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PREFACE

In 'response .to a request from the Government of the Republic of Indonesia, the

. Government of Japan decided to conduct the study on Kampar-Indragiri River Basin
Development Project and entrusted the study to the Japan International Cooperation
Agency (JICA). |

JICA sent to Indonesia a study team headed by Mr. Yoshiyuki Tomioka, CTI
Engineering Co., Ltd,, from January 1993 to November 1995.

The team held discussions with the officials concerned of the Govemment of
Indonesia, and conducted four field surveys at the study area. After the team returned

to Japan, further studies were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the

enhancement of friendly relations between our two countrics.
I wish to express my sincere appreciation_ to the officials concerned of the

Government of the Republic of Indonesia for their close cooperation extended to the

team.

December 1995

Kimio Fujita

‘President

Japan International Cooperation Agency






JICA STUDY TEAM

KAMPAR-INDRAGIRI RIVER BASIN DEVELOPMENT PROJECT

December 1995
Mr. Kimio Fujita
President '
Japan Internationa! Cooperation Agency
Tokyo, Japan
Letter of Transmittal
Dear Sir,

We are pleased to submit herewith the Final Report for the study on KAMPAR-
INDRAGIRI RIVER BASIN DEVELOPMENT PROJECT, which dealt with the
formulation of the master plan and the feasibility study for priority projects selected
in the master plan study. '

The Final Report consists of the Summary; the Main Report which contains the
details of the project formulation process, conclusion and recommendations; the
Supporting Report. which includes sector-wise technical details; and the Data Book
with site obser'vation reco‘rds, collected data and calculation output.

‘We wish to express our grateful acknowlcdgmcnt to the off1c1als of the Japan

International Cooperation Agency, the Advisory Committee, the Ministry of Foreign

. Affairs, the Ministry of Construction, the Embassy of Japan in Indonesia for their

assistance and advice extended te the Study Team.

' We sincerely hope that the study results will contribute much to the socio-economic

development of Riau and West Sumatra provinces.

Very truiy yours

shi Tomloka
" Team Leader
JICA Study Team

‘Encl.: a/s
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Chapter 1
CHAPTER 1 INTRODUCTION

1.1 Background

The Kampar—lndragm river basin, the study area, is loc:atcd in the central part of
Sumatra Island, occupying approx1matcly 50, 000 km® of the West Sumatra and Riau
:provmces Due to the mqufflclent flow capacny of siver channels in the upper ‘reaches

and the low and flat topography of the middle and lower reachcs areas along both the

~ Kampar and Indragm rivers suffer f.rom habltual mundatlon during ramy seasons.

Pekanbaru City, the capital-of_Riau fProvin'cc,' and other cities in the study area also
suffer from the chronic shortage of water supply during dfy seasons, particularly,
.mumcxpal and industrial watcr supply. The problcm on water shortage is further
aggravated by the conccntratlon of populatlon in the urban areas and transmlgratlon

from Java Island.

_Appropriate meaéurcs fdr: fiood damage and shbﬁagc of water supply in the study '_
arca mciudlng Pekanbaru City are indispensable to the economic dcvelopmcnt and
' stablllzatlon of pcoplc s livelihood leadmg to the further economic development of
not only the West Sumatra and Riau provinces but the whole of Indonesia as well. To
this end, the Govemment of Indonesia had're(]ucstcd tcchhical cooperation fr'o.m the
: Govcrnmcnt of Japan to carry out the Study on Kampar-lndragm River Basin

Deveiopmcnt PrOJcct heremaftcr referred to as thc Study.

1.2 Objec'tiiae_s of the Sludy E
The Study has thc followmg thrcc ob_]cctwcs

(1) To formulate thc Overall Dcvclopmcnt Plan for the Kampar-lndraglrt

- V'ijcr Basin i in whlch pnonty pr{)]ects wﬂl be selccted

@) “To' cany out a Fcas1b1hty Study for thc prlorlty pro;ects sclccted through
_' “the study on the Overall Developmcnt Plan as thc objccnvcs rcqumng

_ urgent solutlon, and
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(3) ‘To transfcr technology to government coumerpan pcrsennel conccmcd

" through the Stl.ldlCS in Indonesia and in Japan.

1.3  Study Area -

- The Study Ared is within the watershed bound:arics of the Kampar and Indragiri

rivers, covering about 50,000 km® which include parts of the West Sumatra and Riau
provinces (refer to Fig. 1.3.1). Pek_anbaru__City, the capi_tal of Riau Provihc_c, is
included :in the study arca for the study on a water resources devclopme_nt -plan-to

suppl.y'-munic_ipal,' industrial and flushing water for drainage canals in the city. -

1.4 . Scope of Work s

The Study shall cover the fields of flood cbn_troi, water resources development and

river stabilization of the Kampaf-lndragiri river basin, including 'Pckzinbaru City: for -

water supply To achlcve the objectives of thc Study mentmned in Section 1 2 abovc,

thc Study shall include the followmg items of work:

(1) Overall Development Plan

e Data and mformatlon collcctlon
e Review of prevnous relevant studlcs, _ |
. Fleid survey and mvestlgatlon, | |
* Analysis on ﬂ_ood control and water resources dévéloPmcﬁt; o
e Formulation of Overall Dévélopmcnt Plan; o
e Facilities planning;.. |
. Coéf Estimate; |
e Economié evaluation;
' Preliminary cnv1r0nrucntal analy51s, '
. Prcparation of pr0]cct 1mplcmentat10n schcdulc and

S . Sclectlon of priority prowct_s_.
 (2) Feasibility Study

. Col!ccti_on Qf-additionaf data and infqrmétidn;_ :
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Detailed analysis on priority projects;
Preliminary design of facilities;
Construction plan and schedule;

Cost estimate;

~ Economic and financial evaluation;
_Environmental impact analysis;

'Preparation of environmental management plan;

Preparation of environmental monitoring plan; and

Recommendation of organization for operation and maintenance.
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- CHAPTER 2 PHYSICAL CHARACTERISTICS OF STUDY AREA

21 .Topography }

The study area of about 50, 000 km” is sxtuated in the central part of Sumatra Island

- and belongs to both thc Riau and West Sumatra provinces. About five-s1xths of the

area belongs to Rlau Province and the rest belongs to West Sumatra Provmce

The Barisan range which is the backbone of Sumatra Island occupies the western part

of the study arca belonging to West Sumatra Provmce The highest peak of the

- Barisan range in the study area is Mt. Merap1 with elevation of 2, 891 m above MSL

(mean sea level).

The western slope of the Barisan range -which is the outside boundary of the study

-area reaches the Indiarl Ocean with very steep slope. On the other hand, the eastern

slope in the study area is rather gentle and extends eastward to the swamp area which

had deveIOped in the eastern part of the study area until the Malacca Stratt

-The study area is divided into three areas:_ the western mountainous area: with
elevation above 100 m MSL'Which occupies one-third of the study area, the central
hilly arca with elevation between 100m and 10 m MSL which occupies another
one-third of the study area, and the eastern swamp arca with elevatlon below 10m

MSL whlch occuples the rcst

- Alm(')s't all Zof the mountainous area js covered with dense forests, plantations and
'small paddy f' elds The h1lly area is covered w1th thin forests, plantatlons and paddy
' fields along rivers d.ﬂd the swamp area is covered with dense but low forests and

sma_ll paddy.fields developed by transmlgrates from Java Island.

o _Smce the eastem slope of the Bansan range is gently extendmg to the swamp area,
. big. nvers, the Kampar and. Indragm nvers, have developed The Kampar and

: lndragm nvers meander very much in the hllly and swamp areas, and both nvers
) ~form many d1s-tr1butanes near their river mouths Mdny small towns and v1llages are

scattered along the nvers and thelr trlbutanes



Chapter 2

2.2 - Geology

According to modern interpretations, the Island of Sumatra is part of the Continental

Sundaland Plate which ihcfudcé most of Soo'thca\'s‘t Asia. ‘Subduction \of oCearlic crusr

from. the Indlan Occan occurs currcntly in North—Noxthcast direction, obliquely -

beneath Sumatra at a rate of 6 cm per year. The subduction zone is markcd by a
trcnch off the west coast of Sumatra. Subductron leads to magma gcneratron

followed by mtrusmn and to stress build- up in the overlying plate

The stress is acébmmodatcd by folding’ and fanlting Some geologistésuggcst that in-

the case of Sumatra the” subduction alrcady bcgan in Permian times, w1th an

'mcreasmg act1v1ty from Tcrtlary to- Rec,cnt times and culrnmatlng with the formatlon

of a volcanic arc along the Barisan range, stnkmg_NW-SE, in the west part of

Sumatra.

