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at 50 years, consideting the durable life of facilities to be installed and other
similar projects in Indonesia;

(4) Project benefit is estimated on the projected development stage in 2019 i m_
accordance with the final completion year; and o

(5) ‘Currency conversion rates are assumed at US$1.00 = Rp. 2,175 and
¥1.00 = Rp. 21.90 as of July 1994,

Water Resources Development Plan

The water demand forecast for the ten categones in 2019 is presented in Sectlon 5.6.
In this section, four out of the ten categones, namely (1) domestlc water,
(2) industrial water, (3) tourism and (4) urban area flushing water are called public
water, and the benefits of public water and i'nigatio’n water have been estimated. ' The
benefit of hydrepewer use has been estlmated separately and the remaining four -
categones were not mcluded in the estimation of benefit because these categories are

not expected to bring any monetary benefit.

Basic condltlons for economic evaluation of the Water Resources Development Plan

are the same as those of the Flood Control Plan above except item (2)

Hydropower Develop’ment Plan

The economic evaluation on the Hydropower Development Plan is conducted for
Kampar Kiri No.1 Dam, Kampar Kiri No. 2 Dam and Kuantan Dam which are

proposed as multipurpose dams,

Basic conditions for economic evaluation of the Hydropower Development Plan are

the same as those of the Water Resources Development Plan mentioned above.

5.14.2 Econo.mic Benefit

e
o

i
Gl
S

g

-Flood Control Plan
Flood control benefit is defined as the reduction of inundation damage attributed to
the preposed works. The reduction is obtained as the difference between 't.h'e .es_tima_ted

inundation damage under the with- and the without-the-project situations;
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Inundation damage consists of direct and indirect damages. Direct damages concem

the following items:

(1) Agricultural and aquacultural products;
- (2)  Residential, industrial and business houses and buildings; and

-(3) Public facilities.
The value of direct damage is calculated as follows:
[ Direct Damage in the Area (Rp.) ] = [ Area Size (ha) ]

x | Damageable Value (Rp./ha) } x | Damage Rate |

The direct damages of item (2) above inciude indoor movables or household effects

with the following ratios:

Residence . 0.600

Industrial Building - 2.000
Business Building 2.364
Public Building 0.769

The direct démagc to item (3) is estim'ated in proport.io_n to the damag'c' of (2) The

applied proportions are as follows:

Roads and Bridges ' - 28.2%
Farmland e 5.6%
Railways . = : 13.2%
Telecommunications - 31%
Electric Power Facilities 2.4%

Indirect damage means _damagc caused by business suspension duc to floods, and is
estimated as 6% of the direct damage of (2). Damage is calculated for five cases of
floods, 24,.5-_, 10-, 25-_ and SO—ﬁyear return periods: of with- and without-the-project

situations. The estimated benefit of the Flodd Cbntro} Plan is summarized in the table

below.

Lo seu
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Flood Control Project Average Annual
Benefit
(Rp. 10%
(1) Kampar Kanan River Improvement Project
- Bangkinang Area River Improvement Works 38,342
- Lower Kampar Kanan River Improvement Works . 51,846
(2) Kampar and Kampar Kiri River Improvement Project
- Kampar Kiri River Improvement Works ' 7,250
- Kampar Kiri No. 1 Dam 3,259
- Kampar Kiri No. 2 Dam 480
- Kampar River Improvement Works . 35,208

(3) Indragiri River Development Project /
Kuantan-Indragiri River Improvement Project :
- Lubukjambi-Peranap Area River Improvement Works - 69,763

- Peranap-Japura Area River Improvement Works 58,833

- Rengat Area Flood Protection Works 36,536
(4} Upper Indragiti River Improvement Project .

- Payakumbuh Area River Improvement Works : 43,556

- Solok Area River Improvement Works 34,453

- Sijunjung/Muara Area River Improvement Works - 12,420

Water Resources Development Plan

The benefit of the Water chSourccs Development Plan__qonéists of the following:

(1) Public Water

The benefit of public water is estimated as the economic price of raw water at
intake points.  The unit price of raw water is assumed at Rp. 46.3 /m’.
However, the unit price of raw Water for ﬁrban_ area flushing is 60% of

Rp. 46.3/m’.

Kuok Intake Weir will start to Supply-.pubﬁc water at 4,78 m'/s in 2004 and

_ gradually increases as the demand increases ﬁntil 10.90 m’/s _in_2019,' and
generate the average annual benefit of Rp 5075><10 “at 4'.'_/'8 m3_/S and
Rp 12,230x10° at 10. 90 m’/s. | |

(2) [Drigation Water

The benefit by irrigation water is generated on (1) existing; (2) existing,
‘1ainfed; (3)existing, undeveloped; and (4) incr’emcnfal paddy fields. -Unit. -
economic value of benefit is estlmated at Rp.1 020 300 /ha “This value is the | _

" net valuc of rice dcrlvcd from dcducmg markct pncc of productlon cost from' ‘
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farmer’s gatc. price. In this study, it is assumed that unit economic value of
benefit is different from the additional harvesting ratio by kind of paddy field.
Then the unit cconomic values of benefit and annual benefit of

Ra.ntaubcrang'in Irrigafion Area are estimated as follows:

Kind of Paddy Unit Benefit Initial Phase Final Phase .
Field (Rp. 1,000/ha) (Start from 2005) (Start from 2010)
C : ha Average ha Average
Annuat Annual
Benefit ' ' Benefit -
(Rp. 109 {Rp. 10
Existing _-306.1 (30%) 3,659 1,120.0 0 ' 0
Existing 612.2 (60%) 928 568.1 0 0
(Rainfed) ' ' '
Existing" . 1,020.3 (100%) | 4,922 50219 0 0
{Undeveloped) .
Incremental 1,020.3 (100%) 4706 |  4,801.5 6,088 6,211.6
Total ' 14,215 11,511.5 6,088 6,211.6

~The total annual benefit of Rantauberangin Irrigation Arca is cstimated at _

- Rp. 17,723x10%..

.5 : The unit economic values of benefit and annual benefit of Lubukjambi

Trrigation ATea are estimated as follows:

Unit Benefit Final Phase

‘The total annual benefit _bf Lubukjambi. Irrigation Arca is

Rp. 28,306x10°%,

9,376 8,220.2

- 5-113

Kind of Paddy _ Initial Phase
' Field (Rp. 1,000/ha) (Start from 2005) (Start from 2015)
' : S ha - Average “ha Average
Annual ‘ Annual
Benefit - Benefit
: (Rp. 105 _ (Rp. 105
Existing 306.1 (30%) 1,670 511.2 1,515 463.7
Existing 612.2 (60%) 376, 230.2 65 39.8
{Rainfed) : ' '
Existing 1,020.3 (100%) | 2,096 . 21385 650 663.2
(Undeveloped) ' ' : .
Incremenial 1,020.3 (100%) | 57234 | .53403 18,543 18,919.4.
Total ' : 20,773 - 20,086.1

estimated at
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Hydropower Development Plan

The benefit of the Hydropower Development Plan is the cost of alternative facilities.
The alternative facilities are assumed as a hypothetical thermal power plant with the

same capacity as the hydropower plant.

The cost of a diesel power plant is estimated as the sum of kWh value and kW value.
The unit kWh and kW values have been assunicd as follows based on actual past
records of thermal power pl.aI_ltS' in Sumatra Island and through the discussion with

PLN officials.

KkWh value | US$0.0178/kWh Rp. 38.715

kW value US$318.14/kW ( > 50,000 kW) Rp. 691,955

US$391.66/kW ( < 50,000 kW) - Rp. 851,861

The estimated benefit of hydropower is summarized below.

Project Starting Energy Value Power Value ' Annual

Year . Energy kWh Value | Installed kW Value - Benefit
o - Qutput (Rp.10% | Capacity | (Rp.10% | (Rp.10%
{GWh) : (MW) ﬁ
Kampar Kiri -} = 2010 398.5 15,428 1 121.2 | 83,865 99,293
No. 1 Dam ] : ) .
Kampar Kiri 2016 128.3 . 4,967 38.2 32,541 37,508
No. 2 Dam ' L g :
Kuantan Dam 2005 583.4 22,586 944 65,321 87,907
2015 657.0 . 25,436 ~ 103.6 71,687 97,123

5.14.3 Economic Cbst _

Basic Conditions

Economic costs which have been converted from financial costs were used for the .

economic evaluation. The.conversion of financial costs to economic costs was made

with the following assumptibns’:' .

(1) Transfer items such as _v_éluc added tax (10%). of market price of

‘construction cost and contractor’s profits (10_%) of r_narkct pficé of

construction materials procured locally are exempted.
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(2) Standard conversion factor (SCF) to be applied for local commodities and
services is assumed to be 96.8% of the local prices, based on export and
import statistics in recent years. '

(3) Economic wage of unskilled laborers employed for construction works of

the project is assumed to be 75% of the actual market wage, taking account

B of the employment opportunity of laborers in Indonesia.

(4) Economic cost of land compcnsation is assumed to be 90% of the actual
payment, taking account of the opportunity cost of land.
(5) Price contingency is excluded from the financial cost, while physmal

contingency is included in the economic cost.

Economic Cost

‘Based on the basic conditions mentioned above, economic costs of the Overall

Development Projects are estimated as follows:

Project. . 1 Economic Cost: -
_ (Rp. 109
(1) Kampar Kanan Water Supply Project - : 234,606
(2) Kampar Kanan River Improvement Project . 719,397
(3) ' Kampar and Kampar Kiri River Improvement Project : 1,501,603
(4) Indragiri River Development Project ' ' 2,073,459
(5) Upper Indragiri River Improvement Project : , 553,387

5.14.4 Economic Evaluation on Overall Development Plan

Projects to be Evaluated

The propoSed projects to be evaluated in the Overall Development Plan are as

follows:

1y 'Kampa'r' Kanan Water Supply Projéct

(2) Kampar Kanan River lmprovemcnt Project
_ ".(3) Kampar and Kampar Kiri Rlvcr Devclopment Project
(4) Indragiri R1vcr Development Project -

(5) Uppcr .Indragiri River Improvement Project
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Method of Economic Evaluation

The economic evaluation is made by means of Economic Internal Rate of Return
(EIRR), BenéfibCost Ratio (B/C) and Net Present Value (NPV), with‘compan'son _
between cash flow of annual economic project cost and benefit that may accrue in the

project life.
Cash Flow of Annual Cost and Benefit '

To calculate the indicators of EIRR, B/C and NPV of the projects, the annual cost-
benefit flow, together with operation, maintenéncc and replacement cost (OMR cost),

is estimated based on the disbursement schedule (refer to Tables 5.14.1 to 5.14.6).

Economic Viability

The estimated EIRR, B/C and NPV are summarized below.

Project EIRR B/C - NPV

R . (%) (Rp. 10°)
(1) Kampar Kanan Water Supply Project 9.82 0.98 - 2,300
{2)  Kampar Kanan River Improvement Project - 10.30 1.03 7,592

-(3) Kampar and Kampar Kiri River ' _ 12.46 123 | 71,146
Development Project - ' B ' : '
{4) Indragiri River Development Prcrect {1 1319 133 222775
(5) Upper Indragiri River Improvement Project 10.55 107 . 15,851
(6) All Overall Development Projects 11.990 1.20 - 315,451

Judging from the results of calculation for indicators, Indragiri-.River DcQéioPmcnt |
Project has the highest economic viability. Its indicators show 13, 19% of EIRR, 1.33 |
of B/C and Rp 222,775x 106 of NPV (refer to Tables 5. 14 1to 5 14 5) |

'As for the economic evaluation of all p'rojccts'integratcd thc reSults show 11. 90% of
EIRR, 1.20 of B/C and Rp. 315,451 of NPV The EIRR is more than 10% (refcr to
- Table 5.14.6). o '
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5.15 Environmental Study
5.15.1 Components of Environmental Study

The implementation of projects may cause cerfain environmental impacts. In
accordance - with Government Regulation PP No. 51, 1993, thcfcforc, the
Environmental Imfnact Asscssment (AMDAL) shall be conducted before project
implcmentatioﬁ. AMDAL shall include the Environmental Impact Analysis
(ANDAL), the Environmental Management Plan (RKL) and the Environmental
Monitoring Plan (RPL).

5.15.2 Objectives of AMDAL Study

The objectives of the AMDAL study are as follows:
ANDAL Study
The general objectives of the ANDAL study are as follows:
| e To idcntify the major activities of the project which may potentially cause
' scnous impacts agamst the cnv1ronment ' o
. To 1dcnt1fy the c()mpont,nts of hfe cnv:ronment which may be subjectcd to the
1rnpacts
e To cstlmatc the extent, 1ntens1ty, quality of 1mpacts and 1ts significance based
on agrccd criteria; and
e To use the results for dcc1dmg project 1rnplcmcntat10n _
e To mtegrate the balance between each plan of project activity and
environments; and B o ' -
-+ To formulatc the Envuonmcntal Management Plan (RKL). and the

Env1ronmental Mnmtormg Pidn (RPL) with due. conmderatlon on the resuits -

__of thc AN DAL study

RKL

' The objectives of RKL are as follows: _
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* To conserve the environment of the projeot area by eftective an_d efficient
ways; '
s To find out ways to solve negative impacts as well as to optifnizé positive
impacts; and _
¢ To decide on relevant agencies to be responsiblc for the rﬁanagcment of

environment impacts as identified in ANDAL.

RPL

The objectives of RPL are as follows:

e To evaluate and control the cfforts .of environmental management;

¢ Tomake thc'deveIOpmént effective and cfﬁoicnt; | |

¢ To complete the dcveloPmont plan; and

¢ To determine the relevant agencies responSiblé for the monitoﬁng of

environment, the location and time of monitoring.

5.15.3 Procedure of AMDAL

The procedore for carrying out AMDAL was revised in October 1993 in éccordanc_e -

with Government Regulation PP No, 5'1_, 1_993. The original and revised of_ocedun_:s
of AMDAL are as compared in Fig. 5. 15 1, and the detailed roViSed'procedorc is in
Fig. 5.15.2. Since the revised guideline for AMDAL study has not been issued dunng
pcrlod of the present study, the original guideline was used as suggested by the

Env1ronmcntdl Impact Assessment Comimittee (KOMPUS).

The main points of revision are as follows

e The Terms of Reference (TOR) for ANDAL shall be submltted to and.

approved by KOMPUS before the commencement of ANDAL study..

e Instcad of the Initial Environmental 'information (PIL)" in the- oi'iginal '

procedure, prchmmary study for ANDAL Wthh is informal, is to be camed

out to roughly understand the present situation of the wholc objccnvc area.

The preliminary study for ANDAL shall be conducted in the mabtcr plan

study stage, and the ANDAL in the feambxhty study stdge
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The Environmental Management Plan (RKL) and the - Environmental
Monitoring Plan (RPL) shall be prepared together with the ANDAL study.
The report on RKL and RPL shall be included in the report on ANDAL.

-5,15.4 Present Environmental Condition

Forest

The present environmental condition of the study area is as described below.

(1) Upper Reaches

In the upper reaches around the provincial boundary, dense forest still remain.
Other hill forests are exploited for logging and cult'ivation_. Merksi Pine tree,
indigenou's to North _S_umatra' Province, is mainly planted on hilly and

mountainous areas. Along the road from Payakur_nbuh to Buk‘_i'ttinggi, well -

irrigated pz_iddy ficlds extend. The landscépc of intensive paddy fields and

pine plantations is cleérly different from the landscape of the lower teaches in

- Riau Province.

Woody femns, 3 to 8 m in height, often appear on high altitudes, an indication
of vegetation at higher elevations. Another outstanding species is scen at the

foothills .in the limestone area, Cemara Sumatra, Casuarina sumairana is -

" dominant in this area because of its so tolerance to ultrabasic soil.

(2) Middle Reaches

In the middlé rcdchcs bctween Pekanbaru Taluk Kuantan and Pekanbaru -

~ Rengat, the forcst area has decreascd drastlcdlly and degrdded due to

: commercml loggmg, estate rubbcr and 01} palm plantations and rubber

plantatmns of small holdcrs

In. thc loggcd-ovcr forest near Logas along thc Kdmpar Kiri River, large

Mcrant: trecs havc bccn logged actlvcly Mcrantl trcc is. one of the

: _-Dipterucarpaceae famlly which has been conmdered as cornmcrc;ally and

_ecologlcglly‘_lmpor_tg\n_t species. . Middle- -size- poles and small saplings of
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Meranti trees are still in the forest concession, suggesting that these lowland

forests belong to a type of typical dipterocarp forest.
(3) Lower Reaches

In the lower reaches of the river basins, peat swamp forest is dominant and

spread largely because of difficulty of access has made modern exploitation

slow. The trees of Rengas, Ramin and Meranti rawa, which are economically
and ecologically valuable species are seen in the forest. Besides the forest,

| major peat swamp land is exploited and converted to cncoﬁut plantations and
paddy fields. Fallow paddy fields also spread over and secondary growth such '

as ferns and shrubs are dominant,

Patches of'Sago palm are sparsely distributcd over the S\&amp In the mouth -
of the Kampar River, dwermﬁed vegetatlon is seen, such as Nippa palm,
Avwcnmd and Rhlzt)phora according to salinity and muddy condltlons Both
_ Avicennia st. andl Rhlzophora spp. are the important tree spccxcs .ef :

mangrove forests. Logging and agricultural cultivation extends to this forest

also.
(4) Prétcctcd ‘Forest

In the Kampar and Indragiri river bas_ins,‘co_r'lservation and protection forests

have been established at the following areas.

Particulars . Area (ha)
Conservation Forest '
(1) Keumutan =~~~ | 120,000
(2) Bukit Rimbangbaling | 136000
(3) Bukit Bungkuk . 20,000
ProtectionForest -~ -~ | C _
(1) Bukit Sentajo o 42000 L T .
(2) Bukit Ulak ] I Tise00 | o =
(3) Bukit Ulat-I1 ' 18,000 ' -
'(4) Bukit Balung - ) 19,500
Wildlife Reservation Forest SR
(1) Tasik Nambus 80,000
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Endangered and Protected Plant Species

There are two endangered and protected plant species, Rafflesia and Amorphophallus.

No sign of both species has been reported in the study area.

Wwildlife

Among wildlife, some valuable and protected animals in the study area have been

reported, as follows:

| Asiah Elephant : 1,100 heads.

Sumatran Tiger : - : 400 heads
Sumatr.an_ Rhinoceros : very few
. Sun Bcar | _ R not spcciﬁed
Orangutan - | o not specified
White-handed Gibon - : not specified
Agile Gibon . notspecified

Val.uabie Aguatic Fauna

The following fishes have been reported as valuable aquatic fauna in the study area:

Tapéh

Patin

- Freshwater Shrimp

Freshwater Shark
Leptobarbus Fish

5.15.5 Proposed Structures of Preliminary Study for ANDAL

. The following arc proposed as the major structures for the Overall Development Plan:

- (1) Kampar River Bé_xsi_n.

