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¢ Cost-crest level relations of Kampar Kiri No. 1 and No. 2 dams are as
presented in SECTOR XII, DAM ENGINEERING. Design discharge -
Improvement cost relation of improvement of the Kampar and Kampar Kiri
tivers is as presented in Fig. XI1.2.2.

e Cost of dam construction includes the cost of hydropower generation
equipment.

The costs versus ﬂood control capacities of Kampar Kiri No.1 Dam are plotted as
below:

Cost versus Flood Control Capacity of Kampar Kiri No.1 Dam _
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As shown in the above illustration, the total cost is minimum when Kampar Kiri

No. 1 Dam has the flood control capacity of 250x 10°m® and Kampar Kiri No. 2. Dam
has 150x10°m’. As shown by the study results, although both dams can: physicaily
prov;de more flood control capacity, the design discharge of 1,450 m %s at Lipat Kain
is the minimum value because of the existence of a residual catchmcnt arca between
the dams and Lipat Kain. '

2.1.4 Optimum Plan
In accordance with the results of the cost comparison presented above; capacitics have

been provided to Kampar Kiri No. 1 and No 2 dams and the mdj()l' fcatures of thc
optimum plan arc as glvcn bclow :
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(1) Kampar Kiri No.1 Dam
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@) KamparKitiNo_.ZDam .

(3) River Improvément Works

Particulars Description
Capacity Allocation - » _
Flood Control 250x10°m’
Hydropower Generation 646x10°m>
Dead Storage 1,350% 10°m’
‘Total 2,246x10°m’

Water Level B '
Surcharge Water Level - EL 1285m
Normal Water Level EL1250m
Low Water Level EL113.9m.

Flood Control ' L

_Control Method: Non-gated control
. Particulars: - Description -
Capacity Allocation o
__Flood Control 150x10° m’
" Hydropower Generation 438x10°m’
Dead Storage . 1.612x10°m°
Total 2,200x10° m®

Water Level - - e :

" Surcharge Water Level ~ EL1369m
Normal Water Level _  EL135.0m
" Low Water Level " EL128.0m*

Flood Control o '

Contro! Method __. Non-gated control

Particulars Design Discharge

- S (m’ls).

. Kampar Kiri River o

- Lipat Kain .~ 1,450

Kampar River .

- Langgam -Kerinci -{ - 4850
Kerinci - River Mouth S 5,100
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22 Optimization of Indrégiri River Development Project

2.2.1 Basic Conditions and Planning Criteria

The basic conditions for the formulation of the Indragm chr Development Pro;cct-

are as described bclow.

NE3) Purposcs of the Project
The Indragm River Dcvelopmcnt Project has the followmg purposes.

* Fiood control of thc middle and lower reaches of the Kuantan-lndmgm :

River;
o Irrigation water supply to Lubukjambi Irngat:on Pro_]ect and, .
* Hydropower gencration at proposed dams.

(2) Proposed Dams

For the Project, three possible damsites were identified for both flood control
and water resources development. The proposcd dams are the Kuantan, Upper
Sinamar and Sukam dams

(3) Apphcablc Mcasurcs and Structures

To achlevc the project purposes mentioncd abovc the followmg measures and
structures are taken into con31derat10n

@

" & & & & @

Flood Control

‘Kuantan Dam :
- Upper Sinamar Dam '

Sukam Dam

- Indragiri River Improvement Works

Gaung Floodway
Indragiri Retardmg Basin

_ Gaung Floodway was planned under the Sumatra Canahzatlon Pro_;ect
- and it is incorporated into the project with the capacny of 500 m’/s asa
given condition.

- ®

s & » o

Wate_r Supply for {rrigation and Maintcnancc Flow -

Kuantan Dam
“Upper Sinamar Dam

Sukam Dam L
Lubukjambi lntakc Wclr'

Hydropowcr_ Gcncratlon

Kuaitan Dam _
Upper Sinamar Dam
Sukam Dam .~
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(4) Design Scale for Flood Control

The design scale for flood control by phdsc and by area have been determined
in SECTOR VI as follows:

Phase - Area . - | Design Scale (Return Period)
Final . - | Urban g 50-year
_ Rural | . . 50-year
Initial { Urban : 10-year
Rural e 5-year

_ (5) Standard Flbod Disch'argc at Kuantan Dam .

Standard flood dlschargcs are set 4s bclow in accordancc with the results of-

' -'fiood runoff analysis. -

. Design Scale - Standar_d Flood D:scharge

. . (m’/s)
50-year Return Period _ . 6,550
5-year Return Period | 3,500

(6) ) Ii'rigatioh Water chuiremcnts

: Irngat:on water requlrcmcnts were calculated for 5-year return period through.

simulation for 12 years from 1981.92. Details - are presented in

) SECT OR VHI WATER RESOURCES DEVELOPMENT PLAN

_- '(7) Necessary Rescrvmr Capac1ty for Irrlganon, River ‘Maintenance Flow _

and Scdlmcntatlon :

Necessary reservoir. capacity for irrigation, river ‘mainténance flow and
sedimentation has been determined in SECTOR: VIII, WATER RESOURCES

DEVELOPMENT PLAN ’I‘hc rcsults arc summarized in the tablc bclow

‘ - R Unit: 106m3
Casc Kuantan Dam_ ‘Upper Sinamar Dam . Sukami Damn '
No, 1°F Irrigation: 213§ - ' = - '

. -] Maintcnance Flow 117 '

‘ Dcad_Sloqagc 425
‘Gross.Storage: 755 3 .
| No,2 | lrrigation:. .~ . 145 { [rigation: =~ 68 [
- .-'| Maintcnance Flow: . 117 | Mainicnance. F!ow 0
| Dead Storage; ~ © 425" | Dead Storage: U971 :

-7 | Gross Storage: . 687 Gross Slorage: 165 | v B s B
"] No, 3 | lmrigation: .~ 132 e T lrrlgaliun 1 x B
: ‘Maintenance Flow: 117 o -+ | Maintenance Flow: 0

Dead Storage: - 425 { . Dead Storage: 27
| Gross Storage: -~ - 674 ] L -| Gross Storage: -~ 230
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(8) Flood Control Method -

~ As discussed later, flood control capacity has not been given to the Uppcr
Sinamar and Sukam dams. The flood control method for Kuantan Dam is
accordingly discussed below. : '

The flood control method is broadly divided.into gate controlled type and
non-gated type. The gate controlled type is applied to Kuantan Dam to
effectively utilize the reservoir capacity and to realize different capacity
allocation for rainy and dry seasons in the Initial Phase.

(a). Control Method

Constant ratc dlscharglng mcthod (rcfcr to-Fig. XI 2, 3) was apphcd In -
. this ‘method, inflow is d1schargcd without- control unless the inflow
exceeds the control starting discharge. When the inflow exceeds the
" control starting discharge, outflow calculated by multiplying inflow by
the constant rate is released. This is applied until the peak inflow
hydrograph occurs. After the inflow peak constant d:schargc is rcleased -
- unless a hlghcr peak oceurs.

. (b) -Control Startmg Dlschdrgc

Control startlng dlscharge is generally determined- considering actual
discharges during rainy season and flow capacity of the downstream
channel. The monthly average discharge at Kuantan Dam in December, -
‘the month with the hlghcst average discharge, is 328 m %/s. If the control
starting dlschargc is set close to this dlscharge, frequent Operation is
needed for minor floods. The flow capacity of the present channel of the

Kuantan River is about 1,000 m3/s If the dlscharge exceeds this

" amount, inundation occurs, In due consideration of -the * above
conditions, the control starting dlscharge for the flood control at Kuantan
Dam is set at 500 m /s

The relation bctwcen flood control'éapacity and maximum r'elc'a'sc" is p'ld'ttcd in
_Fig. X1.2.4. This relationship was obtained by adopting various constant rates.

with control starting- dlschargc of SOOm/s to the basic prolcct flood of
SO*ycar return pcrlod ' : .

222  Alternative Cases . |

Pdramctcr and vanablcs for. altcmatlvc cascs. havc bccn 1dcnt1f1cd by structurc as
summarized below. Alternative cascs were preparcd’ by the comblnatlon of dams o
‘be developed, variation of surchargc watcr level (S W L) and CdpdClty dllOCdtlon, as

prcsentcd in Table XI. 2 3 o - . '

(1) Kuantan Dam _

-+ The followmg condlt:ons wcrc consndercd to formulatc altcmatlvc cascs:



XT Multipurpose Development Plan

_ (a) "Topographical Maximum S.W.L.

 The topograhical maximum S.W.L. is set at EL 125.0 m.

(b) Altemnative Cases of S.W.L.

Five alternative cases of S.W.L. have been studied.. They are EL 125.0,
EL 122.5, EL 120.0, EL 117.5 and EL 115.0 m,

() Allocation of 'Stdrage Capacity

: Flrstly, the capacnty necessary for 1mgat10n river maintenance and-.* :

sedimentation was allocated from the gross storage capacity. The.
remaining capamty was subsequently allocated to flood  control and
hydropower generation -considering : several combinations. 'I'hcs:

~ combinations include “the allocation of all :the - rcmammg capacxty to
' ﬂood control or to hydmpowcr gcncratlon '

(2) Upper Smamar Dam :
The followmg condmom were considered to formulate altemanve cases:
_ (a) Allocatlon of Storage Capacny

S Since thc avallablc reservoir capacity is relatively small at 68><1()6
;\ " compared to the catchment area, and the effect of the peak cut to flood
control of the objective area is small. -In - the study on alternatives,
reservoir capacity was used only for the ‘irrigation water supply and
' hydropower was gencratcd by. water releascd for 1rr1gat10n water supply _

(b) Normal Watcr chel

 As dlscussed in SECTOR VI, WATER - - RESOURCES
- DEVELOPMENT PLAN, thc normial water level (NWI ) is set at
EL 4818 m. - ‘

(3) Sukam Dam
The foliowmg conditions were conmdcred to formulate aitcmatwe cascs:
: (a) Allccatu)n of Stordge Capdcny

.The catchmcnt arca at Sukam damsm is 360 km? dnd this corrcs;aonds to
- only5. 6%.of the cntirc catchment arca of Kuantan. Dam at 6,377 km?®.
+ The cffect of peak cut in-the Sukam River i is accordmgly small. In the
_ ~ study on alternatives, rescrvoir capac:ty of Sukam Dam were used only _
. for the lmgahon water supply.- Hydropowcr was gcncratcd by water .
- rclcascd for 1mgdtlon watcr supply ' .

x[g e
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(2) Normal Water Level -

As discussed in  SECTORVII, ~WATER RESOURCES 4§
DEVELOPMENT PLAN, the normal water lcvel (NW L) is set at
EL 216.0 m. :

- (4) River Improvement Works

Design discharge for'ﬁvc_r improvement in the downstrcam stretch has been
calculated based on the flood control capacity of Kuantan Dam.

223 Cost and Benef‘ t Companson

Cost and bcnef' ts have bccn calculated and th Prcscnt Valuc (B- C) and Benefit-Cost .
Ratio (B/C) were obtained accordingly. The calculation results are presented in
‘Table X1.2.4 and the calculation procedure is as discussed below. '

(1) Cost

(’7

)

(a) Dam |

Apphed is the dam crest clevatlon Versus cost curve in SE‘(TOR XII,
DAM ENGINEERING.

