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PREFACE

In response Lo Lhe request of the Government of the Republic of
Indonesia, the Government of Japan has decided to undertake r feasi-
bility study on the Wonogiri Multipurpose Dam Project and the Japan

International Cooperation Agency executed the study.

The Agency dispatched a survey team consisting of 20 experts
headed by Mr. N. AIHARA, Director, Planning Department, Water Re-
sources Development Corperation, to Indonesia for five months from
November 1974 to April 1975. The survey team conducted the field
investigation and engineering studies in close cooperation with the
Indonesian staffs. The results of the study was summarized inte an

interim report at the project site in April 1975,

After returning to Japan, the team refined the study and final-
ized the report incorporating the comments given during several dis-

cussions in Indonesia.

I sincerely hope that the feasibility report will contribute to
the future implementation of the project and promote further economic

cooperation between Japan and Indonesia,

Finally, I wish to express my appreciation to all the staffs whe
participated in executing this study and also express my heartful
graotitude to the authorities concerned of the Republic of Indonesia

for their kind cooperation.

v 44%0- S

Shinsaku Hogen
President
Japan International Cooperation Agency
Tokyo, Japan



LETTER O THANSMI'TTAL

October, L1975

Mr. Shinsnku Hogen

President

Japan International Cooperation Agency
Tokyo, Japan

Dear Sir,

We have the pleasure of submitting herewith tune feasibility
report on the Wonogiri Multipurpase Dam Project in compliance with
the terms of reference agreed between the Government of Japan and

1he Government of Indonesia.

Through the lield investigation and socio-economic studies,

the need ror the primary objectives of the project such as irriga-
~Lion water supply, eleetric power and Ilood contrel are identified,
Ta meet the regional demand, the meost optimum seale of the Wonigiri
Multipurpose Dam Project is formulated in Lhe report. In the pro-
Jject formulation, irrigation plan is designed to exploit the avail-
able water resources in the basih to its maximum extent, while the
power development is planned as a secondary function and subordinate
to the irrigation scheme. River improvement plan is worked out in

combination with the flow regulation by the dam.,

The results of the engineering study including feasibility
design amd construetion planning and economic analysis confirm

thnt the projeci is technicolly sound and economically feasible,

In the course of the preparation of the feasibility report,
we held several meetings for discussion with the staffs of the
{tovernment of Indonesia, All the findings and corments raised
during the meetings are restudied and fully incorporated in this

report.



It was renlly a greant pleasure that we have had the opportunity
of performing this siudy and we hope that this project will be imple-

mented in the near future.

In submitting this report, we wish to express our heartiest thanks
to your staffs, Embassy of Japan and the authorities concerned of the
Government of Indonesia for.the courtesies and cooperations afforded

during our field survey and home office work.

Very truly yours,

, Nz‘éoc c~ A,J'ﬁ an";,

N. Aihara
Team Leader
JICA Survey Team

@%%&ﬂ'%fﬂ“m

3 50.12, 1,722
25 3729 'j:/




e rsmﬁi*‘milbowcnmlsm'

On the hnals ui'Lha dntu und informationn rollecto _f

 f1e1d 1uvestxgatian und the prevzous studles as: well, th;s fegslblllty

L?atudy was worked out to determzne the most appropr1nte schame of the f;fi”ﬂﬁ
fdevelopmant and to defzne the techn10a1 and econom1c fB&Slblllty of the .
'Honog1r1 Mu1t1purpose Dam Progect.‘ The study also 1nc1udes the pre—'-~. '

:‘«11m1nary d931gn of the maaor facilitles, cost est;mate, construct1on e

"',plannlng and the f1nancia1 analys1s of the pro;ect. All the stud;es

are descrlbed 1n the respective chaptera of thia main report and further

deta1ls are explalned in’ the study reports.

(Plan of De#elppmént)i‘
1. - The:WonogiringﬁlProject is a multipurpose scheme iiﬁ;ﬁg:atfif:iga?'
tion water auppiy, powér gqneration'and £lood control, Thé.sgheme in- _
cludes the construction of the Wonogiri Dah:on the upper readheé of the
Sale rlver, at about 2 km upstream. of the’ town of Wonoglrl. 'It.hﬁé :
catchment area of 1, 350 km> at the damsite. . : R

" The . proposed irrigation area is 23,600 ha. " The pro;ect Wlll prov:de
:nll weather 1rr1gat10n system in the area. The power plant, 1ocated Just
downstream of the d&m, will generata peaklng power and supply it to the
 ex1sting Tuntang grid ‘which covars the project area. . The installed capa—
city of . the power plant will be 10, 200 kw. The purpose of the flood con-
.trol work is to reduce flood damages in tha downstream areas, from Nguter”-
“to Surakarta. Flood flow is ragul&ted by the reservoir to sm&ller dis-
charges, and in the downatretohas, it will be confined in the river
channel to eliminate furthar inundation of the prauent flood—affected area.

'(Dam and Reservoir)

2. As the rosult of the euonomic oompariaon of several alternative
-schemes, the’ aconomically optimum 8ize of the dam and raservoxr is to
have the norm&l high water level of 136,0 m and’ “the flood high wvater level
of . 138 2 m. The reservoir will have a surface area of 87 km2 at the high
_water 19?91 of 138 2 m and a gross: atorage capacity of 730 million m3,

of which 120 million m3 is lodimant storage, 440 million m3 “the active
_.'storage for 1rrigation water aupply and powar generntion and 220 milllon
l m (includlng 50 million m3 of the aotive storage) ‘the’ storaga for £lood

€5control. :~ '



: 73'T The propol_d dam.1s n rookfill-type &am of 37 5 m 1n helght -n¢hg.: |
s fembenkment volume 1s about 1, 8 m11110n m3 und the length of the dam ST

7.:5;1 440 m at- the crest elevat1on of 141 6 m, - The 8p111way w111 aecommo-

:dnte extraordlnery flood d1scherge of 6 200 m /sac W1th extru surcharge
_Vstorage volume assoc1ated w1th a depth of 0 7 m ebove the hlgh Water '
level of 138 2 me ' ' ’ ‘

4. In the reservolr area, land totel1ng ebout 9, 700 ‘ha’ w111 be- sub- L
merged, and the populat1on of about 48,000 (cumpoaed of ebout 9 600
'fnm111es) w111 have to be removed Resettlement is con51dered to be .
the most 1mportont problem for. the implementetion of ‘the proaeot The-'
-resettlement program 15 now be1ng prepared by the survey team, appointed
by the oentral and locel governments in collaboration with the central
-offlce of the Bengaweu:Sale Project.

(Irrlgatlon)

5. Through the Pelita-I and Pelita—II the main objeotlve of the
Government's poliey for economic development has been placed on the
growth of egrieulturel sector. In particular, the Government emphaelzes
to- incrense egriculturel products for atteining self aufflelency of food~- -
stuffs since the. present situation indicates that the agrioulturel pro-
: duotlon ja still short of the increeelng demand in the . country. Along
with the above eoonomxc policy and’ requirement this project.aims ‘o in-
crease - c1op production, especially paddy rioe produotlon, by provmding
all weather irrigatlon focilities in the area.

6. Irrigotlon erea commanded by the projeot work is 23, 600 ha in total,
of which 2,800 ha is situated in K. Dankeng area on the left bank of the
Sala River and the remaining 20,800 he is on the right_benk, extendlng
-over'a long area of about 60 km in length from Colo to Sragen, - Water
required for irrigat1on will be aupplied from: the Wonogiri reeervoir
throughout the year, ‘ '

Irr1gation fnoilities to be provided by the project inolude & head-
vork at Colo site,. 89—km long main canal, 105-km long secondery canal,
S 311 oroseing atruotureo, 69 turnoute, 3 reguloting reservoira, wasteways,

supply ditches, dreins end roed networke on’ “furms,



-::ﬁof farmn nnd lel be prert:eed pre -
'_lductlon 1s expeoted bo- 1noreuse substant1a11y '1n p&rt1(uiur;'the yleld o
-'of pnddy r1ce w111 rise to about 189, 000 tons,'epprox1mate1y_2”5ft1mes
o of the’ presen’b yleld of 73 000 tons._ S e ,
. The expected 1ncremental net 1ncome from the agrlcultural produc—,

' £1onnw;11_be US$ 13 62 m11110n per annum at the full development stege.l

1.(Power Generet1on)

;é The power demend in the system is rap1d1y 1ncrea31ng elong w1th
recent economic growth of the area. The present s1tuatlon 15 that the'
growlng demand is suppressed by the . 11m1t of present supply capecmty.
._pIt is expected thet the annuel growth rate of pealk power demand w111 _
_be 15 to 20 % for the comlng severel yeere.— To cope W1th the 1ncreas-
ing pover. demend, the. Government contempletes to 1nsta11 en addltlonel_
pover. oapaolty of 187 950 k¥ in Central Jeva in the comlng ‘three years
(1975 - 1977), where the present capeclty isw 110 018 kW, - '

9., The Wonoglrl power plant w111 &ocommodate two units of generatlng
equlpment having a . cepeolty ef 5,100 kW each, A e1ngle c1rcu1t, 150~kV
transm1sslon line, ebout 40 km long, w111 deliver the generated povwer to
Surakertu substatlon.. The power to local townsh1ps such as- anoglrl,

WurynntOIO and Sukohar;o will be sent by a separate 20V line.

'10.. Being incorporated in the eystem, the Wonogiri power'plent will be-
operated pr1nc1pa11y as a peak-load plant, During the months of peak
irrigation perlod and the flood season in wet years, the reservolr will
- discharge the excess weter over the requlrement for peak power generetlon.
For those perlods, the power plent W111 generate additional power energy
- using the excess dlscharge, ‘being opereted as a base-load plant durlng
”off—peak hours._ The plant could supply 28 200 MWh of power energy
annually. p ' ' N _

' The pro;ect beneflt derlved from power generatlon is estlmated to
be US$:.3, 35 m11110n annually. ' '



: (Flood Cnn'l,rol)

:liiéj Durnng the: f1°°d season, the Sala R1ver rages often and causas much '

”:dnmages on: ugrlcultural products and varlous propertles 1n the Jnundatlon'-"

' aren. Accordlng to ‘the flood records of ‘the past years, the 1nundat10n

:by f]ood hns taken place at B frequency of. 2. 5 tlmes a year., In partlcu-
lar, in case of the flood in March 1966 which' is the ma.ximum’ recorded _
.-_flood in ‘the past.decnde, the depth'of-flpodlng reached_Z.S_m,ln Surakaptaﬁ o
and Sragen a?gﬁs and the-inuhdation coniinuea for a ﬁeék; Under such '
" circumstances, the imﬁlementatioﬁ3uf'fldbd‘cdntrol.meésures has been long

_desired,_

12. Flood control work of the projeét is planﬁed'for thé désign floo0d
having the mﬁgnitude of the-1966 fldéﬂ.. It has a peak’ flood dlscharge

- of 4, 000 m /sec at the damsite and 5, 300 m /sec {under the £low condl-
tion as confined in levees) at Surakarta, which corresponds to & flood
event of 60—year recurrence probablllty at the damsite and 40—year at
Surakarta respectively. '

| The proposed flood control plan is composed of the flood regulat1on
by the reservoir and the flood protection work in. the downstream reacheés.
The Wonogiri reservoir will regulate most'p&ft of flood inflow and will
discharge at the constant outflow of 400 m3/sec. By this regulutlon, _
the flood discharge at Surakarta will be reduced to 2,000 m /sec. The
proposed river improvement work in the downstream reaches is bo protect
the area from 1nundat10n by accommndatlng the above d931gn dlscharge of
2 000 m /sec in the river channel, while the present rlver channel is
merely capable of passing the discharge as large as 500 m /sec. The
wark includes the tra1n1ng of the river channel, the constructlﬁn of
levees along the course of the river and other related structures such
as bank protection, sluiceways, bridges, etc., The improvement work will
be carried out for the section of 32:2 kp in length between Nguter and
‘Surakarta along the main stream of the Sala River. The work is also
proposed for 6 tributaries in.the total lengths of 17.5 km where the

back water of the S&la Raver reuches.

13. With the implemeniation of ithe above flood control works, the pre-
‘sent inundation ares will be relisved from flood damages in future so

far as the_flood_mggnitﬁﬂe‘is less than the flood of 40-year reccurrence



{n:;‘ est1mated ati’ USSE.

3,'3ect works is 7 yeers excludlng a part of preparatory works.“ Accordlng

‘probabil ysetﬁSurekarta.,7

81 m1111on per annum.
"(Constru(tlon T1me Schedule)
2 14.3 Total constructlon perlod requlred for the executlon of the pro- .

fto the tlme schedule proposed 1n thls report the constructlon work will
‘“lbe Sturted in 1977 and term1nated in 1983., The dam and power fac111t1es
'will be Lompleted in. 1981 the 1rr1getlon work 1n 1982 and the r1ver '

cclmprovement 1n 1983 respectlvely., :

(Constructlon Cost)

] 15.7 The totel constructlon ccst est1mated on economlc cost basis is p
USs 106 47 m11110n equlvalent, comprlslng USS 51 18 million of furelgn“'
5,currency portlon and USS 55.29 m11110n of domestlc currency portlon.h '

 'The economlc evalu&tlon of the proaect is baeed on th1s estlmated cost.

516. Fund requlrement of the pro;ect work . is est1meted at Uss 211 33

_ m1111on, which 1nc1udes the cost for land ecqulslﬁlon and resetﬁlement
.'LEHtlm&tEQ on: financial cost ba81s,'1nterest cost dur1ng the constructlon
'-:pcriod and the contlngencles for pr1ce escelatlon in future.: It com~ 7
fjprlses LS$ 91 32 of forelgn currency port1on and US$ 120 01 equlvalent'

of domesl1c currency pcrtlon.'

‘(Economlr Ane1y51s)

) 17{ Beneflt of the proaect comprlses 1rrlgat1on beneflt, flood control
beneflt and power beneflt.c Negatlve benaflt, whlch is the- expected 1055

' of future agricultural net 1ncome on the farmlends to be submerged by

- the resarv01r, is also taken into account The total prOJect benefit

is. estlmated at USS 19 96 million per annum. _ _ A

_ Economic. ana1y31s of the proaect is: made by means of 1nterna1 rate
of return method assumlng that the prc;ect life is 50 years. _The 1nterna1
rnte ‘of return is calculated et 13 9 % whlch_presente-the_economlc fea~

'31b111ty of ‘the pra;ect.




.f_(Ftunnttnl Anulysiq)

_IB._ [hrm budgvt 1s flrstly unulyzed Eor the byplcnl furm slze uf U 72 ha i

:i'to evaluate the progect from farmers‘ v1ewp01nt. Wlth the 1rr1gat10n

'EploJect cumpleted the- expected net reserve per farmer Wlll be quadrupled and
?will attaln US3300 per. annum, whlch shovs not. only the flnanclal soundness of
the progect but elso sufficient. capac1ty to pay for same chnrges on the -
- 1rrlgat10n water.? : SR

For flnanclal ana1y51e of the pro;ect the expected w&ter charge

L und power rete for the repayment of the construct::.on cos-l:- and 0& M E

cost are Lalculated on the ba31s of the flnanclal cost, whlch 1nc1udes
1nterest cost durlng constructlon and the flnancinl eost for 1and acquz-
51t10n and resettlement. - -
Assum1ng that thie loan repayment period is 30 years: after the com-
pletion of the pro;eot and the interest is 1mposed only on the foreign
.currency portion at a rate of 5 % per annum, the expected water chnrge
and pover rate are calculated at Rp.34,740/farm and Rp. 20/kWh respect-
-ively. Both rates are con31dered to be, in the reasonable range compared
with the expected net reserve of farmer and the present power rate. |
With respect to flood control works, the investment cost - shell be sub-

'51d1zed hy the Government in view of the nature of the proaect.

(Conclﬁsion)_

19. The Wonogiri Mhltipurpoee Dam Pﬁoject is needed for economic de-
velopmenh and publlc welfare of the region. As descrlbed ebove, the
proposed proJect is technically sound and econom1cally fea81ble. It
is recommended that the plan fop the Wonogiri Multlpurpose Dam Project
is adbpted substentially as set forth in this report and steps taken

soonest possible for the implementation of the project.



-principal‘reatures offtheiProjecta'"

(Wnnog1r1 Dum & Power %tatlon)

\ Dnm und reservoir.

Cut chment aren
Type of dam

- Crest elevatzon o _

" Max. ‘height of dam -
‘Crest length '
Embankmeniivnluhe__

~ Low water level (L.W.L.)

Normal high water level
(N.H.W.L.)

" Surcharge W.L. (H.W.L.)
Controlled W.L.
Sadiment storage capacity
Effective storage capacity

Flood control capacity

Spillway :
Tvpe of spillway

Gite

Mux. discharge capacity

Intake and waterway

Max. discharge

Type of intake )
Elevation of bottom sill
Intake tunnel

Penstock

Outlet valve

Power station

Turbine
Generator

Design head

Max. dischatge

1,350 Kk

. -Rockf111 Central core type
o 141.60 m SHVP
©37.5 m o '

1,440 m
1.8 million m”
EL. 127.00 m

EL. 136.00 m

EL. 138.20 m

BL. 135.30 m (Flood season)

120 million m3 (below L;w.L.)

440 million m? (L.W.L. - N.H.W.L.)
220 million m? (C.¥W.L. - S.¥W.L.)

Overflow weir-chuteway type,
spillway with getes

4 Nos., 8.0 x 7.7 m
1,550 m3/sec

60 m3/sec

Vertical intake tower
121.00 m )

6.0 m dia., concrete lined

4.2 m dia., 2 lines

1.8 m dime., Hollow—jetaiﬁlve;‘
0 max, = 35 m3/sec

2 units of 5,100 k¥ vertlcal shaft
Kaplan type

2 units of 6, 375 kVA, &lternate
current generator

21.2 m

60 m3/sec



Mux. uuLpuL ’ii'“
Dopnndnhla peuk pOWur

- Aanual mmrgy_; outpult .

' “Transmission -line

:linlstance,'

(Irrigation Facilities)

" Diversion weir

" Type of weir

‘Min. intake V.L.
Height of weir -
Length of weir
Gate
Intake left

right
Crest elevation of
overflow weir

Irr1gat10n canal -

N

Irrlgat1on area (ha)

Length of main canal (km)

Max. diséharge (m3/sec)
at begihning section
atfend'sgction H

Gradient of canal

Length of ‘secondary cnnal,(kh).

Max. dischargé (53/sec)
at beginning section
at end section

‘Gradient of canal

Crossing

~ Siphon
Aquaﬁucﬁ
Culvert

Bridgé

.‘6 900 kw :
" ?'_5'28,200 Mwn R

.2;51ng1e c1rcu1t 150 kV

40 km

3-Concrete*weir'. 

_EL 106 50 m

- 10 m
108 m

3 Nos: 5 x 4. 6 m (Sand flush)
1 No. 4 x 3.4m Qmax.l: 4.0 m3/sec
3 Nos. 5 x 3.6:m' Omax. = 29.6 m3/sec

It

107.6 m

Right bank Left bank
20,800 2,800
63.9 25.6

129.6 4.0
1.0 0.4
1/2,500 1/6,000
131.8 13.1
3.1 0.8
0.2 0.2
1/3;000 "1/2,500
Righf bank Left bank
15 2
12 4
73 22
145 38



’.
!

~ Turnout -

Checkéute_

" Reguldating reservoir

(River Imyrovement)
Improved section

Léngth of the section

ﬁguter ~ Surakarta -

32.2 km along the main rivef_
17.5 km along the tributaries

Design discharge (after dam regulation)

at beginning section (Nguter) 1,600 m3/sec
at end section (Suraskarta) 2,000 ms/sec

{Construction Cost)

Economic Cost:

(US$1,000)
FogégiguCurrency Local Currency . Total i
Dam & Reservoir 18,000 25,400 - 43,400 |
Hydropower 10,190 1,510 11,700
Irrigation. 16,770 16,330 33,100
River Improvement 6,217 12,053 18,270
Total 51,177 55,293 106,470 |
Fund reguirement S
- : (us$1,000) . -
Foreign Curreﬁcy Loeal Currency Total i
Dam & Reservoir 26,970 64,350 91,320 |
Hydropower 14,010 2,520 16,530 |
Irrigation 23,770 29,030 152,800
River Improvement 10,030 24,110 14,140
Intereét Cpst_  -16,540 - | 16,540
Total 91,320

120,010 211,330



5 %'por'unnum for.fc

-TT(%)ﬁfxﬁteiégiffate-'

"ﬁ;.curroncy porblon”

.' ( ) Prlco usculut]nn-ff “1 '
(1) Forelgn currency portxon _
' 109% per annum’ for the flrst year and 7%
"-compound rate’ per annum thereafter.A{ 7ﬁ«%
(11) Loeal currency portlon ' ToEe
- 15% per_ annum for the f1rst year and 10%

o compoun& rate per &nnum thereafter. o

(Beanit):
SRR S T ﬂm$1omn
- Irrigation Bemefit - 13,620
: Nogatlve Benefit - . - “‘ . ~820
Flood Control Bemefit 5,810
Electrlc Pover’ Beneflt o 1, 350'

Total =~ . . 19,960 -
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" CHAPTER I




I. TINTRODUCTION
1.1 Project History

The Wonogiri Multipurpose Dam Project of the Bengawan Sala was
firstly formulated through the field investigation and engineering :
studies carried out during the period of 1963 to 1965, and identified

as one of the important development projects of the country.

After this pioneer study, the Bengawan Sala raged often and caused
serious damages over the Sala River basin, especially in Surakarta city
in 1966 and in the lower Sala basin in 1968. These events impressed
strong necessity of floeod control work by constructing multipurpose
dams on the Sala for the stabilization and further development of the

basin.

However, in those days, Indonesia suffered from political insta-
bility and eventually economic deterioration continued for several
years., Such social and economic gituation gave negative impact on

further promotion for the realization of the project.

In 1969, the First Five-Year Plan {(Pelita-I) was launched by the
now (Gfovernment for reconstructing the deteriorated economy by rehabili-
tation and improvement of the infrastructure of the country, putting
emphasis on the réhabilitation of agricultural sector. Along with
the Plan, the Government has made a great effort to attain the target
and made a considerable invesiment in various economic and social

sectors, particularly in the agricultural sector.

In parallel with such direct effort, the identification and
formulation of the prospective developmeni projects have been geared
up for providing meterials for future development program. In this
program, the study on development of water resources, esﬁecially
multipurpose development scheme, has been facilitated with a con-

siderable emphasis.

Under the above background, the Sala River basin was restudied
and a Master Plan for the basin development was formulated under the
technical assistance of the Japanese Government during the period of
1972 to 1974,



The Master Plan proposed various schemes’ for irrigation, flood
control, power generation, sediment control and drainage, and concluded
Lhatl high economic return was expected especially in irrigation
seclor followed by power seclor and flood control. Among the proposed
schemes, the Wonogiri Multipurpose Dem Project in the upper Sala River
basin is selected as the most viable project with high economic return

and recommended to be implemented firstly for the basin development.

Bused on the recommendation of the Master Plen, the Government
ot Indonesia decided to undertake the feasibility study of the project
as the first priority scheme gf the basin development program, teking
into account the importance of increesing food production, lessening

Tlood damage and supplying hydro-electric power in the region.

1.2 Feasibility Study

In response to the request from the Government of Indoneise,
the Japanese Government despatched a survey team for the feasibility
study of the Womogiri Multipurpose Dam Project during the period
from November 1974 to April 1975.

The survey team headed by Mr. N. Aihaura consists of 20 experts
from the Japanese Government, OECF, Nippon Koei Co., Ltd., Japan
Engineering Consultants Co., Litd. and CTI Engineering Co., Ltd.

The names of the members are listed in Appendix I together with the

names of the Indonesian counterparts,

The feasibility study aims to ascertain the viability of the pro-
ject both in teechnical and economic aspects through the field investi-

gations and in-depth studies,

According to the memorandum agreed between the both governments,
the scope of services to be rendered by the survey team is summarized

hereunder:

i) Collection of additional data and recent informations
ii) Estimation of hydrological ond hydraulic guantities
iii) Topographic survey of the dam sitie, Colo weir site

quarry site and borrow area and other relewant areas



iv)

v

vi)

vii)

viii)

ix)

x)

Gnolugicul survey of the dam site, Colo weir, quarry site
awnd borrow aren wid unnlyq:q of Lhe resulils .
Buil wechanic survey of the embankment material und 05L1m&l9

of Lhe borrow quuntity

"Planning and preliminary design of the dam and reservoir,

and cost estimate

Power study including preliminary design and estimate of
construction cost und benefit

Agricultural study including agronomic analysis, preperation
of the basic layout and design of the irrigation systems

and estimate of the construction cost and benefit

Study on the flood control and river improvement including
an estimate of construciion cost and benefit .-
Economic evaluation of the project and advice for the

rescttlement and compensation

The results of the study are compiled in four separate volumes

of the Main Report together with three Annex Reports as listed below.

