"CHAPTER 1 FLOOD CONTROI: FOR AMBON AREA |
1.1 General Condition of Ambon Avea

1.1.1 Secio-cconomy

(1) Current Populnt:on

According to the census in 0ct0ber 1990, the population of Ambon City was 275 ,888. The

“recent census conducted by the Statistics Oftice of Ambon City shows that the population in
June 1996 was 304,334, If these figures are used, the average annual increase in papulation in

Ambon City is 1.7%. The population of Ambon City mcreased 4.5% per year from 1971 to

1980 and 2.9% per year from 1980 10 1990.

“Fable-1.1 _Po Jgulauon Glowth in Ambon Cny, 1961-1996

Year N I 5T B T 1980 Oct. 1990 J}m 1996 | Dec. 1996*_
Population 9142 | 139,704 {207,702 | 275888 | 04334 | 305,:252“
Popu!almn Growth Rale peryear - : 3.5% 15% | 29% _ 1.7% 17 % _

Source Ambon City Statistics (* Eslmnhon by HCA Slud) Team)

- The Study ’Area mcludes'QO Desaf_[(elurahan,' whach are expected to be more or less
- influenced by the:project. The Central Cily Area includes 17 Desa/Kelurahan and the

Upstream Area includes 3 Desa/Kelurahan. The population of the Study Area is about
160,000 : 149,000 in Central City and 11,000 in the upstream area. The population density in
the Central City, excluding Batu Merah is 105 personstha, while it is only 1.1 personvha in the

upslream area, .

@) Current Economic Conditions

Ambon City is the capital and the trade center of Maluku Province, accounting for 11% of the
total provincial population and 25% of the provincial Gross Domestic Product (GDP) in
1994. The annual growth rates of regional GDP for Maluku Province and Ambon City from
1983 to 1994 were 7.6% and 7.5% in rcal terms, 'respcctivcly.

Average income per capita in Maluku Province and Ambon City is around Rp. 1.1 million.
Since each liousehold has five to six family members, average houschold income is estimated
to be around Rp: § million to' 7 million. Ambon residents work mostly in governmental and
non-governnental services, retail, hoteb’rcstauranl and transportation; around 80% of all

warkers fall into these :,cctors

3) Popu_lzition Projcction

As stated above, the study team estimated current population increase al 1.7% per year in

- Ambon City and applies the same rate, 1.7%, as [uture annual population increase rate in
: Amhon Clly Table-1. 2 shows the projected future populatlon in Ambon City.

Table-1.2: Population Projection in Anibon (,lly

Yeac. | 3990 | 1996 | 2000 | 2005 | 2010 .20151_2020' 2625 | 2030

Population | 275,888 | 305,252 | 326,514 | 355,261 386,502 _420,4901457,469 497,698 | 311,466
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“The future populatmn increase in the Central City is estimated to be 0,5% per year, which wil!

only be attained by vertical development of fand. The population increase in the upstream area
~ .is estimated to be the same as that of Ambon City, namely 1.7 %. Table-1.3 shows the future
pepu!auon in the Central City and Upstream Arca and ¥igure-1.1 shows the projected
population growth in Ambon Cll)’ and the Study Arca.

Tabte-1.3 Populanon P:o;ecuon in the Study Area
© Year | 1996 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Centsal City - | 149.205 | 152.212 | 156.055 159.996 | 164.036 | 168.178 | 172425 | 176.779
*Upsteam Atea | 10646 | 12458 | 13554 | 14746 | 16043 | 17.453 | 13988 | 20658
Swdy Acea | 160.851 | 163670 | 169.609 | 174.742 | 180.078 | 185.631 | 191.813 | 197.437
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Figure-1.1  Population Prdjeciion in Ambon C.ity and the Study Area
(4) GDP Projection

The growth rate of Ambon City’s GDP per capita ay eragcd 4.4% per year from 1983 to 1994.
However, due to statistical errors rather than business cycles, the observed GDP per capila
fluctuated significantly. Table-1.4 shows the annval growth rate of the Clty s GDP per capita,
The growth rate of Ambon City’s GDP per capita was 4.4% per year in 1983 1994 5.5% in
1983-1988, 3.4% in 1988-1994, and 5.7% in 1990-94. :

Table-1.4 _Annual Growth Rate of Amlion_City per capita GDP . . |

Year 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994

Growth Rate(%) 23 [ 07 | 30 | 10 J220 |70 53 | 2] 40| 31| 50

Source : Ambon Cily Statistics Office -
Based on the trend over the last ten years, the study team appllcd a rate of 4 S% to defermine

~ future annual increase in per capita GDP in Ambon City. Asa result; the real GDP i increase _
becomies 6.3% per year since the population i increase is forecast at 1.7% per year. . %
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* 1.1.2 Physical Geography

(1) Regional Topography and Geology

- Ambon Island focated in the northern reaches of the Banda Sea in Maluku Province of castern

Indonesia. Banda Sea is surrounded by the Sunda arc and Banda arc. The Banda arc is
comprised of an outer arc (non-volcanic) which connects the islands of Sumba, Timor,
Tanimbar, Seram and Buru from west to cast and an inner arc (volcanic) that connects the
islands of Flores, Alor, Wetar, Banda and Ambon. . :

On the whole, Ambon Island compnscs a pall of lhe iiner arc and lhc majonly of its basement
rock is made up of volcanic rocks froni the neogene tertiary penod T hlS indicates that Ambon

. lsland is an aréa that gave nse to complex gcologlcal structures.

(2) Topogmphy in 2 the Study Area

The istand of Ambon compnses the rmnh mland (Semenanjuilg Hltu) and the south island
(Semenanjung Lai Timor) situated on cither side of Ambon Bay which is a tectonic valley.
Although the two islands were originally separate, a sand bat formed at the northern tip (near

the vnllagc of Paso) of the south island thus connectmg the two into a land tied istand.

“The five target nvers start their flow inthe backbone range and flow northwestward down the
‘steep mountain side; towards Ambon Bay via hifly plateaus and alluvial lowlands. The reaches
‘of the rivers can be gcneral[y categorized into moumamous region, hilly plateau’ and alluvial

lowland

' (3) Geology in the SIudyI_A'rea

_ The geological composition can be summarized as shown in Table-1.5. The oldest rocks in
* this area are the Kanikeh Formation Ultrabasic, intruding of the late Mesozoic age, occurred

in the southern part of the island. Ambon granite, intruding of the tertiary age, is exposed in
the upper reaches of the target rivers. The rocks near the foot of the mountain are greatly
altered by superficial weathering. In the plateaus, Quaternary coral limestone covers the
above mentioncd basement rocks. :

The alluvial lowlands which comprisé the lower reaches of the rivers are mainly covered with
atluvial fan deposits (cobbles, pebbles, sand) at the mouth of the valleys and alluvium (pebbles,
sand, clay etc.} near the river mouth.

Table-1.5  Geological Composrllon of Ambon Island

Period . " - Formation Rocks _
Quaternary ' N ) Altuvial Deposils . . Cobblc Pcbblc Sand, Silt, Ch} ]
. Coral Limestone - [ Coral Limestone
. R Ambon Volcanic - © - Andesne Dacite, Vo!camc Brecua Tuff --------
;Tcnié‘l)f - - Rock's(A1|\b01iit¢):' . | Breecia, Tult

‘ Ambon Granite -~ | Biotite Granite :
o E : Biotite Cordierite -
Cretaccous-Jurassic. | Ultrabasic Rocks’ | Harzburgite, Dusite Scrpcnllmlc Gabbro

Jurassic-Triassic Kanikeh Formation Sandstone, Shale, Sillstone,

Conglomerate, Limiestone
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H Currcnt Land Use in the Study Arca

. The catchment arca of the five rivers can be-divided into two’ areas by their land use

~ characteristics, namely Upstream Area and Cential City Area. The Upstream Area is mostly
- covered with bushes and grass although cropping trees and small cultivated farnland are also
observed. The Central City Area covers most of the urban area in Ambon City.

Although 92% of the land is classified as residential area in the Central City Area for statistical
purposes, the iesidential area als¢ includes un-populated hillsides, where grass and bushes
- predominate because the steep Iand does ot allow for construction of houses '

Accordmg to lhe “Curent Land Usc ‘map prepared by BPN (Natlonai Land Agency)

. residential areas are found along the Ambon Bay and the five rivers. Although there are small
forest areas in the upstreain of Batu Merah, Bati Gajab and Batu Gantung rivers, mixed
garden and grass and bush areas predorinate most of the upslream area of the five rivers.

(8} Future Land Use

Ambon City

Accordmg to the “Future Land Development” map prepared by BPN, 40% of the total study
area is designated as forest reserve. However, since there are currently fio substantive
restrictions on land use, some new settlements are already established in this area. Human
scltlenent on the hillside shou]d be restricted in order to prevent further soil erosion of the
mountain,

. Study Area . _ :
Considering that Ambon City is the biggest trade center in Maluku Province and that there is

not enough tand in the Central City for future industiiat growth, land in the Central City will
continue 1o be used primarily for housing and commercial activities. The city population will
continue 1o spread mainly outside of the Central City, along the Ambon Bay.

1.1.3 Hydrology and Flood Damage
(1} Climate

The climate in Indonesia can generally be described as marine tropical with high temperatures
and much rain. Temperature variation is small and there is a rainy season {from October to
March and a dry scason from Agpril to September. The division of the rainy season and dry
season is usually clear in the west region from Sumatra to Bali and in Irian Jaya, but the rainy
season is shorter in much of the east region except for Irian Jaya.

In the study area of Ambon, the rainy season is from May to September and the trend is
exactly the apposite of the west region from Sumatra to Bali. The average temperature and
hwnidity are as high as 26.1 °C and 83 % respectively, indicating a hot and humid climate.
Figure-1.2 characterizes the scasonal fluctuation of weather,
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Figure-1.2  Seasonal Flnctuation of Weather at Pattimura Autbon Station
(2) River Systems
The Study area includes the basins of the five rivers named Ruhu River, Batu Merah River,
Tomu River, Batu Gajah River and Batu Gantung River, from the north. The catchment areas

and main tiver lengths are shown in Table-1.6 and the river systems and basin boundaries are
illustrated in Figure-1.3.

Table-1.6 Catchsient Area sind Length of Study Rivers

River Nane : Catchment Arca (km?) Length of Main Coursc (kn)
Ruhu River 1684 27
Batu Merah River T 703 73
Tomuui*i}:er - 5.04 ' - 7.0 T
Batu Gajab River 5.97 67
Batu Gantung River  em s

The longitudinal profiles of these five rivers are shown in Figure-1.4 and are summarized as
follows :

- Ruhu River, the most northerty of the target rivers and whose downstream and river
mouth is away from the other rivers, has the largest basin and the most gentle river slope
of the five rivers.

- Batu Merah River, Tomu River and Batu Gajah River, which are located in the center of
the central cily area, have similar features of basin area and slope. However, Batu

- Merah River has a slightly more gentle slope than the other two rivers.

- Batu Gantung River, which is located to the south of the target rivers, has the steepest

slope of the five rivers. -

: Sl{ill-S
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The following hydromelnc observation stations were mstal[cd in the Ambon area by the Study
Team : _

- Automatic ramf‘all recorder (ARR) ' o 1 in Tomu Rlver
- Automatic water level recorder (AWLR) : 1in Tomu River Basin
- Stafl gauges : : "2 5in Ambon (1 on each river)

“The locations of the observation stations installed by the Sfud_y Team in the Ambon area are
shown in Figure-1.3 and the stations are listed in Table-1.7. The catchment areas at the
location of each stafY gauge and for each river basin are also indicated.

