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1. GENERAL
1.1. Plan of Development

The principal pufpose of the Wonogiri multipurpose dam is the supply
of irrigation water, generation of electric power and mitigation of flood

damages in the downstreem areas.

Water released from the reserveir will first pass through the power-
plant (10,200 kW in installed capacity) and generate electric powver.
Water will then be taken at Colo intake weir, located et 13 km downstream
from the Wonogiri dam, and diverted to an irrigation area of 23,600 ha.
During the dry months from June to November, the Coleo weir will release
2 m3/s of water to maintain the minimum discharge in the downstream river

channel.

Flood control effect is achieved by the flood storage functions of
the reservoir provided with a storage capacity of 220 x 106 m? specifi-

cally for this purpose.

1.2, VWonogiri Dam and Reservoir

Reservoir

The reservoir formed by Wonogiri dam will have a gross storage
capacity of 730 million m3 at the water level during the inflow of the
project design flood (S.H.F.D.), It inundates over 87 km? of land and
about 23,000 houses. Relocation of submerged roads of about 55 km long

will be required owing to the creation of the reserveir,

Normal high water level (N,H.W.L.) EL. 136.0 m
Low water level EL. 127.0 m
S.H,F.D. Surcharge water level (H.W.L.) EL. 138.2 m
Design flood level EL. 138.4 m
Extraordinary flood level EL. 138.9 m
Controlled water level during

flood season EL. 135.3 m
Gross storage capacity at H.W.L, 730 x 106 w3

" " " at N.H.W.L. 560 x 106 m3

I-1
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Effective slorage

irrigation and power 440 x 106 m‘J
fload control 220 x 10% o’
Dead storage for sediment 120 x 10% w’
Water surface area at H.W.L. 87 km2
" " at NJHW.L, 73 km?

Fig, I-3 shows the area-storage capacity curve of reservoir,

Wonogiri dem

Wonogiri dem is located on the main stem of Bengawan Sala just
downstream of the confluence with Keli Keduwan, Principal features
of the dam and appurtenant facilities are;

- Dam

Type: Hockfill with central core
Crest length: 1,440 m
Crest elevation: EL., 14l.6 m
Height above foundation: 7.5 m
Embankment volume: 1,800,000 m3
(including blanket f£ill)

- Spillway
Location: Left bank
Type : Overflow weir with control gates and concrete
lined chuteway
Capacity: 1,550 m3/s at Extra F.¥.L,
Gate : Roller gate, 8 m wide x 7.7 m high

4 nos,

- Diversion conduit
Location: Right bank
Size : Semi-circuler section of 7 m wide x 7 m high,

lined with concrete.

= Intake

Type ¢ Vertical tower
Height above foundation: 22,6 m,
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Fig.I -3 Area - Capacity Curve of Wonogiri Reservoir
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113.000 0.513 0.5563 132000 50436 314,118
114.000 0.936 2002 134000 60.636 425,190
i 16.000 1,775 4713 136000 73642 | 559468
118.000 3190 9.678 138000 84,934 718.044
120,000 5.839 18,707 140000 96.000 899478
122,000 9. 822 34.468 142000 108,708 1,L104.686
124.000 15,687 60 077 144,000 120,750 1,334.144
126.000 23.075 98.839 146,000 132,172 1,587.066
128.000 30,364 152.278 148000 143,247 1,862.485
150000 153.368 2,159.090
200 400 600 800 11000 1.200 1400
STORAGE CAPACITY  (Million m>)



~ Pressure tunnel and penstock
Type ¢+ Combined construetion of concrete

lined and steel penstock tunnel
Diameter: 6 m - 4,2 m

Length : 250 m maximum

Poverplant and outlet

Powerplant is located just downstream of the dam, It will be

capable of meeting a 6-hour daily peak power demand,

- Powerplant
Installed cepacity: 10,200 K¥
(Dmax = 60 mj/s )
Average annugl energy output: 28,200 MWH
Powerplent building: 20 m wide by 32 m long,

Reinforced concrete structure

- OQutlet for irrigation water
Regulating valve: Hollow -~ jet valve, 1 no.
Diameter : 1,80 m
Discharge capacity: 35m3/s {at L,W.L, of reservair)
Valve house : 15.5 m wide by 9 m long,

Reinforced conerete structure



2, HYDROLOGICAL DATA

2,1, Run-off Records

Monthily mean run-off data utilized in the reservoir development
study cover 20 years period from 1953/54 to 1972/73, Although the
data forl973/74 yeer was available, it was excluded from the study
since corresponding rainfall fecords in the irrigation area (which is
required to estimate irrigation water requirement in the year) had not

been evailable by the time,

O0f the total records, those for the period from 1953/54 to
1968/69 were estimated based on the run-off record at Karangnongko with

using & technique of run-off correlation?

Measurement of daily river stage at Juranggempal has been conducted
since 1965. Review on the measurement records <found that the 1965-
1968 records often lacked in data, supposedly no measurements, involved
unreasonahle change of the dotum of gauge staff and no adjustment for
the influence of the aggradation of river bed caused by the 1966 flood,
Therefore, they were eliminated and only the 1969/70 - 1972/73 data
were adopted in the study,.

Table I-1 shows monthly mean run—-off data for the 20 year period,
The results of frequency study made on the run—off records are shown

in Fig., I—-4,

2,2, Plood Data

Flood data edopted in the design of dam are those estimated in

Annex I1I, Hydrology. They are shown in the table below,

/1 Ref, Annex III, Hydrology
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22.0

53.8

4,2

17.¢0  78.9

49‘9

0.8
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80.2 37.4

69.7 35.7
53.4 31.1
45.5
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0.8

5.3 14.86
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1.4

1.4
0.8
1.0 23.8

1.8 11.8 11.9 57.9
0.8
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0.8
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0.7
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0.9
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0.9
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1.3 26.2

1
6
12,7 10.3 31.5
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1967/68

34.7
20.3
43.9
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28,3
25.4

34,7
48.1
85.2
62.1
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4.3
3.3
8.3

.2
51.3 20.3
38.4 17.5

41

23.1
31.8
29.3
24.6

5.5

49.9 36.9
60.2 47.6
98.4 35.2
68.8 45.6
60.0 43.6

66.9 122.1 6

39.5
66.7
67.1

84,2
64.1 115.4 125.6 39.6

85.4
62

96.9

.1
53.4
47.8

3.9
247 k.

52.2

58.3
5.4 14.0

4.0 10.9 14.6

11.4 23.3 47.2 81.3
17.9 36.2

10.1 30.2

1.6
1.6

5.7 25.0 46.5
6.2

1.3
1.6
2.6
1.0

1.8
4.2
8.0

3.8

1.8
ge area of U/S dams assumed

24.8

2.4
7.0
3.3
8.3
3.8

5.4
67.2 28.9
5.3

4.8
Basic mean year:-A typical average water vear assumed for power generation stud

Records at 10th from the lowest are taken.

/2 Total draina

I3
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.6
34.0 21.0 10.2

62.0 40,7 39.1

10

30.8

30.0 12.1
23.0

/1
Note

,Mean

1968/69
1969/70
1970/71
1971/72
1972/7
Bagic mean
year
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' Peak ‘
Floed . Discharge : Remarks
(/s )
Standard highest Project design flood
flood discharge (S,H.F.D.) 4,000 {for flood control)
Spillway design flood 5,200 1,2 timeslQ0-=year flood¥*
Extraordinary flood 6,200 1,2 timesof spillway design
flood ¥

Diversion flood 3,100 - 20-year flood.

* Ref. Design criteria for dams, Japanese National Comittee on Large Dams,
Even in the dry season (May to November) the flood occurs sometimes

but its peak discharge is markedly small., Estimated dry season flood of

10-year return period is 300 m3/s in peak discharge,

Hydrograph of the above assumed floods is shown in Fig I-15,

2.3, Reservoir Sediment

2,3, 1, Sediment rate

Estimate of sediment volume for the Wonogiri reservoir is based
on suspended sediment load samples taken at 3 gauging stations along the
river, The measurement date were plotted on log-log paper against stream

run-off data to estimate the yearly yield of suspended sediment load,

Taking 1,020 mj/kmz/year for suspended load and assuming a 15% increase
for bed load, annual average sediment Yield at the Wonogiri damsite was
determined at 1,170 ms/kmz. (Réfer to Annex III, Hydrology, 2.8
sediment estimate),

2.3.2, Trap efficiency of reservoir

The trap efficiency of reservoir is defined as the ratio of sediment
irapped in the reservoir to the totel sediment inflow at the damsite,
It is known that the trapping rate is related to the annual water inflow

to the reservoir and alsoc to the storage capacity of the reservoir,

1-10



I-11.

In Lhis siudy, the trap officiency ol Lhe reservoir was oestimated

by using Brunce's graph and Brown's empirical formula., The results show

a comparalively high trap efficiency.

Method

By Brune's graph

By Brown's formula

Trap efficiency

92 %
99¢%

It was recommended to adopt a conservative trap rate of 100%

for the purpose of determining distribution of sediment in the reservoir,

2.3.3

. Sediment Distribution

Based on the above estimated sediment yield and trep efficiency of

the reservoir, total sediment velume in the reservoir was determined at

6 3

120 x 107 m™,

~ Sediment yield rate

1,170 m°/km?/year

- Assumed life of reservoir 100 years

~ Bediment yield area
- Total sediment volume

after 100 years

1,020 kn®

2
1,170 m3/km /year x 100 years x
1,020 km2 = 120 x 106 m3

The dead storage of the reservoir was determined for this volume,

by which the low water level of the reservoir was fixed at EL, 127.0 m.

The distribution of sediment in the reservoir was estimated by an

"empirical erea-reduction" method of U,5,B,R, Table below shows the

sediment distribution after 100 years, together with that for 50 years.

Reservoir Accumulated volume of sediment (106 m3)
level (m) o
After 100 years After 50 years

109 0 0

121 25.4 18.8

127 (L.W.L.) 72.0 : 38.2

130 93.0 47.7

136 (N,H,W.L,) 120.0 60.0




I-12

The distribution shows that some part of sediment will be deposited
in the active storage area. However, the exteﬁt appears to‘be within
allowable limit in the case of 50 years sediment (Life of overall project
tncilities), The depth of sediment at the dam is calculeted to reach
EL. 121.0 m and EL. 117.5 m after 100 and 50 years respectively,

2.4, Tailwater Rating Curve

The rating curve at the damsite was obtained from back water calcu-
lation between the Colo weir and damsite. The control level assumed in
the back water calculation is water surface elevation at the Colo weir
site, which is determined by the rating curve‘of the Colo weir. River
sections are assumed from the topographic maps of 1/2,000 scale. The

result is shown in Fig., I-5.



Fig.I -5 Rating Curve at Damsite
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3, WATER RESQURCES
3,1, Reservoir Inflow

Master Pla.néL recommended the future development of several irriga-
tion dams in the upstream area of the basin, Actually, the government
has made a plan of building 9 dams in the basin, of which one has already

been constfucted and the two others are under construction or design.

In this study, it was assumed that those development schemes would
ultimately cover a total drainage area as large as 247 xm®, Reservoir
operation study was therefore carried out on the assumption that about
18 % (247 km2/1,350 km?) of the dry season run-off would be consumed in
the upstream irrigation projects and the remaining 82 % available for

the Wonogiri reservoir,

Table I-3 shows the run-off data utilized in the study. Evapora-

tion loss from the reservoir surface was assumed at 3 mm/day.

3.2, Available water resource

A primary assumption made in the study is that no single space of
reserveoir storage will be allocated for power generation purpose. There-
fore, storage requiremeﬁt of the reservoir depends solely on irrigation
consumption, As the requirement of irrigation water differs each year
due to the difference in the effective depth of rainfall, the study was
carried out for a total period of 20 years varying the irrigation water

requirement.

/1: Master Plan.of Sala River basin development,
Supporting Report.

Part - IV. Water resource development.
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In estimating the maximum water resources of the Wonogiri basin,
it was assumed that the maxihum water resources exploitable should be
90 % of the total river run-off during a typical droughty périod as
actuelly recorded in § yearé from 1960/61 to 1964/65. This is 1o ensure
the reliable supply of irrigation waler even during such & droughty .
period, This basic principle was assumed in the Master Plan study

and also adopted in this study,

Diversion requirement for three tentative irrigation development

plans are worked out to compare it with the river run-off data.

Alternative Irrigetion  River Diversion Rate of water
plan area run-off requirement resource
(A) (B) exploitation{B/A}
Case I 26,000 ha 17.9m3/sec  17.4 m°/sec 9T %
Case II 23,600 ha " 15.9 " 89 « 90 %
Case III 20,000 ha " 13,5 " : 75 %

Note: (1) River run-off and diversion requirement
represent the average of 1960/61 - 1964/65 data.

(2) Diversion requirement includes irrigation
requirement, loss of irrigation water in Colo
pondage and release of minimum river discharge
during dry season,

The above table indicates that the development plan of Cese II
can be implemented within the assumed limit of available water resources

{90 % of the total river inflow during a typical droughty period).

Through the above considerations, it is assumed that the maximum
potential of water resources would be to meet the supply of irrigation

water for an aree of about 23,600 ha.

ﬁi‘ Master Plan, Supporting Report, Part IV-Water Resource
Development. Page 61.
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Fig, 1-6 illustrates mass curves for the above alternative plans.

Mass curve of Case-I1 shows that the failure of the reservoir stage

recovery will rarely occurs, except 3 years {not more than 2 successive

vears) out of 20-year period., It ensures the reliable supply of irriga-

tion water,

3,3, VWater belance calculation

Table I-2 shows irrigation requirement for an area of 23,600 ha
covering 20 years period. Besed on these data, water balance calcula-
tion wns carried out to determine the required storage capacity of the

reservoir. The results of the calculation are shown in Table I-3 and
Figo 1_70 &

Selected active reservoir storage capacity, 440 x 10 m3, will be

capable of supplying the required irrigation water at a dependability

of 90 % throughout the total period. The reservoir storage. consists of:

- Storage for net irrigatien requirement 400 x 106 m3
- Loss of irrigation water in Colo pondage abt. 10 x 100 m3

- Storage for release of minimum discharge to
downstream reaches (2 m>/s during the dry season) abt. 30 x 10

Water balance calculation is also made in Annex (II),
irrigation, based on net diversion requirement excluding
loss in Colo weir and release of minimum discharge in

dovnstream reaches,

6 m3.
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4. PLAN FORMULATION

4.1. Irrigation Development Plans

Within the limit of available waier resources, alternative devel-
opment plans are formulated to select the most appropriate scale of
irrigation development scheme. In order to evaluate the project works
as completed in a multipurpose scheme, flood control and power generﬁ—
tion schemes were also teke into meccount in the comparative study.
Recommended scale of power installation in each alternative plan was
determined through preliminary reservoir operation study. Flood con-
trol capecity of the reservoir is tentatively assumed to be 220 million

m3 in this comparative study.

As described in Section 3, it was presumed that the maximum devel~-
opment scale would be around 440 million m3 in terms of the reservoir
storage capacity, which could meet the irrigation requirement over an
area of about 23,600 ha. This development plan is included in the com-
parative study as one of the alternative plans. Two other alternatives
assumed are smaller development scales with reduced irrigsation areas of
15,600 ha and 8,500 he respectively.

For each of those alternatives, the total construction cost of
the dam, power and irrigation facilities was estimated and benefits
from flood control, power production and irrigation were worked out
for economical comparison of the plans. Table I—4 shows the results

of the comparative study.

As is apparent in the table, Plan A receives the highest econom-
ical assessment among the plans. Accordingly, the Plan A is selected
as lhe most economic scale of the irrigation development. Required
active storage capacity of the reservoir for irrigation water supply
will be 440 million m°.

T-23
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Table [-4 Alternative Development Plans

P TEM : PLAN=-A PLAN-B PLAN~C

Plan of development

Irrigation area (ha) 23,600 15,600 &,3500
Power installation (kW) 10,200 11,400 7,700
Apnual power energy (MWh) 28,200 28,400 23,200
Flood control (m3/s- ) )

- outflow from reservoir 400 400 400

Principal features of work

Reservoir storage (106 m3)

~ Sediment 120 120 120

- lrrigation & power 440 310 | 190

- I'lood control 220 220 220
Reservoir stage (m)

- L.W,L, 127.0 127.0 127.0

- N.H.W.L. 136.0 134.1 132.,0

- ®¥.H.L,D, Surcharge W.T., 138.2 136.6 134.9

~ H.W. L. 138.4 136.8 135.2

- Extra TF.VW.L. 138.9 137.5 . 135.9
bam

- Crest BL (m) 141.6 140.2 138.6

- Max. dam height (m) 37.5 36.1 34.5

~ Fmbankment volume (10°m3) 1,800 1,600 1,420
Spillway

- Controlled outllow

during S.H.L.D. (m3/g ) 400 400 400
- Max. discharge cagacity 1,550 1,550 1,550
(m3/s )

Construction cost (102 US$)

- Dam and reservoir 43,400 42,300 38,100
- Power and transm;ss:on 11nesll’700 13,400 10,700
- Irrigation 33,100 22,620 13,180
- River improvement 18,270 18,270 18,270

Total 106,470 96,590 80,250

—~ to be continued ~



Annuel net benefit (10° USS)

Irrigation
Power generation
Flood control

Negative benefit

Total

Eeconomic Fwvaluation

Net present worth

{(Discount rate at 10 %)
(103 vss)

13,620
1,350
5,810

-820

19,560

30,155

9,000
1,500
5,810

-740

15,570

18,361

4,900
1,100
5,810

-660

11,150

10551
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1,2. TPFlood Control Plans

4,2.1. Design flood Tor Tlood countrol.plan

A design flood assumed in the flood control study is SHFD (Stand-
ard highest flood discharge) having a peak discharge of 4,000 m3/s at
the damsite, which is the recorded maximum flood in the recent decade

corresponding to a flood event of 60~-year recurrence probability.

4.2.2. Alternative flood control plans

The purpose of flood conirol works is the mitigation of flood
damages in the reaches downstream from the damsgite. According to the
results of the previous Master Plan survey, the most favourable flood
control work for the S8ala river can be realized by the combination of
levee construction and flow regulation by dam. In this respect, the
major objective of the flood control study is to select the most eco-

nomic combination of levee and dam constructions.

To select the flood control capacity of the reservoir which will
minimizes the required cost for flood control measures, a comparative
study was made for 3 cases of the outflow discharge rating at 400, 700
and 1,000 m3/s respectively.

In the study, the toial cost of the reservoir and river improvement
works was estimeted for assessing the alternative plans. The result
indicates that the flood control capacity of the reservoir of 220 x 106m3
is most preferable. See Table I-5 for the resulis of the comparative

study.

4.2.3. Flood control of reservoir

Recommended flood control ﬁethod is to contrel the outflow by
operation of spillway gates. An alternative method was natural flow
control through an ungated spillway. However, it was finally abondoned
owing to the increase of storage requirement for flood contrel and even-
tually the necessity of higher dem construction; 2.7 m higher than that
of the recommended plan, if the same extent of flood control effect is

insisted.



- Table I-5 Alternative Flood Control Plans

Plan -~ IT1

ltem . Plan - I Plan - 11
Wonogiri reservair
~ Intiow disclarge {(m?/s) 4,000 4,000 4,000
- Outflow discharge (m?/s) 400 700 1,000
- Storage capacity; (1061113
Gross at S.W.L (SHFD} 730 660 630
Flood control | 220 150 120
Irrigation and power 440 440 440
Sediment 120 120 120
~ Dam crest Bl {m) 141.6 141.3 140,7
- Dam height {m) 37.5 37.2 36.6
- Max. spillway capacity (m3/s) 1,550 1,630 1,920
- Total construction cost (A) 43,400 43,200 43,000
{(include land mcquisition costs)
(10° vs$)
River improvement
~ Projected highest flood
discharge at Surakarta (m3/s) 5,300 5,300 5,300
- Discharge after dam
regulation at Surakarte {(m3/s) 2,000 2,300 2,600
- Length of improvement (lkm) 32.2 32.2 32,2
~ Yolume of earth moving 11,170 11,860 13,100
(106 m2)
- Construction cost (B) 18,300 20,000 22,400
(103 uss)
Total construction cost 61,700 63,500 65,900

(A) + (B) (103 vuss)




©q2o8

“Peak - - - OQutflow Required — Dam crest

Type ~ inflow _ . storage/l - Remarks
(m /s) (m’/s) (106m§) (EL) |
Gate | |
control 4,000 400 220 141.6 (Selected)
Natural ' '
control 4,000 400 340 144.3 (Alternative)
(Ungated)

4.3. Power Development Scale

4,3.1. Power development alternatives

As has been revealed in the preliminary study under this investiga-
tion and also suggested in the Master Plan, power generation scheme
appears to be costly as compared with the irrigation scheme. With this
in view, power generation is planned within the scope of the irrigation
development, that is, the whole of the reservoir storage is allocated |
principally for irrigation use and no specific stofage for power water
will be provided in the reservoir. DPower generation will be made by
using water stored for the irrigation requirement and further the sur-
plus water available during the flood season. A study on power develop-
ment is therelore to select the mostfappropriéte_scale of power facilities
under the reservoir operation rule eatablished for irrigation.water:.

supply.

As was determined in the comparative study on irrigation develop-
ment scheme, the reservoir has an active storage capacity of 440 million
m3 above the low water level, Normal high water level of the reservoir
is set at EL. 136.0 m. VWith average t&iiwater level being EL. 110.5 m
(in case of the discharge of 60 m?/sec) and the estimated loss of head
1.0 m, the maximum effective head available is 24.5 m, while the minimum
head is 15.5 m at the low water level of EL. 127.0 m. Thus, a large

fluctuation of effective heed is unavoidable in power generation.

Table I1-6 shows the seasonal fluctuation of the reservoir water
level and effected head as calculated by'the reservoir operation study

for a period of 20 years.

Note: 1 Including about 20% allowance over net surcharge requirement
g
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As no specific stofage for povwer generation is provided in -the
Wonogiri reservoir, the available discharge for power generation has
Lo be subordinate to theé outflow for irrigation use. In the ‘dry
season, the discharge for power generation will be within the release
of irrigation‘water. In the rainy Séason, most of the inflow run-off
has to be stored to recover the reservoir to its full content by the
end of the rainy season, for ensur{ng the successful supply of irriga-
tion water in the next year. Power discharge available during this peri-
od, will only be: surplus water in:excess.of the requirement for storage
recovery. According to the reservoir&oParation study, power discharge
during the rainy season varies widely from. 7.2 m3/;nto 47.1'm3)s year

to year. Yearly variation of the power discharge is shown in Table I-T.

Owing to the variation of power discharge and the large Tluctuation
of effective head as described above; the seasonal and yearly fluctuation
of power output is unavoidable, which will result in the drop of dependable

power capacity.

Under the above conditions of water utilization, four alternatives
of the power development plan were formulated'to select the most appro-
priate scale of the power installation. 1In accordance with the results
of power demand and system surveys, the Wonogiri powerplant will be
exploited as a peaking power plant to be operated fbr 6 hours day.
During the period when the surplus water is available, the plant will

generate additional off-peak power.

For each alternative, power output calculation was conducted to
calculate the dependable peak power capacity and snnual energy output,
and construction cost estimated estimated for economical comparison.
For convenience salke, the comparison was made on the basis of construc-
tion cost requirement per kW of 85% dependable peak capacity. {(Annual

energy output is nearly the same for all the sliernative plans}.

Table I-8 shows the alternative plans studied and the result of
the comparison, which indicates -that the Plan {C) is- the most economical

plan to be selected by the project,

Operation study of power generation for a period of 20 years
(1953/54 - 1972/73) is shown in Fig, I-8.
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Table I-6 Reservoir Water Level and Effective Head
{Average of 20-year records 1953/54 - 1972/73)

‘Reservoir EffectiveZL Outflow from reservoir
Menth vater level head 24-~-hour average
(EL., m) {m) (m3/sec)
May 135.7 | 24.2 23.3
June 135.2 23.7 ' 31.4
July 134.2 22.7 28.7
Aug. 133.0 | 21.5 30.0
Sept. 131.7 20.2 20.4
Oct. 130.6 19.1 19.8
Nov. 129.8 18.3 22.5
Dec. 129.5 18.0 23.0
Jan. 130.3 18.8 20.6
Feb. 131.8 20.3 20.2
Mar. 133.6 22.1 19.9
Apr. 135.2 23.7 14.5

Nore: /1 Effective head is calculated under conditions;

Tailwater level EL. 110.5 (Q = 60 m3/s)
Lass of head 1.0m



Table I-7 Discharge available for power genération

Discharge availahle for 6~hour pesk power generation (mB/S)

Tear Dry season Rainy season Yearly
(May -~ Sept.) (Oct, - Apr.) mean
1953/54 36.1 12.4 22.3
1954/55 27.4 21.9 24.2
1955/56 20.6 20.3 20.4
1956/57 19.3 20.3 19.9
1957/58 24.9 15.6 19.5
1958/59 23.5 29.2 26.8
1959/60 26.1 22,2 23.8
1960/61 32.7 9.1 18.9
1961/62 24.5 13.1 17.9
1962/63 24.5 21.1 22.5
1963/64 26.3 8.0 15.6
1964/65 22.0 7.2 13.4
1565/66 27.4 12.9 19.0
1966/67 28.3 26.5 27.2
1967/68 29.0 14.7 20.7
1968/69 31.0 33.2 32.3
1969/70 28.6 9.7 17.6
1970/71 33.7 47.1 41.5
1971/72 28.0 33.0 30.9
1972/73 29.6 23.6 26,1
Mean 27.2 20.1 23.0

- I-31
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Table T-8 Coﬁparison of Power Development Plans

Alternative Development Plans
Plan (A). Plan (B) Plan (C) Plan (D)

Ttem

Development plan

Peak plant discharge (m /s) 44 52 60 68
Installed capacity (kW) 7,600 8,900 10,200 11,600
85% dependable peak power (kW)zl 5,400 6,200 6,900 7,500
Annual energy output (MWh)La
Peak power 11,800 13,800 15,600 17,200 -
Off peak power 16,600 14,500 12,600 10,800
Total 28,400 28,300 28,200 28,000

Construction cost (lO:J'US$)‘£2

Intake 520 540 560 590
Pressure tunnel 710 810 880 980
Power house 1,153 1,230 1,280 1,380
Generating equipment 6,322 6,829 7,262 8,288
Transmission facilities 2,577 2,577 2,577 2,577
Gates and Penstocks 883 942 989 1,057

Total 12,165 12,928 13,548 14,872

Comparison
Construction cost per
kW of dependable peak 2,253 2,085 1,961 1,983
Power (103Us$)

Note: /1 Peaking capacity that would be availeble during 85% of time
throughout total peried

/2 Plant factor is assumed at BO%

/3 Cost of civil works (only specific items related to the
power scheme) does not include depreciation cost of
construction machineries. Gates and penstocks include
intake gate, tailrace gate, trashracks and penstocks.



Power (kw )

Reservair Wuier
Level (m)

Discharge- {m*/sec. month)

Power (kw)

Reservair Warer

Level [(m)

{m¥/sec_month}

Dischorge

Fig. -8  Reservoir Operation of Wonogiri Reservoir | | | R

8,000 1 1
'°'°°°'_‘w_ — T - m—— —"\—L’___‘_,—'-‘ S
.0' . e e e —
!3!7 - . - ey ] s
i34 | - l__l I S . . ) q o i ; | 10 ':_:-’ -
e 1 P - | ‘ 17 11 AN ! ' i ! o S8
| Lq i L i - = [ 1 ! . T3
twod !t 1 1 ] e il . i r H L -0 6 B
tee 1 - SRR b ' ! : 1 1 ‘tergaron 3 pq 4 Py { ! r -
! — Ld 11" |1 [Outtlow ducharge t | ! reguiement L | ‘,:j Reservoir Lo ) r~q | [ 2
e : L i ,__}_L__-....._._._ .urtd-.J_ . e J__},, . : l_ ) i RN O O ; > wolsr Level ',__: LR e 20 K
B 11 Hl . ! | Ressrvore nhow | ! - :T H !
'-.J W b | ! o h
L ;| H !
° |9 ! ! ]
T ) L%
e
Quiflow masy Curve
- 1o d—— ]
~200 Ay ———1
“Intlow |mass Curve
-1004- — e— —
w|v]y]ajsowio]s[e jMfa[u]s[+]a[s]c[n[o[v[F [u[a[m]s [+]a[sTa[n]o]s [F A [T 2 [ATSTo [N o[ F IMTA M T [2]a]s [o[nIo}o F M ]A M[J[4]afs[o[w[o][r [M]afm[sToTaTs ol o s [r u[a (Mo [a[So[N o] [F M[a M [2Ta]s[oIN [o]o]F [M]a{M[a[a Tafs [o]n]o J |F i [a
19353 1954 1933 1956 1957 1958 1953 1960 1964 1962 1963
13,000
| mm_mwm T
1 o _‘_\_\—\__,—I‘I_ -‘_“h—c—rr— w
5,000 1] i = I - - L va o b
P S S L-_I. Lo
5
, 53 |
o ®
A »
' .
axd %]
|
R . ! . | 1 f-]
r.‘ 11 r W:I‘:r"l‘.‘:lvrel 1 [ l.J : 'l ! 1 : f c
. + [] 1 ] r) - ! | = —
[ [ 1 il T iy T
1 vt 1 teri L [ 1) 11 1
i i H Ierigatien i i1 Resarvare nftow ) | |} !
i : : 1 1 PJ raquismant = : L‘: Ly .1‘I ] l I r
a : 1 i l : ; ) Jd ey !
11 [l [ J ' T
14 (] 11 1
LJ L4 td 1 1
H 1
-tgo4—— 1 I
i
Ll
L+~Qutllod mefs Cuyrve
"\
i — e _.._Lw._ - .-_‘ Note | Power (kw) indicoted
chove shows average
.\ - e —_ — )
Intios. most Curse peak power for 6-~hour
+
-:onT . . | ' - E operation o day,
L REET T W AR AR R R S R s R e[ W e S W S B e B B R e e e F B R R R e e el
L 1963 1964 1965 1966 1967 1968 1969 ! 1970 1971 1972 1973




I-34

4,3.2, Towevr output

Power output available will depend on the level of reservoir which
will fluctuate seasonally according to the released volume of irrigation

vater. It will vary from 10,200 kW to 6,400 kW in average water year.