(b) Rlver Improvemcnt

The lmprovcment cost for Kuantan- Indragm chr was calculated by

- stretch; namely the upper stretch (Lubukjambi-Peranap), middle stretch

(Pcranap-Japura), and lower stretch (Japura-River Mouth), - The relation
between cost and design discharge was plotted, as shown in Fig. XL2.5.

' (é) ' Hydropowcr'Gcncration Facilities

Appiicd. arc the ' results -'IIprcsc'ntcd in SECTO_R' Xll, DAM
ENGINEERING. ' e

‘Benefit

(a) Flood Control .

Annual average damage reduction has been calculated at. R'p 165x10°

C (f()r details, rcfcr to SECTOR XV[ ECONOMIC EVALUATION)

- (b) Hydropowcr Gcncrdtaon

leucs of 90% dcpcndablc powcr and annual gcncratcd cncrgy for cach =

casc arc as presented in Table X1.2.4, Annual bcncfit was. calculated - o .
based on the followxnb umt rates: ' Lo : ' 3

X110
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: Particulars _Annual Benefit
{ kW Value . | SS50MW ‘Rp. 691,955/kW - - :
' N E ' (US$318.14/kW x Rp. 2,175/US$)
< 50 MW Rp. 851,861/kW _ _
o '] (US$391.66/kW x Rp. 2,175/US$)
kWhvalue |- | Rp.38.715/kWh
o - ' (US$0.0178/kWh x Rp. 2,175/US$)

(c) Net Present Value (B-C) and Benefit Cost Ra_tio (-B/C).

Net Present Value (B-C) and Benefit Cost. Ratio (B/C) were calculated
accordingly, ‘as shown in Table X1.2.4. = Net Present - Value (B-C),
together. with cost and benefit, was plotted against the flood control
* “capacity of the Kuantan Dam for each case of surcharge water level
. (refer to Fig. X1.2.6). Alternative Case No. K-1-6 shows the highest Net
. Present Value.. This case uses Kuantan Dam only with S.W.L. of
EL 125.0 m and flood control and hydropower generation capacities of
400 and 945x10° m?, respectively. The highest Net Present Value in
each case of Surcharge Water Level was plotted as illustrated below.

[ . . — | . e
! : : Net Present Value (B-C) versus S.W.L.
: of Kudntan Dam

- ' : . : i

g 100 — i
EEN L —— L

'E'.n'w). /‘V ‘ : : :

1150 u7s 1200 0 125 - 1250

Surcharge WalerLc_vcl(Ei;m) o '

224 Optimum Plan

As illustrated @bove, the Net Present Value s higher when the surcharge water level
-~ is higher., Considcration should be. given, however; to the fact that. transmigration
“areas Timpeh 1V and'V of West Sumatra Province arc located in the southern part of

' the Kuantan Rescrvoir. .- DU Lo o :

~ Timpeh 1V ;é'md."V are completely submerged if surcharge watcr level is set at .

. EL 125 m. The following tablc shows the number of houscs in the transmigration arca

-~ to be submerged by the reservoir for three cases of surcharge water level.



XI Multipurpose Development Plan

Surcharge Water Number of Houses to be Submerged

~ Level ] Timpeh 1V Timpeh V ~Total
EL 115m 0 : 0 0
EL 120 m 92 0 : 92
EL 125 m 147 378 525

From the engineering point of view, surcharge water level below EL 120.0 m, namely
EL 117.5m or EL 1150 m, is less attractive especially when the effect of the initial
phase of the project, namely the effect with only Kuantan Dam for flood control, is

considered. - Hence, the case having the surchargc water level of EL 120.0 m was.

finally selected.

An enlarged plot of B-C and B/C together with cost and bencf' t value in the case with
surcharge water level of EL 120.0 m is shown in Flg X1.2.7. As illustrated, the case
with the flood control capacity of 400 x 10°m® -gives the hlghcst B-C and B/C.
Hence, the case with the - flood control capaclty of 400 x 10°m® at S.W.L. of
EL 120.0 m was fi naily selectcd : :

' Major fcaturcs of the Ovcrall Developmcnt Plan for Indragm Rlvcr Developmcnt
Project have been accordmgly determined as below. Reservoir capacity allocation for
the Kuantan Dam is presented in Fi lg XL2.8.

(1) Kuantan Dam

_ Particulars Description
Capacity Allocation
Flood Control i 400><106 3
Hydropower Generation 415x10° m’
Imrigation TNIx10°m
" River Mamtenance Flow S 213x10°m>.
Dead Storage (incl. sedlment) 425x10°m° -
Total - 1,570x10° m”
Water Level o
Surcharge Water Level EL 120.0 m
Normal Water Level EL115.2m
" Low Water Level EL 102.0m
Fiood Control 1. EEUIE A
Control Method ' _Constzmt rate’ dtschargmg '
" Control- Stamné, Dlscharge T 500 /s '
Constant Rate 10,440

Y
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(2) River Improvement Works

' : Particulars Description
Kuantan-Indragiri River .

Kuantan Dam - Peranap - 3,200 m’/s

Peranap - Japura - _ 5,400 m’/s

Japura - River Mouth * . 5,050 m’/s

* Indragiri Retarding Basin and Gaung Floodway are considered.

'xlz'-1__3 L
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CHAPTER 3 FEASIBILITY STUDY

3.1  Optimization of Reservoir Allocation of Kuantan Dam for Initial Phase

Kuantan Dam is to be constructed in the initial phase of the Indragiri River
Development. Project at the scale determined in'the Overall Development Plan.
Presented in this chapter is the operation of Kuantan Dam for the period until the
downstream river improvement is completed. '

3.1.1 Basic Conditions

Each .component of the Kuantan River Multipurpose ]jevclbpmcnt Project was
studied under the following conditions. '

(1) Flood Control

In the initial phase, irrigation development is to be carried out in the left bank
upstream area as mentioned in (2) Irrigation Development below.
Accordingly, the imigation development area is the objective flood control
area in the initial phase. The design scale was set at S-year return period
because this area is a rural area. '

In the case of a 5-year return period project flood and flood -control operation
as determined for the Overall Development Plan is conducted, the peak
discharge of 3,900 m/s is reduced to 2,000 m”s as shown in Fig. X1.3.1.
Since the discharge of 2,000 m%/s exceeds the flow capacity of the present
channel of the Kuantan River along the imigation development area,
countermeasures are accordingly needed as discussed in Section 3.2,

(2) Ifﬁgation Development

In the initial phase, the left bank upstream area of the Lubukjambi Irrigation
System is to be developed. This area is on the left bank of the Kuantan River

from Lubukjambi to Kampung Baru (ncar Cerenti). The reservoir capacity for -

water supply to this area is 4x 10°m® only and the remaining capacity in the
Overall Development . Plan is allocated for other purposes (refer to
Fig. X1.3.2). ' '

3 Hydrbpowcr_ Gencration

In the initial phase, hydropower generation is considered to be subsidiary to
flood control and irrigation development, _ - S

; e R
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3.12 Study on Alternative Cases

‘The following tv_vb alternative cases have been studied and the optimum plan was

- selected.

Case 1

A patt of the storage capacity for hydropower generation at Kuantan
Dam is used for flood control during rainy season. The peak of a 5-year
return penod flood is reduced to the discharge of 1,000 m % that will not
cause damage to the Db]B_CllVE flood control area, and no river
improvement works are implemented.

Case 2

River improvement works are implemented in the Kuantan River. The
‘design discharge is 2000rn s, the maximum release when a S-year
return’ period project flood oceurs, and flood control operation as’
determined for the Overall DeveloPmcnt Plan is conducted.

The study for the two alterative cases above is discussed more in detail below.

(1) Casel

In'the initial phase, a part of thc storagc capac1ty for h _,fdropowcr gcncratmn at -

Kuantan Dam is used for flood control during rainy season. The rainy scason

pcnod and flood control méthod were determined, and the reduct:on of
- hydropower benefit was subsaqucntly calculated.

(a) Pcnod of Rainy Season |

In accordance with the dally average dlschargc records of thc Kuantan
River at Lubukkambacang for a 17-ycar period, discharges exceeding

1,500 m ?/s occurred in the six months period from October to March as

shown in the table below. Accordingly, the rainy season considered for

this area-is the six months period from October to March, -

Year Month . Dlscharge : Year | Month Discharge
. N | )y R (m’fs)
1978 - .| . Dec, - 2150 -] 1987 | Nov. 1,650
1986 | Jan. {0 03,950 1989 | Jan.- |- 3,200
1986, | Mar. |- 2700 | | 1991 | Dec. | 1,875
1987 | Oct: | - 2;050_ o 1992 Dec. | 2,375

o _(b) Flood Control Mcthod

o Thc prcscnt ﬂow capac:ty of the. Kuantan river channel in the stretch

from- Lubukkambacang to = Kampung Baru - (ncar . Cerenti) is.

"-apprommatcly 1,000 m” /s “Accordingly, the: flood control opcmhon in

" “the initial phase is to: rcducc the peak discharge of 3,900 m%s of 5-year -

return period to the maximum release of 1,000 m %s. The constant rate
dtschargmg mcthod thc ﬂood control mcthod uscd ln thc Overail Plan o
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is adopted. As shown in Flg X1.3.1, the necessary capacuy and ﬂood
control features of Kuantan Dam are as given bclow

«ki

Particulars - Value
} Flood Control Capacity - “193%10°m”
Control Starting Discharge 500 m°/s .
“|_Constant Rate ' 0,147
. Maximum Release - 1,000 m3/s_

(c) Capamty Allocatlon and Water Level

In the mltlal phase, capacity allocatlon and watcr levels of Kuantan Dam 7
are determmed as ‘tabulated below

Unit: :'10_6m3
. _ Aliocatlon L
Capacity Dty Season Rainy Season :
N .| (April-September) . (Qctober-March).
Flood Control - 400 793 .
Hydropower Generatlon 528 - - 135
Jrrigation 8 A1 4. 4
River Maintenance 213 213
Dead Storage ' C . 425 - 425 )
Gross Storage ' 1,570 1,570 g
Particulars - Water Leve_l
Sﬁrcharge Water Level EL 120.0 m
_Normal Water Level “EL 115.2m
Restricted Water Level in. Ramy Season ' EL 109.5m
Low Watt.r Level EL 102.0 m

C(d) Effcct on Hydropowcr Gcncranon

 In the 1n1t1al phase, a part of thc storage. capacity - for hydropower
generation at Kuantan Dam is used for flood control durmg rainy season.
The output and ~ generated “cnergy “calculated .in SECTOR ' IX,
HYDROPOWER DEVELOPMENT PLAN, arc summdnzcd below.

Particulars : U_n'it”; ' OVGfail Plan' 'lnitia_l Phasc_
Output (0% Dependable) | MW | 1036 | - 944 -
_ Annual Gc.m.ratcd Encrg,y © 1 GWh N 657.0 i 5834
'--Annuai Benefit 1 Rp. 10" 971 . | . 8719
CXI-16



X7 Muh:‘purpose Development Plan

The reduction of annual benefit due to introduction of restricted water
level during rainy scason is accordingly calculated at Rp. 9.2 billion
(Rp. 97.1 billion minus Rp. 87.9 billion).. :

- The present -value of the annual benefit has been calculated at
Rp. 91 2x10° considering a capital recovery factor of 0.1009 (mtcrcst
Tate of 10% and project life of 50-year).

(2) Case2

In Case 2, river improvement works arc implemented in the Kuantan River to
protect the objective flood control area. When a 5-year return period project
flood occurs and flood control operation as determined for thc -Overall

. Development Plan is conductcd the maximum release is 2,000 m®/s as stated -
before, and the design- discharge for the river lmprovement 1s, accordingly,
2 000 m /s .

