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CHAPTER 1 BASIC CONCEPT FOR PLANNING

Indonesia’s energy policy is to cfficiently mobilize hydropower potential to save
exportable resources such as oil, natural gas and coal, contributing to maximization of
the country’s foreign exchange carnings. In this sense, whenever dams are planned in
projects, the possibility of hydropower development are taken into account.

Therefore, the hydropower generation plan in this study is formulated to use the
residual capacity of the planned dam reservoirs or discharge flow released from dams
for water supply. A single purpose dam of hydropower gencration is not primarily
studied, and the study on the hydropower generation plan does not aim to satisfy the
future electricity demand but aims at supplemental supply. '

~ The dams selected to be studied here are as below:
. Kémpar Kiri No. 1 Dam (Kampar River Basin)
o Kampar Kiri No. 2 Dam (Kampar River Basin)
. '-Uppci' Sinamar Dam (Indragfri River Basin)
‘e Sukam Dam (Indragiri River Basin)
e Kuantan Dam.([ndragiﬁ:River Basin)

'Dams proposed in this éfudjr'arc in prinéiple planned as multipurpose dams for fleod
control, hydropower, irrigation, municipal and industrial water supply, etc.
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CHAPTER 2 PRESENT CONDITION OF ELECTRIC POWER SUPPLY
AND USE IN STUDY AREA

21 Existmg Electnc Power Facllitles

Power supply in West Sumatra and Riau provinces in whlch the study area is s:tuatcd
is managed by chlon III Office of PLN and private sectors. The organization of
PLN Region III is shown in F1g [X.2.1. The existing electric power facilities in thc
reglon are cxplamcd hereinafter.

PLN Power Generating Facilities -

The power generating facilities in the 'regi(')n are listed in Table IX.2.1 and
summarized as follows: ' ,

Type | ‘Hydro- | Gas Turbine | Diesel Total .

: power |  Power - Power E
Installed Capacity (kW) | 79,100 42,700 142,300 | 264,100
Share (%) .30 16 54 100

More than 50% of the total installed capacity is shared by diesel power. The diesel
- power stations are located near the center of cities and towns and the power is
distributed locally. As to major diesel power plants, the Simpang Haru Diesel Power
Station (21,020 kW) is located in Padang City and the Padang Luar Diesel Power

Station (4,560 kW) is in Bukittinggi City. - - :

The major hydmpower stations are Mamnjau (68,000 kW) and Batang Agam
(10,500 kW), the rest (600 kW) are generated by mini-hydropower stations. All
hydropower stations are Iocatcd in Wcst Sumatra Provmce :

PLN Transmission and Dlstrlbutlon Systems

The transmission systems of 150 kV (Maninjau System) and 20 kV (Batang Agam-
system) in PLN Region III arc shown in Fig. [X.2.2.

The Maninjau Transmission System (150 kV, 228 km'long) is from thc Maninjau -
Hydropower Station to Salak, through Lubukalung, Pauhlimau, Indarung, Solok and
to Payakumbuh through Padangluar in West Sumatra Province. It is the first step of
the high voltage interconnection program for the West Sumatra and Riau provinces.

The Batangagam Transmission - System (20 kV, 151 km long) ‘connects  the
Batangagam Hydropower Station and the Padangluar Dicsel Power Station with the
towns of Buklttmggl, Payakumbuh, Batusangkar, Paddngpan_;dng and Lubukalung.

Riau Province and other arcas in Wcst Sumatra Provmcc, howevcr have no
transmission system and the power supply is provided locally by diesel power stations.

“located near the center of cities or towns. Power distribution in Region III is bclng'
made at the 20 kV lcvcl and low voltagc of 380/220 volts, S0 Hz standard

: IX-Z .
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In the past, electricity distribution in the region was made at the 6kV level and low
voltage of 220/127V, 50 Hz standard. From 1977, the voltage standard was changed
from 220/127V to 380/220V and distribution facilitics such as transformers and
customer meters were replaced and the carrying capacity of the main feeders was
increased to reduce the power losses and voltage drop.

Private Sector Power Generating Facilities

~Aside from the power supply by PLN, many enterprises, commercial shops and
factories have been compelled to install power generating facilities by themselves due
to insufficient PLN generating capacity over the years. The capacities of private
power generating facilities are as tabulated below. : -

Province Capacity - Remarks

West Sumatra 32,216 kW | including Padang Cement

Riau , 103,212 kW | including Pertamina, but excluding Caltex
Total . 135,428 kW

The factories with private power generating facilities are divided into two categories:
pure captive power and captive power connected to the PLN system. The factories
with pure captive power will be connected to the PLN power supply system whenever
possible. '

2.2 Present Electric Power Demand and Supply
PLN Power Generation and Sales

The power generation and sales of PLN Region III '(_)ffice in the year 1993/1994 arc
- given as follows: ' .

: - Hftem ' Unit 1993/94
(1) Generation and Sales ' e '
(a) Sales - - ' GWh | 891
- (b) Losses of Transmission and Distribution GWh 188
(Loss Ratio to Energy Production) (%) (17.0)
(c) Scotout Encrgy | GWh 1,079
" (d) Plant Usc for Energy Production - % 2.5
(¢) Encrgy Production o GWh 1,107
(f) Peak Load - o MW 206.2
“(g) Load Factor - I % 613
(2) Type.of Generation A _ b
(a) Mini-Hydrocléctric Power .~ | MW 3. 0.6 -
- (b) Hydroelectric Power - - MW 78.5
" (c) Gas Turbine Power o MW | 42.7
@) Diescl Power | MW | 1423
T Total - . . oo o MW 2644
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The historical power production and sales in Region III are given in Table IX.2.2.
The annual growth rate of sales is 13.4% in the period 1989/1990 to 1993/94.

Power Energy Consumption

Tables IX.2.3 and IX.2.4 show the historical energy consumption by customer type
and area since 1986/87 and 1987/88, respectively. The share of energy consumption
by area and customer type is almost constant for 7 years from 1986/87 to 1993/94.
The share of energy consumption by arca in the region in 1993/94 was as tabulated
below:

Arca Padang | Bukittinggi [ Solok | Pekanbaru Dumai Tj. Pinang | Total

Share (%) | 48.8 9.2 2.7 222 76 9.5 | 100

Padang is the biggest consumption area followed by Pekanbaru, Bukittinggi,
Tj. Pinang, Dumai and Solok. This tendency has been maintained for a long time.
The share of energy consumption by customer type in 1993/94 is as tabulated below.
Residential use was the biggest, followed by industrial and other uses.

Customer Type | Residential Use | Industrial Use Others Total
Share (%) 42.1 414 16.5 100

Number of Customers

‘The number of customers in the region increased from 233,931 in 1986/87 to 517,900
in 1993/94. The growth rate was 12.0% for seven years.

Elcc_trification in Region II1

The PLN is pushing through the electrification of towns and villages as onc of the
important goals in social and economic development. The rural elcctrification rate in -
Region III as of 1994 is as follows: -

Region Total No, | Electricity | Electrification No.of Electification

| of Villages | Supplied Rate ‘Houses Rate
.| Villages
_ {No.) (%) 1 (%)
West Sumatra 2,011 1,453 7225 147850 | 2062
Riau 1 083 277 28,18 - 66,458 | . 11.66
Kerinei 1 246 169 - 68.70 C16258 | 29.48
Total : ' 5861 | 4 1745

' According to.the PLN’s data in "A Short thc on the Development of Rural
Electrification in Indonesia, Nov. 1990", the. electrification: rate in villages and

CIX-4
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B households in Region III as of 1990 were 34.6% and 15.4%, respectively. During the
!‘ last 4 years, rural clectrification in Region 11l has grown with about 24% in villages
and about 2% in households.
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CHAPTER 3 EXPANSION PROGRAM OF ELECTRIC POWER
' FACILITIES IN REGION I

il

31 PLN Geheratin’g Capacity Expansion Program

To meet the rapid growth in power demand, PLN is making efforts to increase power
supply capacity takmg into full use of oil resources, pamcularly hydropower and coal.
In addition, expansion of the transmission line system is being carried out to supply
economical and reliable power to the service areas.

In accordance with the power system expansion and investment plans in Region III,
several projects are under construction, committed and planned as shown in
Table IX.3.1. Among thcm, the following are the major projects. :

(1) Kotapanjang Hydropower Project

‘| Location Desa Merangin, Kec. Bangkinang,
Kab. Kampar Riau Province, 20 km
from Bangkinang, 85 km from
. . Pekanbaru, Riau Province
Water Source | Kampar Kanan River
Installed Capacity 114 MW (3 x 38 MW)
{ Annual Generation 542 GWh ' 3
Completion Year 1997/98 : o '

(2) Singkarak Hydropower Project

'| Location Decsa Tapakis, Kec. Lubukalung,
: ' Kab. Pariaman, West Sumatra
Province, 32 km from Pddang City

Water Source Singkarak Lake

Installed Capacity 175 MW (4 x 43.75 MW)
Annual Generation 986 GWh

Completion Year 1998/99

(3) Ombilin Thermal Power Project’

Location

Desa Sijantang, Kec. Taléw: ;

-Sumatra Provmcc

Kab. Sawahlurito/Sijunjung, Wcst_ =

Encrgy Source

‘Coal - . T
Installed Capacity 200 MW (2 x 100 MW)
Completion Ycar : 1997/98 '

X6



The future share of energy production by plant type will change as follows, taking

into account the commissioning of new plants.
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2000/01

Type of Plant 1993/94 2008/09
Hydropower ' 79.1 MW 375.8 MW 391.8 MW
(299 %) (45.9%) (48.7%)
-Gas Turbine Power 42,7 MW 70.0 MW 70.0 MW
- (16.2%) (B.6%) (8.7%)
Coal-fired Thermal Power - 200.0 MW 200.0 MW
(24.4%) (24.9%)
Geothermal Power - 2.4 MW 24 MW
' (0.3%) . (0.3%)
Diesel Power 1423 MW 169.8 MW 140.8 MW
(53.9%) (20.8%) (17.5%)
Total 264.1 MW 818.0 MW | 805.0 MW
(100 %) (100 %) (100 %)

3.2 Power System Interconnection Program in PLN Region I

Table 1X.3.2 shows a list of 150 kV _transmission/substation' facilities under

_construction and committed up to 1997/98 and Fig. IX.3.1 shows.the connection

diagram. The facilities are located as follows:

- Payakumbuh - Kotapanjang Hydropower Station, Pekanbaru
Singkarak Hydropower Station, Lubukalung
Singkarak Hydropower Station, Batusangkar
Ombilin Therfl Power Station, Indarung
* Pudang Gas Turbine Power Station, Simpangharu

33 . Power System Interconnection Plan in Sumatra

The objectives of interconnection in Sumatra are to’ have an .equal distribution of
power between regions, to achieve a better inter-cultural relationship, to reduce powet
reserve requirements and to improve network operations. Fig. [X.3.2 shows the
power system interconnection program in PLN Region III. :

As shown in Table IX.3.3, the power demand in whole Sumatra could be met by

interconnection up to the year 2003/04 with' condition that all planncd power plants
arc made in operation as scheduled. - ' ' S

Fig. IX.3.3 shows a connection plan bctwcch Region III and othcr regions in Sumﬁlré.:
PLN Region 11" will have an excess of chcaper power over the considered period
(1997/98 to 2003/04) and the proposed 150 kV interconnection linc from Lubuk

. Sikaping to Padang Sidempuan will make the export of power from PLN Region 111
_to Region'II possible. . A proposed 220 kV (or eventually 275 kV) interconnecting .
linc from Ombilin to Muara Bungo will make: export of power from PLN Region {II
- to Region IV possible, - SN IR T R
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On the other hand, since the peak toad demand (810 MW) in 2004/05 dominates the
supply capacity (805 MW) in Regionill, power in Region Ill may have to be
imported from Region II or Region [V, through the interconnecting transmission line.