- Kampar Kiri No. 1 Dam

. _Kampar_K_iri No. 2 Dam

- e Kuok I"nfak_é Weir and Rantaﬁbcrangin Irrigation Canal -

5.1
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¢ River Improvement Works for Kampar River System
(2) Indragiri River Basin
e Kuantan Dam

* Lubukjambi Intake Weir and Irrigation Canal

* River Improvement Works for Indragiri River System

5.15.6 Preliminary Study for ANDAL

Obiectives of Preliminary Study

The preliminary s'tudy' for ANDAL is an informal study to be done before the
ANDAL study with the following objectives: '

(1) To study the present environmental conditions of the location; -
(2} To provide information for the selection of appropriate projects from the
overall plan; - '

(3) To determine environmental components to be studied in the ANDAL

study; and _ _ _
(4) To prepare the Terms of Reference for ANDAL.

Natural Environmental Condition

(1) Water Quality

The water quality of Kampar Kanan, Kampar'Kiri,_ Kuantan and Indragiri
rivers have been classified as category B, which means that the water is

suitable for drinking after boiling.
(2) Temestrial Flora -
From the field observation and data collection, 33 species of flora were found _ i

in the Kampar river basin and 51 Species in the In_dragii-i. river basin.  The

protected species are as follows: -

e Kulim

» Tembusu
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e Meranti Putih
¢ Keruing

e Kantong Semar

(3) Terrestrial Fauna

The number of species and protected ones arc summarized below. Total

number of species found were 41 species, and 20 of them are protected

‘species.
Terrestrial Fauna Kampar River Basin Indragiri River Basin
Mammal ' 17 species 21 species
Birds ‘ . 14 species ' 19 gpecies
Reptile S 7 species’ 7 species .
Amphibia ' 3 gpecies 3 species -

(4) Aquatic Flora

There are 16 species of aquatic plants found in the study area.

(5) Aquatic Fauna
" (a) ‘Fish

Nine orders of fish were found ncar t_hc proposed structure in the
Kampar tiver system. It has been reported that there are seven rare

ﬁshcs in this river systc'm.

‘ Around the Kuantan damsnc in the Indragiri river systcm, six orders of -

ﬁsh were found.

' (b)- Aquatic Mammals and Reptiles

-Aquatic mémmalé and reptiles found in the study area are Crocodiles,
._-.M.o'nitor Lizards' Water - Snakes, - Otters; and - Freshwater Turtles.
'Crocodﬂc is not found anymore in the Sinamar and Sukam rivers. In the
~ Kuantan R:ver crocodllc is 50 rarely found, but local peoplc stlll believe

'thclr cx1stencc
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Socioeconomic Conditions

Population and economic structure in the study area arc described in CHAPTER 3

and land use in CHAPTER 2.
(1) Mining

- No active mining works were found in and around the proposed facilities.
Inactive gold mining and coal mining were found near the sites of Kampar

Kiri No. 2 Dam and Kuantan Dam, respectively.
(2) River Water Use

Inhabitants of towns and villages albng the Kampar and Indragiri rivers use
river water for domestic use; agriculture '(inc]uding fishpond), waterbome
| transportation and industry. Along the Kampar River, 45% of households use

river water for the above purposes and 49% along the Indragiri River.

(3) Infrastructure and Public Facilities

(a}) Roads

National and provincial roads in the study area are kept in. good

condition, while local roads are in poor co_ndition.
(b) . Public.Schools

There are 431 units and 743 units of public schools near the proposed '
facilities in Kampar and Indragiri river basins, respectively. These

public schools consist of elementary, junior high and high schools.
(c) Health Care Facilities

There are 35 umits and 130 units of hospitals and. clinics around the

- . proposed facilities in the Kampar and Indragiri river basins, r;:Spec'tivc_ly.
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(4) Historical Assets and Cultural Properties

As representative historical assets, there is an old mosque called Jamik
Mosque at Air Tiris, six old cemeteries (graveyards) and two units of
traditional buildings. As cultural properties, Seni Rebana (playing a
traditional tambourine to accompany a song) and Balimau (bathing in water
soaked with aromatié substances such as flowers and leaves, done by Moslems
some days before the month of fasting) are known. These historical assets and

cultural properties are not affected by the implcrricntation of the project.

Study Results

The project will bring negative as well as positive impacts to the environment. From
the study on the present environmental conditions of the study arca, it is concluded
that the socioeconomic éompo’neni should be studied with special concern. Other
components such as physical and chemical components may be less signiﬁcaht
cdmpared to the socioeconomic component in terms of impact on the natural

> cnvironment.
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CHAPTER 6 SELECTION OF PRIORITY PROJECTS

6.1 Criteria for Selection _

Priority projects to be studied further in the Feasibility Study were selected from the

= “Overall Development Plan under the following criteria.
i ’ .

(1) Economic Viability

To realize carlier benefit, projects with high economic #iability shall be

sclected,
(2) Urgent_Requircment

Projects which are urgently required for flood damage protection or water

supply shall be selected. -

(3) Less Social and Environmental Impacts

Projects with less social and environmental impacts shall be selected.

6.2 Identification of Priority Projects
Based on the criteria .fnr_ selection mentioned in the preceding section, the following
have been identified as priority projects. '
62.1 Kampar River Basin

The f_Ollowing_ were identified as the two priority projects in the Kampar river basin:

(1)~ Kampar Kanan -Wétcr Supply Project
" (a) Economic Viability

' The results of 'prgli'rr‘ii'r'iary'c,c'dnomic' evaluation show that the Kampar

| Kanan Watér.'Suppl‘j'r Project has a high EIRR of about 10.1% and B/C |
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@

of 1.0 which arc considercd to have enough economic viability for a

priority project.

(t) Urgcnt Requirement.

The shurtdgc of mummpal water suppiy for Pekanbaru City is very
critical with the recent rapid growth of population and further
aggravation of the shortdge is forecasted in Lons1derat10n of the

nationwide trend of population concentration in city areas. Irrigation

water is also urgently required for the Rantauberangin area to realize

- self-sufficiency of rice in Riau Province.

\

(¢)  Less Social and Environmental Impacts

Construction of Kuok Intake Weir and Rantauberangin Irrigation Canal

will not cause any serious social and environmental impacts.
Bangkinang Area River Improvement Works

(a) Economic Viability -

The results of preliminary economic evaluation show the EIRR of about

10.2% and B/C of 1.0 which seem to have enough economic viability for

‘a priority project.

(b) Urgent Requirement

The town of Bangkinang has the 'largest population and paddy fields

| along the Kampar River, and was hit by floods in 1978, 1991 and 1995

with big flood damage. This area is cxpcctcd to have more damage in

the future without any flood pmtectmn mcasures

(¢) Social and Environmental Impa_cts_

~The constructlon of river 1mpr0vcmcnt works for thxs area w1ll not brmg _

about any scrmus env1r0nmcntal 1mpacts but it w1ll cause  house -

evacuation of about 400 units.
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6.2.2 Indragiri River Basin

The following were identified as the two priority projects in the Indragiri river basin:

(1)

»

Kuantan River Multipurpose Development Project

(a) Economic Viability

_The results of preliminary economic evaluation show the EIRR of about

15.3% and B/C of 1.7 which seem to have enough economic viability for

a priority project.
) Ufgent Requirement

The areas down‘strcam from the proposed Kuantan Dam along the
Kuantan and Indragiri rivers are hit by ﬂoodé almost évcr_y year and the
floods in 1986 and 1988 brought wide inundation. Construction of the
Kuantan Dam which has multiple purposes with the function of flood

control up to almost a 5-year return p_eribd is urgently ncccssaty.

The Kuantah Dém has another fuﬁf:fion of hydropower generation. -
According to the power forecast by PLN on the balance bctwccn future
electricity supply and demand, the demand will exceed the supply
capacity_in_ Region I1I. Earlier construction of the dam will help

supplement the Shdﬁagc of electricity supply capacity in the region.

| (c) Social and Environmental Impacts

The construction of the'dam. and reservoir will give strong impacts to the

region. Therefore, the irhpa(:ts shall have to be carefully assessed.

‘Rengat Arcé Flood Protection Works
_ (a)' ‘Economic Viability

- 'Thc_ results of prcl_iminary'cCOHOmic cvalua_ﬁon show the EIRR of about

11;0% and B/C of 1.1 which seem to have .cnough economic viability for

a priority project. -

6-3
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(b) Urgent Requirement

The town of Rengat is the biggest along the Indragiri River and suffer
from inundation alrnost every year, cspec:lally the big floods in 1986 and
1988 which brought serious flood damage Since there is more than

6,000 km® of residual catchment area downstream from the proposed

Kuantan Dam, the flood c_ontroi function of the dam will not reach the

Rengat area. Therefore, other flood protection measures for the Rengat

arca are urgently necessary.
(c) Social and Environmental Impacts

No serious social and environmental impacts are expected with the

construction of ring dikes around Rengat Town which are proposed as a

flood protection measure,

6.3 Order and Cost for Priority Projects

The order of priority of the sélcqtcd priority projects is decided by the Indonesian

Government in accordance with the request of the provincial government.”

The order and financial costs of the priority projects are shown in the fbliowing table.

Order. |

Priority Projects - o Financial Cost
_ S (Rp. 10%
(1) Kampar Kanan Water Supply Project {Initial Phase) 195,816 -
(2) | Kuantan River Multipurpose Development Project 740,325
(Initial Phase) ' '
(3) - | Rengat Area Flood Protection Works ' ' 40,295
(4) | Bangkinang Area River Impmvement Works (Inmal 247,312
Phase) _ . f
Total . : : . 1,223,748
(in ¥10% (¥1.00 = Rp 21900 | 55879
(in US$10%) (US$1.00 = Rp. 2,175) . 563

Note: Financial costs include Physical Contmgency and Value Added Tax. Price
Contingency i is excluded..
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CHAPTER 7  FEASIBILITY STUDY

71 General
7.1.1 Objective Priority Projects

Objective priority projects for feasibility study as identified in CHAPTER 6 are as

follows:
(1) Kaﬁpar Kanan Water Supply Projeét
(2) 'Bangkinang Area River Improvement Works
(3) Kuantan River Multipurpose Development Project |

(4) Rengat Area Flood Protection Works

7.1.2 Basic Conditions
Target Year for Planning

The target year for planning is set at 2019, same as the Overall .Dcvclopment.Plan.

This target ycér is used to determine water demand in the future,

Target Completion Ycar _

Thc target year for complctlon of pnonty projects is set at 2004. The year 2 2004 is the

Last year of the Seventh ch Year Dcvclopmcnt Plan (REPELITA VII). The

| 1mplcmentat10n period of nine’ years (1996-2004) is deemed appropriate by the
feasibility study. ' o o

_ Cost Estimate

Cost estimate has bcen conducted on the same condmfms as the Overall Development

Pldn ‘ie., the cost is as of Iuly, 1994 and currency conversion rates are dssumcd at

US$1.00 = Rp. 2,175 and ¥1 00 =Rp. 21.90."
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7.2  Kampar Kanan Water Supply Project
7.2.1 Present Condition

Thc project arca is situated on both banks of ihe Kampar Kanan River from

Rantauberangin Bridge in the upstream end to Danaubingkuang Bridge in the
| downstrcarh end and in Pekanbaru City. From the vicwpoint of water resources
development, w'atcf deficit for irrigation and urban water in Pekanbaru City hf:.lS. been

identified as hindrance to the development of this area.

7.2.2" Planning Criteria

Planning criteria have been _employed for the formulation of the Kampar Kanan

Water Supply Project, as follows:

Purpose and Major Components of the Project
The purposes of the project is as follows:

(1) To supply irrigation water to priority areas of Rantauberangin Irrigation

Development Project.-

{2) To develop water resources and ensure the rcquiréd urban ‘water dcfnan_d

(domestic, industry, tourism, urban area flushing uses) of Pekanbaru City.

The proposed structures consist of the Kuok Intake Weir, m'a_in irrigatibn canals and

on-farm development structures of Rantauberangin Irrigation Project.

. Objective Area -

In accordance with the results of selection of priority projects for the Overall -

Development Plan, the objective area for irrigation development in priority p'rojects is

the area on the right and left banks from Kuok Intake Weir to Danaubingkuang

Bridge, as tabulated below. The objective area for urban water supply is 'Pékanbaru"

City.

A
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Unit: ha
Rantauberangin Irrigation Development Arca Left Bank Area Right Bank Area
Existing Irrigation Area - 5,171 4,338
Presently Irrigated 1,837 1,822
Presently Rainfed 553 375
Presently Undeveloped ' 2,781 2,141
Net Additional Area 4,429 277
Total ' o 9,600 4,615

Design Scale

The design scale for the determination of irrigation water requirement is set at 5-year
return pcriod.' The target year for the determination of future water demand for urban

water of Pekanbaru City is set at the year 2019..

7.2.3 Study and Analysis
Water Demand

(1) Irrigation Water Requirement.

(a) - 'Optimﬁni Cropping Pattern

Firstly, eight cases of altemnative cropping pﬁftcms have been prepared
by staggering the starting date of land prepafatioﬁ in 15 days from -
January 1 to Apf_ii_ 16. Total diversion water requirements for each
cropping pattefn have accordingly bé_cn calculated.  The optimum
cropping pattern has been finally sclected as the one Which minimizes

the total diversion water requirement, as follows:

Crop Starting Date of Land Preparation
| 1st Crop Aprilt
2nd Crop. | October 16
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{b) Design Water Requirement
(i) Peak Water chuir.emcnt

The peak water requirements in the optimum cropping pattern for

left bank and right bank-areas of the Rantaubcrangi'n Irrigation

Development Sysierri have been calculated as folloWs:

Unit: m*/s
Area Peak Water Requirement
Left Bank 11.31
Right Bank 4.80

Total ' : 16.11

(i) Scmimonthly Diversion Water Requircment

The semimonthly diversion water requirement in the optimum
cropping pattern is calculated by combining water requirements for

the net additional arca with the additional supply for the existing

irrigation schemes, as shown in Table 7.2.1.

According to the results of the water balance study, all the existing
irrigation schemes in Rantauberéng_in Irrigation Development

Project will have irrigation water defieit,
2) Urban Water of P.ckanbal.'u_City

-The water demand of Pekanbaru City as estimated in the Overall Devéiopme_nt

Plan has been applied for the fcasibility'stu'dy.- Water demand is as follows:

o Unit: m’/s
' Purpdée_ R Peak Water Requirement -
Domestic =~ s o380
Industry : S 078
Tourism - 0.01°
Urban Area Flushing - 631
Total 13.90.
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(3) Total Water Demand

Based on thc above, the peak watcr demand in the Feasibility 'Study was

dctcrmmcd as follows

B : ' : Unit: m/s
& ' Purpose " Peak Water Demand
Left Bank Irigation - 11.31
Right Bank Jrrigation _ 4.80
Pekanbaru City : . 1090
Total 27.01

Storage Capamtv of Kuok Intake Weir

The requnred capacity of Kuok Intake Weir to regulate hydmpower gencratlon rclcasc
to constant release 1s calculated dt 1.2x10°m” on the basis of the water requircment - |
for the priority projects at Kuok Intakc Weir. This i is estimated for power gcncratlnn
duratlon of 12- hour of the Kotapanjang Power Station. On the other hdnd the same

~ capacity for the Overall Development Plan has been estlmated at 1.6x10°m’ from the

pcak dlvcrsmn water requlrement of 25.49 m*/s and water dcmand in Pckanbaru City

of 10.90 m" /s

The weir crest elevation proposed in the Overall | Development Plan should be
maintained in the initial phase since elevations which are deterruinéd by the alignment
of the main irrigation canals could not be changed. Accordmgly, the stomgc capacity
of 1. 6x10 m’ rcqulrcd for the Overall Develﬂpmcnt Plan has been applied in ordcr to

- avoid reconstructlon of mtdkc dnd distribution facilities..

‘Diversion of Water for Pekanbaru City

I the prescnt study, the water dcmand of Pekanbaru City was estimated for the water

balancc study This value has been considered for the cstlmatlon of nccassary stordgc
capac1ty of the Kuok. Intakc Wclr Howcvcr optlmum mtake and transmission
-facmtlcs were not studlcd and they should be sc}ectcd through an mdepcndcnt study

for this purposc
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These would include the option of taking water at Kuok Intake Weir and transmitting
water partly using the imigation canal, or taking water by pumpmg up in the

downstrcam arca for the shortest transmission length.

Accordingly, the volume of water to be supplied to Pekanbaru City has not been |

considered in the left bank irrigation canal, but.it has been considered for the
determination of the required regulation capacity at Kuok Intake Weir.
7.2.4 Preliminary Design

Preliminary design has been conducted for Kuok Intake Weir and main irrigation

canals of the Rantaubcrangin Irrigation Development plan.

Kuok Intake Weir

Preliminary design has been conducted as presented below. The location of the weir

and the structural design drawing are presented in Fig 7.2.1 and 7.2.2, respectively.

(1) Basic Design Conditions '

BdS]C conditions for prcllmmdry dcs:gn of the weir are as prescntcd togethcr

with the major structural features in item (4). -

(2) 'Selcction of Wei'r Type

~ Weirs can bc_ broadly classified into two types, movable and fixed. A fixed

type weir is an obstacle to smooth flow of floods. On the other hahd, a

movable type weir is able to pass floods without obstruction by means of gate

operation.

Kuok Intake Welr is located on the main Strcam of the Karnpar Kd]’ldn River

Wthh has a large. catchmcnt area of approxxmatcly 3, 400 km and control of

‘discharge will be required. Tak_mg thesc._condmons ‘mt:o_ cons:dcrd_tl_o_n,: a

movable type weir has b{‘:e_n adoptéd_.; . Typés of gate géncrally applied f(‘_),r__"

~movable weirs ‘are the roller gate, the radial gate,'-th'e:'tii'ting. gate and- the

rubber gate.

ﬁ
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Of these types, a radial gate is not applicable because gate pins should be
above the high water level and this cénnot be realized in Kuok Intake Weir.
Hence, the roller gate, the tilting gate and the rubber gate have been compared
for the sclection of optimum type. As a result of the comparative study as
‘tabulated in Table 7.2.2, the rubber gate type has been selected from the

technical and economical viewpoints,

The Kuc_Sk Intake Weir is designed to cope with a 50-year return period flood
and the intake discharges of the overall plan considering its durability, The

proposed intake weir with rubber gates is shown in Fig. 7.2.2.
(3) Design of Structures
(a) Flood Discharge Gate

The flood discharge ubber gates shall have a- function to smbothly _
 release floodwater and to store regulated water at-normal time. The
spiliway section consists of five spans; each with a 30 m long and 3.7 m

" high rubber gate.
: (b) Flush Gate

Flush gates with rollcr gates are providcd at both sides to flush out |
N accurnulatcd sediment in front of inlets. The bottom elcvatlon of fiush

| gates are set at 1 0 m below the weir sill.
(9 'Apmn and Riprap

Cdncreté aprons, 'concrcté blocks and gabion mattress riprap are placed
'-at both downstredm dnd upstredm srdcs of thc spﬁlway to prevent

g _scourmg of the rlvcrbcd
| (d) _Inlet '

7 ‘Inlcts requm: a 5tructure to. cdsﬂy control. mtdkc d:schdrgc and- as
: prevcntlon measures agdmst forclgn matcrlals ﬂowmg into thc canal. -

_ For these purpuscs, cnntrol gdlcs, scrccn, mlet apron ctc Jare installed.
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(¢) Foundation

According to the results of drilling investigation conducted in this study,
a residual soil layer is Hcsignated as a bed of shélinwcr foundation of the
proposed  structures. Sheet piles are provided to the bottom of the

residual sml layer for seepage prevention.