The cost of river lmprovcmsnt works for the Kuantan river stretch from

~ Lubukkambacang to Kampung Baru (near -Cerenti) was obtained from

.- Fig. X1.2.4 considering the length of the stretch. Sirice the improvement cost

for the stretch .of Lubukjambi-Peranap with a° length of 105.8km is

Rp. 400 billion, the cost. for Lubukjambi-Kampung Baru. W1th the length of
90.4 km is accordmgly calculatcd at Rp 342 billion. :

313 Optimum Plan

- From the study mcntloncd abovc the prescnt value of cost and benefit rcductlon were

compared as shown in the table below, Accordmgly, Case 1 is selected as the
optimum_ plan. Capacxty alfocatlon for Kuantan Dam in the initial -phase is as

. 'prcsentcd in Flg XI 3.3.

. . "Case No./ Explanatlon o ' _ Value
Case 1: (Reductlon of Hydropower Gent.rauon Benefit) | Rp.91.2x10°
Case 2: (RIVLI lmprovcment Cost) : ' - Rp. 342,0x10° -

3.2 | Cost Allocatmn for Kuantan Dam '

3 2.1 Gencral

‘_Kucintan Dam isa muitlpurposc structurc for ﬂood control hydropowcr gcncranon-

irrigation water suppiy ‘and river maintenance flow supply. It is to be constructed in
the initial phasc of the Kuantan Mulhpurposc Development Pl‘OjCCl It is necessary to

“allocate the cost among thesc uses to' fix the ‘prices of power and to' determine’ thc_
contribution required of flood mitigation beneficiarics, - Since flood control and river
- maintcnance flow supply are consndcrcd to bc undcr thc jUrlSdlCthn of River, thc :
. _purposc has bccn groupcd as foltows : : :
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River Flood control and river maintenance flow supply 3
Hydropower Hydropower generatlon : : ' |
Irrigation | Irrigation

In this section, the construction cost of the Kuantan Dam has been allocated to each
purpose.’ : ' '

3,22 Method ot‘AIlocatlon

The most. commonly appllcd allocatlon method is the remmnmg—beneﬁts and :
alternative justifiable-expenditure method. - This method is apphcd for the present
Study. The outline of the mcthod is as follows
(i) 'Pn_nmplcs of C_ost Al_lo;:athn _
e Cost for common use facilities is to be allocated to each purposc based
-on the determined allocation rate. : - . '

e Costs of facilities which are used excluswcly for a smgle pl’OJCCt
. function are to be bome by that function.

(2) Rcmammg, bencflts and Alternative Justifiable- Expendlturc Method

» Scparablc costs of costs for common use facxhhcs for a smgle funct;on '
~ are to be borne by that function.

‘e Joint costs (total cost less the sum of separablc costs) are assumed to be-
 distributed in accordance with the amount of remaining bénefits. The
remaining benefits are the difference between -the lesser- value of
alternate single purpose cost or justifiable expenditure and- the scparabic
costs and exclusive-use facility costs. :

~e  The allocation rate is the ratio of thc lOtdl arnount of thc abovc two 1tcms
10 the total cost ConT o

3) Interest Rate and Project Lifc

Interest rate and project life have .bcer_i sct at 10% and 50 ycars, respectively. '

3.23 Cost Allocation Calculation
~The procedure of calcula.t'ion is showﬁ in Table :X_I',_BJ and wrﬁmdrizcdbclow f
(1) Capacuty Allocatlon

Thc rcscrvmr capacuy allocatron in thc initial phasc is as follows '

CXI-18"
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Unit: 10°m’
n . . Allocation
‘Capacity : Dry Season ~ Rainy Season
(April-September) (October-March)
Flood Controi - 400 793
Hydropower Gencratlon 528 135
Irrigation - 4 4
River Maintenance 213 . 213
Dead Storage : 9% %
Sedimentation 335 335
Gross Storage : : 1,570 1,570
(2) Identification of Purposc
As stated prekusly, the purposc has been groupcd as follows
River Flood control and river mainlenancc flow supply
Hydropower | Hydropower g generanon and dead storage
lrrigation lmganon

The reason of allocatmg dcad storage capacity to hydropower gencratlon isto
- maintain a higher rcscrvou' water level for the benefit of hydropowcr
gcneratlon : :

(3) Altemate Single-purpose Cost

Alternate single-purpose costs have been calcuiated for the purposes of river
and imgatlon as follows: -

(a) River

Neccssary capamty is as follows

R . Unit: 10°m’
Purpose ‘ . Capacity
Flood Contro) ’ T 793
River Maintenance Flow - 213
Scdlmt.ntauon © 335
1 Total T O E 1,341

' ’I'hc crost elcvatlon of the altcmatc smglc purposc dam with a CdpdClty

-~ of 1 341x106m is. obtained from dam crest clevation -versus reservoir

_ 'capdcuy curve prcscntcd in SECTOR XII, DAM ENGINEERING. It is

“EL119.4 m The constriction - cost is subscqucntly obtained at

Rp. 253><10 through the dam crest clevation versus construcnon cost
curve prcscntcd in the same bCClDl‘ rcport




XI' Multipurpose Development Plan

®) ”Irrigation

'Necessary capacity is as follows:

Unit: 10°m®

Purpose Capacity

|_lmrigation 4
Sedimentation * B 168

Total . 172

* 50-year sedimentation is considered.

The crest clevation of EL93.5m and the construction cost of
Rp. 180x10° have been obtained by the same procedure as the case for
River above. S -

(4) Justifiable Expenditure

justifiable expenditures have been calculated for the purposes of River,
Hydropower and Irrigation as follows: :

(8) River

Justifiable cxpenditure of the river consists of those for flood control and
' river maintenance flow supply. It is Rp. 512.9x10° (Rp. 300.9x10° +

Rp. 212.0x10°), as follows: - T |

(i) - Flood Control

Annual Benefit L " Rp. 30.8x10°
Annual Operation and Maintenance Cost Rp. 0.44x10°
(0.5% of Total Construction Cost) . '
Capital Recovery Factor ' S 0.1009
Justifiable Expenditure " Rp. 301x10”

(i) River Maintcnance Flow

~ Justifiable cxpcriditufc of river ‘maintenance flow ‘has been
" calculated as the altcrnate cost. Neccssary capacity is as follows:

‘Unit: l,Uﬁm"' |

" Purpuse.. .| Capacity
| River Maintenance Flow_~ | -~ 213
Sedimentation . | .~ 335
Total =~ = 1 o 548

The crest elevation 'Qf'EL_IOS..’?.rJn'and t_ﬁé -Cén'structidn cost of )
Rp. 212_x1_0_9 have been obtained. o e
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XTI Multipurpose Development Plan

(b) Hydropower Generation |

Justifiable expenditure of hydropower generation has been calculated as
follows: o

90% Dependable Power 944 MW

| Annual Generated Energy- 583.4 GWh
Annual Benefit Rp. 87.9x10°
Annual O&M Cost Rp. 0.44%10°
Justifiable Expenditure .Rp. 867.2x10°

(c) Irrigation

Justifiable cxpcnditurc of the lmgalton has been calculated as follow:
(for detail, see. Tablc XL.3.1):

Total Irrigation Area ~5,234 ha

Annual Benefit  ~ | Rp. 8.22x10°

‘Annual O&M cost Rp. 0.44x10°

Justifiable Expenditure Rp. 77.1x10°
ﬁ‘ R | (5) Scparable Cost

' Separablc costs fora smgle functlon have been calculated as the total pro_]cct
cost less the estimated cost with that functlon omltted as follows:

Unit: 10° Rp.
“Purpose Separable Cost
River = . 1 510
Hydropower | 12.0
- frrigation. : 1.00

| (&) '_ Rate ()f-.A'!loé'al.iOn

The rates of- allocatlon ‘have bccn accordlngly dctcrmmcd as follows (for
'calculdtlon dctall rcfcr to Tablc XL.3. 1) :

Unit: %

Purpose ‘Rate of Allocation |
| River 352
1 Hydropower 58.4
Irrigation - 64
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~ Table XI.2.1 ALTERNATIVE CASE FOR KAMPAR AND KAMPAR KIRI RIVER

DEVELOPMENT PROJECT
Reservoir Capacity Design Discharge for River improvement
' SR (S - Kerinci- .
KiiNo.1 | KiriNo.2 If_’:;:‘;(im I‘;";;f‘;(im Kampar Kid| oot | River
N ) _ . _ : S Mouth
Case |Purpose Cépacity Purpose 'Capacity Design Q | Design Q | Design Q | DesignQ | DesignQ
. 10°m® - 10°m’ mfs m’/s m’fs m’/s m’fs
F.C. ol RC. | 0f 1630 1240 3,100 6800| 7,050
INo.1| HC. 646| H.C. 438 ' |
pC | 1350] DC | 1612
GC. 199| G.C. | 2,050 |
FC. 100} . F.C. 40 - 690 450 2,500 5,500 5,750
Mo 2| HC 646] H.C. 438
~I'pe| 130 pe| o asi2
Ge | 200 G.C 2090 |
F.C. 200{ FC. | . 50 450 370 1,700 5050 5300]
No.3| HC. Ceds| me | a38 - h |
{ pe 1350| D.C. | 1,612
GC. | 219 GC 21000 ]
|1 | rc 250 R.C. 150 350 170 1,450 4,850 5,100
no.a| B | sl mc | 438| |
| pc 135 D.C. | 1612
| ee | 2246 G | 2200 )
I EC. 300 F.C. 200 250 80 1,450 4,850 5,100
No.5| HC. 646| HC | 438 | ' ) |
DC | 135 DC | 1612
G.C. 2296| G.C. | . 2250
Noté: F.C: ~ Flood Control Capacity
HC.: Hydro'power.Capacil.y.
D.C.: Dt_:ad Slofégc Capacity
‘GG - Gross Storage Capacity-




Table X1.2.2 :COST CALCULATION BY DAM-RIVER IMPROVEMENT COMBINATION FOR KAMPAR AND
- KAMPAR KIRI RIVER DEVELOPMENT PROJECT

Dam snd Reservoie S - Rives Improvement L ’
K No. 1 - KiiNo.2 | R K s | Famenekint | = o ™ | G| oow
Cise _[Puposel Capacity] Com |Purpose]Capaciy|  Cont Duaiga | Cost |Design Q| Cost |Derign Q] oot [Design @] Cost |Desigeq| Com -
iewhorrg . 10t w10 Rp|10° R s [10°Re. ¥ [10°RA s [10°Rp s [10°Rpl ws |10°Rp|i0"RY 10°Rp
rc.| o -{rc| o ~| 16m| 68| 126 of 3000 130 6g00] 6s0| 7050] 35|
No.1 |ne e8| -lne| sl -
pc{1as| -|pel sz -
cc. | 1996 37| ccf 205 193] ss| | s o wo| . | eso| .| 3ss|1zm| 17ee
re| w0 -|pel| e -1 e 18| 4so| . o| 25000 ms| ss00| 60| 5750! 340 '
Ne.z | HC. ,_'6;15 lme| a] | - -
DC.| 1350 - 'p:.c. i612 AL 7 7
6.C.| 2006 37| Gic. | 20| 13| sm| | o | us Cem| | 340 1074 1684
rc.| 2000 -|rC| s 21 aso] ol sm| o 1900| es| soso| s7s| s300p sis
o3 [ne| e8] -lmc| 4 - ' '
' pc| 1350 | pc|ie2 - _
G.C.| 2196 38| G.C.| 2000] 193] 77 e 0 85 578 ats| 7S 1,552
re | 20l S| Re| 1 | asol of 17l of .14s0| 72| asso| ses| saco| 302 o
No.a |He| 66 -lwmc| am| . - ' . '
pC.|1as0)  -fpc| e - N _
G.C.§ 2,245) 388 G.C.| 2200 196] 584 . i) 1] . ri 563 : 302 937 1,521
rcl a0 -lrcl 200 | oasol el sa] oo 1dso] 72| assol sea] suoo|  se2
No.s {He] e Jlme| as - ' N .
oc | 1350 - DI.CT_ 1,612 . _ _
o.c | 229 3| G.c 2250 200 sm: 0 0 7| sea} | 0o w7| 1328