As a further long term plah, PLN is expecting networks with SO0 kV extra high
voltage transmission systems to interconnect with Java as shown in Fig. IX.3.4.
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ELECTRIC POWER DEMAND FORECAST

PLN renews its electric power demand forecast of the Region III every year based on
the latest energy and economic records for establishment of its system expansion plan

and additional investment plan.

Table IX.4.1 is an energy and power demand forecast up to 2008/09 in Region 1
prepared by PLN in May, 1993. Based on that forecast, the future energy and power
demand up to 2018/19 is forecasted in this study as tabulated below.

Fiscal Year | Energy Consumption Generation Peak Load
{(GWh) (GWh) (MW)
1993/94 891.2 1,107.1 - 206.2
1998/99 2,157.9 2,599.8 452.6
2003/04 3,383.7 4,076.7 738.4
2008/09 5,000.8 5,953.4 1,112.5
2013/14 - 7,313.9 8,707.1 1,672.8

2018/19 10,696.9 12,734.4 - 2,515.3

The growth rates of power generation capacity up to the year 2018/2019 are estimated

as below:

Fiscal Year Generation (%) ‘Peak Load (%)
1993/94 - 1998/99 18.6 - 17.0 :
1998/99 - 2003/04 9.4 102
2003/04 - 2008/09 19 85
2008/09 - 2013/14 7.9 B.5
2013/14 - 2018/19° 7.9 .85

Based on the above forecast, the power déman_d aﬁd_ supply in chion I prcéentcd in
Tablc IX.4.2 was worked out by PLN in June 1993, ' '

R -ix _‘.:9
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CHAPTER 5 NECESSITY OF ELECTRIC POWER DEVELOPMENT IN

STUDY AREA

The present clectric power supply situation in Region Iil, especially in the study area
including Pekanbaru is not sufficient, as evidenced by the frequent power supply
interruption, the many enterprises with private generating equipment, the many
waiting customers, and delay the rural electrification. '

Since Kotapanjang Hydropower Station wili be in operation from 1997/98, electric
power supply will be gradually increased in both provinces, especially in Pekanbaru.
‘The future development would be made with the Power System Interconnection
Program in PLN Region III as shown in Fig. IX.5.1. '

However, after the completion of the Kotapanjang, Singkarak and Ombilin projects,
no other specific projects is considered in PLN Region il for medium term and long
term according to the PLN office, except diesel plants for isolated arcas and a small
~ geothermal power project (Kerinci). However, due to the small size of diesel and

geothermal projects, the effect of these small plants to the future interconnected
- networks is ncgligible. '

For the long term, possibilities of power development in Region Iil will depend on
large thermal power stations for base. operations and hydropower stations for peak
operations (3 to 4 hours operation) which may bave some impact to the
interconnection networks., : i

The dams proposed in this Study are located near 150 KV substations (25 to 70 km) in
the power system interconnection program in PLN Region- 1II, as shown in
Fig. IX.5.1. . |

After the year 2005, the cxcess demand would be met by other régions through

interconnection nctwork. To reduce power supply from - other regions, the

development of a power generation plan for the region is necessary.

X100
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CHAPTER 6 OVERALL DEVELOPMENT PLAN OF HYDROPOWER
GENERATION

6.1  Proposed Hydropower Stations

The following six dams are sclected as possible dams for flood control and water
resources development:

Kampar Kiri No. 1 Dam (Kampar River Basin)

*

e Kampar Kiri No. 2Dam . (Kampar River Basin)
¢ Kapoernan Dam (Kampar River Basin)
¢ Upper Sinamar Dam (Indragiri River Basin)
¢ Sukam Dam (Indragiri River Basin)
¢ Kuantan Dam (Indragiri River Basin)

Since the Kapoernan Dam has a small rescrvoir capacity, it is not su1tablc for
hydropower generation and is considered for flood control purposes only. Kampar
Kiri No. 1 and Kampar Kiri No. 2 power stations are optimized for power gcneranon
use since the dam reservoir capacities are huge and no interventions occur in storage
~ allocation. :

On the other hand, Kuantan Dam has a huge storage c_apacity'but effective storage is
limited, so that the installed capacity of Kuantan Power Station is to be determined as
a part of multipurpose development for flood control and water supply.

Since Upper Sinamar and Sukam dde have small storage capacities, thcy are
considered to supplement the Kuantan Dam. No exclusive. storage for power
gcncration use is considered through alternative studies.

6.2 Crlterla for Reservoir Operatlon

For the hydropowcr ‘generation calculation, the followmg crltcna for TCSCIVOir
opcratzon arc cstablished.

Powcr Gcnerahon Pattcm

Thc powcr gcncratmn pdttcrn of cach power Stdti()l’l is set as shown in Fig. [X.0.1 for
- the comparative study taking into account annual runoff, discharge for water supply,
river mdmtcnancc flow, cte.

The Kdmpar Kiri No. 1, Kampar Kiri No. 2 and Sukam power stations arc to- be
opcrated only- for 8-hour peak operation, because the water supply demand in the

- downstream arcas from thesc power stations arc smal! and also, no mflucncc by peak

powcr opcmtlon is locationally expected in the downstrcam reaches.

On thc other hand, the. Uppcr Sinamar and Kuantcm pownr stations arc to be operated
partly. w1th 24-hour base opcranons and’ partly 8- hour pcak opcrauons, because thcy

X
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have rather large base flow and constant flow may be necessary for the downstream
stretches from the environmental viewpoint. .

The simulated reservoir water level shall be returned to Normal Water Level (NWL)
at least once 5 years.

Power and Energy Calculation

The outputs of power and energy arc calculated by the following equations.

P = 9.8xhxQ xHe

where, P : power output (kW)
kh : combined efficiency (0.85)

Q : turbine discharge (m>/s)
He : effective head (m)

E = PxT
" where, E : energy output (kWh)

P : power output (kW)
T : time (hours)

Rated Water Level and Tail Water Levcl

The rated water level is set at the level of two- thxrds of the water depth for effective
storage. Tail water level is g;vcn by the uniform flow calculatlon

Installcd Capacity

The installed capacity for comparative study is taken as the capacity given by turbine
discharge of three times the assumcd firm discharge and head for ratcd watcr level.

Available Watcr for Power Generation

The water available for hydropower gcneration is, in principle, the water relcased for
water supply However, when excess water is spilled out from dams, peak power
generation is cxtended to unhzc the excess water for pOWcr generation as much as
possiblc.

Head Loss

Hcad loss in watcrway to dctcrrmne an cffcctwc hcad is apprmumatcd in thc
simulation study by the followmg cquatxon :

H = {U200+05+(1}(Q/Qmax)
where, iy head l_oss_(m)._. )

L : length of watcrway (m)

X-12
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o : 0to0.5m
E - Qmax maximum turbine discharge ( m¥sec )
0 : discharge at powér generation ( rn'3/scc).

Therefore, the effective head He is calculated as follows :

He = RWL - TWL - HL

where, He  : . effective head (m)
~ RWL : reservoir water level ( EL.m )
” ’I‘WL : .tail watef level (EL.m)
HL : head loss ( m )

63  Optimization of Installed Capacities of Kampar Kiri No. 1 and No. 2
Power Stations oo : R

63.1 Criteria for Optimization

As mentioned before, the scale of Kampar Kiri No. 1 and No. 2 power stations is
determined by optimum water use for hydropower gencrationi, On the other hand, the
scale of the Kuantan, Upper Sinamar and Sukam power stations depends on the flood

contro! and water resources plans, so that they are studied following the cases studied
in SECTOR VIiI, WATER RESOURCES DEVELOPMENT PLAN.

Benefit and Cost -

For the optimization of installed capacity of poWe: stations, benefit-cost analysis is -
required. ' : ' S IR

The benefit of hydropower generation consists of power benefit and energy bencefit of
‘thermal power generation. The power benefit is obtained by multiplying kW-value
by 90% dependable power output and the encrgy. benefit is obtained by multiplying
‘kWh-valuc: by annual energy output. Basic economic indexes for these values arc
calculated in Tablc 1X.6.1. The kW-value and kWh-valuc of the thermal power
generation applicd arc summarized below: IR .

KWvalue | USS39L66/W (<50 MW )or
SRR o | US$318.14/KW- (> SO MW ).
KWhevalue | US$0.0178/kWh |

“On the other hand, costs of dam and power facilitics are estimated from cost curves
shown in SECTOR XIiI, DAM ENGINEERING. For the calculation of B-C and B/C
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for comparative study, the cost is converted to annual cost at the discount rate of
10%.

Selection of Optimum Installed Capacity

The optimum installed capacity of power station is in principle defined as the one

which gives maximum B-C and B/C in comparative study.

6.3.2 Optimization of Ka_mpar Kiri No, 1 Power Station

This power station is operated so as to maximize the power benefit. The optimum
installed capacity of the Kampar Kiri No. 1 Power Station is found out by setting
different installed capacities and normal water lechs as parameters for the
" comparative study. -

The cases studied and results of reservoir operation are presented in Table IX.6.2 and
summarized as follows:

Installed - | 90% Dependable |  Energy
Case | NWL | Capacity Power Output B-C B/C
(El.m) (MW) (MW) (GWhiyear) | (19%Rp.)-

Al | 1150 ' 98.6 . 953 355.6 . 27.10 1.52

A2 | 1150 113.6 102.3 3499 | 2929 | 153

A3 | 1150 | 1193 998 340.9 2668 I 1.48

A4 | 1200 | 1058 | - 1015 3784 28.78 1.51
| As | 1200 122.1 1114 3733 - | 3173 | 153

A6 | 1200 1282 107.2° 37133 | 2776 |- 146

A7 | 1250 112.7 1102 401.7 3062 - |- 1.50.

A8 | 125.0 1309 1212 . 398.5 35.99 157

A9 | 125.0 137.3 1158 | 3888 2870 | 143 -

NWL: Normal Water Level

As scen in the above table, the value of B-C and B/C increase with the increasc of o
NWL and dam height. The rcidtlonshlp between installed capacity in each alternative -

and net present value ( B-C) is shown in Fig. 1X.6.2. Thereforc, the optimum scale
is determined: from maximum limitation of reservoir water level due-to the
topographlcal conditions. In conclusion, Casc A.8 was identified as the optlmum case
and the main features of Case A.8 arc summdnzcd below. :

Dam Height ' s o . 11030m
NWL ' L EL 1250m _
Necessary Storage CapdCIIy for Hydropowcr Gcncratmn 646 x 10°m”
Installed Capacity 131 MW

Fig. 1X.6.3 shows thcr Siniulat_i:d FESErvoir opc;atidﬁ f_dri _C'Zésc‘:A‘.S_: - o

IX-14
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IX Hydropower Development Plan

633 Optimization of Kampar Kiri No. 2 Power Station

This power station is operated so as to maximize the power benefit. The optimization
study on the Kampar Kiri No. 2 Power Station is made in the same manner as the
Kampar Kiri No. 1 Power Station.