(4) Major Structural Features

Major structural features and design conditions are set as follows:

_ Particulars - Value
Aﬂerbav Reservoir '
Normal Water Level ' EL 40.0 m
Low Water Level P B EL 38.0m
Required Storage Capacity 3 1.6 x 10°m’
Intake Discharge (for Overall Pian) :
Left Bank 20.69 m’/s *
Right Bank -~ S  4.80m’fs
Design Flood s 1 - _ ' '
Design Scale (Retum Penod) 30 year .
Demgn Flood Discharge - o 4,000 m/s.
High Water Level EL 45.24 m
Dike Crest Elevation : ' " EL4644m
Riverbed Elevation . ~_EL3630m
Structural Dimensions of Weir ' :
Gate Type - : : "~ Rubber Gate
Sill Elevation . - e 'EL 36.3m
Crest Elevation -+, EL40.0m
LengthxHeightxUnit 1 30.0m x3.7m x5 units
Structural Dimensions of Flushing
Gate o ' .
Gate Type ~ Steel Roller Gate
Sill Elevation - . - EL353m
_ Crest Elevation . ]~ EL400m °
- LengthxHeightxUnit " . | 5.0 m x 4.7 m x 2 units -
* Design discharge for the whole irrigation area on the Jeft bank : p
does not include dlversmn water to Pekanbaru City. S SRR |

Main Im'gatipn Cahal

Main 1rngat10n canals proposcd in the Imtlal Phasc are shown in Flg 723 and

Table 7.2, 3 dcmgned in the same mannet as the OVCl’d“ Dcvclopmcnt Plan. Major o

featurcs are as gwcn in thc followmg table
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Particulars

Unit Irmigation Canal
Left Bank Right Bank

Canal Length km 44,00 40.00
Design Discharge* | m’fs .11.31 4.80
Gradient B 173,000 1/3,000
‘Max. Velceity m/s 1.02 0.79
Lining ' _ 10-cm thick concrete lining side slopes with:

stone wet masonry footing and compacted earth

. on bottom. -
Note: The design discharge of 11 31 m°/s of the left bank canal is for the initial
phase. . :

7.2.5 | Construction Plan
(1) Kuok Intake Weir Construction Works

The weir site is located at around 14 km from Bangkinang and 1.2 km
downstream from Rantauberangin Bridge. The national highway connecting.
Pekanbaru and Payakumbuh through Bangkinang'pa\-s_ses on the right bank of

the river. Layout plan of temporary construction facilities has been prepared, .

as shown in Fig. 7.2.4..

Shortcut sections on the ﬁve'fbank will be utilized as the main source Of
'cmistmétiori materials . for the wcir Land for sitc offices, plant yard,
abutmcnts of the wclr, access roads and spoil bank are to be. acquxrcd or
| rentcd Land acqu151t10n and house evacuatlon are not requm:d bccausc of thc.

small size of thc pondage area and weir helght

_Thc constructlon plan 1s accordmgly prcparcd in due consxdcrdnon of the
: physxcal and socmecnnomic conditions in thc arca. The construction schedule.

is shown in Flg 7.2.5.

2 Réntaubcrangin Irrigation System Construction Works

The irrigation afc’astrét_ches from the intake weir to the Danaubingkuang
. Bi’idgc on both banks of the Kampar -Kanah'RiV_er; On the right bank, village -

roads from the national highway can be utilized as access road. A provincial
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bridge crossing the Kampar Kanan River near Bangkinang is the major access

to the left bank.

‘Riverbed materials in the Kampar Kanan River along pr_ojéct sites is available

as fine and coarse aggregates. Excavated material from the riverbank can also

be utilized both as aggregate and embankment material.

Right-of-Way for headreaches and niai_n canals is to be acquired and families

to be affected have to be compensated and evacuated prior to construction.

Lands to be acquired and houses to be evacuated are 220 ha and 430 houses,

respectively.

The construction schedule is shown in Fig. 7.2.6.

7.2.6 Cost Estimate

P_mject'cost__ has been estimated based on the basic conditions, as. discusséd in’

Subscction 7.1.2. Tables 7.2.4 and 7.2.5 show the financial cost and disbursement

schedule, xespecﬁvcly, as summarized in the foll(‘)wing table.

Unit: Rp.10° -

ltem Value
Construction Base Cost 137,067
Compensation Cost - 4,620
Administration and Engineering Cost 20,790
Price Contingency 76,752
Physical Contingency - 22,783
Sub-Total 262,012
Value Added Tax. 26,201
Total . 288,213

7.2.7 Project Evaluation

- Economic Benefit

1) . Irrigation Water

Unit economic value of benefit is estimated at Rp.1,020,300/ha as net value

~ of rice derived from deducing ni_arkef price of production cost from. fa_ﬁﬁcr’s .

7-10
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gate price. Unit value of benefit for the existing irrigation arca and benefit

value have been calculated, as follows:

Category - ' Unit Benefit  Area Benefit
(Rp. 1,000/ha) (ha) (Rp. 10°)
Existing (Irrigated) 306.1 (30%) 3,659 1,120.0
Existing (Rainfed) 612.2 (6(%) 928 568.1
Existing (Undeveloped) 1,020.3 (100%) 4,922 5,021.9
Net Additional Area 1,020.3 (100%) 4,706 4,801.5
Total 14,215 . 11,5115

(2) Urban Water

Basic conditions are the same as the. Overall Development Plan. Kuok Intake
Weir will start to supply water of 4.78 m’/s in 2004 and gradually increases as
the demand increases untli 10.90 m® in 2019. Annual bencfit has bccn

calculated at Rp 5,067x 10 for 4.78 m*/s and Rp. 12, 234x10° for 10.90 m’/s.
Economic Cost

" The economic project. cost is estimated at Rp. 162,695x10° based on the basic.

conditions discussed in Subsection 7.1.2.

" Economic Evaluation

The project has bcén c\?aluatcd from the cccmbmié viewpoint in terms of Economic
Internal Rate of Rctum (EIRR), Bcneﬁt Cost Ratio (B/C) and Net Present Value
(NPV). The opportumty cost of capital is assumed at 10% and apphcd toa dlscount
rate for the caiculatlon of B/C and NPV.

) Anmial cost-B_eneﬁtFiow

Annual cost- bcncflt flow is shown in Tdble 7.2.6. The benefit is assumed to
accrue at the same level unt:l the end of pr()]cct life. The estimated operatmn
. mamtenant.c and replacemcnt (OMR) cost is nccded annually after pro_]ect

completion to kcep duiy the dc31gncd function.
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- (2). Economic Evaluation

The EIRR as well as B/C and NPV for the project is calculated on the annual

cost-benefit flow. The economic viability is as follows:

16.14%

EIRR .
B/C 1.02

NPV

Rp. 1,524x10°

(3) . Sensitivity Analysis

Sensitivity analysis is carried out for the project on several cases of changes in

the benefit or cost, as summarized below.

EIRR

CASE B/C .. NPV
(%) (Rp. 10%
Benefit, 5% down 991 0.99 - 920
Benefit, 10% down 9.45 (.94 - 5,561
Cost, 5% up 993 0.99 - 734
Cost, 10% up 9.54 0.95 -5,189

Project ] ustification _

The EIRR of the project shows 10.1'4%, and in any case of sensitivity analysis_on case

changes in the benefit or cost, it is more than 9.4% as pfcsentcd above. The Kampar

Kanan Water Supply Project is therefore evaluated to be ec_oml)mica'lly viable.

Furthermore, consideration is given to the exclusion of intangible benefits generated
by the project such as prescrvatmn or improvement of environment that may be lost
without the prolcct in this calculatlon If these intangible benefits are quantlflcd the

EIRR can be a higher flgurc and v1ab111ty of the pl‘DjCCt will increase.

7.3 Bangkiliang Area River Improvement Works

"'7..3.1 - Present 'Conditinn‘

The project area is situated on both banks of the Kathpar Kanan. River. - The area

suffer from habitual ﬂoodmg of thc river. 'I‘hc cause of - ﬂoodmg is thc poor ﬂow

CdpdClty of the prcscnt river channel.
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Located in the area is Bangkinang, the capital of Kab. Kampar and Airtiris, the capital
of Kec. Kampar. The flood inundation area is generally of agricultural lands. Some
parts of the proposed irrigation development area of Kampar Kanan Water Supply

Project is in the objective area and flood protection works are deemed necessary.

7.3.2 Planning Criteria

Purpose and Major Component of the Project

The purpose of the Bangkinang Area River Improvement Works is to mitigate flood
- damages along the Kampar Kanan River in Bangkinang Area by the implementation
of river improvcmént. Major work items are embankment of dikes, excavation of

shortcut channels and construction of related structurcs.
Objective River Stretch

The objective river strefch is the Kampar Kanan River from Rantauberangin Bridge
(just upstream of _'Ku'(')k Intake Weir) down to Danaubingkuang Bridgé with a total
length  of approximately 49km. This stretch corrésponds to the irrigation

developrent area for the priori:ty'projcct of Kampaf Kanan Water Supply Project.
Design Scale

Design scale for the feasibility study stage is set at 5-year return period considering
that the arca consists mainly of agricultura} lands. Consideration should be given,
'howéver,_ to upgrading the structures in the future in accordancﬁe_: with the Overall
_ Development Plan of 50-year return period scale. Accordingly, structures difficult
for upgrading in the 'futun_:, ¢.g., bridges and sluice gates, ar¢ to be designed for

B 50-year rcturﬂ period scale. | '
- Standard Flood Disc’h_a:rg €
. Standard ﬂood'd'ischa_fgcs by design scale have been determined through hydrological

analysis, as follows:

.- 5-year Return Period - 2,800 m’/s
' 50-year Return Period. - |- = 4,000 m/fs .

7-13
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733 Study and Analysis

Optimization studies have been conducted for the alignment, longitudinal profile and

cross section of the proposed river improvement, as discussed below. -
(1) Optimization of Alignment ahd-Longitudinal Profile

The plan and proﬁic.havc been determined basically following the Overall
Development Plan. The 1/50,000 topographical maps and the river survey

results prepared during the Overall Devclopment Plan stage have been used.

- The proposed plan and longitudinal profile are presented in Figs. 7.3.1 and _

7.3.2.
(2) Optimization of Cross Sections
In the Overall Development Plan stagc optimization study has bccn

' conductcd and thc optlmum plan has been determined as follows

o Assurc flow capacity mamly by cmbankmcnt.
e Channel of moderate width will bc crcated

s Excavation is conmdcred only for the extremely narrowed sections.

The width of the channel has been dctermmed at 300 m comparing 200 m to
400 m.

The basic policy of the: Overall Devclopmeht' Plan has been maihtaincd,

namely, flow capacity is assurcd'mainiy by embankment. On the basis of the

Cross sections dctcrmmcd in- the Overall Dcvclopmcnt Plan stagc more

detailed optlmlzatlon ‘has been conducted Construction costs were cornpared-

against the width of the five cases of 200 250, 300, 350 and 400 m. Thc_ -

width has been finally determined at 300 m, same as the Overall Development

" Plan.

Design crest elevation has been determined baséd on a 5-year returri period

 flood. Future raising of the dlke w1Il bc madc on the Iand suic Proposcd

cross sections are prcscntcd in F1g 7.3. 3

& g
pEei
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(3) Inundation Analysis

Flood inundation analysis has been conducted to obtain inundation depth and

duration for the calculation of flood protection benefit, as follows:

s The whole inundation area is divided into 930 m by 930 m mesh blocks
which are equivalent to half minute of longitude and latitude.

e The average ground -height of each mesh is obtained using the
topographic map with a scale of 1/50,000. _ |

s The overﬂow discharge is given by the discharge volume as in the case
of the Overall DevelOpmcnt Plan. |

; _ Two céses, 2- and 5-year retui‘n periods, are calculated considering the

design scale of the flood control project.
7.3.4 Preliminary Design
The prelim’inary design of structures is as described below.
(1) Dike

lecs to bc constructcd in the Imtxai Phase are designed in the same manner as
the Ovcrall Development Plan. Fig. 73. 4 shows the typical section of the
dikc_, In the final plan, dikes will be raised on an average of 1.3 m. Soils
from the excavation llof channel banks and shortcuts will be used for

embankment of dikes.
(a) Frceboard

In accordancc with the Design Criteria of DPU, a freeboard of 1.2m is
ad()ptcd rcfcrrmg to the design dxscharge of 2, 800 m’fs (5- year return
) _pcrlod) AddlthI’lal 0.3 m of freeboard is- provxdcd along cr1t1cal rcachcs

Cof d;kc where the height exceed:, 35 m.
' (b).. .'Cro_wn Width_ o

Dike crown w1dth of 5.0m is appllcd in accordance w;th the Design

Cr:tena
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2)

(c) Side Slope
Side slope of 1: 2.0 (V : H) or 1 : 3.0 is adopted.
() Filter

No filter is provided in the Initial Phase in consideration of design

discharge, dike height, and reconstruction of filter in the Final Phase.
(¢) Maintenance Road

Maintenance road, 3.0m wide metaled by 0.15m thick gravel, is
provided on top of the dikes.

(f). Slope Protection Works -

- Wet masonry revetment type slope protection works proposed in the

Initial Phase are _dgsigned in the same. manner as the Overall

Development Plan.
Related Structures

{a) Groin

A gioup of concrete pile permeable type groins provided at éxtreme

meandering portions are designed in the same manner as the Overall

Development Plan (refer to Fig. 7.3.1).

(®) Sluice

Location of the sluices required are determined based on the 1/50,000
scale topographic maps. Sluice types are pmposcd dcpcndmg on

drainage area. Outlets are provxdcd where channels by shortcut remain.

Sluices of the Imtlal Phasc shall be dcsngncd and constructcd in

_ accordancc with the section of dike _proposed in the Final Phasc

consxdcnng the concrctc structure hfctn'nc of 50 years.

z
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() Bridge

There are two existing bridges crossing the Kampar Kanan River in the
Bangkinang Area, Bangkinang Bridge and Danaubingkuang Bridge.
Structural type is upper steel truss for superstructure and mass-concrete
typé pier for substructure. ~The bridges shall be designed and
fcco'nstruc_t_cd in accordance with the river width.(300 m) and the design
high wafcf level proposed for a design discharge of 4,000 m’/s for the
Final Phase.

7.3.5 Construction Plan

The objective stretch is from Kuok Intake Weir down to Danaubingkuang Bridge on

the Kampar Kanan River. On the right bank, village roads from the national highway

can be utilized as access roads. A provincial bridge crossing the Kampar Kanan

River near Bangkinang is the major access to the left bank area.

Soil material for the embankrment is to be taken from the foot of the low undulating

hills along the river.

Right-—uf@ay_for dikes and related structures is to be acquired and families to be

3 a_ffcéted have to be c_ompe_nsatéd and evacuated prior to construction. Lands to be

acquired and houses to be evacuated are 197 ha and 300 houses, respectively.

The construction schedu_l_e is shown in Fig. 7.3.5.

7.3.6 Cost Esiim_éte |

_ Projcct cost has bcén cstimated based ori the . basic conditions as discussed in
Subsect10n7 1 2. Tables 7.3.1 and 7. 3 2 show the financial cost and dlsburscmcnt :

- _schcdule rcspectwely, as summanzcd in the foIlowmg tablc
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Unit: Rp. 10%

Item Value
Construction Base Cost - 176,070
Compensation Cost : 2,591
Administration and Engineering Cost’ 26,540
Price Contingency = ' 116,133
Physical C(mtinsency _ 30,586
Sub-Total ' ' 351,920
Value Added Tax 35,192 .
Total _ 387,112

7.3.7 Project Evaluation
Economic Benefit

Flood control benefit is defined as the reduction of inundation damage attributed to
the proposed works. The reduction is obtained as the difference between the

“estimated inundation damage under the with- and the without-the-project situations.

(1) Inundation Damage -

Inundation damagc_consists of direct and indirect damage. Direct damage in
the area (Rp.) can be obtainéd by multiplying area size _(ha) by the damagcablc ‘
value (Rp /ha) and damage rate. 'Damageable value is calculated for each
asset class1ﬁcat10n namely, agnculturc rclatcd asset, house and building

rclatcd asset and public facilities,

Indirect damage caused by business suspension due to the flood is t_éstimétcd
using the rate (6%) to the damage to gencral assets (houscs/building and their

indoor movables).

(2) Damage Rate by Inundation Dépth '

&

Damage ratcs for each item vulnerablc to ﬂood damage d.rc dctcrmmed in-
accordance with thc mundation depth the field survey. and other Teports.
Inundation depth is calculated by the mesh unit for floods of 2-, and S-year

" return periods.

. .7._. 18 |
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(3) Calculated Flood Damage

Direct flood damage as well as the indirect one is calculated for each mesh in

the two cases of flooding conditions mentioned above.

(4) Annual Average Benefit

Flood control benefit is defined as the expected amount of average annual
reduction of damages by the proposed works. The annual average benefit is
calculatcd by summing up probable damages that are obtained by multiplying

probable damage_of a certain probability by the probability of occurrence.

The annual average benefit of river improvement of ‘Bangkinang area is

accordingly estimated at Rp. 22,712><106.
Economic Cost

‘The economic project cost is estimated at Rp. 204,867x10° based on the basic

conditions discussed in Subsection 7.1.2.

Econ'omic Evaluation

The pr()Ject has been cvaluatcd from thc economic vxewpomt in terms of Economlc

| Internal Rate of Return (EIRR), Benefit- Cost Ratio (B/C) and Net Prcscnt
Value (NPV). The opponumty cost of capltal is assumed at 10% and apphcd to a
discount rate for the calculatlon of B/C and NPV,

(1) - Annual Cost-Bcnefit Flow

Arnmual cost-benefit flow is shown in Table 7.3.3. The benefit is assumed to
accrue at the same level until the end of project life.- The estimated operation,

maintenance and replacement '(OMR').cost isx:rlc_eded'annually after project

cofnplctib’n to kcep'duly thc_de_signcd function.
(2) Econnmw Evaluatmn

The EIRR as wcll as B/C dnd NPV for thc project is calculated on the annual

i.cost-bcncﬁt flow The economlc vmblhty is as follows:
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Item = . Value
EIRR _ 10,19%
B/C 1.02
NPV Rp. 2,216x10°

(3) Secnsitivity Analysis

Sensitivity analysis is carried out for the project on several cases of changes in

the benefit or cost as summarized below,

CASE _ EIRR B/C . NPV

| | (%) (Rp. 105

Benefit, 5% down 973 - 097 - | -3120

Benefit, 10% down 925 0.92 _ -8,456

Cost, 5% up 9.75 099 | -3,009

Cost, 10% up 9.34 0.93 . -87234
Project Justification

The EIRR of the Bangkinang Area River Improvement Works shows 10.19%, and in -

any case of sensitivity analysis on case changes in the benefit or cost, it is more than
9.2% as presented above. The Works are therefore cvaluated to be ccon()rmcally

viable,.