Note; F.C.: Flood Control Capacity
H.C.: Hvdropower Capacily
D.C: Dead Sﬁrzgc Capacity
G.C.. Gross Storage Capacily '

1



Table X1.2.3 ALTERNATIVE CASE FOR INDRAGIRI RIVER DEVELCPMENT PROJECT

Case| Dam [S.W.L] _ Storage Capacity N.W.L. Design Discharge
] om | oot | gnin || s | ke S o
EL.m iﬂs m? | 108w [ 108 m® | 10%m® [ 10°m® | 10°m® | ELm | m’s | mYs m’/s
k-1 ' 2100 | 1,345 | 0 117 213 425 11088 | 1,260 | 4,570 | 4,180
K-1-2 1V z2we| n200] 1as| m7] 23] 425 |[t1n4| 1,520 4670 | 4,290
N 2100 ] 1,000 | 345 | 117 23| 425|142 | 1,910 | 4840 | 4,470
e 2000 86| s20) 17| 213 425 |1167| 2,280 | 4990 4,620°
K-1-s|kasaa 12501 2,000 | - 600 | 745 117} 213 | 425 {1193 ] 2,720 | 5180 | 4,820
. 2100 d00[ o945| m7} 213 4251213 ] 3,60 | 5360 | 5010
K-1-7 ne 2001 200 10450 17| 213 | 4251232 4420 | 5890 | 5,570
K-1-8] - 2100 ] 0] 1,345 | 117 23| 4251250 6,550 | 6,780 | 6,500 |
k2| |- 1800 1065{ o] a17] 213 425 1088 | 1,780 ] 4,780 | 4,400
B | E 1820 1,000 65| 17| 213} 425 |1100:[ 1,910 | 4840 | 4470
e2sf ‘1,820 | 816 | 249 117 213 | 425 [ 1129 | 2,280 | 4,990 | 4,620
' [k2-alroisas -l1225] 1,830 | 600 | - 465 | 117 [ 213 | 425 | 115.8| 2,720 5,180 | 4,820
fzs| ) 1820 | 400 ees| 17| 213 | 425 | 11837 3,160| 5360 { 5,010
el | | s | 200 ses| 17| . 213 |- 425 | 1206 | 4420 |' 5890 | 5,570
ol | [ise | ol 1065 - 117| 213 | 425 [1225| 6550 | 6780 | 6,500
K31, 570 | 8is | 0| 17| 213| 4251088 | 2280 | 4,990 | 4,620
E: ks | us7a] e00 | 25| a7 ] 213 0 425 1124 72,7-270' 5,180 | 4,820
k-a-sfxaenn (1200 1,570 | 400 | 415 | 117 ] 213 425 | 11527) 3,160 | 5,360 | 5,010
PR S P W T 200 615| 17| 213 425 | 117.8 | 4420 | 5890 | 5570
kas| | 1,570 o 85| 17| 213| 4251200 6550 | 6780 | 6,500
e ] 380 [ ses o] 17| 23| 4251087 2740 [ 5,190 |- 4,830
kel | [ 1as0] 400 95| m7| 213 425 121 ] 3160 | 5360 5010
K-4-3 Kiaman  |117.5 '1,350, 200 | 395 | 117 213 425 11148 4,420 | 5890 | 35,570
el | [ass0| o] ses| ur| 23] 45| nzs| 6550 | 6780 | 6500
x5 | 160 | 405 | o] 7| 23] 425 | 1088 3160 5360 | - 5010
fkes2ama  {i15.0| 1160 | 200 | 205 | m7 | 213 | 425 {1123 ] 4420 5890 5,570
wss| | P iiee| - o] 405 | 17| 213 | 425 [ 1150 | 6,550 | 6,780 6,500 .
kose [loamn 1200 | 1,570 | 468 | 415 | 49| 23| 425 |107.8 | 3,000 | 5290 | 4,940
A foses | |7 o o] e | 93|d8L8| - - |-
[<se friaman f1200] 1570 | 4t | ais| 36| 213 | 425 | 1075 | 2980 | 5290 | 4940
Colswa [T 7 o] ol am 1 wvlaeo} = | - | -




Table X124 B-C AND B/C CALCULATION FOR ALTERNATIVE CASES OF INDRAGIRI RIVER DEVELOPMENT PROJECT )

WL, Rescrvoir Capacity Cm&mm‘_@mﬁwl . . BL | BT !
- . - Pam Power | Toul Present .
| Lok | - - | Suation . Value B
ox | 0w | Grom| Fiood i Sumbic | PR g | Tout € | Aot | Asowal | Accual
Perman | R T
W' | 10Pm’ | 0= A m'A w'ia dad
ELm *2 3 *3 3 GWh
ELm - " 1PRa | 10%o | 0%Ra | 20%Rn | 30'Ro | sofee | xoPRe | 10'Re | 3d"Re | ao’me | oaifenc | oafRe
K1l [ Fusntw 2100] 1,45 : 1260 4370] 4150 . I 3| -
. {WL.108.8m' : : . o] 1308 o N 3;{% si0td 'm )
. : - 21 1784] 4789| 2eas| -we3gl o 107] 1 165,037 10,1 Si 7| 188
¥.1.2 | Kuaoan 2am| 120l sk 15207] 467 250 : 0.7 -
. : © (Wl1114m : 4989
: [ 290 3267 48201 28891 130 LoJ35F 152681 16333) 6754) 32 23069 2] 151
K13 |Kuaisao 2300] . 1,000 M5 190 480 2470 R .7
. (W1.114 2m : . 6208 .
X439l swoel =7l 92053 162 16713] 165031 90261 295301 asaagl mus| 18
K1t [Kuantsa 2100 815] 529 2280 a0 40| 6.7
: (WL.116.7m) . . } . 700.5 -
- . _ . 290 271 2929 128860 1881 vA666] 6513| 100870 273001 270680 9402] 153
K-1.5 {Kuoan | 1250] 2100 el 5[ 270 sa80] 4820 j 1391
_ © O (WL193m . o - 7681 L L
i : : 2001 53l sqidl 2958l 1ndl  Inf 1RSrd] 14803 i5ar) 29100t 28852 ) jomssl  ies
K16 IXuaman [+ - | 2700 CISNES I Ai60] 5360 5010 ) 155.7 .
(WL.121 3m o . 1 : - 09 L
M| 56591 52:04| 20851 13037 2539 193671 1653131 13874 | 303881 30120 NI
¥-1:7 [Kuacian i 2100 0] 13ds 4420]  SE90| ss0f. - I 15661 - . . :
el 4 WL1232m) SR N | ) C | mosy - R
_ : 2301 7320 s§522) A0l 95726] - 2a1F 24361 165131 743 312560 10099 Al 145
K18 |Xuamtan - 2,100 D] 1345 - 6550 - 6,780 6500 : } 175.0 .
’ - (W1.1250m R ; ) E583) o .
. . 2001 9682) 59681 31291187801 292 246000 16513: 154201 319341 66z 0632 129
K11 {Kuantan ’ 18201 10651 [] 1780 4780 [ - 4400 BELE] NS
: (WL1088w . . : 353 |- .
. : 277] 39821 4952l 2:0%) 11438 7] LS6TR] 165331 45001 (el 2om3s5]. 5153 133
K22 [Kuanian 180 | 816] 249 2280] 499G 4620 839 - o -
BE - (WL.112.9m . B N - | s616 .
- - 277  4B3Q)- 3129F 2onl-ydans 1470 172.6) 165131 #0091 24506F 24302 Tiga| 142
K-2-3 [Kuantan . 1820 01 465 2720] 5280} 4520 j ] 10838 . . . j
s . (WL.115.8m . . . sl .
I 27r] 52331 2l c9sgl 13e04 178 17954} 16593] w0143 ] 26656 26429] aavaf 147
X.24 |Kuantan 1,820 0T 65 C 3360 s360[ 010 ] - . 1300
(WL.118. 38 43
. | 2771 36391 294l 2985) 13937 2R 1887] 16503] 1187a) 28387| 28145
K25 |Kuantan 1820 200] 865 44207 SES0| 5570 . 1497
' (W1.120.6m - ’ : ’ : 1892 :
: 1 Zril Ml §5se2f B3] 15726 243| 20%26] 1AS3F Mkl F927] so6rz] g 4
K-2-6. | Kuankan 1820 -0l 1068 6550 6780 6500 ] L 1633 -
- . WL1225mY - ) : . S84 ) 1. -
| 21| oed2l - 59681 38290 187801 2601 242470 5 469 | IPEZ] IGNRE G7E] 127
K31 |Kuaotan | - ] 1570 815 | 0 C2280 7 4990] €0 ; 385 :
. (W1.108 8m) nsal o :
{ 265 | o1 s122] 2099 2 225 167861 165331 4500121014 20835] 4049). . 124
K:3-2 |Kuarian 1590 0] 215 27201 5080 AR i 80.1 ] B T
: : (Wi.1124m . ; 5500 . '
: ] 26315233 S214) 29<8] 13404 1440 17494} 165331 - 72| -21.85] 230791 4183 137
K33 [Kuantao 13701 W0l 415 3060|5360 5,010 B 1T 1038 . S .
. 1200 [WL.115.2m ol : . . . £57.0 : .
| 2651 56591 s:04] 2985} 13937 Wk aer] asnasl  9raa) 26235 26003
K34 |Kwnlo 1,570 200] &5 44201 58901 5570 1 A ST V]
- W1.117.8m - . - ) : :
1. . | 2651 7171k ssp2l Al svre 60| 2o0B6)- 16893 1S0B| 2801 ) 27983 el 1
K335 [Keantan 1370 ol ~ &1 6330} 6750] . 6500 ] [EI .
{WL1200m . - ) . T18S . . %
. - B [ 2651 96821 5968| 3129) 18180 2331 231600 363130 13003] 295261 29274 A318 123
K41 [Xvantaa 1350 595 | ol 1T Zae0] saw0] 4830 e ] 1 s j )
. {WL.108.6m ) ) : |omsal
| S 233 sl sna| mssl 13409 128§ 1L7309] 16S43E - 4500 2014} 2081%) 3e26] 12
K2 |WKuauian 1350 19 30| 530f 5010 ] B - 768
. - . (WL11Z1m 1. 5139 ; . -
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K43 [Kuanian 1350 2001 395 4420) 5890 5390 . : - woes| 1 -
' [WL114,8m ¥ ' B 6T : . -
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Table X1.3.1(1/2) ALLOCATION OF CONSTRUCTION COST FOR KUANTAN DAM

