Mok s : 20 ton

Dimonsionsg : 12 m long, 2.7 m wide, 2.85 m high

4.7 Land Use (Reservoir and Congtruetion Arcas)

The Maung project sron is locatod in Kabupetan (Rlegenc )
g Pro; I i Y

Banjarncgara as explained in succcoding Clause 4.9,

Tn the four Kecampbens (Districts) of XKab. Banjarnegaera where
reservoir floods Desas(Village) of Kecamatans partially or wholly,

Tand use condilions are as table below.

(ha)

Name of Paddy Upland area Total
Kecamantan Area Farm Torest House yard Pond Others ova
Banjarnegera 1,631 1,976 514 428 19 T0 4,638
Wanayasa 419 5,147 2,227 221 34 153 8,201
Karangkobar 551 2,529 581 151 13 T 7,904
Pagentan 45 3,323 - 139 - 42 3,849

Total 2,948 12,975 3,322 939 66 342 20,592

The proposed reservoir area at EI,597 m (Top water level) is 780 ha,

which will Tlo0d ten Dosas within the above-mentioned four Kecamatans,
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Land use of submerged area (below EL.597 m) is estimated as the

table below, on the basis of information from each Desa.

(ha)
Desa Land Use
Paddy Upland Hemeyards Others Total
Kec., Banjarnegare
Kalilunjar 18.4 25.8 - - 44,2
Kec. Wanayasa
Suidak 52.7 177.5 0.8 - 231.0
Karang Tengah 74.0 48.4 8,0 - 130.4
Kec., Karangkobar
Paweden ~ - - 47.8 47,8
Kec. Pagentan
Gumingir 62.5 42,6 1.6 0.3 107.0
Nagosgri 94,4 50.9 6.0 - 151.3
Kalitlago 3.1 - - - 3.1
Kayuares 5.5 - - - 5,5
Total 362.2 353.4 16.4 ‘ 48.1 780.0

Population, femily number and building numbers in the submerged area
end also in the whole aree in each Desa are ‘tabled in Table 4-9, Totally
numbers of family (2,272 persons) will be submerged among the whole 2,201
families (10,316 persons). Date shows that the population in these
Desas increased by only 2.6¢ or at an annusl rate of 0.5% during five

vears from Mar. 1974 until Mar. 1979.

Bosides the area to be submerged as stated above, certain area are
also required for construc tion use such as for borrow sites, quarry sites,
roads, quarters and so on, as shown on Figure 6-13. It is roughly

estimated that totel area is 400 he and total family number is 150,
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Present number of households and lond ares within the ares to be

ncquired Tor Lhe project implementetion are summarized below.

[ tom Reservoir Areas Construction Tobal

' (below BL,59% m) Site ota
Pamily (No.) 500 150 650
Land  (ha ) THO 400 1,180

Unit costs for trensmigration of family and compensation of land

are csbimated ag gshown below.

T tem Unit cost Source
Tranamigration lip 3.3 x Jl.()(’/ Tumi Ly DEPNAKER TRANS ~ Jakarte
Compengntion fp 2.5 x 107 /e (11 ¢lanss)  Dinas Agraria-Banjernegars

4.8 Trrigation Intokoes

There nre many simple {village) irrigation water intokos in the
upstream of the Maung demsite, Tolal 60 numhers are registered In
Dinas PU Province (Local irrigation office in Banjarnegara). Trrigeble
area of those intake is ebout 15 ha/number on an average,{max, 80 ha

and min., 2 ha).

There 18 a technical irrigation intake at the Clangap damsite,
which feeds waler to a paddy field of 690 ha., According to the recaord
in the above-mentioned irrigalion office, monthly mean teke during Jen.
1975 and Dec., 1978 was as tabulated below.

J—

]

J I M A M J J A 5 0 N D Average

———_

Monthly
Me%r/l 1.07 1.04 1.05 0,92 1.07 1.17 1,27 1.26 0,98 0.70 0,68 0.98 1.02
(m”/s)

I

Note; In September and October, maintenance of irrigation system is

perlormed.
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Cropping (rice) is done two times a Year; during Jan. and mid Apr.
(160 dnys in wet scason) and during mid Apr. and Aug, {140 days in dry
gseason). In bthe dry season, some water shortage presently takes place

caused by a malfunction of weir at the intoke site.

A survey report, titled Geologicel Investigation Report at Clangap
Irrigation Intake (1979), has been prepared by Irrigation Project Office
of Serayu (Projek Irrigasi Serayu, Purwokerto, DPU) aiming at to give
data for improving the existing weir at the Clangap intake. Time schedt

of realizing the improvement works, however, has not yot been establighe

4.9 0Other Informatiocns

Other environmental aspects nt and around the Projeect site are
sunmmarily described below following to the informations given by local

Government offlices,

(1) Administrative division and the project area

Project area of the Maung project, its reservoir and construction
arees, is localed in Kabupaten Banjarnogars as shown on Figure 4-21,
The reservoir will flood, partially or wholly, ten-villages within
Banjarmangu, Wanayasa, Karangkobar and Pagentan Kecamatans as shown

on Figure 4-22,

(2) Statistics of Kab, Banjarnegara in April 1979

Population and profession

Population is 657,227 in total, 321,689 male and 335,538 female.

Professions of persons aged more than 10 years are as follows,
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Trofoession Number

l'prmer {Owner) 152,972 (47.5)
- do - {Bmployed) 80,7361 (25.0)
I'i gliermon 174 { 0.0)
Office worker 7,926 ( 2.5)
Tndustry labour 9,010 { 2.8)
Building labour 7,021 ( 2.2)
Merchant 11,496  ( 3.6)
Offic er (Government & Army) 10,630  { 3.73)
Pensioner 1,837 ( 0.6)
Othexrs 40,300  (12.5)

Total 321,727 (LOO %)

lugation and religion

Ninety Lhreo (93) por cent of population above 5 years old are
educated or under education in schools, Religeon is overwhelmingly

Tslam, 99% of population.

Vegetation

Main vegetation is as listed Dbelow.

Kind Harvested Area Total production
(ha) (ton/year)
Rice 2,940 8,969
Corn 9,245 1,680
Cassava 367 1,581
Potlato 372 1,033
Peonutb 209 294
Soybean 93 534
Other vegetbahles - 75
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D
Plantation and animals

Coconut (about 1.1 million numbers) and coffee (about 2 million
numbers) arce main plantation. Domestic fowls (hen, cock, duck ete.,
gbout 650 thousand numbers) and domestic animals (goat, cow etec.,

sbout 180 thousand numbers) are breeded.

Industries (except fishing industry)

No remarkable industries, other than small scale coconut sugar
(3,906 numbers), pantile (199 numbers), bamboo (1,836 numbers)

factories ete,, are developed,
Digeases
Regpiratory tract infections, skin diseases and malaria are main
diseases.
(3) Water quality of river at the damsite

Water quality test date ot the Clangap site (15 numbers in total)
can be roferred to Volume 3B of Rols 4. Some figures, average of 15

numbers, are guoted from the above-mentioned data, as listed bhelow.

Tesat Item Average of 15 Nos,
Colour, Colour secale 10,5
Conductivity, s mho/em 173
Heavy metal, mg/[f Negative
pH 7.7

(4) TPishing industry

Stetistic in 1977 (Dinas PERIKANAN -~ Semarang) shows the area and

producte of pond culture in the Central Java as below,
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Area Product Income

(ha) { ton) {x IOGRp)
1,544 2,104 774
{146, 2) (413,9) (144.0)

Notle: Tigures belween parenthesis are of Kab. Banjarnegara,

Cultiveled figh production in the man-made lales ig a feasible
proposition. The environment of the Serpmyu hasin seems idenl [or fish

cultivation.

Though a reliable estimation should wait a detail survey on bi-
ological and ecologicanl conditions for the fishery from limnologiecal
viewpoint, an attempt is made to estimate the feature of fishing
industry in the Maung rescrvoir, on the basis of statistic stated ehove

and suggestions given by the Dinas PERIKANAN-Semagang.

. Nilem corp (Nilem), Tilapia (Niln, Mujau) and Puntius (‘Tawes)
would be suitable kind for cultivetion,

«  Maximum annual yield of about 350 kg/ha could be expected,
namely about 270 bon'per yoar., Sales value of the production
is presently Rp/400 kg or $640/t. Costs [or the production
is presently Rp 150/kg or $240/t.
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CHAPTER §

PLAN TORMULATTION

This chaptor sets forth plan lormulation of tho Maung projoect under
the consideralions of:
. Timing of the Maung project implementation which promises the
moat Teasible dovelopment plan of power plant in Central Java

(Clause 5.2)

., Basic layout of the Maung project which enable the most promising
use of the potentinl water head between the Maung and the Mrica

projects (Clause 5.3)

. Optimal scale of the Maung project which enable the most benefi-

cial use of bthe runoff at the damsite (Clause 5.3)

5.2 Power Development Plan in Contral Java

5.2,1 System Output Copneity in FY 1979/80 - MY 1982/8)

The metual outpul capacity (ses Table 3-1) in the Tuntang/Ketengor
System and its oxtonsion is summarized in Table 5-1 accovding to the de~
finite plan by PLN as described in CHAPTER 3, for PY 1979/80 ~ FY 1982/83
beyond which the power development plan subjects to Study hereinnftor.

In preparing this table, the diesel power stations, eithoer exisgting
within the present system or isolated, are totally ignored, because it
is PLN's principle that any diescl power station shall be removed to

other place, if its service arce comes under the transmission system.

The systom's actual output capacity will increase from 172.3 MW
in FY 1979/80 to 412.3 MW in FY 1982/83 by being added with 39.8 MW of
hydro power (Sempor, Garung and Wonoginri) and 200 MW ol stoam powoer

(Semarang No.3).

The actual output capacity of the Semarang East Gos Turbine Power
Plant will maintain 11-26 % of the total actual output capacity of the

system.
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That will be cnough to clip oft Lhe oeceasional peak, which has been nSsne

to be 7 % of tne system Load.,

The capacity factor ol hydro power plants will lower to a level of
34 - 35 % in the dvy scason, The lypical load duration curve on Figure
35 shows that such n power station as having 34 - 35 % of capacity
factor ean meet 35 -« 40 % of total load in the upper portion of the load
duration curve if the sctual outpul capacity is enough. The values of
llydro/ (Uydro + Steam) maintained betwoen 18 - 40 % in Table 5-1 suggest
that the total actual output capacity (Hydro + Steam) can be Tully util-
ized to mect the load though it might a little reduce in FY 1981/82.

5.,2.2 Load and Supply Balance Between I'Y 1979/80 and FY 1988/89

Figure 5-1 illustratos the poak load projected in PLN's seles target
and the actual oubput in accordance with the construetion schedule in
5.2.1 between FY 1979/80 and 1Y 1988/89 in Central Java.

No failuro in supply can be seen between FY 1979/80 and FY 1986/87,

if the actual outputl capacity and load are compared on Mgure 5-1.

The actunl output will reduce il some generating unit is bheing over-
hauled. fThe system dependable capacity is hereinafter defined to be the
total actual output capacity excluding one largest unit which is assumed

to be under overhaul,

The system dependable capacity is plotted with dashed line on Figure
5-1. It is usually located below the load except in certain period in
FY 1982/83. 'This shows thal certain power shortage will be inevitable
for ‘the period that a largest generating unit (Semarang No.l or No.2

upto FY 1981/82 and Semarang No.3 onward) is being overhauled.

The situstion will be changed after FY 1983/84, if the intercons
noction between Contral and West Java systems by a 500 kV EHV line is
congtructed as scheduled by PLN and accordingly a power swap is made

posgible between the two systoms.
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In order to exemine the possibility to import power from the West
Java system to tho Central Java system during the time in which the
largest unit is being overhauled, the actual output capacity and lond
in the West Joava system is compared for FY 1984/85 - FY 1988/89, bascd
on PLN's sales torget in Table 5-2. It i found that there will be a sur-
plus of more than 200 MW in the actunl output capacity throughout WY 1985/
86 ~ FY 1988/89. The luvgost units in the two systems in FY 1988/89 aro
1 x 600 MW (Suralaya) in West Java and 1 x 200 MW (Semarang No.3) in
Central Java. Thereflore, power can be imported from the West Java systom
to the Central Java sygtem during the time that Semarang No.3 is boeing

ovorhauled, if the overhaul program of plants iz reasonably scheduled.

Coming back to Figure 5-1, it is clear that the Central Java system
will be regularly in short of power after ¥Y 1986/87, if now power plant is
not introduced. In the present plan of PLN, the Mrica hydro power station
3 x 60 MW will be commissioned by the cnd of FY 1986/87. The daily enorgy
output of the Mrica power stalion is ostimated to be 312 MWH in the dry
season ay will be described din 5.2.3. Tt is ostimated that the Mrica
power stdation, ‘though it has o large instelled capasity, can afford to
50 - 80 MW in actual output with the abovementioned energy ouwbput. In
congoquence, the Mrica power station can meet all the deflicit only until
FY 1987/88, even if it is commissioned as scheduled. It is recommended
that the construction of the Mrica power gstation be dolayed unbil the
load condition will allow more effective operation of the Mrica power
station and, instead, a new 200 MW steam power station be constructed to

meel the defieit alfter VY 1986/87,

In summary, the projected load in the Central Java system can rog-
ularly be met between FY 1979/80 and Y 1988/89, il PLN's present con-
struction schedule is implemented excepl that a new 200 MW gteam plant
is commiswioned in Y 1987/88 instoead of the Mrica hydro power station.
Cortain saving in power demand will be necessary during the time that o
large generating unit is being overhauled in FY 1979/80 - T'Y 1983/84,

On the other hand, in I'Y 1984/85 ~ 1988/89, thore will be no power shorte
age owing to the power swap betwoen the Central Java and West Java sys—~

tems through a new 500 kV interconnection line, if the overhaul program

of plants is reasonably scheduled.
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5,2.3  DPower Supply Plen for FY 1989/90 - FY 1995/96

e load in the Central Jove system will grow from 500 MW to 1,330
MW botlwoen I'Y 1988/89 and 1'Y 1995/96.  In this stage, the occasional peak
will Dbe met by gas turbine plants as same as in the provious stage. The
rosorved power for overhsul will bo effeetod by either construeting a
stand-hy gonernting unit or through power swap belween tho Cﬂntrul‘and
West Jave systems. The regular load exceplt the occasional poeak load must

be met by the steam and hydro power, existing and additional,

(1) Altornative plans

In vrder Lo determine the oplimum power development plan fer FY 1989/
90 ~ TY 1995/96, the following 5 alternative plans are compared.
. Alternative T (Steam): Congtruction of 200 MW steam power plants

. Alternative 1T (Maung + Steam): Construction of the Maung hydro

plant {190 MW assumod) and subscquent 200 MW steam power plants

. Alternative 11T (Maung -+ Mrica -+ Stoam): Modification of Alter-
native IT. The Mrica hydro plant (180 MW) is introduced in an

appropriately later timo.

. Alternative IV (Mrica + Steam): Construction of the Mrica hydro
plant (180 MW) and subsequent 200 MW steam plants

. Alternative V (Mrica + Maung + Steam): Modification of Alternat-
ive IV. The Maung hydroplant (190 MW) is introduced in an appro-

priately later time.

(2) Assumptions

. The load to be met by steam and hydro plants is as illustrated in

Tigure 3-6.

. The daily load duration curve on Figure 3-5 is applicablo for the
load to be met by steam and hydro plants throughout the gbudy pe-
riod.

. The installed capacity is herein defined to be the maximum output
capacity of the power plant; the actual output capacity for the
existing power plants and the installed capacity itself for the

additional power plants.
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» The installed capacity of the Maung hydro plant is assumed to be
2 x 95 MW,

. The ingtalled capeacity of the Mrica hydro plant is assumed to be
3 x 6O MW following to Ref. 4,

. The wvnergy outputs of the Maung and Mrica hydro plants are csbi-
mated by use of newly estimated run-off record. Jrrigation take
under the "Design Future" condition in Ref.4 is dedueted in the

river streteh between the Maung and Mrica sites,

The primary energy is herein defined to be the energy output under
the most critical hydrological condition. It is first obtained as
the daily value and then converted into the annual value by multi-

plying 365 days.

The gecondary onergy is herein defined to be the difference be-

tween the total energy output and the primary energy output,

The Semarang No.1 (50 MW), No.2 (50 MW) and No.3 (200 MW) steam
plants, ‘totally 300 MW in installed capacity are herein called
the exisling steam plants.

The Jelok, Timo, Ketenger, Sempor, Garung and Wonogiri hydropower
plants aro called the existing hydro plants. 'Their total actual
capacity is 67.3 MW,

. The ratio of the primary energy output to the total energy output

for the existing hydro power plant is assumed to be equal to that

of the Maung hydro power station.

The assumed installed capacity and energy output of hydro plants are

summarized below:

Installed Daily Primary
Capacity  Anoual Energy Output (GWh) Energy
Name (MW) Primary Secondary Total {MWh)

Existing 67.3 204 62 206 560

Maung 2 x 9% 277 87 364 760

Mrica

~ before Maung 3 x 60 114 486 600 312

- after Maung 3 x 60 184 416 600 504
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{3} Altorantive plans Pitting to the load pgrowth

o Fitting the development sehodule of oach alternative plan, the
total inatalled capacily at the beginning of n fiscal year is set 4o heo
minims possible bud to bo enough to moeet the load at the ond of the
Tisenl yoar, Consideration is usually =0 made ss to maximize the ubili.

wution of the instelled capacity which is availsble at the bime,

The primary energy only is assigned Lo the hydro power plant (to
gauge the dependable peak power corresponded to load curve). Under this
condition, the hydropower is operatod with & low capacity factor and se-

cordingly bakes thoe peak porbion of the daily load curve.