Table-1.7  Installed and Existing QObservation Stations

B {tem Station River or Basin Condition- ~ Catchmenl Arca (ki)
Code _ o Station © Total
S-RH-1 Ruhis River Renewal - | 14.91 16.84 _
_ S-BM-1 Batu Merah River New 6.14 703
Staff Gauge [S-TM-1 . | Tomu River . Rengwal 3.99 YT N
' S-Gf-1 - |Bate Gajah River ", Renewal 192 6.61
. IS'GT1 ¢ |Bani Ganluig River New 5.89 687
AWLR = AW—TI\E_-T_“?Q[;M River ' New 3.99 5.64
ARR .. . AR-T;\!-]E Tonw River Basin - New _- _ - N _ s
' AR-GT1 . |Gunung Nona | Exisling - ' -

Note, - AWLR ‘Automatic Waler Level Recorder, ARR Au‘lomatic Rainfall Recorder
(b) Flow Regime

Due to lack of discharge observation data, the H-Q curves were thus obtained by using the
results of the uniform flow calculation wnh a roughncss cocfllc;enl of n = 0,050 mainly for

Sum-7



" |Tomu River

~low flow condition. Flow regime for the target rivers was obtained by reviewing the data of
--past 10 years, Since there are only two years’ observation data (from October 1994 to
- September 1996) of daily average water level, those for the other 8 years were estimated by
- using the daily flow rate data and cossidering a proportional conversion factor of the annual
rainfall. The flow regimes are shown in Table-1.8.

Table-1.8 Flow Regime L
P ‘ © Flow Regime (m*s) Volume of Deplh of
Year | Mean |Maximum| High | Median | Low | Drought [Minimum| Run-off | Run-off
L es | assy ey @ss | @es) | aoxem®)| gamy

Ruhu River : T -
TMean | 177 | 3391 165 | 091 | 055 | 028 | 016 | 5606 | 3,760
SpecificQ | 11:90 | 22744 [m108| 611 | 372 | 186 | 110 | - -

Mean | 034 [ 400 |o47 | o1 [on2} om | o006 | 1056 | 2647
SpecificQ | 845 | 10014 | 1188 352 | 302 ] 282 1.61 - .
Bain Gajah River '

Mean | 0.39 503 [ o043} 022 | 013 _010. 0.00° 1213 | 2,459

Specific Q.| 7.84 | 102,18 | 865 441 | 269 1.96 -} 0.00 Do -
Notes : - Rainfall data for the years 1984, 1987-1989 and 1994 ate not a\aﬂablc '

- Specific Q : Specific Dlschargc @’/s/100kin’)
{4) : Experienced Flood Damage

Based on the flood damage sutvey, the inundation arca of the 1984/06/18 flood, 1990/08/19
flood, 1996/08/22 flood aud an annual flood for each river wereé drawn. Inundation area,

inundation flood water depth, inundation hours and the number of hours requlred for cleaning
/ repairing damaged houses were assessed. :

(5) Flood Forceasting and Warning Systém

{a) Flood Forccastin’g System

Hoods as one of the natural disasters in traditional socicty llfe can be forecast by interpreting
natural indications such as rainfall. For inhabitants in Ambon, flood forecasting is only based

upon the experienced rainy season in Juae, July and August. In addition to forecasting based
upon experience, Central Meteorological Office Amben said that flood occurrence depends

completely on the rainfall intensity and flood wnll accur if the ramfall reaches 230-450

mn/day.

(b) Flood Warning System

In certain areas, flood warning informationi_is usually 'prdvided by the mosque drum, church |

bell, traditional wooden signal drum or other means depending on iocal conditions. Flood
information is also given from the govemment level directly or indirectly by telephone.
However, for most people living i in the sludy area, generally thereis no flood wammg system,
ll is found that the most common warnmg sysiem is lmnled to shouting on the river banks

Sum-8
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" .14 Water Use and Demand

- (1) " Current Water Use '

() Domestic Water Use

Water for domestic use in Ambon city is provided by PDAM through both individual
houschotd connections and public taps. The main water sources are springs and deep wells
connected via reservoirs to a distribution network. PDAM currently serves 20 of Ambon’s 50

- Desa / Keluraha, mostly within the Study Area. T is esnmaled that watcr supply by PDAM
“reaches 28% of the city resxdenls : _ S

Per capita water consumptmn has bcen eshmated for both houschold connecltons and public
“taps. PDAM assumes that approxlmatciy 53,000 people oblained water from household

conneclions in 1995 and the per capita consumption is estimated at 98.5 liters/capita/day

' (led). The number of houscholds wsing water from public taps is ‘approximately 4,600, or
about 30,000. This figure is equivalent to a per caplta consumpuon of SO lcd L :

(b) Non Domeslic Waler Use

Thete are no large industrial water users in the Ambon ; area. Howcver non-domestic water
saTes from PDAM still accounted for 45% of the total sales in'the central cily in 1995, 50% of
the non-domestic water sales were to government cuslomers, including government oftices,
schools, hospitals and other pubhc facilities.. PDAM- also provides water to over 700
commercial customers, mainly <hops businesses, hotels and restaurants in the central city area-
of Ambon. :

(2) Future Watcr Demand

Fulure demand for doniéstic and non ‘domestic water use has been predicted for the Study

‘Area and for the whole of Ambon City until the Year 2030. ‘The results are summarized in

Table-1.9 below are presented graphlca!ly in Figure-1.5.
. Table-1.9 Sum many of Fulure Water Demand (m7day)

Year ‘ 19%6 2000 2005 2010 2013 2020 2025 2030
Popuiallon Projéction o 1 _ _
~ Study Area 160,851 161,670 169,609| 174,742 180,078| 185,631 | 191,413 197,437
Ambon Municipalify { 305,252 | 326,544 355,261 386,502| 420,490 457,469 | 497,689} 511,166
Donicstic Watcr Demand ' N .
Study Area 3700 5046 7,208 10,266] 12,605] 14,830] 16,749) 18,957
- Ambon Total ' 7,021 10,205] 15,099 22,707{ 29,43%| 36,598] 13,548] 51,439
Non Domestic Demand _ ' ' o : :
Study Area | 30270 4210|5898 8,400] 10314 12,1501 13,703 15246
Ambon Total = 3,027  1477] 6,774] 10,595] 14,521 17,587] 20,403 23,517
Total Futire Demand . < | - | | ' S
Study Arca C6,726) © 9,336] 13,106| 38,666{ 22,919 27,001 30452} 34,103
Ainbon Total | 10,048| 14,681 21,873| 33,302| 43,935{ 54,185]| 63,951) 74,956
Systen Losses o » L ; S S ' ' : _
Study Area S| 4484 6238 7,057) ©8,000] 7,640[ 90001 10,151} 11268/ '
_ AmbonToal - | 6698] :9,787| 11,778] 14,272] 14,652| 18,062| 21,317} 24,985
Tolal Water Requitement _ - ' o
Study Arca 13,281 15,593 20,163} 26,665 30,559| 36,00t; 10,603 45,470
AmbonTotal | 16,746] 24,468] 33,651] 47,574| 58,607] 72.246] 85208| 99,942

Sum-9



' The prédiclion of future water demand in this Study is based on the'obj_cctiv'es stated in the
- Water Supply Systems Developnient Plan, and makes the following assumptions :

(a)  Domestic Water D_enmﬁd
" Population Projection

The projection of population growlh for the Study Area and for the whole of Ambon Cily was
: outlmed prewously in Section 1. 1 1. :

- Water Supply Coverage
-Currently, less than 30% of Ambon § populailon is served by the PDA‘A water supply

network. In accordance with National Planning, it is assuned that water supply coverage will . . -

be extended to 80% of the population by the target year of 2015. Inaddition it is also assumed
that water supply coveragc will be extended to 100% by the larget year of 2030

Per Capita Waler Consumption

A value 'of 100 liters/capita/day (lcd) is assumed for Ihe mdnwdua! household connections aud . '

SO lcd for the population served by public laps .

(b) Non {l)omes:uc:\Vater Demand

Non domestic watér demand for government, commiercial and industrial usérs currently -

accounts for 30% of the total water supplied by PDAM in the central Amnbon area. It is
assumed that the water demand by such consumers will remain at 45% o[‘ lhc total supphcd in
the central Siudy Areca.

(c) System Losscs
Current water losses are estimated by PDAM to account for nearly 40% of the total water

“volume abstracted. The system losses are assumed to remain at 40% until the ycar 2000 and
thereafter reduce gradually to 25% by the target year of2015 :

50,000 1
45,000
10,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000

1995 2000 2008 2010 Yca} 2015 2020 2025 2030

Water Demand (m/day)

- Figure-1.5 l*ulune Water Demand Pr o;echon (Slud) Alca Central City)
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L L5 Environment

(1)  Social Envivonment

(a) Resettlement and Land Acquisition

Ambon City has a couple experiences in land acquisition and resettlement, The largest
resettlement took place for the construction of the fishery port in Pandan Kasturi (Kelurahan

© Batu Merah), implemeited by the provincial level of the Directorate of Fishery, Ministry of
- Agriculture in the fiscal years 1985/86 and 1986/87. The project was initially financed by the
* national government, but the financing was eventually laken over by thc Asmn Deve]opmcnl
* Bank due to budget conslramts : . :

" {b ) Illstoucal Sites and Pmlccted Areas

' Inthe Study Area, there are three historical sites designated by Maluku Province Govemmenl
~ as protected cultural propemcs Victoria Fort, Devit Foot Print and Japanese Cave. Near the

Study Area, two forest areas, Gunung Sirimau and Gunung Nona, have been designated as

- protected areas by Matuku Province Governntent. Only a small part of the Gunumg Sirimau
" Forest Area is within Ruhu River watershed but to the far upstream area, and the Glmung

Nona Forest Arca is completcly 0ulsnde the Sludy Area.

(t) Public Health -

~In Ambon IS-hn_liCip&liW,' there are 9 hospitals with a total number of 849 beds in 1995.
* Considering the total population 0f 286,475 (datum of 1995), the medical service is at a level

of 337.5 persons/bed on average. There are also 17 commumty health centers and 30 sub-
centers for simple medical care. There are totally 1,161 staff warking for medical service,

: mcludmg 74 doctors and pharmacists and 025 urses.

(d) Disasters

In the Study Area, river ﬂoodmg is the main natural disaster which has resulted in serious
damage. As for other natural disasters, there are no records at all. However, on December 31,
1996 earthquakes occurred in-Ambon area several times with the magpitude of the biggesi

- two quakes as 5.5 and 5.3 degrees on Richter scale and people in Central Ambon area

experienced strong shake,

(e) Environmental Sanitation

In the Study Area, PDAM water supply system includes water resources (springs and wells),
reservoirs and main water transfer pipes. lis distribution network mainly covers the central
part of Ainbon Mumc;pahty and scrves about 30% of population in 1996. There is no public

sewer system in Ambon and therefore natural rivers and streams receive most of the domestic

sewage and even night sml from all residential arcas and fi nally dlscharge them into the

~© Ambon Bay. \/Iany lm!ets are locatcd dlrectly on the rivers..

. (f) - Solid Waste

chardmg facilities employed in Ambon Municipality for solid waste coliecuon and d!sposal
there had been only one open dump site for final disposal until 1995. A new sanitary landfill
site was put into service in 1996. Ho“cver heaps of garbage are seen c\erywherc on road

Sum-11



B sndes river banks, sea shore and resndenual areas, Arbllrar) dumpmg of garbage into the river

s anolher reason of river water conlammallon

' (2) Natural Environmcnt

(a} Flora and Fauna

~ Flora in the Study Arca can be catcgonzcd as those'in the protected forest, commumty forest,
agroforestry arca and gardenmg arca. Data were collected regardmg the main species in these
areas. Wildlife in the Study Area is dominated by severat species of birds found in the forest

area and there are also wild boar, monitor lizard, snake, deer and witd dogs. The number of -
species are decreasing graduaily with the increase of human aclwnty such as deforcslatton and

“hunting.

(L) Coaslal Envlronment

“The S rivers in the Study Arca ﬂow into the Ambon Bay which is a harvest area for ﬁshery |

industry, functions as a passage for marine transportation and possesses tourist atiractions,
‘and therefore is very important to Ambon’s development. Study results show the
characteristics of biodiversity of the Ambon Bay and its high potential of fishery production.
Unfortunately the coastal environment has been deteriorated recently due to human activities
with the development in the relate areas; especially the coastal area near. central Ambon,

~ Deterioration of coral reefs and mangrove forests is the most scnous result.