Total

Particulars Unit _ Purpose
B River | Hydropower | lrrigation
Required Reservoir Capacity 10°m* 1,341 225 | 4 1,570
Multipurpose Cost . '
Sedimentation Capacity 10° m® 335
Required Czpacity 10°m’ 1,235
Total capacity 10°m® 1,570
Dam Crest Elevation ELm - 1220
Construction Cost (a); Rp. 10° 300.5
Alternate Single Purpose Cost . _
Sedimentation Capacily 10° m® 335 . 168
Required Capacity 10fm® 1,006 - 4
Total capacity 10° m® 1,341 - 172
Dam Crest . ELm 119.4 - 93.5
Construction Cost ®) Rp. 10° 286.9 - 2081
Justifiable Expenditure (©)| Rp.10°. 512.9 866.8 77.1
Lesser value of (B and (<) ~__|(@)f Rp. 10 286.9 . 866.8 77.1.
Exclusive use facilities cost )| Rp.10° 0.0 2022 0.0
(d)-(e) ol ' 286.9 664.6 771
Sepérable Cost ' '
Sediment Capacity 10°m* 335 335 335
Other Purpose Capacity 10°'m® 229 1,010 1,231
- Total capacity 10° m’ 564 1,345 1,566 |
Dam Crest ELm 107.1 119.5 121.9
Construction Cost Y Rp.10° 242.7 286.9 299.4
Separable Cost [(2)-(2)] () Rp. 10° 57.8 13.6 11 72.6
Remaining Benefit [(0-(0)] | ()] Rp.10° 1229.1 651.0 760 | i . 956
Ratio of Remaining Benefit @) % 240 681 19 100.0
Allocated Joint Cost @l Rp. 10° 54.6 5520 181 228 *1
Total Allocated Cost [(h)+(K)] Rp. 10° 112.4 168.8 19,2 300.5
Rate of Allocation . | % 37.4 562 6.4 100.0

_Notcﬁ “1 (Muhijai;rpoﬁc Cost)-(Total of Separable Cost) .




Table X1.3.1(2/2) ALLOCATION OF CONSTRUCTION COST FOR KUANTAN DAM
Breakdown of Capacity Allocation and Calcutation of Justifiable Expenditure

Particulars . Unit : Value
Catchment Area . km’ 7453
Capacity Allocation . ) :
Flood Control (Rainy Season)  10°m® : ' 793
Flood Control (Dry Season) 10° m® , 400
Hydropower (Rainy Season) 10°m® : 135
Hydropower (Dry Season) 10°m’ 528
Irigation 10° m’ ‘ : 4
River Maintenance . - 10°m?® : 213
Sedimentation 10°m° o 335
Dead e 10°m’ - .90
Sedimentation for Sﬂ-year . 10° m’ _ - 167.5
Gross {Rainy Season)’ 10°m® 1,570
Gross. {Dry Season) ‘ 10° m® : - 1570
|Dam Cost (Multipurpose Cost) Rp, 10° ' L 265
Basic Condlhon for Justifiable Expendnure Calculanon .
Interest (i) ' o 0.1
Project Life (n) B - Year . L 50
@+ T ' ' o © 0 117.39
‘Capital Recovery Factor B ' R o 0,1009
Justifiable Expenditure for Flood Comrol B b : ' '
" Annual Benefit - - Rp'. 10° : - 30.8
Annual O&M Cost : Rp. 10° - o 044
' Jusiifiable Expenditore - | - Rp.10° S . 300.9
Justifiable Expendnure for River Maintenance Flow (Allernate Single Purpose Cost) '
Sediment Capacity - : 10° m : : ' - 335
Required Capacity L 10°m’ - i 213
Total capacity 10w’ : ' " 548
Dam Crest “ELm . . 1067
Conslruction Cost C Rp.10°, L 3 ¥
Justifiable Expenditure” =~ Rp.10° e - 212.0
Justifiable. Expenditure for Hydmpower Generauon ' ' ' o
' 90% Dependable Power MW - B 944"
. Annual Generated Energy B GWh _ 7 5834
kW value USS$/AW (>=50MW) : 318.14
kWh value ussaxwh | - . 00178
Conversion Rate Rp./US$ . _ 24175
Annual Benefit Rp. 10’ ' : : . 879
_ Annual O&M Cost . : Rp. 10° ' 0.44.
Justifiable Expenditure Rp. 10° . o 8668
Ju‘;uﬁable Expenditure for Irigation ' T ' B(,nci" { Rate
Irrigation Area Exisling 1 - ha ' ' ' 1 670 - 03
Irrigation Area Existing 2 . ha . : 376 0.6
Irrigation Area Existing 3 1 ha - 2,096 10
Irrigation Area New ha o 5234 10
Annual Unit Benefit ' " Rp.1000/ha S 1,020.6
Annual Benefit Rp- 10’ B = S 822
Annual O&M Cost S Rp10® . . 044
Justifiable Expenditure .~ |- . Rp.10" LT 7710
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XII Dam Engineering

'CHAPTER 1  SELECTION OF POSSIBLE DAMSITE FOR OVERALL

DEVELOPMENT PLAN

‘1,1 Candidate Damsite

1.1.1 Selection of Candidate Damsite

PLN conducted a prefeasibility study on hydropower development in the Kampar,
Indragiri and- Rokan river basins from 1979 to 1983 and identified 11 promising
damsites; five in the Kampar river basin, four in the Kuantan river basin and two in
the Rokan river basin. Among them, nine damsites in the Kampar and Indragiri river
basins are situated in the present study area. ' : ' e

Aside from the previous PLN study, an overall review of the promising damsites was
carried out in this study and one additional damsite was identified in the Sukam river
basin in the Indragiri river system. Therefore, the candidate dams for the Overall

‘Development Plan study comes to 10 in total for the 10 dams listed below. Their -

locations are as shown in Fig. XIL.1.1,

(1) Kampar River Basin

(a) Kapoernan Dam
(b) - Mahat Dam
(¢) Kototengah Dam
" (d) . Kampar Kiri No. 1 Dam
(e) Kampar Kiri No. 2 Dam -
- (2) Indragiri River Basin

(a) Upper Sinamar Dam
' (b) Lower Sinamar Dam.
(c) SukamDasm -
(d) Upper Kuantan Dam
(e) - Kuantan Dam_ -

112 ‘Physical Condition of Candidate Damsite

The maximum water level and Teservoir capacity of the candidate damsites sclected

“were studicd on topographic maps with the scale of 1/50,000 and contour line of 25 m

interval. Then, five damsites for the Kampar Kiri No. 1, Kampar Kiri No. 2, Upper

- Sinarniar, Sukam and Kuantan dams, respectively, were further studicd on topographic
maps with scale of 1/10,000 and contour linc of 2 to 10 m interval. .

" The rescrvoir areas of these 10 candidate damsites arc shown in Fig. XI1.1.2. The,

" axis of cach dam is. as shown in Fig. XIL.1.3. The clevation-area-storage capacity

curves of rescrvoirs are as shown in Fig. XIL.1.4, and potential reservoir capacities of

* the dams are given in Table XIL1.1.

X1



X!l Dam Engireering

The maximum water levels were determined taking topographic and social conditions
into account. The maximum water level of the Kapoernan Dam is limited by the
Muara Takus, an old and very precious Buddhist temple located upstream of the dam,
while that of the Upper Kuantan Dam is limited by the large towns of Muara and

Sijunjung upstream of the dam.

The maximum water levels of the Kototengah and Upper Kuantan dams are limited to
EL 240.0 m and EL 150.0 m, respectively, due to topographic conditions. The
reservoir capacities of these dams are small and no cffective storage can be secured

against 100-year sediment deposit.

The Mahat damsite with riverbed elevation of EL 63.5 m will be submcrgcd in the
reservoir of the Kotapanjang Dam which is prcsenﬂy under construction with a high
water lcvcl of EL 85.0 m.

The Lower Sinamar dams:tc has geological problcms at the foundation due to the
existence of limestone near the proposed dam axis and serious watcr leakagc is

expected.

12 Possible Damsite
1,2, 1 Criteria for Selection

The present study aims at establishing the Overall Devclopmcnt Plan of flood control

and water supply for irrigation, domestic use, hydropower, industry, inland fishery, -

ete. To meet this objective, dams at the possible damsites were selected from among
_the candidate damsites based on the following criteria, rcfemng to the results of field
reconnaissance, related reports and topographlc maps.

o Dams for flood control purposes should have a catchment area of more than
30% of the catchment area at the reference point. cons1dermg the effects of

dam.
¢ Dams to be proposed should have a catchment area of at least 400 km” and an

- effective storage capamty of more than 100 x 10° m® considering economic -

feasibility. _
¢ Dams thh gcologlcal problems at the foundation should be chmmatcd

1.2.2 Selectlon of Possible Damsnte

The dams at’ candidate damsites were cvaluatcd in dCC{)rddnCB w1th the sclcchon‘
criteria mentioned above. From among the 10 candidatc damsitcs;. the foilowmg six

dams werc sclcctcd as possnblc dams subjcct to further study

1) Kapocrnan Dam

(2) Kampar Kiri No.1 Dam
(3) Kampar Kiri No. 2 Dam
(4) Upper Sinamar Dam

(5) ° Sukam Dam

| XI-2
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Xit Dam Engineering

(6) Kuantan Dam

On the other hand, the remaining four dams were climinated due to the reasons
mentioned before. '

(1) Mahat Dam: Existence of Buddhist Temple in the reservoir area.
(2) Kototengah Dam: No effective storagecapacity. :
(3) Lower Sinamar Damsite: Limestone foundation.

(4) Upper Kuantan Damsite: No effective storage capacity.

Geological conditions of the six‘j:ossiblc damsites are described in SECTOR IV,
GEOLOGY AND SOIL MECHANICS. The physical conditions of the six possible

-damsites arc summarized in Table XII.1.2.

1.3  Comparison between a Single Large Dam and Several Small Dams

In the previous section, a dam with a rather large storage capacity is considered as a

means of efficient and economical flood controi and water resources development.

However, a large dam naturally has greater environmental and social impacts than .
small dams. To reduce the impacts, the construction of several small dams may

become an alternative. '

As studied in subsequent sectors, the Kuantan Dam on the Ifldragiri River is a
promising dam as a priority project for the flood control and water supply plans. This -

- dam is large and has a gross storage capacity of 1,570 x 10°m® or an effective storage

capacity of 1,145 x 10°m’. To compensate for this large dam, many small dams shall
have to be constructed and this will be very costly. : .

For instance, the gross storage capacity of a standard scale small dam with a height of
10 m on a river channel with a width of 100 m and riverbed slope of 1/500 in a hilly
area comes to 2.5 x 10° m®. To have the storage capacity equal to the Kuantan Dam,
about 550 small dams are required. On the other hand, the gross storage capacity ofa
small weir with a height of 4 m on a river channel with a width of 200 m and riverbed
slope of 1/5,000 in the lower stretch comes to 8.0 x 10°m®, and 120 weirs arc
required. . . ' . S -

' - The construction of a lot of small dams is thcrefore unrealistic and very costly

although the scale of small dams is sufficiently small. ‘Furthermore, flood control by
small dams is operationally difficult because the complete combined operation of all
dams is required due to small storage capacitics and flood protcction may have to be
made by a complete dike system. A single large dam is accordingly recommended in
the present study since the required storage is large énough to fulfill the cnvisaged

function of the dam, Small dams arc to be considered locally depending on water

demand. .