The hydro power is, in the first place, assigned to such a portisn
of the load as to ubilize the installed capacity as much as possible and
then the stoam power to meet the remaining part of the load, because 0 &

¥ cost of hydre power is lower than the steam powoer,

Among the hydro power plants the priority is set in the ovder of
congtruction sequence. The hydro power planty which have boen operated
is firet assigned to sueh o portion of tho load as to utilize the instal-
led capacity as much as possible and next the nowcomer hydro power plant
is assigned.

~ A new plant is commissioned at the beginning of a fiscal year so
that the sysiem dependable capacity meet the load. in the whole period
of that year.

Figure 5-2 shows the development schedules for the 5 alternative
plana.‘

{4) Cost comparison of altermative plans

The present value of the economic cost of alternative plans are
compared in terms of the capital cost, roplucement cost and fixed 0 & M
cost less tbhe saving in vaviable 0 & M cost {fuel cosb) in the sieam

power plant.

The evaluation perdiod is fixed to be 50 years starting st the be-
ginning of FY 1989/90 and a discount rate of 12 % is assumed., All the
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sconomic cosls are estimated at FY 1979/80 price level,

Tho cconomic conabruebion cost is asgumed to be 250 x 106 for the
Mpung hydro powesr plant, $240 x 106 for the Mrica lhydroepower plant and
$170 x 10“ for 200 MY stoam power plant, respectively, and cost of fucl
is estimatod to be US$30/barrel. The basis Tor the cstimate of {ixed

and variable 0 & M cogls nre as deseribed in CHAPTRR 7.

The capital comts of all the power plants which are sehoduled to
commission botween FY 1989/90 and ¥Y 1995/96 are counted in esbimntbing
the present value of the capital cost. The steam plant to be commissioned
in FY 1995/96 in each alternative plan does not be fully uwbilized, The
capital cost of this plant is redused by the ratio of Lthe uwtilized capac-

ity at the end of FY 1995/96 to the installed capacity.

Thoe roplacement cost is assumed at certain time intervals during

the evaluation period.

The nnnuel value ol fixed O & M cost of a power plant id sstimaboed
based on the capital coxt of the plant eud 1t is capitalized fov tho

evaluntion period.

The saving in fuel ecosd owing to the operation of existbing and pro-
posed hydro pover plants in a year is estimated based on the primery and
secondary energy oulputs which are utilized in the year. The saving in
cost beyond FY 1995/95 was assumed to be equel to that caleulated at the
end of FY 199%5/964,

The proesent values of cost and saving of the slternative plans are

referred to Table 5~3 and summarized below.
Unit 3107 capitalized -

Alternative Plan L I ) v v

« Capital, Replncement
and Mixed O & M

- Maung {1} - 313 313 - 178
-~ Mriea {(2) - - 169 298 298
~ Steam Planbs (3) 612 387 345 481 396
— Saving in Fuel Cost (4) e 187 325 244 350
Total  (1)+{2)+{3)~(4) 612 513 502 535 522
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The abovementioned results show  that the introduetion of hydro pover,
either the Maung or Mrica is more advantageouns than relying on new stean
plant only {Altcrnative 1). Regoarding the hydro power plant to be commis.
sioned at the beginning of FY 1989/90, the Maung is more economical thap

the Mrica. The best sequence is obscerved in Alternative 1T1L,

.24 Recommended Power Development Plan

The need for the construction of a new 200 MW steam plant in FY 1987/
88 has beon disclosed in 5.2.2 and it has been made clear that Alternative
TIII be soclected Tor ¥Y 1989/90 - FY 1995/96 in 5.2.3. Now the power devel-
opment plan between FY 1980/81 and 1995/96 is proposed as shown in the fol-

lowing table and is also illustrated in Figure 5-3.

O_P(" r?’-t ion Plant Capacity Typ (z'@-" Statu SQ
gtarl year (M)
' Mo, MW
FY 1980/81 Sempor 1 x 1 = 1.0 H ug
81/82 Garung No.l & No.2 2 x 13.2 = 26.4 H uc
Wonogiri No,1 & No.2 2 x 6.5 = 13.0 H uc
82/83 Semarang No.3 1 x 200 = 200 3 uc
87/88 Steam 1 x 200 = 200 3 P
89/90 Maung No.l 1 x 95 = 95 H P
90/91 Maung No.2 1 x 9% = 95 H P
91/92 Gas 1 x 50 = 50 P
92/93 Steam 1 x 200 = 200 S P
94/95 Mrica No.l & 2 2 x 60 = 120 H P
Steam 1 x 200 = 200 5 P
95/96 Mrica No.3 1 % 60 = 60 H P
Steam 1 x 200 = 200 S P
Remarks; /L: H = Hydro, 8 = Steam, G = Gas
/2: UC = Under congtruction, P = Under planning

Note (1) Geothermal power plants is an alternative way of supplying P&S‘i_
power in place of steam power plants which are to be newly impié
mented as listed above.

(2) Gas power plant is possibly replaced by an alternative hydro-pove.

plant. o
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In TY 1991/92, the ostimeted occosional peak will oxceed over the
capacity of the East Semarang gos turbine plant., Thereforoe, it is ro-
conmended to commission a noew gas turbine of 50 MW in ¥Y 1991/92,

The recommended power development schedule doos not incelude tho in-
stallation of a power plant to be reserved for the overhaul of any of
plant in the Centrel Java system. In this connection, there may be cor-
tain power shortage betwoen Y 1980/81 and FY 1983/84, bul the power swap
between ‘the Coentral and West Jave gystems through a 500 kV intorconnoc-
tion line can moet such shortage between FY 1984/85 and FY 1988/89, If
the reserved capacitly in tho West Java system would not be available lor
the Central Javae system after FY 1988/89, a 200 MW steam power plant as
a reserved unit should be introduced in the Central Java system in addi-

tion to the recommended plan.

5.3 Basgic Layout

5,3.1 Introduction

In the pre-feasibility study report (Vol.6 of Rof.4) Maung projoct,
after a primary consideration, was proposed as a hydroelectric powoer pro-
jeet which would be implemented by the year of 1988 after the devolopment
of the Mrica project and would have a power plant of installed capacity
170 M¥ and a reservoir having full supply level (FSL) at EL.588 m and
minimum operating level (MOL) at EL.559 1 L. Dower housc was designed
to be located just downstream of the dam then tailrace water level was
fixed at about EL.396.5 m. TFull supply level of the Mrica project, after
examining its optimal feature, was proposed at EL.231 m. No development
plan which aims at to wtilize remainder potential water head betweon the
Maung and the Mrica project, namely 165.5 m (EL.396.5 m - EL.231 m), was

presented,

/1t In the Vol.6 of Ref.4. FSL and MOL are stated at EL.593 m and
EL.564 m respectively. Topographical survey this time revealed
the level being lowered by 5 meters at the Maung damsite, while
no change at the Mrica damsito.



5.3.2 Alternativoes

A reconnaisance and map study between the Maung damsite and the
backwator end of the proposcd Miica reservoir revealed that the Mergwy
river gtretehes in a mountaineous arca for 8 km between the Maung dam-
site and Clangap and then enters the vast Serayu depression of deep al-
luvial depesit, as relerred Lo location map on Figure 5-4. The river heg
elevation at Clangap is EL.290 m which is 106.5 m below the proposed tail

waler level of the Maung power station.

This water head may be utilized for power generation, so far as the
gite econdition suggests. A waterway may be congtructed betwoen the Maung
dam site and Clangap and alsce the Clangap site is suitable for the con-

struction ol a dam though its height will be limited to be 80 m.

With the abovementioned considerations five alternative layoubts are
worked out, Their struectural layouly and schematic waterway profiles

are as shown on Figure 5-4. The feature of Alternatives are cexplained

below:

Original: The power station is located immediately downgtream
of the dam. No downstream development. Layout pro-
posed in the prefeasibility study is followed with
some modifications.

Alternative T: Original -+ the Clangap dam and power station. Water
head increases by 80 m agains® Original.

Alternative IT: Modification of Altermative I. The Maung power statior

is moved to the backwater end of the Clangap reservoeir

Additiondal water head is 106.5 p . against Original.

Alternative II*: Modification of Alternative II. The headrace tunnel
of the Clangap power station is constructed between
the Maung power station and Clangep site and the
Clangap dam is not constructed., Water head increase

is 106.5 m againsgt Original.

Alternative IIT: The Maung power station is constructed underground
and ‘the tailrace tunnel is excavated to the Clangap
site. No Clangap power station. The water head

gain is 106,5 m against Original.
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5.3.3 BSelection of The Dest Leyout

To compara the Alternative layouts and to select the best ono, pover
generation and congtruction cost are estimatod for respective plan as shown

in Table 5--4,

Comparison of Alternative layouts is summarized helow.

Albernative P E C Toechnical Othoer

GIMATIVE (Mw)  {(GWh)  ($/kW) ($/1Wh) common-t comment

Original 158 303 1,362 0,710 - 106.5 m
potential lossg

Alt, I 231 443 1,257 0.656 - 26.5 m potential
loss

Ir 256 490 1,15  0.604 - -

1! 253 485 1,082 0,564 Relatively long Synchronous
lunnel is operation of
needod . M& Cis obliged,

III 252 483 1,236 0.645 Big under- Big initial
pround invosbmond iy

gtructures and neoeded.
long tunnel are

needad,
Note: P = Dependable power, L = Annual energy, C = Unit construction
‘ cost
M = Maung plant, C = Clangap plant

Both Original and Alternative I utilize the potential water head to
limited extents, and therofore powor generations are less than thoso of

other layouts, and also these layouts require higher unit costs,

Alternative TIL will offer technical difficulties in congtrueting
huge underground structures in a tuff breccin layor of rolatively young
era at this site. The saving in the initial development by stoging is

imposgible,
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Altbernative 1T and T1' will produce almost same amount of power,
Altornative TT' shows gn wdvantapge over Alternebive T1 in its unit cosgts,
Operation of the power plants both the Maung and Clangrep plants in Altergy,
tve layout 1" dis, however, compelled to be synchronous since no regulgt-
ing pond can be provided for the Clangap project. Morcover, some diffi-
culby might teke place in constracling relatively long tunnel in case

Altvrnntive layeut TI',

Through the considerations stated above, Alternative 11 is selected
as bhe best layout ol this sboge of study. Alternatives IT and IT' have
no essential difference between them so far as the layout of the Maung
project itsell is concerned excepl a minor part; the terminal part of
the tailrace of Maung projeet. Therelore final selection between Alter-
native IT and II' can be made in the stages of deteiled design of the

Maung project or of feagibility study for the Clangap projeet.

5.4 Opiimal Sealo

5,4,) Methodology and Examined Casos

Resorvolr operstion studies were made to Lind the annual average
energy and thoe ingtalled capacity lor each reservoir scale. A computer
program was prepared for the simulation., The procedures are summarized

ags follows:

The difference between inflow I to ‘lhe reservoir and the outflow
0 from the reservoir is the rate of change of storage. The equation of

continuity is expressed as follows.

as a
T =1 -0-E . (1)

where S is the storage, t is the time and E is the evaporation from the

rogervoir,

Mnﬂthly mean discharge in Table 4-3 is used as inflow I in Equation
(1) abova. A poriod of simulation is 75 years between 1904 and 1978.
Evaporation from the reservoir surface is assumed to he 3 mm/day. Ini-

tinl water level for the simulation is Full Supply Level (FSL).



In the computer program for the simulation, it was assumed that
storage is zero at FSL., TIf the accumulation of difference belween in-
flow and outllow is negative, wator level stays botween FSL and MOL.

If water level is between I'SL and MOL, the outflow is kept constant such
as 10, 16 or 18 mj/sec. This constent outflow is defined as the firm

discharge.

If the accumulation of difference between inflow and outflow is
positive, namely while water level stays at FSL, the glborage water ig
released as much as possible through the waterway to produce secondary
energy and to minimize the spillout. The deepest trough or the largest
negative value is the effective storage needed for the given outflow.

I£ MOL is arbitrarily selected, PSL is given from the reservoir storage
curve. Discharge through the waterway is determined dividing firm dis-
charge by the capacity factor of the power plant. Storage in the reser-
voir is numerically ordered and the water level corresponding to 90 %
storage from the top is multiplied to discharge through the waterway to
find dependable power. TFirm energy is defined as ‘the energy which is
produced by the consltant discharge through the watorway. Secondary
energy is dofined as the onorgy which is produced by the surplus dis-
charge while water level stays at FSL, Tirm energy is calculated mul-
tiplying discharge through the waterway by the water head corresponding
to the average storage. Secondary energy is calculated multiplying dis-
charge through the waterway by the water head corresponding to the FSL.
The annual average energy is the summation of firm énérgy and secondary

energy .

For the evaluation of evaporation, the first simulation using Lhe
 Equation above was made to f£ind the average reservoir area assuming
zero eveporation. In the second simulation, evaporation is subtracted
amounts multiplied the average reservoir area by the evaporation rate

from the Equation above. \

Ag it is adequalte for the hydro-electric plant to share in peak
load, the operation time a day is assumed to be four hours for the Maung
hydroplant, referring the daily load curve shown on Figure 3-5. This
means the capacity factor of the power plant being set at 0,167 (4/24),

Uperation time is extended more than four hours in case water level



sbays st PSL oand inilow 14 more thon the amount required for four hoyrg
operation.  Minimum operation level is assumed to be higher than EL.550 y
by considering both the elevation rilled with sediment for o hundrodyems
{E1..539 m) and flow condition to the intake. Simulation studics were
mede for the cases of MOL 550, 559, 560 and 565 m.

5.4.2 Hegulty of Rescervoir Operation

The gimulation studies are mede for the case of MOL 550, 555, 560
and 565 m changing Cirm discharge from 6 ma/sec to 19,0 mj/ﬂmc. The
relationship of three parameters, they are firm discharge, FSL and MOL
is prepared as shown on Pigure 5--5. The annual averape oenergy and in-
stalled capacily of the plant calculated from these three parameters are
also shown on Figure bH-5.

The annual avorage energy increase as MOL is gelbing higher for a
cortain ISL, because though firm energy decreases in accordance ay the
inerease of MOL, the plant has capacity to absorb residual wetor into
socondary energy generation if the operation time a day is four hours.
There is no significant inerease on the installed capacity when FSL is

over BL.598 m.

5.4.3 Determination of Optimal Scale

The determination of the optimal project scale was made by the
annual~cost method in which all henefits and costs are converted into

equivalent uniform annual figures, at a discount factor 12 %.

The eriteria and conditions applied for the economic analysis are
the same ag applied in the economic analysis described in the succeeding
CHAPIER 7,

The resultes of economic analysis aro depicted on Tigure 5-6., WL
393 m on the case of MOL 553 m is solected as the optimal project scale,
gince the annual net benelits are greatest. The installed plant capac-

ity 18 190 MW (2 x 95 MW) on that case.
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CHAPTER 6

PRELIMINARY DESIGN AND COST ESTIMATES

6.1 Generanl Degcription of the Proposed Focilities

The Project includes construction of the Maung dam of 179 m in
height above riverbed, an inteke, waterway of about 2.1 km in Longth
including penstock line, an aboveground power station with installod
capacity of 190,000 k¥ and about 16 km long 150 kV transmission line
including a sub-~station at the town Banjarnegara from the power gtation

to connect with the Central Java system.

The general layout of ‘the proposed facilities is as shown on

Figure 6-3.

6.2 Preliminary Design of Projoct Works

6.2.1 The Maoung Reservoir

The proposed demsite for the Maung dam is on the Merawu river about
% km upstrenm from the confluence of the Serayu river and the Merawu
river. The Maung reservoir will have a grosas storage capacity of
384 x 109 m? of which active storage capacity isg 230 x 106 m3. 8L is
at EL.593 m and MOL is at EL.553 m, the drawdown is 40 m, the avea and
storage capacity curves of the Maung reservoir are as shown on_Tigure 6-1.
A map of the proposed reservoir area is shown on Figure 6-2, The

flooded area is 7.8 km2 at TWL.

6.2,2 The Maung Dam

(1) Dam axis and typo

The plan of the Maung Dam can be seen on Figure 6-3., 'The dam axis
is fixed 1o be the same as what proposed on the pre~feasibility study
(Re, Vol. 6 of Ref. 4). 'Mere is no better altornative location of

dam axis, as the vicinity ltopography indicates,

The Maung dam is designed as o zoned rockfill dam. The profile and
‘ross section are shown on Figure 6-4, One may suggest a concrete gravi-

ty dam instead of a rockfill dam, because of steep slopes in the abutments.
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thods, however, estimated thoat the foundation rock ehiefly composed of tuss
breccia of o relatively younger era in Upper Teriiary has 7.9 kg/cmE of oo.
hesive atrength and 38.3‘) of angle of internal friction, which are insurgi.
pient Cov the foundation of a 179 m high concrete dam, but eonough for the

vook{ill dawm fenndation,

Facivg type dum, conerefe or asphalt concrete type, is considered cop
prbitive heeanso tle projeet aibe is loeanted at relatively wet aren. and faely
lype will he less effected by roainfall compared to earth coroe type, The typ,
hdwuver, ig rejeeted because bhe dam is as high as 179 m which is listed in
the most highest figure among existing facing type dams in the world then
it is too risky to consbruct sueh a big scale fecing type dam in Indonesin
vheve there has been no existing case of facing type dam and seismic effect
is relatively big while there sre many of earth center core type dams

existing in this country,

A center core type of ombankment is proposed baged on the material

availability end technical reliphility considerations.

