9) ¥lood Discharge - Damage Value Curve

Based on the above flood damage study, relationship between flood discharge and flood
damage is estimated, taking into account of follows: Refer to Table-2.15.

The flood discharge with no damages is assumed as the discharge capacity of cach

nver. :

Damaged flood occurs 1 times a year in both rivers. :

The flood on 1996/02/19 was estimated to be 1-year return period.

The flood on 1992/04/03 was estimated to be S-year return period. _ -

“The flood on 1988/01/27 was estimated to be 10-year return period. ' : g
Flood damage with 20-ycar and 100-year return peciod were estimated by the Study

Team. ' ' : '

1
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" The relationship between flood discharge / flood probability and damage value was shown in

~ Table-2.16, Figure-2.9 and Figure-2.10..

. Figui'e—Z.ib

Retum Penod (year)

Flood Return Period - Damage Value Curve

Sum-72

Table-2,15  Estimation Method
Return Period Discharge C Damage
0.5-vear . Discharge capacily No damage '
1-year * Annual flood discharge Actual annual flood damagc(l996f’02f19)
S-year Discharge with 5-year retuin period | Actval flood damage on 1992/04/03
“10-year | Discharge with 10-year rclurn period | Actuval flood damage on 1988/01/27
20-year Discharge with 20-year return period | Flood damage with 20-year return penod read
: . : e from graph
. 100-year | Discharge with ' 100-year return { Estimated flood damage with 100-year refurn
' ‘ period ' ~ | period
'l‘able}z.lﬁ : Re!auonshlp bemeen Fleod Discharge and Damage Value
Samal River | Kobi River
B Return . Dischaige © Damage Return Discharge Damage
Period {m3fsec) (Rp Mil.) . Period {m3/sec) (Rp Mil)-
0.5-year 1310 o0 C o BSeyear 1450 0 '
- 1-year - 1520 274 . Y-year 1670 259
5-year 2006 2436 ~S-year 2172 872
10-year . 2218 2998 s 10-year - 2395 - 1256
" 20-year 2428 3565 " : 20-year 2616 1939 .
100-yeat 2508 f 8105 30-year 312y 7402
Source : JICA Study Tean : ' ‘
10,000 o S| ; - S
= —o—— Samal |- SR
& 6,000 |~ -2~ - Kobi . / —
& 4,000 - - —— < e
& ’
2,000 ‘ ; =
0 500 1000 - 1,500 2000 2500 13000 3,500
Flood Discharge (m3fs)
Figure-2.9 Hood Discharge - Damage Value Curve
o 10,000 _ y -
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2, 3 Flood Cont:ol Conccpuml Plan
2. 3 I Basic Planmng Conditions and Polmes

In preparation of the flood conltrol conceplual plan for Pasahan Area various plannmg
condilions and policies arc sct as shown in Table-2.17.

- Table-2.17 : Basic Pohcv of Flood Control Plan for Pasahari Area

‘ftems _ _ Dcscrlptlou

i ——

“Plan Conditions

- Targel Year | Yearof201s :
- Protected Area - Domlsmam areas. from !hc proposed lrngalmn SWCHS mc[udmg lhrcc

' " F irrigation argas: Samat 1) Samal H and Kobi. :
- Design Scate 20 - year return period

Flood Control Measures

- Low Cost Works © | As the Pasahari area is still undeveloped, Tow cost river fuiprovement works
: + 1 for f1o0d control should be recommended rather than high cost Rood control |1
measures siich as dams and reservoirs, The height of the river dikes should be
kepl low, us_ing arcas with slightly higher clevation as patural dikes and
increasing the river width as mich as possible. Thus, dike construction cost
- | could b¢ reduced, and rain ivatéc drainage facilitated bccausc ﬂood water level
- will be lower.

- Wider River Channel As both the rivers are meandcrmg o the al!m 1al plam river dikes should be
: planned to widely surconnd the cuscent giver course.. The current river course
will act as the low wates channel and flood plains mlh awide compomld Cross
section should be formed by the river dikes.-

- f\itﬁlli-pt!fposc Dike = | Dikes should be planried as mulil-purpose dikes, such as for rmd:, ungalton
_ : canal yard ¢l¢., in order to maxismize the benelit of the initial investimend,
- Staged Construction - | Currently ﬂooducl areas to be protecled should be prioditized according Lo

1mpoﬂance Further, s{agcd cons!mumn slwuld be proposed bas';d on lhc

2.3.2 Proposed Fleod Control Plan

(1) Alternative Flood Contvol Plans

Assuming several dike heights (H = 1.5m - 3.0m), the necessary river width for 20-year
return period design scale was calculated usirig the uniform flow calculation method.