Feusibility Report on the Wonogiri Multipurpose Dam

Project (Main Report)

Annex I Study Report (1)
I Wonogiri Dam
II Wonogiri Power Station
IIT Flood Control

Annex II Study Report (2)
IV Agriculiure

V Irrvigation

Annex III Data
I Hydrology
I1 Geology
IITI Soil Mechenics
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IT. SOCIO-ECONOMIC BACKGROUND
2.1 Present National Leconomy

Indonesia maintains about 126 million people on her lund of
e
1.9 million km~. The population has increased at a high annual rote
of 2.2% during the pest decade.

As in most of the countries of South East Asia, the economy of
Indonesia depends on the primary sector particularly agriculture,
while industrial activities remain at a lower level due to lack of
sufficient infrastructures and the shortage of technical and mana-
gerianl manpower. According to the recent statistics, agriculture
sector produced about 44% of the Gross Domestic Product (GDP) and
mining,‘mnnufacturing and public utilities shared 16% in total while

services sector shared 37% in 1972.

With respect to the economic growth, the country has achieved
significant progress. The GDP is estimated to have increased at an
annual average rate of 7.8% during 1968 - 1972 which shows a sub~
stantial increase compared with that of 2.1% during 1965 - 1967.

The balance of payments in recent years had changed from deficits
to increasing surplus and the resulting gross official reserves
climbed from US$160 million at the end of 1970 to US$807 million at
the close of 1973. But the situation again changes for the worse

due to the recent recession of the world economy.

In the agricultural sector, production attained rather satisfactory
growth of 4% per annum during 1969 - 1973. The production of rice as
g main crop rose by an annual average of 3.2% during 1970 - 1973 and
attained 14.5 million tons in 1973. The growth of rice production
originated from the increase of unit yield and the expansion of total
cultivoted area. Total harvested ares increased from 8.1 million ha
in 1970 to 8.4 million ha in 1973 and the average unit yield rose to
1.7 tons per ha in 1973 at a compound rate of 2.0% annually. Higher
unit yield is attributable to the BIMAS and INMAS programs of the
Ministry of Agriculture which provide & package of improved seeds,
fertilizers, credits and technical assistance, and to the improve-

ment of irrigation facilities.



However, in spite of the recent considerable gains in domestic
output, agricultural production, particularly food grain production
is not sufficient to meet the.demand. The volume of imported rice
rose from 0.8 million ton in 1969 to 1,2 million tens in 1973, while
the import of wheat, which is another food crop to be imported doubled
in volume from 1971 through 1973.

Estate crops produced for the home market also performed well
in the past Tive years. The output of sugar cane rose by more than
20% but is still short of the national demand. In 1973, imports of

sugar amounted to 0.25 million ton.

In the industrial sector, activities are far from the expected
level owing partly to the recent price escalation of imported capital
goods. Insufficient conditions of the infrastructure such as power
supply and transportation system are the bottleneck for the develop-

ment as well as the shortage of technical and managerial manpower.

Electric power supply of the country increased its capacity to
1,055 MW at the end of the Pelita~I. But supply capacity per capita
is still at quite a low level; 9.2 watts in Java and 8.1 watis in the
whole country. Transmigsion and distribution systems are still in
peor condition although great effort for extension was made during
the Pelito-~I.

Road transportation network has been improved considerably
during the Pelita-I. However, other transportation systems,
especially interinsular marine transport and railway have not yet been

improved,

Aside from the economic aspects, there arise soccial problems
from the fact that the pace of social development has lagged very
much behind the growth of GDP, The rate of unemployment in urban
areas was estimated at 4.8% in 1971 while that of rural areas 1.7%.
But these figures seemed not to represent the actual situation
since the statistics were taken for only the registered number of
those secking jobs. TFarthermore, underemployment is considered

to be prevalent.



The above~stated social and economic problems as well as inequitable
distribution of income and regional imbalance in developmen£ have become
the most important problems which are now taken up as the objectives of
the Second Five-Year Plan {Pelita~TI) from 1974 to 1978.

2.2 Basic Policy for Economic Development

Facing these social and economic problems, Pelita-II was prepared
for the years of 1974 ~ 1978. The Plan places primary emphasis on the

following basic policies:

i) +to provide sufficient food and clothing of low price

and hetter quality

ii) to provide housing facilities together with necessary

Tittings
iii) ‘o continue the construction of the infrastructure

iv) to improve national welfare and promote its equitable

distribution
v} +to expend employment opportunity

In quantitative terms, the target of the plan is set at the average
annuel growth rate of real GDP by 7.5 % which is slightly higher than
that of the previous plan (Pelita~I). Real GDP is expected to increase
by 44 % at the end of the Plen.

Under the national policy meniioned sbove, detailed programs of
development are set forth by each economic sector. Main focus of
cconomic development is laid out on the sectors of industry, mining,

power and iransportation besides agriculture.

The target and the expected growth rate of the development in each

sector are set out in the following table.
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Tarpet Composilion of Nalionnl
Produclion by Beonomic Sector (%)

Fiscnl Year Annual Piscal Year

1973/1974 Growth Rate 1978/1979
Agriculture 40,2 {(4.6) 35.6
Mining 9,2 (9.0) 9.9
Manufacturing 9.8 (13.0) 12,5
Construetion 3.7 (9.2) 4.0
Transport 4.1 (10.0) 4.7
Others 33.0 (7.6) 33.3
Gross National 100.0

Although the share of the agricultural sector in GDP indicates

declining tendency, the sector still is the most important sector

l'or the country to attain sell sufficiency in food and is expected

to increase its output at an annual rate of 4.6%.

For the development of the agricultural sector, principal policies

are mapped out as follows:

i) to increase the productivity in agricultural sector

ii) +to achieve self-sufficiency in food by emphasizing rice

production

iii} ‘to increase exports of agricultural products by the production

increase

iv) +to0 reduce unemployment and underemployment now prevailed in

the villages

v) +to achieve balanced growth between agricultural sector and

industrial sector

vi) +to utilize natural resources with necessary measures for

conservation



In order to attain the above targets, introduction of the irri-
gation farming is indispensable in this country where surface water
is quite limited during the critical stage of growing period of dry

SCASON CTOPS.

At the beginning of the Pelita-I, it was contemplated that more
than 60% of the existing irrigation systems would require rehabilita~
tion and improvement works. During Pelita-I, they were partly improved
and are scheduled to be completed by the end of the Pelita~II. In
nddition, the Government of Indonesia goes on further strategic de-—
velopment plans for agricultural development in Pelita-II. The
strategic plans are reclamation of swampy land, prevention of flood
over farm land, exploitation of new water resources and its effective

utilization and construction of multipurpose dams.

Under these principles, detailed policies are worked out par-
ticularly for rice production., In the Plan, it is projected that
the rice production will increase from 14.5 million tons in 1973
to 18.2 million tons in 1978, in which the growth is equivalent to

a compound rate of 4.6% a year.

In the industrial sector, the Government intends to facilitate
the progress attained during Pelita~I by emphasizing labor-intensive
industries. The Government also promotes private investment with
providing such necessary infrastructure as transportation, telecommu-
nication and electric power for the industrial development. To cope
with the increasing demand Tor electricity in industries and home
consumption, the Government plans to develop the power supply capacity
by 1,105 MW and extend transmission line by about 3,700 lkm during the
Plan.

Regarding social developmeni, employment opportunity will be
increased to a extent of absorbing about 96% of the incremental
labour force during the Plan. About 1.2 million, or approximately
a fifth of the above additional employment of 5.5 million, are

expected to be absorbed in the agricultural sector.



CHAPTER III

PRESENT CONDITION.OF THE PROJECT AREA



ITT PRESENT CONDITION OF THE PROJECT AREA
3.1 Geographical Condition
J.l.1 Location and topography

Bengawan Sala basin having about 600 km river length and 16,100 km2
drainage area is situsted in the central part of Java island., The basin
is bounded by high mountain complexes with above 2,000 m peak in the west
and east and low mountain ranges in the north and south running in parallel

to the coastnl line.

The Sala River originates from the southern mountain renge (Gunung
Seribu}, south of Surakerta (Sala), and debouches to Java Sesz near Sura-
baya. At Ngawi town located at the center-of the basin, the Sala River
receives the largest tributary, Kali Madiun which alsc originates {rom
southern mountains and has a drainage area of 3,755 kmz.

The project area is situated in the upper Sala basin of which drai-
nage area is 6,072 km2 at Ngawi. Administratively, it is in ‘the ex-Karesidenan
(Residency) Surakarta including a part of Kabupaten {Regency) Klaten in
the west, Sukocharjo and Wonogiri in the south, and Karanganyar and Sragen
in the east. Kota Madya {Municipality) Surakarta occupies at the center

of the area.

The headwater of the Wonogiri basin is the southern low mountains
(Gunung Kidul) and the southern slope of G. Lawu 3,265 m above MSL.
Near Wonogiri town, regency capital of Kabupaten Wonogiri about 30 km
south of Surakarta, the Sala valley is narrowed by lo; ridges and this
presents a favorable damsite. In the area downstream of the Wonogiri
damsite, the upper Sala plain extends along the Sala River between the
altitude of 80 m to 150 m., Many small tributaries join to the Sala River
from the slope of G, Merapi, a famous volcano in the west boundary and

G. Lawu in the east.
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3.1.2 Climate

Locuted between 7° und 8° of south latitude, the project area has
tropical mensoon climate, commanded by two distinet secasons, the wet and
dry seasons. From December to May, eastward wind of wet monsoon brings
a considerable amount of rain, while from June to November, the westward

wind brings dry climate.

Average wind velocity ranges from 3.6 lm/hr to 10,5 km/hr, relatively
stronger in the dry season. Duration of sunshine is 68.7% and 38.6% on

an average in the dry and wet seasons respectively. {(Refexr to Appendix 2).

Average temperature is ﬁsually ranging between 3300 at the maximum
and 23°C at the minimum. Seasonal fluctuation is only about 2°C but
daily fluctuation shows a wide range of about 8° - 10° €. Relative humi-
dity drops below 50% in the mid dry season {August and September) and
reaches to the maximum, nearly 100% in the mid rainy season (Februery
and March),Monthly average is, however, ranging from 60% to 80%. ({Refer
to Appendix 2}.

There exist 199 rain gauges including 10 eautomatic rain recorders
in the upper Sala basin. The location is presented in Appendix 3.
Average annual rainfall in the project area amounts to about 2,190 mm
during the past 24 years; about 1,600 mm in the driest year and about
2,870 mm in the wettest year, Nearly 80% of the annual amount falls in
6 months of the wet season, usually from mid November to mid May. Average

monthly rainfall in the project area is shown in Appendix 4.

Distribution of rain is generally erratic with heavy storm occur—
ring only in the limited narrovw area. The duration is also usuvally

short, not lasting more than 15 hours.

No long—term records concerning evaporation are afailable in the
project area, except the record at FPabelan {Surakarts) observed since
1972. Based on the deta at Pabelan and the records of other obser-
vation points in and outside the Sala River basin, average evafcration

is presumed ‘o be about 1,100 mm annually or 3.0 mm daily.
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3.1.3 Geology

The Sula River rises in Tertiary mountainous ranges which extend
along the southern const of Juve and runs northward veceiving Keli
Alang, Kali Gares and Kali Keduwan before it crosses low ridge of
Tertiary formation formed by G. Gadjah Mungkur and G. Dongok near

the proposed dam site.

The aren surrounded by these ridges is of alluvial formation.
The base rock in the basin consists of mainly shale, sandstone, bedded
limestone etc., which are supposedly originated by marine sedimentation

and hold unbedded coarse volcanic agglomerate between them,

The ridge near the demsite is also formed by marine sedimentation
of volcanic rock consisting of marly tuff, sandy-tuff, tuff breccia and

lapili-tuff which belong to upper Miocene.

Quarternary pyroclastic deposite which are seemingly originated
from G, Lawu covers the Tertiary on the right bank area of the damsite.
Left bank of the damsite mainly consists of tuff-breccia gradually
changing into tuff dominant formation in the part near the surface,

Several joints and faults run with strike of NW-SE in this area.

3.1.4 Run-off, sediment and flood

River gauging has been carried out since 1965 at Juranggempal

(Wonogiri) and Jurug (Surakarta) on the main Sala River.

Before 1965, only gauge records at Karangnongko station located just
downstream of the confluence with XK, Madiun are available. Correlation
of river run-off between Juranggempal and Korangnongko was studied in
the previous studyél. Run-off estimated by this correlation study and

observed monthly discharge at Juranggempal are shown in Appendix 5.

Average annual run-off at the Wonigiri damsite is estimated at
about 924 million m3 or 29.3 mB/sec in yearly mean; 12.7 m3/sec in

the driest year and 51.3 m3/sec in the wettest year.

él Master Plan of the Sala River Basin Development, Supporting
Report, PART - 1, OTCA Survey Team, 1972, pp 30
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In the project area, no consistent observation of the sediment
load has been conducted yet. Available data are limited to those col-
lected during the previous studyﬁl. The previous study gives the annual

mean suspended load as shown below.

Juranggempal Winongo Karangnongko
(Wonogiri) {Madiun) {Lower Salna)
Annual volume of 0.50 2.58 15.82
suspendgdjloud
(10%m

Catghment area . 1,350 2,345 10,007
(km™) '
Speeific volume of 370 1,100 1,582
suspended load
(3 /km?)

In the project area, there are several irrigation reservoirs const-
ructed about 30 to 60 years ago for which the reservoir sediment data
are available. According to the data from these aged reservoirs, annual
sediment rate is estimated at about 800 ma/}—:m2 on an average. (See

Appendix 6).

Based on the above data, the suspended sediment load for the Wonogiri
basin is estimated at about 1,020 m3/km2/yenr. Assuming a 15 % increase
for bed load, annual average sediment load at the Wonogiri domsite is

determined at 1,170 m°/kn®.

With respect to flood, the project area has been suffered from flood
inmundation at a frequency of 2.5 times a year. At the flood occurred in
March 1966, the maximum recorded flood in recent decade, average flood-
ing depth in the inundation area marked 2.5 m in Surakarta and Sragen

districts and the inundation lasted for ahbout one week.

/1 TIbid, pp 65 - 76.
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Fig. IIT-1 shows innundation area recorded during major flood
events in the past. The maximum inundation area totals to 33,000 hea,
equivalent to about 5,4 ¢ of the tolal arca of the upper Snla basin of
610,700 ha, of which 3,700 ha is in Wonogiri area, 19,500 ha in Surakaria
and 9,700 ha in Sragen area respectively. As far as Surakarta city is
concerned, the inundation occurs when the river discharge exceeds 2,000
mjfsec. For small floods, the area is protected by the existing flood
dyke,

Since the flood-affected area is so densely-populated and highly
developed productive farmland,: the population in the inundation area
ammount to about 462,000 and the damages on houses and properties
as well as farm crops are considerably heavy., The number of population
and houses and the area of the land in the flood-affected area are summa-

rized for eamch flood scale in Table III-1.
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Table [1I-1 Population, House end Land in the Inundation
Area of BEvery Flood Scale

(Surskarta Area) (Unit: ha)
Discharge at Sur?:%;:gc) 500 1,000 1,500 2,000 2,500
inundation area 2,900 10,000 15,500 20,200 23,200
Farm land 2,400 8,100 12,400 15,600 18,100
Yard 500 1,900 3,100 4,600 5,100
Others - - - - -
Population 38,500 133,000 218,000 375,000 412,000
Nos of house 7,800 26,800 44,900 75,800 84,200

(Sragen Avea)

Inundation area 3,800 6,900 8,400 9,700 10,900
Farm land 3,000 " 5,400 6,600 7,600 3,500
Yard 800 1,500 1,800 2,100 2,400
Others - - - - -

Population 31,800 57,700 70,200 81,600 91,800
Nos. of house 6,900 13,100 16,400 19,300 21,800

-3.1.5 Soil and land capability

Most popular scil groups found in the project area are alluvial
grumsel and mediteranean seil. Alluvial is predominant in the low
land extending along the main Sala River. Grumsol cccupies near the
fool of the mountains, Mediteranean soil covers the area at higher
altitude above grumsol area and the upper reach of the projeet area
is partly covered by regosol. Most lands covered with these soils
appear to be suitable f'or paddy cultivation. The soil map of the

project area is presented in PFig.ITI-2.



Fig. M-2 SOIL MAP OF THE IRRIGABLE AREA
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3.2 BSocio-Economiec Setting
3.2.1 Demogrephy

The total population of Kabupatens related to the project is about
3.5 million within the area of 4,420 km2 excluding the population o '
Surakarte city, 414,000, which is an administrative, economic and cultural

center of the project area.

Annusl growth rate of population in the past decade, 1961 to 1971,
indicates 2.5 % in Kabupaten Sragen, 3.5 % in Kabupaten Sukoharjo end
0.87 % in Kebupaten Wonogiri. Population increase in the former two
regencies is mainly due to the expansion of urban area of Surakarts city
toward the adjacent regions, while less increanse in the latter regency
is owing ﬂo the increese of emigrant to other regions because of limited

land resources available in this region.

Urbanization in the outskirt of Surakerta city greatly affects on
the population increase in Kebupaten Sukoharjo, where urban population
increase marked e higher rate of 7.3 % annually in the past decade com-

pared with 2.0 % in Surakarts and 2.5 % in Kabupaten Sragen.

Although urbanization is progressing, more then 60 % of the popula-—
tion in the project area still depend their livings upon crop farming, and
the residuels are involved in rather minor sectors such as cottage industry,
transportation and services, As shown in the population structure, the
economy of the project area mostly depends on agricultural production
and economic activity in other sectors is quite limited.

|
Family size in the project area is 4.8 persons in 1971 which showed

a slight increase from 4.6 persons in 1961.

3.2.2 Agricultural economy
Land use

Most lowland (Sawsh) extending along the Sela River is utilized
for crop farming, especially for rice and sugar cane, Even in hilly
area situated at the altitude above 200 m up to 1,000 m, the land hes

been extensively opened for crop cultivetion. Irrigated farming by
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using water available from the tributaries has becn practised since

loug past,

Present land use in the regencies related to the project area is
given in Table ITI-2,

Table I1I-2 Present Land Use

Item Wonogiri  Sukoharjo Sragen K. Anyar Klaten
Paddy field (ha) 39,181 23,070 41,653 25,552 35,644
{Sawah) (%) 23,1 50.5 46,0 35.8 54.8
Upland (ha.) 57,406 8,288 22,139 18,502 7,514
(Tegal) (%) 33.9 18.1 24,5 25.9. 11.6
Yard {(ha) 47,274 8,042 20,175 14,451 16,956

(%) 27.9 17.6 22,3 20.2 26.1
Estate (ha) - 470 - - -

(%) - 1.0 - - -
Forest (ha) 18,399 394 - 9,008 1,175

(%) 10.9 0.9 - - 12.6 1.8
Others {ha) 7,094 5,456 6,489 3,944 3,742
‘ (%) 4,2 11.9 7.2 5.5 5.7
Total (ha) 169,354 45,720 90,456 71,457 65,031

(%) 100 100 100 100 100

Farm size and land tenure

Average farm size in the area ig astimated et 0.72 ha which is average
holding in the entire Java but is smaller compared with 1.10 ha in Madium
basin and 1,49 ha. in the lower Sala basin.

The average holding per farmer is comprised of sawash of 0.46 ha,
vard of 0.15 ha, tegal of 0.06 ha and others of 0.05 ha.

According to the data collected during the survey, about 90 % of
the land is classified as farmer's land and the remaining 10 % as the
land of village offices. Among the farmer's land,; abbut 60 % is owned
fully by farmers and the remaining 40 % partly owned by fermers and land-

lords.
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Cropping pattern

Present crop farming in the project area is rether intensive and

the cropping calender is established on the basis of the rainfall pattern.

At present, most of the sawah area is being utilized for paddy culti-
vation, and rotative cultivation of paddy, sugar cene and polowijo is
practiced in partial areas. The tegal area is utilized mainly for polowijo
eultivation. Mixed culture of paddy and polowijo is still prevailing on
sawah not only in the dry season but also in the wet season due to water

shortage and scarcity of tegal.

Typical cropping pattern at present in the project area is estimated

on the basis of agronomic study and presented in Fig.III-3.

Irrigation facilities

Irrigation system had been well developed in the project area..
But the system is deteriorated due to the lack of mainpenance, which
causes ithe drop of irrigation efficiency. During the Pelita-I, reha-
bilitation of those irrigation systems were carried out and still con-

tinued in the Pelita-II.

Out of the total ares in the upper Sale, more than 70 % is being
irrigated technically or non-technically while about 20 % is left as
rainfed area. The irrigated areas are supplied with water by 6 irri-
gation reservoirs, 42 diversion weirs on tributaries, 28 pumps and 2
5prings.—l Weter available in the dry season, however, can barely ir-

rigate the area of 40 % of the existing irrigation area.

Water distribution of the existing irrigation system is managed
mainly by local irrigation office and very small parts by villages. Daily
operation is usually entrusted to the operators selected from villagers.
Recently the water management has been improved along with the extension
of "Dharma Tirta". Most of the maintenance work is carried out by the
Gotong Royong system (mutual cooperation) among the villagers with fi-

nancial support from the lecal government.

/1 Details of the present irrigation system are studied in the: Annex 11,
Study Report (2).
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With vespect to the drainage facilities, existing tributaries and
channols in the area ect as drainage facilities when the river water
level is low., But in the high flow season, the area is often suffered
from inundation due to the backwater of the river., On farms, a certain

number of drains exist, of which density is about 10 m/ha.

Existing farm roads have a width of about 2 m on an average. The
network density of the road is estimated to be about 20 m/ha. The roads

are in very poor condition, especially during the rainy season,

Crop yield

Unit crop yield of major agricultural commodities at present is
shown in the following table. The yield is estimated on the basis of
the data collected at agricultural offices of Kecamatan in the project

area and year book of Central Java.

Table III-3 Unit Crop Yield at Present

Kind of crops Unit yield (t/ha)
Padd;Zl

Dry sesson 3.3

Wet season 3.4

Upland 1.8
Maize 0.5
Cassava 3.3
Peanuts 0.5
Soybean 0.4
Tobaccoﬁg 0.4
Suger cane 85.0

Note 1 Dry stalk paddy
2  Dry leaf

Livestoek production

Livestoclk breeding itself is not a main line in the agricultural
activity in the project area, but plays an important role in view of

supplying animal power and protein food. Average holding of large
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size livestock such as cattle and buffalo is less than one head per

family, while s#ix small fowls arc held by & farm et present.

The totel number of livestock in the project area iS‘PresentEd by
each kind in Table II1I1-4.

Table IITI-4 Number of Livestock held in the Project Aree

Kind of Livestock ‘Total Nos. (head)
Cattle 16,700
Buffalo 12,100
Sheep ' 9,900
Goat 18,900
Pig 3,300
Fowl 269,400
Totel 330,300

Data Source: Agricultural Offices in Kecamatan.

There are two problems concerning livestock breeding in the area.
One is the shortage of fodder, because this area is the most densely
populated area and the fodder cultivetion area is so limited. The
other is the requirement of animel power for farm works which is a

contradictory condition to the increased demand for livestock products.

Marketing

In general, dry stalk peddy is collected at BUUD (Badan Usaha Unit
Desa), milled into rice and sold to the market., Rice for the govern-
men{ stock is purchased by BULOG. Some part of rice is sold to middle-
man and then sold to consumers through wholesaler and retailer.ll The
price of rice purchased by the government is contrelled at a stable
price, while various prices are prevailing in the local market depend-

ing on location and season.

1 The market flow of rice is illustrated in Pig.IV-5 of the Annex II
g
Study Report (2).
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For erops other than rice, no price control exists and the prices
are determined in the market. However, cash crops such as tobacco,
sugar cane, are cultivated under the contract with PNP and their prices

are relatively stable.Zl

Agricultural institution

Since the beginning of 1973, new organizetion called BUUD has been
formed with the government supports. Main objectives are providing
services for agricultural extension, credit supply, distribution of

the agricultural necessities and processing and marketing.

At preéent, BUUD can not provide sufficient services for farmers
because the organization is now fully occupied in the quality control,

milling and transporting of rice.

In future, BUDD's activities will be taken over by KUD (Koperasi
Unit Desa). KUD will become a multipurpose cooperative nation wide

organizetion, and all the egricultural sctivities will be operated by
KUD.

Exiension service is provided through a systematic structure from
the Ministry of Agriculture to desa: 2 Extension service is conducted
for some specified crops under close cooperation of the extension workers
and techniecal workers. Present cepacity of the extension service is
about 700 to 800 ha per extension worker, BSeed multiplication system
of paddy rice is also established, under the control of the Central
Agricultural Institute of Bogor. The improved seed is distributed’

to villagers through the established channel.

/1 The market flow of other crops then rice is illustrated in Fig.
IV-6 in the Ammex (II), Study Report (2).

I

/2 Refer to Figs. IV=T to IV-9 in the Annex II, Study Report (2).
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3.2,1 Social infrastructure

Electric power supply

Present power supply system in Central Javae is comprised of two
main grids, the Tuntang grid and Ketenger grid. Overall interconnec-—

tion between those grids is not yet realized.