Stresses indoccd by thé oblique subduction have been relcased by dextral fault

movement, parallel to thc platc margin. An examplc is the NW SE striking Sumatra-..
Fault- Systcm The east part of the island corresponds to the back-arc cnv1ronmcnt :
where a series of elongated, extension basins have been generated This area is called |

‘the Central. Sumatra: Basm The features named above control the prcscnt tcctomc‘

activity of the island.

The area concemcd in this pro;cct is bounded by thc Bansan rangc and thcrr foothrllsl

on its SwW 31de All the 1nvcst1gated dam sites are located 1 in thls zone. To the NE, the

stu_dy area extends as far as the river mouths of the Kampar and _Indraglrz_ rivers.

chionél Ge’ological Setting

The project area is covcrcd by the foilowmg geologlcal maps (scale 1/250 OOO),"

cdltcd by the Geologlcal Survcy (Bandung) -

(1) Solok Quadranglc (unpubhshcd)
(2)  Padang Quadrangle L
(3) Pekanbaru Quadrangle”

(4) Rengat Qoadranglc o

2
g

2
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~ The first map covers the contemplated dam sites and the three others cover the areas
where river irnprovernent works have been proposed. ‘Fig. 2.2.1 is a simplified
" geological map of the-entire study area. The geological ‘history of this arca can be

summarized as d_éscribcd below.

The sedimentation-started in the Carboniferous-Permian times, with the deposition of
 clastic sediments (shale, quartzitt:, Sandston_c) and some limestone of the Kuantan
* formation. The “formation ‘is- Supposcd to be:5,000m: thick. During the Upper

Mesozmc these rocks have been subjected to foldmg, faultmg and mctamorphlsm
“ accompamed by granltc -and dlontc intrusions.. ThlS act1v1ty was probably rclatcd to
" the 'I*hdl—Malayan orogenesis.” The rocks of the Kuantan formatlon havc been

deformed and slightly metamorphoscd _(grccnschl_st fac1es) at that tlmc_.

There are no Jurassw or Cretaceous rocks in this area. Thercforc the :dea of. a long

pcnod of non-dcposrtron has to be consrdcrcd

' The Tcrtiary deformatlon is controlled by basement block faulting “and
_ wrcnchmg (Sumatra Fault System) The. dcvclopmcnt of a dextral wrench fault is
consequent with the oblique subductlon of the: Indlan Ocean Plate. The gcneral result
of the Tertiary to Quatcmary pcrlod of faultmg was the uplift of the Barisan volcanic
arc and the development of the basin and range topography in the Barisan foothills. In |
the footh_i'lls, the grabens are filled by Tertiary scdimenté while the horsts expose

pre-Tertiary basement. Examples Can'b_c.s_écn in the Pekanbaru Quadrangle.

'Thc'_oldoSt Tertiary fomiation:m the study area is exposed only in the Barisan
© mountains. _’I'ht':'scdimontation intensiﬁcd during:early .Mioc_chc, evidenced by large

‘exposures of the Ombilin formation in the Barisan range and the Telisa formation in |
E the foothills area, both consrstmg of marl llmcstonc and sandstonc Basalt and
andesite ﬂows 1n the Bans:m rangc mark a new phasc of tcctomc actrvrty during the _'
-_Mrddle Mloccne At thls trmc thc scdlmentatlon stopped in thc Bansan range.
E Outcrops of the Phoccnc Palcmbang formatron, consrstmg of claystonc sandstonc-

- and tuff can bc found only in the foothllls and the Central Basm

.Thc last ma]or penod of uphft and block faultmg occurrcd durmg the

' 'Pho-Plelstocene In thc Barlsan rangc the volcamc actwrty is cwdcnccd by thc_' '
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andesitic-basaltic. breccias of the.Malintang, Talong and Marapi mountains and the

deposition of pumice tuff and volcanic ash, exposed in the area of Payakumbuh.

The uplift and subsidence continue'to the present day in the .foothills area. Further -

east, the subsidence results in large areas of alluvium, deep swamps and coastal

deposits.
Faults

~ The main, active structure in the. Solok Quadrangle is the NW-SE striking Sumatra'

" Fault System, rnentloned before. It i is a Mmcene structure, showmg dextral, honzontal

movement. Numerous faults w1th parallel trend are present. They appear to-have on!y .

a vertical sense of movement and their relationship. to the wrenching 1_s not clear.

Most of them have-a long, continuous movement record from the MiOCehe:to the -

Plao-Plexstocene Earher N-S trendmg faults ex18t m the Central Sumatra Basm There-' :

is evidence of their reactlvatton durmg the Mtocene and even Quatemary

At present the basement movements contmue, accornpamed by uphft and submdence '

Some of the fault structures descnbed above are still actlve whlle others have been

reactivated. Hot sprmgs and high heat fiows are testlfymg the fault actmty

23 Meteorology

The study area is located in the .Ria'u_ and West Sumatra provinces in the central part = -

of Sumatra Island which lies along the Malayan Peninsula "I‘his-reg'i()n is.'in' the

southern part of Southeast Asia and is .in”the Intertroplcal Zone, ’I‘he chrnate of -

© Southeast Asia is controlled by the. As:an monsoons, hence, the chmate of the study

area is under the monsoon s 1_nfiuen_c_e. _

Asian monsoons pnnc:pally COIN]SI of four seasons ie., the 'two':s'easons' named

northeast monsoon season and southwest monsoon season and the two 1nter-monsoon '

penods of the above two seasons

The northeast monsoon season lasts approx1mately from November to March and: L
.wmds are in very constant dlrectlon The average ramfall and surface wmd dlrectlon o

in Ianuary, wh1ch is typlcal of northeast monsoons 1n Southeast As:a, are shown in '{ '

.
1
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Fig. 2.3.1. This period is rainy season, because the northeast wind coming across the
China Sea bring humid air which causes rainfall on the castern slope of the Barisan

*mountains of Sumatra Island.

The pcnod of southwest monsoon season is dry season which lasts from about June to
September, as shown in Fig. 2 3.1. The southwcst monsoon is generally weaker than
the northeast monsoon. The southwest wind is humidified by the Indian Ocean and .
causes rainfall on the western slope of the Barisan range which is outside the study

area, but the weaker winds will not cause heavy rainfall.

2.4  Land Use
2.4.1 Physical Description of Studj? Area
Vegctation

chctatlon in the study area can be class1ficd into four types; namcly, forest,
| _ plantanon farm crops and grass/bush Thesc types of vegetation conform to the

topographical features which are catcgonzed into three, as follows.
(1) Mountainous Area :

The mountaino_ﬁsﬂ area is located at the upp’cr'rcachc's of the Kampar and
Indragiri river basins and is cOmposcd of steep stopes. Primary and secondary
forcsts cover almost all of thc arca Some protected forcst areas are found in

thc mountamous area,
B @ Hlliy Arca

: ;'-The h1lly area is. located in the middle reaches of the Kampar and Indrag1r1
river basms ThlS area has a largc number of populatlon -and is well
devclopcd Thcrcforc art1f1c1al vcgctatlon such as plantatlon and farm crops '

L are wxdcly d:stnbuted
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Soil

- (3)- Flat Plain Area

The flat plain area is composed of swamp and alluvial plain arcas. The

swamp area occupies the downstream areas of the Kampar anid Indragiri river
basin's.\.avith low altitude of approx. below EL20 m. . Alluvial plains are
* distributed along the Kampar and Indragiri rivers. Wide alluvial plains have
been developed for farm érops, plantation crops and grass/bush. On the other

hand, the swamp area is covered with primary and sccondary. forests,

The study area is categorized into three regions from the agricultural éspect, as

mentioned below.

The eastern coastal swarnpland Wthh consists of swamp area and alluvial

plain along the Kampar and Indragiri rivers and their tnbutancs and '

dlstnbutanes

and the Barlsan range in the west and

- The Bansan rangc

Soil of the two regions is further classified into soil groups and sml from the

vxcwpomt of land system and soil- formmg processes as follows:

Soil Group and Topbgraphy -

Topographical : Sail Group o - Soil . .-

- Region :
Eastern Coastal = | Alluvial plain soil - [ Tidal swamp soil |
Swampland 1 ' Riverine alluvial soil
: : - | Meander valley alluvial soil
Alluvial valley soil -
. . ‘ -~ | Fan alluvial'soil ~ _
| Peatsoil | Shallow pear swamp soil - -

Peat swamp soil -

Eastern Plain and Old marine terrace soil
Hill Undulating plain soil

. jDeep peat swamp sml

‘| Hilly plain soil

Barisan Range -

| Thc castern plams and h111s located bctwccn the coastal swampland in the east '

E
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The areal ratio of soil gfoups in the study area is summarized below,

) Unit: %
Soil Group . - Kampar River Indragiri River In-between . -
' ' Basin Basin - Area
Alluvial Plain Soil | S - : 13 . |- 30
Peat Soil - - 4 31 9- R 70 .
Old Marine Terrace Sml : 10 0. o B . 0
Undulating Plain Soil 17 17 0
Hilly Plain Soil . 10 16 : : 0
Barisan Range o - 27 ' 37 - 0
Total . ‘ - 100 - 100 100

2.4.2 - Present Land Use

The present land use in the study area is classified into seven categorics. The areal

ratio of each category is given in Table 2.4.1, as =s‘ur}lm_au;izt:-d‘be.\low.