- For Samal river and its tributary, Musi river, dikes are planned on both left and right banks,
“since irrigation arcas have been planned and developed on both sides of the river. However,

the left side of Samal River from 10k000 to 16k000 is located close to the hill side so that it

- is not necessary to construct dikes. In addition, the feft side of Samal River from 0k00O to
- 7K000 is most!) marsh and dikes are not necessary. Refer 1o Fable—z 18.

For Kle river and_lts tnbulaiy, ‘Tinupa river, dikes are pianned on th_c right bank of Kobi
‘river and ‘on the lefl bank of Tinupa river, because there is no planned irrigation in the area

between Kobi River and Tinupa River. However, for Kobi River from 4k000 to. 6k000
(confluence), construction of dikes is necessary on both sides. In addition, the area
downstrean from 3k000 is mostly marsh so thal dikes are not necessary. Refer to Table-
2.18.
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{2) Optimum Flood Control Plan

Based on the cost cstimation:rcs‘.llts, the most economical alternative plan for each river was
selected as optimum plan. For both river, iy'pical dike of 2 meter height is selected as shown

in Table-2.18. The standard dike cross section is designed as shown in Figure-2.11. Refer to
hgurc -2.12 for details of the Conceptual Flood Control Plan.

Tah!e-2 18 Floed Conirel Plan for Pasahan Area

<< Dike Typical Section for Vetocity < 2.0 m/sec >>

Frecboard = 60cm

HIEES

HWL _ Sodding
s=1:2

Crown Width

= 5_.0 m

. River Sanial River - Musi River " Tetal
[ ' . -7.0k | -100k | -160k | - 16.6k _ 1.5k - 5.5k
; Planned Gradient 1/5600 | 17550 | 17330 1/200 17270 | 17220 -
. -| Planned River Lcnglh (m) - | :7,000 (] 3,000 6,000 600 - 4,500 1,000 -
| Design Discharge (i’ lsec} v2.450 |- 2450 | 1550 | 1,550 900 900 - -
| Dike Height (m) (200 | 2.00 2.00 2.00 200 2.00 -
[ Pianned River Width (n1) 2,850 |: 1400 | - 540 350 ¢ 340 . 260 -
Water Height (m) 740, 640 390 | 3% 3.90 3.40 -
| Velocity (m/sec) 058 1 L13 1,62 223 - 1,66 1.96 -
‘| Land Acquisition Area (ha) |- 2.21 §3.09:| 1037 | 085 14.11 1.87 42.50
Project Cost {million Rp) - B - - - - 20,077
River _ C Kobi River - Tinupa River Total
L 260k | -95k | -150k | -166k | -4.0k | -6.5k
Planncd Gradienl 14900 | /430 | 17250 | /180 1/520 1/230 -
Planned River Length (m) 6,000 [ 3,500 6,000 | 1,600 | 4,000. | :2,500 -
Design Discharge (in'/sec) | 2,630 {1,900 1,900 1,900 750 . 750 -
Dike Height (n) 2.50 200 | -200 200§ 200 .| 200 - -]
Planned River Width (m) 1500 |. 920 - 510 540 . | 410 | - 220 -
Water Height (m) 690 | 640 3.90 290 | 490 | 440 -
Velocity (m/seg) . 0.590 | 0130 | 1.9 2.10 117 192. | "
Land Acquisition {ha) 10.26 6.80 10,88 204§ 595 | 544 41.37
Project Cost {miltion Rp) « - - - - ' - - 22,190

: v, SOdding D:keHetghl =2 m
s=1:2 ‘ .

<< Dike "iyplcal Secllon for Velocity =

Frea.bmrd = 60011 ~
I\-‘l1<01\ '

HWL

<

Embankimeni

Crown Width

2.0 m/sec >

o =50m

. Eitlballkltieill-, o

- Sodding |

Dike Height=2m - -

Foot Protéction

Figure-2.11
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2.3.3 Implementation Schedule

lmpiementahon schedule of 1he conceplual flood control p]an for S'1ma1 River and Kobi

~ River was prepared as shown in Table-2:19. Dikes for all the river section are divided into

stages and each section is implemented as staged construction. In: principal, dikes are

- constructed from the downstream of each river.