At present, power is supplied mainly by PLN partly supplemented by
privately~owned plants. The instelled capacity of PLN's power supply

system is shown in the following table.

Table IIT~5  Installed Capacity in Central Java (lW).

Power Gas
station Hydro turbine Diesel Total
(1) Tuntang Jelog 20,480
grid Timo 12,000
Semarang . 34,000
Kalisari 6,020
Kudus 1,120
Purwosari 2,200
Wirobrajan 4,060
Sub-total 32,480 34,000 13,400 79,880
(2) Kotenger Ketenger 7,040
grid Pekalengan 1,380
Tegal 6,296
Cilacap 4,696
Sub-total 7,040 0 12,372 19,412
(3) Isolated 2 ~ Hydro 380
stabion 1, _ piegel 10,346.2
Sub-total 380 0 10,346.2  10,726.2

Total 39,900 34,000 36,118.2 110,018.2




As shown in the table, the total installed capacity of 110,018.2 kW
is now provided by PLN in Central Java. In addition, privately owned
capacity is estimated at 102,133 kW.

The maximum pesk demand during the past three years (1972 to 1974)
was 63,300 kW for the Tuntang system end 10,700 kW for Ketenger system,
Sold energy was 239,708,330 k¥h in 1974, which was about 73 % of the
generated energy of 328,031,051 kWh.

Electric power consumption in Central Java is now limited to the
urban area. Per—capita consumption in 1974 is estimated at 287 kWh
against the urben population of 832,000. However, potential demand
for electricity in the area is considered to be substantial from the

waiting consumer list.

The project area is partly covered by the Tuntang grid, in which
installed capacity was only 79,880 kW and its peak load was barely
63,300 kW in 1974 far less to meet the peak demand of the present

service area.

Surakerta area is covered by Tuntang grid but other principal urban
centers in the project area such as Wonogiri, Sukoharjo and Sragen are
electrified by isolated small diesel plants. Most of the industrial
firms in the project area are equipped with private power supply sources

because of unstable supply from the grid..

Transportation and communication

Transportation service in the project area is provided by means of
road, railway, and eirplane. At present, roads play the most important
role for both passenger transport and goods transport. Paved national
roads have well been developed and connect major cities and importent
rural areas. Provincial and Kebupaten roads, mostly paved, compose

sub-networks to connect production areas with the market,

With respect to other modes of transport in the area, south trunk
line of national railway connecting Jakarte and Surabaye passes throuéh

the project area, while a local line goes to Wonogiri from Surakarta,
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Netional carrier, Garuda Indonesia Airway, operestes daily services

between Jakarta and Surakarta.

Telecommunication service is provided by the public corporation of
telecommunication, which connects major towns by wire cable system. In

eddition to this, microwave network is in service.

Water supply

Municipel and industrisl water in Surakarte city is now supplied
from.Cokroturung spring which is located on the skirt of Mount Merapi.
The quality of the weter is quite good. But the present service area
is very limited and the supply is often interrupted because of the de-

terioration of the system.

Under this situation, the extension plen for water supply to the
city area was prepared as an emergency plan in addition to the improvement
work for them. According to the plan, available groundwater will meet
the demand up to 1980 - 1985 and thereafter, water supply from the Sala

River will have to be considered.
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IV. PROJECT FORMULATION
4.1 General

This chapter aims to formulate the most optimum scale of the
Wonogiri Multipurpose Dam Project and to estimate anticipated benefits

in future with the project.

Firstly, the development scale of the project is defined through
several comparative studies. The study includes economic comparison
of elternative schemes of irrigation and power development and com-
parative study on flood control plans., Based on the results of these

studies, the major features of the project work are determined.

Further to the above studies, another comparative studies are
conducted to find the optimum plan of the project work in each sector.
In irrigation sector, several aliernative plans are studied to find
the most appropriate system of irrigation facilities, while a com-
parative study for the determination of power development scale is

made in the powar sector,

Finally, the benefits from the project for each sector such as
irrigation, power generation and flood control with the proposed scale

of the project are estimated.

4.2 Development Scale of Wonogiri Dam and Reservoir
4,2.1 Preliminary considerations

In view of the present situation of the project area and the needs
for the developpént as stated in the preceding chapters, the Wonogiri
muliipurpose dam project has been formulated for the purposes of

irrigation water supply, power generation and flood control.

The Wonogiri project commands a large irrigable area of approxi-
mately 32,000 ha. Both the Master Plan and the preliminary sludy under
the present investigation have revealed that irrigation development
would bring forth the largest benefit among other development schemes.

In this regard, the irrigation scheme is deemed to be the prinecipal
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development program in formulating this project.

As has been revealed in this study and also suggested in the
Master Plan, power generation scheme appears to be cestly as compared
with the benefit therefrom. With this in view, power generation is
planned within the scope of the irrigation development, that is, the
scale of reservoir will be determined on the basis of irrigation
requirement and no specific storage for power generation will be pro-
vided in the reservoir. Power generation will be made By using water
stored for irrigation requirement as well as the surplus water available
during the flood season., A study on power development is, therefore,
to select the most appropriate écale of power facilities under the
proposed reservoir operation rule established for irrigation water

supply.

The purpose of flood control works is to reduce flood demages in
the reaches downstream from the damsite. Since it appears that the
most favourable flood control work on the Sala river can be realized
by the combination of levee construction and flow reguiation by dam,
the main objective of the flood control study is to select the scale

of levee and dam construction works.

4,2.2 Irrigetion development plan

Avpilable water resources

It is recommended in the Master Plan to expleit the Wonogiri
reservoir to its maximum extent within the 1limit of the available water
resources, In this regard, estimation of the maximum availability of
water resources is firstly conducted before formulating eny alternative

development scale of the project,

In the previous study, development of seweral irrigation dama
was re@ommendeduinﬁthgiupstheam area of the basin, _ .Actually, the
government has hadélﬁ plan of building nine dems in the basin, of which
one has slready been constructed and two others are under construction
or design, It is pregumed thal the development plan will ultimately

cover a total drainage area as large as 247 kmz. Water resource study
2

1

was therefore carried out on the assumption that 18% (247 lm2/1,350 km
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total drainnge area of the Wonogiri basin) of the dry season run—off
would be consumed in the upstream irrigation projects and the remaining

82% available for the Wonogiri reservoir.

Based on the above run-off data, a study was conducted to find the
maximum scale of irrigation development scheme within the limit of

available water resources.

The Master Plan contemplates that the maximum water resources
exploitable should be less than 90%, at the most, of the total run—off
during such a droughty period as actually recorded in successive 5 years
from 1960/61 to 1964/65. This assumption was made to ensure the reliable
supply of irrigation water even during such a long droughty period.

The above principle is alsc adopted in this study,

Average diversion requirement for a period of 5 years from 1960/61
to 1964/65 is worked out for three tentative development plans. They

are compared with the river run-off data as presented below.

Alternative Diversion Rate of water
development Irrigation River requirement regource '
plen area run—off (Consumption) exploitation
(a) (B) (B/C)

Case I 26,000 hae 17.9 m3/sec. 17.4 m3/sec. 97%

Case IT 23,600 ha l 15.9 m>/sec. 89 & 90%

Conse ITI 20,000 ha " 13.5 m/sec. 75%

Note: (1) Reservoir inflow and diversion requirement

represent the average of 1960/61-1964/65 data.

(2) Diversion requirement ineludes net irrigation
requirement, loss of irrigation water in Colo intake
pondage and release of minimum river discharge during

dry season,
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The nbove table indicates that the development plan of Case II
can be implemented within the assumed limit of available water
resources {90% of total river run-off during a typical droughty period).
It is assumned that the maximum irrigation development of this project

will be arpund 23,600 ha in irrigation area.

Alternative development plans

Within the limit of available water rescurces, alternative develop-
ment plans were formulated to select the most appropriate scale of
irrigation development scheme.  In order to evaluate the project works
in the framework of a multipurpose scheme, flood control and power
generation schemes were also taken into account in the comparative
study. Recommended scale of power installation in each alternative
plan was determined through preliminary reservoir operation study.

Fiood control capacity of the reservoir is tentatively assumed as 220

million m3 in this comparative study,

Three alternative plans were formulated for comparative study as
shown in Table IV-1, Plan A is the maximum irrigation development plan
and two other plans are smaller development schemes with reduced irriga-

tion area.

Construction cost together with operation and maintenance cost are
estimated as well as the expected benefit. On the basis of the cost
and benefit, economic comparison of three alternatives is made by means

of the present worth method.

Table IV-=1 Alternative Development Plans

Ttem Plan A Plan B Plan C

Plan of devel opment

Irrigation area (ha) 23,600 15,600 8,500
Power installation (kW) 10, 200 11,400 7,700
Annual power energy (MWh) 28,200 28,400 23,200

- outflow from reserveoir 400 400 400



Principal lfeatures of work

Reservoir storage (th m3)
- Sediment _
- Irrigation & Power

- Flood control

Reservoir stage (m)

- L.¥W.L.

- N.H.V¥.L.

-~ SHFD Surcharge W.L.
Extra F,W.L.

Dam
- Crest EL (m)
- Max. dem height (m)
— Embenkment volume (103m3

Spillway

-~ Controlled outflow
during SHFD (m~/sec)

~ Max., discharge capacity
(m3/sec)

Construction cost (lojUSS)

~ Dam and reservoir

~ Power and transmission
line

Irrigation

- River improvement

TOTATL

Annual benefit (103US$L

~ Irrigation
- Power generation
— Floed contrel

- Negative benefit
TOTAL

Economic¢ Evaluation

~ Net present worth
{Discount rate at 10%)
(10> US$)

120
440
220

127.0
136,0
138.2
138.9

141,6
37.5
1,800

400

1,550

43,400

11,700
33,100
18,270

106,470

13,620
1,350
5,810
- 820

19,960

30,155

120
310
220

127.0
134.1
136.6
137.5

140.2
36.1
1,600

400

1,550

42,300

13,400
22,620
18,270

96,590

9,000
1,500
5,810
~ 740

15,570

18,361

120
190
220

127.0
132.0
134.9
135.9

138.6
34.5
1,420

400

1,550

38,100

10,700
13,180
18,270

80, 250

4,900
1,100
5,810
- 660

11,150

10,551

a3l
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As indicated in the above table, Plan A is the mosgt favourable
development scale among the;plans. Accordingly, it is recommended
that the project will be formulated:with the development scalérps: ...
proposed in Plan A. Active storage capacity of.the reservoir for

irrigation water supply will be 440 million m3,

Furiher details of the economic comparison is described in

Appendix 7.

4,2.3 Flood control capacity of reservoir

In the present condition, flooding of the Sala River occurs at
the frequency of 2.5 times a year on an aversge. Very flat topography
in the ripariean area and small flow capacity of the existing river
channel result in inundation of large areas., Very gentle gradient of
the river makes it difficult to prevent flooding of the Sala River by
means of river improvemeni alone within appropriate economic limit.

In this regard, flood regulation by the reservoir is required for

formulating the flood control plan.

Design flood assumed in the flood control study is SHFD (Standard
Highest Flood Discharge) having a peak discharge of 4,000 m3/sec at
the damsile, which is the recorded maximum flood in the recent decade
corresponding to a flood event of 60-year recurrence probability at

the damsite and 40-year at Surakarte respectively.

To select the most appropriate system of flood control works,
the Tlood control capacity of the Wonogiri reservoir is examined by

the economic comparison of the following alternative plans.

Plan T Yonogiri dam controls the £lood outflow to 400 m>/sec.
Plan I1 Wonogiri dam controls the flood outflow to 700 m3/sec.
Plan III Wonogiri dem controls the floed outflow to 1,000 mB/sec.

For determining the scale of the river improvement work in the
downstream reaches, design flood discharge at Surakarta and Ngawi
after the completion of the Wonogiri dem is estimated for respective

cases as follows;
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{Unit: mj/sec.)

Ttem ' Damsite Surakarta Ngawi
(Wonogiri)

Before regulation
by reservoir: 4,000 5,300 4,900

After regulation
by reservoir:

Plan I 400 2,000 2,830
Plan II 700 2,300 3,130
Plan 111 1,000 2,600 3,430

Based on the above design discharges, preliminary design of
river improvement work is worked out and required construction cost
are estimated for three alternative plans. Construction cost of the

Wonogiri dam is also estimated for three alternatives as presented in
Table IV-2,

Through the cost comparison of the alternatives, Plan I is
selected as the most preferable plan and the required reservoir storage

for fiood control is determined to be 220 million m3.

Table IV-2 Cost. Comparison of Allernative
Flood Control Plans {Unit: Us$)
Plan I Piun Il Plan TII
River improvement 18.3 x 10° 20.0 x 10° 22,4 x 10%
Wonogiri dam 43.4 x 106 43.2 x 106 43.0 x 106
Total cost | 61.7 x 106 63.2 x 106 65.4 x 106

Further details of the above comparison are described in Appendix 8.
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4.2.4 Proposed scale of Wonogiri reservoir

Reservoir capacity

The scale of the project development has been defined through
the studies made in the preceding sections. According to the result of
the studies, the recommended scale of the irrigation development is to
irrigate an area of about 23,600 ha. For supplying sufficient irriga-
tion water to the area, the Wonogiri reservoir will have an active

storage capacity of 440 million m3.

The above active storage capacity was determined by water budget
calculation and probability an&lysis of the stormge requirement., The

selected capacity, 400 million m3, will consist of:

—~ Storege for net irrigation requirement: 400 x 106 m3

6
~ Loss of irrigation water in Colo pondage: Abt. 10 x 10 m3

- Storage for release of minimum river discharge to downstream
3

reaches (2 ma/sec during the dry season}: Abt. 30 x 106 m
The mbove storage capacity will be sufficient for supplying the
required irrigation water to an area of 23,600 ha at a dependability
of 90%. The details. ofwater-balence ocaldulation are included in
Annex 1, Study Report: (%)=

With providing an additional storage capacity of 220 million m3
for the reservoir, most of floods less than 4,000 m3/sec in peak
discharge will be regulated in the reservoir and the outflow from the
reservoir controlled to 400 m3/sec. At Surakarta, peak flood flow of
5,300 m2/sec will be decreased to 2,000 m>/sec.

Power devel opment

Although the proposed reservoir has no storage space for specific
uge of power generation as deseribed hereinbefore, the reservoir water
stored for irrigation use will be utilized for power generation by
harmessing water head created by the dam, Ingtalled capacity of the
proposed power facilities will be 10,200 k¥, which is determined from

the reservoir operation study. Details of the power development study
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are included in Section 4.3 of this chapter,

Topographic and regionnl conditions

Topography of the proposed damsite necessilates to provide long
sub~dam embankment on the right bank besides the main dam, if the

reservoir water level is raised to an elevation around 140 m,

In the proposed reservoir area, there are several densely-populated
towns, which form local economic centers in the area: +1he important
are Baturetno, Wurjantoro and Nguntoronadi. They are located at an
elevation of between 140 m and 150 m, Moreover, relatively well conso-

lidated farm land is found at %hESe elevations,

If the reservoir submerges +these local economic centers, larm
land, and the regional community in the upstream basin will be devasteted.
To save the local community to be sacrificed by the realization of pro-
ject, it is desirable to set the submerged level below an elevation of

140 m al the highesv.

The maximum water level of the proposed reservoir is an elevation
of 138.9 m at the occurrenceraf..extire ordinary flood, for which:land will
be acquired for areas below ah:elevation- of.140rms These water level and
land acquisition-condittons will meet the requirement of the topographic
and regionslicenditions stated above. In this:respect, proposed scale of

the reservoir appears to be appropriate,

4.2.5 Negative benefit in reservoir aren

Upon completion of the dam and reservoir, approximately 9,700 ha
of land will be submerged. Out of the total submerged area, about

7,200 ha is the cultivated land where paddy and polowijo are planted.

Once the dam is constructed and the ares submerged, no agricultural
production is expected in the area. Therefore, the value of the products

thus lost is accounted as negative benefit of the project.

In order to estimate the negetive benefit, cropping areas for each
crop and their unit yield are estimated by applying the same method used

in the estimate of irrigation benefit.
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The annual negative benefit is evaluated al Rp, 340 million

(nbout USSK20,000) as presented in Table IV-3,

-
Table [V-3 Negative Benefit in the Submerged Area
C . Unit )
Ttem Aiim(’iﬁ“)‘ Benef it Total Benefit
7 " (Rp/ha) {Rp.)
Puddy‘—l-
Dry Season 430 65,200 28,036,000
Wet Season 3,890 70,100 262,689,000
Upland 570 6,000 3,420, 000
{Sub-1iotal) {4,890) (304,145,000)
Maize 1,780 100 178,000
Cassava 2,840 10,800 30,672,000
Peanuts 360 12,000 4,320,000
Soybean 1,070 1,500 1,605,000
Total 10,940 . 340,920,000
Note: /1 Dry stalk paday (=Us$820,000.00)

4.3 Hydro-Electrie Power
4.3.1 Demand forecast and future development plan

Peak load in the existing Tuntang system was recorded at 63,300 k¥
in 1974. Low electrification rate at present in the area, especially
in rural areas as well as the isolated urban areas, suggests that the
demand potential for electric power is large and will grow as the
regiocnnl economic development progresses. Since growing demand is
suppressed by the limit of present supply caepacity, extension of the
capacity will surely bring forth a leaping increase in demand further

even within the existing system,

To cope with the expected growth of power demand, development
program of the power supply in Central Java, both generating capacity
and transmission system, is now envisaged by PLN, the summary of which
is presented in Table IV-4 and IV-5.
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Table IV-4 Development Program of Generating Capacity
in Central Java
. ; , . Totﬁl supply
Station Capacity Combustion capacity
Present installation 110,018 Kw
1975 Yogyakarta 2.15 MW x Diesel 116,468 KW
1976 Purwosari 0.25 MW x Diesel
Tegal 2.50 MW x Diesel 121,968 KW
1977 Semarang 50 MW x 2 Steam
20 MW x 2 Gasturbine
Cilacap 18 MW x 2 Gasturbine 297,968 KW
Table IV-5 Development Program of Transmission Line

Faciliddies in Central Java’

Section Voltage Length N?. 0? Yenr‘in
(kV) {lm) Circuit Service
Under construction
Semarang East-Jatingaleh 150 8.0 1 1975
Jatingaleh-Semarang West 150 8.0 1 1975
Semarang East - H, Jelog 150 28.0 1 1975
Jelog —~ Surakarta 150 57.0 1 1975
Cilaeap - Purwokertio 150 47.0 2 1976
Purwokertc - Tegal 150 120.0 2 1976
Tegal - Pekalongan 150 57.0 2 1976
Tegnl — Cirebon 150 - 2 1976
Planning
Semarang East-Jatingaleh 150 8.0 1 1977
Jatingaleh-Semarang West 150 3.0 1 1977
Semarang East - Jelog 150 28.0 1 1977
Jelog — Magelang 150 40.0 1 1977
Magelang - Jogyekarta 150 40,0 1 1977
Jogyakarta ~ Surakarta 150 63.0 1 1977
Semarang West-Pekalongan 150 75.0 1 1977
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4.3.2 Power potontial in Lhe rogion

In Central Java, large potential of hydro slectric power is not
oxpected. DPotentinl of more than 100 MW is only reserved in K, Serayu
basin. 'The Sala River and other major rivers in the Central Java
flow generally in very flat plain area. Sites suitable for hydro-
pover generation are therefore very scarce along the river and only

small capacity of several megawatts is expected.

According to the Master Plan of Sala River Development, there are
four potential sites for hydropower generation in the basgin, exploitable
by the multipurpose dam schemes., The expected output and annual energy

of these schemes are shown in the table below.

Table IV-6 Power Potential of the Sals River
Power
Scheme Output Annual energy

{kW) ~ (MWh)

Wonogiri dam 10,200 28,200
Badegan dam 6,000 18,800
Bendo dam 3,500 10,000
Jipang dam 18,000 70,800
Totel 37,700 127,800

Note: Figures other than for Wonogiri are extracted
from the Master Plan Report.

4.3.3 Proposed development plan

Since hydropower is the most economical means to meet peaking load
for relatively short duration, it is desirable to design the hydropower
station to bear peak power supply as much as possible in such area having
smnll hydropower potential as Central Java. In this connection, the
proposed Wonogiri power station is assumed io teke a part of peaking

power supply and further to provide some off peak power if available.
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An glternative plﬁn of the power development scheme is to exploit
the Wonogiri power station as a base-load plant supplying power io an f
isclated area around Wonogiri distriet. However, it was abondoned in
view of less economy of the plan and low dependability of power supply

due to the particular condition of water utilization as explained below,

As no specific storage for poweér generation is provided in the
Wonogiri reservoeir, the available discharge for power generation has
to be subordinate to the ouiflow for irrigation use. Owing te this
operation rule, discharge for power generation varies seasonally in
wide range and effective head also fluctuates due to the large fluctua-
tion of reservoir water level. Accordingly, the seasonal fluctuation
of power output is unaveidable, which will result in the drop of depend-

able power capacity.

Under the above conditions of water utilization, four alternative
plans for power installation were formulated to select the most
appropriate scale of power development of the projeet, Table 1V-7 shows

the mlternative plans studied.

Table IV-7 Miernative Power Development. Plans
tem Plant design discharge (m3/sec)
' 44 52 60 68
Plan-a Plan-b Plan-c Plan-d
Installed capacity (kW) 7,600 8,900 10,200 11,600
85% dependable A
pealt power (kW) 5,400 6,200 6,910 7,500
Annual energxég
outpul {MWh) 28,400 28,300 28,200 28,000
Construction cost L
(103 US$) 12,165 12,928 13,548 14,872
Const. cost per KW of
dependable peak power 2,253 2,085 1,961 1,983
(USE /kW)

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

/2 Plant factor is assumed at 80%.

/3 Cost includes generating equipment, transmitting
facilities, and specific items of civil works such
as waterway, power house.

..
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Taking into consideration that the total annual energy output is
nlmost the same for all the alternative plans, the comparison was made
on the basis of the consiruction cosl per kW of 85% dependﬁble peak
capacity. The result of the comparison shows that the construction

cost is minimized in Plan-c.

The power development scale of the project is therefore selected
at 10,200 k¥ in installed capacity with yearly energy production of
28,200 MWh,

4,3.4 Power benefit

Benefit from hydropower is estimated based on the cost of tihe
competitive alternative thermal or diesel system. In this case, the
least costly nlternative is assumed to be oil-fired thermal plant
having 50 MW in installed capacity. On the basis of this assumption,
the capacily value and the energy value of the power output are esti-

mated as follows:

Capacity value (kW value)

From the recent cost data of the thermal power project, it is
estimated that the unit construction cost per kW of the instailed
capacity is US$770. Using this figure and assuming an interest rate
of 12%, the capacity value of the alternative thermal power is
calculated at US$111/kVW.

The capacity value of the Wonogiri hydropower is evaluated at
US8125.4/k¥ by applying a capacity adjustment factor of 1.1}Zl for

the adjustment of difference between hydro and steam plants,

/1 The capacity adjustment factor is calculated on the basis of the

following assumptions:

Hydro (%) Thermal (%)
Loss at substation 4,0 2.0
Forced outage - 2.0
Auxiliary power use 0.3 6.0
Overhaul 2.0 8.0
Adjustment factor = (i:g:gg; éilg:gg;) (%Igégéé)(l-0.0S) =1.13



Eneggy value (kWh value)

Energy value is estimated on the basis of the operation cost for
generating one kWh of power energy by the alternative thermal plant.
For the claculation of the energy value, international markel price

instead of local market price is applied to the fuel cost.

Price of Fuel Usso.06/f
Fuel consumption 0.287 {/kWh
Fnergy cost Us$0,0172/k¥h

Energy value of the Wonogiri hydropower is evaluated at Us$0, 0179/
kWh by applying the energy adjustment factor of 1.0¢—L,

Annual benefit

Annual benefit from the Wonogiri power station is estimated at

US$1,235 million as shown below:

Capacity benefit :
6.910 owl2 x US$125.4 = US$867,000
Energy benefit '
28,200 MWh x 0.96«42 x US$0,0179/kWh = US$485,000

Total annual benefit Us$1, 352,000
{+ USs$1,350,000)

/L The energy adjustment factor is calculated based on the following

assumptions;
Hydro (%) Thermal (%)
Loss of primary substation 4.0 2.0
Auxiliary power use 0.3 6.0

Energy adjustment (1-0.04) {1-0.003)
factor = (1-0.02) (1-0.06)

/2 85% dependable peaking capacity

= 1.04

/3 4% trensmission loss excluded
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4.4 Agriculture and Irrigation

4.4.1 Land use gnd cropping pattern

Project land

Land commanded by the irrigation scheme of this project covers aboui
32,000 ha in area, Topographically, the area is divided into two areas;
namely, the left bank area of 4,000 ha till K. Gawo and the right bank
area of 28,000 ha till K. Kedungbateng. The area extends northward for
about 60 km along the Sala River with relatively narrow width of 4 to 5 km
between the altitude of B0 m to 100 m. Soils in the project area consists

of alluvisl (60 % of the total area) and grumsol (40 %).
Land use

Out of 32,000 ha, cultivated area is about 23,400 ha at present;
20,900 ha of sawah and 2,500 ha of tegal. The ratio of sawah to tegal
is around 8.4:1 in the project area. Compared with the ratio in the
whole upper Sala basin of 1.3:1, this area seems to be in much more

favorable condition for crop production.