The cases studied and results of reservoir operation are presented in Table 1X.6.3 and
summarized as follows: : -

Case | NWL | Installed | 90% Dependable | Energy B-C B/C

(Elm) | Capacity |  Power Output (10°Rp.) '

oMWy MW) (GWh/year)

B.1 1250 | 347 | . 331 114.3 912 1.39
B2 | 1250 | 375 339 115.5 974 " 1.41
B3 125.0 39.1 318 el | 717 1.33
B4 | 1350 | 399 382 1283 1030 | 1.38
B.5 1350 | . 428 389 131.2 1091 © 1.40
B.6 | 135.0 145.2 37.6 132.8 9.54 1.35
B.7 1470 |. . 459 441 . 1439 9.16 1.27
BS | 147.0 494 45.0 149.2 9.60 1.28
B9 | 147.0 52.5 445 1529 |- 911 1.26

NWL: ‘Normal Water Level

. Fig.1X.6.2 shows the rclatithhip between installed capacity and net present value

(B-C ). Although Casc B.S gives the highest B-C value, the reservoir water level
does not recover to. NWL. Therefore, the optimum case is determined as Case B.4
which gives the second highest B-C value. The optimum installed capacity and
reservoir storage volumes are _de_termine_d as follows: o

Dam Height 95.0m_
NWL _ B B ' - EL135.0m

| Necessary Storage Capacity for Hydropower Gcneratibn - 438x10°m’

‘Installed Capacity 40 MW

Fig. IX.6.3 shows the simulated rescrvoir water level of Case B.4.

64 l.’bwe:if Generation of Kﬁant’én_l’bwer Siatipn ‘

" As mentioned before, the Lower Kuantan Dam s developed for multipurposc.of flood -
. control, water supply. and power generation. The storage allocation for respective
" uses shall be optimized from the viewpoint of total nct present value of the project.
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The optimization study is made in SECTOR XI, MULTIPURPOSE
DEVELOPMENT PLAN. The power gcncratlon calculatlon is made for 31 cases as
presented in Table 1X.6.4.

In the case study, the LWL is set at EL 102.0 m, whlch is 25m above the .

sedimentation level of EL 99.5 m for 100 years. The reason is that some allowance
(usually two times of penstock diameter) is required between the LWL and invert
level of power mlct to prcvcnt air entrance. :

Finally, Case K.19 is selected as the optimum case, as mcntzoncd in SECI'OR X1,
MULTIPURPOSE DEVELOPMENT PLAN. The fcaturcs of the hydropowcr plan
for the optimum case of the Kuantan Dam are as follows :

Surcharge _Watcr'chcl _(SWL)_ B _ ' EL 120.00 m
Normal Water level (NWL) _ EL 115,20 m
Low Water Level (LWL) B EL 102.00 m
Effective Storage Available for Hydropower 527x10°m’>.
Installed Capacity . = : 114.0 MW
90% Dependable Power : B 103.6 MW

Annual Energy Output : L 657.0 GWh/year

The simulated reservoir watér_levcl of the optimum, Case K:.19,"-'is shown -in
Fig. [X.6.3. Monthly energy output of the optimum scale is given in Table 1X.6.5.

6.5  Power Generation of Upper Sinamar and Sukam Power Stations
6.5.1 Upper Sinamar Power Station

The Upper Sinamar Dam is considered in combination with the Lower Kuantan Dam
for water supply as mentioned in SECTOR . VIill, WATER RESOURCES
DEVELOPMENT PLAN, and power generation of thls power stat:on is made usmg
the water released for water supply. _

The cases studied are as given below, which coincide wnth the study cascs for watcr
resources dcvclopmcnt planning in the abovesaid scctor. . :

~ Unit: m°fs

Casc Irrigation Water River Maintenance Kuantan Dam .

' : ' Flow** :
b.1 000 S 1422 , Casca2(full supply)
b2 | 000 - ' 2000 - ) o -do--
b3 |~ 000 . | 2300 - ] . -do-"
b.4 2546(53%*) | 1422 - o e
bs | 19.21(40%*). . | 1422 o edoe

*  Percentage indicates ratio to- full supply peak demand
** Including water for ‘power gencratlon '

X-16
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The results of rese oir operation are presented in Table IX.6.6 and summarized
below. C : ' '

Case .| NWL | Installed | 90% Dependable Energy B-C* B/C*
(EL.m) | Capacity Power Output (10°Rp.) _
_ (MW) (MW) ' (GWh/year) '
b1 | 4818 138 | 133 1201 . 6.97 . 201
b2 | 4872 32.1 305 2313 | 2212 3.79
b3 | 490.2 423 - 398 282.5 2948 428
. b4 490.4 35.9 33.6 2551 | 2476 _ 3.96
b5 | 488.3 30.3 285 224.7 20.59 3.63

* Cost include additional cost for power generation.
NWL: Normal Water Level . :

The development scale is discussed in SECTOR XI, MULTIPURPOSE
DEVELOPMENT PLAN, taking the flood control plan into account. o

6.5.2 Sukam Pdwer Station

The Sukam Dam is also operated in combination with the Kuantan Dam and the
Sukam Power Station will generate electric power using the water relcased for water
supply. The cases studied are as given below, which coincide with the cases for water '

resources development planning.

Unit: m’/s '

Case Irrigation Water |- River Maintenance: ~ Kuantan Dam
' ' Flow ** . . L
c.l 000 3.24 S Case a.2 (full supply).
c2 | 000 5.00 . - do - _
3 0.00 _ . .7.00 3 . -do-
c4 | 000 : 11.00 -do -
¢.5 - 24.26 (67%*) - 3.24 -do-
o6 | 18.67 (50%*) : . 3.24 s -do -

"% Percentage indicates ratio to full supply peak demand.
** [ncluding water for power gencration.

. The results of reservoir operation arc presented in Table IX.6.7 and summarized -
~ below. : : . _
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Instalied | 90% Decpendable Energy _
Case | NWL | Capacity Power .Output B-C* B/C*
Elm) | (MW) (MW) (GWh/year) | (10°Rp)
el | 1952 2.7 2.6 . 16.8 -1.79 0.62
2 | 1996 | 4.7 4.4 24,7 027 0,95
c3 | 2030 | 72 6.6 - 316 1.34 . 124
cd | 2181 | 154 11.5 - - 46.6 5.46 1.89
c5 | 2160 | 156 11.6 44.2 535 1.86
6 | 2111 | 116 9.5 40.5 3.84 1.66

* Cost indicate additional cost for power generanon only
NWL: Normal Water Level

The dcvclopmcnt sc‘alc
DEVELOPMENT PLAN, taking the flood control plan into account.

is discussed

18

in SECTOR XI, MULTIPURPOSE
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CHAPTER - 7  FEASIBILITY STUDY ON HYDROPOWER
GENERATION

As explained in SECTOR XI, MULTIPURPOSE DEVELOPMENT PLAN, the idea
of lowering the NWL of Kuantan Dam during rainy season till completion of the river
improvement comes out in the feasibility study to cut the flood peak at the dam as

much as possible.

The NWL set for reservoir operation are as follows:

e Apr. - Sept. _ : EL 115.2 m (Dry Season
P P Iy
Oct. - Mar. . EL 109.5 m (Rainy Season)

" The rated water level (RWL) and low water level (LWL) are the same as Case K.19
in CHAPTER 6. They are EL 110.7 m and EL 102.0 m, respectively. ’

The reservoir operation has been simulated for the above conditions. Table IX.7.1
gives the monthly encrgy output, while Fig. IX.7.1 shows the simulated reservoir
water level. The results are summarized below. -

Notmal Water Level (NWL) T |EL115.20 m(Dry Season)
' .. | EL 109.50 m (Rainy Scason)
Low Water Level (LWL) _ ' 'EL.102.0m c

Effective Storage Available for Hydropower 527x10°m’ (Dry Season)
' : e 119x10°m? (Rainy Season)

Ilns.tallcd .Capa(iity | ' o 11SMW -
90% Dependable Power - ' .94.4 MW. .
Annual Energy Output 583.4 GWh/year
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“Table IX.2.1 EXISTING MAIN ELECTRIC POWER FACILITIES IN REGION II1

As of 1993/1994

140 MVA

Facilities Capacity | Length | Remarks -
1. Power Generating Facilitics
1) PLTA Maninjau 68,000 kW -4 Units
2) PLTA Batang Agam 10,500 kW 3 Units
" 3) Mini hydro power stations 600 kW
4) PLTG Pauh Limau 42,700 kW
5) PLTD Simpang Haru 21,020 kW 10 Units
- 6) PLTD Padangluar 4,560 kW . 4 Units
7) Other dicsel power stations 116,720 kW 52 Units |
Total 264,100 kW
2. 150 kV Transmission Line
1) PLTA Maninjau - 8/S Lubukalung 56 km
©'2) $/S Lubuk Alung - PLTG Pauhlimau 33 km
~ 3) PLTG Pauh Limau - $/S Indarung - S5km
~4) S/S Indarung - S/8 Solok 34 km
5} S/S Solok - 8/8 Salak C27km
6) PLTA Maninjau - §/8 Padangluar "42 km
7) S/S Padang Luar - 8/8 Payakumbuh - 31 km
Total 228 km
13, 150/20 kV or 150/6.3 kV Substation
1) §/S Lubukalung 1x 10 MVA 15020 kV
2) S/S Indarung 2x 30 MVA 150/6.3 kV
- 3) $/S Solok 1 x 20 MVA - 150/20 kV
4} §/S Salak 1x10 MVA - 150/6.3kV
5) S/S Padangluar 1x 20 MVA 15020 kV
6) S/S Payakumbuh 1 x 20 MVA 15020 kV
Total

Notc PLTA - Hydro Electric Powcr Plant
"PLTG - Gas Turbine Power Plant
'PLTD - Dicsel Power Plant -

S/S - Substation = -

S XT1




Table IX.2.2 * HIST ORICAL ENERGY PRODUCTION AND SALES iN REGIONIII

Item Unit | 1988/89| 1989/90| 1990/91] 1991/92| 1992/93| 1993/94
1. Energy Production and Sales . : _
1) Sales GWh 479 523 603 670 747 891
- Growth rate % J @2 @53 qLy| a5 (19.3)
2) Losses of transmission and distribution | GWh 138 142 - 153] 148]. 135 188
Loss ratio to energy production %o (ZLB)| (20.6)| (19.8)|  (A7.6) (149)| (17.0)
3) Sent out energy production GWh 6051 655 . 757} 816 - B82| 1,079
4) Plant use for energy production % 25 28 27 28 28 25
5) Energy production GWh 632 682 778 842 908F 1,107
6) Peak load MW 133] 143 165 166] 170 206]
“7} Load factor % 54.2| 54.4] 638 61.5] 611 613
2. Type of Geiu_:ration _ : ‘ :
1) Mini hydroelectric power MW 0.6 0.6 06 0.6 . 0.6 0.6
2) Hydroelectric power MW 785 785| 785 785 785 785
3) Gas turbine power MW. 427) - a27) 427 427 47| 27
4) Diesel power MW | 1652| 160.2} 171.4] 1453| 1427 1423
Total MW | 287.0 2820 2932] 267.1f. 264.5[ 264.1

Source ; PLN, INVESTEMENT PROGRAM 1993.2003, RUKEN Scenario June 17,1993
Energy & Load Demand Forecast, PLN Region III - Padan (RUKN) Mei, 1991 -
Feasibility study on interconnection of Region, I, II, Tl and IV of Sumatra, Volume II
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Fable IX.2.3 HISTORICA[_. ENERGY CONSUMPTION BY CUSTOMER TYPE IN REGION I1I