(c)- Landscape

Topograph:cally the Central Ambon cai bc categon:red to three Zones: sea f'ronl plateau and
mountain zones. With different characteristics, the three zones composite a unique landscape
of this arca. The sea front zone faces the Ambon ‘Bay where rugged coastline bends
counterclockwise to the inner bay side and extends to the outer bay side. Ambon Bay is

famous for its beaches with various sand texture and beautifut coral reefs which attracts.

Aourists fiom all the world for marine acuwlles as diving, snorkeling ete.
(3) Envirmmlenlal'Polluliou

(a)  Water Pollution

In the Study Area, there are few existing data on river water quality due to lack of water
quality monitoring. The results of water quality analysis conducted during this Study show
that the 5 rivers in the Study Area have been severely polluted. H can be seen that sewage and
night soil are ﬂowmg into the river from houses, public facilitics, toilets etc, Dumping garbagc
into the river is also a habit of the residents living near the river. ‘

{b) - Oce:m Pollul:on

There are no m()mlormg data about water quality in thc Ambon Bay Scdtmenl from river _

runoff is the main pollutant for the Ambon Bay.: Besides pollutant runoff from ‘the river,
dumping garbage and sewage directly into the sea is another reason for ocean pollution.

" (¢) Others

There aré ivo monitoring data on air quality in the Study Area. However, air quality is thought
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to be good because there is almost no source of exhaust fumes except automaobiles on the
- street. Offensive odor is often emitted from places where heaps of garbage are decomposing

or night soil and sewage are stagnated. The situation is serious in downstream arca of the

-rivers. However, no data are available on offensive odor analysis,

1.2 Flood Analysis

12,3 Rainfall Analysis
: (1) ‘ Représcntati\;é 'Ra'inhll Station and Basin Mean Rainfall

 There are two meteorological (rainfall) slattons in Ambon Istand, namely Gummg Nona and
‘Pattimura Ambon. Since Pattimura Ambon has both daily and hourly rainfall data over a long

period and Gunung Nona has many missing data, Pattimura Ambon was decided to beused as -
the reprcscmahvc rainfall station for dally mmfa!l hourly ramf‘all and ramfall mtens:ty analys:s '

(2) Rainl‘al! Probabi!ily Analysus

(a) Danly and Homly Prol}able Rmnfa!l j

‘Table-1.1G shows the daily and hourly probable rainfall based on lhe annual maximuni data of‘

daily and hourly rainfal! in representative 'rainfall station, namely Pattimura Ambon. -
Probability analysis was carried out using the Least Square Methad, Moment Method, Iwai's

‘Method and Gumbel's Method. OF these, the result froin the Moment Method is adopted for

probable raini‘all in the sludy area because the resu!t best ﬁls the available data.

lablc—l 10 Da:lv and Houl Iy P:ohablc Rainfall [Pﬂ(tmmra Ambon]

Return Period (year): 2.1 3 5 10 20 30 50 100 | 200

Probable Daily Rainfall gnm) | 171.8 | 212.1 | 259.5 | 321.9 | 3846 4_21.91 169.9 | $37.0 | 606.7

Probable Hourly Rainfall mim)] 45.1 | 525 | 60.7 | 70.9 | 806 | 862 | 93.1 | 1025 _l_lg_()__

Nole : - Calculated b) ‘Montent Metliod
- Annnal Maxinmm Daily Rainfall Data of 32 years from 1959 to 1995
- Annual Maxiumm Hourly Rainfall Data of 14 years from: 1959 to 1995

- (b) Rainfal Intensity Curve

The rainfall intensity cury es/formula were set by the Talbot Formula using the probable daily

rainfall and probable hourly rainfall of Pattimura Ambon.
@) | Floo'd Rainfall,

| lha, maxunum daily rainfall was recorded at 455 mm/day on August-28; 1988, Many of the’

flood rainfall have no hourly data, notably only two'data out of the top 10 daily. {lood ramfalls

.. Of'these flood rainfalls, the hyetograph of the main flood with hourly rainfall data is showa in
*Figure-1.6. As can be seen from the figure, the hyctograph of this rainfall does not form

stooth, mountain-shaped curves, but show maiy. intermittent or- sudden increases ~and
decreascs. This indicates that rainfall conies sporadically and locally in Ambon area.
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| 199078119 Flood

Rainfall
(mm)

B A A
o R oo e e

"9 11 1315617192123 1 3 5 7 9111315171921231 357
- Time (hour)

' Figurc-‘l.ﬁ ]lyetog‘i'aph of Main Flood Rainfall in Ambon
1.2.2 Flood RunoﬁAnélysis |
(1) Design Rainfall

" (a)  Flood H)e!ogrqph

The top five flood rainfalls with daily and hourly dala were selected as candidates for design |
ralnfall namely 1986/06118 1988/07/19 1990/06/06,. 1990/08119 and 1996/08/22 floods.

~ However, of these rainfall events, the big rainfalls that caused scvere flood damage on
1984/06/22 and 1989/06/21, and another flood on 1988/08/28 are not included because there
are no hour!y ramfall data avallahte

(b) Probable Ramfall !)cplh and I',nl'ngmg Ratio

A period of one day is eriployed as the ducation of design rainfall based on the followmg
FEAsSons | _ _

- According to the hyetograph of lhe main ramfalk the period of dominant rainfall
leading to peak discharge is judged to be within 1 day -
- The basin catchment areas of the five target rivers are relatively small with vatiation
from 5 km” to 17 kim® and freshet and depletion of flood watcr seem to be fast.

(2) Fiood Runofl Madeling

(a) Flood Runofl Model Used in the Smd)

In the Study, Sromge Function Method is employed for fload :unoﬂ analysis and lhe vahdlly
of the results - river discharges - are checked by Rational Formula.

() River Basin Division

Each of the target river basins is divided into two or four sub-basins, taking into account the
locations of stall gauges and main confluence. River basins division is drawn in Figure-1.7.

(¢) Establishmicut of Runoff Model

BBased on the basin division, basin modek for the five largct riv crs w;re cstabllshcd as shown :

in Figure-1.8.
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{3) Flood Discharge

{a) Runoff Calculation

period was calculated for five floods, namely, the floods of 1984/06/18,

1990/06106 1990/08/19 and 1996/08/22,

~{b) Peak Flood Discharge'and Flo_od Hydrog’ra’i;h L

'Using the runoff model established in the former section, flood discharge for each retarn
1988/07/18,

- Peak tlood dlscharge for each return perlod is determmed as shown in Tabte 1.1 1 cmploymg L
© 1990/06/06 flood with a “Cover Factor” of 80 %. The cover factor is defined as the degree

how far the peak discharge of a selected hyetograph satisfies those of the hydrog,raph group
The followmg iterus have been laken in to consideration: : : .

“The 1988/07/19 flood shows the maxinum peak discharge.’ Hb\kevef the maximum
hourly rainfalls after enlarging actual rainfall datais 1.4 to 1.9 times larger than probable
hourly rainfalls. Then the 1988/07/19 flood hyetograph aﬁer enlarging is concluded to

be too large as estimation of runofl.

- The peak discharges of 1984/06/18, 1990/08! 19 and 1996;’08!2? ﬂoods are nearly the

- same but smaller than the other
- The second largest peak discharges is calculated with {he 19901'06/‘06 flood, f he

maximum hourly rainfalls after enlarging actual ramﬁll data is within 0 8-1.1 times of
: probable hourly rainfalls of various return period.

The hydrograph of each river at river mouth with 5, 10, 30 50-year retumn penod is presented
in Figure-1.9, S

Table-1.11 Dcs:gn Peak Discharge (Dcs;gu Flood :

1990/06/06) .

River | Referénce | C A {tem Design Peak Discharge (m’/scc) by Design Scale
‘ © Point | (km%) 2 st 10| 20| 30| sol 70] 100] 200
Ruhu | S-RH-1| 1449 Q 79| 150 200 258 2811 319 345 373] 420
- o | Specific-Q| 551 1041 13.8] 173 194 22.0] 23.8 | 25.7] 29.6
River| 16.8% Q 90| 168] 223| 280 314 3587 387 | 418] 482
Mouth Specific-Q | 53| 100) 1321 166} 186 213 23.0| 248 286
Batu [ S-BM-1[ 6.14 Q $21 73| of| 15| 127 143 153 164] 186
Merah . Specific-Q| 6.8) 1191 153)18.7] 2071 233 | 24.9{ 26.7] 303
River]  7.03 Q 49| 84| 108| 132 45 1e3] 175] 188] 213
Mouth] . | SpecificQ| 7.0| $1.97 155 188) 206 | 23.2{ 249 26.7| 303
Tomu S-TM-1 399 Q- 28| 48[ 61| 75| 83| 93| 99 wiy 121
_ ' ___|Specific-:Q| 7.0] 12.04 153}188] 208 23.3]| 24.8| 26.8| 30.3
- River]  S64] Q. A1) 69| 87| 106] 117] 131 141 51| 172
] Mouth]. Specific-Q| 73| 12.2) 1541 18.8] 20.7] 23.2[25.0] 268 305
" Baty SGl-l| 192 Q . 33) 58] 7s| 92| won [ s 22| 13if 190
Gajah S - {Specific:Q| 6.7] 118)1527 187) 205 23.2] 248 266 303
' ‘River] 597 Q. | 42| | Ten| | Ti23| 33| 48] 159 181
e Mouthl . ° | Specific-Q| 7.1) 12.1{ 15.4] 18.8{ 20.7[ 23.1] 25.0| 263 30.4
Balu S-GT-1| 589 Q. 42 72 onf vin| 123 37 47| 158| 179
|Gantung| . | Specific-Q| 7.1 ] 122|154 188 20.9] 23.3] 25.0| 26.8] 304
River| 6871 Q sof 84 -107) 13 143] 160 172] 181 200
~ - Mouth Specific-Q ] 7.3] 1221156} 1891208 23.3| 25.0{ 268 304

© Note : Q : Discharge (in*/sec)

Specific-Q : Specific Discharge (m’/sec/kin)
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- 1.2.3 Flood Damage Analysis

(1) . Discharge Capacity of River Channels

Longitudinal and cross scctaonal river surveys for the five target rivers were carned 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 conipiled and the non-uniform flow calculation method
was tised to obtain stage discharge (H/ Q) curves for every cross section over a range of flows
up to a maximum of 250 m¥/sec (400 m'/sec for Ruhu river). Manning's Roughness was
assuimeéd to be 0.025. The discharge capacity at each section was then ebllmated by comp'n mg
the left and right bank heights to the calculated stage discharge curyes.

l‘able—l 12 Smnmmy Resulf ofD:schmgﬁ&apanh
* 4 Capacity (m/sec) - Non Uniform Flow Lapacily (m /sec) Uniform Flow

River Name | § No Frecboard | | 0.6m Freeboaid No Freeboard _0.6m Frecboard
. Average | Extrenie Average | Extreine Average | Extreme | Average | Extreme |
Ruhu River Joo-80| 50 |d0-50 | 34 6080 | 44: }40:60 | 30
BatuMerah River [ 30-40 | 24 |20-30} 15 | 20-30 | 17 15:25 | 9
TomuRiver | 40-501 22 [20-30) ‘16 -J40-50| 21 }20-30] 8 :
Batu Gajah River . | 30-50{ 23 |20-40 | 11 f40-60| 24 J20-40| ‘10~
Batw Gantung River | 40-60 1 36 | 20-40 | 20 § 506-70 | 38 30 - 50 22

) Estimalib_:i of Flood Damage

It is necessaly to estimate fitture flood damages in the “without project” case, i order to

~ quanitify the benefits of the “with project” case. In this s!udy, the flood damage analysis was

camed out in the followmg manner:

1) Flooded areas and water levels for the past three major floods and anuual ﬂoods were
established through interviews and contour analysis.