As shown in Table IV~8, paddy is a main crop in the project area
which covers 67 % of the total cultivated area in the wet seasan but
only 22 % in the dry seasen. The remaining land is used for sugar cane,
tobacco and polowijo such as maize, cassava, peanuts, soybean, beans,
sweet potato and vegetable. In the area as a whole, utilization of farm
land is rather intensive and overall crop intensity already attains to

1,76 at the present stage.

After the irrigation facilities are provided for the area, the land
is expected to be used more intensively particularly in the dry season,
‘Additional 200 ha of land will be changed into cultivaeted land through
intreduction of irrigation system and the total acreage of cultivated
land will come to 23,600 ha comprising 21,200 ha of sawah and 2,400 ha
of tegal,

Paddy will continue to be the predominant crop in sawaeh area. The

ratio of paddy planting area to the total area will reach about 70 % in
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the dry season and the cropping intensity will be increased to 1.92,

Present and future land use in the project aren is presented by

crops in Tuble IV-8,

Table IV-B8 Land Use in the Project Area

(Unit: ha)
Kind of erops o et s e Ty (irefest)
Paddy 15,780-Zl—~ 5,320 21,100 34,300
Sugar cane (2,580) (2,580) 2,580 2,700
Tobacco - _ a0 90 800
Polowijo . 17,430 7,600
Total crop ares 41,200 45,400
Cultivated area 23,400 23,600
Crop intensity 1.76 1,92

Note: /1  including upland paddy of 1,140 ha.

Cropping pattern

1f no irrigation facilities are provided, the present cropping pattern
will not change appreciably even in the future. Paddy will continue to
be a main crop in sawah area., It is only anticipated that the cropping
area of some crops such as beans, sugar cane, tobacco, will increase

slightly to gain cash income,

After the project is implemented, cropping pattern will be remarkebly

changed. Anticipated future cropping pattern is illustrated in Fig. IV-1.

According to this cropping pattern, paddy will be eropped in the
area about 70 % of the irrigated area of 23,600 ha., Double cropping of

paddy will be intensively exercised to increase the production of paddy,
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which will be attainable by the adoption of year-round irrigation on
farms, Polowijo such as maize, cassava, will be cropped in reduced area,
while cash crops particularly {obacco will gain larger area for increased

cropping.

4.,4,2 Crop yields

Unit yield

Present unit yield of the agricultural products in the project area

is already described in the preceding chapter,

Under the present farming'conditions, no increase of the unit yield
will be expected in future except slight increase in the unit yield of
peddy which is attributable to the extensive use of improved crop varieties

and inputs of fertilizers and chemicals,

With the irrigation facilities provided in the area, unit yield is
predicted to increase considerably because sufficient water supply will
enable the use of fertilizer-response crop varieties and furthermore the
implementation of the all weather irrigation will stimulate the improve-

ment of farm management and cultural practice.

Expected future unit yield is estimated after reviewing crop yield
data obtained from the field survey in the project area, the results of
unit yield investigation by the Central Research Institute for Agricuiture

of Bogor and actual yield attained during the period of Pelita T.

Particularly in estimating the unit yield of paddy, the following

data are referred:

i) Unit yield of paddy attained 4.4 - 5.8 t/ha (dry stalk paddy)
undgr BIMAS program during Pelita-I,

ii} Some high yield varieties marked the yield of about 4.7 -~
5.4 t/ha in paddy grain (about 7 t/ha in dry stalk paddy)} at
the experimental station of the Central Agriculture Institute

of Bogor,
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iii) Unit yield of new varieties such as B~9-C, B-57-C, which were

bred from traditional varieties, is 4.6 ~ 5.0 t/ha (paddy grain).

iv) Severael experimental famrs in the project area actuanlly yield
5.0 - 6,0 t/ha (dry stalk pnddy).

The future unit yield of various crops is estimated for both the

without-and with-project conditions in the following table:

Table IV-9 Future Unit Yield of Crops

(Unit: +ton/ha)

Kind of Crops Without-Project With-~Project
paddyl—

Dry season 3.5 5.5

Wet Season 3.6 5.5

Upland 1.9 -
Maize 0.5 2.0
Cassava 3.3 5.0
Peanuts 0.5 1,5
Soybean 0.4 1,4
Tobace o2 0.4 0.8
Sugar cane ‘ 85.0 120.0

Note: /1 Dry stalk paddy

/2 Dry leaf
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Crop production

Future production of farm crops in the project area is estimated
on the basis of the land use plan end unit yield data defined in the
preceding studies. 1In the estimate, irrigation area is assumed at
23,600 ha in total area.

Table IV-10 shows the future crop production for both the without-

and with-project conditions.

Table IV-10 Future Crop Production

(Unit: tons)

Kind of crops Wityout— Witﬁﬁ Increment
project (A) Project (B) (B) - (A)
Pnddyﬂ—
Dry season 18,620 86,900 68,280
Wet season 52,704 101,750 49,046
Upland 2,166 - - 2,166
(Total paddy) (73,490) (188,650) (115, 160)
Maize 2,820 3,000 180
Cassava 21,351 7,500 - 13,851
Peanuts 510 2,250 1,740
Suybeunlo 980 3,220 2,240
Tobacco—— 36 640 604
Sugar cane 216,300 324,000 104,700
Note: Dry stalk paddy

N

Dry leaf

As mentioned above, expected increase in paddy production will be

about 115,000 tons at the full development of the irrigation project.

In view of the present shortage and the future demaund increase for
rice corresponding to the population growth, the above increased produc-—
tion of 115,000 4tons will find outlets in the market in and outside the

project area.
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Sugar cane and other polowijo crops also have sufficient domestic

demand, which are now partly exported.

4.4.3 Irrigation benefit

For the estimate of irrigation benefit, expected incremental net
income from the agricultural products is firstly estimated by using the

enterprise method.

In succession, an adjustment is made by reducing the expected decrease
of benefit owing to flood damage on farm crops in Sragen area vhere the

flood protection work will not be provided,

Price of agricultural product

For evaluating economic values of the products, the projected
international market priceél— is used. The farm gate prices are then
estimated based on the above prices taking into account the transporta-

tion cost and other expenses.

Table IV-11 Farm Gate Price of Agricultural Products

Kind of Crops Price (Rp./ton)
Paddyﬂ—- 60,000

Maize 30,000
Cassava 13,000
Peanuts 95,000
Soybean 69,000
Tobace 022 360,000

Sugar cane 5,000

Note: Dry stalk paddy

A
/2 Dry leaf

/1 The international price applied in this report is based on IBRD
estimate. See Appendix 9 for details,
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Production cost

The quantities of inputs required for the production of each crop
are ovstimated on the basis of the data collected from the local egricul-

tural offices and the Central Statistics Bureau.

With respect to the price of inputs, the projected international
market price is applied. Labour cost and other related costs are estimated

based on the data collected from the local agricultural offices.

Estimated production cost is presented by crop items in Table IV-12,

Table IV-12 Production Cost per Hectare
(Unit: Rp.)

Kind of Crops Without-Projeci With-Project
Paddy

Dry Season 55,900 79,000

Wet Season 54,800 79,000

Upland 36,000 =
Maize 8,900 17,800
Cassave 15,200 21,300
Peanuts 20, 600 42,400
Soybean 15, 400 37,600
Tobacco 107, 200 141,400
Sugar cane 172,800 234,400

/1

Incremental income from agricultural production—

Net income of esch crop per ha for without-and with-project conditions
is caleculated on the basis of the price of products and production cost

and the result is presented in Table IV-13,

The expected increase in annual net income will be Rp.5,934.8

million {US$14.3 million), as detailed in Table IV-14,

/1 Further details of crop enterprise study are included in the

Annex II, Study Report (2).



Tuble 1V-13  Nel Income From Crop Prodoction

Wi thoul Project B With Projiecl
Gross Product, Nel Gross - Product. Net
Kind of crops relurns expenses income returns oexpenses income
' (Rp/ba) _ (1ip/ha) {kRp/ln)  (Rp/ha)  (Rp/ha) (lyp ha)

puadyll Dry Season 210,000 55,900 ~ 154,100 330,000 79,000 251,000
¥ol Season 216,000 54,800 161,200 330,000 79,000 251,000

Upland 114,000 36,000 78,000 - - -
Maize 15,000 8,900 6,100 60,000 17,800 42,200
Cassavn 42,900 15,200 27,700 65,000 21,300 43,700
Pennuts 47,500 . 20,600 26,900 142,500 42,400 100,100
Suybenn 27,600 15,400 12,200 96,600 137,600 59,000
)
Tnhuccoiz 144,000 107,200 316,800 288,000 141,400 146,600
Sugur cance 425,000 172,800 252,200 600,000 234,400 365,600
Note: /1 Dry sialk paddy, /2 Dry leaf

Table 1V=14 Nel Tneremental Tncome

Without Project With Projectl

tL:ﬁNnr Cuall, Averapge Tolal Cult., Average Totnl Difference
e Iand  return return land relurn return (6) - (1)
{ha) {Ryp/hn) (np.) {(hin) {Rp/hn) {Rp.) {Rp.)
(1) (2) (3) (4} (5) (6) (7)
Puddyil

Dry Season 5,320 154,100 819,812,000 15,800 251,000 3,965,800,000 3,145,988,000
Wol Scason 14,640 161,200 2,359,968,000 18,500 251,000 4,643,500,000 2,283,532,000

Upland 1,140 78,000 88,920,000 - - - -88,920,000
Muize 5,640 6,100 34,404,000 1,500 42,200 63,300,000 28,896,000
Cussava 6,470 27,700 179,219,000 1,500 43,700 65,550,000 ~113,669,000
Peanuts 1,020 26,900 27,438,000 1,500 100,100 150,150,000 122,712,000
Soybean 2,450 12,200 29,890,000 2,300 59,000 135,700,000 105,810,000
Tobuee ol2 90 36,800 3,312,000 800 146,600 117,280,000 113,968,000

Sugur Cane 2,580 252,200 650,676,000 2,700 365,600 987,120,000 336,444,000

Total 39,350 4,193,639,000 44,600 10,128,400,000 5,934,761,000

Note: /1 Dry slalk paddy, /2 Dry leaf (= U.S.$14,300,000)
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Derivation of dirrigation benefiy

Even a fter the construction of the Wonogiri dam and the river
improvement work, flood condition in Sragen area will be left ﬁnimproved.
Since the net incremental income estimated in Table IV-14 is calculated
on the condition that the whole of the project irrigation area will be
completely protected from flooding by the river improvemeni work, the
expected flood damage in Sragen area should be deducted for assessing

the net irrigation benefit.

Anticipated flood damage in Sragen aren iy estimated at US$680
thousand using the same method exercised in the estimate of flood control
benefit. (Details are explained in Annex II, Study Report {(2).) V¥ith
the above flood damege included, the amount of ennual .benefit from-the
irrigetion project is estimeted at US$13,620 thousand.

Besides the above benefit, it is expected that an additional benefit
will accrue from the production increase in some areas outside the project
area where the additionpl water saved by the project can be utilized,

The benelit is estimated at about US$200 thousand annually,Zl—- but
excluded from the calculation of the economic anelysis.for the conser~

vabtive estimate of benefit.

4.4.4 Water requirement

Since no field data on the consumptive use of water of the crops
are available, the consumptive use is calculated by using Blaney-Criddle

method based on the climatic data available in the project area.

Consumptive use calculated by the above method is shown below,
together with percolation, puddling water requirement, effective rainfall

dﬂft&n

/1  Refer to Annex II, Study Report (2).
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Dry Season Wet Season Yearly

Consumptive use (mm/day)

Paddy 7.9 7.8 7.5
Sugar cane 4.9
Percolation (mm/day) 3 2
Puddling water (mm) 150 200
Effective rainfall (mm/day) 0.8-3.0 5.6-8,4

Based on the above data, irrigation requirement of crops is estimat-

ed as follows;

Paddy rice Sugar cane Polowijo
itegalg

Annual {mm) 1,686 496 423
Dry Season (mm) 1,233 442 423
Wet Semson (mm) 453 53 0
Daily max. (mm) 11.3 5.8 4.0

Overall irrigation efficiency in the project area is assumed to
be about 70% from experimental data in the paddy land of Java. Applying
this 70% irrigation efficiency, diversion requirement for the irriga-
tion of 23,600 ha is estimated at 429 million m3 {excluding loss in Colo
pondage). Maximum monthly requirement occurs in June at the rate of

33.5 mj/sec.

4.4.5 Irrigation system

Four alternative plans are formulated to select the most appropriate
system of irrigation facilities. Outlines of these alternatives are
briefly explained below and the proposed layout is illustrated in

Appendix 10,

Alternative plan — At Water is {taken from the intaske pondage at Colo,

located at 13 km downstream from the damsite and delivered by gravity
flow to the irrigation area of 23,600 ha extending downstream on both

banks .

Alternative plan - B: Irrigation water is directly released from the

Wonogiri reservoir into main canals and conveyed by gravity flow. Two
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sub-alternative plans are conceived in this case. One is to divert
water to both banks and the other is to divert it to the left bank only.

Alternative plan - C: Main system is the same as plan—-A., A pumping

station will be provided to irrigate a part of the left bank area.

Alternative plan - D: Irrigation aree is divided into two areas; the

upstream part and downsiream pert. As to the upstream area, the scheme
is basically the same as plan-A, while for downstream area, two sub-
alternative plans are considered. One is to obtain irrigation water
from the Sele River by pump and then to convey water to the area, and
the other is to build a diversion weir at Surakarta for distributing

water to the area by gravity flow.

Comperison of the above alternative plans was made on the basis
of required construction cost per ha including operation and maintenance
cost. Through the evaluation, the plan-A is selected as the most
beneficial plan, Further details of the comparative study are included

in Appendix 10 of this report and Annex (II}, Study Report (2).
4.5 Flood Control

4.5.1 Flood control plan

Flood control work will consist of flood regulaetion by the Wonogiri
dam and flood protection by the river improvement in the downstream

reaches.

As stated in the preceding section, the Wonogiri dam will regulate
most of the inflow floods and release the reduced discharge of 400 m3/sec,
in case that flood magnitude does not exceed 4,000 m3/sec in peak discharge
at the damsite. By this control, the flood discharge in the downstream

reaches will be decreased to as small as 2,000 m3/sec at Surakarta.

The present river chennel of the Bengawan Sala barely passes the
discharge of 500 m3/sec. Consequently, for eliminating inundation in
the downstream reaches, the river flow capacity must be increased to
such an extent as 2,000 m3/sec at Surakarta by appropriate river

improvement,
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Design flood assumed in the flood control study is S.H.F.D., (Standard
Highest Flood Discharge). It corresponds to a flood event having the
recurrence probability of 60 years at the damsite and 40 years at

Surekarta. Discharge data of the design flood are as shown below.

(Unit m3/sec)

Condition Damsite Surakarta Ngawi

Preseni river condition 4,000 2,160 1,890
After confined in levees

(Before regulation by dam) 4,000 5,300 4,900

After regulation by dam . 400 2,000 2,830

In this study, river improvement work is proposed for the main
stream of the Sala river in the section between Nguter (located at about
16 km from the damsite) and Surakarta, about 32.2 km long aleng the river
course. An alternative plan is to extend the improvement work further
downatream to Sragen area. Hqgwever, it was finally abomdoned in view o&f
less economy of the work and the unfavourable effect of flow concentra-
tion in the further downstream areas, The improvement work also includes

levee construction of 17.5 km in length along the course of six tributaries.

4,5.2 Flood control benefit

Flood control benefit is the expected reduction of flood damages

resulting from the flood contrel work,

In order to estimale the flood control benefit, the present flood
damage potential in the project area is firstly estimated based on data
of damage rate, occupancy ratio and the value of various properties in

the flood affected area.

In succession, flood frequency at Surakarta is estimated to obtain
the discharge-frequency relation of the flood events. On the basis of
those estimates, annual flood damage is worked out to estimate the

benefit of flood control work,
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Tnundation area

Inundation arem at esmch flood scale is estimated from the past

flood rccords and the results are presented in Table IV-15.

Dnmnge rate

Extent of flood damages on the existing utilities, properties,
land and crops depends on the depth and duration of inundation. Damage
rates on various properties and crops are estimated as shown in Table
Iv-16.

Occupancy ratio of the damageable properties

There are various kinds of buildings, utilities and creops in the
flood~affected area. The rate of occupancy of buildings, farmland and
other facilities was estimated from the data of Surakarta city and several
Kabupatens in the project area., Table IV-17 shows the present occupancy

ratio of verious facilities in the area.
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(%)
Surakarta city Other area -
Farmer's house 2 81
General residence B8 17
Shop 6 1
Others 4 1
Paddy land - 77
Yard - 23

Value of propertics and crops

The average values of propertles and crops are estimated
in Table IV-18.

Table IV-18 Average Value of Properties and Crops

(Unit: USS$)
Surakarta city Other area
, House . House
?311&— hold Total ?z;ld— hold Total
8 effocts g effocts
Farmer's house 360 130 620 360 180 620
General _
residence 3,610 1,620 5,960 750 440 1,340
Shop 3,760 12,720 17,240 810 2,000 2,980
Others 11,190 9,440 22,870 2,230 410 3,080
{per ha of ecrop)
Paddy 520
Iard crops 72
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Amount of flood damage per house and farm area is firstly calculated
by using the data of damage rate, occupancy ratio and the value of house

and crops. The resultis are summarized in Table IV-19.

Table 1V-19 Amount of Flood Damage per House and Crop per Heclare

(a) Per house ' , (Unit: USS$)

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
Surakarta 476 990 1,418 1,645 1,799 2,005 2,185
city .

Others 45 94 130 152 166 184 202

(b) Crop per ha

Flooding Mlooding duration

depth (m) 1 - 2 3 - 4 5 - 6 over 7
0 -~ 0.5 45 59 69 76
0.9 = 1,0 52 84 107 117
over 1.0 B7 135 160 176

The total amount of flood damage of the project area is then estimated
based on the amount of damages per house and crop per ha multiplied by the

total number of houses and crop areas.

Besides the direct damage estimated above, indirect flood damage is
also considered, It includes losses from intérruption of utility services,
losses of normal profit and earnings from daily economic activity, costs
incurred by flood warning, evacuadtion, flood fighting and temporary living
of the refugees, ete. The indirect damage is estimated conservatively at

10% of the direct damage.

Table IV.20 summarizes the estimated amount of probable flood damages

at different discharges at Surakarta.
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Table IV-20 Flood Damage Poténtial

(Unit: US$1,000)

Discharge at

Sularte L. Gemge  damge  dumegs
500 - 878 88 966

1,000 995 1,544 254 2,793
1,500 3,078 2,946 602 6,626
2,000 37,191 3,715 4,091 44,997
2,500 39,219 4,207 4,343 47,769

Flood frequency at Surakarta

The peak discharge of the design flood (SHFD) at Surakarta is
2,160 m3/sec under the present channel condition. It corresponds to
the flood having & return period of 40 years at Surakarta. Including
this flood data, the frequency of flood events at Surakarta is analysed
on the basis of the data recorded in the past 10 yearé'as shown in

Fig., Iv-2.

Flood control benefit

Annual flood damage in the project area is estimated on the basis
of the flood frequency date and the estimated flgod damage for each
scale of the flood discharge. The estimated annual damage is shown in
Table TV-21,

After the Wonogiri dam and river improvement work are implemented,
the project area will not be afflicted with inundation and will bhe relieved
of flood damages as far as the flood magnitude is less than SHFD
{2,160 m3/sec at Surakarta under the present channel condition) which
will occurs at a recurrence probability of once every 40 years. The
relieved flood damage is the benefit attributeble to the flood control
work. Annuel benefit from the flood control plan is, therefore, estimated
at US$5.81 million from Table IV-21.
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Fig. Iv-2 Return Period — Discharge Curve at Surakarta
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CHAPTER V

'DESIGN AND ESTIMATE
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V. DESIGN AND ESTIMATE

3.0 Wonogiri Dam and Reservoeir
5.1.1 Dam and reservoir

Damsite geology

In the right bank area, ridges develop at a relatively low eleva-
tion. This requires a dam to be constructed over a long distance of
about 1,440 m. Overburden (including heavily decomposed tuff) is gen-

erally thick with acceptable foundation rock occurred at 15 m depth.

The left bank ridge at the damsile forms a massive abutment at
more than 100 m above the river bed. Overburden above ihe proposed

foundation rock is 5 to 10 m thick in this aren.

The damsite is mostly in the province of tuff breccia. The rock
is not so fairly consolidated and hard, but seems acceptable for the
foundation of a rockfill dam of the proposed height. It is generally

water-tight, allowing little chance for excessive leakage.

Ne major geological defects were detected by subsurface explora-
tions conducted this time, except minor faults observed at the abutment

on the left bank.

¥Wonogiri Reservoir

9
The reservoir created by the dam will have a surface aren of 87 km™
at high water level (EL. 138.2 m) during the inflow of S,H.F.D, (Standard

Highest Flood Discharge) and a gross storage volume of 730 million m3.

The normal high water level of the reservoir is EL. 136 m and the
low water level is EL. 127 m. The storage between these water levels
will be 110 million m3, which is an active storage for the water supply

of irrigetion and power generation.:

Flood routing capacity of the reservoir is 220 million m3 above
ihe contirolled water level of EL. 135.3 m. Flood inflow will be stored
in this space and the outflow of the reservoir will be controlled by
gute operation of the spillway in such manner as to maintain the outflow

below o rate of 400 m-/sec.
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. iy 3
Sediment volume presumed for the reserveir is 120 million m-.
I1 is 100-year sediment, the volume being associated with the reserv-

oir water level at EL. 127.0 m.

Fig. V-1 shows t{he space allocantion of Wonogiri reservoeir.

Reservoir operation

In most years, the reservoir has the maximum storage content at
the beginning of the dry season. In the dry season aftor May, the run-
of f gradually decreases and stored water will be released to meet the
requirement for irrigation use. Water released from the reservoir will
firstly pass through  the power plant and generate electric power. It
will then be stored at the Colo weir, located at 13 km downstream from
the damsite, for delivery to the irrigation arean. To guarantee the
relinble water supply for irrigation use, the reservoir is to be re-

cavered to full stage by the end of every rainy season.

Water released for power generation is principally limited to the
quantity required for irrigation, since no additional storage for power
generation is provided in the reserveoir. In ‘the rainy season of wet
years, however, excess water available over the requirement for recovery

of the reservoir will be utilized for power generation.

During the dry season (peak irrigation period from June to Sept~-
ember), 1he reservoir will release the water ot 27.5 m3/sec on an aver-
age for irrigation use, while in the rainy season (October to May) the
release from the reservoir will be about 20.7 m3/sec including additional

discharge for power generation.

Fig. V-2 shows the reservoir operation of the proposed scheme.
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FigV—1  ALLOCATION OF RESERVOIR STORAGE
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Duam

Damsile is selected at the place immediate downstream of the ron-
fluence will K, Keduwan because of the advantages in its geological con-
dition nnd controlling basin 1.6 times larger than the aulternative Candi

site, locuted about 3 km upstream from the proposed site.

The type of the dam is determined to be rockfill with central core
from the various alternatives such as homogeneous fill type, rockfill

with inclined core, etc. The advantages of this type arej
(i} 1least construction cost requirement,

(i1} least possibility of embankment failure due to the settile-

ment of core,

(iii) easy execution of re-grouting for the foundation of the dam,

even if unexpected leakage is found, and

{(iv) much experience in the construction of the same type in

Indonesia.

Auxiliary embankment (sub-dam) is required in the low ridge area
on the right bank. In view of unfavorable geological condition in the
area covered with thick overburden earth and heavily weathered tuff,
randem fill by laying impervious blanket is selected on the upsiream

side rather than the same embankment as the main dam.

The dam consists of the central core embankment with outer shells
of rockfill, The maximum height of the dam will be 37.5 m above the
foundation rock and crest length about 1,440 m. The dam crest level is
set at EL. 141,6 providing a free board of 2.7 m above the extraordinary
flood level (EL. 138.9) and 5.6 m above normal high water level
(EL. 136.0 m)., Dwgs. WD-001 and WD-002 show the design features of
the dam.

For the random fill of sub-dam on the right bank, materials ex-
cavated from spillway, intake, powerplant and tunnel will be utilized
to the maximum extent. BSelected rocks from the excavation will also be
utilized for embankment of the inner zones of the main dem. The thick-

ness of vertical core is kept at minimum in view of the relatively high
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cost of core material which has to be treated by mixing at the stock-
pile before placing. Embankment volumes required for the dam are shown

in Table V-1 together with the scurce of materials.

