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Dear bir

f The survey teum ol Lhe Japan lniernatlonal Cooperatlon
ggéncy for the feasibility study of wonob;ri multipurpose . ,
dam, has the pleasure of submitting this Interim heport to
" the Government of Indonesia in_aCcoxﬁunce wlth the Memoran-
dum agréod .on Novembar 197%.. - s . 0.  |

This report includes all the findings and results ef .
" field.survey, investigations and study, and prefeasibility
of the wonogiri.multipurbose project involving vionogiri dam
and power station; irrigation, river improvement on the
basis of the mataerials so . far provided. Contexts of the
report hill be rufzned after the team goes back Japan and
compiled in a form of fcaulbility report by the end of July.

_ ' The tamn w1bbes to e“pres plofound gratitude for the
 -00operation and ‘support prOVLded by the elfficials of the
'Govarnment of Indonesia, the counterpart peraonnela to the
; tedn, the officials of the Government of Japan and the

: Japanease Loiombo Plan eprrts to Indonesia.

o e
: ¢ K ] . ' .
M P

. .

bincerely Yours,

. “'j' Ncbuo Aihara ﬁ‘ S
" The. leader oi the” ourvay

. team for feasibility stuay -
o el UOnobiri multmpurpoue dhn
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'Scope of 5Ludv

In accordance with dcci31on of the GOV&rrncnt of Indonesiw- o

to carry out fea.ibility study of the erogiri multjpurposc'
dam project in tle upner river basin of 1he Bengavan Snla
under the techni:al assistonee from the tovernment of -
. Japan, the surve; temm consmstlng of 18 :xparts were dis—
. patched to the project site since 25 Yove mber 197h
The scope rendered to the Survey torm 15 to _
(1) carry out ne:essory field 1nveutigat ons, - Ut
(2) Znalyze the results of investigations and fonmulate
_ optimum scale of the project,
(3) gexamine feasibljltj of the. project, :
(4) prepare en interim reportily the end of f101d qtudy,
(5) prepare fecsibility report,
" (6) transfer knowledge or teclinlcal know-how'to counters
parts of the Government of Indonesia on job treining.

This interim report denls with techinicsl study esccomplishe
ed ot the job site and preliminary feanibility of the
Project for reference of preparing finwnqiél rpplicntion
" for the detsiled engineering, snd necensary terms of works
_to be accomplished by the project offie before detailed
design will be commenced, ‘

Draft of final report shall be prepared within three
months ofter submission of the interim report r~nd be sube
mitted to the Govarnment for commentinz. Uﬁon receiving
the comments, if -y, the Team will finalize the feasibi-
1ity report within the succecding two months, -

Background of the Project | :
Bengawan Srla, the lurgest river in Jara, has been unused
for as economic resources, except some tributeries for




irrigati Dn.

' Recent economlc S tuaLion, eunecially aIter erst Pive Iear

Development Plan (?elitq—l) implemented it gradually puts’
the light on the Iassibility of multiple utiliZﬂtlon of
nﬂtural water resources.

Since the Governmcnt has placed greab emphasis on rehebl-
1itation of.agrichltural sector, the main support of natlonal
economy,. rehablli®ation of the deteriorated irrigation faci-
lities has being progressed with a great deal of investment
and this has so mch contributed to increase of food product-
ion, To follow thr s, the Government tums er policy to
develop other ecouomic and socidl sector with continuation
of deve1opment of ugrmcultural sector,

To support this nationszl policy, study on developmcnt of
natural water resources has been instituted with a consider-

shle emphasis thoush multipurpose water resources develop-

ment schemes have een envisnged step by step since a decade
ago, In this fromc.ork, tho Sala River basin development

has been restudied to formulate a master plan during the

period from 1972 t, 197 under the technical assistance of

the Government of Japan,

Based '‘on the recom-endation in the master plan, the Govern-
ment of Indonesia :as decided to carry out feasibiliﬁy‘study
of the Vienogiri mu .tipurpose project as first priority
project to be impl mented in the basin dc.elopment program.

« 2nd to increase fc .d production and to lessen menace of the

, drea adful flood in ‘'owstream area is convinced fndispensable
' for regional devel ‘pment now the Covernment stressed,

During the Pelita-.I, 1974 - 1978, preparation of implement-
ation has to be cc-pleted in order to realize the project

in the succeeding :‘elite ~11T,

L



11, PROBLEMS AND NEEDS'

e Prcsent Tconomlc Sltu"tlon smd Madin Problems

" By the economic congtruction through First Flve lcars
Development Plan (PELITA-I), Indonesia has steadly.-consol-
' i1dated her economic baze for futurc Jjump. Her maodn cffort
has put on increase of food production aiming at self suf-
ficiency, equnoion of industries and -promotion of export
of erude oil, traditionz)l sgricultural product including
forest end fishery products. Since embargo of Middle Bast
0il export and oil price rising thereby, the balonce of
payment marks some surplus never experienced,

However, her cconomic stability and economic growth are °
still dimbal ance,

Agricultdral production, particularly farm food production,
is not to support self-sufficiency. Industrialization as
well as reconstruction of the existing industries is to be
‘braked by inflatéd price of the imported capltal poods,
Power supply, oSsenticl for industrial development is still
far from satisfactory condition. Transportntion system, -
especlally interinsul ar marine transport and rallway, 1s

so much deterioratod as yet, Shortage of trained bureau-
cratic and technocraticpersnnnelﬂme much hampering to
hembhten efflclency of cconomile development,

Firstly to be nchievcd is self~supnort in foodstuff.

Even though export of o0il: earns enough money to import food,
4t is exhaustibl® resources., From the nationwide point of
view, rice, most important food, production.increases.at .
the wnnual rate of 4.1% in the period of Pelite-I.