N : _ . - Unit: %
- Category Kampar | Indragin In-between | Study Area
River Basin | River Basin | Area.

Forest 675 - | - 550 97,7 69.8
Bushand | - 7.0 - 7.9 08 6.0
Grassland i ' : :
Shifting 38 4.9 . 0.3 34

| Cultivation - '

1 Wetland = - 1.6 T 44 0.5 L 23
Cultivation - o : 2 :
Upland ' 16 |26 | 06 ' .14
Cultivation : ' ' : S
Tree Crops/ - 19.0 248 1 01 169
Estate o _ A

| Settlement o0 04 0.0 0.2

FTotal -100.0 - 1000 ~ 1000 S0 1000

2. 4.3 Future Land Use

‘Thc future. land use plan (draft) has been prcpared by the chlonal Devclopment
: . 'Plannmg Burcau (BAPPEDA) m Riau and Wcst Sumatra provmccs, as shown in
Table 2 4.2 and Fig. 2 4.1 and summanzcd below o o
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. Category

Total

. . T Area (ha) Ratio (%)
{1) Area to be Protected for Future Use 921,970 18.0
(2) Food Crop Farming, Animal Husbandry, 186,170 3.6
Agro Indusﬁ’y'Area o _ _ o
(3) :Planiation Development Area 1,789,660 | - 348 -
(4) Foréstry Development Area 1,194,540 2320
(5) Urban Development and Transmigration Settlement 171,230 14
Area - . : : T
(6) - Area to be Developed in Accordance with Central 31,500 | 06 |
. Govermnment Policy - : o
(7) City Development Area 24,350 0.5
(8) Other Purpose Development Area 478,720 | 9.3
(9) ‘Conservation Area 3 441,460 - 8.6
~ (a) Conservation Forest, Wildlifc, Natural Resources |-~ = - | " -
(b) Erosion Area ' - -
Total o 5,139,600 100.0
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CHAPTER 3  SOCIO-ECONOMY
3.1  Development Péiicj )

3.1.1 National Develo'pmént Policy

In Indoncs:a two natxonal dcvciopmcnt plans are prcsentiy bcmg 1mplcmentcd the

_ Second Lor_:g Term Development Plan and the S_1xth Five-Year Development Plan.
(1) : Sccqnd _LOng-Ténn Dcvclopment Plan

The Second Long Tcrrn Developmcnt Plan (PJP II) of 25 years from 1994 to
2019 is a contlnumg process aiming to create and devclop a physically and
mcntally self-rchant nation. * I PJP" II, the national economic -growth is

_prolected at 7% per- annum on average supported by the population growth -
rate which will decreasc to around 0. 9% per anhum at theend of PIP II. When
these Ob]CCtIVCS are attained, GNP per capita w1ll bccomc around US$2,600 in

2019 which is almost four txm:s the present; US$650. .

2) Si'x-th Fi;re'-Yeai— Develdpment Plan

The Sixth Fwe Year Dcvelopment Plan (REPELITA VI) is to be implemented
- from 1994 to 1999, Economlc growth is progcctcd at-6.2% :pep annum on

average. The target growth by scctor is summarlzed in the table below.

. Sector © - | Average Growth Rate (%)

(1) Agriculture o ‘ g . 3.4
' _(2) Processing Industry .~ . 9.4
- (Non-oiland -gas Processmg) o 10.3
(3) Others = _ : 6.0
(Leadership Sector) - 46

" -{ National Economy.. -~ . | . 62

342 Regional Development Poliey

The rq'giOné_{ deVélD_prh_cnf_ p(:)_licy-"ié as dc.s(;rib;:d ‘b'ello'w.
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(1) Second Long Term Development Plan

The target of the regional development plan in PIP II is a stable, real,
dynamic, harmonious and responsible regional autonomy, as well ‘as a more
even development distribution along with its outputs in the frame of

increasing public prosperity.

The taigct of economic development is-to attain a speedy growth. of the gross .
regional domestic product (GRDP) for the non-oil and -gas sector, which is
estimated on annual average at approx. 3.7% for Riaw Provir_ncé and 7.6% for

West Sumatra Province,

The social development targets are (1) to increase the degree of public health
and nutrition which is me’asu’rcd' through, among other things, two indicators
of social prosperity, ie., longcr ‘life expectancy -to :72.7 years for Riau
Provmcc and-72.3 years for West Sumatra Province and the lowering of infant
- mortality to 2.0% (Rnau Provmcc) and 2.1% (West Sumatra Province); (2) to
decrease the popuiatlon growth rate; and, (3) to attain a stcady distribution and
increase of basic and vocatlonal education quahty, as wcll as to accomphsh o g
the mxplemcntatlon of a nme-ycar compulsory educatlon " The poverty B

. problem is also planned to be cradicated.
(2) - Sixth Five-Year Development Plan

Thc priority of the regionai economic growth is put. on the non-oil and -gas .
scctor The targct of growth of the non-eil and -gas mdustry is set at 7.0% and
6.5% per annum for Riau and West Sumatra pr()vaCb, respcctwcly The "

growth ratcsof_ each sector in _non-_o:l and -g_a_s l_n_dus_try are as f_ollows.

Uit '%peronnum o g

Non Qil and -Gas Sector' K Rlau Province - - | West Sumatra Provmce .
Agriculture - oS54 1 T30 '
Construction ~ =~~~ . s e T B

Trade and Transportatlon . 64 A

Services . o 52 68 -
Others : R R R A T
Average : Sl 70 - - 65
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-Population

3.2.1 Present Population

The present population in Indonesia and the study area is described as below.

) Indonésia .

" The total population of Indonesia has increased from 119 208 thousand in
:1971 to 179 379 thousand in 1990 with an average growth rate of 2.17% per |

a_nnurn. : Durmg the same period, the Island of Sumatra showed the growth

rate of 3.00% per annum.

~ The average annual growth rate .of population has decreased from 2.39%

during the period from 1971 to 1980, to 1.98% during from 1980 to 1990
(refer to Table 3.2, l) It is forecasted that the total population of Indonesia

will increase to 210 439 thousand in the }’Cdr 2000 with the avcrdgc annual _

- growth rate of 1.61% in the period from 1990 to 2000,

(). Study Area

The population of the study area in 1982 and 1991 is éummariz_ed below (refer
to Table 3.2.2). a | |

Unit: - 1,000 persons

. Particulars =~ 1982 | 1991 Annual Growth Rate
-~ T o ) o e T ’ (%)
Study Area in Riau 1,288 1,847 . 409
Province b - ' L o
Study Area in West 12,216 2,564 1.64.
‘| Sumatra Province - ‘ R S
‘A'Total * -~ - -] 3504 1 - 4411 | 2,59 (Ave.)

322 P'o_ﬁu.létio_n Densnty R

g ._P'opulétion acnsity in Indonesia and'the study 'al_'ea' is described as below.
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(1) Indonesia

The bopulation density of Indonesia has increased during the pcﬁod from

1971 to 1990, as shown in the table below (refer to Table 3.2.3).

Year Population Den51ty Annual Growth Rate
_ (person/km ) (%)
1971 62.1 S
1990 93.5 217
' | (1971/1990).
2000 -109 6 1.61
' _(1990/2000)

(2) Study Area

Note: Amounts mdlcated for the year 2000 are projected figures.

The populaii_on density of the study area has increased for the period from
1982 to 1991, as shown in the table below (refer to Table 3.2.4).

3.2.3 Pbp'ulaﬁon Projeétion of Study Area .

Year Populauon Densnty Annual Growth Rate

_ ' (person/km") B ¢) N

1982 41.5 L :
1991 52.2 - 259

The future populanon in the study area is pmjcctcd bascd on past statlstlcal data and

the natlonal and reglonal dcvclopmcnt plans, PJP Il and REPELITA VL ProJecnon is

made for 25 years at five- -year mtcrvais from 1994 to 2019. The result of p0pulat10n

: prOJcctlon is summanzcd in the table below (rcfcr to Table 3 2. 5)

. : Unlt person o
River Basin | 1994 1999 | 2004 | 2009 2014 | 2019
Kampar 1,018,950 | 1,245,799 | 1,532,341 | 1,895,697 | 2,314,705 | 2,811,499
indragii | 2,335,479 | 2,547,980 | 2,759,616 | 3,005,185 | 3,246,077 | 3,500,579
Total | 3,354,429 '4,291,957 4,900, 882 | 5560,782 |

6,312,078 | -

3,793,779
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33 Present Ecanomic:Condition

33 Nation}:l Economic Condition -

The national economic condition is as described below.