Furthermore, conmderatmn is given to the cxclusmn of mtanglblc beneflts gcneratcd

by the project such as saving of mvaluablc human lives that may possibly be lost by
flooding, protection from possible injuries, and prevcntlon of disease occurrcncc If
these mtangible bencflts arc quantified, the EIRR can be a hlghcr figure and v1ab111ty

of the project will increase.’

7.4 . Kuantan River Mﬁltipurposé Development Project
74.1 Present Condition

The project area is located in the middle stretches of the Kﬁantaﬁ-lﬁdrag'iri river

system. The Kuantan Rlvcr flows out from mountamous areas at Lubukkambacang

(441 km polnt from thc river mouth) Thc areas in the duwnstrcam strctch from thxs :
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point suffer from habitual flooding from the Kuantan-Indragiri River and this fact has

been a constraint to the development of the area.

From the viewpoint of Water resources development, deficit of water in the
Lubukjambi Irrigation Systcm is the major constrdmt in this area. Besides, potentlal

hydropower generation at the conceived dam is identified in this area.

~ 7.42 Planning Criteria

Purpose and Major Component of the Project '

* The purposes of the project are as follows:

(1) Flood Control
To proteet areas for irrigation development from flooding.
(2) Irrig.a'tion Water Supply

To supply imigation water to priority areas of Lubukjambi Irrigation

Development Project.
(3) Hydropower Generation

To execute hydropower generation at the proposed Kuantan Dam.

" The proposed structures consist of the Kuantan Dam, the Lubukjambi Intake Weir, a

main jmrigation canal and on-farm development structures of Lubukjambi brrigation

Development Project.

| Qbﬂﬂ‘ﬁ_Arﬂ

~The Ob_]ECtIVC area for flood control 15 the area fo be developed in the Irrigation

Development Plan dS d1scussed hereafter

 In accordance w1th the results of the sclection of the prmrlty pro_]ects of . the Overall
: 'jDevelopment Plan, the objectlve area for 1mgat1on development in pr10r1ty projects is
- defmed as the area on the left bank from Lubukjamb1 Intake We1r to Kampung Baru

- ds tabulated below._
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: Unit: ha

Lubukjambi lrrigation Development Area - Left Bank Area Right Bank Area
Existing Irrigation Area 4,142 ' -

Presently irrigated - S 1,670 - ' -
. Presently rainfed - 376 S -

Presently undeveloped 2,096 -
Net Additional Area ' ' - 5234 . -
Total : ' 9,376 ' -

Design Scale

The design scale for floed control for the feasibility study stage is set at 5-year return
pcnod considering that the area consists mainly of agncultural lands. The dcsxgn
scaie for the dctcnmnatlon of 1mgat10n water reqmrcment is set at S-ycar return

peried.

Standard Flood discharg €

Standard flood discharge of the Kuantan River at Kuantan Dam is determined through

hydrologlcal analysxs as follows:

®  5S-year Return Period : 3,900 m’/s

7.43 Study and Analysis
Water Demand
(1) Irrigation Water Requirement

(a) Optimum Cropping Pattern

Firstly, cight cases of alternative cropping patterns have been prcpércd 7

by staggering the starting date of land preparatmn in 15 days from

January 1 to Aprll 16. Total dwersmn water rcqulrcmcnts for each

* cropping pattern havc accordmgly bccn calculated. Thc optlmum

cropping pattern has becn finally selectcd as thc onc whtch mmlmlzcs‘_

the total diversion water rcquxrcmcnt as follows
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Crop - Starting Date of Land Preparation
1st Crop March 16
2nd Crop - October 1

(b) Design Water Requircment

% (i) Peak Water Requircment

e

The peak water requirements in the optimum cropping pattern for
left bank area of the Lubukjambi Irrigation Development System

have been calculated, as follows:

Unit: m’/s
Area Peak Water Requirement
Left Bank "~ 7.83

(if) Semimonthly Diversion Water chuiremcnt

The semlrnonthly diversion water rcquxrement in the optlmum

. cropping ' pattern- has been calculated by combmmg water
requlrcmcnts for thc net addltlonal area: w1th the additional supply

for the cx1st1ng 1mgatlon schemcs as shown in Table 7.4.1.

According to the rcsult‘-‘. of the water- balance study, existing
1rr1gat10n schemcs 1n the area for. thc feamblhty study of
Lubukjambi Irrigation Devclopmcnt PrOJcct will not have

irigation water deficit throughout the year. -
2y River Maintenance Flow (Constant Release)

The specific discharge.of river maintenance flow is taken at 0.9 m’/s/100 km?.

The river maintenance flow at the proposed Kuantan Dam is calculate at

57 39 m’/s from the catchment. are of 6,377 km” (except Smgkdrdk Lake basin of
1, 076 km )
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(3) River Maintenance Flow (Supplementation of Deficit in Downstream
Area)

The river maintenance flow of 57.39 m*/s at Kuantan damsite as calculated
above will be constantly relcased, Tl'llS value can be considered as the

rcsponsﬂ)lc release at the damsite,

The other river maintenance flow is to supplement deficit which might occur
in the residual catchment of thc._Kuantan-Indragiﬁ River. With this release, a
specific dischaige of 0.9 m*/s/100 km? s realized at the river mouth, A peak
release of 24.64 m™/s for this purpose has been calculated.

(4) . Total Water Demand

Based on the above, the peak water demand in the Feasibility Study was

determined as follows:

] Unit:_m’/s
Purpose i _ 'Peak Water Demand
Left Bank hrigation . _ 7.85 .
_River Maintenance Flow (Constant Release) 5739 .
River Maintenance Flow : | 2464
(Supplementation of Deficit in Downstream Area) :
Total : . . .. - B9.88

| Storage Cagaci'ty. of Kuantan Dam for Irrigation and:Riv'er Maintenance

The objective irrigation area for the priority project has been decreased from
30,149 ha for the Overall Plan to 9,376 ha. By this decrease, the required storagé
‘volume for' irrigation use has been calculated at 4.0 x 10°m> by the reservoir

operation. Accordmgly, the necessary storage capaczty for 1mgat10n and river:

mamtcnance has been determined as follows:

' Unit: 10°m®..

Purpose ' Allocated Capacity
Irrigation o 4. '
River Maintenance = 213
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Storage .capacity for flood control and hydropowcr.gcncration has been determined

* considering the optimum combination as discussed later.

Storage Capacity of Lubukjambi Intake Weir

The required capacity of Kuok Intake Weir to regulate hydropower generation release
to constant releasc is calculated at 0.45x10°m’ on the basis of the water requirement
for the priority projects at Lubﬁkjambi Intake Weir. This is estimated for power
generation duration of 8-hour of the Kuantan Power Station. On the other hand, the
same capacity for the Overall Development Plan has been cstimated at 2. 2x10°m’

from the peak diversion water requlrcment of 36.93 m /5

The wcir crest elevation. proposed in the Overall Development Plan should -Ec
mainféined in the initial phase since elcvations which are dc_ténnined by the alignment
of the main irrigation canals could not be changed. Accordingly, the storage capacity
of .2.2x106m3 required for the Overall Development Plan has been applied to avoid

rccbnstruction of intake and distribution facilities.

Optimization of Kuantan Reservoir Allocation for Initial Phase

Kuantan Dam is to be constructed in the initial phase of the Indragiri River
Development Prdject at the scale determined in-the Overall Development Plan.
Presented in this chapter is the operation of Kuantan Reservoir for the period until the

downstream river improvemcnt is completed. -
(1) Basic Conditi_ons '.

Basm condltmns for the optimization study are set for each componcnt as

follows
(a)’ Flood __'Contr_ol

In the 1n1tlal phase, the 11T1gat10n developmcnt area is the objectlve flood

 control area. ‘The demgn scale s set at 5- -year return penod

“In the case _wh'eh a S-year réturn pcri'o'd_'prbjcct _fl_ood .occurs and flood

“control operation as dc_tennined'for'the Overall Development Plan is
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conducted (constant rate discharging method with a control starting
discharge of 500 m*/s and a constant rate of (.440), the peak discharge
of 3,900 m*/s is reduced to 2,000.1113/8. The discharge of 2,000 m3/s
exceeds the flow capacity of the pi'cscnt channel of the Kuantan River
along the irrigation development area, so that countermeasures are

needed.

(b) Irrigation Development

In the initial phase, the left bank upstream area of the Lu.bukjambi'

Irrigation System is to be developed. The reservoir capacity for watet

supply to this area is 4.0x10°m’ only as mentioned before and the

. remaining capacity of 113x10°m” to that of the Overall -Déveldpmt_:nt

Plan (1'17x106m3)' is allocated for other purposés. |

| (c) Hydropower Generation

In the initial phase, hydropower generation is considered to be

subsidiary to flood control and irrigation development.

(2). Study on Alternative Cases -

The following two altematlvc cases have been studied and the Optxmum plan

was sclcctcd

(a) Case1

A part of the storagc capamty for hydropower gcncratxon at Kuantan

Dam is used for flood control dunng rainy seasons. The peak of a

S-year return period flood is reduced to the discharge of 1,000 m3/s that
will not cause damage to the Objcctivc flood control area, and no riv'cr-'

improvement works are. unplemcntcd Hydropowcr generation bcncf’ t

w1ll be reduced frorn thosc of the Ovcrall Dcvclopmcnt Plan.

| Capacity allocanon of Kuantan ‘Dam in thc mmal phasc has been

detcrmmed as tabulatcd below

i
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Unit: 10°m’
Allocation
Capacity Dry Season ~ Rainy Season
(April-September) (October-March)

Flood Control 400 793

Hydropower Generation : 528 : 135

| Irrigation - 4 4

River Maintenance 213 213

o Dead Storage - ' 425 425
Gross Storage 1,570 1,570

(b) Case2

‘The allocation of storage cai)ac_:ity_ is thc same as the Overall
}jcvclopmeﬁt Plan and river improvement works are implemented in the
Kuantan River. The dcsign dischérgc is 2, 000 m’/s, the maximum
_ release when a Sﬂyear returni period project flood occurs, and flood
control operation' as determined for the Overall Devcl()pmcnt Plan is
conducted. In this case, hydropowcr generation benefit of the Overall

Development Plan will be maintained.

Accordingiy, in Case 1, hydropower .'gcncration benefit décreéses and in
Case 2, additional cost for river 1mprovemcnt works is rcqmred The present
“value of cost and benefit reduction has been compared, as shown in the table
below, and Case 1 was selected as the optimum plan. Capamty allocation for

Kuantan Darm in the initial phase is as presented in Fig. 7.4.1,

Unit: Rp. 10°
Case No. and Explanation - B  Value
Case 1. (Reduchon of Hydropower Generation Beneﬁt) 912
Case 2: (River Improvement Cost) 3420

7.44 Preliminary Design

Préliminéry designing has bécn conductéd'for the Kuéntan Dam, Lubukjanibi Intake
| _chr atid Main Irr1gat10n Canal for thc Initial . Phase of the Lubukjambi Imgatlon

Dcvelcpmcnt Pldn
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Kuantan Dam

Pretiminary designing has been conducted as presented below. The location of the
dam and the structural dc51gn drawing are presented in Fig. 7.4.2 and 7.4.3,

respectively.
(1) Principal Features and Design Conditions
(a) Principal Features

The principal features of the Kuantan Dam as determined in the Overali

Dcvclopmcnt Plan are given in the table below,

Particulars Unit ' Value

Surcharge Water Level (SWL) ELm | 120.0
Normal Water Level (NWL) - ~ELm 115.2
Low Water Level (LWL) " | ELm ~102.0
Effective Storage for Water Supply 10° m’ 745
Installed Capacity. ' MW 114
Maximum Turbine Discharge [ msec | 270

(b) - Design Fiood Diéchargc.

Design flood discharges have been determined in the Overall

Development Plan as follows:

Particulars '] Design Flood Dlscharge and Return Penad

Diversion Scheme 1,516 m /sec (2-year)

| Dam and Spiliway : 10,050 m /sec (1,000-year)
Spillway Energy Dissipater -~ | .~ 7,360m /sec (100-year)
River Qutlet B ~ 100m° /sec '

(c) Desi gn Values

Various design valucs' for the dam are as follows:
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: Particulars ' : Unit Value
Seismic Coefficient : . 0.12
Period of Seismic Wave ' sec 1.0
Wind Velocity m/sec 20
Fetch - = m 2,100
Unit Weight of Mass Concrete ton/m” 2.30
Unit Weight of Sitted Deposit in the Air .- fon/m” 1.80
Porosity (n) of Silted Deposit 0.40
? . Allowable Bearing Capacny of Rock kgjcm2 40
- Foundation . .
Shearing Strength of Bedmck kg/_cm2 15
Internal Friction for Bedrock , degree 35

E (2) Design of Main Dam
(a) . Dam Axis
Takihg the geological and top(')grai)hic conditions into consideration,
three altcmatlvcs of dam axis; namely, upstream axis, middie axis and

downstream axis, are set as gwcn in F1g 7.4.4, based on the top()graphw

maps with a scale of 1/5,000.

The three alternatives were compared mainly according to cost and

geological conditions. The cost of the three altemnatives were estimated,

as follows:
: . Unit: Rp. 10°
Item of Work . Axis .
' o Upstream Middle | Downstream
| Access Road . - 8400 | 8000 7,500
Diversion Tunnel ' 24,900 27,400 29,100
Cofterdam. ' 6,500 6,300 7,200
Main Dam and Spillway - 91,600 96,700 ~ 96,900
Powerhouse and Tailrace 25800 | 24,800 26,400
Total S . 157,200 163,200 167,100 .
.-(Ratio) S 1 (100.0%) | (103. 8%) (106.3%)

Conswlermg geologlcdl condltlons and cost, the mlddle dam axis is

fi nalky sclccted in view of thc followmg reasons:

* 'Gcoio'gical condition'of the upstrcam ax1s is considered to be the.
- ~ worst among thc three becausc of the existence of a sha!e zone in.

thc nvcrbcd and lcft abutment A shale zone does not appear at the

3 7 : 2.
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middle and downstream axes and a concrete gravity dam can be
constructed at such locations.

* Since both the upstream and downstream axes have steep slopes for

abutments, excavation of slope for thc construction of powerhouse -

- will reach nearly. 100 m in height assummg an average slope cut of
1:1.0, and it is difficult or costly to mamtam stability at such a high
slope. The slope cut at the middie axis will be around 30 m in the

" maximum height. |
® The cost of the middle axis is the second lowest among the three,
‘but the difference with the lowest cost is small at Sbillion Rp.
(3.8% of the lowest cost).
e At the mlddlc axis, there is a gently sloped terrain in the
downstrcam side of the ax1s on the nght abutment. It will be
convenient to accommodatc constructmn facilities at this area and

also to keep work space

(v) Dam Type

The topography and geology at the proposed dzimsifc will allow the

constructlon of cnther a concrete gravity dam or a rockfil typc dam.

- However, a rockfill dam plan is abandoned from the viewpoint of safety .

because the proposed Kuantan Dam is situated on the mainstream of the

Indragiri River and ‘has a large catchment area of 6 377 km® (excluding
'Smgkarak Lake basm) and a largc desxgn ﬂuod dlscharge of
-10,050 m *sec. '

(©) ‘Dam C_rcst Elevation .
The _’pfopos’cd reservoir has SWL at EL 120,00 m and NWL at
EL 115.20 m, ' The flood water level (FWL) was estlmatcd at
EL 121.08 m by ﬂood routlng, assummg the rctardmg cffect of reservoir

for the 1 OOO-ycar probablc flood.
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The dam crest clevation should be designed to be safc against flood
discharge, water waves by wind or carthquake and other allowances. It

has been determined at EL 123.0 m.
(d) Typical Structure

The proposed typical structure of the dam has been determined, as

shown in Fig. 7.4.3. The principal dimensions are as follows:

Particulars ' Value
Crest Elevation : EL 123.00 m
Crest Width 50m
Upstream Slope ' .
Below EL100 m 1:0.25
Above EL 100 m vertical
Downstream Slope 1:085

These dimensions were determined by conventional 2-dimensional

stability analysis based on the following conditions:

e SF (safety factor) shall not be less than 4.0.
» Eccentricity shall be i¢ss than 12._4 m.

‘e Base reaction shali.bg less than 400 t'on/m?.

(e)'_ Foundation Treatment

In the geological' assessment, no scriqus defect was found at the

_proposed damsite. However, considering the type and height of the

dam, carcful atfen_ti_(m should be paid to the foundation treatment. In

this design, the following grouting works are planned.

Particulars .  Contents of Works
Consolidation Grout _ 4 m grid of 5 m deep
(dam foundation) =~ I S
Curtain Grout

1m interval in 1 row of 20 m to 50
m deep '
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(3) Design of River Diversion

(a) Design Conditions

Diversion tunnels and cofferdams are provided to divert river flow

during the period of construction of the main dam, as shown in

Fig. 7.4.3. The diversion tunnels are arranged on the right abutment side

considering the topographic and gcological conditions at the damsite,

Two lanes of diversion tunnels are provided to cope with the rather large

design flood and river closure se_qucncc; A 2-year probable flood with a

peak dischargc of 1,510 m*/sec is adopted as the design flood discharge

for the diversion scheme of a concrete gravity dam without the effect of

fiood retarding in the river channel.

(b} River Diversion Scheme

Since the upstream cofferdam is set apart from the main dam in case of a
concrete gravity dam, the optimum diversion: scheme is selected to
minimize the total construction cost of the upstream cofferdam and the

diversion tunnels.

The compariscen study was made assuming several combination of the
different diamcters of diversion tunnel and different height of the

cofferdam. Type of the coffcr'dam is concrete gravity. Freeboard is

taken at 1.0 m to the water level for the design dlschargc Three cases of

the diameter of the dwcrsmn tunnel, namely, 8.3, 8 8 and 9.3 m are’

compared,

The combmatlon of a “diversion tunnel of 8.8 m diameter and a 26.9m

high cofferdam (crest elevation at EL 79.00 m) is selected as the least

- cost ccmbmatlon ‘The flow vclocﬂy of the dlversmn tunncl at the

~ design discharge is 12. 4 m/scc '

7-32

-



Chapter 7
(4) Design of Spiliway
(a) Design Conditions

The spillway is designed to be an over-flow type with gates in the
central part of the main dam as shown in Fig. 7.43. A stitling basin

type energy dissipater is adopted from the viewpoint of reliable encrgy

dissipation because the powerhouse locates beside the spillway.