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

ing and grids of blanket grouting will be required.

Table V-1 Embankment Volume of Dam

Volume (103m3 —~ Embankment measure)

Material Core Filter Tran- Rock Random Earth Waste &
sition fill blanket other
use
Reguired
volume 241 166 283 736 287 86 -

Available from

Diversion conduit - - 20 - - - 60
Dam foundation - - - - 70 86 390
Spillway - - 100 80 190 - 140
Intake - - 20 10 20 - 40
Pressure tunnel - - - - - - 15
Powerplant - - 20 10 10 - 20
Deficiency supplied
from
Candi area 241 - - - - - -

Quarry - 166 123 636 - - -
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5.1.2 Spillway

A compuratlive study was qnnﬂucted to select the mosf oplLimum size
amd enpieity of the spillway. Through this stuldy, a relatively small
spillway having the maximum discherge capancity of 1,550 m3/sec wo.s
selected, being associated with the dnm crest elevation of 141.6 m,

which would minimize the combined cost of dam and spillway.

For determining the location and type of the spillway, four alter-

natives were studied.

(i} Overflow weir type on the left bank with a chuteway,
20 m wide. |
(ii) Same type as (i), but with a chuteway, 15 m wide.
(iii) Side channel type on the left bank,
(iv) Overflow weir type on the right bank.

Cost comparison study of.the above alternatives revealed that plan
(i) would be the most appropriate type, although the difference of the
costs are comparatively small in tha order of:US$200,000 to US$1,000,000

as compared with other plans.

The selected spillway,-located on the left bank,consists of an
overflow weir 39.5 m wide, concrete—lined chuteway 20 m wide and 360 m
long, and hydraulic jump stilling basin 60 m long. On the overflow weir
crest are provided 4 roller gates, 8 m wide by 7.7 m high. Dwg. WD-003
illustrates the design features of the spillway.

The spillway is capable of passing 1,550 m3/sec, outflow of the
estimated extraordinary flood, with the water level of EL. 138.9 m,

which is 2.7 m lower than the crest of the dam.

Table V-2 summarizes the ocutflow discharge and the corresponding
reservoir water level at the passage of several assumed floods. Flood

hydrographs are shown in Fig., V-3.
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Tabhle V-2 Fload Inflow and Spillway Dischavge ‘

Max. inflow Total volume Max. outllow fg:érvoir
Flood eventl discharge of flood discharge valer level
(m3/sec) (106 m3 (m3/éec) (EL)
S.H.F.D. 4,500 280 400 138.2
Spillway design
flood 5,200 370 1,410 138.4
Extraordinary
flood 6,200 . 448 ' 1,550 138.9

The proposed gate operation rule is that the gates will be part-
ially opened to control outflow discharge at 400 m3/sec unnless the
reservoir water level exceeds EL. 138.2 m. With this operation rule,
the spillway will control most of the usual floods less than S.H.F.D.
(equivalent to 60-year flood) at the designated outflow discharge.

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

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

During the flood period ending in March of each'yeal, the: vreservoir
stage will be maintained at below the control water level of EL. 135.3 m.
1t will recover to the normal high water level (EL. 136.0 m)} by the end

of the rainy season.

5.1.3 River diversion work

For diverting the river flow during the construction period, diver-
sion conduit is selected instead of the diversion tunnel, because the
geological condition underneath the left abutment of the dam suggests
that tunnelling through this part may involve some technical difficulties
and more cost., - The cost of the diversion tunnel is about US$1.0 million

higher than that of the diversion conduit.



The diversion conduit will be of semi-circular shape 7.0 m in dia.
and 290 m long located ‘on the right bank. River diversion work includes
two cofferdims upstream of the main dam embankment; primary . cofferdam
and main cofferdam. The'upstreum primary cofferdam will be required
during the consiruction of the muin cofferdam, It is planned to be
safe against the prbbable dry season flood having the peak discharge of

3 .

300 m”/sec. : _ . .

The main cofferdam ﬁill become n.pnrt of the main dam embankment.
It will have the embankment of about 260,000 m3 at & crest elevation of
127.7 m, capable of handling a 20-year flood with a peak inflow of
3,100 m*/sec. |

Downstream cofferdam will have a crest elevation of 115.5 m, which
is about 0.8 m higher than the water level during the outflow of the

20-year flood discharged through the diversion conduit.

Emergency coutlet work, & gated conduit of 1.4 m dia. embedded in
the diversion conduit plug, is to lower the reservoir water level in an

emergency case to be occurred after the completion of the dam.

5.1.4 Intake and pressure tunnel

Intake structure is designed to be vertical tower type. The sill
of the intake will be set at EL. 121.0 m for enabling to utilize the
additionnl water stored below the low water level (EL. 127.0 m) for

irrigation, if the situation requires in very droughty years,

The intake tower will be of reinforced concrete construction, 17T m
in dia. and 23.6 m high above the foundation level. The structure will
incorporate a roller gate 6 m wide and 6 m high, operated by the hoist-
ing equipment on the top of the structure. Steel trashracks will be

installed on each face of the six openings of the intake.

Pressure tunnel will be circular shaped tunnel with concrete lined
of 6 m in diameter, To provide the maximum ground coverture ébove the
tunnel roof in the area below the dam foundation, the tunnel takes a
curved route into deep abuiment at the lowest elevation of EL. 107.3 m,

which is the elevation of water turbines in the power plant.
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From economic consider&tion and low water presspre‘in the tunnel,
steel penstock will only be embedded in a limited‘Iength‘ﬁf'aboht'60 m

at the downstréamlend of the waterway.

5.1.5 Outlet valve house

Outlet valve will be provided to by-pass ifrigation water; - Normally,
the required release will be discharged through water turbines of the
powerplant. An outlet valve is required to be operated chiefly under
an unusual condition such as the shutdown of the powerplant operation,

etc.

A valve house, annexed to the power plant buildingfwill accommodate
a unit of Hollow-jet valve of 1.8 m dia. It is capable of discharging

35 mj/sec at the low water level of the reservoir.

5.1.6 Land acquisition and road relocation

The land which will be submerged by the construction of the reserv-
oir will be acquired in advance of the respective construction works and

the arca be cleared before the impoundment of the reserveir.

The maximum water lavel of the reservoir is estimgted at EL., 138.9 m
at the occurrence of an extraordinary flood. Assuming that the land to be
acquired is Lhe areas below EL. 140.0 m, the right of land for the reserv-
oir is estimated at about 9,700 ha., About 9,600 families will have to be

resettled under éppropriate 1egi1 procedures.

The length of the;.road relocatien work required will be .gbout i35 km,
of which 34 km will be the improvement of the existing roads and‘zi km
the construction of new roads. It involves the construction of about
25 bridges.

The land area to be acguired and the number of houses and inhabitants
to be removed for the project construction are summarized as shown in
Table V-3.
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Table V-3, Land Acquisition and Roud Relocation

Land Acquisition

(Reservoir) .
Land Cultivated land: Sawah 4,438 ha
t Tegal 2,851 ha
Yard 2,239 ha
Cemetery & forestry 206 ha
( Total ) (9,734 ha)
House 22,918 nos.
Inhabitant Family 9,573 families
Population 47,627
(Project construction site)
Land 24 ha
House 335 nos,
Population (Family) 1,350 {261)
Relocation of road
New road construction 21 km
Improvement of existing road 34 km
{ rotal ) ( 55 km )
Bridges 25 nos,
Clearing of reservoir Ares about 2,500 ha

(of a total area of 8,700 ha below El, 138.2 m)
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5.1.7 Construction cost esfimate

The estimated construction cost of the Wunogiri dam is US$43.4
million which is composed of US$25.4 million c¢quivalent of local cur-—
rency portion and US$18.0 million of loreign rurreney portien. It
includes the costs for civil works, gate and penstock, land acquisition,

rond relocation and engineering service.

The contingency of about 15 % of the lotal cost excluding the

engineering and administrative expenses is also included.

Table V-4 shows the summary of the estimated construction cost

by work items.



V-4 Cost Estimate [Cor Wonogiri Dam
(J()J Us$)
Ttem FPoreign Local Total
Currency Currency

I. Civil Works

Dam (3,500) (2,380) (5,880)

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

Intake (400) (160) (560)

Pressure Tunnel (650) (230) (880)

Power House (960) {320) {1,280)

River Diversion (210) (810) (1,020)

Construction Facilities (540) {1,500) {2,040)

Construction Machinery (2,750)° (250) {3,000)

(Plant & Equipment)

Sub-total 11,300 6,500 17,800
II. Gates & Penstocks 1,800 300 2,100
ITT. Land Acquisition & Clearing

Land Acquisition - (11,300) (11,300)

Reservoir Clearing - (300) (300}

Sub-total - 11,600 11,600
V. Road Reloeation 800 3,200 4,000
V. Contingency 2,100 3,300 5,400
VI. Engineering & Administrative

Expenses 2,000 300 2,500

Total 18,000 25,400 43,400
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5.2

Wonogiri Power Station

5.2.1 Power house

The power house will be located on the left bank just downstream
of the dam. The building will be of reinforced concrete construction,
31.5 m long, 19.5 m wide, 18 m deep and 10.5 m high above the ground

level. Substructure of the power house will be constructed on the base

rock of tuff-breccia.

The power house will accommodate 2 units of generating equipment
of 5,100 kW capacity. The units' will be installed at 12 m interval from
center to center. The elevations of principal floors and center line of

turbine are set as follows;

Turbine room floor EL. 104.5C m
Cable gallery floor EL, 106,50 m
Casing center EL. 107.30 m
(ienerator, cubicle, engine generator :
room, repair-shop floor ' EL. 110.00 m
Air cenditioner, bhattery, cable

gallery room and ‘aux. room floor EL. 114.80 m
Contrel, telephone and aux. room floor EL. 117.60 m

Conference room, terrace and aux.
room T1oor EL, 122.50 m

One set of tailrace gate will be provided at the outlet of dratt

tubes which will be handled by travelling monorail crane.

5.2,2 Power equipment

Hydraulic turbine

Hydraulic turbine to be installed at Wonogiri power station will

be the vertical shaft, Kaplan type with elbow type draft tube.

The followings are the hydraulic conditions which are taken into
consideration in the selection of the hydraulic turbine to be installed

at the Wonogiri power station.

Elevation of dam crest EL. 141,60 m
Normal meximum reservoir water level EL. 136.00 m
Minimum reservoir water level EL. 127.00 m

Normal tailwater level EL. 110.50 m
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Due to the fluctuation of the reservoir water level, the effec—
tive head of the turbine will vary from a maximum head of 24.5 m to
a minimum head of 15.5 m. The turbine is designed to have a hydraulic

capacity of 30 mj/sec at the rated head of 21.1 m.

The turbine will have 333 rpm rated speed at the design head and
develop 5,100 kW rated output per unit.

Alternating current generator

Generator to be installed at the Wonogiri power station will be an
ordinary type of vertical shaft revolving field type coupled directly
with the Kaplan turbine. It will have 333 rpm speed and is rated at
6,375 kVA, 6.6 kV, 3-phase, and 50 Hz.

Power factor is assumed at 0.8 considering the reactive power
supply from the generator to load center. The terminal voliage of
generator is 6.6 kV which would be the most economic voltage for +the

capacity planned.

Main transformer

Main transformer to be installed at the Wonogiri power station
will be rated at 12,000 kVA, 50 Hz, 3-phase two windings, 6.6 kV delta
to 150 kV star connected, outdoor, self cooled type. The neutral point
of 150 kV winding will be grounded directly,

Station service equipment

A.C., station service power will be provided by one 300 kVA trans-
former which will be connected to the main circuit of the generator.
For emergency use, a diesel engine driven generator will be installed in
the power house. Electric power for the operation of intake gate and
spillway gate will be supplied from one 200 kVA step-up transformer,

whiech will be connected to the low tension circuit.

Station service transformer and step-up transformer for the diesel

engine generator will be of the outdoor and self-cooled type.
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Switchyard cquipment

Switehyard, 27 m by 30 m in area, is located adjacent to the

pover house at the ground level of EL. 117.5 m.

A single circuit transmission line will depart from 150 kV bus.
The interrupting capacity of the circuit breakers will be rated at
168 kV, BOO A, 5,800 MVA., The circuit breaker on 6.6 kV side of the
generator will be used for parallel operation of the generators at the
Wonogiri power station and for synchronizing between the Wonogiri power

station and the Tuntang system.

5.2.3 Transmission lines and substation

The power transmission capacity of the single circuit 150 kV
system from the Wonogiri power station to East Sala substation is
around 10,000 k¥ based on 5 % regulation and 80 % power factor.

The 150 kV transmission line 40 km long will be constructed along
the highway from the Wonogiri power station and East Sala substation
via Sukoharjo town and connected to 150 kV bus at the subsiation.
Power for the Sukocharjo town is supplied from East Sala substation by
20 kV distribution line including a step-down transformer (22 kV to 6

kV) which will be connected to the existing 6 kV system.

Another single circuit 20 kV distribution line will be constructed
between the Wonogiri power station and Wuryantoro town via permanent
construction camp area, from where an additional line is branched off to
the Wonogiri town, Step-down transformers will be installed on the
distribution lines for delivering power to each distribution area. The

pover trensmission capacity of the lines to each aree will be as follows.

Wonogiri permanent camp area ..:cecicseea.. 200 kW
Wonogiri town ....ccsiveiniecerecesnenesse 1,000 kW
Wuryantoro town .....ssvveevrsissncrsanrsas 300 kW

Typical towers and insulator strings for 150 kV transmission line
and typical assemblies for 20 kV distribution line are shown on the

attached drawings of Annex I, Study Report (1).
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Power line carrier telephone system will bhe instnlled on-the
150 KV Lransmission line., It will comprise load dispalching channel

and administrative channel.

5.2.4 Construction cost estimate

Total construction cost for the generating equipment and trans-
mission facilities is estimated at US$11.7 million including Us$1.51
million equivalent of local currency portion and US$10.19 million of

foreign currency portion. The summary of the estimate is given below.

Table V-5 Cost Estimate for Power Equipment

(10°Uss)
Them Foreign Local Total
Currency Currency
1. Electric Power Generating
Generating Equipment 6,851 411 7,262
II. Electric Power Transmission &
Communication
150 kV T/L (le.c.t., 40 km) (740) (400)  (1,140)
20 kV D/L (le.c.t., 38 km
w/Tr. 1250 kVA) (639) (380) (1,019)
Low Tension Line {(5km) ( 85) { 50) {135)
East Sala Substation (155) ( 12) (167)
Power Line Carrier Telephone (111) ( 5) (116)
Sub-total 1,730 847 2,577
III. Land Acquisition - 21 21
IV. Contingency 1,269 171 1,440
V. Engineering & Administrative 340 60 400
Expenses

Total 10,190 1,510 11,700
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5.3 Irrigation Pacilitlies
5.3.1 Cole headwork

A diversion wéir will be constructed at Colo site, about 13 km

downstream from the Wonogiri damsite,

The site is selected at the terrace'on the left bank of the Sala
River for facilitating the construction of the weir under dry condition,
The river terrace consists of fine deposits of sand and clay of 20 to

25 m thick abeve the bed rock.

A concrete diversion weir having two irrigation intakes for the
left and right ends will be constructed on the propesed site, Intake
water level of the Colo weir is set at EL,106.5 to provide sufficient

head for diverting the water to irrigation areas.

The Colo weir will have a role of afterbay weir to contrel the peak
discharge released from the power station. The power station is designed
to discharge the water at the rate of 60 m3/sec for six-hour peak opera~-
tion, for which the required regulating storage capacity of the Colo
weir will be about 1,2 million m3, To meet this storage cepacity, the

normal high water level of the Colo weir is set at EL,107.6 m.

Taking into account the geological conditions at the site, the
veir is planned to be a floating foundation type built on the river bed

deposit,

A comparetive study was conducted to select the type of the weir.
Two types of the weir, fixed weir type (Plan A) and movable weir type
(Plan B), were compared from the viewpoints of the influence of back water
at the time of floods, construction cost requirement and the convenience
of operation and maintenance., In the plans, the overflow section of the
weir is designed to be capable of passing the flood discharge of 2,000
m3/sec, an extraordinary flood at the site, Main features of the plans

are presented below,



| 83 .

1tem Fixed weir " Movéble weir
{Plan A) (Plan B)
Total span of weir 108.0 m 108.1 m
Crest EL, of weir EL,107.6 EL.104.0
Opening for flood 4.4 m x 83.5m 5.3m x T75.6m
Max, back water level EL,112,0 EL.109.3 7
Scouring sluice 5.0 m wide x 4.6 m high, Same ns Plan A,
3 nos.
Flood sluice Nane 10.8 m wide x 3,6 m
' high 7 nos.
Construction cost Us$2,500,000. US$3,200,000,

Although the back water level in the upstream area is kept low in
the case of Plan B, the construction cost of Plan B will be more costly
than Plan A. Besides, Plan A is superior to Plan B in operation and

maintenance aspects,

Finally, Plan A (fixed weir type) was selected as the proposed
plan. The main features of the Colo weir are shown in Dwg., WI-003 and
h’I-OO‘q‘ .

5.3.2 Canals

In order to supply tlhe required water to the irrigation area, two
main canals, one 25 km long with the design discharge of 4.0 m3/sec and
the othor 64 km long with the design discharge of 29.6 m3/sec, will be
constructed in the left bank area and the right bank area respectively.
The route of the main canal is aligned on the basis of the available
maps of 1/50,000, 1/25,000 and 1/5,000 scale.

Secondary canals will be laid out to supply water to the irrigation
blocks of 150 ha in area. Existing irrigation canals will be improved
and rehabilitated to utilize them as secondary canals, For areas not
irrigated at present or the areas in which the existing canals do not

have sufficient capacity, new secondary canals will be constructed,



For the design of the canals, nelwork disgram and design discharge

of the mnin and secondary cenals are worked out as presented in Appendix

11.

Preliminary design of the hanals is based on the following design

conditions;

(i) Type of canel - unlined excavated or earth-embanked canal

with trapezoidal section.

(ii) Maximum velecity — less than 0,8 m/sec to protect the

unlined section from scouring.

(iii) Longitudinal gradient - to provide enough diverting head

at turnouts and to give sufficient head at siphons to

wash down sediment and drifts.

Under these principles, preliminary design and layout are prepared

and the major features are presented below,

i)

ii)

Maein canal

Irrigation area (ha)
Design discharge (m3/sec)
Initial
Tail
Total length (km)_

Gradient of canal
Canal density (m/ha)

Secondary canal

Number

Total length (km)
(of which rehabilitation)

Max. discharge (m3/sec)
Min, discharge {m3/sec)

Gradient of canal

Canal density (m/ha)

Left bank area

Right bank area

2,800 20,800
4,0 29,6
0.4 1.0

25.6 63.9

1 1 1
2,500 ~ 3,000 2,500 _ 6,000
9.2 3.1
5 33

13.1 131.8
(1.0) (31.7)
0.8 3.1
0.2 0.2

— 1

2,500 3,000
4.7 6.3
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Discharge of the main canal varies at the location from 29.6 m3/s to
0.4 m3/s, for which 17 types of standard cros: sections are designed;
12 types Cor the righl and 5 types for the left main cananls respectively.

For the secondary canals, 10 types are designed in total,

The standard cross section and longitudinal profile of the canals
are shown in Dwgs. WI-005 to WI-00B. Details of the types and lengths

of the canals are shown in Appendix 12.

5.3.3 Crossing and turnout

Since the proposed canals' cross many tributaries, channels, roads,
and railway tracks, crossing structures such as culvert, agueduct,
siphon, etc., are required, Major crossing siructures along the main
canals include 33 on tributaries, 147 on cenals, 261 on roads and 16 on

railway tracks,

Considerations made for the preliminary design of these crossings

are as follows:
(i} Aqueduct is adopted at places where enough clearance
above the maximum flood water levcl is available,

(ii) Siphon is adopted at places where aqueduct can not be
adopted.

(iii) Culvert is adopted al places where the existing road
or railway is situated at higher e¢levation than the main

canal.,

(iv) Road bridge is adopted at places where culvert is not

applicable.

(v) Flow velocity in siphon and aqueduct is specified as

follows:
Discharge (m3/sec) Design velocity {m3/sec)
Siphen Aqueduct
30 - 10 1.80 - 2,20 2,20 - 2.50
10 - 5 1.50 - 1.80 1.70 - 2,00
2- 5 1.30 - 1.50 1.50 - 1.80

2 1.00 - 1.30 1.30 - 1.50
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Standard designs of crossing structures are.shown. in Dwgs. WI-009
to WI-012. Types and the number of crossing structures are detailed

in Appendix 13.

The proposed irrigation aree of 23,600 ha will be divided into
49 blocks, 10 blocks in the left bank area a&nd 39 bloéks in the right
bank area. Turnouts will be provided at.each irrigation block on the
main and secondary canals. They are provided at locations where the
major existing canals join' the main canal, and where the secondary

canal branches off to divert the water to newly irrigated area,

Three standard types (Type A, B and C) of turnouts are proposeﬁ
for enabling the standardized operation of turnout gate and for the
convenience of maintenance. Romiyn gate is provided for the type B
and type C turnouts and sluice gate is for the type A. Standard design
of the structure is shown in Dwgs. WI-013 and WI-Ol4.

5.3.4 Regulating structures and reserveir

For smooth distribution of water from the main canal, diversion of
water, protection and maintenance of 1lhe canal, emergency treatment,
etc., some regulating structures or devices will have to be provided

along the canal,

Waste way and spillway

Since many aqueducts or siphons are built on this canal, waste
way and spillways will be provided immediate upstream of the crossing
structures for the maintenance of canals, clearance of drifts, and
evacuation of excess flood water, Typical design of the structure is
shown in Dwgs. WI-009.

Check gate

Check gate will be installed just downstream of the major turnouts
to maintain weter level, to lessen rapid change of water level and to
prevent high velocity of flow. Proposed type of the check gute is a
combination of the fixed overflow and manual operating gate. Typical
design of the check gate is illustrated in Dwg. WI-013,



Rogulnting resvrveir

Tt ﬁould bo desireble to provide some vegulating reservoirs on the
~route of the mein canal far enchbling uniform water distribution over
the area. However, if the reservoirs ere provided on ihe main canal in
this project arem, it requires an additional water head forrcanal net-
work or makes the irrigsble area narrower. Therefore, regulating’
reservoirs will be provided on the secondary canal which serves the

area of more than 1,800 ha.

Three regulating reservoirs are proposed in the system which are
capable of storing one day requirement of irrigation water: Homogeneous

earthfill dyke is designed for the reservoir.

Major features of the proposed regulation reservoirs are as follows:

TURNOUT NO.

No, 6 No. 20. No. 35
Serviae area (ha) 1,800 1,820 2,290
Max, discharge (m3/sec) 2.4 2.5 3.0
WL. of reservoir (m) EL.97.5 EL.85.0 EL.B4.0
Storage capacity (m3) 210,000 210,000 260,000
Reservoir area  (ha) 14.4 11.0 14,2
Reservoir depth (m) 1.5 2.0 2.0
Height of dyke (m) 2,5 3.0 3.0
Length of dyke (m) 1,800 1,100 1,200

Typical design of the structure is shown in Dwg. WI-O15.

5,3,% Irrigation network on farm

The existing small irrigation canals will be utilized as tertiary
canals, Since the present density is only 10 m/ha, new tertiary canals
or farm ditches will be constructed in the farm to the extent of 30 m/ha,

laying out 400 m in distance on an average.
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. With respect to drainage on farm, the present drains have the
density of only 10 m/ha. Additional drains will be provided to prevent
inundation due to heavy rains, The density of farm drains will be

increased 1o 30 m/ha.

No additional main drainage will be necessary since the tributaries

in the area will work as the trunk drainage.

Farm roads will also be increased to a density of 40 m/ha from

the present 20 m/ha,

5.3.6 Operation and maintenance of the irrigation system

Operation and maintenance services lor the Colo weir, main and
secondary canals and their appurtenant facilities will be managed by
the project, while other facilities are managed by the local organiza-

tion of "Dharma Tirta,"

For the over-all management of the irrigation system including
water control, inspection and maintenance of the facilities, an irrige-
tion management office will be organized., The office, stationing about
15 staffs, will keep records concerning meteorological conditions,

operation and maintenance works,

Management of turnouts, check gates and regulating reservoirs will
be made by the operational staffs to be assigned for each facility under

the direction of the irrigation management office.