Table I-9 shows the results of power and energy output calcula-

tions for a period of 20 years.

4.4. Reservoir Operation

In most years,-the reservoir will reach the maximum storage capac-—
ity in April. After May, run-off volume into the reservoir gradually
decreasés and the stored water will be released to meet the requirement
for irrigation in the downstream aresm. Water released from the reservoir
will be used first for the generation of electric power before being

delivered to the irrigation area.

During the dry season (June to September), average release of
irrigation water resaches 27 m3/s, which is more than the reguirement
of peak power generation (15 mj/s in 24 hour average discharge, corre-
sponding to 60 mj/s for 6~hour plant operation). This excess release
will enable the plant to work as an base-load plant during off-peak

hiours.

From October to Moy, the powerplant will be mostly opereted as a
peaking plant by discharging 60 m3/s for 6 hours a day. In some droughty
yvears when the reservoir water level lowers near to the low water level,
power generation may have to be controlled to recover the reservoir level
to full level by the end of rainy season. In wet years, additional re-

lease of water will be made for power generation during off-peak hours,

The reservoir operation stﬁdy for a period of the past 20 years
shows thai minor shortage of irrigation water will cccur in 2 years of
the period (1961/62 and 1963/64). In those years, power genaeration
will alse be restricted. Other years encounter no water shortage and

successful supply of irrigation water will be maintained.
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Table I-9 Power Generation of Wonogiri Power Station

Year Max. Power Output (kW)Ll 6-hour Peak Power Output (kﬂl;gi Epergy Output (MWH)ZQ
Max. Min. Mean Max. Min. Mean (zeﬁis) 0ff peak Total
1953/54 10,200 7,430 9,350 10,200 6,750 8,600 15,090 12,530 27,620
1954/55 " 9,530 10,150 10,200 9,530 10,150 17,790 13,150 30,940
1955/56 " 10,200 10,200 10,200 1,560 9,570 16,780 9,980 26,750
1956/57 " 9,800 10,180 10,200 9,130 10,080 17,660 7,520 25,180
1957/58 " 7,960 9,500 10,200 7,950 9,500 16,650 6,790 - 23,430
1958/59 " 8,570 9,910 10,200 8,570 9,910 17,370 15,680 33,050
1959/ 60 " 8,170 9,690 10,200 8,170 9,690 16,970 12,280 29,250
1960/61 " 7,720 9,360 10,200 2,320 6,940 12,210 11,100 23,300
1961/62 t 6,740 9,030 10,200 4,700 8,360 14,650 5,920 20,570
1962/63 " 7,730 9,550 10,200 .7,730 9,550 16,720 10,390 27,110
1963/64 " 6,500 8,490 10,200 930 6,510 11,420 6,570 17,990
1964/65 " 6,970 8,740 10,200 580 5,330 9,370 5,000 14,380
1965/66 " 6,610 8,850 10,200 6,400 8,300 14,570 7,320 21,890
1966/67 " 8,370 9,830 10,200 8,370 9,830 17,220 16,800 34,020
1967/68 " 6,520 8,810 10,200 6,520 8,620 15,110 8,750 23,860
1968/69 L 10,200 10,200 10,200 10,200 10,200 18,040 25,140 43,180
1969/70 L 7,030 9,020 10,200 4,170 7,300 12,810 7,910 20,720
1970/71 " 8,450 9,720 10,200 8,450 9,720 17,030 33,050 50,080
1971/72 " 9,390 10,100 10,200 9,390 10,100 17,680 20,880 38,560
1972/73 " 6,730 9,050 10,200 6,730 9,050 15,860 15,240 31,100
Mean 10,200 8,030 9,500 10,200 6,400 8,870 15,550 12, 600 28,150
Remarks: - Installed capacity 5,100 kW x 2 units = 10,200 kW Note: ZL Max. power output under given hydraulic conditions
- Maximum operating level EL. 136.0 m (H.¥W.L.) /2 Average peak power output for 6-hour operation

Minimum operating level EL. 127.0 m {(L.W.L.)

/3 Plant factor assumed at 85 %
~ 85 % dependable peak power: 6,900 k¥
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' : . 6.
Average annual supply to the irrigation area is 438 x 10 m3

-and
the output of the power generation 28,200 MWh. Table I-4 summarizes
the results of reservoir operation studies. Storage and discharge

hydrograph of the reservoir are shown in Fig. I-8.

Table I-10 Summary of Reservoir Operetion Study
(for a period of 20 yoars From 1953 to 1973)

Wonogiri reservoir: .

- Normal high water level EL. 136.0
- Low water levsel ELI, 127.0
- Effective storage capacity 440 x lO6m3
Water requirement: (average year)
- lrrigation ‘ 438 x 106m3 A
- Re%ease for minimum discharge 6 3
in downstream reaches 30 x 10m

— Power

Water supply:

- Average annual inflow

582 x 106m3 ZE{

8ol x 100> £3

—~ Spillage and evaporation loss 219 x 106m3

— Supply for irrigation and other uses 582 x 106m3
Power generntion:

- Installed power capacity 10,200 k¥

- Average annuel energy outputb 28,200 Mwh

/1l 1lncluding loss in Colo pondage
/2 Assumed plant factor: 80%
[2 Inflow after U/S dams completed
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4,5. Plan Formulation of Proposed Plan

The proposed plan of the Wonogiri dam and reservoir scheme has

been defined through comparative studies of various structures.

4,5,1. Site selection

An alternative site of the Wonogiri dam is the Candi site, about
3 km upstream from the proposed site., As to the comparisen Letween
the both sites, a review of the Master ?lan study had concluded that
the proposed site was superior taking both the geological aspect and
water resources available at the site in view. (The proposed site is
hlessed with about 1.6 Himes of water resources.as compared with the

alternative site).

Therefore, investigation and study conducted this time were con-
centranted on the proposed zite, located just downstream of the confluence

with Kali Keduwan.

4.5.2, Type of dam ~

Concrete gravity type and homogeneous embankment type were elimi-
nated at an early stage of the study, because of the unsuitable geological
condition for the former snd the limited availability of embankment mate-—
rial for the latter,

It appeared that the rockfill type woﬁld'bé recommendable because
rock materials (tuff breccia) of relativély good quality would be avail-
able from the mountain-foot areas on the left benk near the damsite
(Kedungareng~Pancil arcea}. Although tﬁe area has not been investigated
by subsurface explorations yet, the result of geologicai reconnaissance
indicates that the area will yield suvitable rock materfﬁls both in

quality and quantity.

A progpective borrow area of. impervious core material is Candi
area, located about 3 km upstreém from the damsite. The material avail-
able from this area consists mostly of finer grains, classified as CH

under Unified Soil Classification System.



A series of laboratory iesis indicated that the material would’
require quu]iﬂy iﬁprovement by.miXihg sandy materials before being
placed in the aﬁbaﬁkment. As the mixture operation causes n relatively
high cost of core material, it will be desirable to select such a type
of rockfill as requiring the minimum embankment of impervious core

material.

Two types of the dam embankment, central core type and inclined
core type, are examined for cost comparison. The result shown in Fig.
1-9 indicetes that the central core type is superior to the inclined

core type.

Besides the advantage of construction cost requirement, technical
review also recommends the adoption of central core type embankment.

They are,

Central core type

~ Central core construction minimizes the possibility of future
damages of dam structure due to settlement of core embankment.
- It is easy to carry out re—grouting works even if excessive
leakage through the foundation rocks is observed after the com-
pletion,

- The government has much experience in constructing this type

of dam, e.g. Karangkates, Lahor, etc.

Inclined core type

—~ Geological condition in the inclined core foundation area seems
slightly inferior to that in the central cere foundation area.

- A diversion cofferdam must be constructed in an area between
the foot of inelined core embankment and the confluence of Kali
Keduwan. The area appears to be insufficient for placing the

cofferdam of required height.

4.5.3. Right bank fill (Sub-dam):

Geological explorations revealed that the right bank area of the

proposed damsite is covered with a thick layer of overburden earths and

1-38
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heavily wenthered tuff, reaching 17 -m st the deepest. In this respect,
the selection of the type of embankment along the right bank ridges was

a matter of consideration.
To select the economic type of embankment, a comparative study
was conducted for the Following 2 alternatives:

Plan (a) : BSame embankment as the main part of dam. Core will rest
on groutable rock layer which occurs at about 15 to 17T m
depth.

Plan (b)

Randum £ill with laying impervious blanket on the upstream
side of the ridge. Excavation required for the blanket fill

will be limited only to surface soft clay layer,

Cost comparison study indicated the advantages of Plan (b), although the
difference is minor in the order of U.S.$.500,000. The Plan (b) was
selected to be included in the proposed plan.

4.5.4, Spillway

(1) Capacity of spillway

Size and capacity of spillway relates to the height of dam. If a
spillway of larger discharge capacity is provided, it will require less
flood routing capacity of the reservoir and consequently a lower dam.

Conversely, a small spillway will require a higher dam.

The optimum scale of spillway would be obtained from minimizetion
of combined costs of the dam, spillway and land acquisition in reservoir

uyen.

Required costs are estimated for alternative cases of different
spillway capacities and associated dam crest heights. The result shown
in Fig. I-10 and I-11 indicate that the most economical combination of
the spillway capacity and dam crest elevation would be 1,410 m3/sec (at
spillway design flood) and EL 141.6 m respectively. '

(2} Location and type of spillway

Proposed spillway, located on the left bank, is the overflow weir
type with a chuteway, 20 m wide.
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Fig I-10 Construcrioh Cost of Spiiiway
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In selecting the type and lecation of spillway, the follewing

alternatives were studied for cost comparison,

Table I-11 Spillwey Alternatives

Construction
Item Location Type 4c05t/1
(10° U.S.%
{1} Proposed plan Left bank Overflow weir 3,910
Chuteway width 20 m
(Ref, DWG. WD-003)
(2) Alternative I " Same type as the 4,100
proposed spillway
Chuteway width 15 m
(3) Alternntive II " Side channel type 4,970
Chuteway width 20 m
{4) Alternative ITI  Right bank Overflow weir type 4,400
Straight chuteway,
20 m wide

Note: 8pillway capacity 1,550 m3/sec (at W.L. 138.9 m)
/1 including cost for spillway gate
So far as the result of cost comparison study indicates, the pro-
posed plan is recommended and therefore adopted in the design., Seismic
exploration data show that the proposed weir site is in the avea of com-

paratively sound rock zone of 3 km/sec in seismic velocity.

Another alternative was an overflow weir type spillway at the
saddle of the right bank ridge. (Alternative IV in Fig. I-12). However,
this plan was abandoned because of unfavourable geological condition
at the weir site and the large work requirement involved in a long chute-
way of about 1,200 m.

4.5.5. DPiversion conduit

A preliminary plan of the river diversion work was the excavation
of a diversion tunnel underneath the left abutment of the dam. The
tunnel plaonned is 7 m in diameter and about 500 m long (See Fig. I-12
for proposed layout).



I-44

Geologibul investigation data revealed, however, that the tunnel~
ling work would involve some technical difficulties and require a re-
latively high construction cost in the order of U.S5.% 1,900,000, There-

fore, this plan was abandoned.

An alternative plan was the construction of a diversion conduit
along the river side on the right bank., This plan gives the lower cost
requirement of about U,S$.$810,000 excluding plant and equipment de-

preciation cost which is nearly 50% of the tunnel plan.

A comparative study was conducted to find an appropriate scheme
of the river diversion works. Alternatives assumed were 3 different
sizes of diversion conduit, being varied from 6 to 8 m in diameter.
For each of the alternatives, the required height of main cofferdam

was worked out. (See Table I-12 for the details of alternative plans.)

Totnl construction cost for diversion conduit and the incremental
volume of cofferdam shows the advantage of adopting the plan of 6 m.
diameter conduit. However, in view of the minor cost difference between
the plans nnd expected critical time schedule of the cofferdam construc-
tion during 1978 dry season, the plan of 7 m diameter conduit was finally

selected.

Another reason for the selection of the 7 m dia. conduit was to
reduce the risk of submergence of existing railway bridge located up-
stream of {the demsite, The bridge will be utilized Tor hauling core

materials during the construction period.

Another alternative plan of the diversion work is %o utilize the
pressure tunnei as a diversion tumnel. However, the plan seemed difficult
in view of the limited time allowed for the powerplant construction after
the closure of the tunnel. 1If this plan isg adopted, the completion of
the powerplant will be delayed by about one year. Further details will
be studied at the time of detailed design.
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Table 1-12  Alternative Plans of River Diversion Work

T-46

I tem Plan 1 Plan 11 Plan TITY
Diversion conduit 6 m dia. T m dia. 8 m dia,
Main coffeprdam creost EL (w) 128.5 127.7 127.0
[nereased volune of main
cofferdam embankment (m3) 150, 000 +25, 000 +0
Construction cost (103US.$)

- Diversion conduvit 670 810 1,120

-~ Inerement of cofferdam 140 ' To 0
embankment.

- Total 810 880 1,120

Motes Depreciation cost of plant and equipment

not

included in the sbove estimatoe.
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5, DESCRIPTION OF PROJEQT

5.1. Dumsile Geolopy

In the right bank area, ridges develop at a relatively low eleva~
tion. This particular topography requires a dam to be consitructed
over n long distance of about 1,440 m. Overburden (including heavily
decomposed tuff) in the right bank area is generally thick with accept-

able roundution rock occurred at about 15 m depth.

The left bank ridge at the demsite forms o massive abutment at
more than 100 m above the river bed. Overburden above the proposed

foundation rock is 5 to 10 m thick in the left bank area.

The damsite is mostly in the province of tuff brececia. The rock
is not so fairly consolidated and bard, but seems acceptable Tor the
foundation of & rockfill dam of the proposed height. It is generally

water-tight, 2llowing little chance for excessive leakage.

No major geological defects were detected by subsurface explora-
tions conducted this time, except for minor faults observed at abutment
on the left bank.

3

2, Dam and Reservoir

N

The proposed damsite is located on the main stem of Bengawan Sala

just downstream of the confluence with Kali Keduwan,

The reservoir created by the dam will have a surface area of 87
2
km~ at high water level during the inflow of S.H.F.D. (EL. 138.2 m) and

a gross slorage capacity of 730 x 106m3.

The normal high water level of the reservoir is at EL. 136 m and
the low water level at EL. 127 m. The storage between them will be

6 3

440 x 10m”, which is an active storage for the supply of irrigation

and power water.

For flood control purpose, a storage of 220 x 106m3 will be pro-
vided above controlled water level of EL. 135.3 m, which is 0.7 m below
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the normal high water level. TFig. I-13 shows the space allocation of

the reservoir.

The dam consists of the central core embankment with outer shells
of rockfill, The maximum height of the dam is 37.5 m above the founda-
tion rock and the crest length is about 1,440 m. The dam crest level
of EL. 141.6 m provides a freeboard of 2.7 m above the extracrdinary

flood level (EL. 138.9 m)} and 3.2 m above the spillway design flood level.

The free board of 2.7 m provided above the extﬁaordinury flocod
. A
level consists of;

(1) Wind wave: 1.2 m
~ Wind velocity 20 m/s
~ Max. distance of waving in reservoir 11 km

— Height of wave due to earthquake is
estimated at 0.4 m, which is smaller
than the wind wave

(ii) Allowance for misoperation of gates: 0.5 m
{(iii) Free board specifically provided for

fill-type dam: 1.0m

Total 2.Tm

Random fill proposed for the ridge on the right bank intends +to
make an effective use of materials excavated from spillway, intale,
powerplanil and tunnels. Selected rocks from excavation will also be

utilized for embankment in inner zZones of the main dam.

The thickness of vertical core is kept to a minimum in view of

the relatively high cost of core material.

Embanlkment volumes required in the dam are shown in Table I-13

together with the source of materials.

In the foundation area of core embankment, o row of curtain grout-

_ing and grids of blanket grouting will be required,

/1l Japanese Committee on Large:Dams: Design Criteria for Dam
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FigI- 13 _ALLOCATION OF RESERVOIR STORAGE
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The stability anelysis of dem was cerried out for the preliminary
design of embankment mection. Stmbility calculation was made for the

following cases:
1) normal high water level without horizontal earthquake
acceleration,

2) normal high weter level with horizontal aarthquake

scceleration,
3} empty reservoir without horizontel earthqueke acceleration,

1} empty reservoir with horizontal earthqueke acceleration.
Assumptions and constants used in the anslysis are given below:

1) unit weight of water: Pw = 1.0 ton/m>

2) density of embankment materials

core material wet : h =179
' saturated: [t = 1.80
filter materiel t = 1,94
H ﬁo‘t = 2-15
rock matexial t ¢t = 1.85
H rsat = 2-12
3) seismic coefficient K = 0,12
4) angle of internal friction of materials
core material deu = 18.5°
filter material 349 '
-transition material 36°
rock material 37°
5) cohesion of core meteriel C = 3 ton/m?
6} mnormal high water level EL. 136.0 m

7} crest elevation of coffer dam EL. 127.7 m

cerest elevation of main dam EL. 141.6 m

The calculation was made Tor several different embankment sections
varying the slope of embankment, As the result, the slope gradient was
determined as 1:2,.8 for the upstream and 1:2.0 for the downstream faces

respectively. The reasult of stability analysis is shown in Fig. I-14,



Fig. I ~14 Stability Analysis of Dam

Without earthquake

FS = 1.6519

FS=2.3473
&

 NHWL. 136.0

With earthquake

FS-E = 1.2886 FS-E = 1.2366

Q 50

RESERVOIR FULL EMPTY
SIDE UPSTREAM UPSTREAM
K=0 2.3473 | 1.6518 |2.3874
K= 012 | 1.2886] 1.2366 ||.8557




I-52°

Table I-13 Volumes of Materials Required and Wasted

Moterial Volume (103;m3 emganiment measure)
Core Filter Tyans;— Rock R?ndum Earth Waste
tion £ill blanket
Required in dam 241 166 283 736 287 B6 -
Available {rom
Diversion conduit - - 20 - - - 60
Dam foundation - - - - 70 86 390
Spillway B - 100 80 190 - 140
Intake - - 20 10 20 - 40
Pressure tunnel - - - - - - 15
Powerplant - - 20 10 10 - 20
Deficiency supplied
from
Candi area 241 - - - - - -
Rack quarry 166 123 636 - - -

Note: Of the total wagte volume (665,000 m3, in embankment measure),
about 130,000 m> will be utilized for embankment of temporary
cofferdams, backfill around powerplant, .etec.

5.3. Spillway

The proposed spillway, on the left bank, consists of an overflow
weir 39.5 m wide, concrete-~lined chuteway 20 m wide and 340 m long, and
hydraulic-jump stilling basin 45 m long. On the overflow weir crest
are provided 4 nos. of roller gates, 8 m wide by 7.7 high, Dwg. WD-003
illustrates the design features of spillway.

The spillway is capable of passing the estimated extraordinary
flood at a water level of EL. 138.9 m, which is 2.7 m lower than the’
erest of the dam. This ensures that the dam will not be endangered by
the occurrence of any fleod events. Table I-14 summarizes outflow
discharge and corresponding reservoir water level at the passage of

several assumed floods. Flcod hydrographs are shown in Fig. I-15.



Table I-14 Flood Inflow and Spillway Discharge

Peak inflow Total volume Peak outflow Max.
Flood event discharge of flood discharge reservoir
(m?/s) (10m3) (m3/s) (EL.)

S.H.F.D, 4,000 280 400 138.2
Spillway design

flood 5,200 370 1,410 138.4
Extroordinary

{lood - 6,200 448 1,550 138.9

Besides the above floods, another abnormal flood event was assumed
to ascertain further the safety of dam. The assumed flood event is the
occurrence of a double peak flood of the magnitude of spillway design
flood (5,200 m3/s), the pesks occurring at 4-day interval. Even in this
case, the maximum reservoir water level rises only to EL. 138.5 m and

the dam is still safe against such an abnormal flood event,

The proposed gate operation rule is that the gates will be partially
opened to control cutflow discharge at 400 ms/sec unless the reservoir
water level exceeds EL. 138.2 m. With this operation rule, the spillway
will control most of usual floods less than S.H.F.D. {(equivalent to

60-year flood) at the designated outflow discharge.

In cvase of occurrence of unusual large floods such as spiliway
design flood (peak discharge 5,200 m3/s) and extraordinary Tlood {peak
discharge 6,200 m3/s), reservoir water level will rise above EL. 138.2 m.

In such cases, the spillway gate will be fully opened.

Even if extraordinary floods occur, outflow discharge through the

fully opened spillway gates will be one fourth of the inflow discharge.

During the flood period ending March each year, the reservoir
slage will be maintained helow the control water level of EL. 135.3 m.
It will be recovered to normal high water level (EL. 136.0 m) by the
end of April. ' '
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Inflow and Outflow Hydrographs of Flood
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5.4, River Diversion Work

During the construction periocd of dam, flow of the river will be
diverted through a diversion conduit of 7.0 m dia. The conduit will
be 290 m long located on the right bank.

Emergency outlet work will be provided in the plug concrete of
diversion conduit. The work consists of a steel conduit of 1.4 m dia.
equipped with oil~pressure gate and steel bulkhead. It will be operated
to lower the reserveoir ﬁater level in an emergency case occurring after

the completion of the dam.

River diversion work includes the construction of two cofferdams
upstream of the main dam embankment, primary cofferdam and mein coffer-
dam. The primary cofferdam will be required during the construction of
main cofferdam. It is planned to be safe against the probable dry

season {lood as large as 300 m3/s in peak discharge.

The main cofferdam comprises a part of main dam embankment, It
will have & crest elevation of 127.7 m, capable of handling a 20-year
flood with peak inflow of 3,100 m3/s. FEmbankment of about 265,000 m3
will have to be completed during 4 months in the dry season of 1978.

Dovnstream cofferdam will have a crest elevation of 115.5 m, which
is 0.8 m higher than the water level during the outflow of the 20-year

flood discharge through the diversion conduit.

Table I-15 River Diversion Floods

Peak discharge (m’/sec) Water level
Flood Outflow
oo Inflow (through diversion Upstream Downstream
conduit)
20-year flood 3,100 540 127.2 114.7
Dry season flood 300 260 118.0 113.4

Note: (1) U/S primary cofferdam Crest EL. 118.5
U/8 main cofferdam Crest EL. 127.7
D/S cofferdam Crest EL. 115.5
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5.5. Intake and Pressure Tunnel

3.5.1. Intake

Probosed intake structure is of wvertical tower type. It enables
the maximum utilization of reservoir water for power generation down
to the low water level (EL., 127.0 m}.

The sill of intake is set at EL. 121.0 m, for enabling 1o utilize
the water stored below the low water level, if the situation requires

in such very droughty years.

The intauke tower is of reinforced concrete construction, 17 m dia.
and 23,6 m high above the foundation level, The structure incorporates
n roller gate, 6 m wide by 6 m high, operated by hoisting equipment on
the top of the structure, Steel trash racks are installed on each face-

of 6 openings of inlet,

5.5.2. Pressure tunnel and steel penstock

Pressure tunnel will deliver water to the powerplant and outlet

work., It is n concrete-lined circular-shaped tunnel of 6 m in diameter.

To provide the maximum ground coverture above tunnel roof in the
arca below the dam foundation, the tunnel takes a curved route into.
deep abutment at the lowest elevetion, EL. 107.3 m, which is the eleva-

tion of water turbines in the powerplant.

In view of the economy and low water pressure inside the tunnel,
sleel penstock will only be installed in a limited length of 60 m at the
downstiream end of the tunnel. The diameter of penstock varies from 6 m

lo 4.2 m.

5.6. Powerplant

Powerplant will be located close to the outlet of pressure tunnei
on the left bank. The powerplant building is of reinforced concrete
construction, 20 m wide by 32 m long. It will house two units of gen-~

erating equipment of 5,100 kW capacity.
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The plant is.dpefated with reservoir water level varying from
EL. 136.0 m (N.H.W.L.) to EL. 127.0 m (L.W.L.), Each turbine will
hove lhe hydraulie capacity of 30 m3/s at n rated head of 21.1 m.
llead loss of waterway is calculated to be 1,0 m including some. allow-

ance .,

Further details of electrical and mechanical installations of the

powerplant are included in Annex (I), Wonogiri Power Station.

5.7. Outlet Valve House

OCutlet valve is provided to bypass irrigation water. Normally,
the whole of any required release will be discharged through water
turbines of the powerplant. Notwithstanding, outlet work is required,
to be operated chiefly at en unusual condition such as the shutdown

of the powerplant operation, etc.

A valve house, annexed to the powerplant building, will accommo-
date a unit of Hollow-jet valve of 1.80 m diameter. It is capable of

discharging 35 m3/s et the low water level of the reservoir.

5.8. Afterbay Weir (Colo Irrigation Intake)

An irrigation intake dam at Colo will act as an afterbay weir of
the dam. Excess release of water from the powerplant over the irriga-—
tion requirement will be stored thereat for subsequent diversion to
the irrigation areas. The required storage capacity of Colec weir is

enough to store all the excess of released water, i.e. 1.2 x 10° m3.

~ Release from powerplant 60 m3/a  max.

-~ Diversion.Yrom Colo:
(1) Minimum of dry season months 4,6 m3/s (Oct, 1971)
(2) Average of 20-year dry season months 21,8 m3/s

- Storage requirement of afterbay’
(1) (60m3/s _-4,6m3/s ) x 6 hrs, = 1.2 x 106 m3
(2) (60m3/s -21.8md/s ) x 6 hra. = 0.83 x 105 m3

Further details of the Colo weir are described in Annex (II),

irrigation.
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5.9. Land Acquisition and Road Relocation

Right-of-land for the reservoir is estimated to be approximately
9,700 ha. Land will be acquired and people relocated in accordance
with appropriate legal procedures. The submerged area will have to

be cleared before the impoundment of reservoir.

The maximum water level of the reservoir will rise to EL. 138.9 m
at the occurrence of extraordinary floed. Acquisition of land will be
made for the area below EL. 140.0 m, about 1 m above the maximum water
level. Number of houses and inhabitants to be removed account for

23,000 houses and 9,600 families respectively.

The length of required road relocation work reaches about 55 km,
of which 324 km will be the improvement of existing road and 21 km the

construction of new road. It includes the construction of about 25

bridges.
Table I-16 Land Acquisition and Road Relocation
Reservoir
Land Cultivated land, Saweh 4,438 ha
" s Tegal 2,851 ha
Yard ‘ 2,239 ha
Cemetery & forestry 206 ha
Houses 22,918 nos.
Inhabitant Family 9,573 families
Population 47,627
Relocation of road
New road construction 21 km
Improvement of existing road 34 km
Totel 55 km
Bridges 25 nos.
Clearing of reservoir area about 2,500 ha

(of a total area of 8,700 ha below EL. 138 m)
Project construction site
Land 24 ha

House 335 nos.

Population 1,350
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5.10., Recommendation on Sediﬁent Control

- In- the basin nrea,ubstream of Wonorigi, most of the arems has
been opened for cultivation and only steep and rock-outcropped areas
are left unﬁéed. The area is supposedly subject to surface erosion
and is yielding sediment materials into the river. According to the
previous survey at the time of the Master Plan study, however, erosion
in the area is of moderate extent and most part of the sediment
materials is yielded from the scouring of the river banks, especially
along the courses of K. Wuryantoro, K. Gares, K. Ngrowo and K. Alang.,
To minimize the sedlment materials being transported into the Wonogiri
reservoir, it is recommended to provide ground sills, bank protection

works and Sabo dams for those tributaries,

Erosion control in the high land ares is also desirable. Refore-
station is to be much exercised where is applicable. In the farmlands,
the protection.of cut and excavated slop surfaces, with providing such

measures as sod facing, stone masonry, bamboo hardling will be required.

It will be recommended to carry out a further detailed survey on
the erosion control and sediment prevention works in the subsequent

stages,



6. CONSTRUCTION PLAN AND ESTTMATE

0.1, Construction Mateiidlﬁ
(n) Embankment mnterials

The project construction ineludes approximately 1,900,000 m3 of
ombaunkment work, of whlch 1,800, 000 m3 will be requlred for the moin

dam including 1mperv1ous blanket £ill.

Investigations have shown that impervious core, filter and rock
materials for the dam embankment are all available from areas within
3 km from the damsite. The estimated yield of core materials from the

proposed borrow areas is sufficient for the requirement.

For final assessment of the borrow areas, however, further detailed

investigation will be required in the subsequent design'stage.

Selected rock materials from the project excavation works will
also be utilized for the embankmenit of dam, temporary cofferdams,

powerplant backfill, ete.