(1) Gross Dontcstic Product

Chapter 3

The gross domestic product (GDP) of Indonesm for the perind from 1984 to

1991 is summanzcd below (rcfcr to Table 3.3.1).

o _ Unit: Rp. 10°
1984 | 1985 | 1986 | 1987 | 1988 | 1989 1991 | Annual
AU : Growth
Rate’
o . (%)
83,037 | 85,082 | 90,080 | 94,518 | 99,936 | 107,437 115,217 | 123,181 580 |

(2)  Gross Domestic Product per Capita :

Note; At the constant market price in 1983,

* GDP per capita of Indonesia fox_f the pctiod from 1987 to 1993 is summarized
‘in the table below (refer to Table 3.3.2). -

Unit: Rp. 1,000

1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | Amnual
o ) N B R ' Growth
- | - ‘ Rate (%)

| sse | s76:| 615 | 647 | 679 | M1 | 744 4.95

Note:_ At the consta_rnt market pn'_ce in 1983.

_ (3) Gross Domcsnc Product by Industnal Scctor

--_‘The breakdown of the gross domcstlc product (GDP) of indonesia by

mdustnal sector in 1993 at the constant markct pncc in 1983 is shown in the

o _table below (refer to Table 3. 3 3)
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Kind of Industry _ = Amount | - Share
| o | | (10° Rp.) (%)
Manufacturing Industries 29,035 208
Agriculture, Livestock, Forestry & Flshenes 24,512 . 17.6 -
Trade, Hotel and Restaurants '~ - 23,114 16.6
Mining and Quamrying - 19,588 140
Others _ ' : - 43322 | 310
Total ' ' K 139,571 100,0

332 Regional Econoinic Condition of Study Area
The regional economic condition of the study area is as described below,
(1) Gross Regional Domestic Prdduct'

Thc gross rchonal domcstlc product (GRDP) of the study area for the pcnod :
from 1986 to 1990 is. surnmanzed in. the table below.

Unit: Rp. 10’

Particulars | 1986 | 1987 | 1988 | 1989 | 1990 | Annual Growth ‘
' | L . Rate (%) g
Study Areain -~ | 526 |- 561 607 | 669 743 | 0 9.02
Riau.Province R S . I I -
Study Area in 927 { 921 | 926 918.) 975 | . 127
West Sumatra - | - | o —
1- Province _ : : '
| Total - 1453 4 1,482 ] 1,534 1,587 | 1,717 |  4.28 (Ave)

Note: At the constant market price in 1983.
(2) “Gross chiona; Doméstic Prod_uct per Ca'pi'ta

The gross rcg:onal domestic product pcr caplta of the study area for the period.

from 1986 to 1990 i is summarlzed in thc table below.

 Unit: .RI.J.' 1,0(.)0.

Particulars 1986 | 1987 | 1988 | 1989 | 1990 | Annual Growth
. B 4 bbb b Rate(%).
‘Study Areain | 344 | 361 | 385 | 413 | 414. [ 479
‘Riau Province )}~ Te R I R R T
Study Areain | 386 | 378 | 373 | 364 | 391 | - 028
West Sumatra : : '- .

Province 2 : . . : SRR
Average - | 370 | 371 | 377 | 383 | 401 | . 2,03

- Note: At the constant market pricein 1983.
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(3) Gross Regional Domestic Product by Industrial Sector

GRDP of major industries of the study areain 1990 is summarized in the table

below,
e ~ Industry Amount Share
' - (Rp. 10°) (%)

Agriculture r 623 36.4
Trade, Hotel and Restaurant - - 403 23.5
Manufacturing Industry. 150 @ 87
Transportation and Communications 138 8.0
Others - . 401 234
Total . . : 1,717 100.0
Note: At the constant market price in 1983.

%&ﬂ"? .
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CHAPTER 4 HYDROLOGICAL ANALYSIS

4.1 'Availabte Data :

Data for the hydrological analysis have been collected from meteoroldgiéat stations,
" rainfall stations and water level gaging stations located in and around the study area,
Ramfall data were collected from. 26 ramfall statmns and dlscharge data from 13
water level gaging stations. The ramfalt datd of 23 ramfall stations out of the 26 were

_identified as available data (rcfcr to F1g 4 1 1)

4.2  Rainfall Analysis
421 Procedure of Rainfall Analysis

'_"I'he rainfall analysis was carried out to gstimate flood runoff discharge for the flood
control plan and low flow discharge. for the ‘water Tesources development ptan in

accordance w1th the followmg proccdure

o Identification of necessary rainfall data
e Selection of rainfall gaging stati_’on.s_"_" .

. Suppldmantattan of lacking'fainfall data

' Calculation of average basin rainall

e Calculation of probable rainfall - |

e Estabhshmcnt of rainfall dcpth-duratmn curve of short duration
. : Analysis of rainfall patterns during past notable floods

. Dctermmatmn of dcs1gn rainfall A' ' -

. _ Calculatlon of probablc max1mum prcc:lpltatlon (PMP)

422 Avai_labl_éjl)'ata and Stxpp'te"mén_tatiun__uf Laaking Data

The avallable data collcctcd from 23 ramfall statlons consmt of daily ramfall data of
o 19 statlons and hourly ralnfall data of 4 statlons Not all the ramfall data are C(}mpiete
: bccause somc statlons havc lackmg data. The lackmg data werc supplcmcntcd by

Lo correlatlon w1th nelghbormg statlons that have completc data
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4.2.3 - Average Basin Rainfall and Probable R_aihl'all

The collected and Supplcmehted.déta are of imfnt rainfall. Averagc basin rainfall v_;ras
dcveidpéd from pbint rainfali by. Thiésécn.Polygon'Mcthod tfcfcf to Fig. 4.2.1) and _
Area Redu_ctid_n Fact(_)r (refer to Fig.._4.2.2) for th'e- low ﬁoﬁ and flood runoff |
aﬁalysc_s. Probable f_ainfall was calculated for flood runoff ana_lysi'_s using average:

basin rainfal (refe t0 Tables 4.2.1 and 4.2.2).

Temporal dlstnbutmn of probablc rainfall - for sub basins with areas largcr than
500 km” was detcrmmed by the distribution’ of past notable ﬂoods and the rnodcl
hyctograph of the central concentration typc was adopted for sub- basms with arcas of
less than 500 km®.

4.2.4 Design Rainfall and Prpbable Maximum Precipitatioﬁ

.Thc dcmgn ralnfail for flood runoff analy51s was obtalncd at each rcfercnce pmnt for 7. .

several probablc rainfalls under the followmg three factors

» Total volume of rainfall;

. Tcmpdrai_ distribution of rainflal.l;:ar_ld B

¢ Spatial distribution of rainfall. _ _ .
A Spillway of a rbckfill dam is dé.signed with dcsign 'dis'char'g'e o:f probable maiimum
flood (PMF) which was calculated using probablc maximum prempltatmn (PMP). .
PMP was calculated by thc Hershfield Method for areas where ramfall records are
available but other climatic records are hardly obtained-for Kampar Kiri No. 1 and
Upper Sinamar dams which .are plarmcd to be rockfill dams. Th'é..:_"r'_f_:sults of

calculation are summmzcd below.

Probable Maximum Precipitation (PMP) T

Name of Dam .} 1-day Rainfall .. | - 2-day Rainfall . | 3-day Rainfall
KarnparKiriNo.1Dam - |~ 2240 | 45387 . | - 4753
Upper Sinamar Dam U 20400 b 0 4289 , B ce 50680
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Reference Point =~ - cA. - |. | . Reference Point 1 . CA.
‘Name - - -No.~ (km®}. . | | Name © ] . No. o (km®)
Kapoernan | 6 1 699 Sinamar1 3 828
| Xotapanjang - ] 12| - 3337 Agam ' 6 | 450
KiriNo.1 . 120 | . 1,187 .} .| Sinamar2 . 346 1,278
"KiriNo:2 & . |= 28 | ... 552 | | Low.Sinamar L 12 1,779
Lipat Kain® - | .37 o 3284 ‘Sukarami | . 24 534
| Kiri+Kanan - . | 54 12,284 | | Sukam C A4 485
“Kennai . | 58461 | 16,768 | | Kuantan . | 53 7453
“Telukmeraniti .| -56+70 | 21497 } | Peranap - 61464 | 10,885
R L ¢ : “Japura < . 87 1 12,320
Kualacenake | -~ 72475 ] 15100
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43  Flood Runoff Analysis
431 Procedure of Flood Runoff Analysis

Flood runoff analysis has been conducted in accordance with the following

- procedures: -

o Selection of method of flood runoff analysis;
» Selection of reference points and division of basin;
‘o Determination of constants for runoff model; and

e Calculation of probable flood hydrograph and probable maximum flood,

432 i—\rlethod of Flood -RUnoff An‘alysis

Storaéez .Ftin_ctidh Modél ‘was _cm'ploycd to cstimat'e_-‘ﬂbod hydrogrziph, which is

- suitable for river basins with a few discharge data for verification. Constants for the

Storage Function Model were decided from the past major ﬂoods.in 1986, 1989 and -

1991 against all the sub-basins 'méritiom:_d--bc_ldw. The basic project flood was

determined from the cst_imatéd'ﬂo’od h'ydrograp'h' and calculated at fe_fcrc_nce points on

~ the objective rivcrs'."_ .