The spillway is designed to discharge a 1,000-ycar probable flood with a
pcak chschargc of 10,050 m /scc taking the retarding effect of the
reservoir into account. However, the energy dissipater is designed for a

100-year probable flood with a peak discharge of 7,360 m ’Jsec.
(b). Optimization of Spillway Width

The width of spillway._dverﬂow crest is related with the dam crest
clevation, A smaller width for spillway requires a higher dam crest

elevation. A c_nrﬁparative study -was therefore made to determine the

least cost combination. The crest elevation of the spillway is set at
EL106.5m for the flood control purpose _\'irhich has to discharge
500 m’/sec at water level EL 109.5m.

As' a result of the .study, the width of the qpillway is determined at 60 m.
F}g 7.4.5 shows the reault of flood routmg for the w1dth of 60 m. The
maxunum outflow from the spillway comes to 6, 970 m’/sec against the -
inflow peak of 10 050 m /sec d the reservoir water level (FWL)
reaches EL 121.08 m.

- © Stil'ling Basir;

_ Thc dtmcnsu)n of. thc stlihng basm dcmgned to cope ° with a 100-year
L probablc ﬂood is 69 m w1de x 115 m long x 26 m. decp. 'I'he apron is
‘;ct at EL 53 00 m- and thc clcvanon of top of sldewall is EL 79 00 m.
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(5) Waterway

(a) - Design Conditions

- The waterway for power gencration is arranged on the right side of the

dam body to secure suitable location for powerhouse as shown in
Fig. 7.4.3. The waterway is composed of an intake, a penstock line and

a tailrace. The design discharge is 270 m”sec.

() Intake

The intake is divided into three to cope with the penstock line.

Fan-shaped weir is prm;'idcd in the inlet portion to prevent sediment and

air entrance. The elevation of inlet center is EL 95.0 m. Intake gate of

roller gate type is installed in front of each intakc.- The dimension of the

gate is 5m wide x 5 m high x 3 tnits. Trashrack with fixed screen is
also installed m front of each intake to prevent entrainment of flowing
logs into the penstock lines. The dimension of trashrack is 23 m high x

7 m wide x 3 units.-
(c) Penstock Line

"The penstock consists of 3 lines of steel pipes connecting the intake and
turbine. The diameter of penstock is determined to be 4.2 m, assuming

economic flow velocity of . 5 m/sec against turbine discharge of

270 m’/sec. The penstock is set at EL 95.0 m at inlet and EL 500 m at

outlet for turbine. The length of penstock line is 105 .I_Il';..

(6) Power Station

The power station is located immediately downstream from the main dam on

the right bank, taking the _tdpographic éon'd_i_ti('ms into accourit as shown in

Fig. 7.4.3. The power station consists of a powerhouse, a tailrace and an

outdoor switchyar_d._ "The powerhouse will accommodate three 'unit_s"'O_f

generating equipment,




Chapter 7

(@) Turbine and Generator

A vertical shaft Kaplan type turbine is scléctcd applying one unit output
of 38 MW and a net head of 50.7 m. The generator is designed to have a
capacity of 38 MW of output and 45 MVA of capacity, assuming the
power factor of 0.85. The centerline of the turbine is set at EL 50.0 m.

{b) Powcrhouse and Tailrace

An open-type powerhouse is adoptcd taking the topOgraphlc wndltmns
into account. The powerhouse has a dimension of 20 m wide x 60 m
| lon_g to a_ccommodate three units of turbines and generators. The ground
fioor iés_ct at EL79.0 m. The tail water lci_ze_i is EL. 59.0 m for the

* maximum turbine dischargc of 270 x_n3/s.
(c) Outdoor Switchyard

The outdoor switt:hyard' will accommodate the main switchgear
equipment and i is situated bctween the main dam and the powerhouse at

ground elevatlon of EL79 m.
(7) River Out'l.et

A square conduit type '6f river outlet is provided in the main dém body, under

the nghtmost prllway pler The dimension of the river outlet is 2.3 m wide x

23m h1gh It is set at EL 80.0m to discharge 100 m/s agamst LWL of
EL 102 0 m. The river outlet is equlpped w1th a high prcssurc typc slldc gatc.

(8) Transmission Line'a‘hd Substation_-

A sUb’sta_tidn_ is 'planne_d'_i‘r_x the town of Tclﬁkku_ant_an according to the PLN’
§ plan; The Kuantan Power Station is therefore planned to be connccted to the

Télukkuantan_S_ubstati(jn by a_t_ransmissi()n lin_e'.'

o .:Thc transmlssmn lme has a capacny of 150 kV. The dlstdncc from the power

' statlon to Telukkuantan Substatlon is about 30 km



Chapter 7

(a) Major Structural Features

The major structural features of the project are as follows:

Reservoir :

Gross Storage Capacity 1,570x10°m’
Effective Storage Capacity 1,145x10°m’
Flood Water Level (FWL) EL.121.08 m
Surcharge Water Level (SWL) | EL. 120.00 m
Normal Water Level (NWL) EL.115.20 m
Low Water Level (LWL) EL. 102.00 m

- SedimentLevel EL.99.50m

" Effective Depth 18.0m
Surface Area at SWL 91.5 km”
Catchment Area 6,377 km” (excl Smgkarak Lake basin)
Annual Average Inflow 2101 m /'s

Dam -
Type . Concrete Gravity
Dam Crest Elevation EL 123.00 m
Height 73.0m
Freeboard 1.9m
Crest Length x Crest Width 2940m x 5.0m
Non-overflow Crest Elevation | EL 123.00 m
Overflow Crest Elevatlon ~ | EL 106.50 m
Overtlow
Depth 14.6 m
Length 69 1m (15 m % 4 gates + 3 m x 3 piers)

Volume of Dam 339,100 m”
Base Width 74.55m
Slope o

Upstream Face

- Vertical (above EL 100 m)

1:0.25 (below EL 100 m)

-Downstream Face

1: 0 85
Spillway
Type Gated type '
Discharge Capacity 6,970 m"/s
Roller Gate;

- Gate Type and Dimension =~

l45m(H)x150m(W)x4umt '

Diversion Works

Diversion Tunne]

~ Number-

2 lanes

Length

460 m (No. 1) and 510 m (No 2)'

Inner Diameter

8.8m

Total Design Capacity

1,510 m’/s -
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Intake
Type Submerged on Upstream Face
Elevation of Intake 95.0m
Raoller Gate;

Gate Type and Dimension

5.0 m (H) x 5.0 m (W) x 3-unit

Screen 23 m (H) x 7 m (W) x 3-unit
Penstock

Type Partly embedded, encased in dam body
" Dimension

4,2 m (Dia.) x 105 m (L) x 3-line

Power Station

Type Om Ground
. Dimension - 58m (1) x 29m (W) %53 m (H)
Tailrace _
Type Open Channel -
--Length 52m
Gradient 1:2.0
Section Trapezoidal
Gate Type Roller Gate;
' 60m(H)><60rn(W)xl—umt
River Qutlet
Type ' Conduit
Dimension 2.3 m (H) x 2.3 m (W) x 1-unit
Gate Type Slide Gate; '
2.3 m (H) x 2.3 m (W) x 1-unit
Capacity of Power Plant
Maximum Qutput, 114,000 kW (38,000 ka 3-unit)
Maximum Turbine Discharge 270 m’/s
Effective Head. "1 50.7m
Annual Ave. Generated Energy | 657 GWh
. Turbine
Type Vertical Shaft, Kaplan
installed Capacity . 40,0 MW x 3- umt
Effective Head 507m
" No. of Revolutions 214 rpm
. Generator . L _
 Type 3-Phase AC, Synchronous
_Capacity 46,000 KVA x 3-unit
‘Voltage / Frequency 11kV /50 Hz -
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Main Transformer : -
. Type . - 3-Phase ONAF Outdoor Type
Capacity 46,000 kVA x 3-unit
Voltage - ' 11/150 kV
Transmission Line from Kuantan P/S to Telukkuantan S/S (Planned)
Length : 30 km
Phase . 3-Phase System
Voltage o 150 kV
No. of Circuits Double
Substation . : :
Location ' Telukkuantan
Type - 3-Phase, Outdoor, Single Bus
Voltage - 150/20 kV '
Switchyard
~Location Right Bank of Damsite
Type : 3-Phase, Qutdoor
No. of Bays S 3 Bays (3 for G/E and 2 for T/L)
Voltage . 150/11 kV

Lubukjambi Intake Weir

Prchmmary design has been conducted as presented below. The locatxon map of the -
weir and the structural dcs:gn drawmg are prcsentcd in Fig.7.4.6 and 74.7,

respectively.
(1) Basic Design Conditions

Basic conditions for preliminary dcmgn of the weir are as prcsr:ntcd togcther

with the major structural features in item (S) bclow

@) Location of :In_take Weir

Lubuk_;ambl Intake Weir is proposed at thc meander bcnd near the foot of the

mountains, 11.5 km downstrecam from the proposed Kuantan Dam (refer- to
Fig. 7. 4.6). ThIS locatlon was dctcnmncd in consldcratlon of the followmg
conditions: ' |

. T'hc required rcgulatlon volume of the rcscrvo:r is2.2x 105m3
o 1Itis dlff cult to construct a weir m the ex:stmg channel bccausc the

~water depth of the channel in rainy seasons is high at a_bou_t 10 m,
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o From the vicwpoint of casy construction, the meander bend which is

proposed to be shortcut is desirable.
(3) Selection of Weir Type
‘The weir is located on the main stream of the Kuantan River at a point with a
B catchment area of approximately 7,450 km®. A movable type weir is adopted

considering safe passage of floods. Two types of movable weir are applicable

for the Lubukjambi Intake Weir, namely, roller gate type and radial gate type.

Rubber gate and tilting gate types were excluded from the comparative study
because the required gate height is too high for these types. Asa result of the
- comparative study tabulated in Table 7.4.2, the roller gate type is selected

from the technical and economical viewpoints.
(4) Design of Structures
{a) Flood Discharge Gate

" The flood c_ﬁséhar’gc roller gates shail have function to smoothly release

floodwater and to store re-regulated water at normal time. The spillway
scction consists of four spans; each with a 29.4 m long and 4.7 m high

roller gate.
() Flush Gate .

| Flush gates. w1th rollcr gatcs have been pr0v1dcd at both sxdes to flush
~out sedlmcnt accumuldtcd in front of 1nlcts Thc bottom elevation of thc

ﬂush gates are sct at 1.0 m below the weir. sill..

5 _-: (c) Apron and Rlpl’dp

‘ Concrcte aprons, concrete blocks and gablon mattress riprap are placed
~ for both downstrcam and upstrcam sxdcs of the splllway to prevent

'scounng of the rlvcrbcd
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(d) Inlet

~ Inlets require a structure to easily control intake discharge, and
prevention measures against foreign materials flowing into the canal.

For these purposes, control gates, screen, inlet apron, etc., are installed.

{e) Foundation

According to the results of drilling investigation conducted in this study,
the foundation is river scdimcnts and assumably have sufficient bearing

capacity. Sheet piles of approx1mate1y 2m long are prowdcd to the

bottom of the river sediment laycr for seepage prcvcnt:on

(5) Major Structural Features

Major structural features and design conditions are as follows:

| Afterbay Reservoir

EL 60.0 m

Normal Water Level
Low Water Level EL 58.0m
~ Required Storage Capacity = - 2.2x10°m*
Intake Discharge (for Overall Plan) )
Left Bank 19.31 m’/s
Right Bank 17.62m’/s
Design Fiood . '
Design Scale {Return Petiod) 50-year
Design Flood Discharge | 3,200m’/s
-__High Water Level EL 62.10m
' Dike Crest Elevation EL 63.30 m
Riverbed Elevation EL 54.30m
Structural Dimensions of Weir - SNy
Gate Type . Roller Gate
Sill Elevation EL55.30m
Crest Elevation EL 60.00m

Length x Height x Unit

294 m x 4,7 m x 4 units

- Main Jrrigation Canal

Mam 1mgat10n canals proposed in the Initial Phase are as shown in Fig. 7. 4 8 and
Tablc 7.4.3, designed in the same manner as the. 0verall Dcvclopmcnt Plan Major-

- .. features are as presented in the followmg tdble
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Particulars Unit Left Bank Irrigation Canal

Canal Length km o : 76.0

Design Discharge m’/s ' 7.85

Gradient - 1/3,000

Max. Velocity m/s : (0.95

Lining ' | 10-cm thick concrete lining side slopes with

' 8 ~ stone wet masonry footing and compacted
earth on bottom

- 745 Cons’truction Plan

(1) Kuantan Dam Construction Works

The damsite is located on the Kuantan River at around 7.5km from
Kotokombu and accessible only by boat. From the conceivable two
alternative access routes, the left bank route (from Kotokombu) is selected
considering t0pograph1cal advantages and lesser construction cost. Layout
plan of temporary construction facilities has becn prepared, as shown in
Fig. 7.4. 9

There are no serious constraints to obtain constructlon materials. Fine and
coarse_aggregates shall be collected from sandbars and river banks located
nearby. Excavated matenals of d;versxon tunncl and dam foundatlon shall
also be utilized.

The resettlement of local inhabitants and relocation of roads and relevant
structures in the reservoir arca formed by the Kuantan Dam which lies mainly
" in West Sumatra Province are necessary before the commencement of
construction works. Land to be acquired, residential houses and buildings to
be evacuated are 2,410 ha, 1,170 units of houses, and S0 units of buildings, . -
respectively. ' ' ' |

- The construction schedule is as shown in Fig. 7.4.10,

- (2) "_Lu'bukjambi Intake Weir Coﬁstmctibn:kas '

'Thc weir site is located ina shortcut on the right bank of thc Kuantan chr '

faround 13 km upstrcam from Lubuk]ambl A village road aligned along the

right nvcrbank of the Kuantan River leads to the village between the Alah and
: -Pmdng rivers, The idyout plan of temporary constructlon fac111t1cs for the

_Lubukjambl Intake Welr Constmctlon Works is shown in Fig. 7. 4.11.

7.4
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Material from sandbars in the Kuantan River and excavated materials from
both the weir site and the shortcut are to be utilized as fine and coarse

aggregates.

- Land to be acquired as right-of-way for the shortcut including weir site is

around 30 ha. The number of houses to be relocated is around 80, including -

small huts. After completion of the shortcut, the existing river course may be
utilized as a resettlement area, if it is reclaimed. The construction schedule is

as shown in Fig, 7.4.12,

(3) Lubukjambi Irrigation System Construction Works

- The proj;ct' area is on the left bank of the Indragiri River, from the

downstream of the Lubukjambi Intake Weir down to Kampung Baru. The

national hlghway from Talukkuantan and the provincial road from -

- Talukkuantan to Japura are thc major access to the projcct sites.

7.4.6

Right-of-way for headreaches apd main canals has to be acquired and. families

to be affected have to be compcnsated and cvacuatcd'priof to the construction.

‘Lands to be acqulrcd are approx:matcly 260 ha for nght~of—way of canals.

Houses to be evacuated are 480 houscs including srnaIl huts, The confetructxon

schedule is as shown in Flg 7.4. 12

Cost Estimate

(1) Project Cost

The project cost has been estimated based on the basic conditions, as

discussed in Subsection 7. 1.2, Tables 7.4.4 10 7.4. 6 show the financial cost
and disbursement schedule, rcspectlvcly, as summanzed in the followmg
table. ' '

A

4
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Unit: Rp. 10°
ltem Value
Construction Base Cost 507,371
Compensation Cost 29,335
Adrinistration and Engineering Cost 71,573
Price Contingency ' 282,717
Physical Contingency - _ - B5,351
Sub-Total L . 982,347
Value Added Tax : 98,235
Total 1,080,582

(2) Cost All_oc_étion of Kuantan Dam

Kuantan Dam is a multipurpose structure for flood control, hydropower
generation, irrigation water supply and river maintenance flow supply. It is
necessary to allocate the cost among these uses to fix the prices of power and-

to dctcnninc the contribution rcquired of flood mitigation bcncficiarics.'

In this respect, the construction cost of the Kuantan Dam is allocated to each
purpose. The most commonly applied aliocation mcthod is the remaining-
benefits and alternative justifiable-cxpenditure method.  This method is

- applied for the present Study. Interest rate and project life are set at 10% and
50 years, respectively.

The procedure of calculation is as Showr_l in Table 7.4.7 and summarized
below. ‘ '

(a) Capacity'Allécation |

The rcsarvou' capac1ty aliocatlon in thc initial phasc has been made as

follows:
Unit: 10°m’
I Allocation
Capacity - Dry Season ' Rainy Season
{ . ' (April- September) (October-March)
Flood Control : 400 _ . - 793
Hydropower Generation 528 } 135
- Irrigation . Voo 4 o 4
- |_River Maintenance - - . 213 . 213
Dead Storage S 90 9.
Sedimentation - . ' 335 S L <. 335
Gross Storage’ - B e N 1,570

743
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(b) Identification of Purpose

The purposes has been grou'pcd, as follows:

River Flood control and river maintenance flow supply
Hydropower Hydropower generation and dead storage
[mrigation ' Irngatlon '

~ The reason of allocating dead storage capacity to hydropower generation

is that this dead storage capacity is created to maintain a higher reservoir

water level for the benefit of hydropower generation.
{c) Altemnate Single-Purpose Cost

Alternate singlc-pﬁrp‘osc costs have been calculated for the purposes of
river and irrigation at Rp. 253x10” (crest elevation of EL 119.4 m) and
Rp. 180x10° (crest clevation of EL 93.5 m), respectively.

(d) Justifiable Expenditure

Justifiable expenditures have been calculated for the purposes of River

(Flood Control and River. Maintenance Flow),' Hydropower and

Irrigation, as follows:

Purpose Justlﬁab}e Expendlture :
) - (Rp. 10°)
Flood Control _ 300.9
River Maintenance Flow 2120
Hydropower Generatlon : 867.2
Irrigation : 77.1

. {e) Separable Cost

Scparable costs for a single function have been calculated as 't'hé total '.

~ project cost less the estimated cost. with that function’ omltted Those for

tiver, hydropowcr and ungatmn drc Rp 51. 0x10 Rp 12, 0x10° and
Rp. 1.0x10°, rcspecnvcly
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(f) - Allocated Cost

Thc rates of allocatlon have been accordingly determined as follows (for

Cdlculation detail, refer to Table 7.4.4).