Table-2.19 __ Implementation Schedule of Conceptual Ilood Control Plan )
~Work ltems ESR §1900 2000 P01 2002 33003 2004 2(])5 2033 2007 A8 X009 ‘3310 2017 2012 2013 'Zﬂl-'l .21’}}) :

1) Pieparation et

(2} Construction

|- Samal (0.0k-10.0k) |

- Tmupa (0 0k- 6 Sk)

2. 3 4 Evaluatlon of Plan

(1) ]miml Envlronmental Exalmnanon

Table-2 20 shows an environmehta] e_xamination matrix summarizing the 1EE (Initial
Environmental Examination) - resulls Certain negative . impacts may occur on some
cnvironmerital elements during pmject conslmclmn but no negative impact is anhclpatcd
when the pmJect is put into opcrallon '

" 'Table-2.20 hnv:ronmental quanmmtmn Matrix

o B | i ‘Project Activity
Environmental Eleinent o Consl.ructlon Phase Operation Fhase

Sl R. | Kobi R. | Samal R. | KobiR. |

Reseltlement

Social
Environment

Archm!oawal and Cultural Propertis |~ "1 L L
Water ngh! and nght { :
mb!lcl!ea]th and San]‘a‘lgn e A et memrm- s g tannapireon maimeiie e
Soxld wa\tb e T ETL IR L T TE T T T, S P PP PP PR L

Risk of Disaster _ : . .
- | Topographyand Geotogy L - b b
Notwal Co|SodEresion b
Ervivonmeni Gr ' : ' -
' Ia
Flora and Fauna . - ) - L. -
Landscape . e SR
Airpolluton - s i

| Environmental I RS IS
Pollution : T i

'(‘round Subsidence

Oftnsive Oor ] et T [
KT ngnmcant Negative Tmpact, A: Possible Negatnulmpac! - No Negative Impact .
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(2) . Economic Evaluation
‘Economic analysis was conducted under the following assumptions :

- Price {evel End of December 1996
- Design scale - 20-year Return Period
- Project life - ' :  SOyears
- Maintenance costs : 0.5% ofthe total construction cosls per year
- Standard conversion rate L 85% : :
- = Growth rat¢ of properly value 6.0% | per anium (Unm 2010)
o L 1.6% per atnum (F ront 2011)

Table-2.21° shows the results of €conomic analysis on the construction of the ﬂood comrol -
facilities in Samal and Kobi river, on ‘the assumption that the facdlhes are constructed in

three stagea in Ime with the 1mplememallon schedule.

Since 3 16. 0% IRR will be achieved for the Sanial Flood Control Project, the construction of
- flocd control facilitics for Samal river is judged to be economically feasible. On the other
hand, cconomic feasibility of the construction of Kob: River flood control facililies is

marginal as its IRR is 8.2%. However, it should be noted that fleod control facilities in Kobi
“River can be tised as roads which would have additional impact on the tocal economy,
although benei:ts are difficuli to quantify due to lack of traftic data. :

: The fulure dcvelopment plan of the Pasahan Area is currently not yet defined by the
Governnient. The feasibility of the construction of Kobi River's flood control facilities
cannot be judged at this moment since it is contingent on futire development prospects of
the area.

Table-2,21  Economic Evatuation of Flood Control Pian for _Pasahai‘i Area

Project Cost | Nel Present Value Benefit/Cost Internal Ralc
River System | (Economic Cost) at 10% at of
Million Rp Miltion Rp 10% Return
Samal River 17,065 7,885 _ 188 . . | 160% .
Kobi River 18,862 2,122 079 8.2%

2.4 Recommendations
(1) Further Stages of the Conceptual Plan

The flood control measures on Samal and Kobi Rivers in Pasahari were proposed as a
conceptual plan, based on the following concept: l) low cost river improvement works, 2)
river dikes planned widely surrounding the current river course, 3} economical flood control
measures and 4) multi-purpose dikes. As Pasahari area has high potentlal for ‘agricultural
producllon further stages of flood control plan and implementation, such as Master Plan,
Feasibility Study, Detail Design and Constmctlon should proceed in line with 1mgahon
' pmjects :
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'(2) Contmuous Effort of C ollectmg Hydrometric Data

- There are daily. rainfail data in Pasahau but no hously rainfall data. As for water level and

discharge data in Samal and Kobi Rivers, there are pracucally no available data. For the

* further study of not only flood control plan but also irrigation projects, hydrometdic data,

such as rainfall data and river discharge data is needed. As hydrometric stations were
iristalted in this Study, these data should be continuously measured, stored and processed.

3 Land Use chula(io’n

. The river dikes were platined WIdely surrounding the current river couirse, l‘he p[anned river
- wldth is set at 1,400-1,500 m in the downstream of Samal and Kobi Rivers, with the dike

heighi of 2.0-2.5 m. The area between dikes (inside area of the rivers) has very wide space

" and people may want to utilize the' 'area as a residential area 'or agricaltural land. However it
“should be reminded that this arca is the area inside of the rivers and is prone to flooding.

hus land use regulation for the area between dikés is nceded. These area should bc uhlwed

- as a farm land for inundation-proof crops not as a residential area.
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