The groundwater table along the dam axis is shallow ond parallel 4o the
pround surface. This fact indicates that the rock surface is lLower permeabls
here are some high Lugeon zone in andesibte formation but the results of
grout tegt show this zone can be successfully grouted. In consequencs, th

ground seepage can be ressonably conirelled by an ordinarily planned groutiy

{2) Zoning
Corn {Zone {11})

The core of the Maung dam is designed as a homogensous ambankment of
sarth matorisl to be obtained from borrow sites No.B6 and B4, So Ffar the
samples teken from these sites were tesbed, the coefficient of permeabiliy
is sufficiently low as 1 x 10"6 em/sec or less and the plasticity index is
30 % or more which indicates high rosistivity against piping. Core is de-
signed to have o width to be 50% of the reservoeir water head based on a
generally accepted consideration for watber tightness and for quick disper-

aion of pore water pressure during the consitruction stage.

Filter {Zone (2))

The filter zones ave provided, with varying thicknoess of 10% of the
reservoir water head, on both upstream and downsbtream faces of the core
zone. The filter material is supplied partly from the sand and gravel in
the borrow site No,SPl and partly from the excavated materisl from the
spillway site.
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Inner shell (Zone (3))

ixcavated rocks, chiefly produced from the spillway, is used for
the inner shell zene. The volume of this zone is debermined Lo male

max Lmam use ol exeavabed rocks in the spillway.

Outer shell {Zone {4))

Quarried vock {rom the quarry site No. @Sl is used for the ouber
shell zone. Qutside slopes of the zone, namely tho dam slopes, are

dotermined after stability snalysis whiech is explained in 6.2.2 (4).

Crest height of dhe dam

The crest height of the dam is determined at EL.599 m, 6 m sbove
'SL at EL.593 m. The frecboard is 2 m above the reservoir water surface
when the design flood discharge {2,900 m3/3, see 6,2.3) pnsses the
spillway. If PMPF lakes place the freeboard reduces to 0.5 m,

{3) Toundation treatments
At the core Zoene, excavation line is determined al the depth where
appears durable, fresh and groutable rocks., All top soils is stripped

at both the filtsr and zhell zones,

Cement grout curtain, alignment of which is determined on the base
of both the field grout test and water test, is constructed aiong the
dam axis, Blankeb grout is also applied for the whole area of the core
bottom to enhance the cutoff effect and also the bearing strength of
rocks at its shallow depth. An annlysis of ground seepage is explained
in 6.2.2 (4). |

For the purposc of the inspection of the ground seepage after
itmpounding water, an inspoction gallery is consbtructed at a low level

part beneath the core,
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(4)

Stabilily and scopage analysis

Stability anolysis

Hlope slability was examined by slice method,

anpnlysis wre set up as listed below.

Compubabtion condition

Conditions of

(iuse

Computod Sedsmic

Sl ope Coelficient Water Level

ety

Pore Pressure

Hosoer

full

voir  U/8 and D/S I = 0.15 U/s:  PFSL

Steady secepage
a'l FSL

v = O D/S: River bed
Drowd own U/S only Hh = 0,075  U/S: PSL to MOL  Tully remained
Hy = 0 D/S: River beda 0 core only
Note: U/S = Upstream, D/8 = Downstream, Hh = Horizonlal component
of gseismic coefficient
Hv = Vertical component of
seismle coefficient
Material property
Zo0n Wel dengity Saturated Cohesion Friection
(6/m3) density (t/m>) angle (degree
(1) Core 1.65 1.75 1 25
(2) Tilter 1.95 2.15 0 37
(3) Tnner shell 1.85 2.10 0 39
(4) Outor shell 1.95 2.15 0 42,5
Note: The proporty assumed is reflerred to 4,5.

Safety Caclors computed and the corresponding critical slip eircles

are illustrated on Tigure 6-8,
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The safety lactor against the surface plate sliding is slso carried

put assuming o horizontal sgeismic coefficiont of 0.15,

The minimum safoety factors obtained are summarized helow.

Upstroam slope Downgtream slope
Normal Seigmic Normal Selamic
Ci:ﬁ‘(:il.er/-l Circle Surfacalé Circle Cirecle Surface
Regservoir full 2.34 1.21 1.21 1,74 1.23 1.28

Note: /1: Safoty facter computed against the circular rupture by means
of alice method.

/2: Safety facter computed against the surface plete sliding.

In all cases, minimum safety factors of slopes are more than 1,5
under the normal condition and more than 1.2 even the soismic force is
taken into account; the saletly lactor is more than the allowable in all

gtudied casnes,

The stebility analysis so far carried oui by conventional means
gshow that the proposed dam is structurally safe. The dam is, however,
179 m high and the abutment slopes along the dam axis are about 40° in
the average gradient. These conditions indicates that, the static
analysis by assuming s single coefficient of seismic acceleration +to
the whole dam body might be unapplicable and the shearing stress in
the embankment near the abutment contact may be large. It is recommended
that the dynamic stability analysis and stress analysis be performed in

the detailed design.

Seepage analysis

The seepage through the proposed dam and its Cfoundation is analysed

by means of the finite element method. The gseepage model assumed ig
illustrated on Figure 6-~9 The flow-net resulted is as shown on PFigure
. 6-10,

- H32 -



This analysis disclosed the folloving concluslons:

. e tota) seepage Lhrongh the dam and its foundation iy estimeted
to be A% f/a, 1§ bhe reservoir water surtace is maintained atb
FSh.  Ths annual value of 1.4 x 106 m3 corresponds to only 0.24
of snnusl inflow, or, i equivalent to 0.6 % of the active storag
capacity,

. Residunl pove water presauve in the downgtream zone {inner shell
zone) of the dem is so amall that it does not affect the stability

of dam.

. Seepage velocity is too low to cause o piping failure,

6.2,3 River Diversgion System

River diversion system, congisbing of coffer dams and diversion
tLunnels as refersd to Pigures 6~3 and 6-%, is designed agninst 20-year

flouvd which has n peak of 1,700 m:}‘{’ﬂoc.

The main upstream colffer dam is so located ey to be incorporated

in bhe madn dam body later on.

Hoight of the coffer dam, 55 m above viverbed, is delermined so as
to limit the volume of coffer dam within that can be congbruebed in a
dry season and to rebtard the flood flow to en extent that the oubflow
can be discharged by the tunnel of an appropriate diameter for the

consbruction.

two lines of diversion tunnels is consbructed in the right bank.
Their profiles are showm on Figure 6-5, 'They pass chiefly through tuff
broccis, tunneling through which might invelve difficulties if the
tunnel diemeter is large. 'Therefore, not one-line of lurge diameter
funnel bub bwo lines of 5 m diameter tunnels are adopted. More-
ovor bwo tunnels case has sdventages that tunnel elosing work is casiel
secuv%ty on discharge capacity is higher and emergency oublet, 1T deter-
mined to be constructed in the detail design stage, is easily added.

The downstrean coffer dam, 47 required, will be very small, heoaust
the owtlet of the diversion tunnel is located far downstream of the daem
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6,2.4 Spillwoy

Plan and proflile of the spillway are shown on Figures 6-3 and
5~5. 'The spillway composes ungabed crest with width 170 m, chute
heving a straight converging section from width 170 m to 30 m, flip
bueket et the terminagl of {he chute and plunge pool in the downsirveam

river. Total length from the crest to the flip bucket is 785 m.

The topography favours loontion on the right bank because it allows
the best alignment of approach channel, ungated crest, chute, energy

killers and construction ancess,

The spillway bas a capacity to discharge the design flood, peak
2,800 mS/sea {1.2 x 200 years flood) as depicted on Tigure 4-3, without
considering any retarding effect of the reservoir (Inflow = Qutflow),
though the outflow pealk would actually be reduced to so small as
1,000 m3/sec when the retarding offect is baken into account. TFlood
rise in the reservoir is 4 meters. There is no ovidence of flooding
in downstream arens to suggest that the flood mitigetion effects of the
reservolir are important. Plunge pool is designed forx s flood with peak

1,700 m3/$ (20 vears flood %o the reservoir),

The material from the spillway excavation is expected suitable forx
dam ¢onstruction, chiefly for the inner shell zone. Baceuse the dam
£111 requirements are much greater than the volume of excavation of the |
spillway, there is no advantage in reducing the spillway size so :

inereasing the flood rise and the dam height.

The spillway will be excavated mainly through beds of moderately
strong Ltuff brececis as explained in Clause 4,2, This will provide a
good foundation for the spillway crest and chute siructures. A cement
grout curbain heneath the crest is provided bto control the uplift to
the downstream chute., Deep cut at the middle of tho chute is protected

by & shoterete covering and a systematic drainage works.
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6.2.5 Walerway

Plun and profile of the wablerway are ghown on Figures 06-3 oand
6~6.  PThe waberway, maximum discharge of which is 188.1 mgXﬂec, COMmMposes
gated inteke with sill level at KL, 540 m, 1,032 m long headrace tunnel
with diameter 5.9 m, surge bank, 127 m long penstock tunnel and 912w
tong diameter 5,9 m penstock which bifurcate 43.3 m long pensbock with

diameter 4.2 m - 3,0 m at Lhe spherical branch near the power house.

Topegraph and geology favours location of the waterway at the

right bank.

Intake sill level is determined at BL.%540 m by considering both
100 vears gilting level and MOL. Approach velocity at the entrance
trash rack is 1.0 m/s at the maximum disgharge. A roller gate, 5.9 m
X 5.9 m, is equipped Tor maintenance purpose of the tunnel. Dressure
tunnel is cirveular shaped and concrete lineds The diameter 5.9 m is

determined by considering econcmic velocity 4 m/# in the curvent designs,

Surge tank is located b the end of pressure tunnel aiming at to
mitigate big pressurs changes caused by load fluctuations., A concrobe
lined shaft of 8.5 m diameter is constructed having a 21 m diometer and
8.5 m height upper chamber. Up and down surging wabter levels are cal-
culated respectively at EL,601,5 m (Full load cut in case reservoir at
PSL) and at BL,537.0 m (Half load increase in case reservoir at MOL).
A rvoller gabte is equipped in the shaft for maintenance purpose off the
tunnel. This will conbribute for the decrease of constructicn cost
and alse for the easiness of transportabing metal works compared to

tho casie of applying valves,

Diameter of penstock 3.9 m is determined by assuming the velo~
eity ab the maximm discharge being at 4 m/s undex the considernbion
of effect of water hammer to the economy of penstoek and generator.

Maximum pressure rise is calculated at 50% of the water head at FiL.
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Application of a pressure rogulater would gave the consgtruction
cost, though it is not takon into account for the design in this stage
for the sake of congorvabive cost eglimation. Penstbock is mestly Pounded
on rock bed in an open cut trench except al the upstresm part where the

penstock is embedded in the tumnel.

Total loss head at the meximum discherge is calculated at 4.3

meters, aboult 2 % of tho gross head.

The waterway passes meinly through tff breccis similer to that
at the spillway. The fgeolcgy will cause no sorious difficulties on

the structural conditions of the walerway.

6,2.6 TPower House

Above ground type power house is constructed at s place about 2.3 km
downgtream from the dam by conaidering the topography and geology as
showns on Figures 6-3 and 6~6. It houses twe units of power generating
squipments (2 x 95,000 kW). Outdoor switchyard is arranged at the right
bank downstream of the power louse,

(1} Civil Works

To make minimize the excavabion volume, the power house is conw
structed at the river bed of existing river ehannel. The existing

river channel is substituted for s new men-made channel.

The power house is founded on a rock bed of tuff breccia which has

' enough strength for bearing the structurs.

The house has & dimension of 54.2 m in lengih, 31.5 m in width and
maximim height in about 39.5 m, housing two units of turbine and generaber
{e to ¢ 16 m) and other ancillary equipments such as inlet valves, tolle-

race gates, overheald crane, conitrol floer stbe.

Level of casing center of +the turbine iz set st BL,360 m which is
2,8 m lower fthan water level alb the tailrace at its ﬁaximum discharge.
Generator floor and erection bay floor have levels respectively at
EL.366 m and BL,371.2 m,
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5 m and hes a control point

Toilrpee dis an open channel with width 2
ad i by terminal with an level EL.36L.5 m,  Wator levels at the maximum
power discharge (108,11 m'}/.'-'.) and the design discharge of spillway
{2,900 Illj/.‘-‘-) are roegpectively at BL.362.8 m and LL.367.4 m,

The cehannel joins with a new man-made channel at eabout 120 m down-
slrewn from the power housce. Man-made channel has o width 2% m al its

bottom, length about 300 m and slope 1:50,

(2)  Station plant

Hydraulic turbine is of vertical shaft I'rancis type with an elbow
type draft tube. By considering relatively high water head mere than

200 m, a rotary valve is equipped ab its inlet.

Effective head of the turbine will vary between 224.7 m and 208.1 m,
214.3 m in its average, which is telken ns the design head. Rated speed

is melected at 273 m by applying an exporimental formula.

Al ternoting current generstor is of vertical shafll-revolving
ield-gemiumbrella lype rated ot 106,000 kVA, 13.8 kV, 3-phase, 50 lz

and 0.9 power factler,

Agsgambling and disassembling of the turbine and generaler are

performed by using 2 Nos. of 150 lons overhead travelling crane.

Main transformer ig rated et 106,000 kVA, 50 Hz, 3-phase two wind-
ings, 13.8 kV delta to 1350 kV star connected dutdoor, fan-cooled type,
having three separate single phase tanks in order to reduce the trans-

portation welght,

Outdoor switchyard has o space 100 m by 60 m., A double circuit
transmigsion line is connected to 150 kV double bus., The circuit
hreaker is rated at 168 KV, 1200 A, 5,800 MVA interrupting capacity
and is suiteble for synchronizing belween Maung power plant and Tuntaeng

system.

Connection diagram and plan of switehyard are shown on Tigure 6-1l.
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(3} Transmission line and substation

Substation to switeh the power from the Meung plant to the main tvans
mission line is roeocommendably located in the outdoor gwitchyard of the Mri
project to make minimize the total power trensmitting cost for hoth Maung

and Mrica projects.

A 16 km long double circuit 150 kV transmission line with 242 mm2 ACS

conductor is constructed between the outdoor switchyards of Meung and Mric

6.2.7 Effects Lo The Upstream and Downstream Aress

(1) Lend slide in the reservoir avea

As described in the Clause 4.2, small scale land slidings are conside
common oc¢eurrence in the reservoir aroea, because surface geology in the ar
is mainly sedimentary rocks. 'The largest conceivable slide on the reserve
aren, however, would have an insignificant offect on the lowss of ghornge
capacity and would not displace sufficient water to produce wave action of
any sequenco, Lhough further detueiled investigation should he waited Lo cor

clude tha effocts of reservoir impounding in procise.

(2) Water level fluctuation on the downstremm river roach

When the full peak power operation of the Maung plant is performed,
water level at tho end of the tailrace of power house will fluctuate at

1.3 min depth between the peak and off-peak time.

Lay of the land along the river channel between the tailrace and
Clangap site, at a distance 3.7 km, has a gorgae where is expected scarce
possibility of imnhabitants and aninals approaching to the river channel.
The land appadrs flat and low in the downstream of Clangap where Serayu
depression developes., Paddy [iold dovelopos at thet ares and accesses
to the river channel are found in many places.  And also an irrigation

intake is existing at the Clangap site as deseribed in the Clause 4.5,

Retarding effoct of the river channel between the tailrace and the
Clangap site on mitigating the water level fluctuation at the tailrace

may be small, because the river channel has rather steep slope of 1:50,
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I't would be required Lo provide some appropriante device by which
warning is given to the downstream reach of the Clangap prior to the
peak discharge and discharge change is formed to the Clangap intake for
its intoke gonto control, though precise study should be performed in

the detailed design sbago.

.3 Constructlion Plan and Cost Pstimates

6.3.1  General
The implementation schedule of the Maung Project is expected as

Lol lows:

+ Detailed design including : Jan, 1981 o Dec., 1982

preparobion of ltender documents

* Tender call and contract : Jan, to Dec. 1983
* Commencement of construction: Jan., 1984

* Ne. 1 unit commissioning ¢ lFnd of Mar. 1989
* No. 2 uni® commissioning H End of Mar., 1990

Cost estimatos were prepared (or the Maung Projoct on the bagis of
o schedule of guantities derived from the preliminary design detailed
in the foregoing Clause 6.2, using unit rates and the ruling exchange
rate as of February 1980 (US$1.00 = Rp 626 = ¥241),

It was assumed that the project works would bhe constructed under

three major international competitive contracts:

« Civil contract ¢ Civil works such as dam, diversion tunnels,
spillway, waterway and power house including
architectural works. (Improvement works of
congtruction access freom the port to Lhe

project site are not included).

v Metal contbrect

Metal works such as gotles and penstock.

* Electrical contract : Bleetrical works such as plants including
inlet valve at the caging, switchyard equip-
ments end transmission line with a sub-station
at Banjarnegara. (Transmission line between
the sub~gtation of Banjarnegara to the load

center is not included).