In addition, Colo hendwork management office will be necessary,
The office, stationing two staffs, will make close contact with the
Wonogiri dam office and conduct water control at the headwork. Operation
of the scouring sluice gate and periodical inspection on the weir

facilities are also the responsibility of the office,

5.3.7 Constiruction cost estimatie

The estimated construction cost of the irrigation faecilities is
US%$33.1 million, consisting of the foreign exchange component of
US$16.77 million and the local currency of US$16,33 million as shown
in Table V-6,



Tuble V-6 Cost Bsbimnte

for Trrigabion Fucilitigs

‘89

Ttem Foreign Local Total
Currency Currency
I. Civil Works

Preparatory Works ( =) (187) (187)
Colo Diversion Weir (2,086) (881) (2,967)
Main Canal (6,245) (4,570) (10,815)
Secondary Canal (972) (1,224) {2,196)

(incl, regulating reservoir)
Farm Ditch (=) (1,115) (1,115}
Drainage (-) (1,299) (1,299)
Farm Road (-) (3,718) (3,718)
Construction Machinery (4,237) (148) (4,385)
Sub-total 13,540 13,142 26,682
11, Land Acquisition - 800 BOO
IT1. Contingency 2,030 2,088 4,118
IV, Engineering & Administrative 1,200 300 1,500

Expense-

Total 16,770 16,330 33,100
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5.4 River Tmprovement

River improvement work is proposed for the section 32.2 km lung
between Ngubter (located ai aboul 16 km downstream from the damsite)
and Jurug, Surakarta (48 km from the damsite) along the main.stream
of the Sala river. Besides, levee will be also constructed on 6 tri-
butaries in the section where the back water of the main stream reaches,
the length of which is about 17.5 km in total. The imprdvement work
consists of levee construction, river bed dredging, bank protection,

construction of bridges, and sluice ways, and drainage works.

5.4.1 Design flood

Degign flood assumed for the river improvement work is S.H.F.D,
{Standard Highest Flood Discharge)} having a peak discharge of 4,000
m3/sec at the Wonogiri damsite. It is regulated by the Wonogiri reser—

voir and the regulated out flow at the damsite is 400 m3/sec.

The flood flow increases to 1,600 m3/sec at Colo site and 2,000

m3/sec &t Surakarta.

Details of the design flood are described in Annex III, Data.

5.4.2 River training and improvement

Alignment of improvement

It wvas intended that the improvement work would be made along
the existing channel to the maximum extent. But the present river . .
channel is so heavily meandering that short cut work is reguired for
a distance of about 12 km out of the total length of 32 km along the

main channel.

The proposed plan of improvement work is shown in Dwgs. WF-001
and WF-002.

Longitudinal p}bfile

Longitudinal profile of the river improvement work was studied on
the basis of the proposed alignment plan. It was worked out in due con-
sideration of the profile of the present river channel. The proposed

lopgitudinal profile is shown in Dwg. WF-003.
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Design high watler level

11 the dosign water level of the piver channel ig sel ab a relative-
Iy low elevation, Lhe improvemenlt work would require much excavatlion
work which will be costly. The channel improvement will therefore be
planned in an adequate combination of channel excavation and levee con-
gstruction. The design water level in the proposed plan is assumed at

the highest flood level recorded in the past (1966 flood).

Cross section of river channel

Single crass section usuall& requires the least flow area. However,
in case of the Sala River in which seagonal fluctuation of the river
flow is extremely large, composite type cross section is recommendable
to stabilize the dry season flow and to aveid the concentration of high

flood flow. .

Since the present river channel has been formed by natural force
and shows relatively stable flow condition in the low water season,
the design discharge for the low water channel is determined to accord

with the present flow capacity.

Standard cross section is shown in Dwg. WF-004,

Bank proiection

At present, the river bank is eroded at many places along the river
course, especially at sharply meandering sections., No bank protection

works are provided presently except pile groines at quite few places,

The proposed improvement work invelves the construction of long
levees along the both banks of the river. Sodding and stone pifching
are planned for the protection of banks. The stone pitching with foot
protection work is-proposed for the parts of sharp meandering, while

sodding is epplied for the other sections.

Drainage of inner basin

Run-off from the inner basin will be gathered and drained through
adequate systems of collecting ditches and channels. Most of them are

connected to the iributaries. for draining therefrom.
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There are many small chennels and ditches flowing into fhe river,
which are presently functioning to drain the inland water. After the
levee is constructed, inland d:ai%ing will be made through sluiceways
to be constructed at necessary places. The sluiceways will be provided

with gates to shut-off the reverse flow from the river to inland area.

5.4.3 Construction cost estimate

Total construction cost of the river improvement works is estimated
at US$18.27 million, consisting of the foreign exchange component of
US$6.217 million end local currency of US$12.053 million as shown in
Table V~7. '

V-7 Cost Estimate for River Tmprovement

(103Us$)
Ttem Foreign Local Tobal
Currency Currency

I. Civil Works
Excavation ( =) (3,190)  (3,190)
Banking ( =) (2,322) - {2,322)
Bank Protection { =) {2,729) (2,729)
Bridge (51) (34) (85)
Siuice way {644) (276) (920)
Interception Drain ( =) (240) (240)
Construction Machinery (4,015)" ( -) (4,015)
I1, Land Acquisition - 1,514 1,514
I11. Contingency T07 1,548 2,255
IV. Engineering & 800 200 1,000

Administrative Expenses

Total . 6,217 12,053 18,270




‘CHAPTER VI

CONSTRUCTION PLAN
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VI. CONSTRUCTION PLAN

6.1 Basic Considerations

The construction plan for the Wonogiri Multipurpose Dam Project
is formulated in this chapter taking into account the local availability
of the construction materials, requirement for machineries and equipment,
climate condition, acgessibility of the project site and other related

factors,

In this construction plan, the construction period to be required
is minimized as practical as possible for the efficient execution and

acquiring the expeected benefit soon,

6.1,1 Construction materials

Embankment materials

The Construection work will require approximately 10 million m3 of
embankment work, of which 1,9 million m‘3 will be for the dam and its
appurtenant facilities, 2.9 million m3 for the irrigation facilities
and 5.2 million m3 for the river improvement works.

Investigation has shown that impervious core, filter and rock
materials for the dam embankment are all available in the area within
3 km from the damsite. Selected rock materials from the excavation
will alsc be utilized for the embankment works such as the dam, temporary

cofferdams, powerplant backfill, etec,.

Embankment materials for irrigation facilities and river improvement

area mostly obtained from the excavation works.

Concrete materials

Estimated total quantity of concrete work will amount to 146,000 m3

for the dam, power station, irrigation facilities and river improvement.

As to concrete work in the dam and releted structures, aggregate

will be supplied from the river deposit in the foundation area of the



94

dam. Tt ix presumed that the deposit will yield about 140,000 tons: of
aggregate, which is slightly short of the total requirement. The
deficient will be supplemented by the sand and gravel bars along the
course of Kali Keduwan., For irrigetion and river improvement works,

aggregate will be available from river deposits near the work site.

Required total guantity of cement, which is assumed to be imported,
will be about 49,000 tons including the requirement for the dam grouting

works,

Reinfercing steel bars of about 4,800 tons will be required,
presumably to be imported.

Mechanical and elecirical equipment

Most of the hardware an& equipment reguired for the works such as
structural steels, ﬁenstocks, gates, major electrical equipment, will
have to be imported. For other materials, local products will be utilized
to the maximum extent, The major items available are wooden goods,

bricks, stone blocks, oil products, etc.

6.1,2 Construction plant and equipment

Various kinds of construction plant and equipment are required for

the Wonogiri Multipurpose Dam Project with different capacities.

There exist no damestie manufacturers and assemblers of heavy duty
machinery at present. Many kinds and number of construction plant end
equipment have been imported for the various similar projects and some
of them are suitable for the execution of this project. But most of
them are fully engaged and not transferable to this praject. Mast of

plant and equipment for this project are therefore to be imported.

6.1.3 Construction facilities

Construction facilities inecluding residential quarters, offices,
warehouses, motor pool and repair shop, concrete and aggregate produc-
tion plant, raw aggregate stockpiles and various construction roads

will be provided for the exclusive use of the project construction,
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A tentative layout of the dam construction facilities is shown in Dwg.
WD-006,

The government office and quarters al the damsite will be constructed

on the lef't bank area, about 800 m apart from the future puwerplant site.

The quarter will be provided with adequate residences, mess halls,
a guest house and other necessary facilities to accommodate about 80
supervisory staffs from the Government, A part of them will be used for
the accomnodation of future operational personnel after the completion
of the work,

6.1.4 Access road and bridges

Most of the construction materials, equipment and machines will be
transported by road from Surakartia to the site. On the route of the
existing road, lhere anre 16 bridges including 2 large bridges spunning
over the Bengawun Sgla. These bridges appears not to have sufficient
capacity for trunsporting the project goods (40 tons maximum), lteinforce-
ment of the existing bridges will be a primary work to be performed

before the commencement of the main works,

6.1.5 Rond relocation near damsite

The existing road on the left bank of the damsite has to be relocated
at an early period of the construction, Other existing roads to be
submerged under the reservoir will be reloceted in parallel with the
construction of dam. The proposed route is shown on Fig, V-4 and Dwg.
WD-006.

6.2 Wonogiri Dam and Power Station

6,2.1 Construction plan

Implementation method

In view of economic aspect and special work operations required for
the construction works, it is recommended to execute the work on contract

basis, Competitive contractors should be selected through perqualification
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and tender procedures,

The muin part of the dam and the powerplant construction works may
be divided into 4 or 5 separate contracts, thal is main ecivil works,
gates and penstocks, generating equipment and 1ransmission system.
Other preparatory construction works also be divided into the contracts
for the government camp, road relocation and diversion conduitl works

respectively.

Work plan

Construction work will generally be performed by conventional
methods, Excavation will be mostly by the blading and ripping with
bulldozers, loading by shovels and hauling by dump trucks. Concrete is

produced by a central mixing plant of 24 w” /hr capacity.

Monthly average embankment of the dam will be about 140,000 m3.

In the placement of fill materials, impervious core materidl will be
placed in 25 em layer and compacted by sheepsfoot roller, Other zones
are compacted in 0,5 m t¢ 1.0 m layer by vibration roller. No core
embankment work will be provided during the wei season, November to

April,

Excavation and concrete works for the spillway will be divided in
3} areas, i,e, overflow weir, chuteway and stilling basin areas.
Excavation in the overflow weir and the upstream part of chuteway will
be initiated to supply rock materials to the cofferdam embankment.
Concreting of the chuteway will progress intermittently in parallel with

the intake, the pressure tunnel and the powerplant pour works,

In view of the geological condition along the route of pressure
tunnel, the tunnel excavetion will require adequate timbering work with
using steel-rib suppoits. After providing the lining for its entire
length, the tunnel may actlas an emergency diversion tunnel which will

be ulilized only at the occcurrence of an abnormal flood event,

During the inteke excavation and concrete works in the area of
Fl. 119.0 m, a part of the ground must be left unexcavated to form e
part of the cofferdam at an height of El. 127.7 m.
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Powerplant area will be excavated initially in a partisl area to
provide an approach road to the portal of pressure tunnel for enabling
the enrly start of the tunnel excavation. Subsequently, the ares will
be enlarged to the designated full width for the construction of power

house,

Construction plant and equipment

The dam construction work reguires about 45 items of construction
plant and heavy equipment, Concrete production facilities will be one
aggregate screening plant and one conerete batching plant with 50 ton/hr
and 24 mafhr capacities respectivély. Major items of heavy equipment
will be 1,2-2.7 m3 class shovels, 20-30 ton bulldozers and 8-15 ton

dump trucks,

Power for construction works will be supplied from a diesel generat-
ing plant of 1,000 k¥ capacity. Two pumping stations will supply water
to various construction sites including the officices and the residential
quarters. The peak requirement of water supply is estimated to be about
8 mj/min. Compressed air plant will be installed both at the damsite and

the rock quarry.

The required number of construction plant and equipment for the dam

construction is summarized in Appendix 14.

G.2.2 Construction schedule

The project site is commanded by 2 distinet seasons, dry and flood
seasons, Taking into account this seasonal fluctuation, the dam construc-

tion will be carried ocut according ¥o the following stages of coperation:
(i) Construction of the diversion conduit (up to Apr. 1978).

(ii) Construction of the primary cofferdams and diversion of

riverflow at the beginning of 1978 dry season,
{iii) Construction of the main cofferdam {1978 season).

(iv) Construction of the main dam, spillway, intake, pressure

tunnel and power house,
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(v) Commencement of the impoundment of the reservoir

(from Nov, 1980),

The construction works will be performed throughout the year with
maintaining 2 working shifts except during the peak wet period. The
construction period of the dam and reservoir work will extend over a

period of 5 years starting in mid. 1977 and completing in March 1981.

Work period for the power equipment will be about 2 years includ-
ing manufucturing, transportation end erection works. The inéta]latiou
work at the gite will be started from December 1979 and the.most parts
be completed in early 1981 while commencement of the commercial opera-

tion is scheduled in April 1981,

Construction work of the transmission line will be executed from
April 1980 to January 1981, most part of which will be carried out
mainly during the dry season. Electrical works for the Sala substation

will be cnrried out during 5 months from November 1980 to March 1981,
6,3 Irripation Facilities

6.3,1 Construciion plan

Work plan

The construction of the Colo diversion weir is divided into two
stages, In the Pirst stage, the construction of the weir, riprap and
bank rivetment around the weir will be carried out by dry work method

without any river diversion work.

In the second stage, the excavation of the approach channel and
outlet chunnel will be executed and the river flow be diverted into
the channcls, Succeedingly, the present river channel will be backfilled
with excavated materials and the main canal on the right bank wi]l be

connected to the intake structure.

The construction of the main canal will be divided into five work
sections, four on the right main canal and one on the left main canal,

Work division for the main canal is presented in ¥able VI-1, together with
the number of related structures.
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Table VI-1 Work Division and Sequence
for Construction of Main Canal

S : Type of Length Const. Related Structure (No.)
ection .
Main Canal (m) Year Sivh Aque- Turn— Bridge
TPAOR  ghct Culvert out

1 Right I 10,450 1982 4 - 2 6 17

2 " TI1-11% 15,000 1930 3 2 - 11 28

3 " IV-VII 19,400 1979 5 3 2 14 52

-4 " VIII-XII.19,000 1978 2 7 1 8 48

5 Left I-v 25,550 1981 2 4 2 10 58

The construction of the secondary canal will also be divided into

five work sections as shown below,

Table VI-2 Work Division of Secondary Canal

Length of Secondary Canal (m)

Section Const. Year New . Rehabilitation Total
Construction

1 1982 23,900 - 23,900
2 1980 12,700 5,100 17,800
3 1979 30,900 8,700 39,600
4 1978 32,600 17,9C0 50, 500
5 1981 12,100 1,000 13,100

Construction of the canals will be started at any place where easy
access is obtainable, All the excavated earth will be used for the
embankment of roads and canals. A part of the embankment materials will

be hauled from the borrow areas nearby the construction site, if required.

The construction work of the main canal will be executed mainly by
using machineries while that of the secondary canal, farm ditch and

drain carried out mainly by manpower.
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Construetion plant and equipment

Conerete plant and other required plant for the construction of

Colo weir will be transflerred from the dam site.

As to water, power and I'uel supply facilities, stationary-type
facilities will be set nt the Colo weir work site. For the cenal
construetion, portable equipment such as portable pumps, generator

and tenk rolly, etc. will be utilized.

During the construction of Colo weir, large power will be required
to drive the plant transferred from the dam. Tt is planned that a 20 kV
transmission line will be constructed before the commencement of construc~

tion of Colo weir for supplying electricity to the site.

Items and reguired number of construction equipment for the irriga-

tion work are shown in Appendix 14.

6.3.2 Construction schedule

Construetion of the Colo weir is scheduled to start from 1981 taking
into account the availability of construction plant and equipment from
the Wonogiri dam which will be completed in early 1981. After the
completion of the Wonogiri dam, the river flood will be decreased
considerably, which makes the construction work to carry out in less
risky condition, Before starting the main work, preparatory works such
as suvcess road, construction guarters, power and water supply systems,

etc. will be completed,

Most of the other construction works will be completed in 1982
corresponding to the work schedule for the Colo weir, Total peried
required for the construction of the irrigetion facilities is five years
excluding one year for the preparatory works. The construction works
will he principally carried out during the dry season, in view of

inefficient working conditions during the wet =eason,
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6.4 River Improvement

6.4.1 Construction plan

Work plan

River improvement work will be divided inte 6 work sections as

presented below,

Worlk

section Cross section No, Right or left bank Embankment work, (m3)
I No. 1 - No. 11 (Left bank 888,000
{Includ. K. Samin) Right bank
I1 No, 12 - No, 34 Right bank 882,000
11 No, 12 - No, 29 Left bank 853,000
(Includ. K. Brambang,
K. Serenan)
1v No. 30 - No. 33 lieft bank ‘ 837,000
(Includ. K. Dengkeng,
K. Kupan)
v No. 34 - No, 53 Left bank 807,000
VI No. 35 = No, 53 Right bank 894,000
{Includ. XK. Jlantah)
Total s ' 5,160,000

The priority of the improvement section should be determined
considering the significance of the flood protection area. Urban areas

or high productivity areas will receive high prioerity.

With the above in consideration, it is planned that the improvement
work will be commenced in the work Section~II, followed by Section-I,

Section-I11I, Section-IV, Section-V and Sectien-VI in the order.

The total volume of excavetion and embankment works is 6.4 x 106 m3

and 5.2 x 106 m3 respectively. Of the total excavation veolume, about
80% is yielded from the excavation of channel short cut work. In view
of the volume of proposed earth works, the work will be carried out

under an appropriate earth moving schedule, in which the maximum utilization
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of excavated earth for embankment is planned; excavated earth be delivered
direcily to the embankment place. The materis] excavated by bulldozer

and shovel will be transporifed to the nearest embankment place by dump
truck. In the embankment, it is usually compacted by bulldozer or other

equipment,

Bank protection work, consisting of stone pitching and sodding will
e done in accordance with the progress of embankment and excavation
wvorks, Sluiceways will be constructed before the embankment work begins

at euch place,

Construction plant and equipment

No particuler stationary plant is deemed necessary in view of nature of

the work which consists mainly of earth moving work.

Water, power and fuel supply systems for the work execution are
planned in the same manhner as the canal construction of the irrigation

work,

Since the major part of the consitruction work consists of excavation
or dredging in the river bed and embankment of the levee for the distance
aof about 50 km, the type and required number of equipment are determined
in due consideration of the wide availability of equipment for various
works., Appendix 14 shows the equipment list for the river improvement

work.,

6.4.2 Construction schedule

Construction period is scheduled to extend about 6 years in total
from 1978 to 1983, assuming that yearly workable days is limited to
180 days during the dry season,

6.5 Overall Construction Schedule of the Project

Overall time schedule fTor the construction works of the Wonogiri
Multipurpose Dam Project is presented in the form of bar chart as shown
in Fig, VI-1,
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Fig. VI - | Proposed Construction Schedule for Wonogiri Multipurpose Dam Project
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0.6 Project Administration

Project sponsor for the construction works

The Directorate General of Water Resources Development {DGWRD) of
the Ministry of Public Works and Electric Power (PUTL) will have the
overall responsibility for the implementation of the Wonogiri Multipurpose
Dam Yrojeet as experienced in many other similar projects in Indonésia.
The DGWRD will also be entrusted for the execution of the power house
coustruction by the Public Corporation of Electricity (PLN). Meanwhile,
the design and construction of the power equipment and-po#er transmission
facilities will be executed by:thejPLN‘theﬁselﬁeé in cooperation with

the DGWRD.

N LN PR Pein, oty

With respect to the resettlrment in théfqeserv01r area which is
the most 1mportant problem for the 1mplemeqtat1;n of the project, ‘the
local governor (BUPATI) will .take Mnecessary f%;é:dures ‘and actions:
under the 1nstruet10n of the Provincial Goveégar'éf Central‘Javay

Exocutivégggénby'at the project site,:E o
For the vxecutlun of Lonstructlon ‘works in ‘the'iproject. area, the
existing Central Office or Bengawan Sola Project ' (PBS. PUSAT) ,will huve
the responsibility for the fleld operatlon of ‘the’ project under the
. f‘ii B R
control of the DGWRD, . e G o
T s,

The D1rectorate of River (DITSUN) and the. Dlrectorate of Irrlgatlon
(DIHGASI) will prov1de necessary officers for. the PBS PUSAT to assist

One field office tentatively named the Project Office of Wonogiri
Dam (PRO WONOGIRI) will be required to be established at the work site
under the control of the PBS PUSAT, This field office will operate daily
field works, such as design and supervision of Jield wurks, procurement
of the necessary materials for construction, maintenance of the plant
and equipment, operation of field nnd laboratory test, and other

administrative works,



Necessary staffs will be appointed tq'the-respéctive'sections af
the PRO WONOGIRI and the dnily ficld eperstion will be earried out in
close cooperation with local offices of -the PUTL and the local government

offices.

The construction works of the main part of the project such as dam,
intake weir, main canal, etc., should be carried .out or the ccatract
basis with local contractors, or if they are not available, with foreign

contractors under the supervision of the PRO WONOGIRI.

Besides, a technical assistance by consuliing engineers from foreign
and or local will be provided at the PBS PUSAT for the successful perform-

ance of the construction work.

The overall construction organization chart is presented in Fig., VI-2.
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"VIT. . ECONOMIC AND FINANCIAL EVALUATION

7.1 General . . ) .

- The project evaluation in this chapler aims to mscertain the feasi-

bility of the project in view of economic, financial and social aspects.

Firstly, economic feasibility of the project is evaluated by using
the internal rate of return method. Project costs and price of outputs
are estimated for the analysis, which reasonably reflect social opportu-
nily costs excluding the effects of import duties and subsidies as prac-
tical as possible. The benefits are assesed using the "“future with
project”" and "future without project" principle. In the economic evalu-
ation, sensitivity analysis is also made with rGSpeét to the implemen-
tetion timing of thé'irrigntion facilities, the agricultural productivity

and the price of the agricultural product.

Secondly, finenciel eveluation is conducted by means of farm budget
analysis and repayability analysis of the financial cosﬁ. Faxrm budget
analysis is designed to confirm the soundness of the project from farmers'
point of view, while the repayability analysis is made for checking the
financial viebility of the project in terms of water charge and power

charge.

Finnlly, socio-economic impacts of the project are briefly assessed

in due consideration of the effeet of the project to the regional development.

Costs and benefits to be used in the economic analysis are estimated
basically at early 1975. All conversions from Rupiah tc Dellar value are
made at an exchange rate of Rp.415 = US8l and the project life for the

evaluntion is assumed at 50~year period of 1976 - 2025. . “

7.2 Eeconomic Evaluation
7.2.1 Summary of benefits

Project benefits are comprised of two kinds of benefits, namely
primary benefits and secondary benefits. For the calculation of the

internal rate of return, only the primary berefits are included.



1080

Primary benefits

Primnfy benefits are comprised of irrigation benefit, flood control
benefit and hydropower benefit of which detnils are. explained in.the
previous chapters. Negative benefit on the submerged area by the resoer-

voir i8 alsc included in the analysis,

The summary of the annual primery benefits are presented in the

following table.

Table VII-1 Summary of Benefits

(US$1,000)
Benefit Annual
Irrigation Benefit 13,620
Flood Control Benefit - 5,810
Hydropower Benefit 1,350
Negative Benefit . =820
Total 19,960

For the economic evaluation, the development period of the irri-
gation benefit is assumed at S5-year after the completion of irrigation

facilities during which the irrigation benefit will incremse linearly.

Flood control benefit is expected to accrue, to some extent, after
the coffer dam is completed and continue to increase stepwise corre-

sponding to the river improvement works until 1983.

- After completion of the construction of the power station in
early 1981, eledtric power benefit is-expected_to attein its maximum- - .

extent.

rs

Negative benefit will arise from the rainy season of 1978 when
the cultivated land is partly submerged by the compietion of the
coffer dam and increase to its full amount in 1981, when the reservoir
will be filled.
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Secondury Benefit

In nddition to the primary benefits quantified ubove;‘unqthér
economic beneflits are expected to accrue from fishery, recreation and
tourism unﬂ‘impfovemenh of locul trensportution upon completion of the
project. Municipal water supply will also be possible Tor Surakarta

< il-‘v .

The Wonogiri reservoir will have a water surface area of approx—-
imately 9,000 ha, which will provide enough potential for fishery,
Surakarta city has a population of about 414,000, thus the fish would

have a ready sale in the market' as Presh fish.

With a surface ares of 9,000 ha and a coastline length of more
than BO km, the Wonogiri reservoir will provide oppoertunity for re-
creation and tourism. Since opportunities for recreation in Indonesia
at present are rather limited, there is expected proportional increase
in the demnnd for recreation facilities, as the standard of living be
improved. The reservoir area is located near Surakarta'city, easily

accessible by road and could provide convenient recreation opportunity.

Another benefits are expected from the improved farm road netwark
in the irrigation area. This expanded roand system will improve the
inadequate transporation condition at present and facilitate agricul-

tural activities,.

Since the existing water sources for municiﬁal water supply in
Surakarta city will not be sufficient to meet the demand in the future
which will increase with population growth and income increase, it will
be necessary to cope with the short of the requirement by utilizing
the water from the reservoir. It is therefore expected that consider-

able benefit will accrue from the municipal water supply in the future.