E ' ' - Unit : GWh
Category/Area 1986/87] 1987/88] 1988/89| 1989/90| 199091 | 1991/92] 1992/93{ 1993/94
1. Residencial Use o _
1) Padang .| su7|. sro| 644 68O 733} 867 985 1073
2) Bukittinggi - : “302|  353]  39.5| 39.9] 454} 531 597 629}
3) Solok ' 64] 78 96| 105] 125 141] 158 176
4) Pekanbaru .  s22| 626 s12l sa7]  622] 753] | 876] 1028
5)Dumai ~ : o ) wmap 2wl 307 323 389
6) Tanjungpinang - 121] 156 176 188]  224] 303 382] 460
Sub-Total - 1 1526|1782 203.2| 215.6] 2427] 290.0| 3320 3755
Growth rate (%). | . 68|  140]  61] 126] 195 145 131
| Share to total (%) 1 a31] a2a| 424 412] 425] 432  444] 421
{2 Industrial Use : ' _
1) Padang - s 1201 1372 1521 1675] 191.4] 18s8] 194.0] 2821
2) Bukitlinggi 10{ .10 1.1 1.1 1Lsi 20 30 26
3) Solok 2 2 | I 5 sl s 9
4)Pekanbaru . . 87| 196 263 315 436] 465 483 472
S)Dumai d - 32| 35 5.1 63| 11.8] 141
6) Tanjungpinang _ 29 g0l 11s|. 130l 155 189] 252] 220
- Sub-Total “1329| 167.1) 1947 2170 2574 2600 2827 3689
@ ' Growth rate (%) S ' ©257 165 11.5 18.6 1.0] 87 305
Share fototal (%)~ -~ | . 376] . 397] 406| 415 451 388] 378 414
3. Others (including = o ' o ' ' '
' Commercial and Public Use) : : _ _
‘1)Padang | .240 -258| 265|- 303} 342 | 393 416| . 457
2) Bukittinggi | - s8] 94l 03] 12| 133 150[ 159 162
| #sook . 25| 31 . 38 a0 a2 ‘a6l s4l 57
4) Pekdnbaru 266 292 243 275| 3279 384 429 482
5) Dumai - o e sel sl 113l 13af 146
' 6) Tanjungpinang - - 64| 76/ 84 8.5 93{ 120 140  16.4]
Sub-Total — | es3| 51| 813 02| 06| 1206 1327 1467
Growthrate (%) | “100] 81 10{ 217 708 10af 10.5
Share 1o total (%) ' 193] 179] 170 172) 1240 180  17.8] - 165
Total o 353.8] 4204]  470.1| 5227 5706 670.6] 7474 391.o|

Source PLN Regmn 11, Padang Ofﬁce
‘ Feasablhly study on mterconnecuon of Regnon L 1L, IH and v of Sumatra, Volume 11




Table 1X.2.4 HISTORICAL ENERGY CONSUMPTION

BY AREA IN REGION III

Unit : GWh

Area 1987/88 | 1988/89 | 1989/90 | 1990/91 | 1991/92 | 1992/93| 1993/94

1. Padang © 2201 2429 2657] 20857 31173 334.00] 435.06]
Growth Rate (%) 1 @04 4 @24 @ @1 Goo)

Share to Total (%) | (52.4) (50.7)| (50.8) (49.5) (46.5)] (44.7)] (488

2.Bukittinggi - | 457 508 522 6017| 69.63| 7853 8169
GrowthRate (%) | | (12 @8 @53 (@57 28| @0

Share to Total (%) | (109 (10.6)] @10.0) (10.0)) (104) (W03)| ©2

3. Solok ol 1| a3s| o 1s| 17.12] 19200 2163 2421
Growth Rate (%) 243  @n| @an| a2yl @27 @

ShactoTotal (%) | 6| @9 @9 @8 @9 @9 @7

4. Pekanbaru 111.3| 101.8] 1137 13851 160.16| 178.76| 198.17
Growth Rate (%) | 83 aunl @uel @se)| aiel @09

SharetoTotal (%) | (26.5) (1.3)| (@18)] (23.0) @39) (239)] @22}

5.Dumai | | 322|358 4180 4826| 5719 67.57
Growth Rate (%) 1 - a1z @68 (@55 @85} (182)

Share to Total (%) 1 @6n| 68 ©9 @2 @1 @8

6. Tanjungpinang | 322| 37.5| 403| 47.21] 6116 7731 8431
GrowthRate (%) | | @65 @5 azn| @os)| @&l @]

ShactoTotal (%) | 0| @8 @nl @8 @D @03 @)

Total | 4204| 4790| 5227 6034| 670.] 747.4| - 8910

Growth Rate (%) a9l el asa) ay aus)l @92

Source : PLN chmn I, Padang Office . :
Feasibility on Interconncction of Reglons I, 11, Il and IV of Sumatra, Volume II
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Table 1X.3.1 PLN GENERATING CAPACITY EXPANSION
PROGRAM IN REGION 11X '

Project Capacity MW) | Completion Year
1. On-going Projects
PLTG Padang #2 35 1994/1995
PLTA Kotapanjang # 1 - 3 114 1997/1998
PLTA Singkarak #1 - 4 175 1998/1999
Subtotal 324
2. Committed Projects - L
PLTU Ombilin # 1 100 1996/1997
'PLTU Ombilin # 2 100 1997/1998
Sub—total 200
3. Planned Projects _ -
i o PLTP Kerinci - 2.4 1997/1998 -
d _ _PLTA Mini (1) 2.7 1995/1996 -
- PLTD{1) 24.0 1995/1996
Sub-total 291 . |
‘Total 553.1

Source : _ PLN, Investment Program 1993 - 2003, RUKN Scenario June 17, 1993
Note:  PLTA - Hydro Electric Power Plant :
o PLTU - Steam Turbine Power Plant

_PLTD - Dicscl Power Plant

" PLTP - Geothermal Power Plant
PLTG - Gas Turbine Power Plant




Table IX.3.2 TRANSMISSION/SUBST ATION FACILITIES IN PLN POWER
SYSTEM INTERCONNECTION PROGRAM

Complention

Name of Transmission Line Length Capacity
and Substation (km) (MVA) ~ Year
1. On-going Projects -
(1) 150 KV Transmission Line
Payakumbuh S/S - Kotapanjang S/Y 83 1996/1997
Kotapanjang S/Y - Bangkinang $/S 15 1996/1997
~ Bangkinang S/S - Pekanbaru $/S 55 1996/1997
Kotapanjang S/Y - Pekanbaru S/S 50 1996/1997
Singkarak $/Y = - Lubukalung S/S 12 .1997/1998
 Singkarak S/Y - Padangpanjang S/S 1997/1998
Singkarak SIY - Batusangkar S/8 27 11997/1998
‘Padangpanjang S/S-Batusankar S/S 27 1997/1998 .
' Pauhklmau S’Y - Simpangharu : 9
(2) 150/20 KV Substation _ _
Payakumbuh S/S (cxtensmn) 1x20 1996/1997
Bangkinang S/S 1x 10 1996/1997
Pekanbaru S/S 2x 50 1996/1997
Lubukalung S/S (extension) 1x10 1997/1998
Padangpanjang S/S 1x20 | 1995/1996
Batusangkar $/S _ 1x 20 1995/1996
Sub Total 278km | 180MVA |
2. Committed Projects
(1) 150 KV transmission Line o
Ombilin S/Y - Salak §/S 4 - 1995/1996
Ombilin S/Y - Indarung S/S 68 1995/1996
(2) 150/20 XV Substation S
Simpangharu S/S (extension) 2x30 1994/1995
Salak S/S (cxtension). ' 1x 50 1995/1996
Sub Total - 72 km 11I0MVA |-
Total 350km | 290MVA

Note : SfY - Switchyard in Power Station :

S/S - Substation
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Table IX.3.3 PEAK LOAD AND INSTALLED CAPACI’I‘Y OF WHOLE SUMATRA

of Sumatia, Volume I, Eroupe Power Systems

- - Data are not available.

i : IXT7 o

~ Unit : MW
Year [tem RegionI | RegionII | RegionIIl | Region1V Total
| 1993/94 |PeakLoad | 79 | 546 206 357 | 1,188
' Capacity 60 639 314 364 1,377
 1998/99 |Peak Load - 152 1,338 453 598 2,541.
 |Capacity 575 1,387 819 797 | 3,578
2003/04 |PeakLoad | 247 3,168 738 929 5082
Capacity 895 2,365 805 1,357 - 5,422
2008/09 [Peak Load 359 4517 | 1,94 | 1386 | 7456
: Capacity - - - - -
 Source : - Feasibility Study on Interconnection of thc chlonsl 11, III and v




Table IX.4.1 ENERGY AND POWER DEMAND FORECAST

“IN REGION HI BY PLN
- Item - 1993/94 1998/99 ~ 2003/04 2008/09
1. Residential Use i .
Population (million) 7,767.4 8,733.7 9,732.5 '10,690.5
Growth Rate {%) " 26 23 . | 1.8
Blecirification Ratio (%) - 304 418 . 520 62.8
No. of Customers (1000) 472.7 730.1 - 1,028.9 1,3443
Power Contracted by Cuslorncrs(VA) 632.4 638.6 641.9 643.8
Power Contracted (MVA) C299.0 466.3 660.5 ‘B65.5 -
Growth of GDP Sector (%) 6.8 7.0 5.0 4.6
Consumption by Customers {KWh) 829.1 1,060.5 1,309.7 1,565.0
Energy Consumption (GWh) 391.9 774.3 1,347.6 2,103.8
Growth Rate (%) 181 144 10.4 1.7
Share to Total (%) 440 ] 359 39.8 42.1
2. Commercial Use . '
No. of Customers 27,828 42,085 58,319 75,106
Customer Elasticity 1.0 1.0 1.0 1.0
Tlasticity 1.8 1.8 1.8 1.8
Growth of GDP Sector (%) 73 82 6.2 52
Power Contracted by Customers(VA) . 2,104.1 2,068.9 2,049.7 2,038.5
Power Contracted (MVA) 58.6 87.1 1119.5 . 1533
Consumption by Customers (KWh) 29422 4,400.0 6,569.0 9,648.6
Energy Consumption (GWh) 819 1952 |- - 3843 7255
Growth Rate {%) ' 182 18.7 142 117
Share to Total (%} 9.2 8.6 114 i4.5
3, Public and Others )
No of Customers 16,198 22526 29,205 35,742
Customer Elasticity 0.8 0.8 0.8 . 0.8
Elasticity 1.1 1.1 1.1 11
Power Contracted by Customers( VA) 2,920.1 2,942.5 2,955.7 2,963.8
Power Contracted(MVA) 47.3 663 86.3 105.9
Consumption by Customers {KWh) 4,743.3 5,906.9 7,409.7 92111
Energy Consumption (GWh) - 76.8 133.1 2164 329.2
Growth Rate (%) 212 11.9 92 7.6
Share of Total (%) - 8.6 5.2 6.4 6.6
4. Industrial Use
No, of Customers - 1,155 1,699 2,288 29371
Elasticity L1 1.1 1.1 111
Growth of GDP Sector (%) 8.7 6.1 - 53 - 42
Power Contracted by Customers(VA) 118,240.0 171,374.0 175,467.0 142,098.0
Power Contracted (MVA) 136.5 291.1 401.5 417.4
Energy of Total Demand {GWh) 1,667.8 2,453.3 3,305.5 -4,242.7
Captive Power (GWh) - 1,3272 1,398.0 | 1,870.1 2,400.3
Share of PLN to Total (%) ' 20,4 43.0 43.4 . 434
Energy Consump. (GWHh) 340.6 1,055.3 1,4354 1,8424
Annuzl Growth Rate (%) - 205 14.0 58 : 4.6
Share to Total (%) 38.2 49,4 422 36.8 |-
5. Total .
No. of Customers (1000) 517.9 79%6.4 1,118.7 1,456.1
Power Contracied (MVA) _ 541.4 910.8 1,267.8 1,542.1
Energy Consumption (GWh) 891.2 2,157.9 3,383.7 50008
Annuat Growth Rate (%) 19.3 144 8.9 70
Transmission and Distribution Losses (%) i7.0 145 14.5 135
Energy Sent Qut (GWh) 1,079.4 - 2,534.0 3,974.8 58046
Plant Use (%) 2.5 .25 - 25 S 25
Produgtion {GWh) 1,107.1 ©.2,599.8 4,076.7 59534
Load Factor (%) ©.61.3 65.61 630 61,1
Peak Load (MW) 206.2 452.6 738.4 1,1125