_ Reference points arc generally selected on points of major flood control facilities such

as dams, and confluence of major tributaries which become base points for hydraulic

and hydrological an_alysis.' For this Study, the following reference points have been

selected (refer to Fig. 4.3.1).

* Kampar River Basin__ = Indragiri River Basin
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The Kampar and Indragiri river basins have been divided inlo 18 and 19 sub-basins,
resPccli*}cly,. as shown in, Fig' 4.3.1. - Schematic illustration of the sub- basms arc

prescntcd in Fig. 4.3.2 and flood runoff analysm was carrlcd out by sub basm

433 Probable Flood Hydrograph

Probabie flood hydrographs were dcvcloped by. the Storage Function Model for all -

reference points and probabilities of 2-, 5-; 10-, 25-, 50- and 1,000-year return

periods. Thc pcak dlschaxgcs of the hydrographs of the basm pI'OJCCt ﬂoods, which

are called Standard Flood Discharges for 50-year return period, are summarized in the |

followmg table,

Kampar River Basin . Peak Specific | . - Indragiti River Basin | Peak Specific
Referénce Point. C.A. | Discharge® | Discharge Reference Point CA. Dmchugc‘ Discharge
Name No. | (km?) (m’/) (o 3rs/km?) Name No, | (m® | (o ) (ms/km?) |

Kapotrnan 6 | 699 [ 1365 - 20 . |Sicamar | 36 1,278 | 2,004 1.6
Kotzpanjang 12 3,337 | 3997 12 Low.Sinamar 12 1,779 | .2.421 - 14
Kiri No. 1 20 ] 1,187 | -1,630 | 14 Tow.Kuantan | 53 | 7453 6,545 0.9
KiriNo,2 .| 28 5521 1399 | 25 Peranap | 61+64 | 10,885 | 6,777 0.6
Lipat Kain 37| 53284 | 3101 09  |apre : 67 . | 12,320 | 6,998 0.6
Kiri + Kanan’ 54 12,284 | 6790 0.6 Kualacenake . | 72+75 | 15,100 | - 7,659 0.5
BKering 58+61] 16,768 | 7,034 | 04 ' |Sinamar = '3 828 | 1,340 S22
Telukmeraniti | S6+70] 21,497 | . 7,951 0.4 Agam 6 . 4508 1,107, |. . 25
v : -  ]|sukzrami 24 534'] 1,482 | 28
Sukam 44 485 | 1,414 - 2.9

* Peak Dischaige = 50-year return period *

-4.3.4 - Design Discharge for Design'of Dam Spillway .

In the Overall Devcldprnent Plan, sixdamsitcs were scléctcd for both f.l.bod c‘ontrdl"

and water rcsourccs dcvclopmcnt plans Four dams are planned as concrctc grawty .

dams and thc rcmammg two dams as rockfill dams

- In designing spillways of these dams ﬂood dlschargcs of 1 OOO-ycar return pcnod' '
and probable maximum ﬂood (PMF) are cmploycd as des:gn dlscharges of splllways”

- for concrete gravny dams and rockflll dams rcspcctwcly The flood dlscharges of |

1, OOO-ycar rcturn perlod were - obtamcd by thc same manncr as other probab111t1cs

The probable maxunum floods wcre calculated usmg probable maxmmm_'_

prec1p1tat10n studied i in Scctmn 4, 2 Ramfall Analys1s Thc rcsults of calculatmn of -

' design dlscharges for splllways Df the six dams are summanzed below
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Design Disé.ha-rgé of Spillway

Dam Features Peak Discharge (m3 /3) Specific
‘Location of Type of CA. 1,000-year PMF Dlscharge
Dam Site Dam (km”) Return Period : (m 3s/km?)
Kapoemnan Concrete S
o Gravity 699 2,181 3.1
Kiri No. 1 Rockfill - 1,187 - 7,274 6.1
Kiri No. 2 Concrete 3.6
s - Gravity 552 1,992 :
Sukam Concrete B _
- ' Gravity | 360 1755~ | - 4.9
Upper Sinamar Rockfill . 1,580 | .. - 8,383 53
Kuantan “ Concrete | .
o Gravity 7,453 10,047 1.3
Low Flow Analysis

4.4

441 Average Basin Rainfall ~

“The low flow a'naly.sis Waé carried out. to prepare daily discharges for the water
. resources devclopmcnt plan. Slncc observed discharge- data co!lccted were not
sufficient both.in number and recordmg pcnod dally dlscharges were developed fmm

the average basin rainfall as stuchcd,l_n Section 4.2_,__R_.amfall Analys1s.

4.4.2 . Runoff Model.nd'Simu_Iated Discharge;

The dally dlscharges were caiculatcd for the same sub basms established for thc flood
~ control plan by Tank Modcl applymg average ramfali for the period of 12 years from
| ]981 to 1992 and were callbrated by. ohscrvcd dxschargc data to determine values of

_ constants for the Tank__Model “The results of low ﬂow andlyms are summanzcd

~below.
' Particulars - - Unit - Kampar River Basin_| Indragiri River Basin

Rainfall mm 2,513 2,338
Average Discharge at- o ms “1,0100 591 .-
River Mouth - : : S - oo
Catchment Area” L km? 24,548 16,268
Specific Discharge - - m?¥s/100km? - 4,11 - 363

‘| Runoff Height - ~omm - 1,298 1,145
;Loss (Evapotransplrauon) S mm 1215 1,193
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4.5 . Inundation Analysis )

' 4.5.1 _Inimdation Analysis for Overall Development Plan

Identification of Flood Area

Through the flood damage inizesti_gatiou in the study area, five habitual inundation
arcas were identified. -Two .area's_are along the mid_dle-and lower reaches of the
-Kam_par-and Iﬁ&régin' n'i_lérS and the .ot.her t}'l_ree:'areas are in the up;;er reaches of the
Indragiri River. Recenf large floods caused inundation in these areas in 1978, 1986

and 1991.

Iﬁundation Analysis Model

~ The mundatmn analysis was camed out with the Two- Dxmensmnal Unsteadv Flow -
Model to estimate area and mundatlon depth of the’ identified mundatlon areas for
- several flood pmbab111t1es of 2- to 50—year return periods.

Estabhshment of Inundatlon Model

Flood mundatlon models have been prepared for the five mundatlon areas undcr the

followmg condltlons

» Inundation areas are to be divided into mesh bldcke of 1,860 m by 1,860 m
which is equwalent to one mmute of longltude and latitude in the middle
reaches and 465 m by 465 m which is equwalent to a quarter of one mlnute in
the upper reaches of the Indraglrl Rlver L :

o The averagc ground helght of each mesh 1s to- be obtamed usmg the

topographic map with a scale nf 1/50 000

As the initial cond1t1on for computatlon, it is necessary to give ovefflow discharge to
the mundatlon area .md the ovcrﬂow secncm Thc followmg 1mt1al condltlons werc

takcn into account

. ’I‘he ovcrﬂow sectlonb seiectcd are cf poor ﬂow capdcny cstxmatcd by the:- |

non-umform calculatlon method
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e It is assumed that in probable flood hydrographs,'thc' surplus discharge over
the flow capacnty ovcrflows at the overﬂow section. The overflow dlscharge
(a'Q) at the overflow scctmn is given by thc surplus discharge (Q) minus the

-flow capacity (g) at the overflow section in the hydrographs, as follows:

dQ=0-q

Study Résults

The study results of the inu_nda_tiori analysis for the ‘(_)vcrall'Dcvelopment Plan are

summarized below.