: _axn -3
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CHAPTER 2  STRUCTURAL LAYOUT PLAN OF POSSIBLE DAMS
FOR OVERALL DEVELOPMENT PLAN 1

2.1 General

To estimate the cost of possible dams selected, the structural layout pian of each dam
is prepared. Criteria for the structural layout plan are established, referring to
guidelines, standards and criteria for dam design in Indonesia and Japan. These are
modified to some extent, taking local conditions and practlces applied to the existing
dams and aux1llary facilities into account. :

The dams subject to structural layout planning are as follows:
(1} Kapoeman Dam
(2) Kampar Kiri No. 1 Dam
(3) Kampar Kiri No. 2 Dam
(4) Upper Sinamar Dam
(5) Sukam Dam . ;
(6) ' Kuantan Dam

22 . Criterié for Structural Layout Plan

2.2 1 Selectlon of Dam Type . ' S | o . ' 3
Two types, concrcte gravity dam and rockfill dam with a center core, were adopted.

Type selection for each dam is made based on the foliowmg considerations.

. Topographlcal and geologlcal c0nd1t10ns at damsite;
~ Availability of construction materials in and around the damsite; and

¢ Construction cost. _
Upstream and downstream slopes of dam are cmpmcally detcrmmed as folIows

e Concrete Gravity Dam : 1 :0.15 (upstream); 1 : 0.8 (downstream)
e Rockfill Dam :  1:2.3 (upstream); 1: 1.8 (downstream)

Based on the above, dam type of the six possible dams are determined as below:

Name of Dam: : . Dam Type
Kapoernan Dam - .| Concrete gravity type
. Kampar Kiri No. 1 Dam Rockfill type ' .
Kampar Kiri No. 2 Dam Concrete gravity type -~
Upper Sinamar Dam - | Rockfill type
Sukam Dam ' Concrete gravity type
Kuantan Dam ‘Concrete gravity type

CTe
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2.22 Discharge Facilities
For discharge facilities, the following criteria are applied:

Diversion Tunnel

(1) Number of Tunnel Lanes

Dam Type No. of Lanes
Concrete Dam 1 lane in principle
Rockfill Dam - 2 lanes in principle

Circular section tunnel shall be adopted, and invert elevations of inlet and
outlet of the tunnel shall be set at the same clevation as the existing riverbed.

(2) Typeof .Coffcrdam

Main Dam Cofferdam
Concrete Type | Concrete gravity type -
Rockfill Type Rockfill type with center core

Spiliway
(1) Ord_ihary Spillway

Ordinary spillway shall be pfovidcd to regulate outflow discharge. for the
flood control of up to a S0-year rcturn period flood. '

(2) Emcrgcricjv Spillway

- Emergency spillway shalt be provided to dischéfgé extraordinary floods of
more than 50-year return period flood for ensuring dam safety. '

River Outlet

River outlct shall be provided to discharge water for normal flow such as river
maintenance flow, irrigation water, domestic water, etc. '

'2.2.3  Design Discharge

Scalc of dcsign_disc;hargcs for discharge facilitics are sct as follows:

(1) Diversion Tunnel .~

Dam Type - - |: Design Scale

Concrete Dam ' 2-year return period flood
Rockfill Dam - : | 20-year return period flood

x-S
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(2)- Emcrgency Spillway _ 0‘
Dam Type Design Scale
Concrete Dam 1,000-year return period flood
Rockfill Dam Probable maximum flood (PMF)

(3) River Outlet

The design discharge cover river maintenance flow . and water supply :
dlschargcs The design discharges determined are given in Table XIL2.1.

2.2.4 Design Water Level
Design water levels of reservoirs are defined as follows:
(1) Design Flood Water Level (FWL)

Maximum water level, during dam design flood ﬂowmg out through both
cmergency and ordlnary spillways conmdenng reservoir retardation effects.

(2) Surcharge Water Level (SWL)

Maximum water level corresponding to maximum storage volume to be
allocated for flood control.

(3) Normal Water Level (NWL)

Maximum water level corrcspondmg to maximum storage volume to be
_ dilocatcd for water utilization such as water supply and power gencranon

(4 Low Water Level (LWL)

Water level corresponding to dead stordgc volumc consmtmg of sediment plus
dead water. : .

Scdiment volume shall ‘be calcuiatcd assuming the followmg spccmc
“scdimentation voiumcs and 100-ycar scdlmcntdtion :

River Basin - - { Specitic Sediment Volume

Kampar River Basin_ L . 500 t_n’/kmzlyr-
Kuantan River Basin (Smamar chr) ' ' 585 m°/km"/yr
Kuantan River Basin (Kuantan and Sukam Rivers) | - 523 m°/km*/yr

The scdiment capacity of cach dam is given in Table XILL.1. ©
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'2.2.5 Dam Crest Elevation and Width

E’ ‘Dam Crest Elevation

Dam crest elevations shall be determined as the highcst among the following cases:
(D) Concrctc Gravity Dam

(a) Dcmgn flood water level (FWL) + 1.0 m ((freeboard) + 1.0m
(additional height due to spillway bridge constructlon, if

necessary).

(b) Normal water level (NWL) + 2.0 m (freeboard) + 1.0 m
(additional hclght duc to spillway bridge construction, if

_ necessary).

(c) Surcharge water level (SWL) + 20 m (frccboard) + 10 m
(additional height due to spillway bndge constructlon, if

ncccssary)
(2) Rockfill Dam

@ Dcmgn flood - water lcvel (FWL) + 20 m (freeboard) + 1.0m
: (addltional height for road construction).

(b) - Normal water level (NWL) '+ 30 m (freeboard) + 1 Om.
(additional height for road construction).

() 'Surchargc water level (SWL) + 30 m (freeboard) + 1 Om'
(addmonal height for road construction).

In the Overall Development Plan study, the dam crest elevation is simply taken as
NWL + 5 m, considering the above conditions. ' '

Dam Crest Width

Crest width of dams is determined as follows, considering the required width during
construction and after completion. ' o '

Concretc Dam 5m
_Rockfill Dam : 8m

23 Structural Layout Plan

" To cstimate the cost of p0331blc dams for the comparative study on the Overall -
Dcvclopment Plan formulated, layout plans are preparcd based on the criteria
mentioned in the Section 2. 2 -
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Flg XI1.2.1 shows the typlcal structural layout plans of the possible dams. Their

main featurcs are tentatively glvcn below, subject to change through further study. 1

Name of Dam Dam Type Dam | Crest Gross | Effective

Height Length Storage Slorage

{m) {m) Capacuy Capacny

1 (10°m®) (10°m™)
Kapoernan Concrete Gravity - 34.5 197.0 140 84
Kampar Kiri No. 1 _| Rockfill ~103.0 495.0 2,300 %02
Kampar Kiri No. 2| Concrele Gravity 95,0 385.0 2,250 579
Upper Sinamar Rockfill 132.5 650.0 165 68
Sukam Concrete Gravity - 66.5 /3300 230 203
Kuanian Concrete Gravity 73.0 294.0 1,570 1,145

2.4 Cost Estlmatc

Based on the layout plans prcparcd the construction cost of each layout plan is
estimated under the conditions without hydropower plan and with hydropower plan
applying unit costs- presented in SECTOR XV, PROJECT COST ESTIMATE.

The costs estimated are given in Flg XIL 2 2 in the form of curve by the different _
-dam hclght or installed capacity. - - : ‘ o 3
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CHAPTER 3 PRELIMINARY DESIGN OF KUANTAN DAM AT
FEASIBILITY STUDY

3.1  Principal Features of Design

This chapter describes the preliminary design concept and principal features of the
main structures of the Kuantan Dam which is sclected as. a priority project. The
design is made at the feasibility study level. ' s

Through the optimization ~study of dam scale described in SECTOR XI,
MULTIPURPOSE DEVELOPMENT PLAN, the principal features of the Kuantan
Dam have becn determined as follaws: : :

Surcharge Water Level (SWL) EL 120.00 m
Normal Water Level (NWL) EL 11520 m
Low Water Level (LWL) EL 10200 m -
Effective Storage for Water Supply ' 745 x 10°m’
Total Installed Capacity -~ 114 MW
Maximum Turbine Discharge 270 m/sec

Fig. X11.3.1 shows the reservoir area of the Kuantan Dam.

32 Preliminary Design
' 3.2.1 - Design Conditions

* The basic design conditions are as follows:

(1) Design Flood Discharge

Diversion Scheme . " 1,510 m*/sec (2-year probable flood) '
Dam and Spillway- 10,050 m™/sec (1,000-year probable flood) )
Spillway Energy Dissipator 7,360 m’/sec (100-year probablc flood)
RiverOutlet -~ - ' ~ 100 m/sec T

(2) Design Valhcs

“Seismic Cocfficient - ' 0.12

‘Period of Seismic Wave e 1.0 sec
‘Wind Velocity. R C ' 30 m/sec
Feteh. - R 3 _ Clza0om
Unit Weight of MassConerete — '2.300mm’
Unit Weight of Silted Deposit in thc Air — | 1.80wa/m’
Porosity (n) of Silted Deposit -~~~ = T o400

. 1 Allowable Bearing Capacity of Rock Foundation . .| 40 kg/cm®

I Shearing Strengthof Bedrock -~~~ | 1K em”

‘[ Internal Friction of Bedrock =~ - Tt 1035 degrees

e
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3.2.2 Main Dam ]
Dam Axis

Taking the geological and topographic conditions into consideration, three
alternatives of dam axis; . namely, upstream dam axis, middle dam axis and
downstream dam axis, are set as given in Fig. XIL.3.1, based on thc topographic maps
with scale of 1/5,000.

The three alternatives were compared mainly accordmg to cost and geological
conditions under the following conditions:

Dam Type . _ Concrete gravity

Pam Crest Elevation o o EL 128.5m

Upstream Dam Design Slope B 1:0.15

Downstream Dam Design Slope. B 1:0.80:

Spillway and Powerhouse Sizes B Same for all alternatives

Hard Rock Line 5 m deep from original grmmd surface
Generating Equipment and. Metal Works Same for all alternatives

Bascd on the above c:ondmons, the work quantlty of major works at the respcctlve

dam axis was estimated, as follows: : _ R : 3
Item Iltems of Work Unit | Upstream " Middle Downstream
No, Dam Axis Dam Axis - Dam Axis

1 Access Road . m 20,900 20,0600 | 18,800

2 Diversion Tunnel Length m | 450 500 530

© 3 Upstream Cofferdam Crest ' Co R

' Length m : 135 130 155

4 Main Dam ' K : '
Crest Length m 1,000 320 320
Excavation m .57,000 63,000 62,000
Dam Concrete m’ 374,000 | - 416,000 398,000

5 Spiltway and Powerhouse . - o )
Excavation . T w | 545000 [ 355000 | 656,000

The cost of the three alternatives were estimated, as follows:

_ : _ _ - Unit: 10° Rp
Item " Hemsof Work ‘Upstrcam . .Middle | Downstream
No. - : : Dam-Axis .| . Dam Axi§ = | ;. Dam Axis
1 Access Road . b 8,400 8000 | 7,500
2 | ‘Diversion Tunnel . . 24900 | . 27,400 | . 29,100
3 | Cofferdam ' K Sl 65000 26,300 2o 7,200 :
4 Main Dam and Splllway ' : " 91,600 ‘ 96,700. . ' 96,900 _ ‘j
5 | Powerhouse and Tailrace =~ -25,800 o 248000 | 26,400
Total B 157,200 | 163,200 | 167,100
S B : - (100.0%) | . (103.8%) |: : (106.3%)
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According to the above table, the upstream dam axis is the most economical, although
the diffcrence among the three alternatives is comparatively small. '

However, a shale zone appears at the upstream dam axis as shown in Fig, XIL.3.2
according to the investigation by PLN, which is rather weathered and not suitable for
foundation of any type of dam on the mainstream with a big catchment area. Dam
construction in the shale zone should be avoided. Moreover, 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 the Singakarak lake basin. '

Considering geological conditions and cost, the middle dam axis is finally selected in
view of the following rcasons: '

e Geological condition of the upstream axis is considered to be worst among the
three alternatives because of the existence of a shale zone in the riverbed and
left abutment. A shale zone does not appear at the middle and downstream '
axes and concrete gravity dam can be constructed at such locations. _

e Since both the upstream and downstream axes have. steep slopes for
abutments, excavation of slope for the construction of powerhouse will reach
nearly 100 m in height assuming an average slope cut of 1 : 1.0, and it is
difficult or costly to maintain stability at such a high slope. The slope cut at
the middle axis will be-around 30 m in maximum height: j

e The middic dam axis is the second lowest cost alternative among the three.
alternatives, but cost difference between the upstream and middle axes is as
small as Rp. 6 billion, which corresponds to 3.8% of the cost of the upstream
axis. o . _ :

e At the middle axis, there is a gentle sloped area downstream from the axis on

* the right abutment. It will be convenient to accommodate construction
facilities at this area and also to keep work space.