Source : Energy & Load Demand Forceast, PLN Region 11I-Padang (RUNK) May, 1993
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Table IX.6.1 KW-VALUE AND KWH-VALUE

Adjustment Factors Hydro - Coal-fired
Augxiliary Power Use (%) 0.3 7.0
Transmission Loss (%) 5.0 2.0
Forced Outage - (%) 0.5 - 8.0
Overall & Inspection (%) 2.0 12.0

' : 7.8 29.0

kW-vatue Adjustment Factor = 1.2517

kWh-value Adjustment Factor = 1.0392

kW-Value and kWh-Value - _ _

| | 50 MW Class 100 MW Class

kW-val'ug- ' o
Discount rate - (%) 10 10
Construction cost (US$/kW) 2,315.0 1,880.4
Service life ~ {year) 25 .25
Capital Recovery Factor - (CRF) - 0,1102 ©0.1102
0 & M cost _ (%) j 25 25
Adjustment Factor (A.F.) 12517 1.2517
kW-value (US$/KW) 391.66 318.14
kWh-value - R o
Fucl Cost |  (US$/kWh) = 0.0167 00167 -
" Prjce of Coal (US$iton) 350, - 350

Heat Value | (kcal/kg) 5,300 5300

Thermal Efficiency - (%) 34.0 340

‘Heat rate (kealkWh) ~ 2,529.4 . 2,529.4
0 & M cost () 2.5 S 25
- Adjustment Factor S 10392 1.0392
‘kWh-value o (USSAW) 00178

X0

0.0178
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FIGURES

IX HYDROPOWER DEVELOPMENT PLAN
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CHAPTER 1 PRESENT CONDITION

1.1  Sediment Yield

The major sources of sediment in the Kampar-lndragiri river basin are:

»  sheet crosion in devastated lands; and,
s bank erosion in river channels.

Of the sheet crosion, erosion in the Lampasi and Balubus rivers of the Indragiri river
basin has been identified as significant through the field reconnaissance and DPU had
constructed a check dam on the Balubus River (for details, refer to SUPPORTING
REPORT VI, FLOOD CONTROL PLAN). No other large sheet crosion areas have
been reported. : —

Bank crosions are usually found along rivers especially at concave sides of
meandering points. Bank erosions cause loss of land and sometimes houses. -

1.2 Land Cover

A land cover analysis has been conducted by PUS-DATA during the survey period.

The analysis was carried out based on the information from LANDSAT. Land in the
basin was divided into 11 catcgories. Areas by land cover were obtained by sub-basin .
of the Kampar and Indragiri rivers. Four sub-basins respectively for the Kampar and
indragiri river basins and the delta in between the two were considered. '

Fig. X.1.1 shows the sub-basin for the land cover analysis. Table X.1.1 tabulates

areas and ratio by land cover. These are summarized in the following table.

Land Cover | Kampar River Basin | Indragiri River Basin | Delta in Between
_ : _ha % _ha % ha %

High Dense Vegetation 1,100,706 | 44.8 623,366 38.3 976,601 | 92.3
¥ Low Dense Vegetation | 567,439 | 23.1 249,318 | 153 55,437 ] 5.2
Bushand Shrub .~ - | 162,264 6.6 | 136,350 80 | 8324 0.8
Mixed Garden -~ 302406 | 12,3 | 253894 | 15.6 1,172 0.1
Estate - 149816 | 61 | 150288 | 9.2 13 | 0.0
Seltlement - kA 00 | 660 00 | = o] 00
Paddy Field - 37,507 | 1.5 70307 | 43 | 48951 05
Upland Cultivation 23,899 1.0 40,662 | 25 6,797 0.6
Bare Land | 89637 | 37 | - 84947 5.2 - 2,784 0.3
Transmigration © 3,055 | 0.1 — 3742 o0z | - .01 00
Water - S 18,066y 07 | 19,266 | 1.2 | 1877 | - 0.2
Totals ® =~ - 2,454,800 | 100.0 | 1,626,800 100.0 | 1,058,000 §{ 100.0

. * Some totals may _r'lo't add up lor'indic_ate_d amount due to rounding.
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13  Riverbed Material

- The Study Team had conducted riverbed material survey at 20 locations in the study
arca. As indicated in Fig. X.1.2, there are 6 sampling sites in the Kampar river basin
and 14 sites in the Indragiri river basin. '

The survey consisted of sieving at the sampling site and sieving, hydrometer test
(when necessary) and specific gravity test in the laboratory. - The results of the. tests
are summarized in Table X.1.2, and gradation curves are shown in Fig. X.1.3. The
present condition of riverbed material is discussed by river system as below. - '

131 Kampar River System

The riverbed materials in the upper and middle reaches; namely Location No. K-1 to
No. K-5, are generally composed of 60 to 70% of sand (0.074 - 2 mm) and 40 to 30%

of gravel (2 - 75 mm). ‘Silty materials are found only at K-6 on the Kampar River at

just the downstream point of the junction of Kampar Kanan and Kampar Kiri rivers.
‘Almost all the materials are well-graded with uniformity coefficient (Uc) of more
than 10 except K-5. '

This tendency of gradation corresponds to the longitudinal gradient, as.showri in the .

river profile in SUPPORTING REPORT V1, FLOOD CONTROL PLAN. The:
riverbed gradient of the Kampar Kanan and Kampar Kiri rivers become abruptly
gentler after flowing out from mountainous areas to flood plains. Sand and gravel are
deposited in the upper reaches of the flood plain and silty materials are transported
further downstream. The sand and gravel could be transported by riverbed and bank
erosions. - ‘ _ _

132 Indragiri River System

The gradation curves for the Indragiri River arc clearly grouped into ’two,-n'am'cly

sandy material and silty material, as shown in Fig. X.1.3. The riverbéd materials in

- the upper reaches, however, are not always sandy, because the upper reaches are in a
relatively flat valley and silty materials are locally deposited.  Accordingly, silty
materials are found in relatively flat areas in the upper reaches and the middle and
lower reaches, i.¢., in the Kuantan-Indragiri River. ' .

As mentioned before, the Lampasi River produces much sediment inito .t_hc.'lndragil_'i

River, The rivérbed material of the Lampasi River is composcd of sand and gravel, '
which arc produced in the basin and deposited in the river channcl causing reduction

of flow capacity. -

Material with much gravel is found also at Lubukkambacang (1-11), where the river
flows out from mountain to flat terrain. The proposed Lower Kuantan Dam s located
in the upstream reaches of this point. ' o -
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CHAPTER 2 SEDIMENT YIELD ANALYSIS -

2.1  Category of Sediment Yield
Sediment yield in bésins can be classified into two; namecly, wash load frorri drainage
basins and bed load in river channels. Wash load is mainly produced by sheet erosion

and bank erosion, and sheet erosion is a dominant source of scdiment production in
the study area. Sediment yield is accordingly cstimated.

[ Sediment Yield Wash Load

2.2 Sheet Erosion

The Universal Soil Loss Equation (USLE), which is used worldwide, has been
adopted for the estimation of sheet erosion in the study area. The USLE formula and
details of each factor are as below. : :

E:RxKxLSxCxP

where;

E -: average annual soil loss (ton/ha)

R : rainfall factor '

K : soil erodibility factor

LS : slope gradient-length factor -

C : cropping management factor

P : supporting conservation practice factor

(1) Rainfall Factor (R)
‘Rainfall factor (R) is derived from the summation of individual storm products
of kinctic encrgy of rainfall multiplicd by the maximum 30-minute rainfall

intensity, for all significant storms with a total depth of more than 13 mm.
‘Rainfall factor and kinctic cnergy of rainfalt arc expressed as follows:

 R=SEKL,
: EK: [931‘64.‘331 ._i_'-og( l /._2_5.4)].)-( 0.6.29_(‘, o
w.hcr;:; ._ _ | h |
EK :I _:kincliq cnergy (ton/ha) B S
[ ¢ maximum 30-min rainfail-intensity (mm/hour) -

- [ average rainfall intensity (mm/hour). . -
. r . rainfali amount (mm) o S
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The rainfall factor R of 3,200 is employed for this project, rcfcmng to lhc
value for other mm:lar areas.
(2) Soil Erodlbzilty Factor (K)

Soil erodibility factor has been determined referring to other similar projects,
as shown in Table X.2.1, according to the land cover.

(3) Slope Gradicnt-Lcngth Factor (LS)

The siopc gradient- lcngth factor has been derived from the following Tancda S
Formula:

LS = LY(0.0675 + 0952 5%

where;.

L : length of Slope (m)
§ : land gradient measured as tangent

The length of slope of 1 ,000 m, the generally applied value, has been adopted
in this study. The land gradlcnt has been assumed from the topomap by land
cover category; as shown in Table X.2.1.

(4). Cropping Management Factor (C)

_CrOpping man_agcmcnf factor_by land cover catcgory has been _detenﬁined
referring to the value of similar projects, as shown in Table X.2.1.

'(5.) Management Practice Factor (P) -

Management practice factor by land cover category has been dctenﬁin_cd
referring to the value of similar projects, as shown in Table X.2.1.

(6} Sheet Erosion Amount

Sheet erosion by sub-basin has been calculated, as shown in Table X.2.1. The
results arc summarized below:

Unit: 1,000 'tnn/_yc'hr -
River Basin Kampar lridragiri '

SheetErosion | 3247t | 27,056

2.3 Bank Erosion

Bank crosion which is caused: mainly - by col!apsc of river bunk is gcncrally much
lcsser comparcd to sediment y}cld duc to sheet croswn For this study, 2% of sheet
crosion is considered as bank crosmn SRR -

P
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" 24 WashLoad

Total wash load has been accordingly calculated by summing up sheet erosion and
bank erosion, as shown in Table X.2.2. In this table, wash load in weight has been
c_:onvcrtcd into capacity using the following formula:

1 1.
2w _
Gs (1-P)

We = Ww x

where;

We : wash load in capacity (m*

Ww : wash load in weight (ton)

Gs : specific gravity of the particle (2.65)
P . porosity (75%)

2.5 Bed Load Transport |

The bed load transport has been calculated by empirical formula. Kalinske-Brown’s
Formula has been employed for this study.. . S

. 2. T
g‘—-—:lOi . u‘ -
ud \@/p-1gd

where,

g, @ bedload (m®s/m)
~u, : shear velocity (m/s)
ue= g h-1
h: water depth (m) -
[ river gradient
average grain size (m) :
density of sediment particle (2.65)
density of water (1.0) o
gravity acceleration (9.8 m/s?)

nT QR

- Table X.2.3 présaﬁts the process and results of bed load transpbn calculation by

‘sub-basin. -For the calculation, the following basic conditions have been applied for
this study:- ' ' o - :
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Average Discharge

| Applied is the annual average dtschargc caiculated for

each sub-basin for the hydroiogical study discussed in

SECTOR I, METEOROLOGY AND HYDROLOGY. 1

Average Grain Size

Applied are the results of riverbed. material survey, as
presented in Table X.1.2 and in Figs. X.1.2 and X.1.3.