Table [-17 Expected Material Sources

Total yield

Lecation Requirement A Remarks
capacity
Rock quarry B 510x10% m2 1,200x10° m? Rock Filter,
Transition
Candi borrow area 24103 m3 500x103 m3 Core
River deposit:
Dam foundation area 140x103 ton 140x103 ton Aggregate
K. Keduwan 60x103 ton Sufficient Aggregate
. (Filter-
Alternntive
source )
{b) Concrete Materials.
3

Estimated totel quantity of concrete work is about 73,000 m

ineluding temporary facilities works,
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Aggfgpntn u{ll be supplied from the rivér deposit excavation in
the dam foundation area. It ia prowumed that the deposit will yield
about 140,000 tons of aggregate, which is slightly deficient for the
total requifemﬁnt. ‘The shortage will be supplemented from sand and

gruvel bars existing along the course of Kali Keduwvan.

Conatruction cost estimate in this report assumes that cement
will be imported from abroad. Required quantity of cement will be
about 24,000 tons including the.requirement for grouting works,

Reinforcing steel bars of about 1,200 tons will also be imported

from abroad.

(¢} Mechunical and electrical equipment

Most of the hardware and equipment required for the work, such as
structural sieels, penstocks, gates, major electrical equipment, will

have to be imported.

Other supplies such as steel sheets, wires, lighting equipment

and fixtures are available Iin local market.

{(d) Locel muterials

Local materials will be utilized to the maximum extent. The major

items are wooden materials, bricks, stone-blocks, oil products, etec.

6.2 Conatruction;?ﬁcilities'
{(a) General layout

Construction facilities include residential quarters, offices,
warehouses, work shops, motor pool and repair shop, concrele and ag-
gregate production plants, raw aggregate stockpiles and various con-
struction roads. A tentative layout of the facilities is shown in
WG, No WD-006.

The fucilities will occupy a toial area of about 24 ha, which will

be acquired bafore the start of construction works.
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(b) oOffice and quarters

The governmont office and quartera will be bu11t on the left bank
aren, about 800 m apart from tho future poverplant site,

The querters will be provided with adequate féuidencaa, mess halls,
a gueat house and other necessary facilities to accommodate about 80
supervisory staff from the governwent and consultant. A part of the
quarters will be of permanent construction for noconnodatiun of future

operation personnel afier the completion of the works.

(¢) Access road and bridges

Most of the construction materials, equipment and supplies will be
transported by road from Surakarta to the damaite,;

On the route of the existing road, there are 16 bridges including
2 large bridges spanning over the Bengawan Sala. Some of them appear
not to have sufficient capacity for the pasaing of the project‘goods
(40 tons maximum). Reinforcement of the existing bridges will be a
primary work item o be performed before the comsencement of main works,

{d) Road relocation near damsite

The existing road on the left bank of the damaite is %o be re-
located at an early period of the oomstruction. The proposed route
is shown on Dwg, WD~006.

6.3 Construction Plant and Equipment

The dam comstruction work reguires about 45 items of construction
plant and equipment.

Concrete production facilities will be one aggregate screening
plant and one conorete batching plant, 50 ton/hour and 24 m2/hour
capacities respectively, Major items of heavy equipment will be 1,2 -
2,7 m? class shovels, 20 - 30 ton bulldogzers and 8 - 15 ton dump trucks,
Table I~18 shows the items and required number of plant and equipment.



Construction power will be supplied from a diesel generatinog plant
of 1,000 kW capacity. Two puﬁpingtatations will supply construction
water to various work sites including offices and residential quarters.
The peak requirement of water supply is estimated te be about 8.4 malmin.
Compressed air plant will be installed onc each at the damsite and rock

quarry.

This report assumes that equipment for the road relocation work

could be procured locally.
Further details of the construction plants are as follows;

(1) Aggregute screening plant

The plant is of the  aimple.type equipped with primery orusher,

severnl. stages vibrating, screens, classifier and other hccessories.

Daily concrete placement volume 200 m3
. . m> ton :
Daily aggregate requirement 2007 x2.1 = 420 tons
Daily aperstion hour 14 hrs
Working efficiency 0.6
420tons
Required plant capacity hre + 50 ton/hr
14 x 0.6
(2} Concrete batching and mixing plant
Daily concrete production requirement 200 m3
Daily operation hour 14 hrs
Working efficiency _ 0.85
3
Required plant capacity 200 " = 17 mj/hr
1472 0.85

A semi~automatic concrete plant equipped with 2 units of
21 cft '‘mixers will be installed.



{1) Huter:#upply system

_ ‘Conatruction water requirement is estimated as follows;

Location- . : Reqguirement

- Aggregate plant 50 ton/hr ' 1.5 m3/min
~.Concrete plant 2i cft.x 2 .2
— Repair shpp 0.8
~ Motor pool.& storage yard 1.0
- Hurehoqses and shops 0.2
-~ Office ' 0.1
- Government living quarters 0.2
- Contractor's living camp 0.1
- Labour's camp 0.3
— Damsite work area 2.0
- Diesel generating plant 1.¢
~ Others 1.0

Total 8.4 m3/min

Water is taken from.tha river, pumped up. to head tanks through
300 am dia. pipe line, and distributed to each delivery points.
Por the main supply system on the left bank, three units of 200 mm
dia. centrifugal pump equipped :with 73 kW .motor will be installed
at:the pusp-station,

(4) Power supply system

Flectric power gensrated by 2 units of 5300 kW diesel generator
is distributed to each site by 20 kV distribution line.



The peak requirement of power is totaled to 630 k¥ assuming the .
power demand factor of 0.45. " In usual case, one generator can

supply enough power to the work sites.

Location : Power requirement
- Aggregate plant 50 ton/hr . 200 kW
- Concrete plant 21 cft x 2 50
~ Water supply ' 225
- Lighting, damsite and road 50
- Repair shop 100
~ Motor pocl & work shops 35
- Office & quartors 150
- Dewatering pump 100
~ Welding equipment 300
- Others 200
Total 1,410 k¥

Puel supply system

Daily fuel consumption of equipment and mobiles iy estimated
to be 30,000 liters of light oil and 5,000 likere of gasoline at

the peak construction time.

Three fuel storange and supply facilities will be provided.
Required storage volume of the facility is estimated to be three

times of daily cﬁnsumption.

{i}) Puel tank on ground {light oil} ........ 20,000 f x 4 tanks
(ii) Puel tank, underground (light oil) ..... 10,000 [ x 1 tank
(iii) Puel tank, underground (gasoline) ...... 15,000 £ x 1 tank

Puel tank (i)} will be installed nt diesel generator plant. It

is erccted on ground for convenience of gravity supply to the plant,.
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" Table I-18 Construction Plant and Equipment for Dam
and Road Relocation Works

Required Nos. of Iquipment

Nos. Equipment Capacity
Total Dam Road relocation
1 Diesel generator 500 k¥ 2 2 -
2 Sereening plant 50 ton/hr 1 1 -
3 Concrete plant 21 eft x 2 1 1 -
4 Bulldozer 30 ton 9 5 4
5 - do - 20 ton 10 5 5
6 Wheel loader 2,7 m3 6 3 3
T Crawler loader 2.0 m3 2 3
8 Power shovel 1.2 m? 3 3 -
Back hoe 0.6 m3 1 1 -
10 Heavy dump truck 15 ton 15 15 -
11 Dump truck 8 ton 55 40 15
12 Agitator truck 3.2 m3 6 -
13 Truck erane 50 ton 1 1 -
14 - do - 30 ton 1 -
15 Cargo truck 6 ton 15 10 5
16 Vibration roller 15 ton 1 1 -
17 Sheep foot reller 20 ton 1 1 -
18 Road roller 8 ton 4 1 3
19 Trailer truck 30 teon 1 1 -
20 Motor grader 3.7 m 3 1 2
21 Crease car 6 ton 2 1 1
22 Maintenance car 6 ton 1 1 -
23 Tuel tanker 8 ton 3 2
24 Water tanker 8 ton 4 2 2
25 Fork 1ift 3 ‘ton 1 1 -
26 Boring machine max 150 m 6 6 -
27 Grout mixer & pump 150 { /min. 4 4 -
28 Crawler drill 3 inch bit 3 3 -
29  Leg drill apd
sinker 2.7 m3/min. 25 15 10

10

-
wn

30 Tick hammer 1.2 m3/min. 25
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Required Nos. of lquipment’

Nos. . liquipment Capacity — —
Total ' . Dam Road relocation

31 Portable air

compressor 17 m3/min. 10 B - 2
32 Concrete pump trueck 8 inch 1 1 -
33 Concrete sprayer 2 inch 1 1 -
34 Centrifugal pump 8 inch 4 4 -
35  Submergible 6 inch 6 6 -
36 - do - | 4 inch 6 6 -
37 Air tamper hand fype 15 15 -
38 Fuel supply system 1 1 -
39 Saw mill | 1 1 -
40 Repair shop 1 1 -
41 Ripper attachment Bull 30 ton 5 3 2
42 Cranc attachment Shovel 1,2 m3 2 2 -
43 Dragline attachment -~ do -~ ] 1 -
44 Back hoe attachment - do - 1 1 -

|
[#/]
=
[}

45 Miscellaneous L.S,

Note: Equipment for road relocation work will be procured locally.
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6.4 Cbnairﬁctiph Method n o
Constructiqnwwork.will generally be done by conventional method.

Excavation will be mostly by blading and ripping with buildozers,
loading by shovels and hauling by dump trucks, Concrete is produced
by & central mixing plant of 21 eft x 2 units and delivered to each

placing site by agitator trucks,

Monthly average embankment of the dam will be about 140,000 m3,
In the placément of fiil materials, impervious core zone will be placed
in 29 cm layer snd compacted by sheepsfoot roller. Pervious rock zones
are placed in 0.5 m to 1.0 m layer with compaction effected by vibrating
roller. Core embankment will be almost suspended during the wet season,

mid November to mid_May.'

Excavetion and concrete works for the spillway will be divided in
3} areas, i.e. overflow weir, chuteway and stilling basin areas, Excava-
tion in the overflow weir and upstream part of chuteway will precede
to supply rock materials to the cofferdaﬁ embankment, ngéérﬁiag will
progress intermittently in parallel with the intake, pressure tunnel

and powerplant pour works.

In view of the expected geological condition rlong the route of
pressure tunnel, the tunnel excavatiom will require adequate timbering
works with uSing steel-rib supports, After providing the lining for
its entire length, the tunnel may be deemed as an emergency diversion

tunnel, to be utilized only at the occurrence of an abnormal flood event,

Turing the intake excavation and concrete works in the area of
EL. 119.0 m; a part of the ground must be left unexcavated to form =
cofferdam at a height of EL, 127.,7 m.

The powerplant site will be excavated initially in a partial ares
for appreaching to the portel of pressure tunnel, Subsequently, the
area will be enlarged to the designated full width,



The project site im commanded by 2 diatinct seasons, dry and flood

sensons,

River diversion work proposed for the dam construction works

conainta of 5 utngdl'df'opcfdtioni

(1)
{ii)
(iii)
(iv)

(v)

Construction of a diversion conduit (May 1967 to Apr. 1968)

Diversion of the 1968 dry season run-off through the diver-

"sion conduit. Dam foundation area is dewatered by upstream

primary cofferdam and downstream coffeérdam, (May to Oct. 1968)

River divermion throughout the year after the completion of
main cofferdem.(Nov., 1968 to Sept. 1980)

Closure of the divnrnion ennduit aAnd commencement of the
impounding of the reservoir.. {Oct. 1980 to Fasb., 19Y81)

Spillout of river flow from spillway. (Mar, 1981 expected)

The downstream cofferdem will he removed before the spillout of

Tlow from the spillway,

6.5 Conatruction Schedule

Construction period of the dam and reservoir works will extend

over o period of about 5 years starting in mid 1977 and completing in

Mar, 1981,

Construction works will proceed throughout the year, with

meintaining 2 working shifts except during the peak wet period.

A proposed conatruction time achedule is shown on Fig , 1-16 in the

form of bar ghart,

6.6 Construction Cost Estimate

The estimated construction cost of the Wonogiri dam project will

he US$43,400,000, excluding generating equipment and transmission lines.
It is composed of US$25,400,000equivalent of local currency and
US$18, 009,000 of foreign currency portions respectively.

The estimate includes & contingency and reserve of about 15% and

expenses for engineering sarvice.
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Table in19 shows the eatimsted construction cost by work items o

and Table I-20 yearly disbursement schedule.

Construction cost estimated on financial cost basis is shown in

Table I-21, together with yearly disbursement schedule,



CONSTRUCTION SCHEDULE

Fig. 1—16  PROPOSED
: ; I 9 7 5 ! 9 7 6 19 7 7 | 9 7 8 |
WORK ITEM QTY dFMAMJJASONDJFM‘AMJJASONDJFMAMJJASONDJFMAMJJASONDJFMA
Main Works
DETAILED DESIGN Gov. Camp & Relocated road —— = _ 1. @ iR
Ldnd OCQUISi'Hon 9'750 hc LJoD [SET STV HB'BDI?I ] AVD) j VA DA - . —
RESERVOIR Reservolr _clearing 8,500 ha ! Ben s e o =
ROAD RELOCATION | Submerged road 55 km i | — o e
Reinforcement of bridges | & nos — = '}
Access road to camp 8 R.bank 3.5 km } |
] |
PREPARATORY Government camp i . {
WORKS Contractor's camp & shops | BB s a it g :
Construction roads MAINTGVTH | LA ] | + -
Construction plant AR L L /t'gﬁ’]flj_f-_%%!% b )
Procure. of const. equipment Xzl
Diversion cunduit L =290 m | vA VA ( ) |
U/S Primary cofferdam 36,000 m® DIVERSION] | | L1 - g\ {
RIVER DIVERSION 2 r e
D/S Cofferdam 20,000 m3 CONDUIT . d | lde L}} |
Plug Concrete |, 000 m3 | B
crempay  |EXCovation 175,000 m3
MAIN COFFE Embankment 265, 000 m3 | { |
Excavation 450,000 m3 | | i
MAIN DAM Foundation grouting 19,000 m3 ! [ :
Embankment l, 540, 000 m3 l i :
Exavaiion 450,000 m3 , .
Concrete  structure 37,000 m3 i | i
SPILLWAY Bridges L =40m | |
Gate installation 200 t | !
Excavation _in__intake 85,000 m '
Vertical shaft Exca. & Cone. H=12m
=30
INTAKE Intake 'rc?wer concrete H - m |
8 PENSTOCK Access bridge L =60m | |
Gates & screens 240 t ! | 1
Pressure tunnel L =225 m I | 'E =
Steel _penstock |70 1 ! 2 =
Excavation 50,000 m |
POWERPLANT Eockfi:i — 1 2,000 m f ; A
8 OUTLET WORK |—werplont building | i = a
Tailrace 4 endar |call|, jeva uation,| gtc. 1 pudy = o
eq:nprnen’r installation irhdt | dwar | . 23
TRANSMISSION Switchyard d| votk| | | B A\
SYSTEM | Transmission lines | i N
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Fig. 1— 16 PROPOSED  CONSTRUCTION SCHEDULE
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rable I-19 Estimated Construction Cost of Wonogiri Dam Project

Local foreign
! Total amount * 1 g,

Work item : currency . currency

| Main civil work 17,800 6,500 11,7300

(1) Dam wnd cofferdam {( 5,880} ( 2,380) ( 3,500)

(2) Spillway ( 3,140) { 850) { 2,290)

(3} Intake { 560) { 160) { a00)

(4) Pressure Tunnel { 880) { 230) ( 650)

(5) Tower house ( 1,280) (  320) (960}

{6) River diversion { 1,020) ( B10) { 210)

{7) Construction facilities ( 2,040) { 1,500) { 540)

(8) Plant and equipment ( 3,000) ( 250) ( 2,750)

1. iates and penstocks 2,100 300 1,800

i1f, Lund acguisition 11,600 11,600 0

{1} bLand acquisition (11,300) (11,300) ( )

(2} Reservoir clearing { 300) { 300) { 0}

AU Rond relocation 4,000 3,200 BOO

Total of 1 to IV 35,500 21,600 13,900

A\ Contingency & Reserve (15 %) 5,400 3,300 2,100

Vi, Kngineering service 2,500 500 2,000
& pdministrative expenses

TOTAL 43,400 25,400 18,000




' Table I-20 Yearly Budgetary Schedule

{(Unit : 103USS)
. . 1976 1977 1978 1679 1980
¥Work item L.c. F.C. L.c. PF.C. L.C. F.C. LC. F.C. L.C. F.C.
I. Main Civil Works 420 - 1,510 . 580 1,300 2,370 1,780 4,820 1,490 3,530
(1) Dam (30) (580)  (960) (1,000) (1,480) (770) (1,060)
(2) Spillway (140) (190) ( 460) (1,300) (250) ( 800)
(3) Intake (40)  (70) ( 70) ( 210) ( 50) ( 120)
(4) Pressure tunnel 7 ( 80) (' 210) (150) ( 440)
(5) Power house ( 30) (30) ( 120) ( s500) (170) ( 430)
{6) River diversion (570) (70) (180) (90) ( 30) ( 200 (30) ( 30)
(7) Construction facilities (420) - (800) (310} (280) (230) .
(8) Plant & equipment (110) (200} (50} (8oo) ( 20) (1,100) ( 70) { 650)
IT. Gates & Penstocks 60 550 150 : 1,140 90 110
III. Land Acquisition & Clearing 200 2,420 4,300 4,320 360
(1) Land acquisition (200) - (2,400} (4,200) (4,200) (300)
(2) Reservoir clearing ( 20) {( 100) { 120) { 60)
IV, Road relocation 300 100 900 200 1,100 300 900 200
Sub-total of I 10 IV 620 4,230 680 6,560 3,120 7,350 6,260 2,840 3,840
V. Contingency & Reserve 80 670 120 990 480 1,100 940 460 560
Vi. Engineering Service & 100 400 150 500 150 600 100 500
Administrative expenses
TOTAL 700 - 5,000 1,200 7,700 4,100 8,600 7,800 3,400 4,900

5P¥T73



Table I-2 Construction Cost and Yearly Disbursement Schedule

(Financial Cost Basis)

{Unit : 103uss)

I-74

ConsE:zzzizgdCost Yearly Disbursement Schedule
Work item 1976 1977 1978 1979 1980
Total L.C. F.C. L.c. F.C. L.C. F.C. L.C. F.C. L.C. ¥.C. L.C, F.C.
I. Main Civil Works 17,800 6,500 11,300 420 - 1,510 4,380 1,300 2,870 1,780 3,920 1,490 130
(1) Dam _ {5,880} (2,380) {(3,500) (30) (580) (960} (1,000)(1,480) (770) (1,060)
{2) Spillway (3,140) ( 850) (2,290) (140) (190) ( 460)(1,300) (250) { 800)
(3) Intake ( 560) ( 160) ( 400) ( 40) (70) ( 70)( 210} ( 50) ( 120)
(4) Pressure tunnel ( 880) { 230) ( 650) ( 80)( 210) (150} { 440)
(5) Power house (1,280) ( 320) ( 960) ( 30) (30) ( 120)( s00) (170) ( 430)
(6) River diversion (1,020) ( 810) ( 210) {(s70) (70) (180) ( 90) ( 30)( 20} (30)( 30)
(7) Construction facilities (2,040) (1,500) { 540) (420) (8o0) (310) (280) (230)
(8) Plant & equipment (3,000) { 250) (2,750) (110)(4,000)  ( 50)(1,300) ( 20)( 200} { 70)(-2,750)
II. Gates of Penstocks 2,100 300 1,800 60 550 150 1,140 90 110
III. Land Acquisition & Clearing 28,430 28,430 - 500 6,020 10,100 11,120 6%0
(1) Land acquisition (28,130)(28,130) - (s00) - (6,000) (10,000) (11,000) (630)
(2) Reservoir clearing { 300)( 300) - { 20) {( 100) { 120) { 60)
IV. Reoad relocation 4,100 3,300 800 300 100 1,000 200 1,100 300 900 200
Sub~total of I to IV 52,430 38,530 13,900 920 7,830 4,480 12,460 3,620 14,150 5,360 3,170 440
¥. Contingency & Reserve 7,900 5,800 2,100 80 1,170 620 1,890 580 2,100 840 560 60
VI. Engineering Service & 2,500 500 2,000 100 400 150 500 150 600 100 500
Administrative expenses
'TOTAL 62,830 44,830 18,000 1,000 - 9,100 5,500 14,500 4,700 16,400 6,800 3,830 1,000
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1, PRESENT SITUATION
1.1 Existing Power Supply System
1.1.1 Power gensrating facilities

At present, the power supply system in Central Java consists of
two main grids, the Tuntang and Ketenger grids with 30 kV transmission

lines.

The installed capacity of the PLN's Central Jave power system is
79,880 kW in Tuntang system &nd 19,412 kW in Ketenger system, and
10,726.2 k¥ in isolated stations, the total being 110,018.2 k¥ in Central
Java (refer to the attached Appendix-1), In addition to the PLN's,
installed capacity totalling 102,132,559 k¥ is owned by private enter~
prises (refer to the attached Appendix-2).

The existing generating facilities owned by PLN and private in
Central Java as of March 1975 are given as below:-

Existing generating facilities owned by PLN

Hydro (kW) Ges (kW) Diesel- (kW)

{a) Tuntang Grid

{i) Jelog 20,480 - -

(ii) Timo 12,000 - -

(iii) Semarang - 34,000 -
(iv) Kalisari - - - 6,020
{v) Wirobrajan - - 4,060
(vi) Kudus - - 1,120
{vii) Purwosari - - 2,200
Sub—total 32,480 34,000 13,400

{b) Ketenger Grid

(i) Ketenger 7,040 - -

{ii) Pekalongan - - 1,380
(iii) Tegal - - 6,296
(iv) Cilacap - - 4,696

Sub-total 7,040 - 12,372



I1-2

Hydro_ (kW) Steam (kW) Diesel (kW)
(¢) Tsolated Stations ' |
(i) 2-Hydro Stations 380 - -
(ii) 14-Diesel Stations - - 10,346,2
Sub~total 380 - 10,346,2
Total 39,900 34,000 36,118.2
Grand Total 110,018,.2
Private generating facilities
Hydro (kW) Steam (kW) Diesel (kW)
{i) Semarang Area 47.84 2,082,512 24,233,765
(26,364.117 kW)
(ii) Sale Area - - 2,334.32
{ 2,334.32 kV)
(iii} Yogyakarta Area 3,840 400 19,246.6
(23,486.6 ~ kW)
(iv) Tegal Area - - 28,312.172
(28,312.172 kW)
{v) Purwokerto Area 38 350 11,287.1
(11,675.1  kV)
(vi) Magelang Area - - 6,431.6
( 6,431.6 kW)
(vii) Cepu Area - - 3,528.65
( 3,528,.65 kW)
Total 3,925,84 2,832,512 95,374.207
Grend Total 102,132.559

1.1.2 Traensmission and distribution facilities

PLN's existing transmission facilities in Central Jave are listed

in Table II-1.

future).

{30 ¥V transmission line system will be cancelled in the
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New 150 KV +transmission lines are being constructed by PLN to
provide the main trunk of each grid and to interconnect these two grids

in the near future,.

Moreover, the interconnection of Central and East Java system is

also under planning by PLN.

The standard voltage and freguency of the PLN's power system are

as follows:

Transmigsion line 150 kV
Distribution line 22 kv, 6 kV
Low tension line 220-127 V (this voltage will be

changed to 380~220 V in the future),
3~Phase, 4-Wire System
Frequency 50 Hz

1.2 Powar Consumption

Records of installed capacity, peak demand, generated energy,
sold energy, etc. in Central Java from January 1972 to December 1974

are shown on Table II-2.

The maximum pealt demend in the past three years was recorded at
63,300 kW in September 1974 for the Tunteng system,. and 10,700 kW in
July 1974 for Ketenger system.

The total sold energy in 1974 was recorded at 239,708,330 kWh
which was 27.2 % less than the generated energy of 328,031,051 k¥Wh
rendering epproximately 2 % to the station use end 25.2 % +to the trans-

mission and distribution loss.

Electric pawer consumption in Central Jave is mainly limited to
the urban areas and rarely in the rurel areas. Per capita consumption
in 1974 wes 287 k¥h in power energy end 70 kW in the peak power against
the estimated urban population of 832,000,

With respect to the present power consumption in several isolated
lond centers related to ihe project, records of instmlled capacity,‘peak
demand, generated energy in the town of Wonogiri and Sukoharjo from
January 1972 to December 1974 are shown on Table II-3.



1.3 Power Rate

Tariff structure of PLN is very complicated depending on the kinds
of consumers. The power rate noy.being applied in Central Java in- sum-
marized in Table IT-4,

1.4 Waiting Consumer

As shown in Table II-5, the total contracted cepacity of waiting
consumers accepted by PLN during 8 years for 1967 -~ 1974 was 242,459,470
VA in Central Jave, while total capacity instelled during the
same period was only 31,278,120 VA, eguivalent to 13 % of the total con-
tracted capacity. |

Accepted waiting consumers have been selected by PLN, and there are

many applicants who are still waiting the PLN's acceptance,

2. POWER DEMAND AND DEVELOPMENT PLAN IN THE FUTURE
2.1 TDemand Forecast

As seen in the figures of the waiting consumer, even et present,

there exists substantial demand for power.

Moreover, after the completion of the extension and improvement
of transmission and disitribution systems which are now under way in
Central Java it is anticipated that a remarkable growth of power demand

will arise.

Load forecast and power development program in Central Java are

shown on the attached Fig. II-1 and I11-2. These figures show the pro-

jected future power and energy requirements by yearup to 2000 in relation

to the power development plen, based on the tentative estimates,

In celculating the peak power demand for each year, the yeerly

growth rate is estimated based upon an arithmetical progression after

the year 1975 as follows:

1975 - 1977 +.e.. 1
1978 ~ 1979 ..... 2
1980 - 1982 ..... 1

5
0
5
©1983 - 2000 ,.... 7

TARWS

1I-4
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And ennual load faector to be spplied for the estimate of energy

requirements are the following percentages:

1975 - 1978 sas ey 65 %
1979 - 2000 LRI 60 %

For several isolated load centers related to the project such as
Wonogiri, Sukoharjo and Wuryantro town, the future load forecasts are

as shown in Fig, II-4 and TI-G,

2,2 New Power Supply Facility under Construction and Planning

Construction of large scale power plants, improvement and extension
of power supply system as well as the incorporation of isolated power
generating facilities into the expanded povwer grids have been contem-
plated, because the present shortage of electric power supply is much

impeding the economic development in the Central Java.

The power stations under construction and planning in Central Java
by PLN are listed below:

Name of Power Unit Combustion Completion
Station Date
Yogyakarta 2,150 kW x 3 Diesal 1975
Tegal 2,500 kW x 2 Diesel 1976
Purwosari 250 kW x 2 Diesel 1976
Cilacap 18 MW x 2 Steam {0il-fired) 1977
Semarang 50 MW x 2 Steam (0il-fired) 1977
20 MW x 2 Gas (0il-fired) 1977

The new transmission line facilities now under constiruction and plan-

ning in Central Javae are listed in Appendix-3.

Based on the consitruction schedule mentioned ebove, the aveilable
power output in each year up to 1977 is estimated below (except private
facilities): '

1975 116,468,2 kW

1976 121,968.2 k¥
1977 297,968.2 kW



3. HYDROPOWER POTENTIAL IN BENGAWAN SALA BASIN

Due to the topography of the basin having leas difference of ele-
vation, there are not many auiteble pétential sites for hydropawer deve-
lopment. Potential head created by the construction of the dem for hydro-

power generation is found only in the Bengawan Sala River.

Potentiality of the prospective power developments and their brief
descriptions in this basin are summerized hereunder (refer to the attached
DWG. No. WP-001 titled "LOCATION MAP OF THE PROJECTS IN THE SALA BASIN"

(i) Wonogiri Project

This project site is loceted at about 2 km upstream from the towm
of Wonogiri. Near this site, a right side tributary, the Keduwan River
joins to Bengawan Sala River, and the selected dam site is just down-—

stream of the confluehce of the Keduwan River.

The dam will be of roeckfill type with & height of 38.5 m and
the total embankment volume of 1,800,0003, and effective water storage
capacity is estimated to be 440 million m3,

Exclusive water storage for the hydropower generation is not pro-
vided but designed to use the stored water also for hydropower genera-

tion.

By construecting the hydropower station just downstream of the dam,
the maximum gross head of 24.5 m becomes available. At the maximum dis-
charge of 60 m3/sec maximum output 10,200 kW is expected when operated
for peak power supply. Annual energy production will account for 35,068
MWh. The proposed Colo irrigation intake weir is designed to work as

an afterbay.

{ii) Badegan Project

This project site is located on the Semorobangun River, a left side
tributary of Madiun River at about 17 km westward from Ponorogo. The
dam will be of rockfill type with a height of 60.5 m and the total
embankment volume of 7,750,000 m3,
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By utilizing the maximum effective head 57.0 m obtained by the con-
struction of the dam, the hydropower station at just downstream of the
dam will generate the maximum output of 6,000 kW at the maximum dis-
charge of 12,2 m3/sec. The total annual energy production is estimated

at 18,800 Mwh.

(iii) Bendo Project

This project site is located on the Ngindeng River, a right side
tributary of Madiun River about 15 km south east of Ponorogo. The dam
will be of rockfill type with a height of 80.5 m and total embankment
volume of 2,110,000 m°,

By construction of the hydropower station just downstream of the
dam, the maximum effective head of 56.0 m becomes available and the
maximum output of 3,500 kW is expected to be generated at the maximum

discharge of 7.3 m3/s, Total annual energy of 10,000 MWh can be produced.