Dam Type

The topography and geology at the proposed damsite will allow the construction of
cither concrete gravity dam or rockfill type 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 arca of

. 6,377 km- excluding the Singkarak lakc basin, as mentioned” before, and a large

design flood discharge of 10,050 m’ls_cc.

Dam Crest Elevation

“The proposed roscrvoii has SWL at EL 120.00 m and NWL at EL 115.20 m. The
~ flood water tevel (FWL) was cstimated as EL 121.08 m by flood routing, as shown in

Fig. X11.3.2, assuming retarding effect of the rescrvoir for the. 1,000-ycar probabic
flood, which is explained in Subscction-3.2;4;' “The dam crest clevation should be

" designed to be safc against the flood discharge, water waves by wind or earthquake
and other allowances. - The. crest elevation of ‘the concrete gravity dam having

- spiliway gates is determined to be the maximum among the following three cases:
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e Casel : H,+h,+h +05

- (if by, + h, < 1.5, H, + 2.0)

e Casc2 : H,+h,+h/2+05 (ifh,+h/2<15, H,+2.0)

o Case3 : Hy+h,+05

(if by, < 0.5, Hy + 1.0)

" H, : normal water level (EL 115.20 m)
H, : surcharge water level (EL 120.00 m)
Hy; : design flood water level (EL 121.08 m)

h, : wind wave runup (m)

h, : wave runup due to carthquake (m)

The values of h, and h, were calculated at 1.13 m and 0.48 m, respectively,
employing wind vclocny of 30 m/sec, fetch of 2,100 m, e arthquake coefficient of
0.12 and period of seismic wave of 1.0 sec. _

Accordingly, thc_rcqulrcd dam crest elevation for each case is given as below:

Case 1 EL117.32m
Case 2 EL 122.00 m
Case 3 EL12271m

Since the hzghcst elevation among the threc cases is EL 122.71 m, the dam crest
elevation is determined at EL 123.00 m with some allowance.

Tyl:_ucal Cross Scction

The proposcd typical cross section of the dam is shown in Fig. Xi.3.4. The pnnc1pal

dimensions are as follows:

Crest Elevation. EL 123.00 m
Crest Width 5.0m '
Upstream Slope .
Below EL 100m - 025
Ahove EL 100 m | vertical
Downstream Slope (.85

These dimensions were determined by conventional 2 dlmcnmond! stablllty analysns.
The allowable safcty factors arc as follows:

* SF (safcty factor) shall not be less than 4. 0
e Eccentricity shall be less than 12.4 m.
¢ Reaction shall be less than 400 ton/m .
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Item . ' Condition
' ' at Completion Normal at SWL
Sliding (SF) | 42,90 (0.k.) 4.01 (0.k)) - 4.24 (o.k.)
Eccentricity 2.0m (o.k.) ‘ 5.1'm {o.k.) 6.5m (o.k)
Bearing Capacity | 131.3 ton/m” (0.k.) 101.3 ton/m*(0.k.) | 109.2 ton/m*(0.k.)

Foundation Treatment

In the geological assessment, no serious defect was found at the proposed damsite.
However, considering the type and height of the dam, careful attention shouid be paid
to the foundation treatment..

The foundation of the concrete gravity dam is normally excavated to the firm rock
surface to obtain sufficient strerigth and imperviousness of the foundation. In this

design, the following grouting works are planned.

Consolidation Grout 4 m grid and 5 m in depth
(for dam foundation) ; .
Curtain Grout | 1m interval in 1 row and 20 m to 50 m in depth

3.2.3 River Diversion

' D'csig'n Conditions

Diversion tunnels and cofferdams are provided to divert riverflow during the period
of construction of the main dam as shown in Fig. XI(.3.4. The diversion tunnels are
arranged on the right abutment side considering the topographic and geological

~ conditions at the damsite.

Two lanes of diversion'tunﬁc_!s are proVidcd to cope with the rather large design flood
and river closure sequence. ' o :

'A'2-yea_i_r pr_ob_ab_lc flood with a peak discharge of 1,510 m’fsec is adopted as thé
design flood discharge for the diversion scheme without the effect of flood retarding

in the fiver channel. The downstream outlet water level is estimated at EL 66.5 m
assuming uniform flow. In designing the diversion tunnel, the maximum velocity is
limited to less than 15 m/scc for the tunnels lined with reinforced concrete to prevent
scouring of the lining concrete. . : o :

V.Riv,cr'Divcr'sion Schcme | -

“Since the upstrcam cofferdam is sct apart from the main dam in case of a concrete
. gravity .dam, the optimum diversion scheme is sclected to minimize the -total

fferdam and the diversion tunnels. - -

The comparison study was 'madc_assuming the different diarﬁctérs of diversion tunnel.
Type of the cofferdam is concrete gravity. Freeboard is taken as 1.0 m to the water

+

level for the design discharge. The result of the study is as below.
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Particulars Case 1 Case 2 Case 3
Diameterof Tunnel (2Jangs) - | 83m - 8.8 m 93 m
Height of Cofferdam 319 m . 269m - 23.2m
Cost of Cofferdam (10° Rp) 16.1 18.0 20.0
Cost of Tunnel (10° Rp) - 7.7 5.0 ' 3.5
Total Cost (10° Rp) 23.8 23.0 23.5

Based on the above results, the diameter of 8.8 m is selected as the cheapest
combination. The required crest elevation of the cofferdam is set at-EL 79.00 m
(26.90 m in height). The flow velocity of the diversion tunnel at the design discharge
is 12.4 m/sec. o

324 Spiilway

. 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. XIL.3.4, A stilling basin type energy dissipator is adopted
from the vicwpoint of reliable energy dissipation because the powerhouse locates
~ beside the spillway. ' '

The spillway is designed to discharge a 1,000-year probable flood with a peak
discharge of 10,050 m’/sec, taking the retarding effect of the reservoir into account,
However, the energy dissipator is designed for a 100-year probable flood with a peak

discharge of 7,360 m’/sec.

Optimization of Spillway Width

The width of a spillway overflow crest is related with the dam crest elevation.” A
smaller width for spillway requires a higher dam crest elevation. A comparative
study was therefore made to determine the least cost width. The crest elevation of the
spillway is set at EL 106.5 m for the flood control purpose which has to discharge
500 m°/sec at water level EL 109.5 m. The required dam crest clevation is given by
flood routing for 1,000-ycar probabie flood. The results of the study are summarized-
below. - : : .

Particulars Case 1 Case2 | Case3 Case 4
Spillway Width (m) 40 50 60 | 70
Dam Crest Elevation (ELm) | - 126.94 12625 | 12608 | 12608
Construction Cost (10” Rp) ' S _ . LD
Dam and Spillway T 1074 | 1053 | 1044 | 104.0:
SpillwayGate. | 96 109 L 128 149 |
Total ' T117.0 | 162 | 1172 1 1189 |
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Though the least cost width is 50 m, this width is not enough to discharge the
aforesaid 500 m*/s for flood control at the water level of EL. 109.5 m. The width of
the spillway is therefore set at 60 m to meet the above condition. '

Fig. XI1.3.3 shows the result of flood routing for the width of 60 m. The max_imum'
outflow from the spillway comes to 6,970 m’/sec against the inflow peak of
10,050 m>/scc and the reservoir water level (FWL) reaches EL 121.08 m.

Stilling Basin

The stilling basin is designed to copec with a 100-year probable flood as mentioned
above. The dimension of the stilling basin is 69 m wide x 115 m long x 26 m deep.
The apron is set at EL 53.00 m and the elevation of top of sidewallis EL 79.00 m.

3.2.5 Waterway

Design Conditions

‘The waterway for power generation is arranged on the right side of dam body to

sccure suitable location for powerhouse as shown in Fig. XIL3.4. The watcrway is
composed of an intake, a penstock line and tailrace. The design discharge of
waterway is 270 m’/sec. ' ' o

Intake

The intake is divided into three to cope with the penstock line, Fan-shaped weir is
provided in the inlet portion to prevent sediment and air entrance. The elevation of
inlet center is EL 95.0 m. Intake gate of Toller gate type is installed infront of each .
take. The dimension of gate is 5 m widé x 5 m high x 3 units. Trashrack with
fixed screen is also installed infront of cach 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.

Penstock Line

- The penstock consists of 3 lines of stecl pipes conncctin'g the intake and turbine. The

diameter of penstock is determined to be 4.2 m, assuming cconomic flow velocity of
5 m/scc against turbine discharge of 270 m°/sec. The penstock is sct at EL 950 mat -
inlet and EL 53.0 m at outlet for turbine. The length of penstock line is 105 m..

The power station is located immediately downstrcam from the main dam on the right
riverbank, taking the topographic. conditions into account as shown ‘in Fig. XIL3.4.
The power station consists of powerhouse, taitracc and outdoor switchyard. The

~ powerhouse accommodates three units of gencrating cquipment.
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Turbine and Generator

A vertical shaft Kaplan type of turbine is sclected from Fig. XI1.3.6 applying one unit
output of 38 MW and net head of 50.7 m. The generator is designed to be 3-phase
AC synchronous type and have a capacity of 38 MW of output and 45 MVA of
capacity, assuming the power factor of 0. 85 The centerline of turbine is set at
EL 53.0m. :

Powerhouse and Tailrace

An open-type powerhouse is adopted takmg the topographic conditions into account.
The powerhouse has a dimension of 29 m wide x 58 m long to accommodate three
units of turbines and generators. The ground floor is set at EL79 0 m.

The tail water level is EL 59.0 m for the maximum turbine discharge of 270 m /s
The tailrace is designed to be a trapezoidal shaped channel with bottom width of 55 m
and the channel bed is set at EL 55 m. The draft tube is set at EL 53 m.