River Width Used are the river survey results and 1/50,000 scaled
_ ) topographical maps. . ' '

Water Depth Calculated by Manning’s formula

River Gradient Used are the river survey results and 1/50,000 scaled

topogr_aphlcal maps.
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CHAPTER 3 SED_IMENT BALANCE ANALYSIS .

Sediment balance has been studied for the Kampar and Indragiri river basins under
the present condition and the with-project condition. Kotapanjang Dam, which is
under construction by PLN, has been considered as the with-project condition. The
sediment balance study was conducted using the amount of wash load and bed load
calculated in CHAPTER 2, SEDIMENT YIELD ANALYSIS.

3.1 Study Procedure
(1) Wash I.nad

’I’hc volume of wash load transport has been determined consxdcrmg the
delivery rate to the sheet erosion yield. The delivery rate is the ratio of wash
load to be delivered to the river to the yielded sheet erosion. Wash load not
delivered to the river is dcp051ted in the basin. The dclivery rate of 20% is
applied to the present study referring to other similar projects in Indonesia.
‘Wash load in the sediment balance analysis is considered not to be deposncd
to the downstream river channel. :

| (2) Bed Load

'Bcd load balance has bccn calculated .as thc ba[ancc of inflow of sediment
produced as bed load in the upstream reaches and bed load transportability.
Surplus will be dcposxtcd in thc objectlve river channcl and deflcn will be
_ takcn from the channcl. -

3.2 Sediment Balance

Thc results of sediment baldncc calculdtmn arc. prcscntcd in TdecX31 and
Flg X3.1.

321 Sed|mcnt Inflow to Proposed Dams

Sediment 1nﬂ()w to the pn)poscd dams hclVC bccn cafculated, as shown in Table X.3.1
and summdnzcd hcl()w :

‘River Basin. - : ' Location ' Du;lbn St,dlmc.nl Volume
S ' S : _ “(m /km”/yc..ar)
Kampar River Basin . ~ Upper-Reaches ' 500
Indragiri River Basin |+ Upper Reaches 585

5 R . C Middie Reaches . ' 525
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Kampar Kiri No. 1 and No. 2 dams in the Kampar river basin are proposed in the
* Overall Dcvclopmcnt Plan Design sediment volume for these two dams arc
determined at 500 m*/km /ycar as obtaincd for the Kotapanjang Dam basin
considering similarity of basin condmons

Upper Sinamar Dam applies 585 m *fkm’/year as the value for the upper rcachcs in the
Indragm River. Lower Kuantan Dam and Sukam Dam apply 525 m*/km /year as the
value for the mlddlc reaches in the Indragiri River. :

3.2,2 Balance under With-Project Condition
Sediment balance under the with-project condition is presented in Fig. X.3.1.
(1) Kampar River System

Before completion of Kotapanjang Dam, the riverbed of Kampar Kanan River
in Bangkmang has the tendency to rise by approximately 6 mm/ycar
(125,000 m 3year for the strctch from Kuok to the Kampar Km conﬂuence)

After construction of: Kotapanjang Dam, wash load of 1,074,000 m /ycar and
bed load of 192,000 m /ycar will be captured by the dam. The capture of
wash load and bed load will cause decrease of sediment supply to the
downstream area. Since wash load is considered to be transported further
downstream, it will not affect the strctch just downstream. The decrease of
bed - load transport of 192,000 m *jyear w1ll change thc balance and the
riverbed will lower by 2 mim/yecar (67,000 m *fyear for the stretch frorn Kuok
" to the Kampar Klrl confluence).

(2) Indragiri River System

The riverbed of the Indragiri River at the stretch from Lubuk Ambacang to -

Peranap has the tcndcncy to degrade at dppro‘nmdtely 10 cm/year

(2,368 OOOm/ycar) in the present condition.  After complctmn of the -

proposed Kuantan Dam, degradation will be 13 cm/ycar due to the dccrcase of
sediment supply from the upstrecam strtch.
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CHAPTER 4 SEDIMENT CONTROL PLAN

41  Problems on Sedimentation

Problems on sedimentation in the basin is summarized below based on the p're.scnt
condition and the sediment yicld and balance analyses discussed in the preceding
chapters, in due consideration of the Overall Development Plan of Flood Control.

(1)~ Collapse of Sediment Balance by the Construction of Dam_

Sediment balance will collapse if dams are constructed on rivers as discussed
' in CHAPTER 3, due to trapping of sediment by the dams. In the Kempar and -
- Indragiri river basins, three dams are proposed in the Overall Development -
Plan; namely, the Kampar Kiri No. 1, Kampar Kiri No. 2 and Kuantan dams.
In addition to these dams, the Kotapanjang Dam, which is under construction
by PLN, will also create the same problem. - S
After construction of the dams, scdiment: supply will - decrease in the
downstream stretches. ‘This will cause deficit of sediment and hence, crosion
mayoceur. - - S k o EEEE

Sand mining will accelerate sediment deficit. Although there is not enough
data on sand mining, it is-widely conducted in the middic reaches of the
Kampar and Indragiri rivers. The sand mining volume is large at about
several hundred thousand m’/year, especially in the Bangkinang stretch of the

Kampar Kanan River "~
| 2) Collapsé qf River Morphology by IrhprbVem_t::ht'W'o.rks |

River improvement ‘works will change the present alignment, - longitudinal

profile and cross’ section and ‘may . causc collapse of river morphology. .

Steepened longitudinal  gradient may result in the erosion of riverbed and .

_banks'in"the"up'pfef reaches, and aggradation of river channels in the lower
* teaches. Ul e T e

3) Excess Scdiment I_riﬂow inti) Reservoirs -

The dc_sign scdiment volume for dam plénning has been cstima_.t'cd on thc__'baslis
" of sediment pr_oduction'and transportation analysis. The amount of scdiment

- inflow is, however, uncertain because of the ‘limited information. .. Excess
scdiment inflow in dam projects has sometimes been reported. :

42 Sediment Control Plan ™

o The sediment control plan is as descnbcd below.
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(1) Monitoring and Control of Sand Mmmg

As discussed in the pwcedmg section, sand mining cspeclally aftcr
construction of dams will cause degradation of river channels. Since the
present sand mining volume is not clearly known, it should be monitored to

collect basic data. Control program sliould be prepared based on the collected
sand mining data and the river profile and cmss-scctlonmg survey results

discussed elsewhere in this report.
@) Erosmn Protectlon for Rlver Channci

Flow velocity for the unproved river channcl has bcen chcckcd and it is

planned to be maintained at less than 2 m/s. However, turbulent flow often

causes erosion in the riverbed and banks, wpccmlly at concave portions of -

mcandcnng ' Accordmgly, revetments and groins are proposcd bank
protcctlon in thc river lrnprovcmcnt plan

.Since scdxmcntatxon phcnomenon is vcry compllcated and dlfficult to be
grasped in the planning stage, monitoring of riverbed gradient and - cross
sections: after channel improvement works should be conducted. River
- profi lmg and ¢ross-sectioning survey should be conducted to momtor the

change in the improved channel. Ncccssary additional structural measures,
c.8» chcck dam or gmunds:ll to maintain river gradncnt may then be proposcd :

(3) Forcst Conscrvatxon for Rcscrvmr Watcrshcd

As dlscusscd in CI-LAFI'ER 2, the dommant scd1ment inflow to the n:scrvou's'
consists of small particles produced by sheet erosion in the watersheds.’ The

following non-structural measures are recommcndcd for sedlment control in -

thc watershed area.

The forest area is effective in. prcventmg sedlment yield due to sheet erosion,

as discussed in CHAPTER 2. - From this point of view, the forest and:

plantation areas dcnscly covered by-trees shall be conserved contmuously as
forest reservation areas in the future. -Devastated arcas and bare lands should
be reforested to deter shcet crosmn in thcsc areas. :

It has been reported that the shifting cuitivation is the . rnaJor cause. of thc

increase in barren lands in the baSm This should also be controllcd by

: appropnatc lcglslatton

“) Scdlmcnt Control for Dcvastatcd Arcas .

The Lampasi river basin has becn rcportcd to producc much sediment in the

basin. In the upper reachés of the Lampasi River, stepped gabion dams wilt
be cffective. The gablon dams have the advantage of low cost-and flexibility

to riverbed variation in comparison with concrete dams. Fig X 4.1 llluslratcs R

~ the standard features of the proposed gablon dam
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Table X.1.1 LAND COVER BY SUB-BASIN"

E Kampar River Basin
. K-1 K-2 K-3 K-4 . Total

- Land Cover ha | % ha % ha % ha % 1. ha %
1 {High Densg Vegetation 81,620| 32.2] - 47,503 17.6 282,515| 40.1] 689,068| 56.2] 1,100,707| 44.8
2 |Low Dense Vegeiation 56,410]22.2] 52,364]19.4 216,556| 30.7} 242,109 19.7 567,439] 23.1
3 |Bush and Shrub 48,270/ 19.0 31,843| 11.8 52,872 7.5 29,279 24 162,264 6.6
4 |Mixed Garden 43,596[ 17.2 68,074( 25.3] 88,0371 12.5| 102,693 8.4|. 302,405] 12.3
5 iEstate : 11,865; 4.7 31,206| 11.6 19,492| 2.8 87,253| 7.1} - 149,815| 6.1
6 {Settlement 5|.0.0 .20 00| - 0| 0.0] . 0l 0.0f - 71 0.0
7 |Paddy Field 3,668| 1.4 13,109 4.9 . 5,262 0.7 15,468 1.3 37,507 1.5
8 {Upland Cultivation 2,949 1.2{ - 4,322 1.6 6,029 0.9 10,5991 0.9 23,898 1.0
9 |Bare Land i : ©4,725] 1.9 17,386; 6.5 28,2211 4.0 39,305 3.2 89,637] 3.7
10; Transmigration 0] 0.0 810{ 0.3 2,245 0.3 0| 0.0 3,055 0.1
111Water 593 0.2 2,782 1.0 4,070 0.6 10,6211 0.9 18,066| - 0.7

Total . 253,700} 1007 269,400 100 705,300 100} 1,226,400] 100] 2,454,800 100

Indragiri River Basin

11 12 3 4 Total

Land Cover . ' ha % ha | % ha % ha | % . ha - T
1 ;High Dense Vegelalion 30,541} 23.9] 197,239] 31.9 108,142| 31.5] 287,444|53.4 623,367| 38.3
2 'Low Dense Vegelation '19,088] 14.9] 108,799( 17.6 54,5581 15.9 66,873112.4 249,319{ 15.3
3 {Bush and Shrub ' 17,930| 14.0 87,3701 14.1 17,9347 5.2) 7,116| 1.3 130,330} . 8.0
E\ 4 iMixed Garden . 24,263( 19.0] 109,915| 17.8 47,8531 13.9] 71,863/ 13.3]. 253,893| 15.6
5 |Estate 10,738 8.4 31,739] 5.1 57,064]16.6 50,7471 9.4|. . 150,289| 9.2
6 iSettlement ' 307] 0.2 16| 0.0 0| 0.0 3371 0.1 659¢ 0.0
.| 7 |Paddy Field - : - 13,593[ 10.6] 27,4730 44} - 15,779 4.6 13,462| 2.51 - 70,307] 4.3
& {Upland Cultivation 7,772| 6.1 21,5777 3.5{: 4909 14 6,404 1.2)° 40,662 2.5
9. |Bare Land i 3,487 271 16,000[-.2.6 36,538] 10.6| - 28,922] 54| 84,947 5.2
10{Transmigration - 0j- 6.0 0| 0.0 g 0.0 3,742 0.7 - 3,7421 0.2
11! Water : 81| 0.1 . 17,372] 2.8 4231 0.1 1,390 0.3 ©19,266] 1.2
Total - : 127,800| -100] 617,500] 100] 343,200 100] 538,300] 100] 1,626,800] 100