2) Damages from the above floods were estimated.

3) A “tlood discharge - damage value” curve was drawn based on the rcsults of above 2).

4) Yearly average of damage alleviation (yearly benefits of the project) was derived from
probabilities of several water amount cases. :

(a) Danage to General Assets

Several records on the total amount of damage to houses and buildings and the location of the
inundated areas were found for the Roods of 1984 and 1989, After comparmg the damage
siluation as ascertained from interviews with the standard damage rate used in Japan, the
study team JL!dged that it would be reasonable to apply the Japanese damage rate which is

based on past experience m Japan.

Fhe study team estimated: the value of each typc of gencral assct n all the flooded areas
* through a field mvesngallon and nade a Zoning map based on this information. In addition,

the dala on the height of flood water was obtained through the mtemews for the flood

- damage survey with around 200 remdents in the sludy area.

(b) Damage to qurastruclme

Very limited data on the damage to infrastructure were obtained from organizations
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 responsible for the construction and maintenance of infrastructure, To estimate the damage to
- infrastructure, the study team applied the Japanese standard damage rate. '

(¢) Damage from Disruption of Businesses

It takes several days until normal commercial activities can resume after the occurrence of
floods. Interviews with residents showed how many days it took them to clean/repair their
hauses. On average, 1.5 days were needed when the water level was less than S0cm, 2.5days
- when it was 50 to 99cm, and 3.5days when it was lOOcm to 19%cm, 4.5days when 200 to
299cm, and §.5days whcn more than 300cm. ‘

(d) - Estimation of l’ast l‘lood Damage

The damages f‘rom the three past major ﬂoods and the annual ﬂood were esumated

:(e) Esllmallon of Assumcd l*lood Damage

Flood daniage at probable discharge mth 30-year and: 100 -year return penod were estimated.
In this case, assuming that all the flood discharge flows inside the river course, the flood water
level is calculated by using non-uniform flow calculation Referring to the estimated flood
water level, local topography of flooded area; the past flooded arca and water depth, the

flooded area and water depth with 30-year and:100-year return perlods were studied. The - |

: ﬂooded area with 100-return period is presented in Flgure 1.10.
| {3) Flood Discharge - Damnge Curve

'(a) ~ Estimation of (he Past Flood Discharge

The flood dischargeé of 1984/06/22, 1989;’06}’22 and 1996/08/22 floods were approximately.

estimated al the most upstream of the flooded arca. The estimation method is simitar to that of
the assumed flood damage and is described as follows: :

1) Based on the interviews of flood damage survey, the ﬂooded water depth is obtained at
the upstream cross section of the flooded area.

©2) Assuming that all of flood discharge flows inside of the river course, ﬂoud d;schargc is
calculated by using non-unitorm flow calculation based on river waler level, namely
flood water level, -

(b) Flood Discharge - Damage Value Curve

Based on the above flood damage study, relationship between ﬁood discharge and flood
damage value is estimated, taking into account of'the following :
- The flood discharge wnlh no damage is assunied as the dlScharge capacuy of each river,
- Pamaged flood occurred 2-3 times a year in all five rivers. :
- The flood of 1996/08/22 was eslimated to be 3-year return period.

- The floods of 1984/06/22 and 1989/06/22 were csumated 1o be neaily lhe ﬂame sca!c

and equivalent lo the 10-year return period.

- Flood damage of 30-}ear and IOO-year refurn period were csumatcd by thc Sludy :

'1 eam.

The retanomhlp between ﬂood discharge and damage »alue is shown in Figure-1.11 for each
_rwer
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1.3 Flood Con{rel Master Plan

' 1.3.1 Basic Planning Conditions and Policies

In preparation of the floed control master plan for Ambon Area, various planning conditions

and policies are set as shown in Table-1.13.

[tems

Table-1.13 ~ Basic Pohcy of Nood Control Plan for Ambon Area

Descr;piion

[ Plan Conditions

- Target Year

Fiood Conlml Plan ; Year of 2015
Water Utilization Plan ¢ Year of 2015 and 2030

- Protected Area

The prolecied aréa covered by this plan is the central part of Ambon cn)
This area, the possible flood proric atea, includes the downstream parls of
the five (5) target river basing : (Ruhu, Merah, Tomu, Ga_]ah Ganlung)

- Desigan Scale

30 - year return period

- Target of Plan

- Mitigation of flood damage by slruclural and non- slmclurai HICASHICS
- Imiprove of river ¢iwirorment condmons through the implementation of
flood control measures.

= Presentation of waler resources dey clopmcnl plan for domcsuc use ol‘

Ambon city through the design o[mu‘lnpmpos;, dams and ICSEIVOITs.

Flood Control Meustres

- Structurat Measures
and Non-structural

To fully achieve the main target of lhc plan (mitigation of ood damage)
the Master Plan s‘mll include structasal mcasures and uon slmclural

Mcasures _ mieasures for flood control and sediment control.

- Watcr Development and In prep'irauon of the Master Plan, plans for ‘river cnvironmest
River Environment conscrvation and water development for fulure domcsllc use (htough
Consenvation multipurpese dawns are proposed :

- Stractural Measuires

Structural food control measurcs cnable lhc dcmgn ﬂood to ﬂuu safely
into the sca without flooding, directly controlling flood flow in or along
the river course. Structural measures include 1) river improvement work
to increase flow. capacily of the river course and 2) dams and diversion

_channels to decrease the flood peak discharge info the river course,

- Not-stouctutal Measures

Non-structural ftood control measurcs are mseasures olher than straciusal
flood control micasures to mitigate flood disasters and include various
methods’ for flood runoff suppression, for flood prooﬁng and for
facititation of flood centrol aclivitics.

- Alternative Plans and
Optinnun Measures

To identily the optimum structural measurcs plan for flood contedl,
altermative plans arc ¢xamined including river fmprovement work {Jarge
scalc) with o other measures and river improvement work (small s-calc)

‘| in combination with other measures (dams or diversion channels).

1.3.2 Slrnclural Fiood Contraol Measures

As stiuctural ﬂood control measures for the five iarget rivers, river unprovemenl works, .

flaod control dams, diversion channels and check dams were studled as follows

(1) Study of Stractural Measures

(a) - River l:hprovenwnt Works '

The proposed measurcs for river improvement works are: l) River- bed Formation, 2)

River-bed Ixcavation, 3) Hood Wall Hcsghtemng, 4) Concrete Channel 5) River Wldemng
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The prmnly for adopting a measure is gcnerally sct based on the above order, considering

each river condition, social impact, cconomic ‘efliciency, city drainage systém and so on.

g%? River improvement plan for the design flood (30-year return period) is examined and smaller
: S scale plans (5-year and 10-year return period) for combination plan with dam or diversion
' channel! are also studied. Table-1.14 prcsems the river 1mprovcmcnt plans for each river.

_Table-1.14 - River Improvement Alternalive Plans
River CItems Seyear 10-year . | - 30year

[0 [Dosign Dischargs (wig) T 170 20 e 380 L
Ruhu | River-bed Formation Length m 1,600 b ]600
River Rncr-begl_ xcavation, Depth&L lglh @yl 1 1,600

]300,

{t, Right | 350- | 420, 300 P
River Widening Lengthmy -~ 1" "300 : 1 . '
B“d£° Improvement ! N“'“b” SREUEO I I A,
Land Acquisition Area¢m®) | - 1500 | - 10000 | 17,000
Resclttenient Household Number _ ]

Design Dischacge ()| %0

@

Batu
IMerah - |
" |River

_L?‘“d A‘T‘l“‘s‘“““ Ana ('“)
_ - [ Resctticment 1lousehold Numbcr ' '

l (3)  .|Design Dlschargc {m3/s)

) - {Tomu'  |River-bed Fomnlton Lengih (m) o000 b
River Rner-bed b\ca\ ation, Depth & l,ength (m)__

H\Vall Heightening, L"“S‘h(“'} Len, Right | 770, 600 - 2
'Rn el W:dcmng Lcnglh {m) -
ber

. : Rcselllemem Household Numbu . ﬁ - -

()~ |DesignDischarge (fsy o f 80 . b 100 - ) 130
Bal Rm.r-‘o..d Formallon Length (n 1 2600
Gajah L0, 2,100

River

Concrete Channel Length (m) ) A

F/Wall Heightening Lcnglh(m) Lefl nght 1140, 150 | 23

River Widening Length (i) ‘

Bridge Improvement I Number - - - | o3 B
Land Acquisition Area ) L L

Resetilement Houschold Number

' Q{_:s‘_!gg;.p.g_sgl.}afgc ALY Y 8) .

&
Baw = |
: Gantung
- |River

- ) ; .R“‘-‘f W:dcnmgl,ength {'“)
1 ' ' | Bridge Improvesnent b Nawbee ool 2
: Land Acquisition Area (o)

Resttlement Houschold Number . e '
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(by Flood Control Dams

~ Based on consideration of topographical and geological conditions, 13 locations for
candidate dam sites, two or three for each river, were selected in the hilly areas of the five
rivers. Hach dam site was evaluated from the technical, economical and social view points,
compaiing such factors as dam volume, reservoir area and compensation items (houses and
public facilities) and the most appropnate dani site for each river was selected. In view of the
- small basin areas (less than 20 km?) and to ensure ease of operation and maintenance, the
Natural Cantrol Method was adopted as the flood regulation system for all the planned dams,
Spillways are gate-less type; i.e. not fitted with gates for flood control. The design scale of
~flood controf plan for all ‘the rivers is set at 30-year return petiod. The design flood
: hydrograph is the flood pattern ‘of June 6, 1990 The flood control dam for each river is
~planned based on the improved tiver conditions with the design scales of S-year and 10-year
felirn period. Followmg design of dams and reservoirs, the specnficatton shown in Table-

i IS was denvcd

i_ 'l‘ablc-_l;is_- Specifications of Dans and Reservoirs

Baiu Gantung

Sum-25

Tems Ruhu Batu Merah Tomu Batu Gajah
_ ; ) RIL-1 BM-2 TM-1 GJ-2 GT-1
[ Design Scale of River s Tl ws o] ws [wio] s [ vio| s | 110
[ Catchument Area (k') 1449 |7 497 2| 437 | a7
Unregulated peak Dam Lo Lo b st ) ose cLse
| discharge (m¥sec) River Mouth |~ 314 . 145 N7 123 T 143
Dani outflow at peak inllow (m’far.c) 125 | 167 | 47 69 9 . |.28 | 46 67 46 | 66
Regulated peak dlehaIbb Dam . Q138 Lve7 ) sy | 77 | 10 [ 36 ) 51 )70 | s6 i 7t
(n¥secy RuerMoulh 1701230 | 0 {110 | 70| 90 | 80 | 100 9 | 1o
Cut discharge Dam F.148 1106 | s6 [ 34 4 48 | 29 1 44 | 23 | 3133
(mfsec) Rn;rMoulh 144 | 84| 55 ) 35 | 47 27 V43| 23 53 32
Sediment Capacity (1000 m®) 580 199 e | T 191
River Maintenance Capacity {1000 in) 251 86 L 47 76 83
Flood Storage Capacity (1000 m?) 22721 1,528 869 | 536 11.047) 399 | s74 | 357 | 7125 | 425
Eflective Storage Capacity (1000  [2,523] 1,779 | 955 | 622 [1,094] 446 | 650 | 433 | soz | sos
| Total Storage Capacity (1000 m”) 3,103]2,359 | 1,154 ] 821 1 1,203]-555 { 8257) 608 | 999 | 699
Low Water Level (EL ) 46.4 17.8 45.4 1572 86.4
Normal Water Level (EL .m) 4838 19.6 46.4 594 ¢ 88.4
Surcharge Water Level (El..m) 60.0 | 57.6 | 270 | 25.1 [ 592 | 528 | 68.0 [ 653 | 995 96
Dom Top iilevation (EL ) 64.0 | 61.6 | 31.0 { 201 1 632 | 568 | 720 | 69.3 {1035] 100
Dam Base Elevation {EL.m) 230 60 3.0 380 1 660
Freeboard () _h40] 40 | 40 | 40 | 40| 40| 40 | 40 | 40 | 40
12am Height (m) 40| we6] 250231 | 292|228 ) 340 313 375 | 0
Dam Crest Length (n) 103.0] 980 | 134.0] 126.0] 183.0| 164.0[ 220.0] 209.0{ 145.0] 132
[ Dam Foundation Length (m) | 100 ] 100 | 240 | 240 | 700 | 70.0.| 700 | 70.0 | 200 | 200 |
Flood Conduit (Widthm) N 37 1 53 1 25 [ 43 | 10 | 20024 ] 35| 22] 30
_ _ Height (m) 37053 | 25 ] 43 108120 | 24 (35] 22130
Dam Sope Upsteeam 1 130| 130} 1301130 ] 130 130 [130] 130 [ 1:30] 130
Downstream f 12.5) 1:2.5] 125 125 [ 123 125 125125125 i2s
Dam loledth (m) 501,50 ] 50| 504 50 50(f50(350]|s50}s50
Dam Volu:m(lOOOm) 200 | 172 | is-f o4 | 271 | 159 § 406 | 335 1 228 |.174
Land AcquisilionAr_ga(lOOOm’) 411 {346 | 236°] 202 | 155 | 108 | 108 93 111 95
Reselllement Houschold {number) © - - 150 | 150 - . 20 20 - -