7.2.2 Summary of costs

Construction cost

The tota) construction cost will be US$106.47 million comprising the

foreign currency portion of US$51.177 million and .lecal currency portion
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of US8$55.293 million, which covors the cosl for the congtruction of
"dam ineluding land acquisition of reservoir area, power plant and

transmission lines, irrigation fecilitics, and river improvement

worls,

These costs are summarized into Table VII-2 by each item, Annual
disbursement schedule is also summarized in Table VII-3 for the econo-

mic analysis of the project.

Table VIT-2 Summary of Costs

(Us$1,000)
Foreign Local
Ttem Portion Portion Total
Dam & Reservoir 18,000 25,400 43,400
Hydropower 10,190 1,510 11,700
Trrigation 16,770 16,330 . 33,100
River Improvement 6,217 12,053 18,270
Total 51,177 55,293 106,470

The land acquisition cost for the Wonogiri dam and reservoir in-
cludes the costs of yard, housing quarters and resettlement expenses
for the families to be displaced. The cost for the acquisition of sawah
and tegal is excluded in the estimated cost but is incorporated in the

negative benefit.

Land acquisition cost is based on the survey of the reservoir
area made by DPUT in 1975 and unit costs estimated from ﬁhe same data.
The resettlement expenditure for the displaccment are calculated
referring to the unit price estimated by Gadjah Made University in

the first survey report.

The summary of the land acquisition cost is presented in Table
VIi-4,
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Table VIT«4 Land Acguisition Cosi for Wonogiri Dam & Reservoir

Quanti by Amount
{(ha or Nos.) {Rp.1,000)
Housing and Quarters
Bamboo 10,697 748,790
Wooden 11,519 1,727,850
Brick 216 97,200
Factory 24 6,000
Others . 797 39,850
Yard 2,242 762,280
Cemetyy an! Forest 206 30,900
Expendibure for Resettlement 9,834 1,278,420
Total 4,691,290

(equiv. to US$11,300,000)

Cperation, maintenance and replacement costs

The total annual cost for operation, maintenance and replacement
of the project is estimated at US$0.47 million. The summary of the

costs by purposes is presented in the following table.

Table VII-5 Annual QOperation, Maintenance and
Replacement Cost

Ttem Amount (US$1,000)
Dam und Reservoir 40
Power Plant 280
Irrigation 130
River Improvement 20

Total 470
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The vost to be incurred by providing more intensive institubional
services such as ¢vedil, researeh, Lraining, extension, etc. are not
included in these costs but these are regularly budgeted by the govern-

ment through its various agencies.

7.2.3 Evaluation

The economic evaluaniion of the project is carried out by means of
interual rate of return method. On the basis of the benefits and costs
estimated above, the rate of vreutrn is enlculated at 13.9 % for the project
life of 50-year as shown in the attached table in'Appendix 15. The rate of

return is considered to indicate the economic viability of the project.

In succession, sensitivity analysis.is made with respect to the con-
struction liming of the irrigation facilities, productivity of paddy and

price of paddy to evaluate their effects on the projeet feasibility.

Effect of the construction timing of the jrrigation facilities

Internal rate of return is caleculated for the following three
cnses in addition to the proposed plan to analyze the effect of the

vonstruction timing of the irrigation system on the project feasibility.

Case 1 The irrigation system will be completed after

S5-year of the dam construction.

Case II The irrigation system will be completed after

8-year of the dam construction.

Case III The irrigation system will be completed after

ll-year of the dam construction.

The results of the sensitivity study are presented in the follow-

ing table.

Case I Case II Case III

Internal Rate

of Return 12.8 % 12.0 % 11.6 %
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The eflect of ithe produclivity of paddy

The effecl of the productivity of piuddy on the project feasibility

is analyzed in the following two casces,

Case I The productivity of paddy will decrease to 5.0 t/ha

at its full operation stage,

Case Il The productivity of paddy will decrease further to
4.5 t/hn at its Tull operation stage.

The resulls of the sensitivity analysis are shown in the following
iable.

Case 1 Case II

Internal Rate

of Return 12.6 % 11.5 %

Effect of the price of rice

Internal rate of return is c¢alculated for the following three cases

with respect to the price of rice.

Cnse 1 Fconomic¢ price of rice is US$240 per ton,
Case 11 Economic price of rice is US$300 per ton,
Case III Economi¢ price of rice is US$330 per ton,

The results of the sensitivity analysis are shown in the following
table.

Cese I Case 11 Case 11X

internal Rate

of Return 12,2 % 15.3 % 16.5 %

In addition to the above analysis, the cffeect of the power sector

to the whole project is briefly studied in Appendix 16.
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7.3 [Financial Analysis

Financial snalysis of Lhe project includes farm budget enalysis

and repayability evaluation for cach function of the project.

Farm budget annlysis is made to assess whether the project will
have sufficient incentive to the farmers in the project anrea and wilil

bring enough cash income increanse in the farmer's economy.

In succession, financianl cost is estimated on the basis of actual
cost requirement and the cost i§ allocated for each purpose of the
project to share the justifiable financial charge equitably. DBased
on the allocated cost, financial evaluation of the project is examined

to ascertain the repayebility to the cost of each purpose,

Finally, the financial cost is inflated by the assumed price
escalation rate to esiimate the actual fund regquirement to finance the

implementation of the project.

7.3.1 YFarm budget analysis

In order to evaluate 1he feasibilily of the project from farmers
cconomy, farm budgel is investigated {'or {ulure without the project

and future with the project conditions.

After checking the dato collected in the "Master Plan of the Benga-
wan Spla Basin Develeopment", sample farm survey wes carried out for re-
estimating the typical farm budget in the project area, which includes
the investigation of outputs and inputs for typical farmers both for

agricultural and non-agricultural production.

The average farm size at present is estimated at 0.72 ha comprising
0.46 ha of sawah and 0.06 ha of tegal and 0.20 ha of others. It is
assumed that the farm holding size will not change considerably in the
future even if the project is completed due to the difficulty in

land extension.

Based on the data checlked by the farm survey and the average farm

holding, typical Tarm budget is estimated, for which financial price or
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actual price is applied to the agricultural outputs and inputs. The

results of the calculation are presented in Table VII-6 and Table V1I-T.

Upon completion of the project, crop income is expected to increese
substantially from Rp.122,710(or US$296)to Rp.290,740 (or USET0OL), while
other incomes such as gains from livestock and wage labor will remain
at lower level. Although the production costs will also rise for
sustaining intensive farming with the project, the resulting net income,
which is defined as the difference between farm income and production
costs, will reach to the level of Rp.232,400 (or US$560).

Since the family size is estimated at 4.9 in the project area,
percapita income will be over US$114, indicating substantial increase

compared with that of some US$50 without the project.

Annual net reserve or capacity to pay will alse grow from Rp.28,650
or US$69 to Rp.124,360 or US$300 in spite of ithe expected increase in
living expenses. The increased net reserve indicates sufficient capacity

1o pay fur some charge imposed on the irrigation water such ns water charge -
in the future,

Teble VII-6 Typical Farm Budget Without Project

Itenm Amount (Rp)
T. Parm Income
Crop lncome /1 ‘ 122,710
Other Income /2 28,740
Total Gross Tncome 151,450

11. Farm Expenses

Production Costs

Crop Production Costs /3 41,530
Other Expenses /4 - 7,220
(Sub-total) (48,750)

Note: [1, [1 Estimated on the besis of 1he average farm holding
per family of 0.72 ha.

/2, /4 Includes the incomes or expenses from livestock
breeding and off-farm labor which are evaluated
using the "Master Plan of Sala River Basin
Development".
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T tem

Amount (Rp)

11T. Net Reserve (or Capacity to pay)

Living Expenses
Food Consumption
Other Living Expenses
Taxes
(Sub-total)

Total Farm Expenses

14,720
27,930
1,400

(74,050)
122,800
28,650

Table VITI-7 Typical Farm Budget With - Project

Item

Amount (Rp)

l.

II.

ITT, Net Reserve {or Capacity to pay)

Farm Income
Crop Income li
Other Income /2
Total Gross Income
Farm Expenses
Production Costs
Crop Production Costs /3
Other expenses /4
(Sub=total)
Living Expenses
Food Consumption
Uther Living Expenses
Taxes
{Sub~total)

Total TFarm Expenses

290,740
35,900
326.640

82,450
11,790
(94,240)

58,580
46,600
2,740
(107,920}
202,160
124,360

Note: [l, Zg

Estimated on the basis of the average holding per
family of 0.72 he.

/2, /4 1Includes the incomes or expenses from livestock
breeding and off-farm labor which are estimated
using the "Master Plan of Sale River Basin Devel-

opment",
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7.3.2 Financinl evaluation

Financial Cost

Financial cost of the project is estimated at US$141.28 million,
which includes interest cost during construction and actual cost for land
acquisition and reseltlement. Interest cost takes into account only for
the foreign currency portion assuming that the local portion is provided
by the government with interest free. The summary of the financial cost

is presented in the following table.

Table VII-8 Financial Cost of the Project

(Us$1,000)

I'tem Foreign Portion Loecal Portion Total

Dam & Reservoir 18,000 44,830 62,830
(Land Acquisition /1

and Resettlement Cost) ( - ) (28,130} (28,130)

Hydrppever 10,190 1,510 11,700

Irrigation 16,770 16,820 33,590

River Imnprovement 6,220 13,470 - 19,690

Interest during Consﬂsruc'bionég 13,470 0 13,470

* Total 64,650 76,630 141,280

Note /l: Estimated taking into account the first survey report of
Gadjah Mads University but will be reevalueted referring
to the results of the final survey.

1;: Includes interest cost for only foreign currency portion
with 5 % per annum.

Cost allocation

Based on the estimated financial cost, cost allacation of the
multipurpose project is carried out by using "Separable Cost - Remain-
ing Benefit Method".

The result of the coat allocation is shown in Table VII-9 and the

details of the caleculation are presented in Appendix 17.
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Table VII-9 Allocated Cost of the Project

(Us$1,000}
Purpose Foreign Portion Lucal Porlion Total
Trrigetion 34,490 42,340 76,830
Flood Control 16,540 30,340 46,880
Hydropowoer 13,620 3,950 17,570
Total 64,650 76,630 141,280

Assessment of the repayability

For the assessment of the repayability of the project, the required
annual payment including capital repayment with interest, and operation,
maintenance and replacement cosls is estimated on the basis of the
financial cost for each function. Then, expected ¢harge on the irri-
gation waler and the generated power 1o be collected from the respective

beneficiarics are ealculated.

Financinl evaluation of the -projeet viability is made by comparing
the estimated charge for each function with the existing power rate or

the expected net farm income (or capacity to pay).

Repayability in the flood control section is evaluated in terms

of expected increase in the govermnment revenue.

i) Repasyment amount with interest cost is estimated on the fol-

lowing financial conditions assumed.

For the foreign currency portion of the project:

annual interest rate 5 %
repayment period 30 years after project

construction

For the local currency portion:
annual interest rate free

repayment period 30 years afier project
construction
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ii) Annuat operation, maintenance and replacement costs are assumed
to be the same nmount as the ecconomic costs and the operation and mainie-
nanee cost of dam is allocaled to Lhree purposes in proportion to the ad-

ditional alloealed construclion cost.

(Us$1,000)
levigation 150
I"loed Controt 40
Htydvopower 280

Based on the above conditions, the required annual repayment to the

cost is estimated for each purpose as follows.

{US$1,000)
Repayment Total

Foreign Local oM & R Annual

Payment

Trrigation 2,240 1,410 150 3,800
Flood Control 1,080 1,010 40 2,130
Hyd o power 890 130 280 1,300

Assuming that the salable power energy is 27,072 Mwhll, the power
rate from the Wonogiri power plant will be US$0.048/kWh (or oquivalent
to Rp.20/kWh). Comparing with the prevailing power rate which is rang-
ing from Rp.14.5/kWh to Rp.24.5/kWh for private use in Central Java, the
expected power rate of Rp.20 is acceptable,

Since the area of 23,600 he will get the benefit from the irvigation,
expecied charge on the irrigation water is calculated at US$161/ha per
year, which is equivalent to US$83.7/farm or Rp.34,740/farmég.

Traditionally, farmers in Iundonesia have not paid directly for capital
costs of irrvigation systems but have contributed indirectly through the

land tax.

/1 expected energy output of 28,200 MWh x 0.96
/2 out of average farm size of 0.72 ha, 0.46 ha of sawah and 0.06 ha
of tegal is covered by the irrigation system.
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Tho !and tax forms & major source of revenue at the provincial and
distriet levels, and any charge in this tax musi be congidered in the

Ibronder contex! of overall laxalion poliey.

Although the Govevnmend may nol intend to impuse unew charges in
the irrigation area al presenl, the increase in incomes as a result of
the project will increase ihe tax base in the project area. If total
annual payment is to be repaid by the beneficialies, the required charge
amounts to about 28 % of the net reserve of the typical farm budget with
the project, which shows some repayability to the investment cost for the

irrigation function.

With respect to flood control, it is expected that substantial
decrease in damage of agricultural products and properties will be brought
with the flood control. These effects will stimulate further general
economic activity and increase income in the region. Consequently, it
will iucrease the government revenues through direct or indirect taxes,
which will cover some parl ol necessary repayment to Lhe cost invested

to the flood control fuunction.

However, the repayment of the floed control function should be con-
sidered to be financed by some government subsidies in view of ‘the nature

of the project,

7.3.3 Fund requirement

For predicting the financial requirement of the project construc-
tion at the implementation time, the project cost including the con-
tingency of price escalation is estimated. Since the construction cost
is expected to be affected by recent inflationary trend both in the world
and in Tndonesia, tentatively Tollowing presumption is made for the esgti-

mate of the Tinancial requirement.

i) Foreign currency portion: 10 % per annum for the first year
disbursement (1976) and 7 % compound
rate per annum from the second year
disbursement (1977~1983)
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ii)  Loeal curreney portion: 15 9 per annum for the firsi year
disbhursement (1976) and 10 % com-
pound rabe per annum from the second

year disbursement (1977-1983)

With the above condition, total fund requirement is estimated at
US8211.3 million including interest cost during construction of US$16.5
million, as shown in Table V1I-10. The disbursement schedule is also

presented by each function in Table VII-11.

Table VII-10 Fund Requirement (with Price Contingency)
(Us$1,000)
Foreign liocal
Ttem Currency Currency Tatal
Dam & Reservoir 26,970 64,350 91,320
Hydropower ' 14,010 2,520 16,530
Irrigation 23,770 29,030 52,800
River Improvement 10,030 24,110 34,140
Tnterest Coshﬁl 16,540 - 16,540
Total 91,320 120,010 211,330

Note: /1 includes interest only for foreign portion with

interest rate of 5 % per annum
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7.4 Socio-Economic Aspects of the Project -

"The project will give socio-economic impuct, both of positive and

negative, on a great meny people and institulions in the project area.

For the fruitful operation of the projecl, careful consideration
should be given, from the stage of the designing to operation of the
project, Lo maximize those positive impacts and minimize the anticipated

negative impacts.

Positive socio—economic impact

First of all, creation of the employment opportunity and transfer
of technological knowledge are expected through the execution of the

project construction.

The large scele construction wark can offer numercus employment
opportunity to the project area. Since the area is over-—populated with
scarce job aopportunity, job opportunity 1o be increased by the project
will no doubt provide benefit Lo solve the unemployment and under em-

ployment.

Besides +the project will offer considerable job opportunities to
Indonesia, this will effeet on gaining expericnce in various work fields
and training their skill on the jobs., Through these, Indonesia will

accumulate sufficient knowledge and skill for the future development.

Secondly, substantially improved living conditions will result

from the development of the Wonogiri Multipurpose Dam Project.

Agriecultural production is expected to increase considerably with
the irrigation project. Consequently, more farm income will be avail-
able for acquiring the necessities or luxuries such as television, moteor

cyecle etc. Housings will be improved with the additional income.

Health and sanitation conditions will be improved upon completion
of the flood control measures with dam and river improvemenl. Electiri-
fication will give benefit on the region and will also contribute to

the improvement of living condition considerably.
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Furihermore, socio-economic stability will be prombted through all
of the above mentioned effects. Much of the social security and stabil-
ily can result from the shift f{rom neur—suhsiatencé farming lo more
iutensive agriculture producing more crops for sale and thereby increns-—
ing cash income and national benefits. PFurther social stability will
result from increased consumption of commercial goods and service,

which will siimulate the activity in the other sectors of -the economy.

Negative {(or minus)} impact

Besides the positive impact mentioned above, minus impact is

anticipated to accrue from the project construction.

One of the minus impact would be inflation caused by massive
employment of laborers and purchasing materiels for construction and
consumptive goods during the construction period. This impact will
break the balance of the present equilibrium of the local market and

suppress economic situation of the residents in the project area.

Major negative impaet might come from the construction of the
reservoir. Upon completion of the Wonogiri reservoir, approximately
7,000 ha of ecultivation land will have to be abandoned and over 48,000
persons will be displaced. Although the people affected will be fully
compensated for their lands and quarters, they will not be able to con-
tinue their livelihoods as they are. Further, the community life in the
adjacent areas will be seriously affected by the structural changewsf the
community such as decrease in the number of village people, relatives,

and village public facilities.

It is therefore contemplated that preparation of the reconstruc-
tion program of the local community is also an important problem as well
as the resettlement of the displaced people and securing alternative
employment opportunity for them for the successful execution of the

project.

At presenit, a special committee headed by chief of Kabupaten is
established to tackle with this problem in colaboration with Gadjah Mada

University. Under this committee four sub-committees are organized which
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will be engaged in compensation survey, migration survey, man power sur-
vey and public information respectively. '

The problem of rescttlement and the reconstruction plan having many
administrative aspects, it is suggested that the project executing or-
ganization (or DPUT) will make necessary coordination between the related
governmental organization and take initiative steﬁ based on the recom-

mendation of the committee for the early implementation of the project.
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APPENDINX I, LIST OF THE FILED SURVEY TEAM AND COUNTERPARTS

Spocinlity Experts in chuege Principuis & Counterparts
Team Lewter Mr, N. Aihara Mr, Soeminto
Deputy Leader Mr, E, Yoshitake Mr. Sudarto
Mr, K. Kimura Mr. Seeradji
Dr, K., Taknse
Deputy Leader Mr, K, Sawvayn Mr, Sidharto
Hydrology & Hydraulic Mr, é. Asada Mr, Supraptio

Mr. Wuryanto
Mr, Supenec

Dam My, M, Kato Mr, Triemurat
Sunaryo

Mr, Kuasnaeni
Strueture Mr, T, Takenahka Mr, Prayoga
Mr, Sulamto
Boil Mechanies Mr, C. Moriva Mr. NY. Suyono
Mr. Heru Marsudi
Geology Mr, U, Sasaki Mre, Sukamto

Mr, Mulyono

River Engineering Mr, T, Fukumoto Mr, Haryanto
Mr, Bambang DWI
Susetyo
Mechanical Engineering Mr, A, Sezaki Mr, Adhi Sarwoko
Mr, Aris
Project Economy Mr, T, Tai Mr, Kusdibyo

Mr, Sunarko

Irrigation Mr, 1i, Yonehara Mr, Muchsin Zaini
Mr, T. Amanco Mr, Wukir Rahardjo
Agronomy Mr. 1, Koshino Mr, Hendromoyo

Mr, Subanu
Mr. Nurardin
Mr, Murtadi

Pover Mr. K, Ando Mr. Harymndi
Accounting Mr, S, Nishilata Mr, Liliek Suwardi
Coordinator Mr, K, Kumagishi

Mr, X, Miyajima
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APPENDIX 3 LOCATION OF GAUGES AND N
ISOHYETAL MAP
( ANNUAL MEAN)

2
ooot
s v
N

TN A . 504
1150 \ y (] LN X
. = Q.- no AWonogiri (:.50 5 NGANY
-~ 0
e U F5omangforaGRl 100
edungaidng wJempuran e
'\"’S:'-(Kh A 0
.( o ,/ )
kl .‘/ .L\
b .
)o A? L
(,-p (~
N — f.J ‘\Q-‘,.J
50 ~—
v ) O _OROINARY | Ratntail Observatory
S AUTOMATIC
A DRDINARY . .
A AVTORATIC River Gaging Station
o Meteorologicol,
observo lion _p
S0 5 015 20 25KM
[= =« B o T e

INDONESIAN OCE AN




130

AFPENDIX 4

urseq ®i¥g Jaddy ur TiRJUT®Y ATULUOK @IBUAuAY

061‘c T1°98z S°9ce 9°80L 2°tE L £°09 ¥ L9 T'9ST  6°0ge T LEE  L°22e LTQee B3y
6€8°E otz 134 sel £6T 19 94 6T B¥E %9¢ IAN 4 66t (N4 £261

o LE6'T 1991 £61 474 0 61 0 0 19t L1z 1294 8€c 18T ¢lel
L'lvi‘c  0°01E€ 8°292 8°861 1°¥2 6°% €0t PEIT  9°98T O0°#0T B°66€ €°98¢ L'&ct Tle1
6°69€'c  €°€ef  LT¥E  vUeB 6°€6 £ T 8°ct L2 44 bo€9z  C€TEle €75t 67FIE 6790¢ 0l6t
0"ovL'Tt 1652  6°ZYT 8706 €1 0 6°1 T 11 £ 0% 9°C0t 2TL92 L°6BT OTEEE 6961
6°TL8°c €£°¢9¢  8°gle  6°BIT  L°9t 8 1L £°0Tz  6°S8T £°962 9°0c2 <¢'Obk O°S¥E  T1°66C 8961
9°063‘T f£°¢ve  ¥°09T 8°LC 61 0 0 0 1°0€ €°€LT 97022 tv'Oge v I0G 1961
0°090°c 2°'9¢e  6°80€ P91 2°81 AR 9°0 £°9L 1708 0°L1Z 962y 8'tgt  LTATE 9961
C°109°T  TT0le £709T 6°LT 6°0 0 L°91 £°LT 6 6v Fo8ET GERC LTTTIE €70t €961
vreco‘e TUgge ZURET T1TleT U8 8" 0z 6791 1°06 ¢'66T  T'9LZ  S°60E St 6TER ¥961
8 LIL'T trlce T°16 Lge 0 0 0 0°92 €761 2'58T 6°98¢  LT0LE  STHSE £961
et 2°90Fy 9°68T 8°€EB v L ys €zs 01T T-6¢ T°l6€ #6EC P89 0768t 961
6°¢€9'T oO°vET L°G9T 8'OF. +°0 £°0 £°91 9°1 TLET 8°L6T g2°€9¢ £°Ll6C  C°1tt T961
6'€b‘c 6700 9°TLE L'SS T°01 19 L'ze T°1¢€ g vz €766 L'9gz  9tEey £UGEE 0961
L'06T‘c  17€2€  Z°gle &'cH 96t 0L Lozl 9°¥L 9491  TTIBT ¥ LBL  CUeEL  €TO¥E 6561
g zlg‘e  L'T6¥ £°68T H¥TI8T ¢°I2T ¥UTL 6°L51T &1L ¢'16T 0°t82 S°8by  9°l8t L'TlC 8661
L 120’z £76LL  8T6T  9°SE L'e 19 C 68T LT92 08 9502 e'81F 8°v6C 9°8%E 2561
TEBI'e  S'¥PE Z2TL9T 266 9°¢¢ TrleT  S°L2T  9°¢6T 9°LLT 8°¢8T e2°¥91 S'CIE ¥ 66t 9561
0°918'c ¢°G&g 9°91€ B'€0Z 0°LS £°€6 L°ebT  L°PPT 2TLLT  0°622  brebe  SU8PE LUSO¥ CG61
9'9vc’e 9°gle &¢'lzb 17991  &°2h 1°19 £°89 506 €€z 0°6lz  9°PIT  9°€9C  CUG6C ¥561
1°99¢‘T  T1°28z 8°061 8°C L°g 70 AT 6°¥1 0'€0T  ¥'¥LT 8792t  6°tEt 1Tt €561
€°T6T'c  C'¥sc  T°O¥E  €°€6T  Z796 1°¢6 8°9 P 1T 9°86 B FIT 6790t &°2PC E€°ELZ 2661
T®10] “vag *AON 300  *qdag *8ny Arnpe aunp Luy cady * IBR *qay ‘usp 183}

{wm  :3tun)



asauw

m 9°%c  97¢¥ 0709 T°L9 g L¥ <C°0C 10U 9°'1 0"t 8’1t gt €& 0°¢e J1seg

¥ ce ("¥< £'8 €6 97ty 8°89 L1°99 $°E9 2°9¢ 6°LT 2°'9 9'¢ Ty €8 I'cl 0°0¢ uBay

.£°8C 2799 £°€ 8°It 45759 €°¢¢l 6°99 1°29 O°¢l ¥°¢ 9°T 9°T gt €€ 8% 8°0t ¢el/elot

0°ec 1779 "Lt P8¢ 2°CE P86 CHT PTEB TTEC £°9%F 0°6g 1T 0°8 ZTOT O°I€ O°bE  Ti/TL6T

6 €V 68 £°0¢ £°I¢  976f 9°<eT PILTT T°¢9 €718 T°L¥ €€ PIT T8 0L 6782 T7L9 1L/0L61

£°0¢ "8y 154 '€ 9%y T'09 Z°¥8 6°C€C 9'¢¥1 601 O°F €T 81 +'¢ +'¢ 9701 0L/6961

L've L ype £°9¢ Ty 6°9€ 6°6Y 6°96 €°1€ €86 S°T€ €°0T L°ZT 8°¥Z T1°6€ L°OF 0°Z9 69/8961

6'¢e 9°9¢ 91 ¢°6T  6°¢9 616 8°€E €Sy T'9Z €T 970 L'0 U1 Tz 6°¢  TUel 89/1961

L6t £°¥9 86 €ve L7y 8¢k T'IL €601 916 6781 1°'v 8°0 0°t €% 6792 8°If 1979961

2 &4 c€rcc LA c've 9'¢€y &6 T°l9 Ty 2T0E B'Z  9°0 L0 670 €T 6T L'+ 99/5961

£7ee 17¢t 10t Lo vree LtvS 1769 8Ly LTIt L°81 g€ O'T €1 61T ®'EL 0'CZ  §9/v961

9° 11 g-82 £°1 LT 8¢y 006 €°Te¢ €91 98 ¥'1 80 80 6°G¢ O°T 't ¢+ ¥9/£961

g ve 9766 6°t ¥°82 v°LE CTT08 6°IL ¥°69 €76t T°0T v°1 L0 81T 8¢ €& €6 €9/2961

£ ce 0°¢c 004 0°¢e - L°08 vS&y €716 T°€L 9T¥T €£°¢ 870 8'0 0Ol 2°'T L'z 07tz 29/1961

1°61 678t 9 6°€c  1°1€ vege  I°¢ £l 9°0g €£'8C 8°0 80 670 €£°¢ Tt 0¥  T19/0961

£°6¢ 119 v°c F'0e 1°6S 0°09 9706 T°9v 6°€S 08 80 T 0T 6°¢ Z°6T T1°lz 09/666T

1762 2799 €l T've L6 L°69 €98 T'18 6°LC 6°IT 8'IT 81 6°€ O°F%L LT T°26 65/866T

- 0°ce g ec [ 4 £°6c  T°T9 €729 6°8L O°LT 676 S°¢ L°Q B0 €°¢ €£¢l €1 6% 86/1%61
= 07¢ee 1°6¢ AN B £'9¢ 9°¢¢ 8°16 T°8t 96T <c'ce Ll 8% 't #°L  8°LT €62 9°€1  16/9661
W L°Ig V'8t ctl '€z 61T 0°1¢ T1°09 €729 9°9¢ 8°LL 9°¢ Bt ¥'8 6°CC 9°¢T 8°IT  9¢/GGHT
m +°9¢ 6°Lt bocl 9°0¢ 679¢ Cc'gy a7 Td L ac €1y 8¢S T°E 1 £ty 071 B°¢1 B'&p CC/v661
L've 8°1¢ £'c 8'82 ¥'vb LSy ¥'LL 8'Z9 6°8 gL ¢°0 g0 9°0 ¢z TI°€ R'TL pG/EG6T

swap ugal ueal uBall
mearssdn g4 syjuow +xdy ey *qay  -uep  t28q a0y 399 ‘idag -8ny A[np eunp Amy 18ay
Tesm Ayaway cady-osaq  Aap g  Araesg
.Aowm\ma LAY TITHOUON 1B JJ() — UNY GEAN A[IUOy



132

APPENDLX ©

1gaf/_ UM/ w gpg = umay

!