.D_él!a in between Kampar and Indragiri

. Delta-. -
Land Cover | ha | %
1 [High Densc Vegetation|  976,601]|.92.3
2 {Low Dense Végetation { - 55,437| . 5.2
3 {Bush and Shrub - 8,324 0.8]
4 |Mixed Garden _ 1,172 .01
SlBstate. oo 113000
6 |Seiticment -~ - L 0 001
7 |Paddy Ficld : S0 4,8951 0.5
§ [Upland Cultivation - - |" -~ 6,797|" 0.6/ -
19 {Bare Land . © S 2,784]..0.3
"[10] Transmigration Loy 0100
11| Water .~ 1877 0.2)
“Tolal - - -] 1,058,000] 100]

- Source: Pcfcg:ﬁtagc of cach Iand'c_ovcf:is.f_rom'PU:S-.DA'I;_A, 1994, DPU‘.
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Table X.1.2 SUMMARY OF RIVERBED MATERIAL TESTS

No. | Site No. [River and Location . Unified Gravel Sand Silt Clay
Classification (%) (%) (%) (%)

Kampar River Basin : '

1 | RM-K-1']Kampar Kanan - GP 61.0 39.0 0,0 0.0

2 | RM-K-2 |Kampar Kanan GP 74.0 26.0 0.0 0.0

3 | RM-K-3{Sibayang {Damsite) GP 71.0 29.0 0.0 | 0.0

4 | RM-K-4 {Singingi (Damsite) GP 65.0 - 35.0 0.0 0.0

5 | RM-K-5 |Kampar Kiri SP 0.0 99.5 - 0.5 - 0.0
6 | RM-K-6{Kampar F 0.0 20.0 66.0 14.0
Indragiri River Basin _ ' . '

7 - | RM-I-1 §Sinamar GP 89.0 110 0.0 0.0
8 | RM-I-2 {Sinamar F. 0.0 28.0 . 58.0 14.0 -
9 | RM-I-3 {Balubus SP’ - 8.0 - 90.0 2.0 0.0
10 | RM-I-4 {Lampasi SP - 0.0 . 99.0 1.0 0.0
11 | RM-i-5 {Asam - GP . 62.0 © 38.0 0.0 -~ 0.0
12 | RM-I-6 }Sinamar F 0.0 14.0 72.5 - 13.5
13 | RM:I-7 {Sinamar F - 0,0 9.5 69.0 21.5
14 | RM-I-8 {Ombilin F 0.0 22.0 T54.0 14.0
15 | RM-1-9 {Sindmar Sp 7.0 92.0 1.0 0.0
16 | RM-I-10§Sukam (Damsite) F 0.0 24.0 63.0 13.0
17 | RM:I-11 {Kuantan GP 80.5 19.5 0.0 0.0
18 | RM-I-12}Kuantan F . - 0.0 20.0 66.5 13.5
19 | RM-1-13}Kuantan: F 0.0 9.0 72.0. | - 19.0
20 | RM-I-14]Indragiri F 0.0 10.0 72.0 “18.0
Note: Gravel: 2.0mm< GP: Poorly graded gravel '
Sand: 0.074< <2.0mm - 8P: Poorly graded sand
Silt: - 0.005< <0.074mm F: Fines
~ Clay: <0.005mm -

No. | Site No. Dy Dg Dy - Dy, Uc Ue’ - Dm Gp.
N mm) | (mm) | (om) | (mm) | i (mm) | (tfm®)
Kampar River Basin ' : S .

1 [ RM-K-1{ 0:15° 7.6 5.5 0.4 50,7 0.14 5.834

2 |BM-K-2]° . 074 10.5 6.7. 2.5 4.2 0.87 -8.29

3 | RM-K-3 0.54 11 8.8 2.15 20.4 0.78 - 6.99

4 | RM-K-4 0.32 .8 - 531 - 145 23.0 .82 5.88

5 | RM-K-5 0.155 0.29 0.26 0.205 1.9 0.94 0.2 _

6 | RM-K-6 0.001 0.033 0,025 0.01 33.0 3.03 0.03 2.6514
Indragiri River Basin | . . . - :
7 | RM-I-1 1.9 7.2 5.9 - 3.65 3.8 0.97 62114 _

g PRM-L2] 0001 0.041 0.029 0.013 41.0 4,12 0.054 2.6458 ]
9 | RM:[-3 .13 0351 0315 0.245 2.7 1320 . 075, =
10 | RM-[-4 0.135] - 0.285 0.25 0.285 21 0 210 o021

11 | RM-I-§ 0.3 7 4.1 L1 .233 0 0.58 682k U
12 | RM-1-6 0.001 0,024 0.018 0.009 - 24.0 3.38 0.04 ] - 26475
13 | RM-1-7 (3,001 (.01 0.008 0.004 110 1.46 0.02] - 2.6571
14 { RM-[.8 0.001 0.04 0.033 0.014 40.0. 4900004 26916
15 | RM-[-9 .16 0.44 {).385 0285] . 2.8 115 nesl :
16 | RM-1-10 0.001 0.041 0.034 0.013 41.0 4,12 0051 2.6514
17 | RM-I-11 1.25 8.8 6 © 3 7.0. - 0.82 7.74 Lok
18 | RM-1-12 0.001 0.037 0.032 0.013 37.0 | 4,57 (103 2.6628
19 | RM-1-13 0.001 0.014 0.01]  0.004 140§ - 114 0017}  2.6458]
20 | RM-1-14 0.001] . 0018 0013 0006 180 200 . 0019f 26277

Note: Uc=Dg/Dyq : Uniformity Coelfictent

Dm: Mean Diameler

Uc’=Dy /(DyoxDya) : Radius Cocfficient . Gpi Specific Gravily of Particles

X-T-:
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Table X.2.1 SHEET EROSION BY SUB-BASIN

Average Annual Soil Loss by Land Cover {ton/ha)

E Rainfall |Soil Slope Gradient-Length |Cropping  [Supporting  |Average
Factor  |Erodibility Factor Management | Conservation| Annual
: Factor Factor Practice Soil
Land Cover R . ' Factor Loss
: ' (ton/ha)
R K L 5 LS C P A
1 |High Dense Vegetation | 3,200 0200 |1,000 | 025 ] 241 0.001 .1.00 _ 2
1 2 |Low Dense Vegetation 3,200 . 0200 |1,000 ] 025 | 2.41 - 0.005 1.00 . 8
3 |Bush and Shrub 3,200 0200 }1,000 | 0.15 1.00 0.020 1.00 13
4 |[Mixed Garden 3,200 0,200 1,600 | 010 ] 031 0.200 0.40. - 26
5 |Eslate - 3200 [ 0200 [1,000 | 0.03 | 0.09 0.200 0.75 9
| 6 |Settlement 3,200 0200 {1,000 | 0.0i | 0.02 0.500 1.00 8
7 |Paddy Field 3,200 0200 |1,000.] 0.02 | 0.05 0.010 0.25 0
8 {Upland Cultivation 3,200 0200 | 1,000 ] 0.03 | 009 0.500 . 0.40 12
9 [Bare Land . 3,200 0.200 11,000 | 010 ; 051 0.500 _1.00 164
10| Transmigration - 3,200 0.200 [1,000 | 0.05-] 0.18 0.500 0.50 29
|11]Water 3,200 0200 | 1,000 | 0.00 | 0.00 0.000 0.00 : O

Kampar River Basin

K-1 K-2 - K3 K-4 Total - -

Land Cover ‘ 1000 Vyear| - §1000 yyear] % | 1000 vyeas| %o | 1000 vyear| % 1000 t/yeat To
1 |High Dense Vegetation 126] 3.9 73] 1.2 436} 4.3 1,063 8 1,699| 5.2
2 |Low Dense Vegetation 4351 13.5 404| &9 1,671 16.7 1,868 14.0) - 4,378| 13.5
3 |Bush and Shrub : 615| 19.0f = 4067 6.9 673 6.7 373 28 2,067 64
¥ 4 {Mixed Garden 1,145 35.4 1,788 30.5 2,312| 23.1 2,697] 20.2 7,942, 24.5
5 |Estate R - 103) 3.2 272 4.6 170 L7 7591 5.7 1,304 4.0
6 |Settlement -0l 0.0 -0l 0.0 ol 0.0 -0l 00 0| 0.0
7 |Paddy Figld ' 0| 0.0 1| 0.0 - 0 0.0 1l 0.0 "3 0.0
& |Upiand Cultivation o34 1 - 50| 0.8 . 70§ .07 1234 0.9 - 2770 0.9
9 |Bare Land 5 776|- 24.0 2,854|-48.6 4,632| 46.2 6,451| 484 14,713| 45.3
10{ Transmigration ’ o 0.0 . 2304 65| 0.6 ol 00 89 0.3
11| Water : 0] 00 0 0.0 -0l 0.0 ol 0.0] -0l 0.0
. Total 3,234| 100 5,871 100] 10,030] 100j- 13,336] 100 32,471] . 100
Total in 1000 m?lyear 4,882 B.861 15,139 20,131 49,013

Note: Values may not add up to totals due to rounding

indragiri River Basin

‘ -1 CI-2 -3 [-4 - Total
Land Cover ) 1000 Uyear| % | 1000 tiyear | %o | 1000 vysar % | 1000 vyear! % 10U Yyear T
1 [High Densce Vegetation| . 47} - 2.6) - 304 3.7 167 1.9 4441 53] . 962| . 3.6)
2 {Low Densc Vegetation 147] 81 839 10.1] - 421t 4.9 516] 6.2 ©1,924) 7.1
3 |Bush and Shrub - © 228 126 1,113| 134 228 —ﬂ 2.6 o1 L1y 1,60 6. l :
A [Mixcd Garden | 637| 350 2,887 34.8| 1,257 14.6| 1887} 23.7 6,668 24.6
5 [Estale_ U|TTTTe3 sA[27s) 33 497|758 42| 53 1,308] 4.8
6 |Sewlement |2 0.1 ) T B 3 0.0 5[ 0.0
7 {Paddy Field ' o 1} 018 7ol T 1 00 1 00) ¢ 6| 0.0
8 |Upland Cultivation’ voj - 5.0 2501 3.0 57| 0.7 So74b 09 4721 1.7
‘9 |Bare Land : 572|- 315 2,626 31.6 5997 69.5 47471 57.1]  13,943| 51.5
10| Transmigration "ol o0f - -0f 0D 07 00 108 (L3 108 . 0.4]
11| Water ' S 0] D0 <00 0.0 0 0.0] - 0] 0.0 0 0.0
Total S 1,819] 100 -8,299] 100 - 8,625 100} 8,313 100 27,056f. 100
Total in 1000 m*/ycat 2,746 112,526 T390 |- 12,548 40,839 '