(¢) Diversion Channel/Tunnel

To decrease the discharge into the downstream reachies, diversion channel plans are studied.
Of the five target river systems, diversion channel plans are applicable to only three rivers
(Ruhu, Batu Mcrah and Tomu) due to the topographical conditions of the rivers. For the
other two rivers (Batu Gajah and Batu Gantung), diversion channels are not practical. The
objective of a diversion channe! is to transport the flood discharge which is in excess of the

" existing river capacity. Diversion plans are ~examined regarding two cases of river

improvement works, namely the design scales of 5 and 10-year return period. Diversion
channels for the three river systems are planned and designed and the spccnﬁcat:ons of each

: dwersron channel are summarized in Table-1.16.

Table-1,16 - Specnﬁca!lons of Diversion Channels

EL.5:50 m

ems |t ' RuhuRuer _ 'Batu Mevah River Tomu River :
: " PIV-RHI ‘DIV-RH2 | DIV-BMI, DIV-IM2 (DIV-TMI DIV-IM2
General Descaption [Pastial (Syear) | Partial Paitial (5ycar) iPartial’ Partial (Syeat) iPartial
: © 7 [River Course  i{10ycar) River Course  i(10year) River Cowrse I 10year)
hinprovement | River Course. Jimprovernent  iRiver Course | |Improvement  jRiver Course -
with Improvement | {\With ‘Hmprovement - [with Improvement
Diversion with Diversion with " |piversion with
Channel Diversion | jChannel Diversion  |Channet Diversion
% - - {Channel - . _iChannej Channel
Dcsign Discharge 150 mYsee 90 m¥sec 60 1113{500 40 msec - 50 m¥%sec | - 30m/sce
. I,ocatlon : lkﬁO(} . 1ke00 0 |
' ; EL270m |

High Water Level EL. 220m | Ei. 5.50
Oullel> g e vt e SO SO S e
Location 0k500 - O%500 850 m 850¢m - 0k890 i OkSCO
rorth from north from
“River Mouth § Rm‘r Mouth
Rl\t[-bcd _____ ;
lllgh Water Level l*L 0.80m |

<Changnel / Ttinnel>

Total Length 250 m ©280m - 1,200 m 1,200 m © 1,150 “HIS0m
-Tunnet © Co C . 1,200m - 1,200 1 900 m 900 nt
- Open Channel 2000 290 m Ce - 250 i - 280m_ |
Gradicnt 1R ww_,_lﬁ?ﬂ 1A10_ 1A 1110 17110
| Land Acquisition 1~ 1,540 m 1,540 m” 1,200 in’ 1,200 m’ 2476 m'" 2476 m°
Resettle Houschold o . 30 i I | 34
Size of Open Charnel § Open Channel | 'Tunne] Tunnel Open Channet § Open Charaiel
Tuane) and Ch'mnd BxH BxH - |D=58m D=51m - |BxH BxH _
=70mxASmi=60mx32m{A=254m? (A=197m’ [=40mx26mi=35mx22n
Turnel Tunniel
P=42m D=35m
A=133m' {A=9304

Typical
Cross Section © -
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(d) Check Dams

' Due to the excess sediment and the sediment transport capacity of the river course, the river

channel bed in the downstream areas (central Ambon city) is gradually rising and eventually
. this sedimentation causes fooding. To cope with this situation, a check dam for each river
basin is necessary. As one check dam already exists in the middte reach of Batu Merah river,
four check dams are planned in the other river systems. The spwlﬁcatlons of the proposed
check daims are presented in Table-l 17.

T abie-l.l? Outline of Check Dams

Basement | Dani | - Dam- | Sediment | Dam Land
River Location Elevation | Height| Length | Capacity | Volume | Acquisition
] : . oy EL(@) | (m) m) @) | ) | ()
Ruhu RH-1 Dam Site EL40m | 10m 50m .| 40,000 | 2,500 33,0600
Tomu. TM-1 Daik Site ' ELASm | 7m | "110ni [ 37,000 | 2,700 | - 30,000 .
Batu Gajah | Upstream of GJ-2 Dam__ | EL.70m | 8m 80 10,000 | 2,600 . 16,000
Batu Ganteng | Upstream of GT-1 Dam | EL.100m | 11m | 40 ni 36,000 | 2,400 6,000

Notc. Rescitiément houscholds are nothing for all the check dams,
(2)  Alternative Flood Centrol Pians and Cost Estimate

Integrating the results of the study for the slmclural flood control measures, alternative plans
for each river with the design scale of 30-year return period were proposed and the project
costs were estimated. Table-1.18 presents the summary of the alternative flood control
plans.

(3) HKentification of Optimum Plan

The optimum flood contro! plan for each tiver system is selected as Table-1.18 and follows.
These selected plans are presented in Table-1.19 and in Figure-1.12. Table-1.20 presents the
praject cost and compensation conditions of the floed control master plan in the Study Area.

< Ruhu > FCP-RH2: River Improvensent {5, F/Control Dam, Check Dam

The most reasonable scale of river improvement is S-year scale due to less resettlement
number. Dam and diversion channel are planned as combination measures 1o complete full
scale plan of 30-year. In comparison with diversion chaanel plan, dam plan has the following
advantages: 1) no rescttlement, 2) new water resources development with an additional
storage. This will mect a large volume of the future water demand in Ambon. Therefore,
FCP-RH2 was adopted as an integrated and reasonable plan.

< Batu Merah > FCP-BM4: River Improvement [§], Diversion Channel

‘The most economical plan is FCP-BMI costing Rp. 47,266 millien (92 % of FCP-BM4) and
the third most economical plan is FCP-BM2 costing Rp. 52,994 million (103 % of FCP-
13Md). However, for these plans it is necessary to rescitle 160 households. ‘Therefore, the
second most econoniical plan with the least resettlement of 10 households, FCP-BM4 plan
was adopled.

< Tomu > FCP-TM1: River Improvement [30]

The most economical plans excluding FCP-TM1 are FCP-TMS costing Rp. 24,691 million
{94 % of FCP-TMI) and FCP-TM4 costing Rp. 25,890 miltion (98 % of FCP-TMI). These
are the plans including a flood control dam where it is necessary to resettle 34 houscholds.

FCP-TM1 plan is the third most economical plan but the project costs are only 26 % higher

than tlie first and second most economical plans. Therefore FCP-TMI1 plan was adoptéd.
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< Batu Gajah > FCP-GJ3: Rwer Improvenient [10}, F/Control Dam, Check Dam

The pro;cct costs of all the options are nearly the same as each other. The most cconom:cal
ptan is FCP-GJ1 costing Rp. 54,438 million (92 % of FCP-GT13), but it is neccssaly to
resettle 147 houscholds and could not be adopted. For the other two plans, it is necessary to
resettle only 20 llou:,eholds and the more economical plan of these, FCP-GJ3 was adopted.

< Bata Gantung > FCP-G F3: River Improvement [10], F/C onhol Dam, Check Dam
The most economical plan is FCP-GTI costing Rp. 32,145 million (?l % of FCP-GT3) but it
is necessary to resettle 73 households. It could not be adopted although the project cost is
29 % less than FCP-GT3, The other two plans have no reseitlement households and of these, -
the more economical plan FCP-GT3 was adopted.

Identification of Optimum Flood Control Plan -

- T able-l 18
| Rohu River Plan FCP-RHI |2 FCP-RH2:: FCP-RH3 :] FCP-RIM FCP-RII5
[Projcct Compostiion Rimp [39] Tiamp [1I0F | Rimp {5l [ ®Amp [i0]
Check Dam A FIC Dam . ] Diversion Jiversion
- . : _ i) Check D | Cheek Dam_ | Check Damn
Projeci Cost (Rp. Millicn) 44,932 34,586 43594 46,838
Resettleinent Houscholds 147 LY : 150 177 -
| Identification Evaluatson Fay A I H _
. Economical F LS N S IS e
. Sociaf Impact : R . . S R XL
‘Water [¥evelopment Possibifity X | O X X
Batu Merah River Plan FCP-BM1 FCP-BM2 FCP-BM3  [GF (LP~B\‘ | ECP-BMS5
Fioiect Composition RiAmp {304 RAmp [5] R/mp [10} p S Rflmp 10}
_ F/C Dxam T/C Dram Dyivursion
| Project Cost (Rp. Million) 47266  § 32,994 72,956 66,149
Reselllement Houscholds _ 160 21 127
ldenhﬁcatmn Evaluation @] N iy
..... nical Feature e DX AN
mpact . A . AT
Water Deve lopment | Possibility @] . ) : X
Tomu River Plan FCP-TM2 FCP-1MY | FCP-TM4 FCP-IMS
Project Composition R/lnip [5] Rilnp [10] Rimp [3] [El R/np [ 10}
_ F/C Dam F/C Dam Diversion Ihversion
| Cheek Iam | Check Dam_ | Check Dam | Check Pam
l_gg&dCo;l (Rp Mitlion) 51,454 43,310 25,890 24,691
' Resetilement Houscholds - - N 39
Identilication Bvalnation L Q A
.Eeonomical Featore - . X LA
Water Development Fossibility I, G () f‘) X
13ate Gajah River Plan | repGon FCP-GI2 -] - -
Project Composttion Rihinp {30] Rimp (5] _Rﬂmp{m} e - -
Check Dain F/C Dam FiC:Dam-
I Check Dain | Check [x)
| Project Cost (Rp, Million) 54,438 62,217 SR O33 ] - -
Rescitiement Houscholds 147 20 LU0 - -]
Identification Evalualion N __ . - -
Water Development Possibilily X @ - -
Batu Gantung River Plan " FCPGT1 FCPGgl2 | : e -
Project Composition Rhinp [201. RAmp {5} RAm [IO] -
Check Dam - | F/C Dam FiC. Sam
_ .. | Check Pam | ; : D I
Project Cost (Rp. Million) 32,145 48952 | - 1 -
Reselllement fJouscholds 73 ] - - |
Identilication Evaluation Ja - -
THeonenticl Featwee [0 TR : R
~Social pact VA SN S
“Water Develepracit Possi ity X -]

Note R/lmp: River Improvement ({): DvSIgIlSCE\lCOfH\(‘I’IIlel’O\LIiIC[lI)