¢
vz 01 ¥6 #0T 9°9 +9 Busqueag QT
202 001 109 101 0°¢T €€ 1.Lqsy 6
| 9X 051 0¢¢ 00¢ €L 9¢ usdueqay °g
261 Gl < 08 19 ¥9 (CLEA R
9cc 00¢* 1 Pt L6y 0°0% 4% Iy 9
434 008 191¢¢ 196'¢ 0°0¢ 44 uweduryag ¢
606 00Z‘1 6Tv*1 6T9°T 1°L ¢ IBOUBAN ¥
goc‘e 009 009 002*1 1°¢ Ly uoqunyy ¢
191 0se |4 Ly 1'¢ 6¢ Burnd3unpay g
9LT"1 00¢ £gefe gg6‘e ¢l 4% yBsSIIy 1
H;MNE.\.ME :w ¢01) (¢ ¢OT) (gm ¢OT) (z%) (1vag)
118y adeviolg advI1g afelolg vaay ITOAIBS3Y
uoiilgjtawipag 1807 LT LN E | Teutdtap JUBWYOFB) 28y

eaay joalodg ayy UT JioAJasay

UOT3BITII] BUTISIXY a3y} jJo UOLIBIUSWITPAG



133

APPENDIX 7, COMPARATIVE STUDY FOR SELECTION OF
THE MOST OPTIMUM SCALE OF THE FPROJECT

1, Geoornl

For the sclection of the most optimum scale of the project, com-—
perative study is conducted for the following three alternative devel~

opment plans.

Item FPlan A Plan B Pian C

Dam & Reservoir

Dam Height {m) 37.5 36.1 34.5
33

Dam Volume {(107wm”) 1,800 1,600 1,420

Reservoir Storage (106m3) 660 530 410
Trrigation Area {ha} 23,600 15,600 8,500
Power

Tnstalled Capacity (kW) 10,200 11,400 7,700

Yearly Energy (k¥Wh) 28,200 28,400 23,200

Selection is mede by means of the net present worth method
where discount rate is assumed at 10 %,
2. Project Benefit

fhe expected benefits are estimated for three alternatives and

summarized in the following table

{US$1,000)
Item Plan A Plen B Plan C
Irrig. Benefit 13,620 9,000 4,900
Flood-Control Benefit 5,810 5,810 5,810
Power Benefit 1,350 1,500 1,100
Negative Benefit - B20 - 740 — 660

Total 19,960 15y570 11,150




3. Praject Costs

Construclion cost, operation, maintenance and replacement cosis

For three alternative plans are summurized in the following tebles.

Summary of Construetion Cosi

(US$1,000)

Plan A Plan B Plan C

Dam & Reservoir 43,400 42,300 38,100,

Power 11,700 13,400 10,700

Trrigation 33,100 22,620 13,180

River Improvement 18,270 18,270 . 18,270

Total 106,470 96,590 80,250

Summary of OM & R Cost

(US$1,000)

Plan A Plan B Plan C
Dam & Reservoir 40 40 40
Power 280 330 260
Irrigation 130 90 50
River Improvement 20 20 20
Total 470 480 370

4. Evaluation

Based on the benefits and costs estimated above, net present

worth is calculated assuming 10% of discount rate,

calculation is summarized as follows.

The result of the

(UsS$1,000)
Plan A Plan B Plan C
Net Present Worth 30,155 18,361 10,551

From the above figures, the plen A is preferably selected as the

most beneficial plan,

134
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APPENDIX B8 COMPARISON OF THM ALTERNATIVE
FLOOD CONTROL PLANS

Ttem Plan = T  Plan - IT Plan - III

Wonogiri eservoir

- Inflow discharge (mj/s) 4,000 4,000 4,000
- Ouiflow discharge (ma/s) 400 700 1,000
~ Storuge capacity: (106m3)
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 EL {m) 141.6 141.3 140.7
- Dam height {m) 37.5 37.2 6.6
~ Max. spillway capacity (m°/s) 1,550 1,630 1,920
-~ Total construction cost %A 43,400 43,200 43,000
(103 US

{include land ncqulsltlon COth)

River improvement

- Projected highest flood

dischurge at Surakarta (m”/s) 5,300 5,300 5,300
- Discharge after dam
regulation at Surakarta (m /8) 2,000 2,300 2,600
~ Length of improvement (km) 32,2 32.2 32.2
- Volume of earth moving 11,170 11,860 13,100
(106 m3)
~ Construction cost (B) 18,300 20,000 22,400
(103 uUs$) :
Total construction cost 61,700 63,200 65,400

(A) + (B) (10° US$)
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APPENDIX Y, LIST OF THE PRICES OF AGRICULTURAL
PRODUCTS AND INPUTS

The prices of the agricultural producis and inputs used in the economic

analysis is derived from IBRD estimate and presented as follows:

(Us$)

Ttem Estimated Price (at 1980)
Crops
Rice , 270/tan
Maize 93/ton
Peanuts 267/ton
Soybean 203/ton
Tobacco 1,110/ton
Sugar cane 200/ton
Fertilizer
Urea 91/ton
Muriate of potash 39/ton
DAP 129/ton

Source: 1IBRD "Price Forecast for Major Primary
Commodities" June 19, 1974
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APPENDIX 10. COMPARATIVE STUDY OF IRRIGATTON

The features of the alternative development plans [lor the ir-
rigation system are presented in the following table and the location
iz illustrated in the attached figurce, the most optimum scale of the

project is determined by the least cost method.

Firstly, the construction costs for cach plan arc estimated to-
gother with the operation and maintenance costs. Sccondly, the opera-
tion and maintenance costs are capitalized by discount rate of 10 i

with 30 year period.

Then, unit costs per ha including the construction costs and
the capitalized operation and mgintenance costs are calculated.
The least unit cost of Plan-A is finally selccted as the most opbi-

mun one as shown in the following table.



138

Summary of Comparison of the Alternatives

Item Plan A Plan B Plan C Plen D

[l 2 L3
Irrigation area (ha) 23,600 29,600 24,600 24,200 23,600 18,500

Main canal (ki) 89.5 89.5 89.5 89.5 89.5 89.5
Tunnel - 17.0 5.0 - - -
Max. discharge (m>/sec) 33.6 42.0 34.9 34 .4 33.5 26.3
Colo weir 0 - o o o o
Surakartas weir - - - - 0 o
Pumping station - - - o 0 -

Powver generation
at Wonopiri 0 - o a o o

Note: /1, /2, /3 In addition to 440 million m> of the available water
from the reservoir, water from tributeries will he utilized to its
Remarks: Work item marked with o is reguired or to be maximum extent.
installed for the plan,

Summary of Cost Comparison

(US$1,000)

Plan B Plan D
1 2 1 2

Item Pilan A

1) Construction cost 33,100 74,150 42,770 34,200 37,000 31,270
2) Annual OM cost 130 130 130 195 382 130
3) Capitalized OM cost 1,230 1,230 1,230 1,840 3,600 1,230
4) Total cost (1)+(3) 34,330 75,380 44,000 36,040 40,600 32,500

5) Unit cost per ha 1.45 2,55 1.79 1.49 1.72 1.76
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 APPENDIX 12 °TYPE AND LENGTH OF MAIN CANAL AND SECONDARY CANAL %

e

(1) Mein Canal

'_l‘u.rndixt - _ - | Main Canal : : "'_,--Turno‘ut
No. Irrig. eree . Discharge -g,;gz'l 'Langth Irr}i\g::ion.- " Discharge |
Right Main Canal- o
Intake 20,820 P® 20.55m 7% mo o he '—?B/SEC

1 20,740 29.44 80 0.11
2 20,240 28.73 . 500 0.71
3 20,190 28.66 I 10,450 - 50 0.07
4 19,750 28.04 _ : 440 0.62
5 19,180 27.23 _ 570 0.81
6 17,380 24,67 1,800 2.56
7 16,380 23.25 | 1,000 1.42
8 16,260 23.08 I 4,100 120 0.17
9 15,560 22,09 700 0.99
10 15,470 21.96 90 0.13
11 15,410 21.87 : 60 0.09
12 15,110 21.44 300 0.43
13 14,880 21.12 III 10,900 230 0.32
14 14,620 20.75 260 0.37
15 14,480 20.55 140 0.20
16 14,280 20.27 ' 200 0.28
17 14,010 19.89 270 - 0.38.
18 13,870 19.69 140 0.20
19 ° 13,710 19.46 : - 160 0.23
20 13,530 19.20 v 8,900 180 0.26
21 13,290 18,86 240 © 0.34
22 13,040 18.51 : 250 . 0.35
23 12,810 18.18 230 0.33
24 11,640 16.52 _ 1,170 1.66
25 11,290 16.02 350 0.50
26 10,990 15.60 v 6,950 300 0.42
27 10,820 15.36 170 0.24
28 10,180 14.45 640 " 0.91
29 9,960 14.14 VI .1,900 220 0.31
30 8,140 11.55 1,820 2.59




144

Turnout - Main Canal - : 4 Tuanout
e Irrig. Area Discharge - g;;:l Length Irrig::ioﬁ Discharge 
vII 1,700
31 7,140 - 10.13 1,000 '1.42
32 6,940 9.85 200  0.28
33 6,380 9.06 VIII 8,300 560 0.79
34 5,600 7.95 : 780 1,11
35 3,310 4.70 IX 1,400 2,290 3.25
36 2,460 3.49 X 1,800 850 1.21
37 2,060 2,92 XI 4,500 400 0.57
38 700 0.99 1,360 1.93
39 0 ] XII 3,000 700 0.99
Left Main Canal
Intake 2,780 3.95
1 2,700 3.84 80 0.11
2 2,550 3.62 I 13,900 150 0,22
3 2,340 3.32 210 0.30
4 1,700 2.41 IT 2,150 640 0.91
5 1,140 1.62 560 0.79
6 990 - 1.40 III 4,300 150 0.22
7 510 0.72 480 0.68
8 300 (.42 IV 2,850 210 0.30
9 150 0.21 150 0.21
10 0 0 v 2,350 150 0.21

Total Length ( Right ) 63,900 m
( Left ) 25,550 m



{2) Secongary Canal

.

Irrig., Dischar .Length Cangal Irrig. ‘Dischar Length Canal
_ Area ge Type Area ' ge | Type
Right , . 3 ‘ e
bank (&) (m™/see)  (m) To.30-b 1,150 1.63 1,600 = iv .
T.0 2-a 350  0.50 1,500 wviii- ¢ 800 - 1.14 1,800 v
b 200 0,28 1,200 x . d 400  0.57 1,500  viii.
4-n 300  0.43 2,800 ix 31-a 850  1.27 2,800 v
5-a 470 0.67 2,500 vii b 450  0.64 4,300 vii
b 270 0.38 3,000 ix  32-a 150 0.21  *700 x
6-a 1,700  2.41 4,000 ii 33-a 400 0.57 ¥3,600 viii
b 1,300 1.85 3,400 iv 34-a 680  0.97 2,500 vi
¢ 700  0.99 5,500 wvii b 400  0.57 *2,700  viii
7-a 900 1.28 4,700 v 35-a 2,190 3,11 2,700 i
b 400  0.57 3,900 viii b 1,500  2.13 3,200 iii
9-n 500 0.71 2,700 wvii ¢ 650 0.92 4,000 vi
12-a 300  0.43 *2,500  ix 4 450 0,64 5,000 vii
3-8 150  0.21 500  x e 300 0.43 4,000 ix
l4-a 200  0.28 *1,500 «x 36-a 600  0.85 *2,300 vi
i6-n 150  0.21 *1 100  x b 400  0.57 %2,800  viii
17-a 200  0.28 900  x 37-a 300  0.43  *1,000 ix
19-a 150 0,21 700 x 38-a 350 0,50 *¥2,500  viii
20~ 150 0.21 1,100 «x = 810 1.15 3,000 v
2l-a 200  0.28 600  x b 200 0.28° 2,600 x
22-a 200 0.28 *2 000  x c 400  0.57 *2,300  viii
23-a 200 0.28 *1 500 «x 39-a 600  0.85 1,800 vi
24-a 750  1.04 2,800 v 39-b 250 0.35 13,800 ix
b 450  0.64 5,400 vii Left bank
-25-a 250  0.35 *1,500 ix TO 3-a 150  0.21 1,200 x
26-a 250  0.35 ¥3,000 ix 4-a 540 0.77 2 800 vii
27-a 150 0,21 *700 x b 400 0.57 3,600  viii
28-a 540  0.77 2,800 wvii 5-a 360  0.51 2,400  viii
b 300 0.43 1,000 ix T-a 300 0.43 2,100 ix
'29-a 200  0.28 900  x  B8-a 200 %1,000 X
30-a 1.750  2.48 3,600  ii
* Rehebilitation Canal.
Total length Right: 100,100 Left : 12,100
* 31,700 % 1,000

131,800 m 13,100



08T ¢ 88 . L 0T ¢ ¢ L 9 ¥ 9 6z 11 6 Te30] puezy)

m BE _ oz A 1 1 £ L £ I210¢%
o v — 1 4 A
& c < 1 ¥AT
g < 1 1 1 1 1 I11
RS ER, ¢ € 1 1 I
e K g 1 | 1 1 € 1 I adfy
| TEUR) UTER $FoT
vl € 89 S 9 € € ) ¢ € € € L 6 IT®30(
g 8 1 1 IIX
oot 9 1 1 T T I IX
[ 4 € 1 1 1 X
5 v T XI
oz 4 1 I T T 1 1 T T IIIA
< 1 1 IIA
€ z T 1 1 1 IA
ot ) 1 T T 1 € 1 A
mm 1 6 T € T 9 T AT
2z 01 1 T B S | 8 IT1
- 9 6 | T T 1 T 11
3 . ST ¢ v z T £ T T 4 € T 1 8d4y,
m : Teney urey 1uITH
m . q v d v 0 q v 0 d v 2985 ) d 7 N
.J,A . edprag . 1 IBATND qonpanby uogdiy yoay) ~ 3nouIng

DUIsSs0d) pUE Jnouiny pasodoig Jo JIoquuy



Soo147

APPFNDIX 14.  LIST OF CONSTRUCTION PLANT AND EQUIPMENT . .

(1) Construction Plant & Equipment for Dam

l

Q' ty " Road

No. Equipment Capacity Total Dam __ replacement
1. Diesel generator 500 W 2 2 -
2. Screening plant 50 ton/hr 1 1 -
3. Concrete plant 21 oft x D 1 1 -
4. Bulldozer 30 ton 9 5 1
5. = do - 20 ton 10 3 5
6, Wheal loader ' 2.7 m> 6 3 3
T. Crawler loader 2,0 rn3 2 3
3, Pover shovel 1,2 m3 3 -
9. Back hoe - 0.6 m3 1 -
10. Heavy dump truck 15 ton 15 15 -
11, Dump truck 8 ton 55 40 15
12, Agitator truck 3.2 m 6 -
13, Truck crane 50 ton 1 1 -
14, - do - 30 ton 1 1 -
15, Cargo truck 6 ton 15 10 5
16, Vibration roller 15 +ton 1 1 -
17, Sheep foot roller 20 .ton 1 1 -
18, Road roller 8 ton 4 1 3
19, Trailer truck 30 ton 1 1 -
20, Motor grader 3.7 m 3 1 2
21, Grease car 6 ton 2 1 1
22, Maintenance car 6 ton 1 1 -
23, Fuel tanker 8 ton 3 2 1
24, Water tanker § ten 4 2 2
25, Fork 1lift 3 ton 1 1 -
26. Boring machine max; 150 m 6 6 -
27. Grout mixer & pump 150 1/min, 4 4 -
28, Crawler drill 3 inch bit 3 3 -
29, Leg drill and shinker 2,7 m>/min, 25 15 10
30,  Pick hemmer 1.2 m°/min, 25 15 10
31, Portable Qir compressor 17 mj/min. 10 8 2
3z, Concrete pump truck 8 inch 1 1 -

33, Concrete sprayer 2 inch 1 1 -
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Q'*_by._.. Road

No. Buipment __ Capscity _Totsl Dam . replacement
34, Centrifugal pump 8 inch 4 4 =
35, Submergible ' 6 inch- 6 6 ' -
36. -~ do - 4 inch 6 6 -
37, Air tamper hand type 15 15 -
38. Fuel suppiy system 1 1 -
39, Saw mill 1 1 -
40, Repair shop 1 1 -
41, Ripper attachment Bull 30 ton 5 3 2
42, Crane attachment Shovel 1,2 m3 2 2 -
43, Dragline attachment - do -~ 1 1 -
44, Back hoe attachment | - do - 1 1 -
15, Miscellaneous L,S. L.S. L.S.




(2) Construction Plent & Equipment for Irrigation

e

T B Q‘ty.- Transferred
No. _Equipment Cepacity  Total Paurchased from the dam
1. Bulldozer 20 ton 16 15 -
2, Crawler loader 2.0 m3 5 5 -
3. Back hoe 1.2 m 6 6 -
4, Dump truck 8 ton 95 95 -
5. Motor grader 3.7 m 3 3 -
6, Vibration roller 5 ton 3 3 -
7. Fuel tenker 8 ton 2 2 -
8. Water ianker 8 ton 2 2 -
9, Trailer truck 30 ton 1 1 -
10, Cargo truck 6 ton 10 10 -
11. Grease car 6 ton 5 5 -
12, Truck creane 30 ton 1 1 -
13, Portable concrete mixer 0,1 m3 4 4 -
14, Concrete plant 21 cft x 2 1 - 1
15. Agitator truek 3.2 m 3 - 3
16, Pump w/engine 4 inch B8 8 -
17. Road roller 8 ton 2 2 -
18. Screening plant 50 ton/hr 1 - 1!
19, Repair shop - L,s, L.B. -
20, Saw - mill L.S, L.S. -
21, Ripper attechment
for Bulldozer 20 ton 2 2 -
22, Dragline attachment 3
shovel l.2m 3 3 -
23, Power shovel attachment 3
shovel 1.2 m 3 3 -
24, Diesel pile hammer
_ gttachment 1.2 m 2 2
55. ﬁisceiié;é;ﬁs L.s. L,S. )




(3) Construction Plant & Equipment for River Iinprdiremen-ﬁ

Capacity

No, Equipment A
. Bulldnzér 20 ton 16
2, Wheel loader 2.7 m 3
3. Crawler loader 2,0 m3 , 4
4, Back hoe 1.2 m3 5
5. Dump truck 8 ton 50
6. Motor grader .3.7 m 2
7. Vibration roller 5 ton 3
8, Fuel tanker 8 ton 3
9. Water tanker 8 ton 3.
10, Trailer truck 30 ton 1
11, Cargo ‘truck 6 ton 9
12, Grease car 6 ton 3
13, Truck crane 30 ton 1
14, Submergible 6 inch 6
15. - do - 4 inch 6
16, Diesel generator 50 kW 3
17. Ripper attachment bull 20 ton 2
18, Dragline attachment shovel 1.2 m3_ 3
19, Repair shop L,.8S.
20, Miscellaneous

L.S.
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APPENDIX 16 EFFECTS OF THE POWER SECTOR ON THE
FEASIBILITY OFF THE PROJECT

Since the power development is subordinate to the irrigoation, the
power sector has been considered to be less economy compared with other

sectors.

In order to evaluate the effects of the sector an the project feasi-
bility, internal rate of return is ealculated for the case that the power

development is excluded from the project.

The separable cost for the power sector is firstly estimated, vhich
includes the total cost of power plant and transmission line and equita-
ble cost for dam construction. Then, the estimated separable cosi is
deducted from the total project cost fo get the appropriate cost for

the two purposes of irrigation and flood control as follows.

(US$1,000)

Total econstruection cost US%$106,470
for the project

Separable cost for power

Wonogiri power station 11,700
equitable cost of dam 3,600
Residual cost 91,170

Internal rate of return is calculated on the basis of the disburse-

ment schedule of the residual cost as shown in the following table.

The internal rate of return slightly increases to 14.7 % from the
proposed plan, which reveals that the power sector is less economy

compared with other sectors.
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APPENDIX 17. GOST ALLOCATION

The Wonogiri Mullipurpose Dam Projecl comprises Lhree primary

purposes of irrigation, floed control and hydropower.

In order to find the equitable cost for each purpose, allocation
of the financial cost (without interest cost) is carried out by means

of "Separable Cost - Remaining Benefit Method".

This method of cost allocation provides that each purpose will be
assigned costs no greater than that purposes benefits or the alternate
single purpose costs whichever is the least in proportion to the percent-

age of remaining justifiable expenditure.

The alternative costs for each purpose is firstly obtained for the
comparison with the expected benefit, which is the cost of the most
economic¢ single purpose project that can provide the same benefit as

the multipurpose project.

Then, separable cost, those expenditures which could be avoided if
one purpose were excluded from the project, is estimated and assigned to
that purpose. Remaining justifiable expenditure is given by deducting
the separable cost from the justifiable expenditure, which is the least

cost of the expected benefit and the alternative cost.

The remaining joint costs of the project are then divided into each
purpose in proportion to the remaining justifiable expenditure. The
summary of the calculation of the cost allocation is presented in the
attached Table (1).

Finally, allocated cost for each purpose is determined by adding
the interest cost during construction to the cost estimated above as

follows.
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Totnl Alloecated

. Total
Purpose Cost Without Interest Interest

Irrigation 69,835 6,995 76,830
Flood Control 42,488 4,392 46,880
Power 15,487 2,083 17,570

Total 127,810 13,470 141,280
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