- 69 -



The estimates have been divided into foreign exchange and local
curreney costs. Tho divigion however is approximate only since the
pmount of Toreign currency required will vary with differont contractlors,
the amount of locally owned equipment thalt can be wobilized, the construc-

tion methods wadopted and so on,

6.3.2 Construction Plan

Following preliminary design, schedules of guantities for the

major items of work are given in Table 6-2,

Congtruction time sehedule which is established after an overall
assessment on the planning to develop & logical construction sequence

is shown on Pigure 612,

Location of work facilities like permanent roads, plants, quarters,

borrow sites, quarry site and spoil banks is shown on Figure 6-13,

Major equipments and plants for construction use are listed in
Table G6-~1,

Digtribution of oxcavated and embonkment materials is illustrated

on Figure 6-14.
(1) Preparatory works

Preparatory works are completed in two years from Jen. 1984 to Dec,
1985, Works for diversion tunnels should have heen completed before

Apr. 1984,

The following works are, however, rocommended to be carried out by

PIN with locel currency at any time before the period said above,

* Conslruetion of field office,
field laboratory,
elinie, and
access road to/in the project area excopt the construction

roeds to be constructed by the Contractor

* Reconstruction of the bridges on the transportation road from

Cilacap to the project site
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Construction nceess road in the project avea

Tetnlly aboub 10 ke jungr road for congtruchbion use is required,
The road has 19 o width {3 l.mm - one Tor maintenance), 10% wmaximum

grading and metaling with excpvated rocks,

Buildings

“J
Totally about 12,400 0" in ¥loor ares buildings is required for
n )
field offices (1,600 m" )}, quarters (7,000 m"), reprir shep {2,000 ma)
7
end others (1,800 n”),

Plants

Plants as listed below are required,

Total Condition for
Plant Capncity pProcossi n% determining
amound, } _capacity

. fig,&fl‘ﬁg&hﬁﬂ I)laﬂ'i‘« for poncerebe 10 - {}n/hr 2‘3(),(}(}() 260 m‘3 of sond
& gravel Tov
18 hours a day

* Filter plant for filter 200 ton/hy 642,000 570,000 m3 of
main dam fills
zone for 18 mn

+ Batcher plant for concrete 30 mj/hr 152,000 260 m° for .
‘ 10 hours a day |

Water supply facility

Totally 6.8 m?’/min in capacity weter supply Ffacility is required for
plants {1.4 ma/mi,n}, buildings (1.‘5m3;’min) work site {2.%3&3/33111} and
othors (1 mz/min).

Power supply facility

« A 20 XY power btransmission line is required bto be constructed bebwes
the project site {temporary substation) and the Garung projeet before

the commencement of main work, by the hand of Government.

* Besides for the purpese of both temporary use before the completion
of the above stated facility and s reserve capacity, 2 units of

capacity 250 kW oach diesel generator are prepared.
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« Digtribution of power at the project aron is dono by 2 Jun long-30 kV
lines, 6 km long-3,000 V lines and 3 sote~300 KVA temporary

suhstytionsg,

. Pobal installed capaeity is about 2,000 k¥ Tor plands (440 kW), buildiog
(290 kW), waber supply Facility {230 kW) and other use {900 k¥},
Assuming pover demand factor ab 0.6, penk load is about 1,200 kY.

Other facilitios

+ A tolecommunication facility is required. & telephone systom with
40 cirveuits i3 provided at the project area., Government will provide
n telecommunication system helweon the Government field and main

offices.

* A clinic with one docter and bwo nurses and first aid posts arve

prepared for ordinal and emergent use,

{2} Main dam work

Main dam work, which includes 810,000 m3 excavabion and 13,300,000
m3 embankment in total is done during 5 years from Moy 1984 to Nov. 1988,
among which embankment work is done in 4 yoars bebweon 1985 and 1988,
The works are mainly done in dry seasons between May and Ootober. Monthly
workable day is assumed 20 days for excavation, 19 days for core embunkment
éﬁd 20 days for other embankments. Two shifts ~ 14 hours s day work is
agsumed, Average and peak monthly embankment volume will reach reaspectively

to 440,000 m> and 500,000 m-.

Poundation excavation is done in two years belween 1984 and 1985.
Abutment parts, which have rather steep slope as about 1 on 1, are ex-
cavated by 21 4o 32 ton bulldozer with ripper., The sxeoveied meterials
are disposed to the gpoil bank by using 3.9 m3 wheel loader and 20 ton
dump trucl, At the core trench, the last one meber above the fovmation
lovel is excavnted by light eguipments such as pich hammer and stesl

bar not o disturb the contacl surface to the core.
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Improvious core embmlunent

Core material ix chiofly borrowed from BE-6 locatod as referved 4y
the Figure 4-16.  Stripping and excavation at the borrow site is done
by 32 toun elass bulldozer, The excavated material is losded by 3.9 m3
wheel loader to o 20 ton class dump track and hauled Lo the dom, then
sprowled by a 21 bon class back-rake bulldozer and compactod by a 30 o
elass self-traveling bamping roller in p 1ift of 20 em. At adjacent gre
to the bottom and abutment rock, compaciion is dene by a light compacter

such as sir-teamper, vewmer and small vibrating roller.

Filter embanknent

Filter material is sourced half from sand & gravel horvow site
{8~1) and helf from the excavated vocks al the spillway. ALl matevials
are processed through a filter plant. Bxcavation, hauling and spresdiog
works are done by the manber as same as that for the impervious core, whil

bhe compaction is done by s 21 ton vibrating roller,

Tuner shell (Random rvock) embankment

Tho materiael, 4,220,000 m3 in total, is sourced [rom excavated
matorials, they are weatheved rock from spillway (2,076,000 Iﬁj), fresh
zock from spillway (1,056,000 m’), rocks from the dam (95,000.m°), rocks
from other excavsbtion sites {500,000 m3} and quarried rock (493,000 mB}.
Rocks are excavated by both rippering (32 to 44 ton ripper dozer for
wepthered rocks) and blasting (bench cut by cvawler drill and jack hemmer
for fresh rocks), The sxcavabed materials are loaded by 3.9 and 7.7 m3
wheel loaders, hauled by 20 and 32 ton dump 4racks, spreaded at embank-
ment site by 32 ton class bulldomer and compacted by 25 ton class vibratl

roller at 60 em 1ifé.

Other shell (Quarried rock) embankment

The material, 6,930,000 m” in botal, is quarried from the quarry
site {(QS~1) by a 10 to 15 m high beneh cut method. "The blasbed maberisls
are gathered by 44 ton bulldezer, loaded by 7.7 m3 wheel loader, hauled
by 32 ton dump truck and compacted by 25 ton class vibraling roller ab
160 em 1404,
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Inspectlon gallory and grouts

Inspection gallery is conatructed in 1985 before the core embankment.
planket and curtein grouts are commenced in Apr. 1985 and procoeded in
parallel with the dam embankment works. Curtein grout at the part of
ingpec tion gallery is done afber the completion of gallery work.

Cement grout is applied by meauns of drilling by o 5.3 k¥ class boring

machine and injecting by 3.7 to 7.5 WW claess grout punps.

(3} Other works

Diverasion tunnels

Diversion bunnels, both No. 1 and Ne, 2, are constructed bebween
May 1984 and Mar. 1985, Tumnel No. 1 is closed in the dry season of
1988, +the finnl year of dam consgtrucblon works, without using gate.
Tunnel No, 2 is tlosed by geate in Oct., 1988 when the dam embaniment work
is really completod. Pluggings, lecatod et the central part of the
funnel, succeods to the closing worlss, Tumnel iy excavated by full-Tace
method fundamentally wsing cvawlor mounted dvill jumbe, shovel and dump
truck. Conerele lining except the invert iz done by using sliding form
wvith combinwbion of 60 mgfhr elass conerotbe pump and 3.2 m3 clags
rgitator truck., Invert concrete is placed by using portable convoeyer
and pgitator fruck. Backfill grout between rock and lining concreto

is performed after lining work,

Coffer danm

Coffer dam, 1,102,000 m3 in total volume, is embanked in one dry
season of 1985, ‘The manner of excavatbtion and embankment is as same as

that of in dhe mein dam worl.

Spillway

Spillway vork is done in four yoars bebween 1985 and 1988, during
which concrete placement is performed in the last two years, Excavabion
at the plunge pool is performed after the closure of diversion tunnels.
Excavation volume ig tetally 3,000,000 mB, shout 80% of which is used
for the embankment in the inner shell zone of the dam, Weathered rook

is excavated by 44 ton bulldozer with ripper and fresh rock is blasted
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hy beneh enl melhod,  lLoading and henling are done respecetively by 7.7 m3
vheel Towder and 32 ton dump truck. Conerote placement is done hy using
4.% m‘3 agliator truck and conerefe pump or crane with bucket. TPrior tg
pineing conerebe abt the chutewny slab and wall, anchor bars are provided
in the Imse vock. PFxeavatbed slope surface of the chubeway is protectes

by shof-crebe and drairvapge syston,

Wntorwoay

Construetion of waterway is done in § years during 1984 gnd 1988,
The sequence of the works is performed, as veferved to Tigure 6-14,
under dus considerantions on smoobh and systematic progress of constructiy
in waterway as well as works at other sites. MHeadrace tunnel is con-
sturcted by the same method as apnlied for the diversion tunnoels,
Exeovation of the shaft of surge tank is performed Ly pilot shaft en~
largement method hy using a 90 kW class large boring machine, Muek is
hauled through the penstock btunnel, Conerete lining is done by using
sliding form at 1,2 m 24 and bucket handled with n crane., Tle work
ot the pimstoek line is affected ehiefly by the pipe installation
sohadule, Exeavation is all completod prior to the liner installation.
Pipes, which are prefabricated at 6 m unit, ave succeedingly insialled

by erane or rail mounted carrier in parallel with concrete works,

Power houso

Power house congtruciion is performed in 5 years during 1985 and
1989, Excavabion work is completed in 1985 and 1986, Primary stage
concrete at the subsitructure is finished by the end of 1686, then draft
tubes ere instelled, All roncrete placement except secondary concrebe
rolating o the generating equipwent installation is finished by the
end of 1987, No, 1 and No, 2 units are completed respectively by the
endt of Mar. 1989 and by the end of Mar. 1990. Excavation work is done
by using 32 ton class bulldozmer with ripper, 3.9 m3 slass whoel loader
and 20 ton class dump truck. Concrete placement is done by using edither

concrote pump or bucked with crane amd 4.5 m3 eclass agltator truck,
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(4} Construction accoss from porl to the project site

Load to be carried

In the assessment the following date hove been taken as o bosis

For pstablishing the access regquirements:
. Transportoyr

Mass 1 10 &

Dimensionsy 12 m long,3.2 m wide, 0.7 m head load high

s Bulldozer

Mass without blade: 36 & {44 & with blade)

Dimensions: 5.6 m long,3 m wide, 4 m high
* Ponstock

Mass : 22.3 t

Dimensions: 3 m leng, 5.2 m wide, 1.5 m high
+ Gate

Mass :t 25 %

Dimensions: 4 m long, 6.5 m wide, 1.7 m high
« Valve disc (with transition)

Masg 1 30 4

Dimensions: 2.7 m long,3.4 m wide, 5.3 m high

Turbine runner

Mass 1+ 22 1t

Dimensions: 3.4 m diameter, 1.3 m high
* Stator (6 pieces)
Mpss 1+ 20 4

Dimensions: 3.3 m long, 1.9 m wide, 3.8 m high

Proposed acrosy

Conditions of voad and railway systom are deseriliod in Clause 4.4.

Railway sysiem, from the Port of Cilacap to the Project aite, is
available for light weight goods having mass and dimensions
respectively less than 20 & and 12 m x 2,7 m x 2,85 m, but is not

feasible acecess for the heavy loads as lisbed above.
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Rowd system of Lhe route Crom the Port Cilacap to the Project
site ds deemoed the most recommendable necess for the heavy loadg

Singoer

© The port has the coapacity do handle ships with o displacement
of 15,000 4, altbough ihe unloading of heavy loads will have
to be carried oub hy the ships own erunes as there will be no

heesvy lifbing pear atl the port,

+ The rowite has less numbers of bridges which have lLearing to
improveneitts compared te the route from the Port Semorang e

the Project site,

* Bridges listed below are assumed to be reconstructed by Roads

Hepartment,

+ Cilocap o Bunbu:r Slarang (I = 228 m) in case vie Adipara or

Serayu {L o= 202 m) and Jajum (1 == 60 m) in case via Sampang,
* Buntw Lo Banjarnegara:  Gumelem (L = 45,5 m) and Sapi (L « 52 m),

* Banjarnegars to the Project site: Sorayu (T = 45.% m) and

Morawu {1, = 61 m).

6.3,3 Cost Batimates

Cost estimatos were prepared Ffollowing the basie conditions de-
gseribed in Sub-Clause 6.3.1 such as date of price base {Februery 1980},

ruling exchange rate {US$1.00 = Rp 626 = ¥241) ond work system (three

major international competitive contracts), ete.
(L) Preseni-day cost

Civil works

Coat of ¢ivil works was estimated on the base of unit price for eacl
item of schedule of gquanfities. Unit prices were computed following the
gonstruction plan described in Sub-Clanmse 6.3,2 as well as the assumpbied

sbated below,
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v Costs eare devided into foreign and local currency portions

assuming divisions in items as the following.

Foreign curreney porbion Local curvency portion

« Qongtruction plants ond eguipments ' Puel, oils, lubricants

ingluding spare LE] R
g 8p par Goment
» Reinforeement bar and stecl " Explogives
gupportd
» Salaries and expenses of Toreign ' Timber for conastruction
supervisory personnel employed purpose
by contrecter
« Contractors' overhead and profit " Seleries and wages of
components congbruchion supervigors
and workmen employed by
+ Miscellaneous -avchitectural contbractor
materials, apeclal eguipments,
ata.

+ Basie pricos of maberinls and wages of laboura nre nssumed as

listed in Table 6-3,

* Costs of plunts and eguipments are broken dowm to unit prices
for schedule of work quantities assuming that depreciation,
maintenance repair and administration costs are inelusive in

unit prices.

Preight, insurance and inland tbransportation cosis are gauged

-

in costs for all materials, planits and equipments which asre to

be imported, while no import tax and duty are assumed in cosbs,

After compubing the unit prices on the bese of the consbruction
progrem, current daba of unit price in similar kinds of international
centract works were reforred, thenafter adjustment of computed prices

were pevrformed, when reguired.
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Melal and Generoting Kguipments Works

The cosb ealimatbes Uor melbal and generaling equipment works were

gauged 'rom currenl gontract prices for similar kinds of works.

Land Avguisition

The regettlement of population in the submerged ond consgbruction
ares is considered the responsibility of the relevant Civil and Adminie-
trafion authorities. Cozl  estimates for land acquisition, however, gs-
sume tentetively that all the popnlation will transmigrate because this
is considered the most ecostly alternative., Land seguisition cost then
composes transmigration cost and land compensation costl, which are cal-

culated by using the quantibies and unit costs presented in Clause 4.5,

Ingincering Service

Fngineering service includes deiniled design and supervigien in the
conglbruction gbage and is assumed to be done by an overseas consul tant
together with officers Pfrom PLN. A nominal figure of 7.5 % of contraet

construction costy is allowed for the engineering service costbs.

Government Administration

An allowance of 2 % of the sum of conlract construction vosts and
land acquisition cast 1is added for Government adminigtration costs for

the Project.

Physical Contingency

The eogb esbimntes was preparsd based on the informations asvailable
from the feasibility stege inveatigation work completed to date.

Allowance mugh be made fer such unknown lactors asg:

« Dogree of cerlbainty of site investipgsbions - aerial mapping, volume

in borrow arses, hydrological records, ete,
+ Changes in item quantities during detailed design studies

« Geological conditions encountered during construction varying

from bhoge now assumed
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Bidding climate ot time of tendering

FProm an assessment of facbors invelved, o contingency loading of

13 % of the foasibility stage ostimates is adepted to obtain the

estimate of anticipated projeci cost.

A summary of present-day (February 1980) costs including an

nasessment of foreign and local currency requirement for the Project

iz given below.

Coat { $ Thousand)

ITtem
Total Foreign Local
1, Land acquisition 8,139 - 8,139
2. Livil works
(1} Dum works 114,467 90,754 23,713
{2} TPower Pacility works 20,200 11,647 8,553
sSub-tobal 2 134,667 102,401 32,260
3, Metal and generating eguipmentd
works
{1} Metal works 17,826 15,281 2,545
(2) fenerating cquipments
works 28,832 26,256 2,570
Sub-total 3 46,658 41,537 5,121
4. Engineering service and
Government administration
{1} Fngineoving servicﬁ=££ 13,599 10,795 2,804
{2) Government administrationzﬁ 3,189 - 3,789
Sub-tolal 4 17,388 10,795 6,593
5. Phisical aanhingenﬂyéﬁ 29,807 23,210 6,597
Total: 236,659 177,943 58,716

2% of 1 4+ 2+ 3
¢ 15 % of 2 4 3 4+ 4

Aol N e
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{2} Projecl lingnee reguirement,

On the assumpbion bthat construetion of the Maung dam and power
station ig undertoken in accordance with the construction program
presentod on Figure 6-12, estimated yearly finance requirvement (proe

sonb-day costs) are shown in Teble 6-4.

Annual esealalion rate is assumoed at 0 % for both foreign and local
ciereney during the whole implementation pericd.  Annual doterest rate of
B % is assumed o be dimposed on Lhe foreign currency during Lhe congtrue-

tion period,

Using these rates the present-day costs are extended to show

escalated costs as in Table 6-5 and as summarized below.

Unit & Thousand

I'oreign currency Local currency Total
« Presont-day
congstruction cost 177,943 58,716 236,059
» Price contingency 94, 895 29,0625 124,520
v Interest during con-
struction period 58,824 - 58,824
Total 331,662 88,341 420,003

(3) Operation and maintenance

Fatimates on annunls costs of operation and maintenance of the Maung

project are gauged from date on asctual costs of similar schemes.

Allowance 0,5% (8572 thousand) of dam works cost of civil works
is assumed for the annual operabion and mainlenance cost of dam Tacilities.
Allowance 2.5% ($1,671 thousand) be the total of power facility works
cosl of eivil works and metal and generating equipments costs is assumed

for the annual cost of power facilities.
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(4) Replacement cost

Life time of metal and genorating equipments works is assumed ol
40 years aflter installation. Replacement costs of these worls arve
agsumed sum of cosbs Lor installoation cost of motal and generaling
aquipment works as well as cosls of civil works related Lo this re-
placement, Consldering a salvage value, 90 % of the installation cosls
of metal and generating equipments works is gauged lor bthe replacement
cogt while 10 % of the power facility cost of civil work is allowed [or

the replacemont as o civil works cost component.