(iv) Jipang Project

This project site is located at about 6 km upstream of Cepu. The
dam will be of earthfill type with a height of 27.5 m and the total
embankment volume of 4,200,000 m3.

Maximum effective head of 15.5 m becomes available by constructing
the hydropower station at just downstream of the dam and with the maximﬁm
discharge of 135.0 m3/sec, maximum output of 18,000 kW is expected to
be generated., Total annual energy of 70,800 MWh can be produced at this

power station,

4. DEVELOPMENT PLAN OF WONOGIRI POWER STATION

The hydro power in general can take a valueble part of the total
power generation in meeting short duration peak load, In reviewing the
long - range power development in Central Java, the study was made put-
ting stress on the operation of the Wonogiri power plent during the peak

load time.

From the present pattern of daily load curve, a peaking period of

around six (6) hours seems to be appropriate.

11~7
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On the basis of the above condition, the study of installed capacity

nid unit uutput to be installed is carvied out.

4.1 Alternative Plans

Wonogiri Power Plant is required to be furnished with the plant
capacity for peak power generation taking intoe consideration of water
use for irrigation purpose, because no specific water is allocated +to

the power use.

On the basis of the reservoir operation established from the water
supply for irrigation use during the past 20-year period, the monthly
power vutput in terms of both peak power and power energy of the plant
were estimated for four plans with different maximum discharge as shown
in Table II-6.

The features of the four aliernative plans for power developmeni are

as follows:

Max. Discharge Installed Monthly Mean
(m3/sec) Design Head (m) Capacity (kW) Energy Output (MWh)
Case A 44 21.3 7,600 2,959.7
Case B 52 21.2 8,900 2,946.0
Case C 60 21.1 10,200 , 2,932.3
Case D 68 21.0 11,600 2,918.7

4.2 Economic Comparisen of the Alternative Plans

In order to determine the most optimum scale of the power develop-
ment, cconomic compariscn is made on four alternative plans in terms of

the unit construction cost per kW.

Firstly, construction cost including civil works, power generating
equipment and transmission facilities is estimated for each case as pre-

sented in the following table.
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(10° Uss)
Case A Case B Case C Case D

Tntake 520 540 560 590

I'ressure Tunnei _ 710 810 880 980

I'ower House 1,153 1,230 1,280 1,380

Generating Bquipment 6,322 6,829 7,262 8,288

Powe, Transmission & 2,577 2,577 2,577 2,577
Communication

Gate & Penstock 883 942 989 1,057

Total 12,165 12,928 13,548 14,872

In succession, unit construction cost per kW of the devendable peak

is calculated assuming that the dependability is 85% of the total period.

(1) Total (2) Dependable (3) Unit

Construction Peak power Construction
Cost (kW) Cost per kW{US$)
(US$1,000) (1)/(2)

Case A 12,165 5,400 2,253

Case R 12,928 6,200 2,085

Case C 13,548 6,910 1,961

Case D 14,872 7,500 1,983

The result of the above comparison shows that the plan C is selected

as the mosi appropriate power plant scale,

4.3 Value of the Generated Power

The value of the hydro power is measured based on the cost required
to produce the equivalent capacity and energy by the least cost alternative
means. In the present case, the alternative is a oil-Tired steam power

plant with the capacity of 50,000 kW,



{apreity value

Capacity vaelue is estimated on the basis of the alternative ceost

ns lollows:

{i) Investment cost for alternative steam power plant
Foreign currency Us$30,800,000
Local currency usg 7,700,000
Total US$38,500,000
Per kW installed USg  T70/kW

{ii} Annual Pixed cost

Interest and Depreciation (Capital Recovery)
12 % for foreign currency US$3,824,000
12 % for local currency US$ 956,000

Fixed 0 & M 2 % US$ 770,000

Total Us$5,550,000

Capital recovery factor (30 yeﬁrs)
12 % @ 0,124144

Annual fixed cost per kW installation US$111/kW

The Following adjustments are made for the difference beiween hydro

and steam power plant.

Hydro {%) Steam (%)

Loss up to primary substation 4.0 2,0
Forced outage - 2.0
Auxiliary pover use , 0.3 6.0
Overhaul 2.0 B.,0O
Foctor = Hydro _ (1-0.04)(1-0.003)(1-0,02)
Steam ~ (1-0,02)(1-0.02)(1-0,06)(1-0,08)

=1,13

Capacity value = 111 x 1,13 = US$125.4/kVW

IT-10
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Fneegy value

Bhnergy value s eslimaled as follows:

{iii) Energy costs
Fuel cost : 0.06 8/(
Bunker € : 10,000 k cal/(f
1 k cal = 3,968 BTU (British Thermel Unit)
1 kWh 860 k enl = 3,412 BTU
Thermal efficiency : 30 %

3412 x 100
39680 30

]

0,287 [/k¥h

0,287 x 0,06 = 0,0172 $/kWh

il

Adjustment in difference between hydro and steam power plant is

al=o applied to fuel consumption:

Hydro (%) Steam (%)
Loss upto primary substation 4,0 2,0
Auxiliary pover use 0.3 6,0

' . _Hydro (1 - 0.04)(1 ~ 0,003}
Factor = oy = (1 = 0.02)(1 ~ 0.06)

Energy value = 0,0172 x 1,04
US$0.0179/kWh

= 1.04

Annual benefit

On the basis of the capacity value and energy value calculated above,
annual benefit from the Wonogiri power station is estimated at US$1.35 million
as shown below:

Capacity benefit

/
6,910 kWL x US$125.4 = US$867,000

Energy benefit
28,200 M¥h x 0.96'2 x US$0.0179 = US$485,000

Total annual benefit US$1,352,000
{= US$1,350,000)

/1 85 ¥ dependable peaking capacity

/2 4 % transmission loss excluded
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5. DESIGN AND COST OF POWER STATION
5.1 Power House

The power house will be constructed on the left bank at just down-
siream of the dam, and the building will be 30 m long, 19 m wide, 18 m
Joep and 8 m high. Sub-gtructure of the power house will be constructed

on the hase rock of tuff-breccia.

The generating units, each of 5,100 kW capmcity, will be placed at
12 m interval from the center to center, The elevation of principal

floors and centerline of the turbine are set out as follows,

Turbine room floor . EL. 104,50
Cable gallery floor EL. 106.50
Casing center EL. 107.30
Generator, cubicle, engine generator

room repair-shop floor EL. 110,00
Air conditioner, battery, cable '
gallery room and mux. room floor EL. 114,80
Control, telephone and aux, raom floer _ EL. 117.60

Conference room, terrace and aux.
room floor EL. 122,50

One set of trailrace gate will be provided at the outlet of draft

iubes, to be handled by travelling monorial crane,

7.2 Power Generating Equipment
5.2.1 Hydraulic turbine

The hydraulic turbine to be installed at Wonogiri Power Station

will be vertical shaft, Kaplan type with an elbow type drafi tube.

Owing to the fluctuation of the reservoir water level, the effective
head of the turbine will vary from a maximum head of 24.5 m to & minimum
head of 15.5 m. As the result of the examination of the design head,
annual average effective head is obtained at 21.1 m, therefore, this head

is selected as the design head.

The turbine will have 333 rpm rated speed in full gate opening and
at 21.1 m design head it will generate 5,100 k¥ rated output per unit.
At 15.5 m of +the minimum head in full gete opening, the output of the
turbine will be caleuleted as 3,341 kW per unit,



The following are the items which were teken into consideration on

selection of the hydraulic turbine to be instelled in Wonogiri Power

Station.

(i} Basic Data

{(ii) Type

(iii) UHeed

Elevation of dam crest EL. 141.60
Normal max. reservoir water level EL. 136.00
Min. reservoir water level EL. 127.00
Normal max. tailwater level EL. 110,50

Considering the effective head ranging from 15.5 m to 24.5 m,
Kaplan type hydraulic turbine is adopted.

The head for the best efficiency (design head) is
determined at 21.1 m which is the average head for

2 unit operation obtained from the reservoir operation.

{(iv) Speed

JEC (Japanese Electrotechnical Committee) formula
based on the experience of hydraulic turbine instal-

lation was used to determine the speed.

20,000 20,000
— ——— e — e _ —
Ns = g3+ 30 * 50 =371+ 30 + 70 = 337 (m - k¥)
5/4 5/4
N . Ns .%Hd _ 537 x 2}.1 ~ 340
HP 5,100%

From the sabove calculation, 333 rpm of the turbine speed
is chosen. The number of poles of synchronous generator

is therefore 18 poles for 50 Hz in the system frequency.

{v) Turbine Installation

Draft head was determined as follows:

Atmospheric pressure Ha = 10 m

1 1
N . P¥ 333 x 5,100%

Ns = 574

nad/4 21.1

= 526 (m - kW)
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Cavilation fPaclor:

2.33 x 1079 x Ns? - 2.47 x 10”4 x Ns + 0.181
4

2.33 x 10~° x 526% — 2.47 x 10} x 526 + 0.181

0.645 - 0,13 + 0.181 = 0.696

it

Centerline of runner blade below the spiral case center

is obtained at about 0.85 m.

Total draft head Hs is:

Hs = 10 - 0,696 x 21,1 + 0.85 = -3.8

From the result of above calculation, theoretical
center line of turbine bhlade shall be set at about

4 m below normal maximum tailwater level of EL. 110.50.

5.2.2 Alternating current generator

The generator to be installed at Wonogiri Power Station will be
verticel shaft, revolving field, or ordinary type to be coupled directly
with the Kaplan turbine. It will therefore have 333 rpm of the speed
and rated at 6.375 kVA, 6.6 kV, 3-Phase, 50 Hz and 0.8 power factor.

The generator will be assembled and disassembled using the oveyr-

head travelling crane,

The power factor selected for the Wonogiri generator is 0.8 con-
sidering the reactive powver sﬁpply from the generator to the load center,
The terminal voltage of generetor is selected at 6.6 kV as the most

economical voltage for the capacity planned.

3.2,3 Main trensformer

The main transformer to be installed at Wonogiri-Power Station
¥ill be rated at 12,000 kVA, 50 Hz, 3-Phase two windings, 6.6 kV delta
to 150 kV atar connected outdoor, self-cooled type. The neutral point
of 150 kV windings will be grounded directly.
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5.2,4 Station service equipment

Station service pover will be supplied from one 300 kVA trensfor-
mor, which is to bhe connected to generator main circuit. For emer-
gency use, & diesel engine driven generator set will be installed, Power
for inteke gate and spillway gate will be supplied from one 200 kVA step-up

transformer, which is connected tothe low tension circuit.

Station service;iransformer and step-up transformer .for the diesel en-
gine driven generator set and for gates will be of outdoor and self cooled

type.

5,2.5 Switchyard equipment

The switchyard with 27 m by 30 m space will be provided adjacent
to the power station building on the ground level of 117.50 (refer to
the attached DWG. No. WP-006 titled "ARRANGEMENT OF OUTDOOR EQUIPMENT).

A gingle eircuit transmission line will be connected to the 150 kV
bus, The circuit breaker will be rated at 1683 kv, 800 A, 5,800 MVA
interrupturing capacity, and shall be suitable for synchronizing bet-

ween Wonogiri Power $tation and Tuntang system.

The circuit breeker on 6.6 kV side of generstor will be used for
parallel operatién‘of the generators at Wonogiri Power Station and for
synchronizing of the generators at Wonogiri Power Station with Tuntang
system {refer to the attached DWG. No. WP-004 titled '"WONOGIRI POWER
STATION SINGLE LINE CONNECTION DIAGRAM).

5.3 Transmission Line and Substation

The necessary power transmission capacity for {the single-circumit
130 kV transmission line from Wonogiri Power Station to East Sala Sub-
station is around 10,000 k¥ based on 5 per cent regulation and 80 per

cent power factor.

The conductor is selected as 200 mm2 ACSR considering corona dis-
charge voltaege (refer to the attached DWG, No. WP~007 titled "TRANS-
MISSION LINE AND DISTRIBUTION LINE ROUTE" and DWG. No. WP-008 titled
"SINGLE LINE DIAGRAM OF TRANSMISSION AND DISTRIBUTION LINEV). Y
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The above 150 kV transmission line of 40 km is constructed along
the highwﬁy betweeh Wonogiri'Powe; Station and East Sala.Substation
via Sukoharjo town an& will be connected to 150 kV bus of East Sala
Substation {refer to the attached DWG. No. WP-01ll titled “EAST SALA
SUBSTATION, SINGLE LINE CONNECTION DITAGRAM" and DWG. No. WP-012 titled

"ARRANGEMENT OF OUTDOOR EQUIPMENT").

Power for the Sukoharjo twon will be supplied from East Sala
Substation by a 20 kV distribution line including a step down transfor-

mer {22 kV to 6 kV) and will be connected to the existing 6 kV system.

A single circuit 20 kV distribution line is also constructed hetween
¥Wonogiri Power Station and Wuryantoro town vie Wonogiri permanent camp
area and from where a line to Wonogiri town is branched off. Step-down

transformers will be installed at the load centers.

The power demand to be connected to the above line is estimated as

follows (refer to the attached Fig. II—4);

Wonogiri Permanent Camp Area .....ccic0vass 500 k¥
Wonogiri Town e s Pt v At e iRt A e b bbb At 1!000 kW

wury&nt’orDTDwn LI B B S L IR B I BN BN B B BN BN R BE B B BE R SOOkw

Typical towers and insulator strings for 150 kV transmission line
and typical assemblies fox 20 kV distribution line are shown on the
attached drawings (refer to the DWG. No., WP-009 and WP-010),.

5.4 Tower Line Carrier Telephone System

Power line carrier telephone system will be composed of load dis-
patching channel (System A) and administrative channel (System B) to
be transmitted on the 150 kV transmission line, as referred to the at-
tached DWG. No., WP-013 titled "POWER LINE CARRIER TELEPHONE SYSTEM".

5.5 Construction Cost

The total construction cost of the generating equipment and power
transmitting facilities with communication equipment is estimated at
US$11,700,000 comprising of the foreign currency portion of US$10,190,000
and the local currency portion of US$1,510,000 equivalent. The

summary of +the estimate is given in Table II-7.
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The prices for the generating equipment, transmission line, distri-
bution line, substation and communication equipment are estimated refer-
ring to the current prices in the Japanese market. It was assumed that

the custom duties on the imported plant and materials would be exempted.

Table IT - 7 Summary of Cost Estimate

Foreign Local
Item Currency Currency Total
(103 us$) (103 us$) (103 Us$)

I. Electric Power Generation

Generating Equipment 6,851 411 7,262

II. Electric Power Transmission &

Communicetion
150 kV T/L (lc.c.t., 40km) 740 400 1,140
20 kv D/L {lc.c.t., 38km 639 380 1,019

w/Tr. 1250 kVA)
Low Tension Line (Skm) 85 50 135
East Sala S.8. 155 12 167
Power Line Carrier Telephone 111 5 116
Sub Total 1,730 847 2,577
17T, Land Acquisition ' — 21 21
IV. Contingency 1,269 171 1,440
V. Engineering & Administrative 340 60 400
lixpenses

Grand Totael 10,190 1,510 11,700




The cost disbursement schedule for the power project is estimated

as follows:

T iem 1979 (103 Us$) 1980 (103 us$)

tGenereting Fquipment T.C, 4,624 2,227
(L..c.) (123) (288)

150 kV T/L F.C. 740 -
(L.C.) - {400)

20 kV D/L F.C, 639 -
(L.c.) - {380)

Low Tension Line . F.C. 85 -
(L.cC.) - (50}

Fast Sala S.S. F.C. 47 108
(L.C.) - {12)

PLC Telephone F.C. 34 77
(L.C.) - (5)
F.C, 6,169 2,412
Total (L.C.) (123) (1,135)

5.6 Consiruction Plan

Almost of all construction works will be affected by dry and wet

seasons, especially, outdoor construction works will be often interrupted

by heavy rain during the wet season and with a scorching sun during the

dry season. Therefore, planning of construction works should be carried

out in due considerstion of the climatic conditions in this area.

3.6.1 Power generating equipment

Working time is estimated at about two years including manufacturing,

transportation and erection at site, and the commencement of commercial

operation is scheduled for April, 198l1.

1118

As the commencement of the installation works is scheduled for December

1979, the construction of power house shall be started earlier and the

construction of roofs, walls and windows shall be finished by June 1980,

The wet test of the generating equipment will be scheduled in March

and April 1981,waiting the reservoir water level to'reach EL. 132.6 m.
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5,6,2 Transmission line

The construction work of the transmission line during the rainy
senson will be disturbed by heavy rain. Therefore, commencement of
the construction work is expected in April 1980 and the completion-in-

January 1981.

To keep the above schedule, all foundation works must be finished

during the dry season and the erection of towers will follow.

5.6,3 20 kV distribution line

Since the route of the distribution line from East Sala substation
{0 Sukoharjo town will run through the paddy field, the construction

work shall be carried out during the dry season.

While, the distribution line from Wonogiri power station te
Wuryantoro will be constructed along the highway which will be newly
constructed for the submerged highway between Wonogiri town and Wurayantoro

town. The construction work will be possible even in the rainy season,

5.6.4 Low tension line

Low tension distribution lines excluding service wires for the
consumers will be constructed in Wuryantoro town in parallel with the

construction of the 20 kV distribution line to Wurysntioro.

5,6.5 East Sala substation

The generated power at the Wonogiri Power Station will be sent to
Earst Sala Substation to be constructed under another project, Therefore,
no mein transformer is provided under this praject. However, to connect
the 150 kV disconnecting switches, all the necessary switchgear and

miscellaneous materials are included in this project.

The switching equipment to be installed at East Sala Substation
will be loceted at 150 kV switch-yard, and dead end tower of 150 kV
transmission line will be constructed between dead end tower for South
Yogyakarta and Surabaya line (proposed by PLN Semarang). Installation
works will be completed by Marech 1981,
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5.6.6 Power line carrier telephone

Construction time of PLC telephone equipment will he sclected jusl
hefare commencing the commercinl operation of the project, alfter the

150 kV transmission line is completed.

5.6,7 Transportation

All equipment and materials will be unloaded at Surabsya port, the
main port for East Java and Central Java, which has sufficient unload-
ing capacity for the plants to be nsed for the project. The equipment
and materials unloaded at Surabays port will be transperted to the site

by railway or road.

All routes of the access to the site are shown in the attached
sheet, and drawing of loading clearance of railway is also attached to

this report (refer to the attgched Appendix-5).

5.7 Construction Time Schedule

Since the completion of the Wonogiri dam is scheduled for the end
of 1980 and the impounding of the reservoir in the beginning of the rainy
season of the same year, all works of ‘the power sector will have to
be completed before the scheduled date of the wet test operation of the
pover facilities, namely, by the beginning of March 1981.

Overall time schedule including design, manufacturing, transpor-
tation, field construction and erection, etc, will be made as shown in

Fig, TI-7.
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“Table T1-1 Existing Transmission Facility in Central Java
e {DC:  Double {ircuits)
(Mar. 1975) ' : (8C: Single Circuit)
Seclion Voltage Length 'Type No.of Comluctor

(G or Circu-—,,

(V) (kM) s¢) g dind ??ﬂ;s ) AE&E”"
1. Tuntang System
Jdelog - Jatingaleh 30 28 DC 2 Cu.HD 50 1/0 Cu
Jatingaleh-Semarang
North 30 13 DC 1 do do do
Jatingaleh - Kudus 30 56 ne 1 do 25 #3 Cu
hudus - Pati 30 23 sC 1 ACSR  99/66 2/0ACSR
Jelog — Timo 30 5 DC 2  ACSR - 4/0ACSR
Jelog - Magelang 30 40 ne 1 Cu 50 1/0 Cu
Mage lang-Jogyakaria 30 40 nec 1 do do do
Jegvakarta-sSuralarta 30 52.5 ne 1 do ~  do do
Surakarta - Jelog 30 57 1] # 1 do do do
Mage lang-Purwore jo 30 41.5  SC 1 do 25, #5 Cu
Purwore jo=Kutlohar jo 30 11 s5C 1 do 25 #5 Cu
Pedan - Ceper 30 3 sC ] do do do
11, Kelenger 3ystem
Pemalang=Tegnl 30 26 ne 1 Cu 50 1/0
Pemalang-elkalongan 30 3.5 nc 1 Cu 50 1/0
'emalang-Ketanger 30 35 sSC 1 ACSR - 1/0
30 3.7 sC 1 Cu 35 2
30 21 sC 1 Cu 50 1/0
Ketenger-Purwokerto 30 12 DC 2 Cu 25 3
Purwokerio-Gambharsari 30 1.3 e 2 Cu 25 3
30 2.6 ne 2 Cu 16 5
Cu 25 3
_ 30 10 ne 2 Cu 25 3
Purwoker to-Purholinggo 30 11.5 SC 1 Cu 25 3
Gambarsari-Karanganyar 30 41 sC 1 Cu 25 3
Gambarsari-Pesanggrahan 30 4 DC 2 Cu 25 3
30 9 sc 1 Cu 24 3
Pesanggrahan~Cilacap 30 0.8 sC 1 Cu 25 3
30 2.0 50 1 Cu 16 5
5 3

30 17.3 sC | Cu 2




Table YI-2 Power Consumption (obtained from PIN Pembangkitan II Semarang)
o : Installed Capacity (kW) : Peak Load (kW) Generated Output (kWh)
Tear & Month Tuntang Ketenger Isolated Total Tuntang Ketenger Isolated Total Tuntang Ketenger lsolated Total
— 1 2 3 4. 5 6 7 8 9 10 11 12 13
1972 Jan. - 57,680 15,108 5,411 78,199 39,500 8,800 3,089 51,389 18,698,159 4,713,539 1,538,288.4 24,949,986.4
Feb. 57,680 15,108 6,411 79,199 38,500 8,150 3,030 49,680 17,846,709 4,505,826 1,421,386.2 23,773,921.2
Mar. 57,680 16,108 - 6,411 80,199 38,300 8,000 3,172 49,472 18,844,327 4,553,571 1,566,572.8 24,964,470.8
Apr. 57,680 16,108 6,411 80,199 36,400 8,400 3,169 47,969 18,256,182 4,646,277 1,536,273.8 24,438,732.8
May 57,680 16,108 6,411 80,199 37,800 8,650 3,150 49, 600 18,944,600 4,842,690 1,383,636.4 25,170,926.4
June 57,680 16,108 6,511 80,299 41,000 8,200 3,150 52,350 17,780,711 4,461,027 1,507,948 23,749,686
July 57,680 16,108 6,511 80,299 39,800 8,650 3,101 51,551 18,032,997 4,589,884 1,540,038.8 24,162,919,8
Aug. 57,680 16,108 6,511 80,299 40,300 8,235 3,237 51,772 18,362,167 4,412,824 1,592,914.2 24,367,905.2
Sep. 57 , 680 17,108 6,511 81,29y 40,600 8,050 3,195 51,845 17,368,922 4,110,053 1,497,087.4 22,976,062.4
Oct. ©. 57,680 17,108 6,611 81,399 33,800 8,050 3,299 45,149 17,236,979 4,189,531 1,569,834.2 22,996,344,2
Nov. . 57,680 17,108 6,883 81,671 35, 600 8,600 3,354 47,554 16,898,866 4,258,247 1,545,558.4 22,702,671.4
Dec. 57,680 17,108 7,133 81,921 38, 600 8,900 3,374 50,874 18,109,182 4,875,792 1,626,960.8 24,611,934.8
Total - .- - - - - - - {216,379,801) (54,159,261} (18,326,499.4) (288,865,561.4)
1973 Jan. 57,680 17,108 7,383 82,171 43,300 8,825 3,613 55,738 19,350,027 4,822,729 1,642,420.1 25,815,176.1°
Feb. 57,680 17,108 10,231 85,091 41,300 8,875 3,733 53,908 17,237,812 4,286,195 1,590,032.86 23,114,039.86
Mar. 59,880 17,108 10,331 87,319 43,200 8,960 3,725 55,885 20,481,816 5,056,582 1,838,628.5 27,377,026.5
Apr. 59,880 19,412 10,331 89,623 42,400 10,425 3,801 56,626 19,886,060 5,219,004 1,810,275.78 26,915,339.78
May 59,880 19,412 10,331 89,623 32,900 9,925 3,827 46,652 19,777,291 5,327,262 1,903,040.9 27,007,593.9
June 59,880 19,412 10,331 89,623 32,900 10, 350 3,824 47,074 19,380,410 5,212,083 1,762,032.38 26,354,525.38
July 59,880 19,412 10,331 89,623 44,450 11,060 3,757 59,267 20,680,693 5,247,070 1,789,894.63 27,717,657.63
Aug. 59,880 19,412 10,426.2 89,718.2 45,250 8,900 3,721 57,871 20,392,589 4,966,935 1,757,504.17 27,117,028.17
Sep. 59,880 19,412 10,726.2 90,018.2 43,800 9,000 3,731 56,531 19,799,783 4,820,078 1,676,395.7 26,296,256.7
Oct. 59,880 19,412 10,726.2  90,018.2 42,300 9,480 3,634 55,414 20,593,417 4,992,601 1,787,943,44 27,373,961.44
Nov. 59,880 19,412 10,726.2 90,018,2 43,100 10, 300 3,818 57,218 20,259,306 5,038,540 1,719,597.63 27,017,443.63
Dec. 59,880 19,412 10,726.2 90,018.2 42,800 9,450 3,799 56,049 20,458,711 4,959,026 1,758,144.03 27,175,881.03
Total - - - - - - - - (238,297,915) (59,948,105) (21,035,910.12) (319,281,930.12)
1974 Jan. 59,880 19,412 10,726.2 90,018.2 41,450 9,800 3,785 55,035 20,362,146 4,963,479 1,775,252.44 27,100,877.44
Feb. 59,880 19,412 10,726.2 90,018.2 41,350 9,850 3,778 54,978 18,811,059 4,444,879 1,636,899.54 24,892,837.54
Mar. 59,880 19,412 10,726.2 90,018.2 42,250 10,300 3,814 56,364 20,866,603 4,838,844 1,809,371,45 27,514,818.45
Apr. 59,880 19,412 10,726.2 90,018.2 43,700 9,650 3,752 57,102 20,121,661 4,747,882 1,715,597.95 26,585,140.95
May 59,880 19,412 10,726.2 90,018.2 42,900 10,000 3,903 56,803 20,516,547 4,891,539 1,782,724 27,190,810
June 59,880 19,412 10,726.2 90,018,2 40, 300 9,875 3,896 54,071 20,258,551 4,797,938 1,561,799 28,800,248
July 59,880 19,412 10,726.2 90,018.2 45,100 10,700 3,906 59,706 21,214,207 4,934,220 1,809,556 27,957,983
Aug. 59,880 . 19,412 10,726.2 90,018,2 43,000 10, 300 3,879 57,179 21,355,479 5,016,874 1,628,622 28,000,975
Sep. 79,880 19,412 10,726.2 110,018.2 63,300 10,050 4,129 77,479 20,975,992 4,922,277 1,628,375 27,526,644
Oct. 79,880 19,412 10,726.2 110,018.2 43,200 10,000 3,685 56,885 21,734,485 5,018,661 1,669,843 28,422,989
Nov. 79,880 19,412 10,726.2 110,018.2° 41,200 9,825 1,663 54,688 20,952,763 4,916,018 1,621,522 27,490,303
Dec. 79,880 19,412 10,726.2 110,018.2 43,400 9,900 3,597 56,897 21,842,100 5,034,789 1,670,496 28,547,385
Total - - - - - - - - (249,011,593) (58,527,400) (20,310,058.38) (328,031,051,38)
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Load Factor (%)

Isolated Total

Aux, Power Use

Sending Power

Receiving Power

Transmission Line

Aux. Power Use

Sold Enexrgy

Tuntang Ketenger at P.S. (kWh) (kWh) (JWh) Loss (kWh) at §.S. (k¥h) (IWh)