. Purpose Allocation | Allocated Single Total Cost
‘Rate Cost | Purpose Cost |  (Rp. 10%)

_ (%) (Rp.10%) |  (Rp. 10

River 331 75.9 0.0 75.9

Hydropower 60.4 1384 153.6 252.0

Irrigation 6.5 14.9 0.0 14.9

Total ~100.0 229.2 153.6 382.8

7.4.7 Project Evaluation

(1) -~ Economic Benefit

(a) Flood Control

Flood control benefit is defined as the reduction of inundation damage

attnbutcd to the proposed works. The rcductmn is obtained as the.

_ _dlffcrcnce bcthcn the estlmatcd 1nunddt10n damagc under the with- and

the w1th0ut thc—pmJect s1tuat10ns.

- Methodology, calculat:on conditions and estimation of average benefit
~are’ the same as those of the Bdngkmang Area River Improvement '
* Works: Thé annual average benefits of flood control by Kuantan Dam is

- accordingly _e'stimaﬁ:d at Rp. 54,621x 10,

(b) I_m'g‘ation Dcvelopmcﬁt :

Unit cconbmic value of benefit is estimated at Rp. 1,020,300/ha as net

.value of rice derived from deducing market price of production cost

: from farmcrs gate price. Unit. Vaiue of bencflt for the cxisting 1rngat10n'

area and bencf:t valuc havc been calculated as foilows
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Category Unit Benefit - Area Benefit

- : - (Rp. 1,000) (ha) (Rp. 10%)
Existing (Irrigated) 306.1 (30%) 1,670 511.2
Existing (Rainfed) 612.2 (60%) 376 230.2
Existing {(Undeveloped) -{ '1,020.3 (100%) 2,096 2,138.5
Net Additional Area -1,620.3 (100%) 5,234 5,340.3
Total ‘ . . 9,376 8,220.2

(e Hy_dmpow;-r Generation

Economic benefit is estimated by means of the "least cost alternative

method”. In this method, the altemnative facilities are the second best

with the same characteristics as the hydropower development project

with regard to power supply. The cost of altermative _faciliiigs is

considered as the benefit,

Practically, kWh value (encrgy value) and kW value (power value) as
the economic bcncfxt of the hydropower generation plant i is equwalcnt to

kWh cost and kW cost of alternative power generation plant. In this

pro_;ect a hypothcncal diesel plant is assumcd to be thc alternative power
- generation plant. kWh and kW costs are esumated at US$318 14/kW
‘and US$0.0178/kWh, respcctlvely The total economic benefit of thc

project has been estimated at Rp. 87 907x 10° as follows

Particulars = Value Unit Benefit Benefit

- ' L _ | (Rp.10%

Output (90% Dependable) | - 94.4 MW . | US$318.14kW 65,320

“Annual Generated Energy | 583.4 GWh | US$0.0178/kwh 22,586
Total o ' 87,906

Note: Conversion rate is US$1. 00 = Rp 2,175

(2)  Economic Cost -

The economic project cost is cstxmatcd at Rp 613 636x 10 based on the basic

condltlons dlscussed in Subscctmn 7 1. 2

3 Economm Evaluatlon

'I'he pro;cct has been cvaluated from the economic vu::wPomt in terms of

- Economic Internal Rate of Rcturn (EIRR), Bcncflt Cost Ratm (B/C) and Net_

7-46

Aa‘ﬂ"
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Present Value (NPV), The opportunity cost of capital is assumed at 10% and
applicd to a discount rate for the calculation of B/C and NPV.

(@) Annual Cost-Benefit Flow

Annual cdsf—bcnefit flow is shown in Table 7.4.8. The benefit is

k2 “assumed to accrue at the same level until the end of project life. The

E

estimated operation, maintenance and replacement (OMR) cost is needed

annually after project completion to keep duly the designed function.
(b) Economic Evaluation

The EIRR as well as B/C and NPV for the project is calculated on the

anpual cost-benefit flow. The economic viability is as follows:

Item ' Value
EIRR 1 15.27% '
B/C 1174
NPV _ Rp. 256, 670><10

| (c) Scnsnmty Analys1s

' Sensmwty analysm has bccn carncd out for thc pro;cct on several cases

of changes in the benefit t o cost, as summanzed below.

CASE : EIRR B/C NPV
: ' E (%) : (Rp. 105
Benefit, 5% down - 1479 166 | 228,947
Benefit, 10% down - |. 1423 158 198,742
Cost, 5% up - . . 1482 B 1.67 241,904
Cost, 10% up - - 14.33 _ 159 | - 224,657

(4) | Fiﬁancia] Bcneﬁt (Revén’ué)

Thc ﬁnanc1al cvaluatmn has bcen conducted for hydropowcr gencranon at
Kuantan Dam. . Financial bencflt has becn con51dcrcd to be revenue from
cornsumcrs of elcctnc powcr Annual rcvcnuc has bccn calculdted cm the basis

- of the following assumptl_ons. ;
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(a)  Unit Price of Revenue

In this study, it is assumed th.at average power rate is a unit price of
revenue at Rp. 170/kWh which is estimated on the basis of historical
total energy sold, total revenue and average power rate from 1984 to
1993 for the Pckanbaru Branch Office of PLN Region III.

(b)  Annual Revenue

- By taking the pruduced energy of 583.4 GWh in 2005 into account, the

annual revenue of the project is estimated at Rp. 99,178x10°.
(c) Increase of Average Power Rate

Usually, power rat¢ increases by revision becausc of inflation, but the
increase of power rate is not taken mto account in ‘the fi nancial

evaluation

(5) Financial Cost

| Financial cost of the project is estimated as real expenses of the project owner,
In othcr works, financial cost is - estimated by market prlce mcludmg

contractor’s prOflt pnce contingencies and value added tax. . '
_ (6) Financial Evaluation

To calculate the indicators of 'Fin'ancial Internal Rate of Return (FIRR), B/C
~and NPV of the project, the annual cost- benefit ﬂow has becn cstlmatcd based

on the disbursement schedulc

The financial bcncf t (rcvenuc) for the Hydropower Gcncratmn Plan is

assumed to be generated aftcr the complcnon ycar 2004 and kccp the same

e

level until the end. of prOJth life.
'(a). | Annuél 'Cost.-‘Bcnerfi.t Flow -

Annual cost- bcnefxt flow is shown in Tablc749 Thc benefit is

assumcd to accrue at the same lcvcl untll the end of prq]cct hfe T‘hc_‘ N

7.48
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estimated operation, maintenance and replacement (OMR) cost is needed

- annually after project completion to.kc'ep duly the designed function.
| (b) Financial Evaluation

The FIRR as well as B/C and NPV for the pfoject is calculated on the

annual cost-benefit flow. The weighted average interest rate for long

term _1oan'iS 'considcr_cd to be 8.3% per annum by referring to interest
rates of international financial institutions like the Overseas Economic
Coopcrutiun F.und. (OECF) of Japan at 2.6% per annum and interest rates
* of domestic banks at 14% per annum. Then, the discounf rate of 8.3% is
applied for the calculation of B/C and NPV. The financial viability is as

follows:

ltem Value
FIRR 15.54%
B/C 222

| NPV Rp. 314,097x10°

(c) Scnsitivity An'alysis '

Sensitivity analy51s has been carried out for thc prop:ct on several cases

of changes in the benefit or cost as summarized below. -

CASE FIRR B/C " NPV
(% L e 109
Benefit, 5% down - 14.32 1.98 1 268425
Benefit, 10% down 1376 . | . 187 - | 239815
Cost, 5% up ' 14.35 198 283,276
Cost, 10%up . 13.87 ' 1.89 - 269,518

7 Projccf.]ustificatiou o

._Th'c EIRR of t.hc Ku‘autau River Multipurpose Development Projcct' shows
. 15 27%, and in any case. of scn51t1v1ty analysm op case changes in the bencﬁt
:or cost, it is more than 14.2% as, prr:scnted above - The Kuantan River
Multlpurpose Dcvclopment Pro;cct is therefore evaluated to be cconom:cally

| viable. .
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Furthermore, consideration is given to the exclusion of intangible benefits
generated by the project such .as saving of invaluable human lives that may
possibly be lost by flooding, protection from possible injuries, ano prevention
of disease occurrence. If these intangible bcncfits. are quantified, the EIRR can

be a higher figure and viability of the project will increase.

The FIRR of the Hydropowcr'Devclopmcnt Project shows 15.54%, and in any
case of sensitivity analysis on case changes in the 'bcncfit or cost, it is over
13.7% as presented above, The Hydropowcr Dcvclopment Project is therefore

evaluated to be ﬁnanmally viable.

7.5  Rengat Area Flood Protection Works
7.5.1 - Present Condition

The project area is located on the right bank of the Indragm Rlvcr at about 174 km
pomt from the nver mouth. The area is habitually ﬂooded by the Indragm River and
this hampcrs thc dcvclo;:mcnt of the area. Rengat Arca is considered as the center of

development of the Indragiri Hulu and Indragiri Hilir regencies.

7.5.2 Planning Criteria

The following planning criteria have been set for the formulation of the Rengat Area
Flood Protection Works, ' ' '

* Purpose and Major Cornmncnt of Project

The purposc of the pro_]cct 1s to protect Rengat Arca from ﬂoodmg Major

components of the project are the nng dike and rclatcd structures.

Objcctivg Area

Thc obgectwe arca for flood control. has’ bccn detcrmmed bascd on the Detailed City

Layout Plan of Rengat as well as consndenng thc dlscussmn w1th PU off' cials,

a2
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Design Scale

Design scale of 10;ycar return period shall be applied for the flood control in the area
since this area is considered as urban area. The historical maximum ﬂooding level
shall also be considered for the detcrmmatmn of design high water level. The dcs1gn

scale for the interior dramagc has been determined at 5-year return pcnod

Related Projects

The following projects are related to the formulation of flood protection.in Rengat

Area.

e XKuantan Dam Construction Works
. Kuaﬁtan#lndragiri River Ifnprovement Project (Lubukjambi-Peranap Arca and
Peranap-Japura Area River Improvement Works) -

3 Indragiri-Gaung Flovdway

Of these, the Kuantan Dam Constructlon Works and the Lubukjambl Peranap Area
and Peranap-Japura Area River Improvement Works are scheduled to be unplcmented
after the completion of chgat Area Flood Protectlon Works (refer to Implementation
Schedule of Overall Development Plan). Accordmgly, the ‘condition without these

two projects has been c_(_)ns_idcred.‘

- With regard to Indraglrl Gaung Floodway, the 1mp1cmentat10n schedule has not been
- finalized by the Indonesian Gover_nmcnt. Accord;ngly, the condition w1th0ut the

._ ﬂoodway has been considered for the planning of Rengat Arf:a_ Flood Protection

Works. However, the effect of the floodway t_oi the Rengat Area Flood Protection

Works has becn studied, as mentioned in subsequcnt paragraphs. |

-Desmn ngh Watcr Level and Dcsmn Dlschdrgc

Design- hlgh watcr lcvel for the des1gn scale. of 10-year return permd has to be

S dctennmcd based on the abovc ctmdmon When the condition as mentioned above is

c0n51dercd the ﬂood in the Kuantan-Indraglrl R1ver flows down by flooding the

_riverine arcas Accordmgly, thc two-dlmcnsmnal non-umfurm flow calculatlon has

been used to detcrmme the hlgh water. lcvcl
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The highest flood water level at the pier of Rengat City when the 10-year retumn i

period flood flows is EL 7.0 m. The effect of floodway to the Gaung River is as
evaluated below. The highest water level of EL 7.0 m in the case of no ﬁoodway is

lowered to EL 6.90 m when the capacity of 500 m’ss i is given to the ﬂoodway The

difference is very small. Accordmgly, the effect of Indragm-Gaung Floodway has '

not been considered for the determination of hrgh water level.

Historical high water levels at the same point are as follows. The fiood water level
has never exceeded the road surfece of EL 7.240 m in the last 20 years but.elrnost
exceedcd it several times. The water level during the flood in March 1995 (the
highest in the past 10 years) was EL 6,744 m. The calculation result of EL7.0 m of
hrgh water level is accordmgly deemed appropriate. Design discharge of the Indragiri
River is obtained from H-Q curve at Q = 2,850 m%/s. _ o

7.53. Study and Analysis

Optimization Study of Ring Dike
(1)~ Dike Alignment
. Dike alignment is as shown in Fig. 7.5.1. The alignment has been determined
to follow the Indragiri River Improvement Plan i in the Overall Development

- Plan in the nversrde, and consrdenng the exlstmg road ahgnment and the

possible new road to Tembilahan in the land side.
(2) Longitudinal Profile and Cross Sections

'Long_itudinzﬁ profile and Cross sections shall be planned éccording to the

determined = design high water level. In accordance w1th the Ovcrall

. Development Plan of Indragrrr River: Improvement Pro;ect thc desrgn hrgh.

water gradrent shall be 1/5, 500. The longitudinal prof’ le of the bank in- the
Indragiri River side has been thus determmed at 1/5, 500

Proposed longltudmal proﬁle and cross sectlons are presented m Flgs 7 5 2

and 7.5 3 reSpccnvely

7 .52
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- Inundation Analysis '

Flood inundation analysis has been conducted to obtain inundation depth and duration

for the calculation of flood protection benefit, as follows:

 The whole inundation area is divided into 250 m by 250 m mesh blocks whibh
are cquivalent to half minute of longitude and latltude .

¢ The average ground height of each mesh is obtained using the t0p0graph1c
map with a scale of 1/5,000 newly developed by JICA.

» The overflow discharge is given by the discharge volume as in the case of the

Overall Development Plan.

Optimization Study for Interior Drainage

.Th'c proposed nng dike alignment will cross the 'cxisting drainage channels and create
an interior drainage problem. Most streams in the Rengat arca can discharge by
gravity dunng low flows of the Indragiri River. Durmg floods, however, the inland
water is collected to lower arcas and inundate the area since gravity flow through
outlet sluices is impossible due to continuing high water level of the Indragiri River.

- A pumping station is thus required to discharge the interior water over the dike during

floods. -~ - '

(1) Design Scale

The design_ scale has been determined at 5-year return period based on the
Flood Control Manual, CIDA-DPU, June 1993, in due consideration of the
initial phase of the primary drainagg system for urban areas with a population_ _
of less than 500,000, | B | o

"~ - (2) Retarding Basin

A retarding basin has been taken iﬁto consideration at the downstream part of
the interior dralnagc area to minimize thc capacity of the pump. The area of

_ :.the rctardmg basm is 20 ha



Chapter 7

(3) Design Rainfall

Design rainfall for the interior drainage analysis has been determined based on

three factors; namely, duration, probable amount and temporal distribution.

The duration of dcsign rainfall is taken as ten days considering that the water

level of Indragiri River at Rengat keeps the elevation higher than 6.5 m for

approximately one week during a 5-year return period flood.

Probable 10-day rainfall amount of 205 mm and 230 mm have been obtained
for 2-year and S-ycar return period, respectively, based on thc rainfall record

at Japura, the nearest to the objective area.

_ Actually observed rainfall has been applied for temporal d.istributi'on of design

. rainfall.
(4) Establishment of Inundation Model

The inundation model has 'bcen'cstablished as _follows. For this project, the

interior drainage area is considered as a reservoir when a flood occurs, Under
the present condition, there are no outlets to discharge rainfall in the arca; the
rainfall is simply stored. Under the with-a-pumping-station condition, the

pumping station will drain the stored water.

Spatial distribution of mundahon depth has been obtamed usmg the same

mcsh blocks dcvclopcd for the ﬂood inundation simulation.’

Op_timization of Pump Capacity

Necessity and optimum capacity of the pumpmg station havc becn dctennmed as

below based on benefit and cost analy31s

o

(1) Calculation of Bcnefits.

The benefits are calculated as flood damage fcductior.l_bascd'_on the di'ffcrg-ncé :

in average annual flood damage with'and without a pumping station.,
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The average annual flood damage can be computed by summation of damages

. obtained by multiplying damage expected at a given stage by the probability

of occurrence of that stage.

The benefits are computed by the average annual damage reduction minus
annual operation and maintenance which is assumed as 0.5 percent of total
project costs (the estimation of total project costs is discussed later). The

computation 'results arc given in the table below.

Unit: Rp. 10°

Particulars Pump Capacity (m’/s)

1 3 5 8 10 20 30

Average Annual Flood 238 944 | 945 | 1171 ) 1,171 | 1,546 | 2,155
Damage Reduction

Anmnual Operation and 51 15 25 1 40 - 50 100 150
Maintenance Cost _ .
Annual Benefits 243 959 970 | 1,211 | 1,221 | 1,646 | 2,305

(2) ' Calculation of Costs

The annual costs have been computed assuming that project cost per pump

capacity (m’/s) is Rp. 10°, as follows:

: ' _ ~ Unit: Rp. 10°
" Particulars ' Pump Capacity (m3,v’s) '
- 1 ] 3 s 1 8 | 10 |.20 | 30
Annual Cost 118 353 588 .| 941 1,176 | 2,352 | 3,528

(3) Benefit and Cost Analy31s

The Net Present Value (B -C) and Beneflt Cost Ratio (B/C) are employed in

evaluatmg- altemanves-for the interior drdmage. Prescribed calculations of |

~ annual benefits and costs are used for selectmg the optlmum pump capacnty as .

shown below

_-The re}dtlon between pump capaCIty and the two md:cators i.e., Net Present
| Value (B- C) and Beneflt Cost Ratio (B/C) is 1llustrated below. - This fi gure
N shows thdt B- C and B/C are the max;mum at the pump capaCJty of 3 m’/s, and

concludes that the 3 m /s pump is the best cholce in these alternatwes The

| 755 O
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area of about 20 ha with elevations of less than EL3.0m .in the most
~downstream area of the Senggeris River has been utilized as a retarding basin,

as shown in Fig. 7.5.1.
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—_— & —
< 1000 A~ 25 3
g . /,-\\ ' =
s . ‘b\. o
=~ & 0 : ‘ 15 2 [ pC
3 . Q
2% 50— 10 & [——n1C
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-1,500 —— ' 00
| 1 '3 5 810 20 30
Pump Capacity (m’/s)

7.5.4  Preliminary 'Design

Flood control works include the construction of such structures as ring- dike (carth
dike and concrete wall dike), control gates, drainage pumping station, sluice and road

bridge.
(1) Ring Dikes

Alignment of the northern part of ring dikes shall follow the alignment of the

dike in the Overall Development Plan. The alignment in the southern side- _

~ shall enclose the objective area, con31der1ng the poss1blc routc of the

Pckanbdru-Tcmbllahan natlonal road

Gcnci'ally, the ring dikc shall be COnstructcd of carth cmbankmcht with a 3 m

wide crown, a frccboard of 1 2 m, and 1 20 (V:H) mdc slopes (rcfcr to

F1g 7.5. 4) Crown of dikc can be used as mamtenancc road

However, _thc city center'of Rengat is close to t'he_ river-and it is difﬁcult to

“construct an earth ‘dike. The height of dike required is lb_w (about 12m, -

7456
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equivalent to freeboard). Therefore, the concrete wall type of dike is

proposed, as shown in Fig. 7.5.4.
(2) Dike Related Structures

Preliminary design of maintenance road, control gates, bridge and sluice have

been conducted, as presented in Figs. 7.5.5 and 7.5.6.
3 Drainagé Pumping Station

A pumping station with the design capacity of 3.0 m’/s is proposed at the
“castern end of the area protected by ring dikes where there exist no houses at -

present.