'

Unit: -km?*
_ Inundation Area
Return Kampar ~ ; . Indragiri River
Period River ) ' . S
(Year) Middle* | Middle Paya- Solok Sijunjung
_ .Reaches .Reaches kumbuh ) :
50 2,151 1,460 284 106 60
25 2,136 . 1,406 273 102 - 59 .
10. 2,025 1,356 - 254 S95 | 56
. 1,902 1,314 - 234 83 . 54
2 w1752 | 1,237 131 | 60 47

452 _Inuhd?tion Analysis for Priority Projects

The inundati'qn an_élySis for pr_idrity proj#cts wés_carried out with the same procedure
and. mcthdd as the Oﬁ’erali ]jcﬁclopment Plan. The areas of flood Cohtroi projects are .
3 hmlted to Bangkmang area’ along thc Kampar Kanan River and chgat area along the
| . Indragln River, '

| T’fie s_t_txdy 'I;snlts are summarized below and shown in Fig. 4.5.1. In t'h.is'ﬁgure, the

 inundation arcas arc divided into mesh blocks of 250 m by 250 m.

e 5 Unit: km®
Rt .- Inundation Area -
Return Peripd - | Kampar River |- indragiri River _
(Year) . ' .| Bangkinang = | " Rengat. =
10 : - Coee 27
2 S92 b 23
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4.6 Tidal Analysis
46.1 Tidal Level

Data on tidll level werc obtained from the office of DINAS
HIDRO-OCEANOGRAFI TNI -AL. Tables of tidal level from 1993 to 1994 at two
stations, Blandong in the Kampar River and Kuala La;au in the Indragiri River, were
collected. The collected mean tidal level and mean high water spring are as-

calcu_latcd'bcidw.- . | PR - i

Item Blandong/ - | " Kuala Lajau/
. : Kampar River Indragiri River
Mean Tidal Level - 210m o 250m .
Mean High Water Spring _ 4.05m : - 39m

4.6.2 Saltwater Intrusion

Saltwater intrusion at both K.ampaj’ and Indragiri river mouths was énalyzed and
lengths of saltwater wedges were calculated with an equation developed by Schijband

‘and Schoufeld, The results of calculation of saltwater wedge lengths are summarized

below.
River | Project | Q(m’%s) | ~B(m) | H(m) .| L(km)
Kampar | Atpresent | - 275 1,570 | 745 | 229
Futare — 1T . S
‘without 300 | 1,630 745 o222
project - ' ' . DI |
Future with o B I
5 - project -~ 352 | 1,730 - 745 | 210
Indragiri | Atpresent. | . 170 | 745 -1 680 . . - 160. -
Future N L
without | 108 |- é60 | 690 I 195
Future with  {- R | e N EE A
project - 87 ) 785 b 690 | - 156
Q: monthly minimum flow discharge ' SRR o
B: riverwidth -
H: water depth from hlgh water Spl’ll’lg leve]
L:

length of saltwater wedge
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Chapter 5
CHAPTER '§  OVERALL DEVELOPMENT PLAN

5.1 General .

The Overall Development Plan is formulated with flood control as well as water

resources ‘development as the primary purpose.  Hydropower gencration is

in’cofporated as a secondary purpose if dam is employed for the primary purpose.

Formulation of the Overall Development Plan is based on the premises given below.
(1) Basic.Coﬁsiderat_ions

The basic considerations to formulate the Overall.Development Plan are as

follows:

o Targct year is set at 2019 in accordancc with the agrccmcnt between thc'."
- Preparatory Study Team of JICA and the DGWRD, DPU;
» Future land use proposed in REPELITA Vlis a basis for plannmg, and
. The proposed land use is to be rcallzed by the year 2019

(2) Flood Pr_otccnon Areas

" The areas considered for flood 'piotection in the Kampar and Indragiri river
_basins as idcnﬁfic_d in Scction 5.3, Flood Control Plan, are outlined below.
The selection of such areas was made in due consideration of Tnecessity and

7 ec_onomié_fcasibility.
(a) Kampar River BaSm

. "0‘ jBamgkmang and surmundmg agrlcultural areas along the Kampar '
o Kanan Rlvcr ' . _
o Agncultural areas and towns scattered along thc Kampar Kiri
.' Rlvcr ' ' :

e : iA:rcas along thc KamPar Rlver
: (b) Indragm Rlvcr BaSm i

e _'Areas along thc mlddlc to lower reachcs of Kuantan Indragm_'

’ '-__:'_..-'.RIVGT .' e ':-—_: e
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.. Payakumbuh -Solok and SlJunJung/Muam areas in the upper

rcaches
(3) 'Water Demand Areas
Tﬁc m'ajor demand areas for water resources development ‘as identified in
Section 5.6, Water Resources Devéloprﬁcnt Plan, are outlined bc_low.' '
(a) Kampar River‘Basin

. Irrlgatlon water demand area proposed by DPU in Rantauberangln 7.
Imgatmn Dcvclopmcnt Project. '

e Domestic water demand area in Pekanbaru City.
®) Indragiﬁ River Basin
e Irrigation water demand area proposed by DPU in Lubukjambl
" Irrigation Dcvelopmcnt Pro_]cct '
@ _Hydropowe_,r G_cncration Areas
Hydropower gencfatio_n is basically considered to 'be'_' subsidiary to flood _
- control and water resources'.-development- 'AS -discussed - in - Section 5.7,
Hydropower. Dcvclopmcnt Plan, hydropowcr ‘generation is posmblc at thc
fullowmg dams: ' ' ' '
(a) - Kampar River Basin
-o  Kampar Kiri No. 1 Dam
» Kampar Kiri No. 2 Dam
(b) Indragiri River Basin
¢ Kuantan Dam
~ e Upper Sinamar Dam

ce Sukam Dam

52  Selection of Possible Da_msites_

Through the study on potentul water sources; thc devclopment of rwer surface water

by constructlon of dams was 1dcnt1fied as a posmblc watcr sourcc m thc study arca In

g '_5,;--_2, o
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addition, employment of dams as one of the :countermeasures of flood control is

" considered.

" From these considerations, construction of dams for flood control and water resources
development -is incorporated into the planning of facilities. As the first step for the
formulation of the Overall Development Plan, possi_ble damsites in t'hc'stu'dy area are

_selected.

52.1 Selection of Candidat_g Damsites

“Through the Studf_'on hydrbpoﬁcr development in the Kampar .and' Indragiri rivers -
conducted by .PLN and the fi cld reconnaissance and investigation on the topographic
map with the scalc of 1/50,000, the 10 dams enumeratcd below were identified as
candidate dams which are studied furthcr in detail in the formulation of the Overall
Developmcnt Plan. - Five of these dams are in the Kampar river basin and the other
five are in the Indragm river basin. Their locatmns are shown in Fig. 5. 2 1 and

potential capacities and features are summarized in Table 5.2.1.
(1) Kampar River Basin
e Kapoema'n Défri
e Mahat Darn ‘
J Kototcngah Dam

. Kampar Kiri No 1. Dam-

* Kampar Km No 2 Dam.
(2) [ndragln River Bd.Sll’l

» Uppcr Smamar Dam

' I.Dwér S'inamaf Dam
e 'Uppcr Kuantan Dam
- . ' Kuantan Dam

S .Suk_am,D_am_ ..
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5.2.2. Selection of Possible Damsites .

The sclection of possible damsite from the candidate damsites has been made, as

described below.

{1) Criteria for Selection = .

‘Possible damsites incorporated in the study on the Overall Development Plan -

were selected from the candidate damsites bascd on the fbllowmg critcrié.

. 'Dams for flood control should have a catchmcnt area.of more than 30% o

of thc catchmcnt area at thc rcfercncc pomt consxdcnng the effects. of

- dam;

s Dams to bc proposcd should havc a catchmcnt area of at. lcast more than

_ 400km and an cffcctlvc storagc capacity of more than 100 X 106 P

conmdcrmg cconomm fcasxbxhty, and

e Dams wzth gcologlcal problcms on foundation should be ellmmatcd

(2) Possible Dams

“The folloWiﬁg si;& dams were scl'c_c:tcd.as_ possible dams from the ten candidate |

‘dams for further study in the Overall Development Plan in accordance with
the criteria for selcctio_n"ﬁlcntioncd above, ‘The locati_oﬁs of possible dams are
as shown in Fig. 5.2.1. " TR

. .Kap0eﬁ1an Dam ‘
"« Kampar Kiri No. 1 Dam ~

. Karripar’ Kiﬁ No; 2Dam

* - Upper Sinamar Dam

'y Suka_m Dam

. Kuantan Dam

The other four cand1date dams were excluded for furthcr study due to rcasons

rncntloned below.
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Dam Excluded Reason for Exclusion

Mahat Dam - Existence of a Buddhist temple in the _
_ | reservoir arca

Kototengah Dam No effective storage

Lower Sinamar Dam |. Limestone foundation

Upper Kuantan Dam No effective storage

i

.(3) Comparison between Single Large Dam and Several Small Dams

- A dam with a large storage capacity is efficient and economical for flood
control and Water_-res'ources devclopment. However, a large dam has greater
environmenta! and social impacts than a small dam. To reduce the impacts,

the coristruction of several small dams becomes an alternative.