14 15 16 17 18 19 20 21 22 23

63.6 72.0 66.9 ' 65.3 254,576.1 24,695,410.3 21,720,592.3 2,974,818 53,103 18,381,381
66.6 79.4 67.4 68.8 241,039.5 23,532,881.7 20,753,076,7 2,779,805 83,396 18,095,268
66.1 76.5 66.4 67.8 253,052.3 . 24,711,418.5 21,666,755.5 3,044,663 44,233 17,720,920
69.7 76.8 67.3 70.6 237,297 24,201,435.6 21,113,721.8 3,087,714 53,297 18,000,423
67.4 75.2 59.0 68.2 233,765.7 25,137,160.7 21,889,383.7 3,247,777 55,498 17,857,011
60.2 75.6 66.5 63.0 237,968.8 23,511,717.2 20,376,455,2 3,135,262 54,449 18,107,898
60.9 71.3 66.8 63.0 249,215.1 23,913,704.7 21,170,755.7 2,742,949 52,093 18,033,477
61.2 72.0 66.1 63.3 263,805.1 24,104,100.1 21,350,337.1 2,753,763 51,999 18,321,758
59.4 70.9 65.1 61.6 303,444.3 22,672,618.1 20,216,426.1 2,456,192 57,257 18,436,258
68.5 70.0 64.0 68.5 260,162 22,736,182.2 20,406,675.2 2,329,507 47,467 17,689,685
65.9 68.8 64.0 66.3 310,836.4 22,391,835 19,957,349 2,434,486 47,078 17,996,105
63.1 73.6 64.8 65.0 268,900.7 24,343,034.,1 21,918,025,1 2,425,009 51,387 17,669,187
{(60.1) (69.2) {61.8) (62.8) {5,845,063.0) (285,951,498,2) {252,539,553,4) (33,411,945) (651,257) (216,309,371)
60.1 73.5 61.1 62.3 302,655.2 25,512,520.9 22,637,822.9 2,854,698 55,240 19,076,786
62.1 71.9 631.4 63.8 315,487.56 22,798,552.3 20,150,997.3 2,647,555 56,528 19,013,622
63.7 75.9 66.3 65.8 390,123.3 26,986,903.2 24,186,865,2 2,800.038 55,938 18,557,467
65.1 69.5 66.1 66.0 547,905.73 26,367 ,434.05 23,676,176.05 2,691,258 75,745 19,450,151
80.8 72.1 66.8 77.8 547 ,640.22 26,459,953 .68 23,749,214.68 2,710,739 74,084 19,153,944
81.8 69.9 64.0 77.6 507,935 .46 25,846,589,92 23,055,592.92 2,790,997 63,142 19,775 .496
62.5 63.8 64.0 62.9 499,533.15 27,218,124,.48 24,432,437.48 2,785.687 59,195 19,477,024
60.6 75.0 63.5 63.0 431,640.09 26,685,388.08 24,079,878.08 2,605,510 65,728 19,862,517
62.8 74 .4 62.4 64 .6 406 ,050,52 25,890,206,18 23,170,867.18 2,719,339 64,536 19,640,226
65.4 70.8 66.1 66.4 429,614.74 26,944,346.7 24,033,587.7 2,910,759 59,437 19,339,202
65.3 67.9 62.6 65.6 482,387.37 26,535%,056.26 23,655,713.26 2,879,343 64,041 19,555,316
64.2 70.5 62.2 65.2 556,244,91 26,619,636.12 24,329,391.12 2,290,245 63,231 19,448,614
(60.1) {61.9) {62.7) (61.5) (5,417,218.25) (361,740,177.07) {281,158,543.87) (32,686,168) (756,845) (232,350,365)
66.0 68.1 63.0 66.2 506,837 26,594 ,040.44 23,823,224 .44 2,770,816 63,715 19,920,391
67.7 67.2 64.5 67.4 466,638.54 24,426,199 21,824,955 2,601,244 56,123 18,951,736
66 .4 63.1 63.8 65.6 546,593.73 26,968,224 ,72 24,250,640, 72 2,717,584 61,114 18,694,929
64.0 68.3 63.5 64.7 518,874.83 26,066,266.12 23,642,540.12 2,423,726 49,172 19,736,208
64.3 65.7 61.4 64.3 529,869 26,660,941 24,205,824 2,455,117 48,016 19,483,490
69.8 67.5 55.7 68.8 499,429 26,300,859 23,856,491 2,444,368 51,189 20,011,455
63.2 62.0 62.3 62.9 495,836 27,462,147 24,992,923 2,469,224 53,574 19,612,269
66.8 65.5 56 .4 65.8 465,787 27,555,188 24,657,072 2,898,116 57,889 20,437,738
46.0 68.0 54.8 49.3 443,281 27,083,363 25,002,578 2,080,785 58,717 20,505,146
69.9 67.5 60.9 67.2 467,406 27,955,583 25,640,985 2,314,598 55,576 20,218,750
70.6 69.5 61.5 69.8 461,302 27,029,001 24,590,607 2,438,394 59,099 20,640,525
67.6 68,4 62.4 67.4 470,089 28,077,296 25,519,262 2,558,034 54,926 20,495,693
{44 .9) {62.4) (56.2) (48.3 (5,871,943.1) {322,179,108.28) {292,007,102.28) (30,172,006) {669,110) {239,708,330)
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NDistribution Line T/L and D/L Loss (%)
Loss {(kWh) T/L Loss D/L Loss
24 25 : 26

3,286,108.3 11.92 13.17
2,574,412.7 11.69 10.83
3,901,602.5 12.20 15.63
3,060,001,8 12.63 12.52
3,976,874.7 12,80 15.67
2,214,108.,2 13.20 - 9,32
3,137,278.7 11.35 12.90
2,976,580.,1 11.30 12,22
1,722,911.1 10.89 7.49
2,669,523,2 10.12 11.60
1,914,166 16,72 8.43
4,197,451.1 9.85 17.05
(35,631,018.4) 11.57 12,33
3,525,796.9 11.05 13.65
1,080,847.3 11.45 4.67
5,573,460.2 10.22 20.35
4,150,280.05 9.99 15.41
4,521,186.68 10.03 16,74
3,216,954.92 10.59 12.20
4,896,218.48 10.05 17.66
1,151,633.08 9.61 15.31
1,466,105, 18 10.34 13.18
4,634,948, 7 10.62 16.93
4,036,356.26 1LO.66 14.94
4,817,546,12 8.42 17.72
{48,071,333.87) 10.24 15.06
3,839,118.44 10.22 14.16
2,817,096 10. 44 11.31
9,494,597.72 0.87 19.96
3,857,160.12 9.12 14.51
4,674,318 9.03 17.19
3,793,847 9.12 14.15
5,327,080 8.83 19,05
4,161,445 10.34 14 .85
4,438,715 7.33 16.12
5,366,659 8.14 18.88
3,890,983 . 8.87 14.15
4,968,643 8.96 17.40

(52,629,662.28) 9.20 16.04
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Al.

C 1.

Small Consumer
- I, "~ 'Exploitation '

Burden‘rl lQhargg  Charge Total
60 VA' Rp.220 Rp.150/Mon Rp. 350
75 250 200 450
100 . 300 ... .. 250 550
125 400 300 700
150 " 450 - o 350 3800
175 - - 500 - 400 900
200 600 450 1,050

Social Agencies

(Minimum 250 VA)

(a) Burden Charge: Rp.6/25 VA

{b) Consumption Charge: Rp.6/kWh

{(¢) Exploitation Charge: Rp.4.50/k¥Wh

Household

(Minimum 250 VA)

(a) Burden Charge: Rp.12/25 VA

{b) Consumption Charge:
Up to 200 h ,...... Rp.13/k¥h
Over 200 h  ....... Rp. 6/k¥h
(c) Exploitation Charge: Rp.4.50/k¥h

Commercial, including Bank

(Minimum 250 VA)

(a) Burden Charge: Rp.27.50/25 VA
(b} Consumption Charge:

Up to 200 b ....... Rp.20/k¥Wh

Over 200h  ....... Rp. 8/kWh

(c) Exploitation Charge: Rp.4.50/kWh
Industry

(Minimum 99 kVA) .

(a) Burden Charge: " Rp.160/0.5 kVA

(b) Consumption Charge:
(1) off peek load hour
Up to 150 h .... Rp.10/k¥h
Over 150 h .... Rp. 6/k¥Wh
(2) Peak load hour Rp.20/k¥h
(3) Reactive Power (kVArh)
According to PLN provisions
(¢} Exploitation Charge: Rp.4.50/kWh

Tariff Base

C 2.

Note:

Government: State Enterprises, Foreign Office etc.,

(Minimum 250 VA)

(a) Burden Charge: Rp.8/25 VA
(b) Consumption Charge:
Up to 200 h ....... Rp.13/k¥h
Over 200 h  ....... Rp. 6/kWh
(c¢) Exploitation Charge: Rp.4.50/kWh

Public Street Lighting
Rp.10/k¥Wh

(Price compensation for bulb lamps,
releasing box ete.,, to be added).

Exploitetion Charge: Rp.4.50/kWh

Big Consumers
(Minimum 100 kVA)

(2} Burden Charge
(1) for first 400 kVA Rp.460/kVA

(2) 401 - 1000 kVa Rp.420/kVA
(3) 1001 - 2000 kVA  Rp.375/kVA
(4) Over 2000 kVA Rp.275/kVA

(b) Consumption Charge
(1) Off peak load hour Rp. 5/kWh
(2) Peak load hour Rp.20/kWh
{3) Reactive power (kVArh)
According to PLN provisions.

{c) Exploitation Charge: Rp.4.50/kWh

Special Purpose: Short term supply
{(Minimum 500 VA)

(a) Consumption Charge only.. Rp.30/kWh
(b) Exploitation Charge Rp.4.50/k¥h

The exploitation charge is particularly
fixed by PLN according to the special
generating conditions of each Exploitasi.



. Table LI-5. "Wditing Consumer List . o

(qhbuinnd'frnm PLN Pembnngkitanll} Semafnng)

Ketengoer

“Isolated

Tuntang _
Year Conlract System - System Station . Tatal
(VA) (VA) (VA) (Va)
1967 Accepted . 4,504,615 17,106,189 1,981,279 23,592,083
Installed 2,660,030 192,045 118,345 2,970,420
L9668 Actepled - 13,375,075 - 2,226,544 15,601,619
(nstalled 349,100 246,770 52,485 648,355
Ty Accepted 19,342,471 11,298,145 2,047,745 32,688,361
Installed 1,750,805 14,440 27,345 1,792,590
tu7o Aveep led 25,830,926 19,484,325 2,783,423 18,008,674
Instnlled 2,130,810 314,325 44,600 2,400,535
Larl Acrepled - - - -
Installed 2,688,400 15,215 33,255 2,736,870
1072 Accopled - - - -
lustalled 3,156,530 673.945 168,065 3,998,540
La73  Accepled 54,391,612 - 2,692,440 57,084,052
Installed 5,762,010 852,335 738,805 7,353,950
1974 Accepted 62,037,261 2,692,180 665,241 65,394,681
Tnstalled 6,954,930 1,799,655 622,275 9,376,860




Table Tl-6

Total Energy Output (Monthly Mean)

o S {unit: HWH)
“Q(MAX) Case A Case B Case C Case D
Yoear 44 m3/s 52 m?/s 60 m3/s 68 m3/s
1053 2,904.4  2,891.1  2,877.8  2,804.5
54 3,252.4  3.238.0  3,023.6  3,209.2
35 2,811.2 2,799.1 2,787.0 2,774.8
56 2,646.2  2.034.4  2,622.6  2,610.8
57 2,463.9 2,452.0 2,440.8  2,429.2
58 3,474.1  3,458.2  3,442.2  3,426.3
59 3,075.4 3,061.2 3,047.1 3,032.9
60 2,450.6  2.439.3  2,427.9  2,416.6
o! 2,164.1  2,153.5  2,142.9  2,132.3
62 2,851.2  2.837.8  2,824.4  2,811.0
63 1,892.7  1.883.4  1,874.1  1,864.7
04 1,513.3  1.505.3  1,497.3  1.489.4
0% 2,302.8  2,291.5  2,280.2  2,268.9
60 1,575.5  3.559.3  3,543.1  3,527.0
67 2,510.3  2,498.0  2,485.7  2,473.4
68 4,536.7  4,517.5  4,498.3  4,479.]
) 2,179.6  2.169.1  2,158.7  2,148.2
70 5,266.1  5,241.4  5,216.7  5,192.1
71 4,053.8  4,035.4  4,017.1  3,998.7
72 3,270.3  3,254.8 _ 3,239.3 _ 3,223.8
Mean 2,959.7  2.946.0  2,932.3  2,918.7

The gbove-mentioned cnergy is caleculated with design head of

21.3 m for Case A, 21

)

m for Cuse B, 21.1 m for Case C and 21.0m
ffor Case 1), and detailed data are atiached to Table V-14,
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Fig.0 -1 Peak Load Forecast and Power Development Program [n Central Javg

~ - | (x10PkW )
Year | 1972 [ 1973 (19274 [ 1975 [ 1976 [ 1977 1978 [ 1979 T 1980 [198]
Peak 499 | 521 523 | 60l BI.1 ] 1217 [135.1 | 162.1 | 1864 {2143

Year | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1289 [ 1990 199]
Peak | 2358 | 252.3 | 269.9 | 288.8 | 3090 | 330.7 | 3538 [ 378.6 | 405.i |433.4
Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 [ 2000
Peak | 4638 [ 4962 | 531.0 | 5682 | 607.9 | 6505 | 6960 | 744.7 | 796.9
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FigI-2 Annual Energy Forecast in Central Java
] | (X108}
Year | 1972 [ 1973 | 1974 | 1975 [ 1976 [1977 [ 1978 | 1979 [ 1980 [ 1981
Energy 271 298 |- 308 342 462 693 769 | 852 980 | 1,126
Year 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 [ 1990 [ 199]
Energy | 1,239 | 1,326 [ 1,419 | 1518 [ 1,624 | 1,738 | 1,860 | 1,990 | 2,129 | 2278
Year | 1992 [ 1993 [ 1994 [ 1995 [ 1996 [1997 [1998 [ 1999 | 2000
Energy | 2438 | 2.608 | 2.79! |2.986 | 3.195 | 34!9 | 3.658 | 4072 | 4.357
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Figll-3 Population Porecast in Central Jova
{obtained from supporfing report, part-six)

iI-31

(x103 )
Y1971 1972 | 1973711974 11975 11980 ] 1985 | 1990 | 1995 | 2000
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Figll-4 Peak Load Forecast in The Town of Wonogiri, Sukcharjo Wuryantoro

1,000 - T
. ! I
y 4
ri
¥ 4
F
200
Vi
rd
I P 4
,’./_,u_
800 . ya
| rA
} ,’
REEE >
700\ ! £
| 7
: ri
A Wonbgin
600 yd
.
W,
F
’ 7.
| Z ,
500 1 P
. - ri T4
! wa P4l
| i
l 7 7 7
i / Sukoharjo N = —
400 e e
| ; =
| p
: { T ] 'I/ Cd
, 1 - P
300 — f - >
| f - "
t ] L
: = > ]Wdrydnt bro i
200 ! ' r |
i J— 1
’. "
¥
(i
t00 =
o f =
e b T
O !
1972 . 75 80 85 90 925 2000
Actual | _ Estimate

Year



I1-33

FigII-5 Annual Energy Foresest in The Town of Wonogiri, Sukoharjo & Wuryantoro

(x 103)
Year 1972 | 1973 [ 1974 | 1975 | 1976 1977 | 1978 | 1979 | 1880 | 1981
W | 259 | 278 | 312 324 331 335 { 340 | 348 353 | 1,840
5 | 229 237 | 253 | 27! 283 298 309 [ 324 | 335 ) L.O51
U - — - — — —_ — - - 788
Year | 1982 | 1983 11984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991
W 12008 [2186 | 238l | 2628 | 2759 | 2896 | 3043 | 3,96 | 3353 | 3522
S .104 [ t462 [ 1,219 [ 1,277 | |.340 | 1,409 | 1,477 | 1551 | 1,629 {1,713 |
U] 836 £888 94| 9931 1,056 ! |,120 ] 1,188 1,256 | 1,330 ] |.414
Year 1992 | 1993 | 1994 | 1995 (1996 | 1997 | 1998 | 1999 | 2000
W | 3700 | 3884 | 4079 | 4,278 | 4494 | 4,720 | 4,956 | 5,203 | 546l |
'S | 1,798| 1,887 | 1982 | 208] | 2,186| 2297 | 2,407 | 2,528 | 2,654
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FiglI-6 Population Forecast in The Town of Wonogiri, Sukoharjo 8 Wuryantoro
{Not including outskirt)
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Fig. I-7 Construction Time Schedule (Power Project)
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Appendix-~1 Existing Generating Fecilities in Central Java

(obteained from the deta of PLN Jakarta and PLN

Pumbangkitan II Semarang) (Mar. 1975)
Name of Power Station Date in Service Classification of Turbine Combustion kVA Power Factor kW Total kW
1 2 3 4 5 6 7 8
I. Tuntang System 79,880
{1) Jelok 1938 i Hydro Hydro 6,400 x 3 0.8 5,120 x
1962 Hydro Hydro 6,400 x 1 0.8 ' 5,120 x
20,480
(2) Timo 1963 Hydro Hydro 5,000 x 3 0.8 4,000 x 3
12,000
{3) Kalisari 1930 Diesel Diesel 1,275 x 1 0.8 1,020 x 1
1950 Diesel Diesel 1,250 x 2 0.8 1,000 x 2
1951 Diesel Diesgel 1,250 x 1 0.8 1,000 x 1
1953 Diesel Diesel 1,250 x 2 0.8 1,000 x 2
' 6,020
(4) Pandean Lamper 1968 Gas 0il-Fired 16,000 x 1 0.875 14,000 x 1
1974 Gas 0il-Fired 20,000 x 1
34,000
(5) Wirobrajan 1954 Diesel Diesel 1,250 x 1 0.8 1,000 x 1
1958 Diesel Diesel 1,275 x 1 0.8 1,020 x
1859 Diesel Diesel 1,275 x 2 0.8 1,020 x 2
4,060
(6) Kudus 1962 Diesel Diesel 700 x 2 0.8 560 x 2
1,120
(7) Purwosari 1973 Diesel Diesel 1,379 x 2 0.8 1,100 x 2
2,200
II. EKetenger System . 19,412
(1) Ketenger 1939 Hydro Hydro 4,400 x 2 0.8 3,520 x 2



1 2 3 4 5 6 7 8
(2) Pekalongan 1928 Diesel _Diesel 860 x 1 0.8 . 688
1969 Diesel Diesgel 400 x 1 0.8 320
1971 Diesel Diesel 465 x 1 0.8 372
1,380
(3) Tegael - I 1927 Diesel Diesel 380 x 1 0.8 304 x 1
1930 Diesel Diesel 860 x 1 0.8 688 x 1
1955 Diesel Diesel 1,250 x 1 0.8 1,000 x 1
1972 Diesel Diesel 1,250 x 2 0.8 1,000 x 2
3,992
(4) Tegal - II. 1973 Diesel Diesel 1,440 x 2 0.8 1,152 x 2
2,304
(5) Cilacap 1927 Diesel Diesel 160 x 1 0.8 128 x 1
1925 Diesel Diesel 500 x 1 0.8 400 x 1
1965 Diesel Diesel 730 x 2 0.8 584 x 2
1970 Diesel Diesel 1,250 x 2 0.8 1,000 x 2
1971 Diesel Diesel 1,250 x 1 0.8 1,000 x 1
4,696
III. Isolated Stations igé1§g=£
(1) Wonosobo 1943 Hydro Hydro 155 x 0.8 124 x 1
1950 Diesel Diesel 60 x 2 0. 48 x 2
1972 Diesel Diesel 125 x 1 100 x 1
320
(2) Banjarnegara 1949 Hydro Hydro 320 x 1 0.8 256 x 1
256
(3) Jepara 1950 Diesel Diesel 60 x 0. 48 x 3
1970 Diesel Diesel 75 x 1 60 x 1
1973 Diesel Diesel 125 x .8 100 x 1
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1 2 3 4 5 6 7 3

(4) Purwodadi 1955 Diesel Diesel 63 x 3 0.8 50.4 x
1951 Diesel Diesel 100 x 1 0.8 80 x1
1971 Diesel Diesel 135 x:‘l 0.8 108 x 1
1973 Diesel Diesel 119 x 1 0.8 95.2 x
1970 Diesel Diesel 100 x 1 0.8 80 x 1

514.4
(5) Weleri 1969 Diesel Diesel 250 x 1 0.8 200 x 1
1969 Diesel Diesel 93.7x1 0.8 75 x 1

275
(6) Cepu 1924 Diesel Diesel 400 x 1 0.8 320 x 1
1914 Diesel Diesel 380 x 1 0.8 304 x 1
1963 Diesel Diesel 375 x 1 0.8 300 x 2
1972 Diesel Diesel 1,250 x 1 0.8 1,000 x 1
1971 Diesel Diesel 1,250 x 1 0.8 1,000 x 1
1973 Diesel Diesel 1,440 x 2 0.8 1,152 x 2
5,528

(7) Lasem 1928 Diesel Diesel 220 x 1 0.8 176 x 1
1954 Diesel Diesel 2B8 x 1 0.8 230.4 x
1972 Diesel Diesel 125 x 1 0.8 100 x 1
1972 Diesel Diesel 375 x 1 C.8 300 x 1

806.4
(8) Tuban 1927 Diesel Diesel 175 x 2 0.8 140 x 2
1955 Diesel Diesel 288 x 1 0.8 230.4 x
1973 Diesel Diesel 340 x 2 0.8 272 x 2

1,054.4
(9) Sragen 1955 Diesgel Diesel 117 x 1 0.8 93.6 x
1972 & 1973 Diesel Diesel 312.5 x 2 0.8 250 x 2

593.6
(10) Sukocharjo 1962 Diesel Diesel 75 x 2 0.8 60 x 2



1 2 3 4 5 6 7 8
(11) FKaranganyar 1962 Diesel Diesel 75 x 1 0. 60 x 1
1969 Diesel Diesel 75 x 1 .8 60 x 1
120
(12) Wonogiri 1964 Diesel Diesel 75 x 2 0.8 60 x 2
120
(13) WVates 1968 Diesel Diesel 30x1 0.8 24 x 1
1959 Diesel Diesel 30 x 1 0.8 24 x 1
1960 Diesel Diesel 30x1 0.8 24 x 1
1972 Diesel Diesel 75 x1 0.8 60 x 1
132
(14) Wonosari 1962 Diesel Diesel 75 x 2 0.8 60 x 2
120
{(15) Majenang 1960 Piesel Diesel 119 x 1 0. 95,2 x 1
1972 Diesel Diesel 340 x 1 272 x 1
367.2
(16) Bumiayu 1959 Diesel Diesel 119 x 1 0.8 95.2 x 1
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Appond ix-) New T'ransmisgivon Line Faciliticg Under Consiructlion

and Planning in Ceniral Java (Mar. 1975)

. {obtained from PLN Pembangunan VI1 Semarang)
. Yoltage Length No. of Date in
5
ection (kV) (kM) Circuit Service

Under construction

Semarang BEast-Jatingaleh 150 8.0 1 1975
Jatingaleh~Semarang West L50 8.0 1 1975
Semarang East - H. Jelog 150 28.0 | 1 15975
Jelog -~ Surskarta 150 57.0 1 1975
Cilacap - Purwokerto 150 47.0 2 1976
Purwokerto - Tegal 150 120.0 2 1576
Tegal -~ Velkalongan 150 7.0 2 1976
Tegal - Cirebon 150 - 2 1976

Planning

Semarang East-Jatingaleh 150 8.0 ' 1 1977
Jatingaleh-Semarang West 150 3.0 1 1977
Semarang Last - Jelog 150 28.0 1 1977
Jelog — Magelang 150 40.0 1 : 1977
Magelang - Jogyakarta 150 40.0 1 1977
Jugvakarta - Surakarta 150 63.0 1 1977

Semarang West-Pekalongen 150 75.0 1 1977




(abtained from Supporting Heport, Part-One)

Ubservation Records at Penasan Air!Port in Surakarta

Appendix-4.

Data of Meteorology

Average Monthly (1964 - 1972)

Month

(°C)

Temp. Humidity (%) Wind {km/hr)
Jan, 27.3 75.8 5.2
Feb. 27.4 76.9 4.7
Mar, 27.8 T6.4 5.8
Apr. 28.3 72.0 3.0
May 28.5 69.4 5.7
June 28.0 66.6 6.8
July 27.5 62,7 6.6
Aug. 28.0 59,4 3.4
Septb. 29,1 9.5 10.3
Oct., 29.6 60.8 8.5
Nov, 28.8 70,5 8.1
Dee, 28.1 74,0 6.4
Mean 28.2 68.7 6.8

Ubservalion Ree

ords at Bengawan Sala Praject Office in Surakartia

Temperature {°C)

Humidity (%)

Veay Month

Mean  Max, Min, Max, Min,

Sept, 27.9 37.0 14.5  98.5 19.5

La7a Oct. 29,7 37.8 16.5 97.5 24.0
Nov, 30,1 37.00 22, 95.5 35.0

Pec. 28,00 34.0 21.0 99.0 46.0
Jan. 27.0 32,6 22.4 96.0 54.0

Feb, 28.0 33.5 21,5 96.0 37.0

197 3 Mar, 28,0 33,0 22.0 96.0 55.0
Apr, 28.0 33.5 23,0 96.0 1.0

May 27.0 3j2.0  22.6 96,0 54.0

A June 27.0 33.0 21,0 96.0 50,0
July 27.0  33.0. 20.0 96.0 50.0

Aug. 28.0 33.5 20.5 96.0 43.0
Sept. 27,0 34.5 20,2  96.0 38.0

The maximum wind velbcity was observed at 4.62 m/scc

on 1974.
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Appendix-5' Access to the Site and Londing (Clearance of Railway

Route From To Hours By Hemarhks
1 Jakarta Jogvakarta 1 M ane Might 3 Limes
'/ day
Jogyakarta  Suraskarta ] Road
Surakaria Wonogiri 2/3 Road
2 Jakarta Surakaria 1 Plane Flight 1 times
/day
Surakarta Wonogiri 1 Road
3 Jakarta Surakarta 14 Rail BIMA Express
Train
Surakarta Wonogiri 2/3 Road
4 Jakarta Wonegiri 14-16 Road
5 Surabaya Surakarta 6.5-8.9 Rail BIMA Express
Surakarta Wonogiri 2/3 Road
O Jakartan Surgkhrtan 13 Rail
Surakartan Wonogiri i;g/} Road
7 Cilacap Jogvakarta 5% T
Jogyakaria  Sureskarias 1 Road
Surakarta Wonogiri 2/3 Road
3,600
1,050 , 1,500 ., 1,050
[
o
[In
I~
—
o
=
DI-
o
J
1,067




Append ix-6 Consiruction Cost For Generating Equipmenﬂ

T1-dd

(302 US$)
Casec A Case B Casc C Case D
1. Water Turbines 2,320 2,460 2,620 2,940
2, Generabors 1,320 1,520 1,660 2,000
3. Translormers 189 217 231 259
4. Switchgears 491 491 491 491
3. Ancillary Equipment 261 201 261 316
0. Miscellanoous 687 742 789 901
Muterianls
7. Total 5,268 5.691 6,052 6,907
¥, PFrection Fee 1,054 1,138 1,210 1,381
(F.c.) (696) (751) {799) (911)
(D.C.) (358) (3879 (411) (470)
9, Total 6,322 6,B29 7,202 8,288
(F.c.) {5,964) (6,442) (6,851) {7,818)
(p.c.) (358) (387) (411) (470)
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_Reservoir Water Level . " ' (Unit

- Month

" Year

“Jdani .

Feb,

L Mer. Apr. Mey '

. Jul. - Aug.' Sep. Oct.

1953
54

- KG
.57
- 58

39

.60
61
T
.63
64
65
66
YR
68
69
70
71
72

130.2¢
113330
133.8
132.3
'130.3

131.7

131.0

129.6

129,0
130.5
127.2.

129.,1
128.4

132, 0

128.1
133.9
128.6
136.0

132.6

128.2

132.6

134.0°
‘134.8
132.5:
131.4.
133.4.
132.5

131.3

131.4

132.4

127.6

131.7

130.3

134.3

129.8
134.3

130.9

131.5-

133.2

130.2

132.8
134.3
129.5

134.1
133.3
135.2

132.5
135.3
133.6
134.0
134.3
133.3

134.6.
135.4
134.1°
133.6
134.8
134.4

133.2

‘135.6
13%5.6
135.6

135.8
135.6

135.8
132.1
135.7
135.6
135.8
135.3
135.8

135,5.

'135.8
135.8
1135.8

135.4

134.7
134,9°

136.2

1362
136.2
135.7
'136.0
136,2
136.2

136.2

135.3

136.2
135.9
133.3
135.9
136.2
136.0

136.2
136.0

136.2
136.2

135.5"

1353.8 "
135.9
135.7

135.,0°

135.6
135.8

135.6
134,7 -

134.9
133.1
134.9
136.0
135.1
136.2
135.1
136.0
135.9
135.5

134.1
134.9-
135.7.)
135.5
134{15
134,8"
135!0

134.2"
133.4.

135.6 134.6

133, 4
131.9
133,5
135.2
133.6
136.2
133.7
135.2
135.1
134.1

130.1

132.5 -
133.9-
135.,3"
134, 9"
133.1-
134,00

133.7

132.7.

‘131.8

133.3
131.7

131.8.
133.8
131,9
136.0

132.0

134.0.
134.0
132,6

130.9
132.9
134.5
134.1
131.8

133.1.

132.3
131.2
130.3 -
132.0
130.3

130.1

132.5

130.2
135.7.
130.3
133.0

'133.0

131.1

129.7
131.8
133.6
133.3
130.6
132.0
131.1-
130,2
129.3
130.7
129.4
128.1
128.8
131.2
129.0
134.9
129.3
131.7
132,0:
129,8

128.8 128,71 '
131.7 132.5 - -
133:3.133.3 7 -
132.4 1321 0.
129.5 '129.6°.
130.7 130.4-
129.8129.9 .-
129.7.129.Y 0
128.5 127.6
129.4 129,1
128.5 127.6
128.4 128.0
127.8 127.4
130,1 130.1.
127.9 127.3

134,0 133.9
128,6 128.1
130.3 130.2

131.5 131.7 =

128,5 127.6
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Maximum Power

o

Unit MW)

Month
Year

Jan.

Feb,

Apr.,

‘May

-'Jun. '

'
K
[ae]

Aug,

Sep.

Oct

Nov. . Dee.