Total pump head including losses due to screen, pipes, etc,, is estimated to be
approx, 3.5 m (HWL 6.0 - EL3.0 + 0.5m = 3.5m). The following types of
| pump are commercially available for the estimated total pump head: |
o Horizontal shaft axial flow 'pi.lmp-
"« Horizontal shaft mixed flow pump
s Vertical shaft axial flow pump
. Vénicall'shéft'rhixcd flow pump

. Submersible motor pump -

Among them, the submc’rsiblc motor pump (3 units x 1.0 m’/s unit capacity,
700 mm dla) is rccommcnded for reasons uf cconomical installation cost,

casy construction, Gpcratmn and mamtenancc

‘Fig. 7.5.7 shb‘v'vs_the layout plan of pmposed pumping station. Major facilities -
of pumping station consist of intake basin, main structure, surge - tank,
~ discharge sluiéewﬁy, mechanical control house, oil tank, pavement, parking

lot, etc. '

'Pump units arc. planned to be operated by diesel gcncrator scts at' site.
- '_'Manually collected garbagc at screcns are camed by honzontal and mclmed

- belt convcyors '

- 7-57
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7.5.5 Construction Plan

From Pckanbaru to Rengat, a new national hlghway of around 280 km through Japura
is avallablc The town of chgat faces the Indragiri River and its surroundmg area is
mainly swampy land. No access road is required in view of the location of the

national highway and project sites, and the sequence of construction works.

Right-of-way for dikes and related structures has to be acquired and families to be
affected have to be compensated and evacuated pnor to construction. ‘Lands to be

acquired and houses to be evacuated are 40 ha and 20 houses respectweiy

The construction schedule is as shown in Fig. 7.5.8.

7.5.6 Cost Estimate

The project cost has been estimated. based on the basic conditions, as discussed in
Subsection 7.1.2, Tablcs 7.5.1 and 7. 5 2 show the financial cost and disbursement

schedule, respectively, as summanzcd in the followmg table:

Unit; Rp 10°

Item : ' Value -
Construction Base Cost - . - 28,817
Compensation Cost ' 280
Administration and Engtneermg Cost : 4,336
Price Contingency - . 8,568
Physical Contingency . - - 4,006
Sub-Total _ 46,007
ValueAdded Tax = =~ =~ 4,601
Total 50,608

7.5.7 Project Evaluation
(1) Economic Bcncfit

Flood control benefit is. dcf.ned as the rcductlon of mundatlon damagc
attributed to thc proposed works Thc rcductmn is obtamed as thc dlffcrencc
between the estlmated inundation damaga under the w1th- and the

} w1thout-thc-pro_;ect snuatxons
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Methodology, calculation conditions and estimation of annual average benefit

- are the same as those of the Bangkinang Area River Improvement Works. The

annual average benefit is estimated at Rp. 5,044x10°,
(2) Economic Cost

The economic project cost is estimated at Rp. 32,851)(10G based on the basic

conditions, as discussed in Subsection 7.1.2.
(3) Economic Evaluation’

The project has been evaluated from ..th_c ‘economic viewpoint in terms of
Economic Internal Rate of Return (EIRR), Benefit-Cost Ratio (B/C) and Net
Present Value (NPV). The opportunity cost of capital is assumed at 10% and
apphcd toa dlSCOUTlt rate for the calculatlon of B/C and NPV.

(a) Annual Cost- Bencflt Flow

Ar_m_ual cost-benefit -ﬂow is shown in Table 7.5.3. The benefit is
assumed to accrue at the same level until the end of project life. The
estimated Operation; maintenance and replacement (OMR) cost is needed

-annually after prbjec_t completion to kecp' duly the designed function.
(b) Economic Evaluation

The EIRR as 'wn_:.l'l as B/C and NPV for the project is calculated on the

annual cost-benefit flow. The economic viability is as follows:

Item | Value

EIRR 11.00%
{BC 111
' NPV | rp.2;815x10°

"(c) Sensmvﬂy Analy51s

Sensmwty dnalyms is. camcd out for thc pmJect on several cases of

| changes in the benef:t or cost, as summanzcd below.
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7.6

An ‘integrated economic evaluation is conductcd for all pﬁority 'projccts in the

CASE EIRR | B/C - NPV

; (%) : _(Rp. 10%
Benefit, 5% down 10.52 106 1,444
Benefit, 10% down 10.03 . 1.00 72
Cost, 5% up 10.54 1.06 . 1,584
Cost, 10% up 10.12 1.01 C 354

(4} Project Iustifit_:ation

The EIRR of the Rengat Arca Flood Protection Works shows 11.00%, and in
any casc of sensitivity analysis on case changes in the benefit or cost, it is
more than 10.0% as presented above. The Rengat Area Flood Protection

Works is therefore evaluated to be economically viable.

_ Furthcrmorc,_ consideration is given to the exclusion -of intangible benefits

generated by the project such as saving of invaluable human lives that may

possibly be lost by.ﬂoolding, prbtcction from possible injurics' and prevention

of disease occurrence. If these intangible benefits are quantlﬁed the EIRR

© can bea hlghcr figure and v1abxhty of the pm]cct will increase.

All Projects -

Feasibility Study. By this evaluation, the final judgment of feasibility is made

p0551ble for all projccts '

7.61  Economic Evaluation

(1) Annual Cost-Benefit Flow

To calculate the indicators of EIRR, B/C and NPV of all projects, the annual

 cost-benefit fiow is calculatcd by accumuldtlon of the annual costs and

benefits of all projects in the Feasibility Study con51st1ng of the Flood Control,

~ Water Rcsources Dcvclopmcnt and Hydropawcr Dcvclopment projects (rcfcr. -
to Table 7. 6.1). |
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(2) Integrated Evaluation

‘The EIRR as well as B/C and NPV for project is calculated on the annual cost-
benefit flow. The opportunity cost of capital is considered to be 10% in the
project. Then, the discount rate 10% is applied for the calculation of B/C and

NPV. The economic viability is as follows:

P,
EIRR 13.59%
B/C - 1.46 o
NPV - | Rp. 263,292x10°

(3) - Sensitivity Analysis

~ Sensitivity analysis is carried out for the project on several cases of changes in

the benefit or cost as summarized below.

CASE . EIRR B/C ' NPV
i} (%) (Rp. 10%)
Benefit, 5% down i 13,15 1.40 226,349
_ Benefit, 10% down 12.60 . 1.33 : 184,796
“I'Cost, 5% up . 13.17 : 1.41 239,744

Cost, 10% up ' _ - 1270 1.34 211,586
762 Project Justification -

 The EIRR of thc pIO_]CCtS as a whole shows 13 59%, and in an},r case of sensitivity
- analysis on case changcs in the benefit or cost it is more than 12.6% as prcscnted
above. The project for the Feasibility Study as a wholc is thcrcforc gvaluated to be

economically viable.

1.1 Enyirnnméntal Aﬁalysis |

- 7.7;1- Envimnmenta: Tmpact Analysis (ANDAL)

’ Obtectsves of ANDAL

Thc objcchvcs of ANDAL Study are dcscnbcd in Subsection 5. 15 2.
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Present Environmental Condition of Prigrity Project Area

The present environmental conditions prevailing in the area for priority projects are as

described below.
(1) Physical Conditions
(@) Land Use and Spatial Plan

The. present land use of the sites of proposed priority projects are
classified into four categories:  settlement/home yard, paddy/upland

field, plantation and forest.

According 1o the maps of the spatial plans, spatial land use plan in the

area of priority project is as follows:

Kuok Intake Weir and the Rantaubcrangm Imgatlon Canal belong to the
area of plantatlon dcvclopment whllc the Bangkinang Arca River

. Improvcmcnt Works bclong t0a buffer zone,.

In the Indragiri river basin, th_e Kuantan reservoir area belongs to the

protected zone, cultivation zone and buffer zone. Thc'Lubukjam'bi.

Intake Weir, the irrigation'canal and Rengat area belong to four zones:
agnculturc dcvclopment zone, husbandry and agro mdustry development
zone, plantation dcvel()pmcnt zone, and other- develﬂpment and river

buffer zone.

(b) Soil Type

Based on the field observation, the soil type found in the Kuok Intake

Weir site and the Ranta'uberangin'_ Irrigation Area is Podzols dcvcioped :

from aliuvial deposits which were sedimented in the river..

Soil types in the Kuantan Reservoir area are I.atosol Podzol, Litosol

from sediment crust and othcr types of Podzol ongmatmg from alluv1a1- "

sediment. The fcrnhty of smls is low.
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Soil types in the Lubukjambi Intake Weir and Imrigation Area are
Podzols formed from alluvium materials which are found in the wavy
area at the upper part of the Indragiri River, while alluvial soils are seen

in the lower part of the river. Seil fertility is from low to medium.

Soil types in Rengat area are alluvial soil which originated from river

deposits and Gleysols and Organosois Soil femllty is low to medium.
Biological Conditions. -
(a) Terrestrial Flora

Thlrty—Onc tree spec1cs wcre found in the area, but no endangeied and
pmtected specws were mciudcd The very common plantatlon trccs of
Rubber are found throughnut the forest It means the forest is almost a
kind of sccondary_ forest whlch_ has been explmted intensively or
extensively, Some wild plants are currently bei_ng utilized by local

people as building and furniture material.

(b) Terrestrial Fauna

A total of 18 species of mammals, 21 species . of birds, 9 specics of

reptiles, 4 species of, amphibiahs and 13 spccies' of insects were found

around the Kuok Intake Weir and the 1rr1gat10n canal. A half of the

_mammals are protcctcd spcc1cs

_In the Kuantan reservoir and Lubulqambx 1rr1gat10n areas, 24 species of

mammals 21 species of apcs, 9 species of rcptllcs, 4 speczcs of
amphlblans and 13 species of insects were found through the field
observation and interview survey. Harimau (S_l'xmatran'tigcr), beruang

madu (Malayan bear), and gadj.a (Asian elephant) are designated as

-, protected fauna.,

© Aquaticl_F‘lbra |

Accordlng fo the ficld ‘observation and 1nterv1ew survey with people

hvmg nearby the nver mdcroaquatlc flora has never bccn detectcd in the .

. j_ 63.
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€)

area, In the Indragiri River, five classes of .phyto'plankton,
chrolophyceae, bacillariphyceae, cyanophyceae, rhodohyceae and

charophyceac were found by sampling tests, .
(d) | Agquatic Fauna

The Kampar and Indragm rivers have abundant species and cnough

.rcsourcc of fishes. At least, 20 familics and 91 species of fishes are

listed. The registered rate species are Arowana and Patin Kunyit fish.

~Both are not found in the upper reaches of rivers. .

In the Kafnpar River, four classes of zooplankton (Tricoptcfa and

Annchda) and . macrozoobcnthos (Diptera ‘and Tricoptera) were

identified. In the Indragm River, two classes  of zooplankton

. (Copcpoda Crustacea), and macrozoobcnthos (Dlptera and Tncoptcra) .

were 1dcnt1ﬁcd

Socioeconomic and Cultural Conditions

(a) P0pulatinn

Populatlon inthe study area is as discussed in CHAPTER 3.

(b) Land OWncrshlp

Basically, lands do not bellong- to a single individual but to the

community. Local customs ~and traditions shall be taken into '

conmdcratlon for resettlement and compensation, Thc commumsy leader

Cisa very 1mp0rtdnt person for ncgotlations

(¢) - Economic Stm'cturcﬁ and Cultural Assets

Agriculture, industry and plantations are the inip’ortaht sectors in ‘the

economy of the priority project areas. In upland areas, ag_ricultu_fc and
~ home industry are the main sources of income of hbﬁééhnlds._ There is

‘no specific cultural asset in areas related to the priority pr_ojec_ts. '

g,
by



Chapter 7

Identification of Environmenta] Impacts

Thc.im'portant environmental impacts were identified using an interaction matrix, a
method to clarify and cover all relations between project works and cnvironmental
components, The identified impaéts are shown in Tables 7.6.1 and 7.6.2. The
identification of impacts was conducted in accordance with the work item in each
stage of project implementation; namely, pre-construction stage, construction stage

and post construction stage.

Evaluation of Environmental Impacts

The important environmental components identified before have been predicted
quantitatively to determine the intensity and size of arising negative and positivé
impacts. The impacts have been evaluated by companng the conditions before and
after construction. In the evaluatmn of arising impacts, the degree of significance of

impact shall be dctcnmned according to the seven main criteria specified in the

~Decree of the Minister of Population and Environmental Affairs No. 49, 1987.

The evaluatlon rcsults for the Kampar and Indraglrl river basms are shown .in

.' Tables 7.7, 1 and 7.7.2, reSpectlvcly

- Cbhclu_sion of ANDAL Studi .

| '(1) - Kampar River Basin '

In the.Kam_pa'f river basin, fhc Kuok Intake Weir, the Rantaubérangin
Irrigation Canal and the Bangkinang Area Rchr [mé'rovcméht Works have
~ been proposed. as pfiority projects. ‘The ANDAL study for priority projects
conclu'déd that the cbnstruc_:ﬁc)n of facilities proposed in these prid;ity projccts

~will not pres:ent_ any serious damage to the natural and-social environments.
(a) Land Acquisition and House Evacuation

The area of land acq'uisitidn for. priority projects in the Kampar river
‘basin is 417 ha and. thc number of house evacuation is 730 units.
'Accordmg to the 1ntcrvlcw survey, thcrc is no'strong objection among-

o thc m_hab_ltants in t_he_ pmJe'ct site. -Therctorc,_l_an_d acquisition and housc
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)

evacuation can proceed with reasonable compensation for inhabitants’

losses and assurance of firm countermeasures for the resettlement of

| people,

(b) Natural Environment

Impacts on the natural environment by the construction of proposed

facilities are judged to be little.

(c) Social Environment

No. important historical assets and cultural properties were found in the

project area.

Indragiri River Basin

In the Indragiri river basin, the Kuantan Dam, the Lub.ukjambi Intake Weir
and Irrigation Canal, and the Rengat Area. Flood 'Protection'Work_s were

proposed as' piiority projccts It was concluded through the ANDAL study

that among thcm the Lubukjambi Intake Weir and Irrigation Canal and the

Rengat Arca Flood Protection Works will not bring any serious xmpact on the

social and natural environments. However, construction of the Kuantan Dam

will bring negative impacts to people living in the reservoir area who have to

be evacuated, as well as the temestrial and aquatic fauna and flora.

(a) Land Acquisition and House Evacuation

The area of land acqu131t10n for pnonty projects in the Indragm river
basin is 2740 ha and the numbcr of house cvacuatlon is 1 72{) units.
Thercfore, land ' acquisition and evacuatlon of mhabltants can be

conducted  with reasonable compensation and - provision of

- countermeasures for the rcscttlement of pcoplc to assure hvc]lhood

measures and 1ncomc aftcr cvacuatlon
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(b)  Terrestrial Fauna

Tcrfcstrial large mammals are distributed in the reservoir arca, including
19 protected species such as tigers, tapir and bear. However, large
mammals are considered to be able to escape from the reservoir area

following the water level rising, and extermination of these species is

considered not to take place.
(c) Aguatic Fauna '

A protected specics of Patin Kunyit is found in the Indragiri River
cxcept in the upper reaches from the damsite. Therefore, construction of

the dam will not affect this protected species.
(d) Other Flora and Fauna

Serious negative impacts on the other flora and fauna was not identified

wi'th the 'const'ructidn of the dam.

(e} Other Envirbﬁmental Impacts

Aithough negatlve impacts to air and watcr quallty, public hcdlth and
historical assets and cultural pr()pcrtlcs are expcctcd such impacts are
* considered to be small, and construction of the dam will not bring any

serious damage to these factors.

772 Environr_nental'Management Plan (RKL)
Objectives of RKL.

The'objectives of RKL are as x_ncntioned in Subsection 5.15.2.

Sc_he'dule of RKL,

Env1r0nmental management shall commcnce from the beginning - of project
_ 1mplementat|0n and contmue throughout the opcratlon and mamtcnancc period. In’
general the. envuonmcntal managcmcnt shall be 1mplemcntcd accordmg to the

"purposcs and type of act1v1tles If a prcvcntwe. act:on 1s requ1red it shall be done

7-67
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before the activity, and if a curative action is required, it shall be done when the

action takes place. The relation among the types of activities causing impacts,

.managcmcht location and management schedule are presented in Tables 7.7.3 and

1.74.

Environmental Management Approach

+ This shall consist of technical, economical and institutional approaches based on the
ANDAL Study.

ity

Technical Approach

The technical approach aims to control or prevent the negative impacts.that

may arise in project activities, as follows:

)

Eliminate e_rosion/scdimcnta_fion proﬁlcms'rcsulting from the project or

environmental conditions.

_Elimiriate erosion originating from land clearance by the rehabilitation

of existing critical land.
Decrease impacts of air quality and noise.

Rehabilitate flora and fauna lost by the project.

Economical Approach

Efforts shall be made to control social, economic and cultural problems, as

follows: _

()

Thé

agenmes rclatcd to cnv1ronmcntal managcment undcr the coordmatlon of thc._

Create job opportunities for people therearound _conside'ring- their

experience and skill,

- Prevent or minimize impacts Wthh may arise from dpproachmg .

prominent historical assets, _
Promote public security with the participation of local 'age'ncic':'s and local

people in maintaining order.

Institutional Approach .

action rncntmncd above shall bc conductcd in cooperatlon w1th the
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Population and Fnvironmental Affairs Bureau (BKLH) of District Levei I,

Riau and West Sumnatra provinces, as formulated under the following laws:

s - Law No. 4, 1982, Republic of Indonesia, regarding the provisions of
Environment Management Principles; and |
e Govemment Regulation No.51 of 1993 on Environment Impact

Analysis.

Resettlement of Inhabitants

Countermeasures for the rcscttl'em_cnt of inhabitants to be evacuated from project sites
are very important and indispensable for the smooth implementation of the projects.
Since the largest number of inhabitants to be evacuated is at the Kuantan reservoir

area, countermeasures for resettlement of inhabitants in -the Kuantan reservoir is

discussed here as a representative example.