6.4 Organization for Construction and Operation and Maintenance

{1) Construction management and organization

Pigure 6-15 presents overall construction organization chart.
Ministry of Mines & Energy will have overall rosponsibility for the
implementation of the Project., Design and construction of the Project
will be executed by PLN. Resettlement in the project area will he

cared by Government authorities concernod with the assistance of PIN.

For the execution of construction works, the field office of PLN
tentatively named Maung Project Office will bLe required to bhe built.
The construction works will be carried out by the contract bagis wilh
international/local contracters under the supervision of the Project.
A technical assistances by foreign and/or local consulting engineers
will be provided to the Project for successful performance of the

construetion work.

(2) Operation and Maintenance

Table 6-6 presents staffing required for operstion mnd maintenance.
After completing construction of the Maung Project by the Project Office,
operation and maintenance will be trangferred to and managed by the hand
of Region XIII of PLN as referred to Figure 3-1 of Clause 3.1,
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CHAPTER 7

ECONOMIC AND FINANCIAL ANALYSIS

7.1 The Preject Dulput

The project output consists of the firm power, primary energy and
gecondary energy. The firm power is the maximum power output under the
most wnfavorable combination of the hydvologic condition snd the load
condition. The hydrologic condition affects the firm power in the re-
gulated outflow and reserveir water level. The ingtalled capacity is
determined to generate the maximum power outpul whieh can be generated
by utilizing the possible minimum outflow with an appropriete capacity
factor if the reserveir water level is high enough to maintain the rated
vater head. The maximum outpub reduces 1f the reserveir water level
lowers. In this connection, the firm power is herein defined that the
maximum power oubput to be generabed by use of the minimum oubflow with
& capaselty factor appropriate for tho operation of the plant under the
load condition conceived, when the water head ig at a level with a pro-
bability of exeecdence of 90 %. The firm powor of the Project hos been
esbimated in the caleulation for Clause 3,2 to inerease from 86 MW in
FY 1989/90 to 190 MW in TY 1995/96 onward,

The Maung power station generates 277 GWh/year or 760 MWh/day qf‘
primary enorgy evenly through the year, and 87 GWh/year of secondary
snergy, from time to time. The primery energy is wbtilized regularly
to meet a certain portion of the load and the secondary output saves

the variable operation cost of steam power plant.

In the earlier period of operabion, the primary energy of the
Maung power station is utilized to meet such & portion of load as having
rather long duration. The daily operation hours gradually reduces and
in FY 1995/96 onward the primery energy is totally uiilized for the

peaking operation of short duration.

The average rate of fuel consumpbion in the steam power station ig
high if the operation hours are short, and vise versa. Accordingly,

the value of primary energy of a hydro powor station would be set to
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be higher for a short operation hours than for a long operation hours,
i the hydeo olecbyic power should be evaluated hased on the cost of a
gleam power plant, In other words the value of "penk energy"” is higher
Lhan that of "buaze enorgy”™, in broad gense. Tov consequence it i herein
nssumed that the primory enorgy of the Maung power station is totally
genereted as the base encrgy in FY 1989790 and as the peak energy in

Y 1995/96 onward, and the proposition of peak energy is linearly in-

cronaad hetween the two fiseal years,

The estimated build-up of the project outpul is as shown below.

95 /96
'89/90 190/91 '91/92 '92/93 '93/94 '94/95 onward

Mrm Power (MW) - 86 126 140 156 172 188 190

Primary Energy

- Poak power {GWh) - 46 92 138 185 231 277
- Bame power {(GWh) 277 231 185 139 02 40 -
Secondnry Fnergy (GWh} B 87 87 87 87 87 87

7.2 Fconomic Analyasis

7.2,1 ©Oriterin and Agsumpbions

An economic analysis of the Maung Hydroelectric Project was made
for the development schedule, layout and size recommended in CHAPTER 5,
baged on the economic internal rate of return (EIRR) criteria, The
evaluabion period starts from FY 1981/82, which is the first year of the
project implementation, and ends in FY 2032/33, 50 years from 1983/84,
which is the First year of the project consiruction, All the cost and
benefit are cstimnted ab & constant price level at the end of TY 1979/80.

The cost incorporated in the analysis is the economic capital cost,

roplacement cost and O & M cost of the proposed project facillties.

he oconomic benefit is esbimated based on the economic cost of ‘the

leasgt-costly alternative facilities.

As the least-cosbly alternative facilities a 200 MW oil-fired sheam

plant is taken up, based on the following considerations.
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. In the Central Jave system, 200 MW oilefired stoam plants will Dbo

provailing in the foresecable future.

. Conl-fired steam plant has noet been Included in any power dovel-

epmont plan in the Republic of Indonesia yet.

. The oil-coal mixoed steam plant dis more costly than the eil~fired

gtoam plant because of its high capital cost.
P g !

. The economic size of gas turbine power plant is up bto 50 MW and
the oil consumption rate of this bype of plant is high, secemingly

only justified for elipping off a peak of very short duration.

. Regarding the nuclear power plant, it is anticipated that the fuel
cost consigting of four elements (refined uranium cosgb: 20 %, cost
for enrichments 20 %, formation treatment cost: 30 %, retreatment
cost: 30 %) is going up sharply. The consbruction cost per k¥Wh
varies considerably by the type of nuclear reactors (BWR, PWH,

GO, AGR and HWR), bul there is no definite idea about the type

of reactor to be developed in late-1980%'s.

7.2.2 Heonomic casb

The economic cost of the project fueilities is derived by subbract-
ing the transfer payment which is asswned be be 20 7% of the financial
eogt including tax and local contractor's prefit, FReconomie cost of
foreign currency is as same as bthe financial cost while the economic

cost of local currency is 80 % of the Tinancial cost.

The disbursement schadule of capital cost is as shown in Table 7.1,

. The ccomemic life of the project facilities is assumed to be 40
years for the metal work, generating equipment, switching egquipment,
transforming equipment and transmission facilities and 50 yonrs for tho
¢ivil work, The replacement cost excluding the salvage value is assumod
to be 90 % of tho capital cost, The roplacement cost of metal works and
generating egquipments consists of $42,920 x 1{)3 dighursed in 2 yoars

starting from ¥Y 2027/28.

.The ratio of O & M cost to the investmont of project fecilitiocs is
estimatod to be 2.5 % of the power generation and transmission facili-
tled and 0.5 % of dam. The total of annual 0 & M cost is caleulated to

be 82,152 x 10°.
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T.2.% Beonomie Beneiil

The unid conglrucetion cosl of 200 MW olbl-Lived steam power plant
i eabimated o he $680/kW exeluding the interest during the construc-

Lion period gl the price Level of 'Y 1979/80.

Thee hydropower plant has a cerbain advantege against the thermal
power plant in berms of loss and outage. The adjustment factors for

the hydro advantage are ealeulated as shown in Table 7-2.

Annual costs during the serviee Life of the power plant are divided

in fixed and variable costs as shown below:

Mxed cost Variable cost
a) Maintenance cost &)  Tuel cost
i) Salury and wages b)  Mainbenance cost
ii) Repair 1) A portion of salary

- : . and wagoes
i1i)  Insurance and others K
i1} A portion of repair cost

) General administretion cost

Note: Duties and laxes to the assets and business activilies are not

considerod.

The fixed and variable costs are obtained as shown in Table 7-3
taking into consideration the adjustment factor between hydro and ther-

mal power plants.

The unit cash flow of alternative cil-fired thermal power plant is

prepared in Table 7-4, based on the data in Table 7-3.

The annual equivalent cosl of the alternative thermal power plant
is caloulated to be a composition of kW value and kWh value. The kWh
value is estimated to be $66.2 x lU"B/kWh for the peak encrgy and $50.2
x LO“B/kWh for the baso energy including the secondary energy (where the
0il price is assumed ab $30/barrel (export price of crude 0il of Indonesia
as of February 1980). The kW value is calculated, in accordance with the

discount rate agsumed, as shown below:
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Unit $/kW

Digscount rate

14 % L7 4 20 %
k¥ value 175.8 208.0 242,41

7.2.4 EIRR

The cash-flow of the project bonefit is calculatod as shown in

The cash-flow of the economic costs and benefit is prepared as shown
in Table 7-6. The present worths of the economic cost and economic henefit
are plotted against varying discount rate on Pigure 7-1. This figure shows

that the value of BIRR is 16,5% under the nmormally conceivable condition,

The values of EIRR under the condition if the cost is unexpecledly
high or the benelit is unexpoctedly low can alsmo be derived from lMgure

7-1, a8 summarizod below:

RIRR (%)

At Normal: 16.5
B: Denefit reduction by 13%: 13.5
C: Cost increase by 15 %: 13.9
D: Benefitl delay by 1 year: 14.0
E: Beneflil reduction hy 15 % & 11.3

cosl dincrease hy 15 %:
The value of BIRR under the normal condition shows a high economic
viability., ‘The project is not very sensitive to unfavorable change in
the cost and benefit. The values of BIRR remaining within a feasible

range under geveral unfavorable conditions assumed,

7.3 Tinancial Analysis

7.3,1 Pricing Structure

The average power charge in Central Java in FY 1977 is estimated
to be $0.0428/kWh including the charge for development as presented in

Clause 3,2 It seems thab this average power charge has hecome unappli-

cable to pay off the cost of power system, due to high fuel cost.
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the power chorvpe s ostablishod to hoe marginoel to recover the cosgt
ol power sysbom.  In this connection Lhe power tarifl will be rovisoed
busod on Che cost of 200 MY oil=1irod stoam plant which will be pro-

valling in the Contral Jave system Prom now on.

The Asian Development Bank (ADD) Loaned Lo Indonesio for the Ectry
High Yollage Tvansmission Projeet in Juva on Novembor 29, 1979. The
lonn is vepayable in 20 years at an interest rate of 7.0 %. Assuming
the same repayment condition, the fixed unit cost (kW cost) of a 200 My
vil-Cired steam plant iy estimatod at Lhe price lovel of PY 1979/80 as

lollaows:

(1) Winanecial construcetion cost
ineluding interest during

construction period of 3 years 3789

(2) CGapitel recovery factor

(17 yeara, 7.0 %) 0,106
(3)  Avounl repuyment; (1) x (2) $83.0
(4)  Mixed 0 & M (From Table 7-3) B27 .8
(5) Sub=totaly (3) + (4) $11L.4

(6) Cost of stand-by capacily;

25 % of (5) $27.9
(7)  Apnual kW costy {(5) + (6) $139.3

The kWh cosl is estimated by the same procedure as that for the
cconomic kWh value deseribed in 7.2,3; $16.2 % 10"3/kWh for the peak
tnergy and $12.2 x lO“3/kWh for the base encrgy, wheve the fuel cost is
agsumed not by the export price but by the domestic price of ¢ heavy oil

($0.0479/f) .

The average cos't of power at the price level in FY 1979/80 is cal-
culated, assuming that peak energy load iy 20 % of the total onorgy

load and the load factor is 73 %.
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$21.8 x 103

i

kW costy $139.3/(8,760 hr x 0.73)

Peak encrgy cost; $16.2 x 1073 x 0.2 = $3.2 x 1073
Dease energy cost; $12.2 x 1073 x 0.8 = $9.8 x 10
Total cogt/kWh of power $34.8 x 1072

The average charge is derived from the above-mentioned cost of
power at Rp 35-40/kWh, taking into account costs for transmission,
distribution and administration and loss between the plant and the
consumer, It is indicative that PLN's teriff for TY 1977/78 (average
charge is Rp 26.79/kWh) is too low to recover all the cost of the power
supply system, if it is applied in FY 1979/80 as it is,

With these considerations, the power charge of $139.3/kW and
$16.2 x 10~3/kWh for the peak energy and $12.2 x 1072 /kWh for the base
energy at the price level in T'Y 1979/80 is attributed to the power

generation in the present atudy.

The gross revenue of the project is calculated by applying the
above-mentioned power charge to the project output decribed in Clause
7.1,

7.3.2 TFIRR

A financial cash flow is prepared for 30 years starting from
FY 1981/82 as shown in 'Fable 7-7,

In preparing this table, an escalation rate of 6 % is assumed for
both the cost and benefit until FY 1990/91 and beyond that year no
escalation is assumed. The above 6% of price escalation for foreign
currency portion is determined referring to the projection by the World
‘Bankl/ which the practice in the ADB (Asian Development Bank) follows,
The rate of price escalation for local currency portion is assumed to
be the same (6%) as thal for foreign currency portion considering the

following:

1/t "Price Prospocts for Major Primary Commodities"
IBRD, June 1978, p. 20.

- Index of CITF US$ prices of
GDP Deflator developed countries' manufactured
for OLCD Countries exports to developing countries

Projected:
~ 1980-1985 7.0% 6.0%
- 1985-1990 6.0% 5.0%
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(1) The demestic inflation in Indonesia is largely affected by the
imported prices of manufactured goods from the developed countries,

and

—
[x
—

As the projeetl cost is estimuted in US dollars, the future inerecase
in Rupiah cost of the Project may be absorbed by the fubure fluc—
tuation of the exchange rate insofar as the exchango rate moves

in proportion with the domestic inflation.

The project benefit is escalated until FY 1990/91 in the same

manner as the project cost,

The value of financial internal rate of return (FIRR) of the Pro-
jeet is ealeulated based on Table 7~7 Lo be 10.1 % for the evaluation

period of 30 years, as referred to Figure 7-2.

This value of I'IRR is higher than the interest charges of 9 %

which is paid by PLIN CLor the outstanding long-term debt nowadays.,

7:.3.3 Loan Repavability

To examine the Project feasibility from financial viewpoint, loan
repayability of the Project is herein examined. Only the foreign com-
ponent of the total capital cost is presumed to be financed by the loans
with assumed conditions. The lecal component of the total capital cost
and the interest during construction are assumed to be Pinanced by PLN's

own funds.

It is herein judged that the loan is successfully repaid only if
the accumulated surplus which comprise net revenus (gross revenue less
0 & M cost), less local component of total capital cost, interest during
congtruction and loan repayment, turns out to be positive ab the end of
the repayment period. It is noted that the replacement cost is esti-
mated to be $84 % 106 to be disbursed in FY 2027/28 and ¥ 2028/29 and
it can be financed from the nel revenue of ‘the Project after the repay-

ment period,

As same as the case of FIRR celculation price escalation of 6 %

is only assumed until FY 1990/91.
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yith the above-mentioned eriteria, the marginal interest rate on
loan is calculeted for varying repayment period including a grace

period of B yorrs ns shown below,

Repaymeni Peviod {Yoar) 20 25 30
Marginal Interest llate (%) 8.6 13,2 15 .4

Taking into consideration the likely terms of loans, though it is
yeb to be determined, the financial stetement of the Project is examined
in case that the Project is financed by o loan which is repayable over

30 years including 8 ycar grace period at a 8 % interest rate.

As shown in Table 7-8, the accumulated surplus is turned inte
positive figure only one year after the Project reaches its final de~
velopment stage in 1995/96. Afterwards, the Project yields the profit
of about US$30 million after deducting the loan repayment from the net
revenue. The accumulated surplus at the end of the repayment period,
7Y 2010/11, reaches about US$428 million, which is well over the totel
capital cost, about USHIGL million,

From the viewpoint of loan repayability, the Project is justifiable,

7.4 Associanted Benefit

Associated benefits will be expected to be con'bribui}ed from the
project sueh as fishing industry, transfer of knowledge and employment

opportunity, flood control and water supply, ete.

(1} Pishing industry

An estimate of product of fishing indusiry is stated in the para-
graph (4) of Clause 4~9 that annual net income would amount to about 100
thousand dollars per year by cultivating fishes such as Nilem carp,

Tilapin ete. in the resevvoir,

(2) Transfer of kuowledge and employment opportunity

At the stages of detail design and construction, many of local
personnel will have chance knowledge transferation on the manner and

method of surveys and constructions from skilled firms who would work
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dointly. Deosides swkilled and unskilled labours will be reqguired to

bo omployed For the preojeel both in and after the construction stage,

(3} Mowl control nnd water supply

AL 01l flood times, miligatien elfect of the flood will be con-
fritted by the project, beenusoe the apillwiay ol the project is of non-
pate type Lthen no artificial control will boe made. Also the relatively
big starnge can contribube Tor the increase of irrigation water at
dry-yonrs and contribute for siltiong the fines (so called Wadas Lintan)
in the reservoir which is said to have boad effect on the vegetable growth

ol the paddy [ields.
(4) Other benefits
Municipanl water supply, to the eity Banjarnegare, is possibly made

from the reservoir,

The regervoir will present a recerealion and resort lund located on
midwey beltween o sight-secing route, Wonosobo-Dieng-Karangkobar-Bunjar-

ni:gara .

Roads congtructed in the vicinity of the dam will offer an easy
access and communication among -the persons living in and around the

project area.
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CHAPTER 8

FURTHER INVESTIGATTONS RECOMMENDED

8,1 Debpiled Dosign for the Maung Project

2.1.1 Tnlroduclion

Detailted degim work is required before the commencement of con-
struction works, aiming at to preparoe tonder documents Lor construchion

after detailed investigations added to the feasibility investigation.

The work is assumed to be done by an overseas consultant working

with officers from PLN.