1933

54

55

56

.
o d

¥

58
50
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62

63 -
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65
66
67
68
69
70
71
72

-
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7.62
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7'62
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7.62
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5.24
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T7.62.
.5.81
7.05
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7.62 T.62

'7.39 7.25
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6.01 5.73

5,41 5,01
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11-51

52-9. Monthly Energy Output

1) Penk (Units (0% MWH)

?::lh Jan,  Feb, Marv, - Apr, May Jun, Jul, Aug. Sep. Oct. Nov, Dec.
1953 12,7 13.0 15.6 15,9 16.7 16,1 16.7 16.3 14,1 12.8 11.8 12.1
54 16.7 15.1 16,7 16,1 16,7 16.1 16.7 16.7 16,1 15,5 14.9 16.4
55 16,7 15.1 16.7 2.8 1.7 16.1 16,7 16,7 16,1 16,7 16.1 16,7
56 16,1 14,7 16,7 16,1 16.7 6.1 16,7 16.7 16.1 16.7 15.7 15.9
57 13,6 16,7 16.1 15,1 16,7 16,1 16,7 15.0 14.2 12.%9 13.1 - 13.9
58 15,4 15.1 16,7 16.1 16.7 16.1 1lé6.7 16,7 16,1 15,8 13.8 13.9
59 14,5 14.8 16.7 16.1 16.7 16.1 16,7 16.7 15.6 14,7 12.8 13.3
a0 8.6 T.4 7.2 4.2 16,7 16.1 1l6.7 16,6 14.3 8.8 0.0 12.95
61 12,4 13,4 15,9 16,1 16.7 16.1 16.7 15.6 13.4 8.8 11.4 11.0
62 14,0 14,6 16,7 16.1 16,7 16,1 16,7 16,7 15.2 14.2 12.4 12.5
61 10.6 1.9 3.6 1.7 6.7 le.1 16.7 15.4 13.4 8.0 11l.5 10.9
64 1.0 3.5 1.1 4,3 10,2 16,1 15.6 13.6 11.3 5.1 11.4 11,3
65 11.7 1t2.1 15,5 16,1 16,7 16.1 16.7 15.5% 13.1 12.0 10.7 10.7
60 15,9 19,1 16.7 16,1 1&6.7 16,1 16,7 16.7 15.8 14.9 13,1 13.6
a7 1.5 12,0 16,3 16,1 16.7 16.1 16.7 15.6 13.2 10.3 10.9 10.6
68 16,7 15.1 16.7 16.1 16.7 16.1 16.7 16.7 16.1 16.7 16.1 16.7
G6Y 9,2 7.7 9,7 10.2 16.7 16.1 16.7 15.7 13.4 7.8 11,5 11.4
70 14,1 13.7 16.7 1l6.1 16.7 16,1 16,7 16.7 16.1 15.4 13.3 13.7
7l 6.4 15,1 16,7 16.1 16.7 16.1 16.7 16.7 16,1 15.8 14,7 15.4
72 il.6 12,4 16,7 16.1 16.7 16.1 16.7 16.4 14.3 13,3 11.5 10,9

52-5, Monthly Energy Output

2) Off Peak (Unit: 102 MWH)

?:xﬁh Jan. Feb. Mar. Apr., May Jun, Jul, Aug, Sep. 0Oct. Nov. Deec,
(OER QO 0 O 0 68.7 34.3 26,1 25.8 11.5 0 3.3 3.4
54 12,1 11.9 13.9 14,7 35.9 27.7 19.4 18.7 7.1 11.3 10.9 11l.4
35 i4.8 14,7 17.0 0 9.4 18.3 5.3 20.0 11,3 14,5 13,5 14,1
56 10.6 9.6 12.3 4.0 0,4 12.3 17.6 16.5 6.7 11.2 10.3 10.6
EX 3.6 3.1 3.8 5.3 8,6 31.4 10.8B 22.8 11.5 3.5 4.9 3.7
58 23,2 22,7 27.9 4,2 19,3 28.4 10,2 18.0 4,8 23.4 21.6 22.1
3G 11.5 10.6 13,9 15,1 13,2 26,3 22,1 26,9 9.5 11.5 10.8 11.2
60 O G 4] ] 46,3 32,4 27.6 25.1 10.3 0 o 11.9
61 Q.7 0 0 0.8 2.2 26.2 22,0 20.2 8.1 o 3.9 7.0
62 11.1 10.4 13.6 6.6 5,2 27.3 19.4 21.3 11.0 1i.2 10.5 10,8
63 0.6 0 4] 0O 10.8 29.8 28.5 17.5 6.0 0 3.7 0.8
64 0 0 Q ] 0 16,1 21.0 18.3 6.7 0 7.6 5.3
65 0.2 0 0 0.5 7.9 30.7 23.5 25.2 1li.1 © 2.4 6.4
66 7.0 17,7 21.0 21.2 19.2 25,7 32.3 27.2 10.3 16,6 15.5 16.0
67 3.3 2.7 2.4 4.4 10.8 33.9 29.1 25,3 11l.1 O 4.4 6.4
68 32,1 29,9 35,2 5,9 55,5 28,8 27.83 22.1 10.5 34.3 31.3 32.5
&0 Q ] ) 0 3.9 33,1} 29,2 25,0 1l1.4 O 5.7 0.9
70 45.4 42,8 53.7 9.7 61,9 30,5 27.7 28.4 7.5 A7.8 431.4 447
Tl 29,5 27.7 133.0 3,5 21.6 26.0 28,1 27.6 9.7 29.0 27.6 28.6
72 10,0 10,3 12,6 46,5 17.7 34.4 30,1 24,2 11.6 6.4 6.2 7.0




[1-52

52~5. Monthly Energy Output
3) Total (Unit: 102 MWH)
32::h Jan. Feb, Mar, Apr. May Jun. Jul. Aug. Sep. Oct. Nov, Dec.
1453 12.7 13.0 15.6 15,9 85.5 S5S0.4 42.8 42.2 25,6 12,8 15.1 15.5
54 28.8 26.9 30,5 30,8 52.6 43.8 36.1 35.4 23.2 26.8 25.9 27.8
55 31,5 29.7 33,6 2,8 26.1 34.% 22,0 36.7 27.4 31,2 29,7 30.7
36 . 26,7 24.3 29,0 20,2 17.1 28.4 34.3 33,1 22.8 27.9 25.9 26.4
57 17.5 16,7 20.5 21,4 25.2 AT.6 27.5 29.5 26,5 17.7 17.4 16.8
58 8.6 37.8 44,6 20,3 36,0 44.5 26.8 234.7 21.0 39.2 35.4 36.0
39 26.0 25.4 30.6 31,2 29,0 42.4 38.7 43.6 25,1 26.2 23.6 24.5
o0 8.6 7.4 7.2 4.2 63,0 48.6 44.4 41,6 24,7 8.8 0.0 24.4
61 13,0 13.4 15.9 16,9 18,9 42,3 38.7 35.8 21.5 3.8 15.3 17.9
62 25,2 25,0 30,3 22.7 21.9 43,5 36,1 38.0 26.3 25.4 22,9 23.3
LR} 11,2 3.9 3,6 1,7 27.5 45.9 45.2 32,9 19.4 8.0 15.1} 11.7
64 1.9 1.5 1,1 4.4 10,2 32,3 36,6 31.9 18,0 5.1 19.0 16.6
65 12,0 12,1 15.5 16.6 24,6 46.9 40.2 40.7 24.2 12.0 13.6 17.1
66 32,9 32,8 37,7 37.3 35.9 41.9 49.0 43.9 26.1 31.4 2B.6 29.6
ay 4.8 14,7 18,7 20.5 27.5 50.0 45.7 40,9 24.4 10.3 15.2 17.0
68 8.8 45.0 51,9 22,0 72.2 45.0 44,5 38.8 26.6 51.0 47.5 43,9
69 0,2 7.7 9.7 10.2 25,5 49.2 45.9 40.7 24.8 7.8 17.3 2.4
70 59.5 56.6 70.4 25.8 T8.6 46.6 44.4 45.1 23.6 63.2 56.7 58.4
71 46,0 42,8 49.7 19.6 38,3 42.1 44,8 44,3 25.8 44.8 42.3 43.9
72 22,5 22,7 29.3% 62.6 34,4 50.5 46,8 40.7 25.9 19.7 17.7 17.9




Append ix=7 Calculated Data of Generaling Power and Enevgy 11-53

 Canse C

P{MAX} - 60,0 mjfseu

RATED HEAD = 21.1 m 6 3

PAIL WATER KL, = 110.5% m 60-1. Monthly Inllow {(Unit 10 m™ /sec)

T"“?h Jun, Feb, Mar. Apr. May Jun., Jul. Aug. Sep. Ocl. DNov. Dec.

ent .

o3t 30,1 27,1 30,30 29,3 153,7 93.4 84,1 89,3 58,6 31.2 38.8 0.2
S 5R.8 53,1 58,8 56.9 94,5 B.2 68.5 T0.3 48.3 58.8 56.9 58.8
3% b7 Sb.6 62,7 5.2 47.0 62.9 40,5 68.7% 52.9 62, 60.7 62.7
S 37,0 51.5 87.0 36.8 31.3 52.3 63.6 63.0 44.9 57.0 15.2 57.0
37 1.2 .Y 41,2 39.9 45,9 89.8 54,1 8l.2 (8.1 41,2 43,0 41.2
8 ®BEL,0 0 TT.T 8409 37,0 64,8 B2,2 51,2 68B.5 43,2 84.9 82.2 84.9
099,50 53,7 89.% AT.3 83,8 77.6  T73.4 B7.% 53.5 59.% 57.% 59.5
G 2.2 16T LT B.0 1i3.3 B89.7 86.8 87.3 H55.7 20,9 24,4 61.6
Goo331,2 0 30.00 33,2 32,1 35.4 80.9 7B.5 78.2 50.8 22.0 40.2 49.0
6r 3%.9 53,2 58.9 41.5 3%9.4 80.1 69.6 77.4 57.0 58.9 57.0 58.9
6y 3.6 10,9 8.8 3.6 50.1 87.4 91,9 T2.3 45,9 19.8 39.7 32.4
64 4.8 7.7 2.1 8.0 20.9 66.4 79.8 T6.3 47.7 13.7 50.0 45.0
65 31,6 28.5 31.6 30.6 44.7 88.9 B1.2 89,2 58,1 30.8 36.0 47.9
66 TU.8 64.0 70.8 68.2 64.5 75.9 91.9 87.5 55.2 70.8 68.6 70.8
67 39.6 35.8 19.6 38.4 49.8 94,1 91.9 89.2 58,1 26.2 41.5 47.9
68 97.0 BT.6 97.0 40,2 129.,9 B80.9 80.1 70.3 48.9 97.0 93.8 97.0
6o 23.8 1.7 19.6 18.9 46.3 92.5 91.0 88.4 58.6 19.6 45.1 33.2
7O 139.0 125.06 139.0 47.2 141.4 84.6 B83.1 89.3 48.9 139.0 134.5 139.0
71 97.0 B7.6 97.0 35.8 68.8 76.7 84.1 87.5 53.5 97.0 93.8 97.0
T2 89,7 53.9 59,7 114.3 61.9 93.4 91.9- 85.7 5B.6 47.9 46.4 49.6
60-2 Power Release {(Unit mg/sec}
?::;h Jun. Feb, Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
1953 560 89,7 55,8 53.0 51.7 853.2 56.5 9%9.6 57.3 53.5 4.1 53.8

54 58,6 86,7 55.3 53.0 51.7 52.6 54.6 57.1 59.8 58,5 58.5 59.6
A3 87.2 0 54,7 53.% 53.0 51.7 52.4 52.8 53.6 55.5 57.7 58.7 58.6
Sh 89,3 "59.5 56.6 52,4 52.8 52,8 53.3 54.7 56.5 58.7 59.4 59.0
T 56.4 88,0 57.8 53.5 52.2 54.2 56.6 59.1 58.6 56.9 55,1 55.3
8 58.4 58,3 54.7 52.% 51.7 53.0 954.8 56.7 59.2 58,9 56.9 56.4
M 57.3 39.6 55.9 52.9 51.7 52.5 54.4 57.6 59.3 57.5 55.6 55.7
o0 553.2 57.8 58.9 55.0 51.7 53.1 56.2 59.9 57.7 356.2 55.4 54.5
61 54.3 38,0 59.9 54.6 53,7 54,9 58,3 5B.6 56.4 54.8 53.5 52.1
62 56.6 59.4 55,9 52.5 51.7 52.9 55.4 58,5 58.8 56.9 55.0 54.5
03 31.% 52,1 55.1 58.9 52.4 54.6 58.4 58.5 56.4 55,0 53.5 52.0
1 51.% 38,5 56.5 52,7 58.6 59.1 58.7 56.0 53.3 52.9 53.3 52.7
6y 33.3 56,4 58.6 52.9 52,3 54.5 58.0 58.6 56.0 54.0 52.3 51.8
66 59.1 56.1 54.0 52.5 51.7 52.1 53.9 57.2 59.6 57.7 56.0 56.1
67 53.0 55.6 5%9.6 53,7 52.1 54,0 57.7 58.7 56.1 54.32 52.5 31.5
G& 57.1 36,0 53.7 52.5 51.7 51.7 51.7 52.0 52,8 354.6 56.8 56.9
69 53.7 57.2 5T7.7 53.3 52.1 54.0 57.6 58.8 56.4 54.7 53.6 52.8
T4 56,7 58.2 56.7 52.5 51.7 52.1 53.8 56.9 59.5 58.4 56.3 56.2
71 A0.7 88,8 56.1 52.4 51.7 52.3 54.0 56.8 59.6 58.9 58.2 58.4
T2 93,1 36,2 K/B.T 52.5 51.7 53.1 56.4 59,7 57.6 55.6 53.6 52.1




1I-54

60-3 Reservoir Water Level {Unil m)
?3::“ Jan. Feb, Mar. Apr. May Jun. Jul. Aug. Sep., 0Oct, Nov. Dec.
1083 130,40 132.4 134.2 135.4 136.0 135.3 133.9 132,3 130.7 129.5 128.6 128.5
540 133,01 133.8 13,4 135.4 136.0 L35.6 134.7 133.7 132,7 131.6 131.5 132.3
A% 13,6 13,6 135,2 136,4 136.0 135.7 135.5 135.1 134.3 133.4 133.1 133.1
56 132.) 132,3 133.9 135.6 135.5 135.5 135.3 134.7 133.9 133.1 132.1 131.9
37 130.1 131.2 133.4 135.2 135.8 134.8 133.9 132.9 131.6 130.4 129.3 129.4
& 131.5 133.2 134.6 135.6 136.0 135.4 133.6 133.8 132.9 131.8 130.5 130.2
59 130.8 132.3 134.2 135.4 136.0 135.6 134.8 133.5 132.1 130.9 129.6 129.7
60 129.4 t31.1 133.0 134.5 136.0 135.4 134.0 132,5 131.0 130.0 129.5 128.9
61 128.8 131.2 132.6 134.7 135.1 134.5 133.2 131.6 130.1 129.1 128.3 127.4
62 130.3 132.2 134.1 135.6 136.0 135.4 134.4 133.1 131.8 130.5 129.2 128.9
63 127.0 127.4 129.3 131,9 135.7 134.7 133.2 131.5 130.1 129.2 128.3 127.4
64 128.9 131.5 133.9 135.9 133.1 132.9 131.7 129.9 128.1 127.9 128.2 127.8
65 128.2 130.1 133.1 135.4 135.7 134.7 133.3 131.6 129.9 128,06 127.6 127.2
66 131.9 134.1 135.0 135.6 136.0 135.8 135.0 133.6 132.3 131.0 129.9 129.9
67 127.9 129.6 132.3 135.1 135.8 134.9 133.4 131.7 130.0 128.8 127.7 127.1
68 133.7 134.1 135.1 135.6 136.0 136.0 136.0 135.8 135.5 134.7 133.8 133.7
69 128.4 130.7 1233.4 135.3 135.8 134.9 133.5 131.5 130.1 129.1 128.4 127.9
70 130.4 131.3 133.8 135.6 136.0 135.8 135.0 133.8 132.8 131.5 130.1 130.0
71 132.4 133.0 134.1 135.6 136.0 135.7 134.9 133.8 132.8 131.8 131.3 131.5
72 128.0 130.0 133.1 135.6 136.0 135.3 133.9 132.4 130.9 129.6 128.3 127.4
60-4 Maximum Power (Unit MW)

?::1h Jun, Feh., Mar. Apr. May Jun. Jul., Aug. Sep. Oct. Nov. Dec.
1993 8.4 10.1 10.3 10.3 10.3 10.3 10.3 110.1 9.0 8.1 7.5 7.4
51 0.3 10.3 10,3} 10.3 10.3 10.3 10.3 10.3 10.3 9.6 9.5 10,1
33 1,3 0.3 10,3 10,3 10.3 10,3 10,3 10.3 10.3 10.3 10,3 10.3
56 9,9 10.1 10.3 10.3 10.3 1¢.3 10.3 1¢.3 10.3 10.3 10.0 9.8
57 8.5 9.3 10.3 10.3 10.3 10.3 10.3 110.3 9.6 8.8 8.0 8.1
S8 9.5 10,3 10,3 0.3 10.3 10.3 10.3 0.3 10.3 9.7 8.8 8.6
59 9.0 10.1 10.3 10.3 10.3 10.3 10.3 10.3 10.0 9.1 3.2 8.2
60 8.0 9.2 10.3 10.3 10.3 10.3 10.3 10.2 9.1 8.5 8.1 7.7
61 7.6 9.3 10.3 10.3 10.3 10.3 1.0.3 9.6 8.5 7.9 7.3 6.7
G2 8.7 10.0 110.3 10.3 10.3 10.3 10.3 10.3 9.7 3.8 7.9 7.7
63 6.5 6.7 8.0 9.8 0.3 10.3 10.3 9.5 8.5 7.9 7.3 6.7
O 7.7 9.5 10.3 10.3 10,3 10.3 9.7 84 T7.2 7.1 7.2 T.0
3 7.2 8.6 10,3 10,3 10.3 10.3 10.3 5.6 8.4 7.5 6.8 6.6
66 9,8 10,3 10.3 10.3 10.3 10.3 10.3 10.3 10.1 9.2 8.4 8.4
67 7.1 8.2 10,1 10.3 10,3 10.3 10.3 9.6 8.4 7.6 6.9 6.5
68 10,3 10.3 10.3 10,3 10.3 10.3 10,3 10,3 10.3 10.3 10.32 10.3
69 7.4 8.9 10.3 10.3 10,3 10.3 10.3 9.7 8.5 7.8 7.4 7.0
70 8.7 9.4 1.3 10.3 10,3 10.3 10.3 10.3 10.3 9.5 8.5 8.4
7l 10,0 10,3 10.3 16,3 10.3 10.3 10.3 10.3 10.3 9.7 9.4 9.5
72 7.2 B.4 10.3 10.3 10,3 10.3 10.2 9.1 B.2 7.3 0.7

10.3




11-55

al=9  Monthly Energy Oubput
1) Penk {Unit H)'II*‘NH)

T::th Jon., Febh, Mar., Apr. May Jun. dJul. Aug. Sep. OQcl. Nov, Dec.

1953 12,6 12,9 15.5 15.8 19,2 18.5 19.2 18.8 16.1 12,7 13.6 13.8
34 19.2 17.3 19.2 18.5 19.2 18.5 19.2 19.2 18.5 17.8 17.1 18.8
35 te.2 17.2 19.2 2,8 19,2 18.5 19.2 19.2 18.5 19.2 18.5 19.2
536 18,5 16.9 19.2 18.5 17.0 18.5 19,2 19.2 18.5 19.2 18.0 18.2
a7 15.9 15,6 19.2 18,5 19.2 18.5 19.2 19.2 17.2 16,3 14,3 15,0
38 7.7 17.3 19.2 18.5 19.2 18.5 19,2 19,2 18.5 18.1 15.8 15.9
19 16.7 16.9 19.2 18.5 19.2 18.5 19,2 19.2 17.9 16.9 14.7 15.3
60O 8.5 7.4 7.2 4,2 19.2 18.% 19.2 19.0 16.5 8.8 9.9 14.4
0l 12.9 13.3 15.9 16.8 18.8 18.5 19.2 17.9 15.4 8.7 13,1 12.5
62 6.1 16,8 19.2 18.5 19.2 18.5% 19,2 19.2 17.5 16.3 14.2 14.4
03 PL.1 3.9 3.6 1.7 19.2 18.5 19,2 17.7 15.4 7.9 13.1 11.6
(v 1.9 3.5 1.1 4.4 10,2 1B.5 18.0 15.6 13.0 5.1 13.0 13,0
(H 1.9 12,0 13.4 16,5 19.2 18.5 19.2 17.8 15.1 11.9 12.3 12.3
Oh 18.3 17.3 19.2 18.5 19.2 18.5 19.2 19.2 18.2 17.1 15.1 15.6
67 13,2 13,8 18.6 18,5 19.2 18.5 19,2 17.9 15.2 10.2 12.4 12.1
68 19.2 17.3 19.2 18.3 19.2 18.% 19,2 19.2 18.5 19.2 18.5 19.2
69 9.1 T.7 9.7 10,2 19,2 18.5 19.2 18.0 15.4 7.8 13.2 12.3
70 16,2 15,8 19.2 18.5 19,2 18.5 19,2 19.2 18.5 i7.7 13.3 15.7
Tl 18.9 17.3 19,2 18,5 19.2 18.5 19.2 19,2 18.5 18,1 16.9 17.6
T2 13.3 14.2 19.2 I8.5 19.2 18.5 19.2 18.9 16.4 15.2 13.2 12.5

60-5 Monthly Energy Oulput
2) Off Peak {(UniA. 1()2MWH)

Month .

Yonr Jan. PFeb. Mar. Apr. May Jun., Jul. Aug. Sep. Oct, Nov. Dec.

1953 0 0] 0 0 66.0 31.7 23.4 23.2 9.3 0 1.4 1.6
34 9.5 9.5 1i.2 12.1 33,2 25,1 16.8 16.1 4.0 8.9 8.6 8.9
15 12,2 12.3 14.3 ] 6.8 15.8 2.8 17.4 8.7 11.9 11.0 11.4
56 8.1 7.3 9.7 1.5 0 9.8 15.0 13.8 4.2 8.6 7.8 8.1
5T 1.5 1.0 1.2 2.8 6.0 28.38 8.2 20.1 9.1 1.4 3.0 1.7
S8 20,7 20.3 25.2 1.7 16.7 25.8 7.6 15.4 2.4 20,9 19.4 19.9
39 9,2 8.3 11.3 12.6 10.6 23.7 19.4 24.3 7.0 9.2 8.8 9.1
G0 0 0 0 0 43.6 29.8 25,0 22.4 8.1 0} 0 9.9
61 0 0 0 9] 0 23.6 19.3 17.7 6.0 0 2.1 5.3
(=2 8.9 8.1 11.0 4.1 2.6 24,7 16.8 1B.7 8.7 8.9 8.6 g8.8
63 0 4] 0 O 8,2 27.2 25.8 15.0 3.9 0 1.9 0
b4 0 0 0 0 0 13.6 18.% 16.1 4,9 0 %.8 3.6
65 0 0 O 0 5.3 28.1 20.9 22.7 9.0 o 0.8 4.7
(410) 14,5 15.3 18.4 8.6 16.6 23.1 29.6 24,6 7.8 14.2 13.4 13.9
o7 1.6 0.9 0 1.9 8.2 31.3 26.4 22.8 9.0 0 2.7 1.7
68 20,4 27,5 32.5 3.4 52.8 26.2 25.2 19.5 8.0 31.6 28.7 29.6
69 0 0 0 0 6,3 30.5 26,5 22.5 9.3 o 3.9 QO
T0 43,0 40.5 51.0 7.2 59.1 27.9 25.0 25.7 5.0 45.2 41,1 42.4
Tl 26.9 25.3 30.3 1.0 19.0 23.4 25.4 24.9 7.2 26,4 25,2 26,1
T2 9.0 8.3 10.0 43.9 15.1 13.8 27.4 21.6 9.3 4.4 4.4 5.3
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60-5 Manthly Energy Oulput

3} Total (Unit 10"MWH)
?n:ih Jan.  Feb. Mar. Apr. May Jun. Jul. Aug, S8Sep. Oct. Nov. Dec.
o
1933 12.6 12,9 15,5 15,8 85.1 50.2 42.6 42,0 25,3 12.7 15.0 15.4
34 28.7 26.8 130.4 30.7 52.3 43.6 35.9 35.2 23.1 26.7 25.7 27.7
35 31.3 29.6 33.5 2.8 26.0 34.3 21.9 36.% 27.3 31.1 29.5 30.6
36 26,5 24,2 28.8 20,1 17.0 28.3 34.2 33.0 22.7 27.8 25.8 26.3
37 17.4 16.6 20.4 21.4 25,1 47.4 27.4 39.3 26.4 17.7 17.3 16.7
38 38.4 37.6 44.4 20.2 35.9 44.4 26.7 34.6 20.9 39.0 35.2 35.8
59 25.9 25.2 30.4 31.1 29,8 42.3 38.6 43.4 25.0 26.1 23.5 24.4
60 8.0 7.4 7.2 4.2 62,7 48B.4 44.2 41.4 24.5 8.8 9.9 24.2
61 12.9 13.3 15.9 16.8 18.8 42,1 138.5 35.6 21.4 8.7 15.2 17.8
6l 25.0 24,9 30,1 22,6 21.8 43.3 36.0 37.8 26.2 25.3 22,8 23.2
0} 11.1 3.9 3.6 1.7 27.3 45.7 45.0 132.7 19.3 7.9 15.0 11.6
(A 1.9 1.0 1.1 4.4 10,2 32,1 36.4 31T 17.9 5.1 18.8 16.5
69 1.9 12.0 15.4 16.5 24.5 46,7 40.0 40.5 24.1 1li.vy 13.1 I7.0
06 32,7 32.6 37.6 3.2 35,7 41.7 48.8 43.7 20,0 31,3 28.% 29.5
67 4.7 1.7 18.6 20,4 27.4 49.8 45.5 40,7 24,2 10.2 15.2 16.9
6 J8.% W8 51,7 21.9 T71.9 44,8 44.3 38.7 26.5 NH0.8 47.3 48.7
(90 9.1 T.T 9.7 0.2 25,4 49,0 45.6 40.5 24.7 7.8 17.2 12.3
T 39,2 56,3 0.1 25.7 T8.3 46.4 44.2 44.9 23.5 62.9 56.4 58.1
Tl 43.7 12,6 19,5 19,5 38,1 42.0 44.6 44,1 25,7 44,6 42.1 43.7
T2 2.3 22.5 29.1 2.3 34.3 50.3 46.6 40,5 25.7 19.6 17.7 17.8




TV =57

Caxe D

O(MAX)  68.0 md/see

RATED HEAD . 21.0 n 63

TOTAL WATER L. 0.6 m 68—-1 Monthly Infllow (Unit 107m7)

?”Trh Jdoan. Feb,  Mar, Apr. May Jun. Jul. Aug. Sep. Ost. Nov. Dee.

L e

19513 W0.Y 27.1 30.% 29,3 153.7 93.4 84.1 B89.3 58.6 31.2 38.8 40.2
34 8.8 53,1 68,8 56.9 94.5 80.2 68.5 T0.3 48.3 58.8 56.9 58.8
35 62,7 56.6 62.7 5.2 47.0 62.9 40.% 068.% 52.9 062.7 60.7 62.7
56 57.0 51.5 57.0 36.8 31.3 52.3 63.6 63.0 44.9 57.0 55.2 57.0
nT d1.2 0 3T.3 41,2 39.9 45, 89.8 54.1 81.2 58.01 4i1.2 43.0 41,2
A8 ®1.9 76,7 84,9 37.1 64.8 82.2 51.2 68.5 43.2 84.9 82.2 84.9
50 59.% 51,7 59.% 57.% 53.8 77.6 73.4 87.5 53.5 H9.5 57.% 59.0
60 21.2 0 16.7 4.7 8.3 113.3 89.7 86.8 87.3 55.7 2.9 24.4 61.6
ol 33,2 0.0 33.2 32,1 35.4 80.9 78.5 T78B.2 50.8 22.0 40.2 49.6
0 58.9 5.2 58.9 41.5% 39.4 80.1 69.6 77.4 57.0 58,9 57.0 58.9
6y V.6 10,9 B.B 3.6 50.1 87.4 91.9 72.3 45.9 19.8 39.7 32.4
Gl 4.8 7.7 2.1 8,3 20.9 66.4 T79.8 76.3 47.7 1wT 50,0 45.0
6% il.6 28.5 31.6 30.6 44.7 88.9 81.2 89.2 58.1 30.8 36.0 47.9
06 70.8 64.0 70.8 68.2 64.5 75.9 91.9 87.5 55.2 70.8 68.6 70.8

67 9.6 35.8 39.6 38.4 49,8 94,1 91.9 89,2 58.1 26.2 41.5 47.9
68 97.0 B87.6 97.0 40.2 129.9 80.9 80.1 T70.3 48.9 97.0 93.8 97.0
69 23.8 17.7 19.6 18.9 46,3 92.5 91.9 88.4 58.6 19.6 45.1 33.2
70 139.0 139.0 47.2 141.4 84,6 83.1 89.3 48.9 139.0 134.5 139.0
71 97.0 87.6 97.0 35.8 68.8 7v6.7 84.1 87.5 53.5 97.0 93.8 97.0
72 59.7 53.9 59.7 114.3 61.9 93.4 91.9 83.7 58.6 47.9 406.4 49.6

—
2
w1
.

el

68-2 Pover Helense (Unit. m>/s)

Month \ ,

Yerr Jan. Feb., Mar. Apr. My Jun. Jul. Aug. 8ep. Oct. Nov. Dec.