_As dlscussed clsewhere; the Kuantan Dam on the Indragm Rlver is one of the

- priority pro]ccts for flood control and water supply. This dam is large and has :
the gross storage capamty of 1 570x10 ? or an cffectwe storage capac1ty of
1 145x10 . To compensate for thlS 1arge dam, many small dams shall have

to be constructed and this will be very costly and unreahstlc

For iristance, the groSs storage capacity of a standard scale small dam witha
helght of 10 m on a river channel w1th a width of 100 m and riverbed slope of
.1/500 ina hllly area comes to 2. 5x10 m To have the storage capacity equal
to the Kuantan Dam about 600 small dams are requ1red On the other hand,
the gross. storage capacity of a small weir with a height of 4m on a river
channel with a width of 200 m and riverbed slope of 1/5,000 in the lower

-sttetch cOr_nes'to 8.{)x105m-3, _and 2_00 weirs are required.

e :'_ The constructmn of a lot of small dams is therefore unreahstlc and very costly

. -cven if the scale 1s sufﬁc1ently small Furthermore, flood control by many
o, S small dams is operatlonally dlfflcult because the oompletc combmed operatlon
= | _of all dams 1s reqmred dueto- small storage capac1t1es and flood protectlon
-may have to bc made by a complete dike system CA smgle large dam is

'accordmgly recommended in the’ present study, lf thc rcqmred storage i$ large

. cnough to fulf1ll the env1saged funcnon of the dam. Small dams are to be

consl_dered_local_ly _dependmg on water deman_d. .
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53 Flood Control Plan
53.1 _Presenf River Condition
Whole Basin-

The Kampar and Indragiri river basins lic in (P40N to 1°05’S latitude and 100°10E to
103°30E longitude. The river lengths and catchmcnt areas uf the Kampar .and

Indragiri rivers as well as the delta area near the sea m-bctwccn thc two rivers are

given in the table below. Fig-5.3.1 shows the river system in the study area.

Particulars - - Kampar Delta  Indragiri -Total

_ . ' . River . - | In-between River = 1.
River Length (km) 580 . L 706 -
Catchment Area (km*) o N o
Riau Province - ‘ 21,086 10,580 8,809 ~ | 40475
 West Sumatra Province | 3,462 S0 7459 | 10,921
Total Catchment Area- | 24,548 10,580 16268 | 51,396

* River length of Gaung River,

Kamgar RiIVc_r_ System .

The Kampar Rwer has two ma_}or tnbutancs the Kampar Kanan and Kampar Kiri e .

nvcrs and they Jom each other at Langgam approx 40 km southeast of Pckanbaru
' Clty

1) Kam.par Ka_nan__ River -

The Kampar Kanan River whlch has a catchmcnt area Df 5, 231 km ongmates

at Mt, Gadang (EL 2,060.3 m) m the. Bansan Mountams In-thc mountain 7: :

area, it flow north then gradually turms to cast It ]oms the - Kapurnangadang'_ :

and Mahat rivers at the upper rcachcs of the- Kotapan;ang Dam, whxch is

_ prcsently under constructlon for. hydropowcr dcvelopment by PLN In the o

> uppcr reaches of Bangkmang, 1t has a ﬂow capac1ty of about 1 000 m /s and B

. berwecn Danaubmgkuan and Tcratakbuluh ‘about_ 700 m /s

B
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(2) Kampar Kiri River

The Kémpar'Kiri.Rivcr which has_'a.cétchmcnt area of 7,053 km2 oﬁginatcs in
the B_érisan Mountains in the border of the Riau and West Sumatra prbvinceé.
In the upper reaches, it has two tributarics, the Sibayang and Singingi rivers
which have catchment areas of 1,606 km? and 1,678 kmz, respectively..

The flow capacity of the Sibayang River is about 1,000 insls, while the
Kampar Kiri ‘River has 200-400 'm’/s in the lower stretch of the confluence

with the Teso River.
(3) Kampar River

After _]mmng the Karnpdr Kdnan and I(ampar Kln nvcrs the Kampar River
flows east with rncandcnng It joins another tnbutary, the Nilo River which
has a catchment area of 3,133 km®. The width of the river exceeds 1.0 km

downstream from the 100 km point and around 7 km at the river mouth. -

At the 'rivcr mouth, tidal phenomenon "bore" takes placc Bore is a kmd of

- big tldal wave which takcs place at spnng tlde

3 Indr:agiri River Sgstcm

The Indrégiri River has some major tributaries in the upper'rééches, ‘the Sinamar,

‘Ombilin and Sukam rivers, The upper reaches of the Indragiri River is called the
Kﬁ_antan_Rivcr from the confluence of the Ombilin and Sukam rivers until Japura.

. :(1) Sinamar River ‘.

The Sinamar River which.hés a catchment area. of 2 492 km® '_bn'ginates from
~ Mt Putus (EL 1,930 m) in the Barisan Mountams 1t joins the Lampasi and
- Agam rivers near Payakumbuh City. The flow capacity of the Smamar River

s small at 200~400 m /s in thc uppcr and lowcr rcachcs
e (2) Ombllln Rlver
= _Thc Ombllm Rlvcr whlch has a catchment area of 2 187 km {mgmates ﬁom

| 'thc__D__lbaruh _I_akc,_ -.Betwccn the.learuh _I,ake_ar_ad ,thg.Slngkar_ak__lakc s
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called the Lembang River. The Singkarak Lake which has a water area of
130 km?is under development for hydropower gcncratibn by. PLN. The flow
. capacity of the Lembang River is as small as 4007m3/s near Solok City. '

Water of the Singkarak Lake flows out to the Ombilin River, then flows
toward east in the hilly area and joins with the Sukam River at Muara Town.

After joining the Sukam River, the name changes to the Kuantan River,
(3)  Sukam River

The Sukam River which has a catchment area of 1,490 km” originates from
the Barisan Mountains. It joins with the Ombilin River near Muara and
Sijunjung towns. After Jommg with the Omblhn chr at Muara Town it is

called the Kuantan R1vcr
(4) Kuantan River

The upper reaches of the Indragiri River between Muara and Jaﬁﬁrﬁ of 320 km
is Cailéd the Kuéntan River. “The Kuantan River flows down toward east in
gentle hilly area and the nverbed gradlent is 1/630 at the downstrcam of
-Muara until Lubukkambacang Aftcr Lubukkambacang, the nvcrbcd gradient _

- bccomcs very gentle w1th 1/3,500 to 1/6,000 and the river has a flow capac1ty _ '
of 1,200 m¥/s to 1,500 m/s in this stretch. N

| (.5)‘ _Indragiri Rivér

After Japura, the river is. cal!éd the Indragiri River. Between Iapura and. t.he
river mouth, it flows in a swarnp area for 215 km chgat dnd Tcmbllahan :

towns are locatcd along this stretch,

53.2 Fiodd Damage Condition= o

Flood prone areas were 1dcnt1f1cd bascd on thc ﬂood damagc survey at fields as -
shown in Fig. 5.3.2. Asshown in the 1llustrat10n ﬂoodmg problcm in thc basms can' -
be d:v:dcd broadly into two, namcly, Iocal problcms in the uppcr rcachcs and gcncrdl- ﬁ

B problcms in thc mlddlc and iowar Icaches
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The local problems in the upper reaches are in West Sumatra Province. These arc in
"~ Solok, Payakumbuh.a'nd Sijunjung/Muara areas, The maximum areas of inundation

are apprbximatcly 5,10 and 25 km’, respectively.

The inundation areas in the m1ddlc and lower reachcs are along the Karnpar Kanan,

Sibayang, Smgmgl Kampar Kiri and Kampar rivers in the Kampar river basin, and

Fbes

i | along the Kuantan-Indragm and thc Ccnako rivers in thc Indragm river basin. ‘The
inundation areas of the Kampar and Indragm rivers are about 1,800 and 900 km”,

" respectively. These arc all storage type mundatmn
L ‘Upper Réaches

Solok, Payakumbuh and Sijunjung/Muara areas were identified as flood prone
..areas in the upper reaches. : Fioods hit these areas almost every year due to the
insufficient flow capacity of rivers. To increase the present ﬂo'w'capacity of
‘exlstmg rivers, DPU had conducted or is conductmg river unprovcmcnt works

in Payakumbuh Solok and Muara areas

L

@) Middle a_nd'Lowc‘r R_cachcs

- The present flow capacity in this stretch has been es_timated as follows

‘River ' Flow Capacity (m/s)
- | Kampar Kanan River ' : :
| Bangkinang Area . . ' : 750 - 1,000
. Lower Reaches S . 700 - 800 -
Kampar Klrl Rlver R : L -
Sibayang ' ' . 500
- Upper Reaches of Kampar Kiri River_ C600
‘Lowér Reaches: of Kampar KiriRiver | . 200
‘KamparRiver -~ - ‘ : ; around 1,200
Indragiri River * R . around 1,200

As the flood-prone area rhap”_sh.(')ws _(téfer.t_o Fig. 5.3.2), arcas along the rivers
arc'ﬂood-'pléin and .eeisil'y' inuii&étcd by ﬁbnnal ﬂ(.)o'ds Floods occur almost

_ every yedr and once thcy occur mundatlon contmucs for 7 to 10 days in lower

o arcas Ficld mtcrwew survcy rcvcaled thc followmg notablc floods in reccnt

S -ycars
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January 1995

November 1993 (Upper reachcs of the Indragm chr)
December 1991 to January 1992
January 1991 |
January 1989

February 1988

January 1986
1978

1964 (the'historical largest ﬂood)'

5.3.3 - Related Projects

'Exis_ting projects related to flood contfol,'sedimcni control, river maintenance, etc.,

are as mentioned below. Fig. 5.33 shows the location of these projects.