The work is to be completed within two ycars after starting the
investigation from possible earliest date in the year of 1981. The
work schedule covresponding Lo main investigation items are expected as

below assuming the serviee being staerted in January 1981.
. Incoption work: Jonuary 1981 through Marvch 1981,
. Detail investigation (Site): April 1981 through December 1981,
. Dotail designy November 1981 through December 1982.
, Tender document: November 1981 through November 1982,

. Tmplementation program: November 1981 through December 1982,

8.1.2 S8cope of Invegtigation

The scope of investigabtion is expectodly termed as the followings
after due considerations on the results of feesibility investigations
and implementation program.

Inception works

. To veview the fepgibility rveport and to prepare work plan on the
Yy re] prey

detnil design

. To perform tender and mobilization of local contract works execubed

at the site in cooperation with PLN

Detail investigations
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To perform detail geological dinvesligations in the project arca chiefly
for the local covtracl works in cooperation with PLN

 Ateologieal dinvesbipgation will inelude those dtems as same as on bhe
Feasilbibily study such ns seismic prospecting {aboul 5 km), core bOI‘ings
(abont, 300 m) accomponivd by woaler Lesis, grout bosd (about 100 m), test

aditting (nboul 400 m) accompanied by roclk tests ete.)

»Toocwrry oudl detall materioal investigalions chiefly Cor local contract
vorks in coaperation with PLN

« To perfuorm hydranlic model tests

» To perform seismic stability analysis both in case of dynamic approach

and statie approach

< To perform detall topographical survey, local contract work, of the

structure aree and reservoir ares in cooperation with PLN

» To perform additional collection and analysis of hydrologic data in

cooperation with PLN and to study reservoir operation
. Tooeolleet dinformation on construction planning in cooperetion with PLN
o To discuss principal conditions on preparing tender documents with PLN

o To porform detaill investigations on transmission line route and sub-
gbtation area and local contract works in cooperation with PLN

» To assist PLN performing detail investigation on land acquisition

+ To prepare documentary film of picturing manner and progress of the
investigation works

Detail design

. To perform detail design of ¢ivil structures, thet is, dam and appurte-

nant structures
« To perform basic design of eleclrical works
» To perform basic design of metal works
. Ta establish conslruction plan
» To prepare Bill of Quantity and Engineering cost estimate
« To refine the Projeelt foasibility
Tonder documents

.+ To prepare tender documents for civil works, electrical works

(probably of two packages) and metal works



Implenmn'bu‘l',i0n program

To prepare draft Implementation Program for conslruction to sushain

the uppraisal of the Project by o fund evreditor

In pecordance wilh the progress of dnvestigoalions, the Tollowing reporls

will he propored.

Work progress veport:s To report progress of work every morbh

. Inception report:  To report fruits of inception work after finigh-
ing inception works

, Design eriteria report: To submit design critorin veport preceding
to the detail design work to obtain PLN agreement on it.

_ Tender documents: To prepare tender documents for civil works,
electrical works (two packugos) and metal works

. Design report: To prepare fruits of detnil design works (including
the dotail investigation works)

. Implementation programs To propore implementntion program for con-
gtruetion

LIt is nlso recommended to instell seismograph at the damsite in the
parliest chance, because dynemice aceess on lhe dam stability will bo
vequired in the detail design stage Ly taling into aceount of suigmic

eharacteristie of Lhe proposed damsite. further the apparatus will
conbribute For gauging scismicity oalter projeet completion.

. Man-month required is voughly estimeted ntl about 160 M/M Tor site works
and about 270 MM tor home works respoelively, aboul 430 M/M in total,

8.2 Tepsibility Study for the Clangap Project

8.2.1 Introduction

The riverbed slope of the upper reaches of the Morawu river isg very
steep topographically (1/20 - 1/40) and waber head between the Maung dam-—

site (FL.402 m) and 1.S.L. ol the Mrica reservoir (fil,.231 m) is about 170 m,

Put nothing hed been planped to makoe Lhe best of this water head cven
if availability of water licad of 60 m oub of 70 m ab the Llower reaches of
¢langap mebro-hydrological station site (BL.290 m) scoms almost seoerce due
to the topographical and geological conditions.

Therefore, Trom a viewpoint ol the most elfective overall devel-~
opment of the river, study on the maps available and field reconnais-~
sance for the Clangap project were carried out during the site survey
for the Maung project., And as a result of scrutiny on the various
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casos of combination ol w dam and power station, ws shown on the Vipure
G4, talking intoe aceount topography, geology, operation method of the
pover stalion e a using purpose of generated clectbrie power, a case,
in which the Maung power shbation is loeated at 2 km downstream site
(11.361.5m) from the Maung dam and Che Clangap dam and power station ave
construetod at about 3.5 kw an dirvect distance Twrther down the river,
wits wmoloebod as o most prospective plan to utilize remaining waler head

as offeclive as possible, as deseribed in the foregoing Clauso 5.3,

8.2.2 Outline and Merits of the Clangap Project

The envisaged general features of Clangap dam and power station
are as follows:
« Dam foundation; tuff breceia overlapped by weathered yellowish

clay partially

« BDam, Typu; rock 11l with center core
Hed ghty ghout, 79 m
Volume; about 2,500,000 m"s

+ T8L of reservoir; BL,303 m

. Power gtation, Typej aboveground
+  Tailwater sill; 1L .290 m

. Ingtalled capacity; 1 x 66 MW

. Annual energy output; 126 GWh

The Clangap project has following merits besides effective use of
remaining water head between Maung damsite and Clangap.

. Generated electric power can be used for peak power demand in the

Central Javae as same as Lthe case of Maung power atation,
. Outflow from Maung reservoir can be ubilized effectively,

. Power generation of Clangap power station can be controlled daily
by Clangap reservoir.
. When construction of the (Clangap project is commenced in succes-

sion Lo the Maung and Mrica Prefects, construction cost can he

roduced remarkably owing to diversion of the existing roads,
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buildings, facilities of quarry gite and earlh borrow arce and heavy
equipment, and employment of the skilled workers from the preceding

projocts directly.

8,2.3 PFeaszgibility Study

Az slated above, it is desirable to conduet carly cxeculion of fea-

sibility study for the Clangap project.

For this purpose, preparation of the detailed topographic maps which
covers the whole Clangap project area is indispensable to carry out the

surveys, namely geological investigation and pre-design.

¥hile, data and informations concerning hydrology, electric power
condition, construction materials and environmental prohlems which have
been collected for the Maung project will be applied for the study of
the Clangap projoct effectively.

Necessary man-month for execution of the feasibility study is
estimated roughly at 105 M/M including 55 M/M for the home works.
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CHAPTER 9

SOME CONSIDERATIONS RELATED TO PLN'S
NEW POLICTES PRESENTED IN OCTOBER 1980

9,1 General

In October 1980, discussion was made between PLN and JICA on the
draft feansibility study report. PLN presented new pelicies which had
peen settled in the year of FY 1980/81,

This Chapter sets forth considerations made in relation to the PLN's

new policies as described below.

. New tariff base was settled in July 1980 as per attached Table 9-1.
Average tariff is estimated at Rp 42.5/kWh, while the average in
the year of 1977 was Ep 26.8/kWh as shown in the Clause 3.2,

. PLN~-Pusat prepared in August 1980 a power expansion plan in the
whole Java as per abtached Teble 9~2. This plan grounds on an
pssumption that the whole Java will be integrated in an unit system
through 500 kV extra high voltage power transmission lines, Maung
project is listed to be realized in the year of TY 1990/91, one

year behind the proposed schedule as shown on the Figure 5-3.

. PLN-central Java office prepared in August 1980 two alternative
power expansion plans in the region of Central Java as per attached
Table 9-3, Alternative plan I proposes an implementation progream
as Mrica by ¥Y 1988/89 and Maung by FY 1990/91, while alternative
plan II proposes Maung by FY 1988/89 and Mrice by FY 1992/93.

. Domestic price of C heavy 0il was raised in May 1980 to RP'4§/f
from the former price of Rp 39/{.

+ Thermal power plant which will be realized in the future will he
mainly of coal-fired type which would be the least costly alter-

native to a hydro power plant .
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9.2 Considerations Related to New Policies

Dotails of considerations made in relation to the PIN'g new policies
are cxplained in PART IIT of APPENDIX in separate volume. Conelusions

only are briefed below.

9.2.1 Tingneial Peasibility of the Project in case Average

Tariff being Bp 42.5/kWh

» Average tariff, which is Lthe power rate at the consumer side, is
Rp 42.5/kWh (Re., Table 9-1). Assuming 45 % of the tariff is cone
tributable to costs required for transmission, distribution and
administration, Rp 23.5/kWh, or equivalents $0.0375/kWh, is esli-
mated as the power rate at the plant side. This rate, $0.0375/k¥h,

is about 1.08 times the estimated rate shown in the Clause 7.3.1.

It is apparent, if this new power rate is applied, the project will
become financially more feasible. FIRR becomes at 10.8 % while it

is 10.1 % in the Clause 7,3.2. Loan repayoability is also justifiod.

9.2.2 Jeasibility of the Project in case Implemenbed as Assumed in thoe

Power Expansion Plan of PLN-Pusat

+ Power expansion plan in the whole Java assumed by PLN-Pusat is as
refered to the Table 9-2, where, in the feasibility examination in
this Clause, installed cepacity and annuel energy product of the
Maung power plant are assumed as same as those presented in the
preceding Chapters, namely 190 MW and 364 GWh/year, but completion
of the project is assumed all at once hy FY 1990/91,

» It is also assumed that the plant will be operated as a peak power
plant from the first year of operation with full peak power depend-
ability of 190 MW,

.+ BEIRR is calculated at 25.8% which proves high economical foasibility

of the project.

» FIRR is caleculated at 17.0 % which also demonstrates financial sound—
ness of the projects.

Loan repayability is justified.
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9,2.3 A Review on Implementation Time ol the Mrica Project in relatbion

to Assumned Power Expension Plan of PLN-Central Java

, PLN~Central Java office presented an alternative power expansion plan

in the Contral Jave as shown on the Table 9-3.

, Study in this Clause is limitedly made for Maung and Mrica projects
only, Becauso projects other than the above listed on the table have
not yel been well investigated and quantitetive eveluation is dif-

fieult to be made.

. Present values of cost and saving in each comparison cases are ob-
tained as the table below, where the assumptions and calculation

procedure are the same as adopted in the Clause 5.2.3-(4)

/1

Jage Cogt (x 106US$)
IZE All Thermal 937
I]?T*ﬁi Maung TY 89/90 + Mricn IY 94/95 + Thermal 827
A - o - 4 Mrico Y 93/94 4+ - do = 830
B Lo + Mrica WY 92/93 4 « do = 835
¢ - do - + Mrica PY 91/92 + - do - 839
D - do - + Mrice ¥Y 90/91 + — do - 845
E ~-do - + Mrica FY 89/90 + - do - 849 -
¥ - do - + Mrica FY 88/89 4 - do - 858
G - do - + Mrica IY 87/88 4 - do - 91N

Note /1: Cost and saving FY 1987/88 and alterward
/21 Same as Alternative Plan I of the Clause 5.2.3
/3t Seme as Alternative Plan IIT of the Clause 5.2.3

As scen above, the mosl beneficial case among all comparison
case is the case TII which is as seme as that proposcd in the
Clause 5.2.3, though it is also true that hydvo-pover plants

are vssentially advantagoous compared to thermal power plant.
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.24 Pinaneioal Peasibility of the Projeel in case € Heavy Oil Price
bejng Rp 45/f

. Domes tic price of € heavy oil was raised from Bp 30/f 1o Rp 45/f,
which will contribute for improving financinl stability of {the pro-

Jeel,

. PIRR will be increased 11,1 % from the former 10,1 %,  Accumulgted
surplus following to the financial statement for 30 yoars altler the
start of detailed survey, will be also increased to US$540,578,000
From the former USH428,201,000.

9.2.5 Beonomical Feasihility of the Project in case Coal-Fired

Plant being Least Costly Alternative

» Beonomic values, kW and kWh values, are estimated as below.

kW value EWh value

Loast Cogtly Altemative
Y ($/KW al discount rale of 14%) ($/Hh)

Coal=Iired plant 193 .7 0.0209
Oil-fired plu,n'l;z—l- 175.8 0.0502
0.0662

/[l TVigures are the same as in the Clause 7.2.3.

. BIRR is calculated at 11.2 % which is rather less than that (16.5 %)
calculated in case oil-fired plant regarded as the least costly al-

ternative due te relatively small kWh wvalue as lisled above.
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Table 1-1 LIST OF' FIELD

SURVEY TEAM

Assignment

Coordinater

Team Leader
Deputy Team lesder
Geologist

Boring Engineer
Boring Engineerx
Geophysicist
Geophysicist
Geophysicist
Survey Ingineer
Survey Engineer
Soil Mechanical Tnginecoer
Hydrologist

Civil Engineer

Electrical Engineer

Name

M. Suemori

Naltamura,
Sumikovwe
Moritani
Kodama

Matsuhashi

. Suzuki

Ibaragi
Kawabe
Watanabe
Ishizuka
Nogahara
Kotani,
Kotayama

Tomiyama



Name of Ingtalled Actual

Power System  Power Steti_. Capacity Output Remarks
Tuntang Jelok 774 kW 680 kW *¥
Sysbem Timo 672 kW 600 kW *x¥
Semarang ha 4,928 kW 4,000 kW ¥¥*¥
Bast Semarsa 836 kW 500 kW *¥*¥
1,202 kW 1,100 kW **¥*
672 kW 600 Ky **¥
Wirobrajan 1,036 k¥ 980 kW **¥
100 kW . 90 kY ¥*X
¥irobrajan 100 kW 90 LW **¥
Purvosari 60 kW 60 kW *
Kalisari 340 kW 310 kW *¥¥%
Kudug 280 kW 220 kW *H¥
1,208 k¥
Ketenger Kebenger 124 KW ) 945 kW ek
System
Cilacap 200 I ) 632 KW *K
256 kW
Tegal I 275 kW )
Togal II 285.6 kW 235 kW *¥¥
332 kW 205 kW *x¥
208 kW 208 kW *xx
6,020 kW 3,500 k¥ **
14,955 kW

Source: PLN Region Xl , 1

* ¢ PLN has decided
¥ 1 Presently out ¢
*¥%%¥ + Presently unde:

of the power 8)

/1 :  The maximum oul



Teble 3-1

POWER PLANT IN CENTRAL JAVA OWNED BY PLN

: Neme of Installed Actuakﬁi
Pover Svatem Power Btation Type Capacity Output Hemarks
Tuntang Jolaok Hydro 4 x 5,120 kW 13,000 k¥
System Timo " 3 x 4,000 k¥ 10,500 k¥
Semarang harhor Steam 2 x 53,125 k¥ 100,000 kW
Eanst Semarang  Gasg 1 % 14,400 k¥ 45,000 k¥
(1 x 27,388 &KW
(l x 20,100 k¥
¥irobrajan I Diesel 1 x 1,000 k¥ 2,100 kW »x
(3 x 1,020 kW)
Wirobrajan Il " 3 x 2,150 kW 6,000 kW *x
Purwogari " 2 x 1,160 &¥ 1,800 KW *%
Kalisari " 4 x 1,000 kW 2,800 kW **
Kudus " 2 x 560 kW 400 LW *x
Ketenger Kotonger Hydro 2 x 3,520 kW 4,000 k¥
System Diesel 2 x 584 k¥
Cilacap 3 x 1,000 kw) 2,500 kixx
Togal T L 3 x 1,000 k¥ 1,700 XW¥e
2 x 1,152 k¥
Togal II " P 2,500 i) 6,400 kW
(1 x 304 k¥ ) L 684 1
{l ® 320 kW !
(1 x 688 kW )
1 x 372 kW
197,884 kW
Source: PLN Regionm Xl , 1979

¥*
b2

x%¥

ya!

-

PLN has decided to move to other power sectors in near future.

Presontly out of operation

because of high 0 & M cost and will be

wetired in fubure.

Presently under operation but will be retired in future after the well development

of the power system.

The maximum output limitted in PLN operation rule.