8] Public Perception about the Project

According to the interviewsurvcy at the Kuantan rcservoir area, about 47% of
the inhabitants approve the project while onlv 1% is agamst The remaining
52% of inhabitants are neutral This ratio may change according to the
compcnsatlon amount thercfure, rcasonable compcnsatlon for land acquisition

and evacuation of inhabitants is necessary.
(2) Possible Site for Resettlement

The following three sites have been identified as alternative resettlement arcas

" for inhabitants to be "evacuated'

Thc first altcmatlve is locatcd at about 5 km southcast of the
UPT TlmpchV transrnlgrauon rcscttlcment area in Tanjung Gadang
ﬁle!l‘lCl Thls lS ﬂat with' an area of 45 km and smtable for agricultural
use, It is possnble for all pcoplc (8, 187 pcrsons) in the reservmr area to
o movc mto this arca Thc West Sumatra Ofﬁca of the Ministry of
-Transmlgrdtmn also has a plan to expand the Tlmpch V resettlement '

area 1o that place. -
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¢ The second altenative is located in the vicinity of Kuhangan Village,

near the reservoir area, around 7 km southwest of Batangkaring Village,

also in Tanjung Gadang District. The place is somewhat undulated and

near the concession of coal mining, Access to the Trans-Sumatra road is

convenient.

* The third altemative is located 22 km eastward from the UPT Timpeh V
transmigration resettlement arca, between Tanjung-kambin'g Hill and Jao
Village, very ncar the provmcml boundary in Kota Baru District. The

place is flat and suitable for agricultural use.

(3) Management after RcSctticmcnt

meg conditions and income level of evacuated inhabitants shall be
maintained by providing nccessary facilities and infrastructures in resettlement

arcas.

implementation of RKL

(1) Managing' Institution

The RKL of this pro;cct shall be camcd out systcmaucally by thc related

agcncu:s or services, as follows:

~ ® The Project Initiator shall be rc5p0n51ble for prepanng the documcnt Of

planning and the physmal xmplemcntatlon _ _

¢ The Performing Contractor shall act as the pcrformcr of physical works
and supplementary - structures until complctlon 1t shall also prov:dc
safety control and cmploymcnt of local labor i in the pro;cct

* The Research Sector of the chlonal Ofﬁcc of Public Works of West
| Sumatra and Riau provmccs shall act as the managcr of water supply and

flood control for all 1ntcrcsted groups, tcchmcally and admlmstratwcly

~* The Forest Management Office of thc chcncxcs of Kdmpar shall'.

prevent and control critical lands '

@' =3
gt
Ry
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(2) - Structure, Scope and Work System of the Organization '

(a) Organization for Environmental Management

e To use human resources efficiently, the RKL does not make a new
organization, but increases the role of the cxisting organization.

The scope. of tasks and relevant rc3p0n31b111tles of some vnits will be

-
i
L ]

increased to handle the environmental problems

e The environmental problcms ‘being wide and complex requires

: cross-s_ectoral and coordinated managcment.
(b) Scope and Work System of the Organization

¢ To cst_ablish a..coordinating institution as a management team which
shall be responsible for pianning, implementation and completion of
the envirohmental management program. ' |

o To carry_put."rr_:anag.cmcnt-agtivit_ies separately and collectively with
the related institutions and agencies.

o The initiator shall continuous,ly carry out the agfecd environmental

rnandgcment act1v1t1es ndmcly, the preparatlon of action plan and
'othcr supportmg documcnts, submlttmg them to the agencies or
work unlts. : ) .

* The roles of other related agénci_es and/or work units such as the
[rrigation Service, BRKLT, Agricuitural Service and Public Works
'_Scrwcc are directed to completc and stablhze the program and the

action plan accordmg to thelr cond:tlon

_Funds R

The initiator is the -Dircctofate“ of Irrigation Program Dcvclopmcnt of the Ministry of

‘Public Works. The 1n1taator will allocatc the funds for the rcqulred env1ronmcntal

anagcment covcrmg thc followmg

. Thc costs for land dchISltlon, mcludmg thc costs for collectmn or
dxsscmmahon of lnformatlon, dlscussmn meetmgs with local pc0plc etc

e The cnmpcnsatlon costs for house evacuatlon
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* The costs for planning, supervision, unplementahon and operahon tests of

intake and other facilities.

The Performing Contractor shall allocate the funds related to health and safety of

project woﬂ_(crs and people, The District Government shall allocate the funds for

supervising the 'lénds'cape i'mplerr'lentatiion. The Ministry of Public Wofks_shali_

allocate the funds fo; providing guidance on plahting system and method to increase

the cfficiency of water consumption and costs of supervision.

The Ministry of Forestry shall allocate the funds for planning, snper\?ision and
implementation of reforestation in critical lands and for the construction of check
dams in river courses with potential to cause sediment load. The Ministry of

Agriculture shall aliocate the funds for guidance and performance of reforestation.

Supervision of Envimnmen_tal Management Impiementation

- Env:ronmental management nnplementatmn will be supervised by superwsmg

institutions, as follows

s The District Government, the National Land Affairs Agency of the Regencies

of Kampar, ' Sawalunto/Sijuhjung and Indragiri Hulu sh’all s'upel"vise the
implementation of compensatlon for land acqulsmon and house evacuation to

be carried out by the initiator.
e The District Government the National Land Affaars Agency together with the
Transmlgratlon Servxce shall supervise and arrange the 1mplementat10n of

' resettlement to new locations to be carried out by the initiator, -

¢ The Health Service in related regencies in cooperatlon with the Ministry of

Labor shall superwse the management of work safety, as well as pubhc and

' pro;ect workers’ health

e The District Govemmcnt and BRKLT (L'md Conservatmn Training Center)'

shall supervise the plannmg and reforestahon R o
¢ The District Government shall superwse the lmplementanon Df household

: mdustnal tralmng to be carned out by the Industnal Serv1ce

The superwsmn of environmental managcment shall be carrled out in the followmg |

manncr;
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‘& Evaluate materials for RKL, i..,. the technical conditions of physical work
implementation, the operation standards, and the system maintenance.

. E{Ja'l_uatc prepérations for environmental management activities, for instance,
the reservoir operation plan, the rubbish disposal to thclrcscrvoir.

e FEvaluate preparations made by - the related agencies carrying out

environmental management activities like one made by the Forestry Service

and the Agricultural Service in charge of the reforestation of critical lands.
» . Evaluate information delivered to the project, as well as from related agencies,
rcgardmg envuomnental management, in the form of letters, minutes of

mcetmg, reports on job lmplemcntdtmn and othcr related reports.

713 | Environmental Mnnito_ring Plan (RPL)

Obijectives of RPL

The objectives of RPL are as mentioned in Subsection 5.15.2.

Environmental Monitoring Components

(1) Related Institutions
(a) Projebt Initiator

For the Projcct Initiator, environmental . monitoring is used for
evaluatlng the-consistency of RPL with those spcc1f1cd in the RKL with

the fol]owmg purposcs

¢ To decrease claims from other groups affected by the Kampar River
- Basin Development Plan Project at the pre-construction,
constructlon and post C(}nstructlon stagcs ' '

¥y To makc use of funds manpowcr and time cffcctlvely by adequate -

cnvwonmental managcmcnt and

. '.To predlct mgmﬁcant unpacts Wthh are otherwise difficult to

: 1dcnt1fy.
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(b) Government and Initiator of Activities

In these two institutions, the objectives of preparing the RPL are:

* To consolidate the implementation of Law No. 4 of 1982 on the

Main Conditions of Environmental Management and. Government
Regulation No. 29 of 1986 on Environmental Impact Assessment
(AMDAL),

To consolidate the implementation of Government Regulation

No. 35 Chapter I, paragraph (2) of 1991 on rivers, where "River”

is defimed in paragraph (2) as a water source and as one of the .

natural sources having multipurpose functions for human life and
existence. A river should be managed to increase its function and
benefits; and its destructive power to the cnviromhcnt shouid be
controlled. _ . _

To develop positive. impacts and to overcome activities with
potential to cause negative impacts in Kampar River Basin
Development Plan Project, and to providc simultancoos_ supervision
and evaluation,

To control environmental Quality, increase social eco_no_my' and
regional income, assist in stabilizing the implcmcntatioh of tourism
program n compliance with the development program and the

chlonal Layout General Plan (RUTRD)

2) Environmental Momtormg Approach '

The purposc of the RPL is to supcrwsc and monitor the unpicrnentanon of

RKL in each act1v1ty at ecach pro;ect stage. -Results of momtormg by

institutions shall be submlttcd to rclatcd agcncu:s or mst:tutlons for gettlng- '
feedback.

The cnv1ronmental momtonng approach shall be made by

rcpornng, supcrv1snon momtormg and unexpected 1nspccnons as follows

(a). Reporting

The rcportmg shall cover the notification on the schedule of pro_]ect_ o

actmtm and 1mplcmcntataon compcnsatlon momtonng dnd other k

7-74"
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relevant information, as well as minutes of meetings on the approval of
designated activities. Periodical reports (daily, weekly or monthiy) on

- supervision activities shall be prepared and submitted.
(b} Supervision

The supervision shall cover supervision on:

» Implementation of land acquis.it'io'n;

e Implementation of irrigation system and dike as well as non-physical
works which are assumed to have a potential to cause impacts;

* Implementation measure for air quality and noise;

e Operation of irrigation channel, application of cropping pattern and
water allocation; and, '

s Reforestation of critical fand areas.

(c) Monitoring

Monitoring shall cover the evaluation of environmental management

being implemented to examine whether it is appropriate  or
rccommcndable to implement field monitoring of environment factors

affcctcd by 1mpacts and periodical sampling for laboratory study. -
(d) Unexpected Inspection

Unexpected inspection is to inspect the actual work implementation:
unexpectedly, particularly when a deviation in the environmental

management implementation is indicated.

Description of RPL

- Environmental monitoring is to be conducted on items in each stage of prdject

unplemcntatmn, namely, pre—constructlon ‘'stage, construction stagc and post
construction stagc Environmental factors to be momtorcd in each stage arc presented
in SECTOR YV, ENVIRONMFNTAL ANALYSIS
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CHAPTER 8 ORGANIZATION FOR OPERATION AND
' MAINTENANCE

8.1  General
8.1.1 - Basic Concept

The Minister's law on govemment organization states that responsibilities on
operation and maintenance of public works facilities should be dccentralized and
entrusted to related provincial govénunent agencies. In accordance with Law No. S.
on chiooal Government Administration, future operation and maintenance work will
~ be transferred gradually from central government agencies to local government -

- agencies.

In line with the decentralization policy, an institutional setup for all-inclusive water
1esources management WOrk was introduced “in Java Irrigation Improvement and
Watcr_ Resources Manogcﬁicnt: Project (JTWMP) in January 1993. Previously,.
- operation and maintenance for public. works facilities have been executed under the
hlcrarchy classificd into the central level, the provmmal lcvel and the district level. In-
: addltzon to these ex1st1ng orgamzatlon levels, the basin-wide managcmcnt levcl was
newly proposad by the JIWMP to have an integrated approach to basin-wide water
" management works. The tcmtonal jurlSdlCthI] of the basin-wide management level- |
s, placed within the watershed boundary (called _"SWS" in the Indonesian term), so

that it does no't:oéceésaﬁly coincide With the existing adm_inistrative boo_ndary.

Com:Spondmgly, thc hierarchy of the institutional sctup is classxﬁcd into the central
level, the provincial level, thc basin-wide managcment level, and the district levcl In
' thlS hierarchy, cmphas:zcd are the roles of the basm—w1de managcment levcl and the

dlstnct level to promote thc dcccntrallzdtlon proccss

The basic concept of the instituti()nal setup pr0poscd by JIWMP is considered to be.
suitable to formulate the operatlon and mamtcnancc plan in the present study

.-Furthermorc the pamcular names or abbrcwatlons for the orgamzdtlonal ‘units
-mtroduch ini the JIWMP arc commonly used by Indomsxan government agcncms, $0

 that thcy are also adopted in thig study.
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8.1.2 Outline of Proposed Organization

The otganization for operation and maintenance of flood control and water resources
development facilities is proposed in this study as shown in Fxg 8.1.1. In this
organization, cach of the organization hierarchy levels will undertake the following -

roles in gcncral:

o The central level will set up the natlonal regulations specifying the technical
~and admmlstratlvc standards for opcratlon and maintenance. of objective
facilities.

¢ The provmcml level wﬂl undertake the overall supervisory and coordlnatlon
tasks for the objccnve operation and maintenance facilities.

¢ The basin-wide management level will execute the operation and maintenance
for major facilities such as dams, weirs, and river chén‘ncls that have strategic
“importance in the basin and/or require hlghly developed technology |

¢ The district lcvcl will execute the operatlon and maintenance for minor

facﬂmcs other than the ochcts of the abovc basm-wxdc managcment level.

In the prlorlty projects for fcasxbﬂlty study, thc proposed basm-w1dc managcmcnt
' .levcl will have an mtcgrated approach on operation and mamtcnancc Thus, the |
basm-w1de managemcnt level will have a smglc managcment body All dam
Teservoirs, weirs on the main stream and river channel located m thc abovc river

basins will then be opemted and mamtamcd in the basin- wide management level.

As for the district level, two districts will be involved in the ofganization for-
opcratibn and maintenance, namciy, Kabupatcn Kami:ar an'd Indragiri Hulu. All
minor flood control and water Tesources developrnent facﬂmcs mstallcd in these

districts will be operatcd and mamtamcd by cach dlstnct govcmmcnt offlce

8.2 Organization in Central Level

The orgamzatlon in the central lcvel will be composed of three umts namely, the
techmcal management unit, the coordinating unit and the administrative unit. The -

specific roles and govemment agencies _mvolvcd in _thes_e_umt_s_ arc dcscnbcd-bclow.- -

8.2
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8.2.1 Technical Management_ Unit

‘This unit will prepare the nationwide technical criteria and carry out the technical
~ guidance for operation/maintenance. The ministry in charge will be the Ministry of |
'Public Works (MPW) and the following directorates/commission will take partial

charge of technical management works, as follows:

e The Directorate of Technical Guidance (Bina Tech), .DGWRD will take
charge of the preparation of criteria and technical guidance related to flood

* control and water fcsouiccs development facilities; and,
e The Dam Safety Commission established as an extra-departmental body of

MPW will ca:ry out gcncral supervision on dam safety.
822 Coordiliating Unit

A new National Water Council (NWC) is proposed as the central govemment
coordinating unit. The NWC will be composed of representatives from relevant

ministries and will resolve potential conflicts among the ministrics.

823 Administrative Unit

 The present Ministry of Home Affairs (MHA) will undertake the integra'ted'
sup'ervision of administration to be carried out by each provincial government in

Indonesia.

83 _O_rganization in Provincial Levél"

The orgamzanon in the provmc:laI level will be composed of four units, namcly, the
admlmstratlve unit, the coordmatmg umt the tcchmcal managcment unit, and the
_ -water users assoc1at10ns The ‘specific roles and governmcnt agencies to be involved

in thesc units are described below.
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83.1 Administrative Unit

The Riau and West Sumatra provincial govcnirﬁcnté will be designated as the
provincial leading supervisor and coordinator for all activities related to
operation/maintenance. This designation of the Provincial Government will entail
approval of annual opcrahon/mamtcnancc plans (mcludmg the implementation plan
and the budgetary allocation  plan), evaluation of performance,  and

licensing/authorization for surface water use.

83.2 Coordinating Unit

The compétent provinc'ial authority of the Ministry of Public Works (KANWIL) will
be assigned, as a substructure of the MPW to the Riau and West Sumatra provinces
and will undertake the role of coordination of tcchmcal gu:dancc provided from the .

central level to thc provmcxal level.

8.3.3 Technical Management Unit

The Provmc:al Office for Public Works (DPUP) will undertake technical supervision
on the CXBCUUOD of operation/maintenance bascd on the technical guidance provided

from the central level.

83.4 Water Users Association

The Watcr Resources Committee (WRC) will be formed out of the exxstmg provmr:lal
irrigation commlttec and cxpandcd to a larger user committee accommodatmg all
provincial water user groups such as the State Elcctncny Corporation (PLN) and the
Water Supply Public Corporatlon {PAM) The WRC will undertake coordmatlon and
supervisory work on the annual water use of each water user group at the' provmc:al
level. Thus, the tole of WRC is related solcly to water Tesources devclopmcnt '

facilities but not to the flood control and urban drainage facilities.

o



	CHAPTER 5 OVERALL DEVELOPMENT PLAN
	5.14 Economic Evaluation
	5.14.1 Basic Conditions for Evaluation
	5.14.2 Economic Benefit
	5.14.3 Economic Cost
	5.14.4 Economic Evaluation on Overall Development Plan

	5.15 Environmental Study
	5.15.1 Components of Environmental Study
	5.15.2 Objectives of AMDAL Study
	5.15.3 Procedure of AMDAL
	5.15.4 Present Environmental Condition
	5.15.5 Proposed Structures of Preliminary Study for ANDAL
	5.15.6 Preliminary Study for ANDAL


	CHAPTER 6 SELECTION OF PRIORITY PROJECTS
	6.1 Criteria for Selection
	6.2 Identification of Priority Projects
	6.2.1 Kampar River Basin
	6.2.2 Indragiri River Basin

	6.3 Order and Cost for Priority Projects

	CHAPTER 7 FEASIBILITY STUDY
	7.1 General
	7.1.1 Objective Priority Projects
	7.1.2 Basic Conditions

	7.2 Kampar Kanan Water Supply Project
	7.2.1 Present Condition
	7.2.2 Planning Criteria
	7.2.3 Study and Analysis
	7.2.4 Preliminary Design
	7.2.5 Construction Plan
	7.2.6 Cost Estimate
	7.2.7 Project Evaluation

	7.3 Bangkinang Area River Improvement Works
	7.3.1 Present Condition
	7.3.2 Planning Criteria
	7.3.3 Study and Analysis
	7.3.4 Preliminary Design
	7.3.5 Construction Plan
	7.3.6 Cost Estimate
	7.3.7 Project Evaluation

	7.4 Kuantan River Multipurpose Development Project
	7.4.1 Present Condition
	7.4.2 Planning Criteria
	7.4.3 Study and Analysis
	7.4.4 Preliminary Design
	7.4.5 Construction Plan
	7.4.6 Cost Estimate
	7.4.7 Project Evaluation

	7.5 Rengat Area Flood Protection Works
	7.5.1 Present Condition
	7.5.2 Planning Criteria
	7.5.3 Study and Analysis
	7.5.4 Preliminary Design
	7.5.5 Construction Plan
	7.5.6 Cost Estimate
	7.5.7 Project Evaluation

	7.6 All Projects
	7.6.1 Economic Evaluation
	7.6.2 Project Justification

	7.7 Environmental Analysis
	7.7.1 Environmental Impact Analysis (ANDAL)
	7.7.2 Environmental Management Plan (RKL)
	7.7.3 Environmental Monitoring Plan (RPL)


	CHAPTER 8 ORGANIZATION FOR OPERATION AND MAINTENANCE
	8.1 General
	8.1.1 Basic Concept
	8.1.2 Outline of Proposed Organization

	8.2 Organization in Central Level
	8.2.1 Technical Management Unit
	8.2.2 Coordinating Unit
	8.2.3 Administrative Unit

	8.3 Organization in Provincial Level
	8.3.1 Administrative Unit
	8.3.2 Coordinating Unit
	8.3.3 Technical Management Unit
	8.3.4 Water Users Association