" Shade ; Optimunt fleed conirel plan

S}un-ﬁﬂ

F/C Dan ; Floo_d

Castrel Dam



. - Item | Ruhu Merah Tomu Gajah Ganlung
: FCP-RH2 | FCP-BM4 | FCP-TMI1 | FCP-GJ3 | FCP-GT3 |
<River Imtprovement Plan> : ' .
Improvement Scale (Return Period) 3-year S-yeat 30-year 10-year 18-year
River-bed Formation Length (m) 1,660 1,600 2700 2,600 1,430
Ri\'er-bcd Excavation - Depth (m) T LOO 1.00 0.80 1.00 1.00
" Length () 1,600 L 1,600 2,100 2,100 1,450 °
Corlcrcle Channcl Lcnglh {m) - 1,200 - 2,100 L 700 . 900
' HW’!II Heigltening Length * Lell 300 . 1,010 . 130 |0 230 F 100
o {m) Right| 350 CLL070 20 150 100 -
. | River Widening Length (m) . 300 70 - e -
- | Bridge Improvement Number - -~ 3 1 i ‘3 2
- | <Flood Control Dam> - o ; ' - L
| Dam Type 1 Rock Filt . - Rock Fill | Rock Fill
| Dam Height (n) 140 - . 313 | 30
| Dam Length (m) 1103.0 : - - 12090 132.0
<Diversion Channel> : . : ‘
Type - Tunnel - - .
Length ‘ - 1,200 - - -
Standard Section - Wtdlh {m) - 58 - - -
Standard Section - Height (m) - 58 - - -
<Check Dam> . o
Dam Height (m) 10 - 7 .8 1
Storage Capacily (m’) _ b 40000 . 37,000 10,000 | " 36,000
I‘ablc-t 20 Project Cost and Compensation Conditions
Project Construction |Indirect Cost| L/Acquis. & Total ' Land | Resettlenient
Composilion Cost - ®p.Miliay | Comp. Cost | Project Cost § ‘Acquisition | Household
(RpMillicn) | . Rp Mibion) | (Rp Mifion) ) | (number).
Ruhut _ 42,037.] 12,611 12,350 66,998 445,500 40
River uprovement 9,323 - - ‘ - 1,500 40 -
Flood Control Dam 31,344 - - - 411,000 0
Chock Dam 1,370 - - - 33,000 0
Batu Merah 39,021 12,147 - 508 51,235 1,550 10|
River Improvement - 9966 - . u 350 0 .
Diversion Channicl 29,055 .- - L. 1,200 0.
Tomu 20,223 6,067 0 26,290 30,000 0.
Rl\erhupm\ement 18,753 - - - 0 0
Check Dam 1,470 - . . 30,000 0
Batu Gajah 43,0006 12,902 3,025 | 58933 109,600 20
River Imiproveinent 9,091 - - - _ 0 )
Flood Control Dam 32,485 - - - 93,000 20
Check Dam 1,430 | - - - 16,000 0
Bate Gantung 32,941 9,882 2,375 15,198 101,000 | o
River Improveinent 7,327 . - -1 ) 0
Flood Conlrol Dam 24,284 - - 95,000 0:
Check Dam . 1,330 - : : - 6,000 0:
Total Five 177,228 53,609 18,258 | 248,654 687,050 70
River Improvement 34,360 | - - - 1,850 50 ;
Flood Control Dam | . .~ 88,113 - - - 599,000 20 .
Diversion Channel " 29,085 - - . 1,200 0
Check Dam 5,600 W ‘ 85,000 0

Slini-Q‘) :
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1.3.3 Noli¥si|'||cl1|rﬂl Flood Contml MraSurcs.

structural measures are:

1) To suppress flood runoft (including sediments)
2) To improve flood proofing function and
3} To facili_teite flood prevention activities.

~ Non-steuctural flood control nicasures are defined as measures other than structural flood
- contro! measures constructed along the river to imitigate ﬂood disasters. The targets of non- .

On lhe basis of the current and future forecast conditionis of the !argcl river basins practical:
non-structural measuvres are chosen as descnbed in the Table-1.21 and Lnlercd into the

‘ .Master PIan

Pubhc A\\areucss

Human Resource

Mamgemcm Zouc

Development

designaled rcachcs :

.Pubhcatson of ﬂood comrol sgsicm mdudmg ﬂood

comrol fneasures and lmp!cmcnmwn cchedui., :

memg for pcrconnd involved mlh ﬂood mnlmt

aclivities

_Table- l 21 Non—sh uclural l*lood Control Measures for Ambon Area ‘
: ObjCCli_\ es Methods Co at ents _ Target Arca
Suppression Land Use Land use réstriction to maintain forest and natural flood ] Whole Area
of Flood Regulation tetention arcas eic. based on Land Use Plan authorized by :
Runoft . ) Locat Go'.cmmcm :
Vegelation | Acme mlprmemem ol' \ggcnuon to reduce ﬂood 'md Upl"md
lmpm\cmcm scdxmcnt dlschargu lhrough l’&.fOl’bShllOll and re- gn.cnmg An.a
Off-site Storagu, chnlalmn reservoir - o store mc_rwsmg_ ﬂood and Wlmle Area
- [sediment  discharge  caused by large sm_lc‘: land
de\clopmenl - ’ ’
Lowland To deciease rain uatcr dls'.hargc n<1ug pyrmeable Lowland
Infiltration sewerdge system , infiltration wells” and  perncable | Atea
pa\emenl roads . : _
Improvement |Land Use To testrict land use in flood prone areas by au!honznd Whole Arca
of -} Regulation : rxgulalxon : _ .
Flood Proof Flpod Proof To promotc ﬂocd prooi‘ publlc f'ulmeﬁ and pmate Lowland
Function . . [Facilitics botldings by land elevation and water prooﬁug works Arca
Facititation of Managcmem hslabhchmeni of flood. managenient organization for]-
L Organiz 10131 ﬂoodconlml sxs!cm
Flood Flood Forecasi& Fshbhshmcul of ﬂood forccasl ‘md \nrnmg swcm to Lowland
Disaster Warning System - facahlale ﬂood fi ghlmg and evacualion Arna
Prevention  |Flood Risk Map |To prepare ﬂood risk map and eﬂ:c:alh ad\ is¢ Lm\l.md
Acfivilies C mhabxtants Arca
S Flood Fighting Orgam?almn ol‘ ﬂood ﬁghung sy stcm mcludmg soﬂ and L cmland
S)‘stmn S hard S)stems for emergency F lood prcp%rudmss Arca
River *[instattation - of river _managuncnl zone 1long the | Lowland

At‘u’l
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- 1.3.4 River Environment Managentent

© From the result of water pollution analysw it is clear that the pollutant load generaled from
all the river basin areas has already been at a level to cause serious pollution of river water.
Generally speaking, the construction of a sewerage system should be the most effective

" measure for a reduction in pollutant load to improve river water quality. However, according

to the present condition of socio-economy and the function of the five rivers in the Study
Area, it is not considered realistic to recommend sewerage system construction in this flood
* control master plan. fostead, possible measures are proposed for river environment
management in accordance wnh the objeciwes of water utilization. -

(l) Recommemlahons for Dam- Reservoir and Uppcl Stream Alea

For. all the multi-purpose dams proposed in the master plan,: their reservoirs and upper
~ stream areas can be put into one category with the following objectives of water utilization

and river environment management : 1) Purpose of water utilization : source water for water | -
snpply, 2) Objective of water quality : grade B of higher according to the Government

Regulalmn No. 20/1990. The measurcs to be taken shall mclude the fol Iowmg

- Remove all toilets from the river and promote the use of septic tanks

+ Prévent all sewers from dlschargmg sewage directly mlo ‘the river or reservoir by

~ building small scale infiltcation basins; |
- Strengthen garbagc collcctlon and prevent any solid waste fr0111 being dumpcd into the
[iver or reservoir, .
- Prevent people from waqhmg and bathing in the reservoir area.

(2) Rccommendilions l'or' Other Arcas

For the arcas downstream of the mulli- -purpose dams and the tivers without dam
construction, the objectives of water use and river environment managesment are as follows:

1) Purpose of water use: washing and balhmg for the rcmdents living by thc river;

2) Objective of water quality: free from fecal pollutantﬂ garbage and: concculral.ed: '

discharge of any sewage water,

Since an improvement of river water quah(y lo'a level as h:gh as gradc A or B is not realistic
within the framework of this master plan, a minimum objective of water quality is proposed
from a viewpoint of sanitation. Accordingly, the following measures can be recommended:

- Remove all toilets from the river and promote the use of septic tanks;
- Strengthen garbage collccuon and prevent any solld waste from bemg dumped into the
river,
- Carry out an mspecuon of all the drainage outlets to the river. At pkaces where large
~ quantities of sewage waler are dlschargecl into the river from a business, worl\shop or

office building, installation of wastewater ireatment facﬂmes lo be reqmred

3) Sami'u'v K ducatlon

For eftective river environment mauagcment samtary cducauon is mchspensablc for calhng _
public awareness Lo :the importance of - environment protection and water quality -
improvement. - Sanitary education should be incorporated with the measurts mentioned

above lor waler quality nnprovemeul
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Items ~ 1996 | 2000 | 2005.| 20100 | 2015 | 2020 | 2025 2030
Future Demand (m*/day) 11211 15,594] 20,163] 26,665] 30,559] 36.001| 40,603] 45,470
Springs T T setof 10,020f 11,230] 12,270f 12,270 12,2701 12.270) 12,270
|wens 3.280| 4,150| 's,360| 6,220 6,220 6220 6220{ 6,220
{Rivers:  Air Besar | 2600 2,600|  2,600] 2,600 2,600] 2,600 . 2,600

©1.3.5 Water Utilization Plan

- (1), Water Resources Development

The demand for city water in Ambon will continue to increase and it is essential that

alternative sources of water supply are identified and developed. In order to meet the

shortfall between demand and supply, newly developed discharge of 8,000 m*/day can be

- provided from Batu Gajah Dam and 2,500 m'/day from Batu Gantung Dam. This will be
- sufficient to satisfy the shortfall until 2015; assuming that PDAM develop and improve other
" water sources in accordance with the Water Supply Systems Development Plan. Increased

c_-.xp'!‘oilation of groundwater is not recommendable because of fears of depletion and salt

“water intrusion. In the longer term to 2030, additional developed water will be required from

Ruhu Dam with 16,000 m¥%day of new development discharge. The water utilization p:lan;for

| ; A_mbon Central Area is shown in Table-1.22.

. "Table-1.22  City Water Developrient Plan - Ambon Central Area

g.000| s000] ‘80000 8000] - 8000

Gajah GJ-2
3,500 2,500 2,500

GantngGr- | | || 2300 2500
Ruhu RH-1 ' | | 16,000 16,000] 16,000] 16,000

Total Supply (nr/day) 11,920 16.770] 19,190] 31,590 47,590 47,590] 47,590]. 47,590

(2)_ ~ Multi-purpose Dam Plan

The flood control dams in Ruhu River, Batu Gajah River and Balu Gantung River were
proposed as part.of the optimum flood control plan. After consideration of the water
utilization for domestic use in'the Study Area of Ambon City, multi-purpose danis were
proposed as shown in Table-1.23. '

Table-1.23  Specifications of Multi-purpose Dams and Reservoirs

Items - Rubu Dam © Gajal Dam Gantung Dam

Catchiment Area o g 1449 | 4.37 ' . N
Sediment Capacity (1000 m%) - 580 175 191

| Water Developmient Capacity (1000 m?) - 1,064 9535 G619
Flood Control Capacity (1800 m)| - 2,763 380 513
Effective Storage Capacity (1600 m*) 3,827 . 1,335 1,152
Total Storage Capacily (1000 m*)|’ 4,407 . 1510 1,343
Dam Top Elcvation ' {m) S 6MT - 186 166.9
Dam Base Elevation SAmy| 230 380 - 66.0
Dam Height | {m) C47 406 40.9
Dam Volume {1000 m’) 235 401 262

" | Dam Crest Length o) H200 12000 © 1390
Conduit G| B3SmxHIOm | B8OmxHI40 | BilmxiH.lm
Land Acquisition Area (ooom)| - 15,000 - | . 148,000 T 139,000
Resettlement Houselold (number) s 30 -
Flood Conirol at Dam Site (/) 159 Y N
Developed Water Volume (n’/days) 16,000 8,000 2,500
Constrction Cost of Damy Rp.Mil)] 36646 19,480 35,306 :
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1.3.6 Tmplementation Schedule