QOutdoor Switchyard

The outdoor switchyard of 3-phase singlc bus type is situated between main dam and
powerhouse at ground elevation of EL 79 m. The dimension of the switchyard is 30
m wide x 60 m long The switchyard accommodates the main switchgcar equipmcnt

The Kuantan Powcr Station is planncd to be connected to the planned Tclukkuantan
Substation with transmission line. Co

327 River Outlet

A square conduit type of river outlet is provided in the main dam body, under the
nghtmost spillway pier. The dimension of thc river outlet is 2.3 m wide x 23 m
hlgh It is set at EL 80.0 m to discharge 100 m */s against LWL of EL 102. 0 m, Thc
riveroutlet is cqulppcd with a high pressure type slide gate. ‘

3.2.8 Transmission Line and Substation

A substation is planncd in the town of Telukkuantan according to the PLN’s pian,’ as -

shown in Fig. IX.5.1 in SECTOR IX, HYDROPOWER DEVELOPMENT PLAN.
The Kuantan Power Station is therefore planncd to be connected to the Tclukkuantcm
Substation by transmission line. - : o

Thc transmlssmn lmc has a capacnty of 150 kV. The distance from thc powcr stauon

to Tclukkuantan Substatlon is about 30 krn '

X216
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3.29 Main Features nf Kuantan Dam Project

b The design drangs are shown in Flg XIL3A4. Thc main fcaturcs of the Pro;cct are
as follows: :
- Reservoir. | o
Gross Storage Capacity 1,570x 10° 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.11520m
Low Water Level LWL) -~ | EL.102.00m
:  Sediment Level .~ - | EL,99.50 m"_
Effective Depth = 180m
-Surface Areaat SWL - 915 km®
~ Catchment Area _ | 6,377 km* (excl Smgkarak Lake basm)
— Annual Average Inflow 2101rn s .
Dam . - :
Type S e Concrete Gravity
* Dam Crest Elevanon L "EL 123.00 m
Height: B ~73.0m
‘ . Freeboard 1.9m
E - ' Crest Length x Crest Width 294.0m'x 5.0 m
Non-overflow Crest Elevation | EL 123.00 m
Overflow Crest Elevation . | EL 106,50 m _
Overflow . : 1 '
Depth 14.6m : :
- Length 69 m (15 m X 4 gateés + 3 ni x 3 plers)
_ Volume of Dam 339,100 m”
Base Width ~_© ~ 74. SSm '
Slope
- Upstream Face - - Vertical (above EL 100 m)
T 1:025 (belowELIOOm)
-."Downstream Face - S 1: 085
Spiliway ' S
- Type - | Gated type_
Dlschar;,e Capac1ty Te970 mfs
"~ Gatc Type and Dimension Roller Gate; - =
A :145m(H)x150m(W)x4umt
- Diversion Works
Diversion Tunncl . -
‘Number__ ' 2 lancs R e
Length - 460, m(No 1) and 510 m (No 2)
© .1 Inner Diameter . | 88m .
{7 Total Design Capacity =~ - 1,510.m-/s L
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Intake L
Type - Submerged on Upstream Face
Elevation of Intake 95.0m
" Gate Type and Dimension Roller Gate;
LT Sﬂm(H)xSOm(\V)xiiumt
Screen 23 m (H) x 7 m (W) x 3-unit
Penstock 4 : L
Type - Partly embedded, encased in dam body
Dimension. -

4.2 m (Dia.) x 105 m (L) x 3-line

':Power Statmn

. On Ground ..

Type _ -
" Dimension ' -58 m(L)x29m (W) x53 m (H)
Tailrace . s
Type - Open Channel
- Length 52m
Gradient 1:2.0
Section Trapezoidal
Gate Type - | Roller Gate; ’ =
. : : ,60m(H)x60m(W)x1—umt :
River Qutlet .
Type : Condmt o
Dimension ... '23m(H)x23m(W)x1 umt
Gate Type g Slide Gate;
SR : '23m(H)x23m(W)x1umt
Capacity of Power Plant C -
Maximum Output 114, UOO kW (38, 000 ka 3- umt) 2
Maximum Turbine Dlscharge | 270 m’/s -
Effective Head - 507 m
Annual Ave. Generated Energy | 657 GWh
Turbine 15 R
_Type ~Vertical Shaft, Kaplan
Installed Capacity 1 400MW x 3unit
Effective Head 1 50.7m - o
. No, of Revolutions | 214 tpm
{ Generator -~~~ - o
Type 3-Phase AC, Synchronous -
Capacity - § 46,000 KVA x 3-unit b
" Voltage / Frequency 1 11'kV /50 Hz

CoXi-180
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Main Transformer .
Type - .| 3-Phase ONAF Qutdoor Type
Capacity | 45,000 kVA x 3-unit
Voltage ' _ 11/150 kV
Transmission Line from Kuantan P/S to Telukkuantan §/S {Planned)
Length . 30 km
. Phase o 3-Phase System
Voltage ' - © 1 150 kV
No, of Circuits Double
Substation : —
Location N -{ Telukkuantan :
1 Type - | 3-Phase, Outdoor, Smgle Bus
| :Voltage -~ . - 115020kV.
Switchyard e : ) . :
. Location C : Right Bank of Damsite .
Type .| 3-Phase, Qutdoor |
_No. of Bays _ ‘ © “| 5Bays (3 for GE and 2 for T/L)
. Voltage =~ - - 150/11 kV

. X“ 19
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Table XIL1.1 POTENTIAL RESERVOIR CAPACITIES OF CANDIDATE DAMSITES

Dam ;| Catchment { Anpual Runoff P_oss.fble'Max. Gross Storage | Sediment | Effective Storage
Area . 7 7 WL Capacity (***) | Capacity {*) Capacity
am? | 0w} | (ELm) (10°m%) ao'm®) | (o'}
LKapoeran | 650 | L4 s | w9 | 0m 107
b2, Mahat | 093 | 1747 | 10000 25 | s0 | s
3, Kototengah 660 | 1,183 | . 24000 15 3 [ 0
4 Kampar KisiNod | 1187 [ 1,908 | 13000 | 238 | 59 | - 205
ks amparkiino2 | ss2| e8| 15000 | 3189 28 | 361
' _'éUpﬁ'rSiﬁﬁ Ctusso | o20m | 4ssoos |97 1 e 104
7. Lower Sipamar |- 1,796 | 2308 | 4sso0 | o 1350 | . 106 | 1,244
gsekam - |0 30 | ss3 | ‘aa000 | 693 1w | e
1o Upper Kuaman (++).| 5816 | Bas3 | 15000 a2 | 30s 0
o ;‘g;_@_aptmtf?) | sam |l onss | wases | zz00 | 335 | | 1,765
. Total 970 | oas8 [ | 058 | 1060 9,589

Nule i Sednmcnt vo!umc is ca!culatcd assummg the followmg spemt‘ c sedlment voluma
' and sed1memauon period of 100 years: ' s
) o = 'Kampar rwer system SDOm 3fem /yr .
D . _ ) - Kuantan river system (Smamar rwer) SSSmafkm fyt a.nd 7 _
E ; = Kuaman river system (Kuantan and Sukam nvers) S‘ZSm Jlkm lyr
i cxcludmg Smgka.rak lake basin (1 076 km® ) '
. Storagc capacities show topographlcally maximum volume.
Scales of topograph:c maps used for the study are as follows:
1710, 000 for Kampar Kiri No 1, Kampar Kiri No 2, Ur)per Sinamar, Sukam and Kuantan dams
-1/50,000 for other dams : :




Table X11.1.2 ,PHYSICAI_.. CONDITIONS OF POSSIBLE DAMSITES

Item

‘ Damsite| Kapoernan Kampar Kiri No.1 Kamﬁar Kiri No.2
Item ' ' : S
1. River System Kapurnangadang River Sibayang River - [Singingi River
' . : ~|about 4.5km upstreéam of the {about 2km upstream of about 9km upstream of
2, Localion confluence with the Kampar {Tanjungbalit - Muaraiembu
Kanan River _
Latitude and 100°35729"(E) 101°6400"(E) 101°17°50"(E)}
_Longitude _ 00°16"30%(N) 00°11’18"(8) 00‘?5'06‘1 S
3. Catchment Area (km?) _ 650 - 1,187 552
s 0.2 km wide valiey between . [0.45 km wide valley bordered [narrow, V-shaped valley, 0.35
_ Lo long hi_l_ls' with a steep slope  [by a steep slope on the feft  [km wide, bordered by steep
4. Site Topography in the foot zone and a flat top |and & low hill (150 m) on the- [slopes;and about 1/2,200
e e . |zdne, and about11360 river-  lright side, and about 1/1,820 river-béd grade .
bed grade nver-bed grade . - o ' _
] . . |Miocene c_opglqmeralic' Co Allcmance of mudstone/shale Quartzite 6:_ sandstone with ]
5. Foundatioh'G_e_ology - |sandstone and silts_tgne and sandstone/quanzue possible shale intercatlations,
N ' C moderaily hard 10 weak - Permo-Carboniferous Permo-Carboeniferous
" 6, Proposed Dam Type - Concrete gravity dam - |Rockfili dam Congrete gravity dam
\ _ Damsite . Upper Sinamar Sukem ‘Kuantan

-1, River System

Sinamar River

Sukam River

Kuantan River -

about 3km downstream of the

4. Site Topography

by a hill with flat top on the

* |right and a mountain with

gentle slope on the left side,
and about 1/70 river-bed
gmdc

m high, vertical walls and a
gentle upper stope on the left
side, and about 17120 river-
bcd grade

_ about Skm upstream of lhe - Jabout 10.5km upstream of
L confluence with the crossing point of the Sukam - Lumbukkambacang
2 Locano.n Batiksarik River “|River and the Trat_:s Sumatra ' .
' ' S “|highway _ 1
Latitude and 100°46°18"(E) 101°01°08"(E) ' 10_1"_’19’34“(E).
Longitude 0n*19° 00 (S) (00°46°47"(S) 00°36'48"(S)
3. Catchment Area (km”) 1,580 360 6377()
0.5 km wide vatley bordered [0.25km wide canyon with 35 narrow, V-shaped valley, 0.3

km-wide, bordered by steep

slopes, and about 1/700 river-§

bed gradc

5, Foundation Geology

" |Alternance of black shalc and

quartzile, Permo-
Carbonifcrous

Sandstunc, hard on the luwcr

|stopes and possibly matl on

the upper slopes, Oligocent

Hard quartzite on the lower
slope with possible mudstone
intércalations on the upper
slope, I’crmdfCalfbonifc'rdus-

6. Proposed Dam Typc

Note ;

Rockfill dam:

* cxcluding Singkarak lakc' basin (1,076 km®)

| Concrete gravity dam -

XIT2

Concrete ghi;\?ity'dam

B



Table X11.2.1 DESIGN DISCHARGES FOR POSSIBLE DAMS

Facilities Dam | Design Discharge
‘ (m’/sec)
Diversion ' Kapocrnan 560
- Tunnel = Kampar Kiri No. 1 1,150
‘ " Kampar Kiri No. 2 500
Upper Sinamar . - 1,310
~ Sukam . 400
S - Kuantan , 3 - - 1,510
Spillway | - Kapoeman - . . 2,180
| - KamparKiiNo.1 - | - 7270
Kampar KiriNo. 2 ©1,990
. Upper Sinamar - - |~ 1,760
~ Sukam - S 8380
: Kuantan- - . | 10,050
River Outlet. -1 - Kapoernan -
o ' KamparKiriNo.1 . 15
Kampar Kiri No. 2 - 10
Upper Sinamar _ 15
Sukam - s
Kuantan e 100
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