Name of Installed Actual
Power System  Power Station Type Capacity Qutput Remerks
IESGlgte& Tuban I Diesel 774 kW 680 kW **
Stetion Tuban IT " 672 kW 600 kW ***
Cepu " 4,928 ¥W 4,000 KW -*¥*
Lasem " 836 k¥ 500 kW **¥
Japara I1 " 1,202 kW 1,100 kW ¥*¥
Purvodadi n 672 k¥ 600 KW *x¥
Sragen " 1,036 kW 980 kW *¥*
Karanganyar n 100 k¥ 90 kW ¥¥*
Bukoharje II " 100 kW 90 KW X*%
Wonogiri " 60 kW 60 kW ¥
Wonosari n 340 kW 310 kW ¥*¥
Yates n 280 k¥ 290 kW ¥**
Wonosobo i 1,208 k¥
(Kalianget) Hydro 124 kW 945 kW ®x¥
Banjarnegara Diesel 500 kW
Cigaro 256 KW 632 Iy xxx
Weleri Diesel 275 kW
Bumiayu " 285.6 kW 235 kW ¥*¢
Majenang " 332 k¥ 205 KW #¥¥
Tonjong Hydro 208 kW 208 KW *¥*
Semarang Diesel 6,020 k¥ _3,500 ky x*
14,955 kW



PABLE 3~2 POWER 'TRANSMISSION AND DISTRIBUTION
SYSTEM IN CENTRAL JAVA AS OF FY1978/79

Description Quanti by

Transmission line

150 KV double circuit lines 320 km
150 kV gingle circuit lines 222
30 kY double circuit lines 112
30 kV single circuit lines 591

Main substation

150 kV claoss total 412 MVA in
transformer capacity

30 kV closs total 83 MVA in
transformer capacity

Digtribution lines

20 kV diglribution lines 1,572 km

15 1V digtribution linesg 95

6 kV distribution lines 1,141

380/220 V low tension distribution lines 2,144 km
220/127 V low tension distribution lines 1,808

20 KV class distribution transformer 10,412 Nos - 219 MVA
6-15 KV class distribution transformer 2,519 Nos - 152 MVA

Source: PLN Pusatl (figures are as of the end of FY 1978/79) .
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Table 3-4 TARIFF BASE (PLN)

Tariffs & Purposes Uged Capncity Consumer Payment per Month Tariffs & Purposes Used Capacity Consumer Payment per Month
. ~Met i . .
I. Non-Metered, Flot Capacity Pixed Charge Energy Charge etc.
Rate Tariff C-2. Office min. 250 VA Rp 8 every 25 VA 1. Rp 13/kWh, up to
- . X 1 200 hr/month
Capacity FPlat Rate Max.T.B.E. Rn/month 2, Rp 6/kWh, over
A-1, Small 60 VA Rp 200 Rp 420 200 hr/month
75 VA Rp 250 Rp 525 3. T.B.E. Rp.14/k¥Wh
160 VA Rp 300 Rp 700 D. Street Lighting 1. Rp 10/k¥h
125 VA Rp 400 Rp 875 2, T.B.E. Rp 7.50/k¥h
150 VA Rp 450 Rp 1,050
175 VA Rp 500 Rp 1,225 E., Large Consumers min, 100 KVA 1. Rp 460/kVA for 1. Consumption outside peak
200 VA Rp 600 Rp 1,400 the first 400kVA hours: Rp 5/k¥Wh
- 2. Rp 420/kVA for 2. Consumption during peak
I1. Metered Tariff 401-1,000 KVA hours: Rp. 20/kWh
Capacity Fixed Charge Energy Charge etc. 3. Rp 375/kVA for 3. For every kVArh, accord—
\ . 1,001-2,000 kVA ing to the PLN regulation
A-2, Social min, 250 VA Rp 6/every 25 VA 1. Bp 6/kWh
agencies 2. T.B.E. Rp 14/kWh 4. Rp 275/KVA for 4. T.B.E. Bp/12.50/k¥h day-
, , _ over 2,000 XVA time: Rp/14/kWh night
B-1, Residential min. 250 VA Rp 12/every 25 VA 1. Rp.13/kWh, up to ) . ;
200 hr/month F. Special min. 500 VA - 1. Rp 30/k¥h, min. con~
2. Rp 6/kWh, over 200 hr/ purpose sumption 20 hr.
month 2. T.B.E. Rp 14/k¥h

3. T.B.E. Rp 14/k¥Wh

B-2. Commercial min, 250 VA  Rp 27.50/every 25VA 1. Rp 20/kWh, up to
' 200 hr/month /2 kVArh stands for kilovolt ampere reactive hours.
2. Rp 8/k¥Wh, over 200 hr/
month
3. T.B.E. Rp 14/kWh

C-1. Industrial min.13.5 kVA Rp 160/every 0.5kVA 1. Consumption outside peak
hours; Rp/10/kWh, up to .
150 hr/month B—1: Residential use}; for household purposes and not use for business.

Note: /71 T.B.E.(Tambahan Beaya Exploitasi), Exploitation charge Surcharges.

A-1: Non-metered, fixed tariff; for small consumers

A-2: Social use; for special institutions like Church, Mosque, Schools,
Student Houses, Hospitals and the like.

2. glttg}kwh over 150 hr/ B-2: Commercial use; for business purposes, like small shops, stores,
mgnth ’ restaurants, hair dressing salons, business offices, Companies;
3. Rp 20/kWh for consumpbion Govn. & Private Banks, Hotels etc.
during peak hours, C-1: Industrial use; for production purposes.

4. For every kVArh,,i% accord-
ing to the PLN regulation

5. T.B.E. Rp 12,50/k¥h day-
time D: Street lighting and traffic lighting
Rp 14/kWh night B :

C—2: Office use; for office Government, State Enterprise, Government
Services. Public Enterprise and Foreign Missions.

Large Consumers

F : Special use; for Special purpose, temporary conmection,



Table 3-5 PROSPECTIVE HYDROELECTRIC POWER PROJECTS

Remarks; /1 :
2

/3
/4
VAR

Revised by JICA
Proposed newly by JICA
Recommend in the Feasibility Report on Serayu basin, 1974
Listed in the development plan of generating facilities of PLN
Data is not available

: Annual Estimated
Name of Name of Name of Installed energy Project
Bagin River Project capacity production cost
(Mw) (MWh) (10%Us$)
Serayu Merawu Maung 2x95MW x1901l 364,000££ 237,OOOLL
" " 01angap£ 66 126,000 70,000
t Lake Menjer Garun 1 2x13,2MW=26.4 39,200 15,235
" Main stem Mricméﬁ 3x60MW =180 600,000 95,200
L Begaluh Selomerto 10 aéi 4A§
" Tulis 27 - =)
! Pekacangan Telogo 18 - -
" Brukah - - ) /3
" Gintung 11 - =)
" Sapi Kebanaran - - )
" Tajum’ 6 - -
Sub total 534.4
Serang Main stem Ngrambat 4x14MW =56 70,000 55,460
Tuntang Main gtem Glapan 4x3.5MW =14 32,000 75,530
Jrang Main stem Jragung 10 35,040 51,593
- Sempor Semporﬁi IxIMW =1 - 47,559
Lukulo Main gtem Karang Sambung 80 175,000 -
Bengawan Solo Main stem  Jipang 18 70,000 80,100
! " Wonogiritt 2x6.2MW =12.4 34,100 43,400
" " Madiun - Bendo 3.5 10,000 20,100
n " Bade gan 6 18,800 40,300
Coma, 1 Lumeneng Watu Kumpul 21.4 81,300 25,270
" Main stem Karanganyar 3 23,400 5,700
Pemali Gergunung  Bentersari 13 97,100 23,800
! Main stem Bantarkawung 3.4 - 11,390
Oya. Main stem Oye 25 181,000 -
Progo Elo Mendut 3.5 27,500 -
" Kaloran Kaloran/Setro 1T 13,400 -
- Serang Serang 1.5 13,100 -
Total 804.3
Source: ~Principal Proje;t Hydro Power, Central Jawa PLN, Aug. 1976



Table 3-6 EXPANSION PLAN OF POWER TRANSMISSION
SYSTEM IN CENTRAL JAVA

Voltage  Length No. of Conducter Commis Status

Section Circuit Nos y size sioning /2
{kV) {(km} {mm®) Year /1
Tegal ~ Sunyeragi 150 35 1 1 x 242 1979 ue
East Sala - New Mpdiun 150 120 2 1 x 242 1979 [1i¥]
Semarang Harhor -

Kudng -~ Rembang 150 120 2 1 x 242 1982 uc
Rembeng - Blora -

Cepu - Bojonegoro 150 120 1 1 x 242 i982 e
Bojonegoro - Babat 150 72 2 1 x 282 1982 uc
Semprang Harbopr -

Ungaran — West Semarang 150 54 2 2 x 400 1982 ue
Magelang ~ Wonosobo -

Garung 150 70 1 1 x 242 1982 Uc
Tuntang ring 150 238. 1 {«dd.) 1 x 242 19384 P
Magelang — Wonosoho 150 60 1 (add.) 1 x 242 1984 P
Wonosobo — Rawalo 150 80 2 1 x 242 1984 3
Cilacap - Kebumen - . _

South Yogyokarta 150 160 1 1x 242 1984 P

- ditha ~ 150 160 1 {add.) 1 x 242 1985 P

Cirebon - Ungaran 500 238 1 4 x 280 1983 P

Source: - FLN Pusat, 1979
/1.
/2_+ TUC = Under construction. P = Under planning.

-

Calendar year



Table 3-7  PROJECTEN HOUSEHOLD DEMAND

Number of Average snergy
Number of  Electrifi- household consumption per
Fiscal Population houssholds cation consumers household Demand
__year x10% x103 stio % ®x10 consumer k¥Wh MWh

1, Urben Area

1978 13,905 2,913 4.31 125.6 961 121,000
81 14,657 3,073 7T.67 235,7 1,038 245,000
84 15,449 3,239 11.03 357.3 1,121 401,000
87 16,284 3,414 14,39 491.3 1,211 545, 000
90 17,164 3,598 17.75 638.6 1,308 835,000

II, Rural Area

1978 14,245 2,913 2.54 73.9 762 56,000

81 14,953 3,058 4,94 151,1 806 122,000
84 15,696 3,210 7,34 235.6 853 201,000
87 . 16,476 3,369 9.74 328.1 903 296,000
90 17,295 3,537 12,14 429.4 955 410,000

Table 3-8  PROJECTED COMMBRCIAL DEMAND

Number of Number of Average energy

household commercial consumption of
Fiscal CONSUMErs consumers commercial . Demand
Year x 10 , x 107 congumers IWh . MWkl

I. Urban Aresa-

1978 125.6 14.0 2,572 36,000
81 235.,7 26.3 2,935 77,000
84 . 3573 39.8 | 3,349 133,000
87 491.3 54,8 | 3,822 209,000

" 90  638.6 71,2 4,362 211,000

II. Rural Ares

1978 73.9 11.4 1,733 20,000

81 151,1 23.3 1,883 44,000
84 235.6 36.4 2,045 74,000
87  328.1 50. 6 2,222 112,000
. 90 a 429.4 66.3 2,414 160,000

i b M e merean e PR




Table 3-9 (1) INDUSTRIAL DEMAND EXPECTED T0 BE CONVERTED TO PLN SUPPLY
Load Working Demand
Proposed Capacity Peak Load TFactor hour per MWH
Year Customer KVA (working) vear  year
(]
1979 PG. Rendeng;
sugar 3,960 - - - -
Sulkun Tex and Perc,
Sukun; textile 3,350 2,150 75 8,640 13,932
PT. Primatex;
textile 2,000 1,058 75 8,640 6,855
PT. Nissin Biscuit;
biscuit 1,662.5 1,147. 100 2,496 2,864
“ Puroc Pulp;
zine 1,250 1,000 36 8,640 3,110
Pabrik Karung;
canvas 1,635 081 36 8,640 2,644
Jaya Cold Storage;
prawn 1,110 666 100 8,640 5,754
PT, Petro Kimia;
quartbers 1,700 594 83 8,640 4,259
Pusdik Migas;
gquarters 1,700 594 83 8,640 4,259
Sub-total 43,677
= 44,000
198¢ PG. GKBI;
cambric 4,000 2,400 89 8,640 18,455
PT. Indojati;
sawing industry 2,457 1,474 38 2,808 1,572
- PTP. XV Jatibarang;
sugar 1,683.8 ~ - - -
PTP. XV Banjaratma;
sugar 2,070 884 80 8,640 6,110
PTP. XV Pangkah;
sugar 1,190 323 80 8,640 2,232
Texmaco Jaya;
pertenuan 1,855 931 T3 8,640 5,872
PT. Famous Shoes;
shoes _ 1,035 392 100 4,056 1,589
PT. Central Java
Marine; prawn 1,050 390 100 8,640 3,369
ISTW. Pengecoran
Bajaj 1,065 220 100 5,760 1,267
Sub-total 40,466

= 40,000



Teble 3-9 (2) INDUSTRIAL DEMAND EXPECTED T0 BE CONVERITED TO PLN SUPPLY

Load Working Demand
Proposed Capacity Peak Load Factor hour per MWH
Year Cugtomer LVA kW (working) year  year
1981 PG, Madukismo;
sugar 4,790 639 80 8,640 4,416
PT. Primaptex and Co.j
toxtile 6,375 3,825 75 8,640 24,786
PT. Kamaltex;
textile 4,090 2,454 75 8,640 15,901
PT., Batam;
textile 3,100 1,860 75 8,640 12,052
PT. Dan Liris;
textile 1,250 750 75 8,640 4,860
Sub-total 62,015
. + 62,000
1982  General Iron Work
Steel; 6,450 3,870 100 1,920 9,659
PN. Jantraj
tenum 6,272.5 3,763.5 54 8,640 17,558
Texing
textile 6,300 3,024 75 8,640 19,595
Tay Tun Tox;
textile 4,250 2,550 75 8,640 16,524
PTP., XV Sumberharjo; _
sugar 3,675 456 80 8,640 3,151
Sub-total ' 66,487
= 66,000
1983 PT. Semen Nusantara;
cement 32,310 24,731 26 3,600 23,148
0il Refining
Pertamina; refinery 24,000 14,400 36 8,640 44,739
Sub-total 67,937
+ 68,000
Total 280,582
' + 280,000

x MWH



Table 3.-10 DEMAND BY NEW INDUSTRY EXPECTED AS OF FY 1990/91

Installed Peak Load VWorking Working Demand
Capacity Load Factor hour per day per  MWH
No. Planned Industry 103w 103kW  (working) day month /vyear
1. I.E. Karanganyar 30 18 36 24 30 55,987
2, T.E. West Semarang 30 18 36 24 30 55,987
3. I.E. Eest Semarang 30 18 36 24 30 55,987
4. 1.2z, Kudus 25 15 38 9 26 16,005
5. I.Z. Demak 15 9 33 9 26 9,603
6. I.Z2. Kendal 15 9 38 9 26 9,603
7. TI.Z. Batang 20 12 38 9 26 12,804
8,. I.Z. Pekalongan 20 12 38 9 26 12,804
9. T.Z. Tegal 25 15 38 9 26 16,005
10. Pamotan Glass factory 15 10 60 24 30 51,840
11. Notog Paper factory 5 3 70 24 30 18,144
12, Cement Manufactories
(14 ~ one million ton 14 x 106(‘b0n) x 130 (kWh/ton)
complex) x 56 % operation x 30 % reliability = 305,760
Total 620,529
= 621,000
Source: Provincial Government (BKPM-D) MVH/year
Note: I.E. = Industrial Estate (Combination)

Industrial Zone
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Table 4-1

COORDINATE AND HEIGHT OF CONTROL POINTS

North, m East, m Height of
Point (X) (Y) Mark, m
PT-1 9,191,288.41 357,846.76 730.80
pr-2 9,189,735.66 358,124.36 753.64
PT-3 9,189,409.99 360,388.46 900, 3
PT-4 9,192,007.61 360,476.69 844.3
PT-5 9,191,932.44 362,2?4.09 819.7
PI-6 9,192,417.14 364,687.57 726.5
P -7 9,190,310.04 363,964.85 737.7
p -8 9,189,303.77 362,685.16 802.3
PT-9 9,190,009,99 359,484.85 774 .4
PT-10 9,190,455.61 358,027.58 628,145
PT-11 9,190,058.25 358,455.36 692.04°
PT-12 9,190,121.55 358,642.03 641,310
T-13 9,191,264.13 358,986.91 592.4
T-14 9,190,869.23 358,525.00 631.86
T-15 9,190,564.80 358,953.76 539.509
T-16 9,187,917.75 358,561.19 530.62
T-17 9,188,857.54 359,485.20 593.91
T-18 9,188,543.66 358,261.57 487.69
T-19 9,189,370.16 358,769.02 453.43
720 9,188,043.97 158,137.60 481.7
T-21 9,188,161.92 357,344.09 460.7
T-22 9,189,119.68 357,305,18 589.070
Note: All points are of concrete mark.



Table 4-2 ELEVATION AND LOCATION OF
NEW BENCH MARKS

Mark BElevation, m Location

BM 1 450.568 600 m upstream of dam axis,
right bank side and near the

confluence of Merawu and Urang.

BM 2 411,636 600 m downstream of dam
axis, left bhank.

BM 3 425.067 River gauging site, right
banls.
BM 4 425.042 Bridge site, right bank

10 m upstream of BM3.

Do 611.823 Abutment at dam axis,
right bank.
T 15 539.509 Control point, right bank

upstream of dam axis.

T 22 589.070 Mid point of bench marks
11/BM and 12/BM, right banlk.

BMC 1 295.490 Clangap damsite, right
bank several meters higher

“than the river water level.