“The implementation schedule of the Fiood Controt Master Plan was prepared as shown in
Table-1.24, giving higher priority to the projects which show higher cconomic efliciency and - ' é
less negative social impact. ' ' '

Table-1.24  Tmplementation Schedule of Flood Control Master Plan
DIRCIROR S KOG RURRECE ROALCY] FGY R D] KOI L)
\Flscal\mr 1993} 1999} 2000 2001{ 2002 | 203 | 2004 | 2005} 2006 | 2007 | 2008 2009 20101 2011] 2012
Iltems Q‘}Cﬂ__ﬂl 2 3] 0 05 0{) 7] o) 09 1o] 1 1] 13

| Structural Measures

. <<<  Phase-1>>>

1-1] Preparation S

@) Procuruncm
- Consullanl '

......... = Con‘[ac‘o FRTRTIS S

: (b) Delaled Dqun :

-2 Consulting Services

(@) Survey and Dosign | °

....... | © Tender Assistance || IXKIXX]

(<) Supervision
1-3 Cemh‘uchon

Batu Gajah Dan
Bata Gantung Dan

. <<<  Phase-2>>>
2-1|Preparation

.} (@) Procurement .|

“l Cior P . wmesanefe o tmeras
(b) Detaited Dcﬁigil L
2-2) Consulting Seivices
......... (a) Survey and Design
| (0) Tender Assistance |
{c) Supenvision _
Ruha Dany N 3

Non-Structural Measurcs

| - Management Organization| X X e |
- Forecast/Waming System | IXXIXX|XX|XX

- Flood Risk Map CIXX|XX

- Flood Fighting System XXIXX[XXIXX

- Public Awarciess CIXX|xX B

| - Human Development XX|IXXINXIXXIXXIXX[XX|XX

- Land Use Regulation LL|L 7 |==[==|==|s=|==|=mluzlux|as ===z ==
: Vegelation Iniprovement LL|ZZ|=5|==|==|s=|sx|==leslas|ax |==|=s= |=&
- OfY sitc Storage 22|22 ==== == smfmn]ua s nn |es == 2= ==
- Infiltrationi in Lowland NZZ|ZZ | === |== |==|gu|=s == (<= == |== == |==
- Land Use¢ Regulation NZZ|Z L == ==|pejun|usles= === o= o= ==
- Flood Proof Facility NzZ|ZZ|==|==|==|==l==|==|== == |==|==|==|==
« River Managemeat Zong LT == |=={==|==|=c|ou|a= == j= |xa == == §
{Note} "()\ Mainly dealt by Flood Control Pro;ccl OfTice

Z: Planncd by bpecnal Conumittee, = =: Implemcitied by each Related Organization
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1.3.7 Evaluation of :’Iar'l

(1) Initia! Environmental Examination

The objectives of the initial environmental examination (IEE) are to examine any possible

* impacts on the environment in both the construction phase and operation phase. As a result

of IGE, significant negative impact is identified on 3 environmental elements, namely
resetilement, solid waste and groundwater. Possible negalive impact is cnvisaged on 8
environmental elements from some pro_lecl activities. The environmental e!emem of both_

project activilies.- .

- sigaificant and posqblc negative impact is as shown in T able—l 25..

Tab!e 1.25 Envnonmenl‘ll Exammatlon Matrix .

" Regarding other emnronmental elemenls 110 negative nnpacts are anhctpated I‘mm any of the

" River Basin

“Rul

B. Merah

- Tomu B. Gajah

B. Gantung

Facilities

<

<Construction Phase>

Dam

RA | b1

rilcm| rmilem

DPam

®1 | cm

Daro

A Social Environuient

Reseltlement
Econom i<

oW i RN

Natural Envivonnrent

T opogtaph} and Goology

P N

. <Opcratlon Phasc}

Envivonmertal Pollution

Oftensive Odor

Water Poltution - . | A
Noxtc and Vlbrallon

Social Environnient

Reseitlement .
I‘mnomtc Aclmly

Solid Waste

Natiral Envirorarent

l'opography and Geology

Cmsta! ArLa SRR TR P

Friviroumental PoHunon

| ‘Water Pollution

Offensive Odor s
RA: River [mpm\emem CD: Ched\ l)am Dan Mulhpuspo;e Dam

x: Significant Negative lmpacl £ Possible Negative Impact,
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{2) ' Economic Evaluation

- Economic analysis at the Master Plan leve! was conducted under the following assumptions: -

- 1) price level: end of December 1996, 2) design scale: 30-year return period, 3) project life:.
50 years, 4) maintenance costs: 0.5% of the total construction costs per year, 5) shadow
pricing: standard conversion rate 85%, 6) property value growth rate: 5.0% per year. '

Table-1.26 shows the results of economic analysas on the construction of the ﬂood control
facilities for each of the five rivers and on the entire project, based on the assumption that all
the facilitics are constructed in five years for separate cases and in nine years for the entire

project. Construci'on of flood control facilities in each river is assessed to be feasible, . -

| . presentmg IRR of betweeii 10.9 % and 21.8%. Among others, Batu Merah and Tomu tivers -
present hlgh IRR '] he entire project is also assessed to be feaSlble attammg 16.0% IRR.

Tablc-i 26 ‘E conomlc Fvaluahon of Flood Control Plan for Ambon Area

. I‘conomlc Cost | Net Present Value | BencfivCost | Internal Rate
River Systcm Facilities - Million Rp . at 16% | at | of
e ' : Million Rp 16% Return

Ruhu River improvement 77,004 s a2 ||
- ) . .al1‘1 n!‘lltl-purpoqe daln- FTETETr——" e ramrmean L eamimen i ST .....,......v.:.......-.----— [T, S
Baw Mcmh River improvement 43 550 b 90 614 36 : '21 8% .
Toinu R'i\'_erimpiovcmem ' CL22, 347 : 36,5]4 21 _ 19?%
Batu Gapl, River improventeant - 75 594 45628 | 17 _14 1% |-
j and multi-purpose damy |
Batu G’mhmg Rl\'er improvement 53,634 : 6,256 11 ‘10 9 % :
and multi-purpose dam L - _ :
Five Rivers - - 273,219 179,576 iz 160%' '

Nole.  The figures for cach river are based on lhe assumption that all the facilifics are constructed -
in the first five years. T he figures for the five rivers Is based on thé implesientation schedule,

(3) Financial Consideration

‘The total budget in DGWRD for lhe f'scai year 1996!97 is Rp 3,098 billion, of Wh!Ch Rp 958
billion is financed through foreign loans. Rp 430 billion is allocated for flood contral pchcts
of which more than 50% is currently financed through foreign loans.

The DGWRD envisages that most likely two new projects could be financed by OECF every
year. The flood control project in Ambon City is a strong candidate for such financing, since
Ambon Cily is the administrative and commercial center of Maluku' Province. Consistent
with the Government’s development policy in the castern regions; this project is also

expected to be given high priorily, although the decision to invest is conungent on the cost-
eftectivencss and impact of the profect itself. If this project is ‘adopted, operanonal and

maintenance costs will also be firanced through the central Government. If an OECF loan is.
not avaitable for this project, the project will have to be scaled down due to the central
Government’s budgetary constraints.- Although it would be ideat to take long—term fload

control measures, the investment would be obliged to focus only on the most critical project - .

components.
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1.4 Priovity Project
1.4.1  Sclection of Priovity Project

Taking into account of Econoinic Feasibility, Urgent Requircient and Less Sociat and
Environmental Impact, priority projects were selected from the Flood Control Master Plan.
as shown in following Table-1.27. :

’lable—l 27 ' Composition of Pr lonty Projccts

Rivet < Target of Planniog Scale s mnpomnt :
| i in Priosity Projects ;
Ruhu River “| Syear return period ~{ (B River lmpm\emcm (5-ycar nhlm pmod}
R o Tl CheckDam
Bata Merah River |/ 30-year retumn peried (1) River Improvement (5 );ar rglum pcnod}
. : T - | (2) Diversion Chancel ]
Tomu River -~ F] 30-year relurn peried . | (1) River Improvement (30 -yeat seturr pulod)
o RE e : (2) Check Dan
Batu Gajah River | 30-year return period | (1) River huprovement (10-year return pcrmdj
L : © (@) Muki-purpose Dami_* (3) Check Dam__
Batu Gantung River ;| 30-ycar return period {1) River huprovement (10 -year relurn period)
' ik ~]) Multi-purpose Dam {3) Check Dami ]

1.4.2' Plan of P| lont) iject

' (1) Geuela! Condllmns

_<0bJeclnes of the Pnont) Ir ojects>

- To mitigate flood damage which occurs ammally alohg the five rivers,
- To supply raw water for domestic and industrial use in Ambon City,
- Toimprove tho tiver eavironment and to improve water quahly and quantity

<Basic Condalwns>
- Target Year for i’hnmng Yearof 2015
- Target Complcllon Year : Fiscal Year of 2007/08

- Planning Scale - 30-year return period but S-year Ruhu River.
- Design Rainfall ~-'422 mi (30-year return period)
- Design Hyetograph 0 1990/6/6 Flood

"(2) Ruhu River Project

. (1) Rwel Improvement Plan

River improveiment range is set from river mouth to k600 i.e. 1,600m length with design

-~ discharge distribution of the following Figure-1.13. 1. ongliudmal Section and standard cross
_ secnons of Ruhu River !mpm\mment Plan are shown in hgure 1.14.

(b) (,héclé Dam Plfm

- Dam Site Locahon 6k100 (Upstream of RH i Dam)
- Catchment Area  : 10.9 km®

. Design Discharge : 281.0 nr"fsec ( 100 -year return per:od)
- Proposed Capwly 40,000 m’, -
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Figure-1,14 - Ruhu River Tmprovenent Plan
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t

(3) Batu Met:ili River Project

(a} River Imp: ovement Plan

River improvement range is set from river mouth to }RSOO i.e. 1,500m length with design |
discharge distribution of the following Figure-1.15. Longitudinal Section and standard cross
sections of Batu Merah River Improvement Plan are shown in Figure-1.16.

| Diversion Tunnel
' 60

B -

River N Staff Gauge
. . | Mouth k250
- Ambon @ o hd .
- Bay - o e
’ “90 - o 70 : 130
AFTPTCY B —
[150] n3e] .
‘ River Improvement . Figure-s: Regutated Dischaige -
{0k000-1k500) . [ }: Design Discharge

l“agure-l 15 Design Dlschmgc Dls!nbullon (Balu Merah me)

lLonglmdnmt Section]
© 800

i W I A | ; S '
t ————RwerBed i , i ) j Dcs:gn D::chargr.Q=90im fs:‘c P Q=10 ar'fsec Q~l!0m:sﬂ:
800 f-—-t--b—L 77" Left Bank LT JE D — P Sy S Sy P P I SO T S
_ N IRRPPE RightBark |11 .1 ' w=son W=70m \‘»;100"- i
700 l— i Je—==Plansed RiverBed|] | [ i ¢ 1. R Y
‘ ; | - — Water Level R : Ri!ﬂ“mmng\’i’_ﬂm Biver \hdumg w=Tom i
b L (Raght Side) Y
PRV N . -:——_TopofDake_ I RiserWidth ¢ |° - & Gt 0y :
AW=200m \W-Ié 0m R '.\.wm om- :
. A DR i 1
500 |- - -1 - ;——- --—Ri\er ‘Mdcmng‘r‘: !{)Om [ Rkt :
N = i Do 1 {Right Side) § 1
o~ t SN ) [ !
E — ”Fiood'r\’u'll-iughlemng
' E
:
G
300 ! : N i .
B L R T4t L 600 200 1000 1200 1400 16800
[Standard Cross Scetion] o bisencst) .
R S S © 0k000-0k600 W=I4 Om H=2.0-2.9m
L S s DR . OK650-1k050 1 W=12.0m, H=2.5-2.6m
H|: 3 ai% 1k100-1k500  : W=15.0in, H=1.9-2.6mn
W - 1k550-2k200 W= 8.0m, 11=2.1-2.7m

2k250-2k700  : W= 7.0, H=2.4m

Figure-1.16 ~ Bata Merah River Improvement Plan |
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(b) Diversion Inlet Plan _
" Planned Diversion Section - L lk400

. Discharge Distribution D Upstream T 130 m'/sec
1 : ' Diversion 1 60 m/sec
o Downstream - 70 m’fsec
- Diversion Works .-+ Side Weir
- Initial discharge to start diverston : 20 m’fsec

(4) =Tonm' River Projeét

' (a) River Improvcmenl Plan

' River improvenent range is set fromi river moulh to 2k700 e 2,700m length with de::gn
discharge distribution of the following Figure-1.17. L. ongatudmal Section and standard cross
- sections of Tomu River lmprovement Plan are shown in Plgure-l 18.