).

Complctcd and Ongoing_Projcct_s _

: PmJects dlrcady unplcmcntcd and undcr construcnon in thc Kampar-Indrdgm

. river basm are as follows

 (2)

Radio‘ _Communication/Waming Sysfeiﬂ-(_l{arhpa: and Kuantan-Indragiri

_Rivers)

Kotapanjang Hydropowcr Pro_]cct (Kampdr Kanan Rlvcr)
Lcmbang River Improvcment Project (Upper Indragm Rlvcr Basm)

Sinamar- -Lampasi River Improvcrnent PrOJect (Upper Indragm River -
Basm)

| Muara Area Rlver Improvernent Pro_|ect (Upper Indragm RIVBI' Basm)
Smgkarak Hydropower PrOJcct (Indragm Rlvcr Basm)
River Works in Middle and Lowcr Reaches of Indragm R:vcr

Prpject_s_ unde_r_ Pl_ar_m__i_ng arid De’signihg - '

o 'l"hc foilowmg pro_]ects are under plannmg and demgmng

Trans- Sumatra Canallzatlon Pro;ect for the Lowcr Kampar-lndragm
Deita ' '
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e ' Projects included in REPELITA VI, Riau and West Sumatra Provinces

(refer to Fig. 5.3.3) _
Rengat Area Detailed City Layout Plan

53.4  Objective Flood Protection Areas

Objcctivo flood protection arcas for the present overall plan have been identified as

follows (refer to Fig. 5.3.4) in due consideration of present flood damage conditions

and rélated projccts, as dis_cus_sed in the previous chapters, as well as the proposed
1and use plan under REPELITA VL.

@

Kampar Rlvcr Basm

Bangkmang-Almns area along the Karnpar Kanan R1vcr
Proposcd agncultural lands in lower reaches of the Kampar Kanan River

Areas along the S]bayang Rlvcr

Arcas along the upper rcachcs of the Kampar Kiri River

Existing and proposcd agricultural lands along the Kampar Ri'\}rcr'.

_ _Kuant’an-lndragiri';Ri\'rer Basin

Towns and agricultural~ areas in the opstreafn ‘reaches, namely,
Payakumbuh; Solok and Sijunjun’g/Muara areas in th(::l Upper Indragiri

Rlver

X Towns along thc lowcr reaches of the Kuantan River from Tclukkuantan _

to Anmolek

chgdt area.

_ Ex1stmg and proposed agncultural lands along the middle and lowcr o

‘rcachcs of the Kuantan Indragm Rlvcr

' ..'.5.1:’,_.5 Pl.anningl-Cﬁtcria for OVera_ll Development Plan

. _Targot Year L |

j "Ihe'tor'gét year for flood c'on'tfol'planning refers to the year whose conditions serve as

- the basis for dctcrrmmng thc demgn scalc of the Prolcct For tlus pl'OJCCt thc targct

. i"ycar is sct at 2019
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Design Scale

The design scale, namely the return period of design rainfall for flood control
.planning, is decided at 5 to 10-year for the Initial Phase of the Overall Development.
Plan and 50-year for the Final Phase in due consideration of the "Flood Control
Manual, CIDA-DPU, June 1993" and design scales adopted to other projects in
Indonesia. The following table shows the design scales adopted to this Project. '

Unit: - Year return period

Particuiars Initial Phase Final Phase
o (Uban/Rural) |
Kampar River System T _
Kampar Kanan River 5/5 : 50
Kampar Kiri River - 50
_ Kampar River after confluence e 50
Indragiri River System S '
Sinamar/Lampasi/Agam Rlvers_'- 1 107100 |0 50
Lembang River _ _ 10710 : 50
Sukam/Palangki Rivers 10/10 50
Kuantan-Indragiri River . 1 - 10/5 1. 50

Standard Flood Discharge

_ Standard flood discharges which correspond to the -'dcéign scalés. determined above
are as follows. The calculation ‘has .been as cond'uctcd. in CHAPTER 4,
HYDROLOGICAL ANALYSIS. |

Initiai Phase Final Phase

River Catchment | Return | Standard | Retum | Standard
' Area Period | " Flood .| Period - Flood
' ' _ stcharge Dlscharge
. (km?) (Year) | = (ms) | (Year) (m /s)
Kampar River System : 3 : S RS R '
Kampar River at Bangkinang [ 3,337 5 .1 280 [ s0 | 4,000
Sibayang River 1,187 5. 1,050 .| 50§ 1,650
Singingi River ' 552 | S 550 |- s0. 950
Kampar Kiri River 3,284 - - |50 .1 3,100
Kampar River at Langgam do12284 |- . 1 oL 500 o] 6800 -
Indragiri River System N I g B R
Kuantan River at Lubukjambi = | - 7453 | 5 3900 |- 50 -1 6550
Kuantan River at Peranap "4 10,885 - 5 - 4300- | 50 1. 680 -
Kuantan River at Japura. 12,3200 | § 4,500 | 50 .| 7000 "
Sinamar River ' 1278 {10 11,550 | ‘50 L 2,100
Lembang River 359 - 100 | se0 50 | 1,000
Sukam River ' o360 110 | --700. | 50 1,050 - |
‘KuantanRiveratMuara | 6369 ~|" 10 | 3950 | s0 | 5450
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Design Criteria
The design criteria considered for flood control planning are as follows:

(1) * River Improvement

(@) High Water Level
The design high water levels are maintained as low as possible.
 (b) Channel Alignment and Longitudinal Profile |

The alignment of the improved river c_hannel basically _f_oll_owét_he
_ present aIighincnt Although oorflpaﬁson of construction cost is corried
out, the followmg prmcxplcs are considered. Continuous shortcuts are
basically avoided in order to maintain the prcsant river regime.
However, extreme mcandcnng pornons are_to be- shortcut to realize

smooth flow dunng ﬂoods and to mlmmlzo 1mprovcmcnt cost..

(c)' C_ross Section

Basically, oompound cross sections will be adop_ted. Dike dimensions -

- will be determined based on the Flood Control Manual.
(2) Flood confrol Dam
| | Dams aro baoically plannod as multipurpooc daols.
(a) chula.t.i.on Typo |

~ - Natural regulation (oon-gat_ed_) will be adopted if physical conditions and

- the fu_nct'ion_of'thc dam allow.

.. _ (b) Capacny

'Opnmum scales of dams w1ll bc dctcrmmed through 0pt1rmzat10n study
_w1th river nnprovcmcnt conmdcrmg reservoir capacuy allocat:on with

-:'othcrpurposes

Cse13
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53.6 Premises for Flood Control Planning

Flood Control Effect of Kotapanjang Dam

The Kotapanjang Dam which is presently under construction by PLN does not have a
storage capaci_ty for flood control because it was planned for hydropower generation’
'purposes only. HoWéver, if a flood flow down when the reservoir water level is

lower than the high water level, a cc_rtain effect of flood control can be éxpected.

The reservoir operation simulation was carried out for floods from 1971 t0.1992. The
simulation results show that in some years, floods hit the area when the reservoir
water levels were at high water level, T'hereforc, the flood control effect of the

| Kotapanjang Dam cannot always be cxpectcd

Indragiri-Gaung Floodwav

DPU had conductcd a fca51b111ty study for the Kampar-lndragm Zonc for the
canalization i in thc cast coast of Sumdtra The ﬂoodway is proposed in this plan to
divert a maximum dlscharge of 500 m’/s from thc Indragln River to the Gaung Rwer
Detail design has also been started for this ﬂoodway Accordmgly, this ﬂoodway is

considered as a prerequisite for the present study.

53.7 Applicable Alternative Measures -

For flood control, the following four measures are. considered as applicable
' countermeasures: | ' B .
. Cons;ructibn of flood control dam;
» Improvement of existing' river chérmel-
e Establishment of rctardmg basms, and

. Construcnon of ﬂoodways

Apphcable altcrnatlvc structural measures for each. river were 1dent1f1ed conSIdcrmg

the natural condmons as follows (rcfcr to F1g 5. 3 5)
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