Table 4-3 MONTHLY MEAN DISCHARGE

Unit m°/sec (1/3) Unit m/sec (2/3)

Year Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Total. far Jan. Feb, Mar. Apr. May June July Aug. Sep. Oct, Nov. Dec. Total

———— e

1904 29.5 37.8 32.3 33,1 27.1 2l.2 17.3 11,0 18.3 33.5 31.0 37.2 329.3 1996 42.0 34.4 32,9 37,6 24.5 15.6 10.5 5.5 8.7 15.1 33.3 27.1 287.2
1905 38.3 44.0 43,3 37.1 23,4 15.8 13.8 8.5 6,7 20.5 25.0 30.4 1306.8 1937 44.2 30.6 32.8 35,6 28.3 18.7 9.3 4.9 9.2 16.9 18.2 38.0 286.7
1906 41.5 23.9 27.5 26,8 17.4 15.0 11.3 16.4 25.7 27.5 29.8 44.2 307.0 198 35.8 30.3 32.3 25,9 23.9 18.7 18.4 13.3 8.3 10.7 36.8 32.5 286.9
1907 44.4 30,0 37.0 32.1 26.4 16.6 9.5 15.3 15.5 20.4 27.8 49.0 324,0 199 31.1 32.1 35,2 25,3 16.2 16,5 15.3 16.3 9.1 16.2 26.7 25.2 265.2
1908 35.7 39.1 42.4 35.6 22.5 16.6 17.8 12.3 14.2 26.0 41.9 31.6 3357 1940 33.4 27,1 29.2 31.4 25.1 14.3 8.6 4.8 4.2 7.3 15.0 28.5 228.9
1909 33.8 34,2 33,3 26.3 26.8 25.7 19,0 11.2 13.2 20.8 26,0 24.2 294,5 194l 33.8 27.5 32,5 26,9 27.6 20.7 11,1 5.3 4.4 12.9 14,5 36.8 254.0
1910 33.6 37.0 31.7 30.5 23.8 17.1 12.2 14.2 21.4 24.6 33.1 35.7 314,9 1942 40.3 35.7 37.5 25.4 17.3 14,7 14.7 8.2 6.7 21.1 32,2 19.0 272.8
1911 32.1 33.2 29.4 23.4 23,1 2L.3 13.7 7.6 7.3 19.3 30.0 38.7 279.1 143 34.0 351 23.0 28.6 23.4 14,9 9.8 3.7 2.1 3.5 13.8 30.3 222.2
1912 40.9 45.0 40.0 26.3 15.3 10.6 8.6 6.2 4.9 21.8 34.4 32.3 2863 1944 20.7 32.8 30.0 32.5 17.5 8.1 5.4 6.4 6.5 29,8 30.5 25.6 254.8
1913 31.5 25.7 27.5 27.0 19.7 10.1 5.6 4,3 . 5,5 17.4 29,8 31.0 2351 1945 29.6 36.7 32.3 30.5 21.6 14.8 7.6 5.9 6.0 T.4 27.4 25.5 245.3
1914 26.4 22.2 34,6 22,2 20.4 12.9 6.9 4.1 3.5 5.2 22,0 33.2 213.6 1946 29.5 37.9 35.5 30.6 20.1 12.2 9,2 5.7 8.9 5.7 17.4 25.5 238.2
1915 36.3 38.5 38.8 30.0 24.7 14.7 8.4 4.7 7.3 12.2 23.9 25.3 264.8 1947 43.9 41.7 29,3 130.1 18.3 16.5 19,0 12.0 7.8 20.4 20.8 49.8 318.6
1916 38.5 36.6 37.0 32.4 15.3 13.8 14.0 8.6 20.3 26.2 29.6 40.5 312,8 1948 39.4 35.4 38.8 28,0 18.5 12.9 9.0 5.9 3.3 5.5 19.7 25.3 241.7
1917 40.7 43.1 28.0 39.1 19.4 11,9 10.5 10.6 17.8 19.9 33,8 33.1 1307.9 1949 40.7 33.4 32.2 34,5 29.3 14,6 10,7 10.9 9.6 6.4 26.3 37.3 285.9
1918 33.5 61.9 36.6 26.9 23.2 14.7 8.2 6.4 4.7 4.7 38.3 29.4 2885 1950 39.9 42,5 44.4 31,8 31,0 13.2 13,2 9.2 10,3 10.8 31l.4 27,1 304.8
1919 27.3 28,9 25.4 35.7 33.9 19,8 11.1 5.3 6.1 6.3 27.7 39.9 267.4 191 38.3 35.1 33.3 28,8 21.9 16,5 10.0 9.2 4.9 10.9 23,2 28.3 260.4
1920 41.0 23.4 27.0 35.3 18.5 16,4 8.8 11.4 20.5 32,0 28.0 37,2 299.5 1952 34.0 30.7 29.4 31.3 24,0 17.6 8,6 6.6 4.4 7.6 14,6 25.2 234.0
1921 25.0 34.0 33.5 35.9 14.2 13.6 13.,2. 7.5 9,2 23.9 33,2 28.6 271.8 1953 33,0 32.1 30.9 25.3 23.0 12.7 5.3 3.2 5,2 9.3 25.2 4l.1 246.3
1922 45.8 41.4 40.1 32.6 29.9 22,8 11.2 7.6 5.0 24,8 32.3 42,1 335.6 195 29.2 31.4 26.0 29.3 25.5 17.9 10.8 11.9 12.8 13.1 34.0 43,0 284.3
1923 40.5 42.3 44.1 25.9 27.7 18.1 29.5 11.1 5.3 6.3 17.4 139.0 307.2 1955 28,7 29.6 27.5 29.3 27.2 17.4 22,4 17.5 12.9 20.1 43.5 28.5 1303,6
1924 32.9 31.4 28.8 30.3 21.5 13.4 7.7 5.1 5.2 16.1 31.3 36.3 260,0 1956 38,0 40.7 28.8 22,9 19.7 21.5 19,0 17.6 13.7 18.0 27.7 33.1 1300.0
1925 25.6 39.5 36.2 26.9 16.7 8.1 4.6 4.0 3.5 3.2 7.5 25,5 201.3 1957 31.7 24.1 40.5 32.0 22.8 14.3 17.2 12.0 7.9' 7.0 16.5 39.7 266.1
1926 32,7 29.4 34,5 20,4 29.8 12,1 5.3 3.4 3.2 5.9 20.3 33.4 230.4 1958 33,0 38.0 33.4 29.9 29.9 16,9 17.4 18,1 11,9 16.9 29,7 44,1 318.6
1927 50.0 32.5 35.2 30.5 22.9 16.1 11.4 6.3 4.7 12.1 29.6 34.9 2862 1959 36.1 31.6 36.8 28.1 28.0 18,1 12.2 6.9 5.1 7.9 15.8 22,3 248.4
1928 38.7 41.0 38.5 30.5 15.4 12.7 8.8 8.4 7,1 17.1 32.2 44.4 294,8 1960 35.8 34.8 30.0 34.4 26,6 14,8 8.6 4.8 4.9 8.9 32.5 37.5 273.0
1929 44.0 38.7 43.0 28.9 14.9 10.2 5.7 4.2 3.6 8.1 17.6 35.1 2540 ‘1%l 44,5 30.8 31.3 26.7 20.1 10.8 5.5 4.1 3.5 4.2 12,9 23.5 217.2
19300 26,5 26.7 38.1 30.9 23.4 13.1 8.0 4.3 4.6 19.0 29.8 49.3 2727 1962 26.0 29,1 29.9 44.5 23.2 12,3 13.4 10.8 5.5 11.5 20.0 35.0 260.4
1931 38,9 34.1 41.8 35,8 32.4 16.6 9.7 7.9 6.5 21.0 22.0 25.2 291.9 §w63 28.3 27.3 25.2 20.2 14.0 6.9 3.9 3.2 2.7 2.3 20,9 23.3 177.6
1932 28.9 28.2 28.7 35.2 17.3 16.4 11.1 5.4 5,0 15.5 20.7 36.2 2486 194 23,8 29,1 25.8 21.0 22.5 12.3 7.2 6.9 7.8 23.9 26,9 23.6 230.4
1933 28.0 42.5 43.0 32,7 27.5 18.5 10,9 12.2 17.6 20.4 32,3 42.5 328.1 1965 39.7 36,5 36.0 22.2 10.3 6.5 4,1 3.4 2.9 3.8 12,2 28,2 204.9
1934 39.4 40.1 31.5 38.9 27.4 13.1 8.2 6.2 4.7 19.7 33.1 35.1 297.4 (196 26,7 30.7 41.2 26.5 18,0 13.6 5.3 3.3 3.4 20.2 21.7 27.9 237.8
1935 33,8 2.8 28.3 26.1 16.8 14.4 8.3 4.8 4.2 15.6 32.0 29.4 243.5

~ To be continued -~

- Te be continued -



Unit m3/sec(3ﬁﬂﬁ
Year Jan. F¥Feb, Mar. Apr. May June July Aug. Sep. Qc¢t. Nov. Dec. Totsl

——,

1967 45.7 32.3 25.6 28.2 17.9 7.1 3.7 3.1 2.6 4,2 22,0 23.3 2147
1968 41.1 37.5 33.6 28,4 25.2 19.2 18.8 14,0 15.4 15,2 23.5 36.6 308.]
1969 33.0 29.4 31,0 38.1 19.3 14.4 8.2 4.5 3.9 10.1 17.9 21.2 230.
1970 28.7 29.9 38,0 27.6 24.9 14.9 8.9 5.8 4.9 9,2 26.2 34.5 2529
1971 32.1 45.9 37.3 30.9 20.9 14.4 8.1 5.6 4.2 19.8 30.9 38.1 286.4
1972 38.2 25.9 27.2 24.0 17.3 8.5 4.3 3.7 3.3 3.2 18,4 31.8 3820
1973 31.7 31.8 31.4 30.4 29.3 21.7 17.6 10.1 17.0 20.5 36.0 29.4 306.)
1974 18.6 29.3 33,8 30,7 20.2 10.2 7.5 13.1 19.6 34.5 34.5 29.0 280.4
1975 26.4 28.4 39.9 35.2 31.7 15.3 8,7 6.0 14.9 26.2 32.0 31,9 310.4
1976 37.0 27.3 42,7 26.9 14.6 7.2 4,8 3.8 2.9 16,3 32.6 28.0 243.6
1977 25.6 39.4 32.1 27.3 14.7 14.6 7.6 2.9 4.2 4.1 9.6 26.2 2088
1978 38.0 39.1 33.8 16,9 22.7 23.4 22,8 16.3 20.3 16,7 19.2 26.4 2904

Total

Annual mean discharge | 22.7

Note: (1) Values from 1975 to 1978 show observed discharge.

(2) Values from 1904 to 1942 and 1954 to 1974 show estimated discharge
by tank model methods.

{3) Values from 1943 to 1953 show estimated sicharge by synthesis method.



Table 4—4 ITEM AND NUMBER OF MATERIAL SURVEY

Material

Survey quantity

(1) Earth (for core)

. Test pit
El: 4 Nos - 11.5 m in total
E3: 4 Nos - 13.5 m in total
E4: 8 Nos - 24.6 m in total
E5: 3 Nos - 8.0 m in total
E6: 4 Nos - 18.5 m in total

. Laboratory tests

Standard physical & mechanical tests
for 6 samples by appling ASTM.

(2) Sand & gravel
{for filter and concrete

aggregates)

Test pit
S51: 5 Nos - 9.25 m in total
82: 1 No ~2m

. Laboratory tests

Specific gravity, gradation, sound-
ness and abration tests for 2 samples

by appling ASTM

(3) Tuff breccia at spillway

(for inner shell zone)

Boring BN

At spillway: 9 Nos — 460 m in total

. Seismic prospecting

At spillwey: 4 lines - 1,915 m in total

. Laboratory tesis

Specific gravity, soundness, abrasgion
and unconfined compression tests for

2 samples by appling ASTM

(4) Andesite at quarry
site-G. Lawe (for outer

shell zone)

. Boring

At G. Lawe: 3 nos - 96 m in total

. Seismic prospecting

At G. Lawe: 5 lines ~ 1,562 m in total

. Laboratory tests

Test as same as of tuff breccia for
2 samples and peterographic analysis

for 4 samples

Note: Survey for tuff breccia is the same as for the geological survey

explained in Clause 4,3.



Table 4-5 SUMMARY OF LABORATORY TEST RESULTS

Gradation, (% passing)

Atter-

Compaction Sh Permeability Consoli- Un-

Sample Depth Class bergs Gs v ear (em/s dation Sound- Abra~ confined

m MS 4.76 2.00 0.84 0.42 0.25 0.105 0.074 0.002 W, Ip Wn OMC MDD Cu fu  Ceu  geu ¢ gt oMc-2% oMC oOMC+2® Cc % ot  DR€SS  sion gg?ﬁres'
- (mm) (mm) (mm) (mm) (om) (mm) {(mm) (mm)  (mm) (%) (%) () (%) (t/m3) (t/m3) (9) (t/m3) (°) (t/mB) () Thg/ cm2 (kg/cmz)
arth {for core)
Fl5 0.75-1.75 CH 9.52 87.9 86.2 84.4 82.4 80.5 75.6 7T3.6 26 58 32 2.67 31.3 38.4 1,27 21.9 2.9 20.0 7.6 20.0 7.2 '6.7_7 3~7 3-4_7 0.33 24.3
B2 2.0 -3.0 CL 0.84 99.8 98.2 92.3 90.0 32 29 14 2.67 16.4 13.8 1.90 13.9 7.3 1.30 2.9 9.9 8.8 5.5-7 2.2-T 2.277 0.30 47.7
B3 0.5 =1.5 MH 2.00 99.7 95.0 90.0 79.6 76.4 31 77 30 2.68 56.0 43.3 1.20 16.0 4.3 13.2 6.9 10.1 9.5 1.7"7 .7"7 1.7_7 0.39 20.3
Bl 1.0-2.0 MH--OH 0.84 98.9 81.4 T7.4 7T4.0 T 119 18 2.57 116.9 75.0 0.83 10.9 10,9 192.0 11i.3 21.0 10.3 7.87'7 5.6_7 4.5-7 0.46 13.4
6 3.0-4.0 MH 4,76 96,6 93,0 88.3 82.8 74.3 72.8 29 T6 40 2.65 62.0 21.0 1.57 13.2 18.9 8.0 14.3 5.5 17.1 4.1-'6 1.7—6 0.9"'6 0.30 34.3
B4 1,0-2.0 MB~OH 0.84 99.7 97.8 93.5 92.5 44 108 52 2.64 81.4 51.6 1.07 14.0 14.0 15.0 16.9 15.0 16.9 1.2-6 2,36 3.2-6 .41 18.3

Legend:
fid and gravel (for filter amd concrete aggregates) -6 -
, 1.27° =1.2 x 10
Absorption Sand Gravel

§12 0.15~1.75 100 36.0 26.5% 17.9 11.5 7.5 4.9 4.4 2.62 {1.53) - 40&56 24
fi4 0,2 =2.0 100 47.7 37.9 26.0 15.1 9.4 6.4 6.1 2.67 (1.28) ¢ 56&44 25

Grains more than 100 mm, MS 40-80 cm, are excluded.

Nff breceia at spillway-G. Situk (for inner shell zome)

hdesite at quarry site - G. Lawe (for outer shell zone)

a

Big grains content is about 30%.

2.12 (11.6) :

2.02 (13.3) ¢

2.35 (5.7)

2.34 (4.9)

Gravel Gravel 134%

71 68 151%
147%
103¥

672%
60 43 574%

1,012%

* Saturated

*% Ajr dried
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Table 4~9 POPULATION AND BUILDINGS IN DESA RELATED TO INUNDATION

VILLAGE SUB-VILLAGE POPULATION HOUSES SCHOOLS MOSQUES OTHER BUILDING
(pESA) {KAMPUNG) WHOLE INUNDATED WHOLE INUNDATED WHOLE ~ INUNDATED  WHOLE INUNDATED  WHOLE INUNDATED
7 P P P

KALILUNJAR  KALILUNJAR 182 B15 - - 145 - 1 . 1 _ _ ~
KALIARUS 190 837 - - 145 - - - - - - -
SIWERU 67 309 - - 70 - 1 - 1 - . -

SITERUK SIJERUK JURAG 26 . 100 - - 300 - 2 - 2 - - -
SIJERUK GUNUNG 200 1200 - - — - - - . - . -
GUNUNG RATA 105 348 - - - - - - - - - -

PAWEDEN KASTMPAR 4z 178 - - 35 - - - 1 - - -
JOJOGAN 96 316 - - 56 - 1 - 1 - - -
KALIAMIS 69 292 - - 54 - - - 1 - - -

SUTDAX BUANA 30 107 30 167 27 27 1 - 6 1 3 -
WANASARI 40 192 - - 37 - - - - - - -
SUIDAK 105 526 - - 105 - - - - - - -
JETIS 68 318 - - 64 - - - - - - -
NGALIAN 30 259 - - 37 - - - - - - -
KROBOKAN 47 154 10 56 43 10 - - - - - -

KABANG TENGAH SILENGKONG
BEJI 322 1397 181 860 290 181 1 1 5 3 11 &
KARANG TENGAH
LEKSANA

GUMINGSIR  KALIGLAGAR 27 142 27 142 29 29 - - - - - -
TEGARON 53 228 53 228 60 60 - - - - 1 1
GUMINGS IR 76 37T - - 84 - - - - - 1 -
KALIKIDANG 145 786 - - 156 - - - - - - -
KWENT 21 102 - - 21 - - - - - - -

NAGASARY SEPRIH 107 520 45 224 110 46 - - 2 1 - - |
NAGASARY 93 466 93 466 95 95 1 1 1 1 2 2 Note:
KERTAYASA 45 207 45 207 46 46 - - 1 1 - - f f}géggrm -
TIMBANG 15 82 15 82 15 15 - - - - -3 1 *: WHOLE BUILDINGS

KALITLAGA - - - - - - - T - " h B ) o ggggﬁig

KAYUARES . - - - - “ - - . - - - -

TOTAL 2,201 10,316 499 2,272  2,024% 509%#* g 2%% 20% THE 19+ 10%%




Table 5-1 ACTUAL OUTPUT CAPACITY DEVELOPMENT
IN TUNTANG/XETENGER SYSTEM
BASED ON DEFINLT PLAN BY PLN

FY 79/80 FY 80/81 FY 81/82 FY 82/83

Gas
Semarang Fast (M¥) 45 45 45 45
Hydro
Jelok (MW} 13 13 13 13
Timo {MW) " 10.5 10.5 10.5 10,5
Ketenger {M¥) 4 4 4 4
Sempor (M¥) 1 1 1
Garung (MW) 26 .4 26.4
Wonogiri {M¥W) 12.4 12,4
Sub’“tﬂtal; Hy‘dl’o {:M.W) 2? ¥ 5 23-5 67&3 6? !3
éte&m
Semarang No.l {MW) 50 50 50 50
Semarang No.2 {MW) 50 50 50 50
Semarang No.3 {MW) 200
Sub~total Steam (MW) 100 100 ' 100 300
Sub-total; Hydro + Steam (MW) 127.5 128.5 . 167.3 367.3
Totel - 172.5 173.5 212.3 412,3
Gas/Total (%) 26 26 21 S
Hydre/(Hydro + Steam) (%) 22 22 Co40 .18

Remarks: Diesel is not taken into account, because it ig PLN's principle
to remove diesel plant of which service area has been covered
by transmission system
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