Note: Vahies may not add up 10 totals due 1o rounding

X-T3




Table X.2.2° WASH LOAD BY SUB-BASIN

Kampar River Basin

12,777

_ K-1 K-2 K-3 - K-4 Total
Land Cover 1000 m/year | 1000 m*/year | 1000 m’/year | 1000 m’/year | 1000 m’/year_
1 |High Dense Vegetation 194 113 671 1,637 2,615
2 |Low Dense Vegetation . 670 622 2,573 2,876 6,741
3 | Bush and Shrub 947 625 1,037 574 | 3,182
4 |Mixed Garden 1,763 2,752 3,560 4,152 12,227
5 | Estate 159 418 261 1,169 2,007
6'{Seltlement 0 0 0 0. 0
7 |Paddy Field g 2 1 2. 5
8 |Upland Cultivation 53 77 108 189 427
9 |Bare Land 1,194 4394 7,132 9,933 22,652
10| Transmigration 0 36 100 0 136
11|Water 0 . D - 0 0
Total 4,980 | 9,039 15,442, 20,533 49,993
Note: Values may not add up to tolals due to rounding
Indragiri River Basin
11 .2 13 L4 Total
Land Cover _ 1000 m3/ﬁyear' 1000 m3/year 1000 m*/year | 1000 ms/year -IOOO rh3/year
| |High Derise Vegetation 73 469 57 - 683 1,481
2 |Low Dense Vegetation 227 1,292 648 794 2,962
3 |Bush and Shrub 352 1,714 352 140 2,556
4 |Mixed Garden 981 4444 1,035 2906 | . 10,266
5 |Estate ' 144 425 765 680 2,014
6 |Settlement 4 0 0 4 8
7 |Paddy Ficld 2 4 2 2 9
1 8 |Upland Cultivation 139 385 88 114 726
9 |Bare Land 881 4,043 9,233 7,309 21,467
10 Transmigration 0 0 0 167 167
1| Water 0 0 ool ol o
Tolal 2,801 13,279 12799 |

Note: Values may not add up to totals due to rounding -

_ ﬁ41,55'6
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Table X.2.3 CALCULATION OF BED LOAD TRANSPORT

Sub-Basin Sub-Basin Average - |Average Water River River Gradient

for for Discharge -|Grain Size .Dcpth Width

Sediment Hydrological Q d h b i I

Analysis Analysis m’fs ‘mm m m
K1 |K-2t03 10481 6 1.27 70 1,00 | 0.00091
K2  |K-1tod 258.6 6 1.96 150 3,500 { :0.00029
K-3 K-51013 3521 0.2 2.57 130 3,500 {  0.00029
K4  |K-11016 - 877.8. 0.03 2211 700 10,000 | 0.00010
I-1 I-1 315 6 0.56 55 500 {  0.00200
12 frued 87| 04 089 { - 150 2,500 {  0.00040
I | S TS PR 3307 0.1 212|200 5000 | 0.00020
I-4 11017 490.4 0.02 218 | 400 10,000 | - 0.00010

- |Sub-Basin e sgd u'-zlsgd_ (u. /sgdy” ©oud dp Qp=bqa

for @ | © | . - ©

Sediment - : _ . : .

Analysis m/s m’/s> m¥s | m¥s | 1000myr
K1 | 01064| 9.70E-02| 0.117]  1.36E-02 | 6.38E-04 .| B.68E-05| 0.006 192
K-2 0.0740( 9.70E-02|  0.056] . 3.19E-03 | 444E-04 | 142E-05| 0002 67
K-3 00848 323E-03| . 2221] 4.93E+00 [ 170E-05 | 8.36E-04] 0109 . 3,428
K-4 | 0.0466] 48SE-04| 4.473| 2.00E+01 | 1.40E-06 | 2.80E-04] 0.196 6,174
1 | o051 970802] 0.14]  129E02 | 63004 | BIGE05| 0004 - 142
2 | o0o0s91| 6478-03] 0541 292B-01 | 237E-05 | 692E-05| 00100 . 327
3 | oo064s| 162E-03| 2574| 6628400 | 645E-06 | 4.27E-04 0.085 2,695
I-4 00463]  323E-04| 6.620] 438E+01 | 925E-07 | 4.06E-04| 0.162 5,116

(a) li.:((g:«:hxl)”2 (g:gravily "accc!cm.lion, h:water depth, Eriver gradient)

(b} s=(0/p-1)=2.65/1-1=1.65 {Speeific weight ol sediment particle in water)
s D Lo 4 .

©) q,,:i()xu_.dx(u'-zlsgd)zxu.d o




Table X.3.1 SEDIMENT BALANCE

Sub-Basin | Catchment Wash Load . BedLoad " Toial Sediment Discharzs 3
for Area | Infllow - Yield Deposit | Qutflow | Inflow | Deposit | Ouiflow
Sediment Sheet Bank in ) '
Analysis . Erosion . |Erosion |Basia . S
m? o 1,000m*yr 1,000m /yr 1,000m’pyr mkmiar
K-1 - 2,537 0 4,882 93 3,906 1,074] . 0 -192] . 192 - 1,266 499
K-2 2,694 1,074 8,861 177 7,089 3,024 192 125 67 3,091 1,147
. " . : .
K-3 7,053 o 15139 303 12,111 331 0| -3428| 3428 6,758 1938
K-4 12,264}  6,354| 20,131 403} 16,1041 10,783] 3,495 2,679) 6,174 16,957 . 1,353
Total 24,548
EL 1,278 o] 246 551 2197 604 0 -142 142 746 54
I-2 6,175 604 12,5;26 251 10,459 . 2,922 142 -186 327 3,249 526
13 3432 29220 13019 260 10415] 5,786]  327] -2,368]  2695f 8481 2471 ,:
I4 53831 5,786| - 12,548 251 10,038 8,546] 2,695 24211 5116 13,66.2_ 288 )
Total 16,268
Delivery Rate of Sheet Erosion except for 12 Basin: : 020 {Deposit Rate is 0.80)

Delivery Rate of Sheet Erosion for [-2 Basin {considering Singkarak Lake): 0.165  (Deposit Rate is 0.835)
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"~ NameofProject ..~ | Purpose | Optimization
1 T S L ' ' - Study
Kampar River System . - i I '
(1) Kampar Kanan Water Supply Project " Single | SECTOR VIII
(2) Kampar Kanan River Improvement Project - | Single | SECTOR VI

' XI Multipurpose Development Plan

'CHAPTER 1 GENERAL '

Some projects of the Flood Control Plan arc considered to be more effective if they
are formulated in combination with projects of the Water Resources Development
Plan because of close relationship with one another. The Overall Development Plan
thus formulated is primarily for flood control and water resources development, and
composed of single purpose and multipurpose development projects.

“This SECTOR presents the formulation of project components as well as the
optimization study for multipurpose - development  projects of the -Overall

Development Plan and the feasibility study. The optimization study for single

purpose development projects of flood ‘control and water resources development plans
is presented in SECTOR Vi and V111, respectively. ' o -

1.1  Project Components of Overall Development Plan

The five projects shown in the table below comprise the Overall Development Plan.
Three of these projects are in the Kampar River System and two arc in the Indragiri
River System. They consist of single purpose and multipurpose projects and their
locations are as shown in Fig. XL.1.1. = Co ,

(3) Kampar and Kampar Kiri River Development Project | Multiple This SECTOR
Indragiri River System S

(). Indragir River Development Projest | Multiple | This SECTOR
(2) Upper Indragiri River Improvement Project ' ‘Single | SECTOR V1

1.2 | Multipurpose‘l)c'\_"eloﬁm_chf Pla_nr'

Amc')_ng-thc'pi’ojcct_s“ COmp_ifisiﬁg the Overall Development Plan, the following two

‘projects have becn considered as multipurpose projects because their sub-project

components are closely related to onc another. The optimization study for these two

~ projects is carried out in succeeding chapters of this report.

e Kamparand -VK__ziin'pa_r Kiri R:vchevclopmcnthjcct o ..
L. Indragiri River Development Project - SETRN VLT
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CHAPTER 2 OVERALL DEVELOPMENT PLAN

2.1 Optimization of Kampar and Kampar Kiri River D'eveibpment_ Project
.2 1.1 Basic Conditions and Planning Criteria : |

The basic conditions and planning criteria for the formulatxon of Kampar and Kampar
Kiri River Dcvelopmcnt Pro;cct are as described below

(1) Purposcs of the Pro_)ect
Thc Kampar and Kampar Kiri River Dcvelopment Pm_lect has thc followmg
purposcs

¢ Flood control of the Kampar and Kampar Kiri rivers; and
o Hydropower generation at Kampar Kiri No. 1 and No. 2 dams.

(2) Hydropower Generation

The Kampar Kiri No. 1 and No. 2 dams pr0poscd in the Kampar river basin

* - could be used for both flood control and water resources developmcnt Since
the future water supply for the Kampar river basin and Pekanbaru City is to be
‘met by the water. released from Kotapanjang Dam,. water resources
dcvclopment at the above two dams focusscs on hydropower generation only

Optlrmzatlon study for the smgle purpose of hydropowcr gcncrat:on only for
the Kampar Kiri No. 1 and No. 2 dams is presented in SECTORIX,
HYDROPOWER ‘DEVELOPMENT PLAN. The optlmum dam scales for.
hydropower generation shown in thc tabic bclow are gwcn as thc basu:

;condltlon

- i © . Unit; 10°m’
- Particulars . | KamparKiri | - KamparKiri- |
' No.iDam | No.2Dam |

Storage Capacity for Hydropower s _ o

Generation ' - 646 - 438

Storage Capacity below Normal Hngh BN : 1T

Water Level . 1,996 20800

(3) Flood Control Mcasurcs

River 1mprovcmcnt works, dams and a natural retardmg basm in the
downstream stretch of the Kampar Kiri River arc taken' into cons:dcratlon as -
flood control measures (refer to SECTOR VI, 'FLOOD CONTROL PLAN)
Floodways arc not considercd as alternatives due to topographu: rcasons,

(4) Desngn Scalc for Flood Controi

' Thc dc51gn scalc for ﬂood contro! by phasc and by area have been detcrmmed
in SECTOR- VI FLOOD: CONTROL PLAN as follows

i
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Phase Area Design Scale (Return Period)
Final Urban _ 50-year

Rural B 50-year .
Initial Utban : -

Rural -

(5) Standard Flood Discharge at Damsite

Standard flood discharges are sct as bclow in accordance with the results of
flood runoff analysis.

_ Unit: m’fs
Damsite ' Standard Flood Discharge
' {50-year Return Period)
‘Kampar Kiri No. 1 Dam. 1,630
Kampar Kiri No. 2 Dam - 1,240

(6) Flood Control Method at Dam

Non-gated control is considered for both Kampar Kiri No. 1 and No. 2 dams
taking easier opcratlon into account. The relation between flood control
capacity and maximum release for the Kampar Kiri No. 1 and No. 2 dams is
presented in Fig. XI1.2.1.

2.1.2 Alternative Cases

Optl'mlzatxon' for the flood control plan along the Kampar and Kampar Kiri rivers has
been conducted companng the combination of the follow:ng two flood control
altematwe cases:

e Flood control by Kampar Kir No. 1 and No, 2 dams.
* River improvement along the Kampar and Kampar Kiri rivers -

A retarding basin with a fixed capacity in the downstrcam st:ctch of the Kampar Km
River is taken into consideration in every combination, : :

Altcrnatwc combinations of thc flood control capacny of both Kampar Kiri No.1 and
No.2 dams and design dlschdrgc for river improvement of both Kampar and Kampar

- Km rivers have been set as gwcn in Table XI1.2.1.

213 . Cost Companson 3

Dam constmcnon cost, river 1mprovcmcnt cost and totdl cost for thc above altcmatlvc

~ -cases were accordingly calculated as prcscntcd in Tablc Xl 2.2. These costs were
estimated on thc followmg condmons : '

X3
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