1asy 6.6 60T.T 63.2 60,0 58.5% 60,3 64,0 67.5 64.9 62,8 61.2 60,9
54 6O, 64,2 62.6 60.1 58.5 59.6 6L.8 64,7 67.8 66.3 66.3 67.06
5% 6.9 62,0 60.6 60.0 58.6 59.3 59,8 60.8 62.9 65.4 66.6 66.4
56 67.2 67.5 64.1 59,4 59,8 59.8 60.3 61.9 64.0 66.% 67.3 66.9
AT 63.9 65,7 65.5 60,6 59.1 6l.4 64,2 67.0 66.4 64.4 62.4 62.6
28 66.2 066.1 62.0 59.4 58.5 60.0 62,1 64.2 67.1 66.7 ©64.4 63.9
59 64,9 6T7.5 63.3 60.0 58.5 59.4 61.7 65.3 67.3 65.2 62.9 063.1
60 62.6 65.4 66.8 62,3 58.5 60.1 63.7 67.8 65.3 03.7 2.7 61.7
6l 61.9 65.7 67.9 61.9 60.8 62.2 66,1 66.4 63.9 62.1 60.6 59.0
02 04.2 67.3 63.4 59.4 58.6 60.0 62.8 66.3 66.7 64,5 62.3 61.8
6} 3. 59.0 2.4 66.8 59.4 61.9 66.2 66.2 63.9 62.3 60.6 58.9
0 61,7 66.3 64.0 59.7 66.4 67.0 66.5 63,5 60.4 539.9 60.4 59.7
%) b4 63.9 66.4 59.9 59.3 61.7 65.8 66.4 63.4 61.2 59.3 58.6
66 66.9 63,5 61.1 59.4 58.5 58.0 61.0 64.8 67.6 65.4 63.4 63.5
67 600 63.0 67.5 60.9 59.0 61.2 065.4 66.5 63.6 61,5 59.5 58.4
¥ 61.7 63.4 60.8 59.4 58.5 58.5 58.5 58.9 59.8 61.9 64.3 04.5
69 60.8 64.8 65,4 60,3 59.0 61.2 65.2 66.7 63.9 62,0 60.7 59.8
70 4.3 65,9 64.3 59,4 58.5 59.0 61.0 64.4 67.% 66.2 63.8 63.6
Tl 6T.6 66,7 63.5 59.4 58.5 59.2 61.2 64.3 67.5 66.8 65.9 66,
T2 60,2 63.6 66.5 59,4 58.5 60.1 63.9 67.7 65.2 62.9 60.7 59.0
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6H8-3 Resorvoir Water Level (Unit. m)

Mandh

\ Jan.  PFeb., Mar., Apr. Moy Jun. dJdul. Aug. Sep. 0Oct. Nov. Der.
one

WAL 0,0 132,03 134,1 135.3 135.9 175.2 133.8 122.2 130.6 129.4 128.5 128.4
S40133,0 13T 134,33 135,13 135.9 135.5 134,06 133.6 132.6 131.% 131.4 132.2
3% 1335 1345 135,01 135.3 13%.9 135.6 135.4 135.0 134.2 133,131 133,0 133.0
G000 132,0 132,2 133.8 135.5 135.4 135.4 135.2 134.6 133.8 133.0 132.1 131.8
ST 10,0 B3, 13303 195.0 13507 134,7 133.8 132.8 131.5 130.3 129.2 129,13
80 134 1TV 173405 135.5 1735.9 135,03 134.9 133.7 132.8 131.7 130.4 130.1
A9 130,77 132.2 134,101 135.3 135.7 135.9% 134.7 133.4 132.0 130.8 129.5 129.6
GO 129.3 131,00 132.9 134.4 135.9 135.3 133.9 132.4 130.9 129.9 129.4 128.8
6l 128.7 131.1 132.5 134.6 135.0 134.4 133.1 131.5 130.0 129.0 128.2 i27.1
620 130,22 13201 134.0 135.5 175.9 1735.73 134,73 133.0 131.7 130.4 129,1 128.8
6y 126.9 127.3 129.2 131.8 135.6 134.6 133.1 131.4 130.0 129.1 128.2 127.3
64 128.7 131.4 133.8 135.4 133.0 132.8 131.6 129.8 128.0 127.8 128.1 127.7
05 128.1 130.0 133.0 135.3 135.6 134.6 133.2 131.5 129.8 128.5 127.5 127.1
66 131.8 134.0 134.9 135.5 135.9 135.7 134.9 133,5 132.2 130.9 129.8 129.8
67 127.8 129.5 132.2 135.0 135.7 134.8 133.3 131.6 129.9 128.7 127.6 127.0
68 133.6 134.0 135.0 135.5 135.3 135.3 135.3 135.1 135.4 134.6 133.7 133.6
69 128,73 130.6 133,3 135.2 135.7 134.8 133.4 1231.7 130.0 129.0 128.3 127.8
700 130.3 131.2 133.7 135.5 135.9 135.7 134.9 133.7 132.7 131.4 130.0 129.9
T1132,.3 132.9 134,00 135.5 135.9 135.6 134.8 1233.7 132,7 131.7 131.2 131.4
72 127.9 129,9 133.,0 135.5 135.9 135.2 133.8 132.3 130,8 129.5 128.2 127.3

68-4  Maximum Power (Unit  MW)

Mouih

Ve Jan. Feb.  Mar.  Apv. May Jun, Jul. Auwg. Sep. 0Oci. Nov. Dec.
Y '

144 % 9,% 1L, .o 1.6 11,6 1d.e QL6 1103 104 9.2 8.5 8.4
kR tl.e 1l.6 11.6 11.6 11.6 11.6 11.6 11.6 1l.6 10.8 10.7 11.4
31 11.6 11.6 11,6 11.6 11.6 1l1l.6 11.6 11.6 11.6 11.6 11.6 11.6
36 11.2 11.3 11.6 11.6 11.6 11.6 11.6 11l.6 11.6 11.3 11,0
37 9.0 10.5> 11.6 11,6 11.6 1it.6 1ll1l.6 11.6 10.8
S8 10,7 11.6 1t.6 1i.6 11.6 11.6 11.6 11.6 11.6
59 .t i1l.4 11,6 11.6 1l1.6 11.6 11.6 11.6 11.2
00 9.0 10.4 11.6 11.6 1l.6 11,6 11.6 11.5 10.3
6l .6 10.5 11.6 11.6 11.6 1tl.6 11.6 10.3 9.6
2 5.8 11.3 11.6 11.6 11.6 11.6 11.6 11.6 11.0

i
D

-
-

b
« s
P

O W =] O =] L =] =

63 7.3 7.0 9.0 11.0 1i,6 1.6 11.6 10.7 9.6 . .
e} .7 1.7 1.6 11.6 11.6 11.6 10.9 9.4 B.1 .

G5 2.1 9.6 1.6 11.6 11.6 1i.6 11.6 10.8 9.4 . 4
314 .1 Jl.6 1.6 11,6 11.6 11l.6 1li.6 1l.6 11.4 10O. .

O7 2.0 9.2 1i.4 11,6 11.6 11.6 11.6 10.9 9.5
1] iIt.,6 11,6 11.6 11.6 1l.6 11.6 11.6 11.6 11.6
v} 8.3 10,1 1.6 11.6 11.6 I1.6 11.6 1:0.9 9.6
TO 4.8 0.6 11,6 11.6 11,6 11.6 11.6 11.6 11.6
Tl 1.4 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6
T2 3.1 9.5 11.6 11,6 11.6 11.6 11.6 11.5 10.3
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68-5 Monthly Energy Output

1} Penk (Unit 10 MWH)
?:2:“ Jun, Feb. Mar. Ap: May  Jun, -Jul. Aug. Sep. 0Oct. Nov, Pec.
[u4 3 t2.6 12.8 15.4 15.8 21.6 20.9 21,6 21.2 18.2 12.6 14.9 15,3
SY 20,60 19.5 21.6 20,9 21.6 20.9 21.6 21.6 20,9 20.1 19.3 21.2
5% 21.6 19,5 21.6 2.8 21.6 20,9 21.6 21.6 20.9 2l1.6 20,9 21.6
56 20.8 19.1 21.6 20.0 16.9 20.9 21.6 21.6 20,9 21.6 20.3 20.5
57 17.3 16.5 20.3 20.9 21.6 20.9 21.6 21.6 19.4 17.6 16.1 16.6
38 19.9 19,5 21.6 20.1 21.6 20.9 21.6 21.6 20.8 20.4 17.8 18.0
59 18.8 19.1 21.6 20.9 2.6 20.9 21.6 21.6 20.2 19.0 16.6 17.2
60 3.5 7.3 7.1 4,2 21.6 20.9 21.6 21.4 18.6 8.7 9.8 16.2
6l 12,9 13.3 15.8 16.8 18.8 20,9 21.6 20.1 17.3 8.7 14.8 14.1
62 18.2 1.9 21.6 20.9 21.6 20.v 21.6 21.6 19.7 18.4 16,0 16.2
63 11.0 3.9  3.% 1.7 21.6 20,9 21.6 20.0 17.3 7.9 14.8 11.5
2] 1.9 3.5 1.1 4.3 10.1 20,9 20.2 17.6 1l4.6 5.0 14,7 14.6
04 1.8 12,0 15.4 16.% 21.6 20.9 21.6 20.1 17.0 11.8 13,0 13.8
o 20.6 19,58 21.0 20.9 21.6 20,9 21.6 21i.6 20,5 19.2 17.0 17.6
uy 4.6 14.6 18,5 20.3 21,6 20.9 21.6 20.2 17.1 10,2 14.0 13.7
pd Q1.6 19,9 21.6 20.9 21.6 20.9 21.6 21.6 20.9 21.6 20.9 21.6
) 9.0 7.6 9.6 10.1 2l.6 20.9 21.6 20.4 -17.3 7.7 14.9 12.2
nt 18.2 1l7.% 21.6 20.9 21.6 20.9 21.6 21.6 20.9 20.0 17.2 17.7
T 21,3 19.5 21.6 19.4 21.6 20.9 21.6 21.6 20.9 20.4 19.1 19.9
72 15,0 16.0 21.6 20.9 2].6 20.9 21.6 21.3 18.5 17.1 14.9 4.1

68-5 Monthly Energy Outpnt

2) orf Peak (Unit 102MwH)
?::;h Jau. Feb, Mar, Apr, May Jun. Jul. Aug. Sep. Oct. Nov., Dec.
1953 0 0 O 0 63.2 29.1 20.8 20.6 7.2 0 ¢ 0
54 .9 T.2 8.7 9.6 3I0.5 22.5 14.1 13.5 2.1 6.5 6.7 6.3
N 9.6 10,0 11.8 O 4.3 13.3 0.2 14.8 6.3 0.3 R.5 8.8
Ay 5.0 5.0 T.1 O 0 7.3 12, 11.2 1.7 6.1 5.4 5.0
7 0 0 0 1.5 1.4 26.3 5.6 17.5 6.8 ") 1.0 0
Eh I85.% 17.9 22.6 O 4.1 23.3 5.0 12.8 4] 8.4 17.2 \7.7
0 6.9 6.0 8.7 10.1 8.1 21.2 16.8 21.6 4.6 6.9 6.8 7.0
ol 0 O O O 40.9 27.2 22.4 19.8 5.9 0 0 7.9
1 {r O 0 0 0 21.0 16.7 15.3 3.9 0 0.4 3.6
2 6.7 5.8 8.4 1.6 0.1 22.2 14.2 16.1L 6.3 6.7 6.6 6.9
03 0 0 0 0 5.6 24.6 23.2 12.6 1.9 © 0.2 0
(s} 0 0 0 4] Q 11.1 16.0 14,0 3.2 0 4,1 1.8
03 O O §) 0 2.8 25.6 18.2 20.2 7.0 0 0 3.1
113) 12.0 13.0 15.8 16,1 14.0 20.6 27.0 21.9 5.3 1r1.9 11.3 11.7
67 0 0 0 8] 5.6 28.7 23.7 20.3 7.0 O 1.1 3.1
a8 26.7 25.1 29.8 1.0 50.0 23.7 22.5 16.9 5.9 28.9 26.1 26.9
ng 0 4] O 0 3.7 27.9 23.8 19.8 7.2 0 2.2 O
T 0.7 8.2 4B.2 4,7 56.4 25.3 22.4 23.1 2.5 42.6 38.9 40.1%
Al 24.3 22,9 27.6 0 16.3 20.9 22.8 22.3 4,7 23.9 22.8 23.6
T2 T.2 6.l T.4 41.2 12.5 29.2 24.8 19.0 7.1 2.4 2.6 3.6




11-60

68-5 Monthly Energy Output

3) Total (tnit  10°MWH)
ﬂgzth Jan. Teb, Mar. Apr. May Jun. Jul, Aug. Sep. Oct. Nov. Dec.
1953 12,6 12.8 15.4 15.8 84.8 50.0 42.4 41.8 25.3 12.6 14.9 15.3

54 24,5 26,7 130.3 30.5 52.1 43.4 35.8 35.1 23.0 26. 25.6 27.5
55 31,2 29.5 33.4 2.8 25.9 34,2 21.8 36.4 27.2 30.9 29.4 30.4
36 2604 24,1 28,7 20.0 16.9 28.2 34,0 32.8 22.6 27.7 25.7 26.2
37 7.3 16,5 20,3 21.3 25,0 47,2 27.2 9.1 26.2 17.6 17.2 16.0
i M,.2 37.5 44,2 20.1  35.7 44,2 20,6 34,4 20.8 38.8 35.0 35.6
A 25,7 25.1 0.3 3.0 29,7 42,1 3B.4 43,2 24.8 25.9 23.1 24.3
ts) 2.5 7.3 7.1 4.2 62,5 48,1 44,0 41,0 24.4 R.7 9.8 24.1
O 12,9 3.3 15.8 16.8 18.8 41,9 8.3 135.4 21.3 3.7 15.1 17.7
ol 2.0 2.7 30,00 2205 21.7 43.1  35.8  37.T  26.0 25,1 22.7 23.1
R) 1.0 .Yy 3.5 1.7 27.2 45.5 44,8 32,6 19.2 7.9 14.9 11.9
ol 1.9 3.5 1.1 4.3 10.1 32.0 36.3 3.5 17.8 5.0 18.7 16.4
65 11.8 12.0 15.4 16,5 24.4 46.5 39.8 40.3 24,0 11.8 13.0 16.9
06 32.6 32,5 37.4 37.0 35.6 41.9 48.6 43,5 25.8 31.1 28.3 29.3
67 1.6 14.6 8.5 20.3 27.2 49.6 45.3 40.5 24.1 10.2 15.1 16.8
68 4B.3 44,6 51.4 21,8 T1.6 44.6 44.2 38.5 26.4 50.6 47.1 48.5
69 9.0 7.6 9,6 10.1 25.3 48.8 45.4 40,3 24.5 7.7 17.1 12.2
70 58.9 56.0 69,8 25.6 78.0 46.2 44.0 44,7 23.4 62.6 36.1 57.8
Tl 45,5 42,4 49,2 19.4 37.9 41.8 4d4.4 43,9 25.6 44.3 41.9 43.5
T2 22,2 22,4 29,0 62.1 34.1 50.1 46.4 40.3 25.6 19.5 17.6 17.7
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1, PRESENT RIVER CONDITICON
1.1 General Features of Upper Salas Basin

Bengawan Sala Basin lies extendingly in both Central and East
Jave covering the druoinage ares of 16,100 kmg. Out of this drainage
urea, Upper Sale Basin (upstream from Ngawi), takes 6,100 kmz. The
Upper Sala rises in the southern boundary hills and runs northward
along the valley bhetween G. Merapi and G. Lawu and turns the course
to eastward after bounded by northern Kendeng Ridge. Within this
reaches, the river travels through the alluvial land formed by soils
of volcanic origin in most part, and the river channel shows eroded
banks in general formed by its heavily meandering course. The average
river graodient is so mild as to Be 1/3,000 in Upper Sala River, because
the elevation of the river bed does not rise higher than 100 m above
the sea level even at the spots far distant inland about 500 km from

the estuary.

River width varies from 50 m ~ 100 m in the Upper Saela River, and
the mean depth of the river is generally 1/10 - 1/30 of the average

river width.

The river bed is generally of sandy soil except in the mountain
slope reaches. As silty soil in the river bank is generally vulnerable
to easy erosion, the river bank at water front has collpsed by lateral
erosion of the flowing water and this is accelerating meandering of the
river channel, To cope with such condition, bank protection works
with pillar like permeable spurs are provided to fix the river channel.
Moreover, short cut of the channel at some places of the heaviest mean-

dered parts has been executed.

1,2 Tributariss

Upper Sala Basin (upstream from Ngawi) is divided into 20 sub-
basins at the spots of the confluence of principal tributaries. Table
111-1 shows the catchment area of each sub-basin of the tributaries

with distance from the estuary.
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1.3 Plane Profile

The existing river courses are heavily meandering througliout the
piver cottrses. To express bhe moandering conditions quantitnlively,

the role §was cnlealoted,

A~ da/D
d

D = Distance of non-meandering

Distance of meandering

The mean values of 3 in Upper Sala Basin is about 1.52; the maximum

value of 8 is given in sections No. 482-484,

1.4 Longitudinal Profile

Presert river profile shows the following gradient in respective
secetionsg

Cross section No. Gradient

Upper Sala No. 313-335 1/7,600
No. 337-375 1/2,200
No. 377-420 1/3,500
No. 422-466 1/2,400
No. 468-507 1/3,200

1.5 Cross Section

The present cross sections have been formed mostly of natural
eroded valley of which banks rise 3 to 8 m high above the river bed.
Most sections are of single channel section, and of unsymmeirical shape

owing to the meandering of the river channel,

The channel width distribution, the distribution of river side
depth on the Upper Sala and the ratio of channel width to depth on the
Upper Sala are presented in Fig. ITI-1, III-2 and III-3 respectively,



I1I-3

1.6 Flow Capacity of the River

Flow capacity of the present river channel is examined by using
Manning's formula at the sections every 2 km distance along the river

CcOUrse,
Manning's formula is given below:

0 = V.A =

i 11/2.R2/3.A

where ; = discharge (m3/s)

= mean flow velocity (m/s)

= roughness coefficient

Q
v
2
A = flow area (m“)
n
I = surface gradient
R

= perimeter depth {m)

The result is given in Fig. III-4.
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Table II-1 Distribution of Catchment Area on tne Upper Sala
!  Name of ! Distance from ! Catchment Area ! Total catchmen*
Number!? Pributary ! section No. O ! P ! area ps nrean
! ! (ken) ! (km®) ! from number {(km~]

1. ! K. Madium H 313.00 1 57 ! 6,107
2. ! K. Andong ! 324,73 ! 151 ! 6,050
3, ! K. Soko ! 333,23 ! 102 ! £,897
L, | K. Papungan ! 337.53 ! 194 ! 5,797
5. ! K. Kuncen ! 362,38 ) 81 ! 3,602
6. ! K. Bibis { 367.22 ! 125 ! 5,522
7. ! K. Banger ! 370.96 ! 174 ! 54397
8. ! K. Sawur ! 383.87 ' 244 v 225
3. ! K. Kenatan ! 333.71 ! 2L6 ! 4,379
10, ! ¥. Munskung ! big.28 ! L3S ! b,733
11. ! K. Grompol ! Lz3 59 ! 283 ' ~,2bks
12. ! %K. Cemoro ! khz 63 ! L3s ! 3,362
13. ! K. Anyar ! 452.66 ! 251 ! 3,527
14, ! K. Pepe ! 458,45 ! 63 ! 3,276
15, ! K. Samin ! Le2.10 ! 328 ! 3,213
16. ! K. Brambang ! h69.55 ! 318 ! 2,895
17, ! K. Dengkeng ! L80.41 ! 800 ! 2,567
13, ! K. J lantah ! Lok, 32 ! 212 ! 1,7€"
19, ! K. Blatukan ! 503.88 ! 13% ! 1,055
20. ! %Worogiri ! 521.84 ! 1,360 ! 1,360
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2. FLOOD
2,1 Maximum Flood Record

The maximum flood discharge recorded in the past years is the
discharge vccurred in March 1966, The peak discharge at the repre-
seniative stations along the river is as follows:

Wonogiri Surakarta Ngawi
Peak discharge of 1966 flood 3,950m3/s 2,160m3/s l,890m3/s

2 Flood Frequency

According to the past flood records, the inundation will occur
when the river water stage exceeds 4.0 m at Demangan gauging staff
located in Surakarta city. Table III-2 shows the flood record ai
Surakarta during the periocd of Jan. 1962 to Dec. 1971.

Table ITI-2 Flood Record at Surakaria
(Jan, 1962 -~ Dec. 1971)

Water stage 1) 4.0 4,5 5.0 5.5 6.0 6,5 8.0
(m) -4,5 =5,0 =5.5 -6,0 -6.5 ~8,0 -8.5 Total
Discharge 2) 500 650 800 1,000 1,200 1,400 2,100
(md/s) -650 =800 -1,000 -1,200 ~1,400 -2,100 ~2,400
Nov. Q
Dec. 1 1
Jan, 4 1 1 1 7
Feb. 2 2 1 5
Mar. 5 3 ] 1 1 11
z\PI‘ . 1 1
May 7 0
Total 12 6 3 3 1 25

Note: 1) Gauging staff at Demangan

2) Discharge was estimated from the correlation of
water stage at Demangaen and Jurug

DPata source: Kote Madya Surakarta

Ref., Master Plan Study, Supporting Report, Part II "Flood control

and river improvement," January 1974
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From the above table, it can be said that the flooding has occurred
ns frequently as 2.5 times per annum during the past 10 years.

2.3 Flooding Duration

From the hydrographs of the past 25 floeds, the duration time of
water stage exceeding 4.0 m at Demangan gauging staff can be estimated
as tabulated in Table I1I-~3, This table shows that the duration time
is usually propertionate to the magnitude of flood. The total floodihg
duration time in the event of the past maximum flood occurred in 1966

was about 7 days.

Considering the difference of the flooding duration time place by
place, the mean flooding duration time over the whole inundated ares
can be estimated to be nearly equal to one half of the total flooding

duration,

2.4 Tlood Discharge at Surakarta and Return Period

¢

The correlation between discharges at Surakaria {under the present
river condition) and their return period is estimated as follows:

{Ref', to Data, Hydrology, Annex III)

Discharge
Return period gt Surskarta

{years) (m3/s)
200 2,650
100 2,450
60 2,250
40 2,160
30 2,050
20 1,900

10 1,600

5 1,300

2 920
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111-i2

Fig IL-5 Return Period — Discharge Curve at Surakarta

( under the present river condition without dam )
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3, INUNDATION AND FLOOD DAMAGE .
3.1 Inundation
3,1.1 Mukimum inundation record

The past maximum inundation is egtimated from the records of the
major flood events as shown in Fig, IJ1I-6. A large part of the area

is habitually inundated.

The inundation aree in the Upper Sals Basin consists of the

following three areas.

Wonogiri area: wupstream area of Wonogiri
Surakarta area: from Wonogiri to Surakarta

Sragen areat from Surakarta to Ngawi

The maximum inundetion arem totals 33,000 ha, equivalent to¢ about
5.4% of the Upper Sala Basin, among which 3,700 ha are in Wonogiri area,

19,500 ha in Surekarta area and 9,700 ha in Sragen area.

Table I1I-4 shows the inundation depth in the maximum flood event.
At the maximum flood, the mean flooding depths of Surakarta and Sragen

areas are esbtimated to reach 2.4 m and 2.5 m respectively.

The population of the whole inundetion area is 462,000, and this
inundation area is so densely inhabited and highly developed into farm
production areas that damages on houses and properties as well as farm

crops are considerably heavy.

Table III-5 shows the population, number of houses and land area

afflicted by inundation at the maximum flood event.

j.1.2 Inundation area by flood scale

The inundetion areas relative to floods of various scales were
estimated on the topographic maps on a scale of 1/5,000, referring to
the maps prepared for the fespective floods of the past. Inundation
areas affected by floods of various scales are shown in.Fig. III-7
and Table II1-6, Fig. 111-B shows the area in Surskarta city inundated
by the 1966 flood.
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3,1.2 Population, houses and land use in the inundation area

The existing population, number of houses, farm land, yard and
other areas are shown in Table III-7 for each inundation.area, relating ta

the fleood discharge at Surakarta.

3.1.4 Damageable houses and inundation area

The houses in these inundation areas are not wholly submerged by
flood water, Generally, the ratio of the number of damageable houses
to the total number of existing houses becomes larger in proportion

to the flood scale.

The damegeable houses and inundation areas are estimated for
respective flooding depths, relating to the flood discharge at
Surakarta. The results are shown in Table III-8 and Table I1I-9.

Note: Bibliography (1)
Survey and study for the development of Sala river basin.
Supporting report part—two "FLOOD CONTROL AND RIVER IMPROVE-
MENT" January, 1974.
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Table IT-9 Damagaable Honses wnder Various Flooding
Conditions (2

(Surakarta City).

Discharge at Sura- Flooding duration Mean. floading Total Number of
karta (m3/s) (day) depth (m) = damageatie
houses
500 1 - -

1,000 2 - -

1,500 3 - -

24000 3 1.0 26,200

2,500 | 4 1.0 26,5309

Ref. : Bibliography ( 1 ).
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3.2 Flood Damage

Flood damage under the present condition of the basin is estimated

as follows,
3,2.1 House damage
(1) Value of building and household effects

Average value of building and household effects per house is shown
in Table III-10,

The value of building per household is estimated by multiplying the
value used in the previous studyll by 1.25, taking into account an increase
in the value in the past two years. Besides, the value of household effects
is obtained by multiplying the value estimated in the same study by 1.5,

considering the average price rise in the past two years.

Table ITI-10 Value of Building and Household Effects

Surakarte city Other inundation areg
Building Household Total Building Household Total
(us$) sffects (US$) (USS$) (uss) effects (US$) (US$)

Farmer's 360 180. 620 360 180 620
house
General
residence 3,610 1,620 5,960 750 440 1,340
Shop 3,760 12,720 17,240 810 2,000 2,980
0ffice 11,190 9,440 22,870 2,230 410 3,080

The numbers of farmer's houses, general residences, shops and others
such as offices, schools and factories are estimated from the proportion
of such houses and buildings to the total numbers of building based on the
data of Surakarta city and some Kabupaten concerned within the inundation

area.

/1 . Ref. Bibliogrephy (1)
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Surakarta city Other inundation area
Farmer's house ‘ 2% : 81%
General residence B&% 17%
Shop 6% _ b1
Others 4% 1%

Ref.: Bibliography (1)

By applying the above sharing ratio to the figures in Table III-10,
the avernge vnlue of building end household effects per household in the

inundation area can be estimated as follows.

= {US$)
iy s pusehold

. Building effects Total
Surgkarta city 3,857 2,570 6,427
Other inundation area 450 250 700

(2) Flood damage rate of building and household effects

Table 11I-11 shows the flood damage rate of building and household
effects, relating to flood depth above floor level. In this table, the
damage rate of building is quoted From the rate applied to the case in
which the ground gradient of inundation area is fairly gentle, and the
damage rate of household effects is the rate adopted in the “"Feasibility
Study on Surabaya River Improvementﬁ prepared by the Japanese Survey Team
in 1973,

Flood damage rates used in this study is shown in Table III-12, which
are estimated collectively by applying the sharing ratio mentioned in the

above sub-section.

{3} cCalculation of house damage potential

The amount of damage per household at every flooding depth above floor
lefel is estimated as shown in Table III-13, by multiplying the flood damage
rate by the value of building and household effects per household obtained

before.



- III-26

Table Iil—ll Flood Damage Rate of Building and Household

‘Effects
Height Household effects
above Building
floor level Farmer's Residence Shop Office School &
(m) house Factory
0 ~-0.5 0,05 0.09 0.11 0,08 0.09 0,08
0,5 - 1.0 0,07 0.24 0,29 0,22 0,28 0.24
1.0 - 1,5 0,11 0.33 0.41 0,35 0,42 0,35
1,5 -20 0,11 0.37 Q.47 Q.44 0,47 0.39
2,0 - 2.5 0.15 0.39 0,49 0,51 0,49 0.40
2,5 -23.0 0.15 0.39 0.51 c.57 0.49 0.41
Over 30 0,22
Table TIT-12 Floocd Damage Rate of Building and Household Effects
Height above Surakarta City . Other indundetion area
floor level
(m) Building Household Building Household
Effects \ Effects
1
00 - 005 0.05 0.11 0.05 0.09
0.9 - 1.0 0.07 0.28 0.07 0.25
1.0 - 1.5 0.10 0.40 0.10 0.34
1.5 - 2,0 0.12 0,46 0.12 0.39
2,0 -~ 2.5 0.14 0.49 0.14 0.41
2.5 =-3.0 0.18 0.51 0.18 0.41
3.0 - 0,22 0.52 0,22 0.41
Table I1I-13 Amount of House Damage per Household
Flooding 0 0.5 1.0 1,5 2.0 2.5 over
depth{m) -0,5 =-=1,0 ~1.,5 -2.0 -2.5 -3.0 3.0
Surakerta 0 999 1,413 1,645 1,799 2,005 2,185
city : ;
Other inun- 45 o4 130 152 166 184 202

datipn area
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the flood damage rgte_by_the value of building and household effects

per household obtained before.