River | StalTGange
Mouth o 1xk870
- Ambon : _®
Y120 , 90

River Improvement
(0K000-2Kk700)

Figure-1.17 Des;gn Dnschm ge Distribution (Tonm River)

2000 —
$900 |- i
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1700
1600
15.00
14.00 3+~
413,00 |—
1200
11.00
E000 | g Wet Vo] e W
vg 03 IQL k) (Right Sidey
Sg00 |~ -}r abiew 5
g

Z7.00
i
.00
500
500
300
200 b
' .
.00 ¢ 9]
000 -
1,00
200
300 L= =l b e e e e d : - : _
o 200 400 6§30 [0 1000' 1200 1400 1600 1800 2000 2¢%Q 2400 2600 280 300
: ) Oistanca (m) : ’ .
Figure-1. 18(1) 'lomu River lmprovenmlt Plan
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‘ :—--- Water Level B - st ] i
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B TN o ood \\ali Hc:g‘\lgm":g R

f
Aot
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W= lI.Om- )
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. [Standard Cross Séclion] B T S
S : © 0k000-0k600 s W=14.0m, H=2.0-2.9m

o HI_ﬂ =+ | ﬂ . 0k650-1k0S0 W=12.0m, H=2.5-2.6m * |
AR S B Il 1k100-1k500 - W=15.0m, H=1.9-2.6m
le L s 1k550-2k200  : W=8.0m, H=2.1-2.7m

_ . 2k250-2k700 W= 7.0m, H=2.4m
Figure-1,18{(2) - Tomu River Improvement Plan

“(b)- Check Daim Plan

-‘Dam Site Location : 3k500

- Catchment Area :2.7km’* ' S
.- 'Design Discharge : 73 m*/sec (100-year return period)

- Proposed Capacity: 37,000 m* . '

(c) River Amenity Improvement '

Tomu River amenity improvement would be implemented as a monument of the Ambon
flood control project. The contents of Tomu River amenily improverient are set as follows: -
- To setup wide foot bridges in order to conhect both sides of the river between Mardika
. Bus Terminal and Victoria Park. :
' To arrange trees for shade and flowering plants for amenity
- This area should be a breathing arca or a oasis for cily people
* - = Flood walls should not be concrete but natural.

Amenity improvement iage of Tomu River is shown in Figure-1.19.

Yigurc-1.19  Amenity Improvement Image of Tomu River
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~(5)" Batu Gajah River Project
o (a) :‘ River Improvcmcnl Plan = : - | ' =
River 1mpr0vement range is set from river mouth to 2k200 i.e. 2,200m length with design

discharge distribution of the following Figure-1.20. Longitudinal Section and standard cross
sections of Batu Gajah River Improvement Plan are shown in Figure-1.21.

River S Saarr '_ ‘Batu Gajah Multi-putpose Dam
. _ Mouth: * Gauge L
Ambon - - &
IB . : : ) ] . o , ‘
o0 80 64: | | 90
[130]. . L ‘f110] <91> C
. River linprovement LI Figutes:Regulaléd Discharge
R (0k000&2_k200) E : ~+ []:Design Discharge

<> Maximum Cutflow
~ (at Surcharge Water Level)
Flgme-l 20 Des:gn D:schmge Distribution (Batu Gajah Rwer)

[Longlludmal Seclmn]

2000 ¢ - - — i u W=10m
: . I . | [ FUNRON FOUCAIRUILARE IEIETRIN SO B DS SO A ; Rr\et\\ndcmngWﬂOmg f"l_;ﬁrs:(;gcm:ng "
i River 8ed ge (Q=400 wisec) | : [ LeASide) pl il i)
1800 e - 2 teBank I Fpb o W G ’!
: RN EIEEE Righi Bark o V=100 P
18.00 |-+ Pianned River Bed |- - : A FTT T ' i S
Pk = e = Waler Level River \-Vldemns\‘ﬁs IL"mi -Rj\:crtjq’idcn'_ing W=9.0m i
1400 -] Top of Dike (Left Stdca._ - ‘ LS SR
: i H i
) ’ | W=15.0m
1200 f———
€ 717 River Widening W80 | Rivee idening W31 RN
,_-i’__J‘W.DD TroRight Side) T (Right Side}
5 : ioi ...t‘.!...l. i
g 800
2 ......
u
5.00
4.00
200
wld0m
(0B m

000 |~

~200

o 260 400 600 800 - 1000 9200 01400 2200 2400
(Standard Cross Section] L Dstance ) o P
. S ©0K000-0k200  : W=15.0m, H=2.3-2.4m
HI 1 ” L I‘\ . 0k250-0k450  : W=10.0m, H=2.1-2.4m
E3Y | I} 0kS00-1k200  { W=8.0m, H=2.6-2.9m
l W < 1k250-1k950  : W= 9.0m, H=2.1-2.6m

- 2k000-2k200 W= 7.0m, H=2.8m

Figure-l.?.l - Batu Gajah River Improvement Plan
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(b) Check Dasni Plan

- Dam Site Location : 4k250
- Catchment Area : 2.8 km’

- Desiga Dischatge : 74 m*/sec (IOO-ycar return penod)
- Proposed Capac:ty 10,000 m’

(¢) DBatu Gajah Mulli-pm‘pesc Daw Plan

' In flood reglliatlon plan by Batu Gajah l)am the Natuial Coutrol Method is adopted as the
~ flood regulatlon system and flood regulation calculation was carried cut, so as to become
' less than 100 ny “sec and 80 m/sec at the reference points of river. mouth and stafl’ gauge
pom{s As water utilization’plan newly devclopment discharge ‘was set at 8,000 m3/day.
Based on the above study, the spcolﬁcatton of Batu Gajah Multi-purpose Dam is determined
- as shown in Table-1.28 and the dam reservoir volume allocation is shown in Figure-1.22.

lable—l 28 Specd’catlon of Batu Gajah Mithti- pmpose Dam -

ems L Unil - Specificalion ~ -Remarks
- | Reservoir ('ﬂchmem Area T Y i
| Reserveir Arca o -m 143,000
Total Storage Capacity - RS 1,532,000
Effective Storage Capacity 1w’ 1361000 | -
Flood Storage Capacity . L m’ 406,000 '
Water Utilization Capacity : o 955,000
o . : River Mainienance Capacity R 70,000 3,700 m/day
,gt 1 New Development Capacity ' w’ . 885,000 S,OOM’/dﬂy
2 : : Scdimenl Capacity . e 171,000 | 400 m’flanfyear
Design High Water Level (HW.L) - BL.m 71.50 ]
Surcharge Water Level (S.W.L) ELm | . 70.50
Normal Water Level (N.W.L) : ELai | - 06.60
. - - |Low Water Level (L.W.L) ] Etm 5).60 __ ]
Dam - [DamType . . o I - Rock Fill o
: - | Dain Top Level : ' EL.m - 75.00
* {Dam Foundation Leve] - El.m 25.00
DamHeight ~ ~ =~ . - : S om 50.00

Dam Top Level EL.75.00 m

_ SW.L.70.50m

Flood Storage Capacity 406,000 w’

N'W‘_['.- 66.60 m : : | Etfective Storage Capacity 1,361,000 m?

© Water Utilization Capacity 955,000 m . _
River Maintenance Capacity : 70,000 m® ' ' ' . .
{ l\e\:I} Developed C'IPEE:CII} d : 885,000 m® .| Totat Storage Capacity 1,532.060 w’

LWL, 5160mj : I
© Sediment Capacity 171,000 e .

Dam Foundation Level 25.00 m

Figure-1,22 Reservoir Volume Allocation for Batu G:ijah:Mulli-purpose D:am |
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Elavation {EL.rn).

‘ (6') " Batu Ganllmg Rivér Project

{(a) River lmprovemcnt Plan

River improvement range is set from river mouth 1o 1k450 i.e. 1,450m length with design
discharge distribution of the following Figure-1.23. Longitudinal Section and staridard cross
sections of Batu Gantung River Improvement Plan are shown in Figure-1.24,
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Figure-1.24  Bal
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0k400-0k850 ~ : W=10,0m, H=2.1-3.3m
0k900-0k950 ‘W= 8.0m, 11=2.5-2.6m
1k000-1k100  : W=6.0m, H=3.3-3.7m
1k150-1k450 - . : W=6.0m, H=2.9-3.4m

1 Gantung River Improvement Plan
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“(b)  Check Dam Plan

- Dam Site Location : 4k000

" . Catchment Area  : 3.1 km’ .
- Design Discharge : 83 m*/sec (100-year return period)
- Proposed Capacily : 36,000 m®

{¢) Batu Gantung Multi-purpose Dam Plan

in flood regulation plan by Batu Gantung Dam, the Natural Control Methad is adopted as
the flood regulation system -and flood regulation catculation was carried out , s0'as to
become less than 110 m/sec and 100 m/sec at the reference points of river mouth and staff
‘gauge points.  As water utilization: plan newly dcvelo'pmcdt discharge was sel at 2;500
‘m*/day. Based on the above study, the specification of Baty Gantung Multi-purpose Dam is
determined as shown in Table-1.29 and the dam reservoir volume allocation is shown'in
- Figure-1.25. ' o ' ' '

Table-1.29 * Specification of Batu Gati(i:rig Multi-purpose Dam

s " llems . Unit_ | - Specification: | - Remarks
Reservoir | Catchment Area - T 476} o
-+ |Rescrvoir Area , N R . 139,000
Total Sterage Capacity ‘ C m’ 1,337,000
Effective Storage Capacily L | 1,146,000 N
Flood Storage Capacity ' m - 507,000 ]
Water Utilization Capacily ' N 639,000 '
~* River Maintenaoce Capacity m 249,000 © 2,070 m°/day
T Newly Development Capacity | o’ 7 7390,000 - | 2,500 w/day |
Sediment Capacity N w’ | 191,000 _]400 wmefkm’fyear
| Design High Water Level (HW.L) EL.m 104.10
| Surcharge Water Level (S.W.L) ' ELm | - . 10210
‘[ Normal Water Lovel (N.W L) EL.m - 96.80
o Low Water Level (L.W.L) . _ _ELm 8590 -
Dam  |[DamType - - - Rock Fill, .
Dam Toplevel : ELm ) 106.60 o
Dam Foundation Level L | _ELam [ 70.00 N
Dam Height : : : m 36.60

Dam Too Lesel B,

6.60

S.W.L. 102.10 m

Flood Storage Capacity 507,000 >

: N.\V.L_ £6.80 m : . : — _Effeetive Storage Capacity 1,146,000 ny’
* Watér Utilization Capacity 639,000 i -
{l{i\'er Maintenance Capacity - : 249,000 m* |
‘INewly Developed Capacity - 390,000 1
__LW.L.8590m SR : .

Total Storage Capacity 1,337,000 '

" Sediment Capacity 191,000 m’

Dam Foundation Level 70.00 m

Figure-1.25  Resevvoir Votume Allocation for Batu Gantung Muﬂi-purposé Dam
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