The total amount of house damage of each inundation area at every

flood discharge is estimated by multiplying the figures in Table III~13

by the number of damageable houses in Table ITI-8.

shown in

Table 1II-14,

The results are

Table II1-14 House Damoge at Every Flood Discharge

Discharge . Surokarts area Sragen aren
at
Damageable Damage Damageable Damage
Surakaria house _ (xlogUS$) house (x10°Us$)
500 0 - : 0 -
1,000 10,400 995 5,500 646
1,500 22,500 3,078 8,900 1,154
2,000 59,200 37,191 12,700 1,974
2,500 71,600 39,219 17,000 2,855
3.2.2 Crop damage

{1) Va

lue of crop

The present prices of crops per hectare of haddy field and yard

are estimated from the data collected this time as shown in Talbe

TI1-15.
Table III-15 Prices of Crop per hectare
Item Price
Paddy ficld 216,000 “p/ha 520 Y58 /g

Yard 30,000 Tp/na 72 5%/
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While, each inundation area has such share in the area as shown

in Table IITI-16,

Table III-16 Sharing Ratio of Each Field

Item Farm land Yard Others

‘ (%) (%) (%)
Surakarta
ATes 76 24 -
Sragen area 78 22 -

The average value of crops per hectare of each inundation area
can be estimated as shown in Table TII-17 from these data by assuming

that all the farmland in the inundation area are paddy fields.

Table I11-17 Average Value of Crops per hectare

Item Surakarta area Sragen area
Paddy 395 USE /g 406 5% /na
Yard 17 n 16 1
Total 412 " 422 "

(2) Flood damage rate of crops

Flood damage rate of crops correlates to flooding depth, flood-
ing duration and growing stage of crops in the flood season. Table
1I1-18 shows the flood damage rate of peddy adopted in "Feasibility
Study on Surabaya River Imprvement," Based on this, Table-III-lQ

was prepared for this project area.

The average damage rate was estimated by assuming that the rate
for the respective periods of tillering stage, booting stage, heading

time and ripening stage was 31%, 28%, 8% and 33% respectively.
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Table M-18 _ Jamsge Rate { in Surpal
Growing stage Tillering Booting Heading Ripening
stage stage stage stage
Relative  growth (%) 0=~ 59 60 - 76 77 - 79 80 ~ 100 |
Relative  growth (cm) Q- 74 75 - 95 96 - 99 100 - 125
1~ 2 day 10 % 70 % 30 % 5 %
over head 3.4 20 8o 8o 20
"flocding 5«6 30 85 90 30
over 7 35 95 100 30
Flooding 1 - 2 day 6 ko 10 L
up to 3~ 4 46 23 15
75 % plant 5 -6 1h Lo 26 23
height over 7 16 55 30 23
Flooding 1 - 2 day 37 8 2
up to 3 -4 Lo 22 4
50 % plant 5 -6 13 Ly 25 6
height over 7 15 50 28 6
Table I-19 Flood Damage Rate of Paddy
Flooding | Flooding Tillering Booting Heading Ripening A
depth (m) | duration stage stage stage stage verage
(day)
l1-2 6% 37 % 8 % 2% 1h %
5«6 1 45 25 6 21
over 7 16 50 28 [ 23
1.2 10 L) 10 L 16
05 - 1.0] 371 20 46 23 15 26
5-6 30 Ly 26 23 3%
over 7 35 55 30 23 36
1-2 10 70 30 8 27
Over 3. b 20 80 80 20 Lz
10 1 5.6 30 85 90 30 50.
over 7 35 95 100 30 55
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As Lo yard crops such as cassava, peanuts and soybeans, dumages
are considered to be larger vhen compared with paddy under the same
condition of inundetion because their roots are weak against inunda-

tion.

ln this study, the Cloed damage rote usunlly used in Japun is
congidered applicable. The flood damage rate of such crops is

summarized in Table ITT-20.

Table II1-20 Flood Damage Rate of Crops

Fleoding Flooding dura- Paddy  Yard crops

depth (m} tion (day) (%) (%)
1-2 14 27
3-4 18 42
0-0.5 5 -6 21 54
aver T 23 a7
1-2 16 35
3-4 26 48
0.5-1.0
5-6 33 eT7
over 7 36 T4
1-2 27 51
3~4 42 67
Over 1,0
56 50 81
over 7 55 91

{(3) Calculation of crop damsge peotential

Crop damage consists of two kinds of damages. One is the loss
that some part of the inundation area cen nol be planted in the
flood season because of frequent inundation. Another is the usual

damage on the planted crops by floeding in the farmland.



IIIfE}_.? 

(nplaniable area in .the flood season is roughly estimaied as

shown below from the data of crop planting, field survey and

analysis of the floeoding conditions in each inundation area.

Unplantable area

Surakarta Sragen
- aren area
Unplantable ares 2,000 ha 1,000 ha

While, the amount of crop damage of each inundation area at

every flood discharge at Surakarta is estimated by multiplying the

figures in Table III-21 by the average of the inundation area shown

in Table T1T-6.

area at a damage rate of 100%,

Table 111-21

Te estimate includes losses in the unplantable

The results are shown in Table III1-22,

Amount of Crop Damage per hectare

- . Flooding
Flooding duration
depth (day) 1 - 2
(m)

3 - 4 5 -6 Qver 7
Surn- 0 - 0.5 60 78 92 102
korta 0.5 - 1.0 69 111 142 155
aren Over 1.0 115 177 211 233

0 - 0.5 61 80 94 104
Sragen 0.5 - 1.0 71 113 145 158
aren Over 1.0 118 181 216 238

Table II1II-22

Amount of Crop Damage of Every Flood Scale

Discharge at

Surakarta area

Sragen area

Surakarta
(m3/'s) Damageable  Damage Damageable Damage
Area (ha) (103Us$)  Area (ha) (103Us$)
500 2,900 878 3,800 605
1,000 10, 000 1,544 6,900 1,048
1,500 15,500 2,946 8,400 1,603
2,000 20,200 3,715 9,700 1,892
2,500 10,900

23,200 4,207

2,149
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3.2.2 Tolal demage
{1) Direet [lood domage

As direcl flood dammages, house damage including household effects
domnge, crop damage, public facilities damage, livestock damage and
fishery damage should be taken into account. DBut, in this study,
only house and crop damages are taken into account because other
dircct damages are supposed bo be small as compared with these two

dnmages.

(

[

) Indirect flood damage

Indirect flood damages are looses {rom interruption of utility
services, looses of normal profit and earnings to capital, management
and labour in the area afflicted by flood, net cost incremental for
the flood warning, evacuation, flood fighting, and temporary living.

They are estimated at about 10% of the direct flood damage.

(3)  Total damage

Total Plood damages are summarized, relating to the discharge

ut Surakarta, as shown in Table III-23 and Fig. III-9,

3.2.4 Average annual [lood damage
(1) Calculation method for estimating the average annual flood damage

Average annual flood damage will be estimated in the following

manner.,



Table II~-23

Surakarta area

Total Flood Damage

111-33

Discharge Direct damage (US $) Indirect Total
at damage
Surakarta (18§ (s §)
m?/s House Crop Total
500 0 878x10° 878x10° 88x10° 2E5x10
1,000 995x10° [1,5b4x " | 2,530x © astx v | 2,753k "
1,500 3,078x 2,946x " 6,024 " 602x " 6£,525x "
2,000 37,191x " | 3,715x " | 40,906x " b,oolx " lak,93mx v
24,500 39,219x v L, 207x v L3 Logy " b sz 0 L7, 76 "
Sragen area
Discharge Direct damage (US §) Indirect Total
at damage
Surakarta rye . -
= s 8 Uy
mo/s House Crop Total
'% P
500 0 605x10° 605%10° 61x10° RERxL3
1,000 646x10° |1,048x ™ | 1,694x v 6 " | 1,867y
1,500 1,154x " 1,603x " 2,757x " 276x WOZ I v
2,000 1,974x v 1,3%2x " %,866x " 237y Lozreg w
24500 2,855% 0 2,149 " Z,000x v 500x " 2yT0ex v
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Calculation Method of Average Annual
F1o0o0d Damage

Table I1I~24

Avernge Prnbubility Amount Amount, Average Annual  Accumulated
annual of occurr- of flood flood flood damage average annual
probabi- ence damage damage flood damage
lity of -
excess
L. +L : L +L
Nl Nl - N2 Ll Ll + L2 (Nl-Nz)x ; 2 (Nl—Nz)x ]é 2
) .
L +L L.+L
N, Nll— N, L, L, + L, (ﬂz—N3)x 22 3 (Nl-Nz)x 12 2
'
: ! ) 2. lI L + L
1 : t ' : <+ (NZ-N3)x 2 3
Nm=0.00 Nm-l_Nm Lm Lm_1+Lm (Nm_l—Nm) X | 2
2 |
Lm—l-Lm :
2 N
Average annual flood damage = g: (N, =N, ) L1 L
) i i+l S S—

(2)° Average annual flood damage

By using the methods mentioned above, average annual flood damage

is estimated as shown in Tables III-25% and TII-26,.

The results are summarized below.

Average flood damage under the present condition:

6

Surakarta sres US86.74 x 10

Sragen area US$3.49 x 106
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4.  FLOOD CONTROL PLAN

The flood confrol measures conceivable for the Upper Sala Basin
is the flood regulation by the Wonogiri reservoir and the flood

protection by the river improvement work.

4,1 Wonogiri Reservoir

To select the most appropriete scale of flood control capacity
of the reserveoir in combination of the river improvement work, the
comparison of the followiﬁg three alternative plens are worked out
by varying the outflow discharge afier the regulation by the Wonogiri

reservoir:

Regulated outflow by the reservoir

Case A 400 mB/sec
Case B 700 m3/sec
Case C 1,000 m3/sec-

The features end construction cost of each case are as tabulated

below, ' .
Casa A Case B Case C
Wonogiri reservoir
- Inflow discharge (m3/s) 4,000 ‘ 4,000 4,000
- Qutflow discharge (m3/s) 400 T00 1,000
- Storage capacity: (106m3)
Gross at S.W.L (SHFD) T30 660 630
Flood control 220 150 120
Irrigation and power 440 440 440
Sediment 120 120 120
- Dam crest EL (m) 141.6 141.3 140.7
— Dam height (m) 37.5 37.2 36.6
- Max, spillway capaciiy (m3/s) 1,550 1,630 1,920
~ Total construction cost (4) 43,400 43,200 43,000

(include :land acquisition costs)
(10° US8)



4,2  River imprbvement*? Y
4,2.1 Design Flood hischarge,

Standard Highest Flood Discharge (S.H.F.D,) for the flood control
plan is termed as the project flood discharge in the case no regulation
measures against the flood dischﬁfge are taken for determining the scale
of the flood control plan. The'SJH.F.ﬁ. is determined based on the
1966 flood for the condition of no flooding all along the river stretches.

Wonogiri Surakarta Ngawi
Discharge of 1966 Flood ;
(Flow without routing actions) 3,950 m3/s 5,250 m3/s 4,850 m3/s

Ref. Hydrology, Annex (III), Data.

Design discharge of the proposed S.H,F.D. is assumed as follows;

Wonogiri Surakerta Ngawi
4,000 ™3/8 5,300 ™3/ 4,900 /s

The design flood discharge at Surakartas and Ngawi after the flood

regulating effect of the Wonogiri reservoir is as follows:

Wonogiri Surskarta . Ngawi
Case A 400 ™/5 2,000 ™3/* 2,830 ™3
Case B 700 2,300 3,130
Case C 1,000 2,600 3,430

Between the reaches from Wonogiri ‘o Surakarts, the sectional

design discharge is determined as shown in Fig, ITI-10 for each case,

4,2,2 Selection of improvement method

(a) Basic consideration of the nver cheannel design
{i) Design high water level _
The design high water level of channel is desirable to be fixed

at as low as possible, But if the high water level is fixed too low,
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8 large volume of excavation work and expenses will be needed.’
Therefore, the river channel should be improved by adequaetely combin-

ing channel excavation and levee construction,

In this study, the design high water level is fixed at the level

close to the highest water level along the river course in the past.

(ii) Design discharge of low water channel

The cross sectional area required to flow the design flood
discharge becomes the smallest when it is of o single section. However,
in a river the discharge of which differs greatly between normal and
fload times, the discharge of nermal time can not flow uniformly in
the channel of a singlé section, and {flow concentration will often
accur in the channel, vwhich makes it difficulii to maintain the river

course,

Sala river has large difference in its scasonal change of dis-
charge. If such existing conditions are itaken into consideration,
it is desirable to design a river course of adequate retarding capacity

by adopting the composite section, enlarging the total width of channel.

In adopting the composite section, the svudy of the design dis-
charge is made to determine the dimension of low water channel. As
the cross section must be easily maintained arfter improvement, the
dimension of low water channel is preferably determined nolt to disturb
the natural equilibirium condition, referring to the current discharge
capacity along the river channel and flood frequency. Based on the
above consideration, the design discharge for low water channel is

determined to be the present discharge capacity on an average,

(iii)Cross section
On the basis of river channel designs mentioned above, the cross
section in each stretches is decided as shown in Table III-27, by using

Manning's Formula.
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4,3 Selection of Most Desirable Case of Flood Control

According to each cross section decided above, and plane profile
and longitudinal profile mentioned in Section 5, the investment cost

river improvement is estimated in each case as shown in Table III-28,

Total cost of the dam end river improvement works is summarized below.

Case A Case B Case C
River improvement 18.3 20,0 22,4
Wonogiri reservoir 43 .4 ‘ 43,5 43,5
Total 61.7 63.5 65.9

The most preferable case should be decided so as to minimize
the combined cost of Wonogiri dam and river improvement work, and

not to increase the flood damage in the downsiream basin,

A The combined ¢ost is the smalles® in the case A as shown above.
While, the more the outflow discharge from Wonogiri reservoir increases,
the peak discharge on the dowvnstream from Surakarta becomes larger

than the discharge under the present condition,

Considering such a situation, the case in which the outflow

discharge is 400 m3/s from the dam is decided as the most preferable

case,
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Fig M-10  Distribution of Design Flood Discharge
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k. Jlantab ® «. Anyar
k. Deng keng
k. Bram bang
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Table II-27 Design of River Channel

111-43

L e

Crnse Block Q Q1 - Bo Bl HL HH
number | o3| (mo/s) | cm) (m) (m) ()
I 1,600 200 bLs 175 3.5 3.5
CASE-A
N; 2,000 500 hs | 175 .0 3.5
I 1,900 | 200 b3 228 3.5 3.5
CASE-B
i 2,300 500. b4s 228 5.0 3.5
I 2,300 200 e 280 3.5 2.5
CASE-C -
o 2,600 500 4s 280 5.0 3.5
where Q total discherge
Q1 : discharge for low water channel
Bo
Bl Bs shown below
HL
HH
[ ] ]
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4.4 Flood Control Effect’
4.4.1 Correlation between the discharge at Sursakarta and veturn pariod.'_

The correlation between discharge et Surskarta and their return

period after the completion of the Wonogiri dam is estimated as follows:

Return period Discharge at Surakaria

(year) (m3/s)
200 1,620
100 1,500
60 1,400
40 1,340
30 1,290
20 1,200
10 1,090
5 960
2 ) 760

m3/s

Note: ' Outflow discharge from dam = 400

The above data is graphically shown on Fig. III-11.

4.4.2 Decrease in average annual flood damage
(1} By ¥Wonogiri reservoir

The average annual flood damage s$till remained after the completion
of the Wonogiri reservoir is estimated as shown in Table 1II-29 and Table

1I1-30. The results are summarized below.

Surekarta area 3.34 x 106 usg

6
Sragen area 2,42 x 10 US$

Therefore, the £lood control effect by the Wonogiri reservoir is

estimated as follows:

Surakarta ares 6.74 x 106 - 3,34 x 106 = 3.40 x 106 Us$

Sragen area 3,49 x 106 - 2,42 x 102 = 1.07 x 106 Uss
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{2) By river improvement (with the Wenogiri reservoir)

The river improvemeni work down to the Sarakarta City is desighéd'
to proteet the inland ngainst the flood discharge of 40-year return
period under the future condition efter the completion of the Wonogiri

reservoir.

Should flood control be aimed to protect the area extending from
Nguter to Surakarta completely by the flood regulation of the Wonogiri
reservoir and the .river improvement work, the decrease in annual flood
damage in the Surakarta area is estimated at US$3.22 million from
Table III-29,

While, in the Sregen Area, no river improvement work is contemplated
in this study in consideration of the adverse effect to the dowvnstream
area, The flood discharge in the Sragen area before and after the
river improvement work is 2,160 m3/sec and 2,006 m3/sec respectively
wvhich shows that no significant flood control effect of the ﬁonogiri
reservoir is expected in the Sragen area, offsetting its effect by

increasing discharge due to the river improvement work.

(3) By Wonogiri reservoir and river improvement

The combined flood control effeect of the Wonogiri reservoir and

the river improvement in 1he Surakarte area is estimated as follows:

By Wonagiri By river
reservoir improvement Total
Surekarta ares 3.40 x 106 3.22 x 106 6,62 x 106 Us$
Sragen area 1,07 x 106 -1,07 x 106 -
Total a.47 x 10° 2,15 x 10° 6.62 x 10° Uss

Note /1 Offsetting of the flood control effect due to the river
improvement in the Surakarta area.

However, the flood conirol effect of US$6.62 million per annum is
considered to be too optimistic figure, becausc the control capacity of the
Wonogiri reservoir is actually limited to control the flood discharge

less than 4,000 m3/sec. Therefore, a canservative estimate control effect,
U$$5.81 million per annum as presented in Tabte III~25, will be adopted in

the subsequent economic analysis.
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4,5 Flood Damage Effect on the Irrigation Area in Sragen

As explained in the preceding section, flood damage in Sragen
ares will remain almost unchanged even if the river improvemeni work
is undertaken in Surakarte area tagether with the construction of the

dam.

The area in Sragen consisis mainly of paddy field and a part

of which is included in the project area.

Since the estimated future agricultural productions/l both for
without-project and with-project conditions are made on the condition
without flood deamages, expected crop damage in the Sragen area should

be taken into consideration for getting proper irrigation benefit,

Basic condition or assumption used when estim&ting the expected

flood damage are as follows:

1) The future flood discharge in Sragen area will not change
or remain at the present level even after the construction
ol the flood control facilities, and the extent of the flood

affected area also will be same.

2) The damage related to the project area is confined to only

the right bank side of the Sala River, the aree of which
is about 55% of the total area of Sragen.,

Based on the above conditions, expected crop demages of the
project area in Sragen are estimated both for without-irrigation

project and with irrigation project conditions.

Crop damage of the project area in Sragen {without-irrigation
project)

Average annual crop damage of the projecit area is estimated for

each flood discharge as shown in Table III-31. From this, the expected
crop damage is estimeted at US$l.16 million under without-projeect

condition,

Note /1 Ref. Study Report {2), Annex II.
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Crop damage of the project ares in Sragen (with-irrigation project)

.Although flood discharge in Sragen will not change after the river
improvement work is carried out, the amouht of crop damage will rise
duc to productivity increase per ha with the introduction of the irrigation
project. The flood damages on cfops are estimated at'330,000 Rp/ha for
poddy and 80,000 Rp/ha for yard.crop.

On these conditions, average annual crop damage in the project area
is estimated for each floed discharge as shown in Table TIT-32., The
expected crop damage is estimated at US$1.84 million under with-irrigation

project condition,

Incremental flood demage

Incremental flood damage is calculated at US$0.68 miliion
(US81.84 million — US$1l.16 million), which is the amount to be deducted
from the net incremental value for estimating the net irrigation benefit

from the Wonogiri Multipurpose Dam Project.
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4,6 Couﬂide:afidn:for the River Improvement Plan

.Flobd cdnfrdi ;hould be planned; needless to say, so as to get
larger benefit in the Upper Sala basin with smaller cost and without

causing increased flood discharge in the Lower Sala river.

The beneflts of flood control works in such cases as (1) by
Wonoegiri reservoir and river 1mprovement up to Ngawi, (2) by Wonogiri
reservoir and river improvement up to Surakerta end (3) by Wonogiri

reservoir only, were studied in the previous éhhpter.

The total enefit in each of the above cases has been 9.,20x 10 (USS),
5.81 x 10° (Usg¢), and 3.40 x 10 (USS) re5pect1ve1y.

" On the other hand, the discherge in each case has been as follows:
(Ref. Hydrology, Annex (III), Data)

(i) Present condition without flood control

Wonogiri 4,000 mB/s
Surakarte 2,160 m3/s
Ngawi 1,800 ™78
(ii) Wonogiri reservoir and river improvement up to Ngawi
Wonogiri 400 m3/s
Surakarta 2,000 ™3/
Ngawi 2,800 m3/a
(iii) Wonogiri reservoir and river 1mprovement up to Surakarta
Wonogiri m3/s
Surakerta 2,000 m3/s
Ngawi (1,890) m2/s

As shown above, even if the flood is regulated by the Wonogiri
dam, the river improvement up to Ngawi will result in an increase
of discharge of about 1,000 m3/s at Ngawi and may cause more damages
in the downstream of Ngawi. While, if the river improvement is limited
only up to Surakarta, the discharge will not increase at Surakarte
end Ngawi, that 1s, the flooding in the downstream will remain at
the present extent, Therefore, the river improvement is proposed
for the section between Wonogiri and Sursakarta together with the

construction of Wonogiri reservoir,




5. RIVER IMPROVEMENT -
5.1 Design Flood Discharge

Design:flood discharge is as follows:

L : Confluence of
Wonogiri K. Dengkeng Surakarta.

1,600 m3/s 2,000 m3/s

5,2 Cross Section Number

The corss section numbers used in the previous Master Plan Study
have been modified. The correlation belween the previous cross section

numbers and the modified numbers igfés follows:

Previous cross section No. Modified corss section No.
No. 456 O [ T |
No. 460 vesreertenacnsataasans No. 6
No. 49) P 1= TP i
No. 50% cersertansssunins vty No. 51

5.3 Aligunment of Improvement Worls

The plane profile of low water channel is determined with a principal
view to minimize the wvolume of excavation work. But the present river
channel is so meendering that the plane profile is to be improved in the
distance covering 37% of the total length of the river by edepting short
cut method.

The length of short cut work is about 12 km and the total length of
the channel to be improved is 32.2 km.

The designed plan is shown in DWG. WF-001 and DWG. WF-002.

5.4 Longitudinal Profile

The longitudinel profile of the river course is examined in line with
the plane profile of the low weater channel. The design slope of the
improved river channel is determined to take the averaged slope of the
existing river bed profile. The proposed longitudinal profile is shown
in,PYG{ WF-003,



5.5 Channel Cross Section

The cross section of:tﬁe—low_water channel is designed so as to
have enough capacity to carry the_deéign discharge for the low water
chanmel eand the overall width of river channel is determined to carry
the design flood through the whole section. The results are as shown
in Table IIT-27 (Case A) end DWG. WPF-004.

5.6 Bank Protection Works

In the present river course, the bank is eroded at many places
because the geology aleong the Sala River is primeipelly of alluvial
soil. No bank protection works are provided except at a few places

by pile groynes, ,

If no bank protectim works is taken into account, the erosion will
be intensified even after the improvement, and the extension of this '
erosion will bring sbout the destruction of the levee. Therefore, stone

pitching and sodding are planned ns bank protection,

Stone pitching is provided for only the parts of heavily meandering
and the foot protection work is planned to protect the foot of the stone
pitching of low water channel by using mattress of stone basket. Othex

parts are protected by sodding.

5.7 Drainage of Inner Basin

The run off from the both banks must be drained into the main river
through major tributaries. This water is gathered into the tributaries
through drainage channels 10 be constructed at the end of the back water
from Sala River., The tributaries are protected from inundation by

extending the levee of Sala River.

There are many small channels draining the inland water to the Sala
River and its major tributaries. The drainage function of these channels
may be affected if the levees are constructed. In order to maintain
their funetion, sluice ways will be needed at appropriate places. And
these sluice must be provided with devices to stop reverse flow from

the main river to inland area.
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5,8 Constfuctioﬁ
5.8.1 Quantities of -major work items

thntities'of mﬁjor work_itema under the river improvement project
are as follows: '

Excavation : .. 6,380,000 m?

.Banking - R 5,160,000 m3
Bank protection - 3,150,000 m3

5.8.2 Constrﬁction period

Construction period is planned to be 6 years in total from 1978 to
1983 excluding preperator works. It is assumed that the workable months
are limited to 6 months in the dry season from may tc October.

5.8.3 Vork section

Work section i3 divided into 6 sections corresponding to the construec-

tion year as shown below together with the velume of embankment work.

Embankment (n3)

Work Section. Cross Sec. No. Right Left Bank Volume
! ?iaciuéiﬁﬁ'x?lsamin; 'iiﬁﬁtbﬁiﬁk 888,000
11 No. 12 - No. 34 right bank 882,000
I1I No. 12 - No. 29 left bank 853,000
{including K. Brambang, K. Sevenan)
v No. 30 - No. 33 Left bank 837,000
{including K. Dengkeng X. Kupan)
v No. 34 - No. 53 left bank BOT7,000 .
Vi No. 35 - No. 53 right bank 894,000

(including Jlantah)

Total 5,160,000

5.8.4 Priority of the improvement program

The priority order of the improvement program should be plenned
congidering the significance of the protect area, such as urban area
and high productive area. The inundation area under the present condition
is the largest in work section II, about 34% of the total inundation area
when the discharge at Surakarta is 1,000 m3/s. As for Surakarta city, the

most important city in the Upper Sala basin, is protected and safe against
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the flood'less_than 2,000 m3/s in peak dischﬁrge, because of the ekist;  :
ence of léveé‘around-this:city. Further, the discharge at Surakarta wili_.
be decreased to 1,350 m3/s (at time of the design flood) after the regula~
tion by the poffefdam of Wonogiri dam. In this view, the proﬁability of
flooding over the existing le?ee around Surakerta clty seems to be very
small. The other work sections have the following rate of their own
inundation area to the total inundation area, as 16%, 10%, 16%, 13% and
11% in work section I, III, IV, V and VI respectively. Considering that
mentioned above, the priority order of the improvement program is planned

as shown in Fig. 1II-14.

5.8.5 Excavation and embankment _

The total volumes of excavation and embankment are 6.38 x 106 m3
and 5.16 x 106 m3 respectively. The short cut work involves a large
volume of excavation work, corresponding to about 80% of the total
excavation work. The best way is to use excavated materials for banking
40 minimize the investment cost, soc the construction schedule should be
planned carefully by combining excavation and embankment. The waterials,
exeavated by bulldozer, and loaded by wheel loader or crawler loader, will
be transported to the nearest embankment place by dump truck. It is

compacted by bulldozer or other equipment.

5.8.6 BPank protection and sluice way

Benk protection consists of stone pitching on ‘the levee slope where
channel is sharply meandering and sedding on other slopes. These will be

done according to the progress of embankment and excavation work.

Sluice ways will be constructed before the embankment begins at each
place.
5.8.7 Equipment for river improvement

Equipment for river improvement are as follows:

No. Equipment Capacity Q'ty
1 Bulldozer 20 ton 16
2 Wheel loader 2.7 m3 3
3 Crawier loader _ 2.0 m3 4
4 Bﬁck Hoe 1.2 m3 5
9

Dump truck 8 ton 50



10
1l
12
13
14
15
16
17
18
19
20

Equipment

Motor grader
Vibrdfionrroller.

Fuel tanker

Water tanker

Trailer truck

Cargo truck

Grease car

Truck crane
Submergible
Submergible
Diesel'gener&tor
Ripper attechment bull
Dragline attachment shovel
Repair shop

Miscellaneous

.Capécity

3. Tm

.5 ton

8 ton
8 ton
30 ton
6 ton
6 ton
30 ton
6 inch
4 inch
50 KW

.20 ton

1.2 m3

9"ty

|

M ohA NW Oy WD H W W W

_:'_'._i'II-6b
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Fig M - 14  Construction Schedule
WORK 1978 1979 1980 1981 1982 1983
SECTION I TEM UNIT Q.T. Y JFMaMalah [sloNb|alF Ma M) [ok [sb [ND[oF MaMuToh SbIND [JF MaMu[uh [sbIND o F Ma Ma[osb INDUF MaiMU D A
Ex cavation M3 718 x 103 '
Banking s 888x 10°
L Bank protection M2 530
Sluice  way place 8
Excavation M3 713 x 103
T Banking » 882 x |0*
N Bank protection m2 530
Sluice  way pica 8
E xcavation M3 690x 103
Banking s 853« |03
B Bank protection M2 530
Sluice way place 8
Excavation M3 677 % 10°
_ Banking ’ 837x 10°
v Bank protection M2 530
Sluice way place 7
Excavation M> | 653 x 103
- Banking s 807x 103
) Bank protection M2 510
Sluice way place 7
Excavation M3 723x 10°
Banking 3 894 x 10°
v Bank protection M2 520
Sluice way place 8
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5,9 Constrnqtion.Cost'Estimate

Investment cost for the river improvement is as shown in Tables
1II-33 and III1-34,

5.10 Yearly Decrease- of Flbod Damage

The decrease of flood damage will appear to some extent mostly stagef
wise, even during the construction period as shown in Table III-35. The
flood damage will be decreesed firstly by the cofferdam of Wonogiri dam
from 4.94 million {US$) to 2.67 million (US$) and then it will decrease
according to the progress of the river improvement. The decrease of
flood damage by river improvement is estimated assuming that it is
proportionate to the inundation area corresponding to each levee construc-

tion.
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