Tﬁble S | Producﬁign'Increase'nf Ri.ce '

‘Yedr  Harvested area Production  Unit yield -

1968 8,020 (x 1,000 ha) 11,666 (x 1,000 t) 1i27 (t/ha}’
1969 8,01k R - 1.32

1970 8,135 13,140 1,47

1971 8,317 - 13,724 . | 1.66

197241 2 98y 13,305 ) 1,67

19732 8,388 - 1 455 1.72

LY Proliminary
/2 Estimate

Production inerecase has nchieved by mainly Bimas ond Inmas
programs together with rechabilitation =nd extension of
irrigation system¢ However, upland crop has decreased
harvest of madze aﬁd_root crop due to decrease of cropped
arca wnd less merited. Introduction of Bimas and Inmas
programs created a considersble opportunity for employment
in rargd area in forms of labour for intensive farming,
transporting input, (fertilizer, chemlcal ete.), rehabili-
tating ond constructing irrigation feeilities ond roads,
by belng guaranteed the minimum price of food crops, income
level of the famers hes been raised substantially. Never-
'theless, the produstion of rice mnd other food crops could
not recach to the level of sélf-sufficicney for high depend-
ency of cultivation on rain water,

Suger production is also far from %o meet tha national
requirenent. It was imported by obout 162,000 ton in 1973,



:’iﬁdéﬁcsié“ﬁdﬁ’hééﬁtbt l et paddy field of 5. 6 millionfha, o
out of which about 62.5%, 3.5 million ha has some irrdga. - .
tion facilities, But’ sbout 13. 5%, 0.8 million ha, of this ffﬁ;jf
wet paﬂdy field 1nnua11y suffer from flood inundation._ '

Electric power supply of the.country increase its supply
capacity to 1 055 MW =t the end of+ Pelita~1 But - supply
-capacity per capita is 'still 1n_quite_1ow level, 9.2 watts
in Java, 8”1'ﬁatts‘in Indonesia, Transmission end distribus:. v,
tlon system is as yet poor although greqt effort for @K
tention has been made during Pelite-I.

2. Ba@ic Pnlch of Fccnom1c Develonment
In Pelita-II started from iplll 197, the féllowing

Lasic policy is. launched up, -

(1) to supply sufficient food mmd. clothlng in better quality
~and cheap price, - :

(2) to supnly eredit for housing, aiming nt equi- distribu-
tion of wealth, . |

(3) to continue construction of infrastructure,

(%) to upgrade and equalize peoplets welfare, and

(5) to expand meloyment opnortunity.

Under the above nationzl policy, dptailed programs of da-
velopment are set forth by ench cconomic sector. Main focus
of economic development is still qet"on the sector of - ..« A+
. industry, mining, power, transportntion bosides:nibieukture.
‘hs short term target, Pelitn-II sots: out the following

, economie growth by 1978/197%9. -




able II 2 Tﬂrpet comnosition of Nntionql Production by

' Eeonomice oector ( 5 )

19?3/1’97@ Annual growth rate 1978/1979

Agriculture 40,2 U S .  35.6
Mining N 9.2 © (4.0) N - 9.9
Manufacturing 9.8 (13.0) 125
Construction . 3.7 (9.2) 4.0
Transport .1 {(10.0) L
Others - -33.0 (7.6) © 33.3
Gross National 100,0 - | 100,0

With the above prospect, annual growth of national income
is projected to increase at 7,5%.

In agricultural sector, following programs are set out :

(1) increase the production of rice, polowijo crops and
vegetobles,

(2) increase of production of estate crops, .

(3) increase of production c¢f fishery, livestock and forestry,

(W) improﬁemﬂnt end conservation of forest, land and river,

(5) agricultural education,

(6) agricultural survey.

Besides these, construction of infrastructure, improvement
of efficiency of agro~administration and organization are
taken up parallelly. '

For increase of farm crop production,
(1) expansion of intensive farming through Bimas and
. Innes programs ' '
(11) introductlion and distribution of improved -~ ~I *%
varieties,



Y

(1i4) dcvelOpment ot extension services,'
(iv) improvement of farminr practice ; fertilizer,
mﬂproductivity, mechanical fanming ate., :
(v) improvement of marketing of product and ihputs,‘
(vi) production increase of polowijo, and
(vii) development of rice cultivation in swampy area
md dry land, - :
are instituted in detall,
To support the production increase, the irrigation farming .
is indispensahlo in this country where surface water almoat
dimlnlshes during eritical stages of pgrowing period of dry
season crops, without irrigation.

At the bepinning of Pelita-I, more then 60 b :the erighing
irrigation systems is5 need aF T eAnL T els” They ar
progrzmed to be rechebilitated or improved by the end of
Pelita-If. For cxpansion of year round irrigation, the
Government cstebliches such development policy’beSideﬁ ree
habilitation program as :

(4) exploitation of new water resources,

(11) prevention of flooding over farm land,

(4ii)construction of multipurpose dam,

(iv) reclomation of swampy land to farm land,

(v) rescnrch of effective water utilization,

From the long »mpge viewpoint, development of potential

river basin may be essential in tis context. Especially,

the rivers in Java of which potentinl water resources can
easily benefit to the already developed farm land now sufe-
fering from lack of irrigation water in dry season.

Water demand in future is expccted to quickly increase not
only for irrigation use but also for industrial and municipal
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.swater as. industrialization and urhanization nrcaprogess.

.;-Large I'ivers which ‘have potentjal water resources often

_have adverse charwteﬁstic to give damages on farm land

and trunk tranSportntion 11ncs by flooding. Conqtruction- -
of multipurpose dam end river 1mprovembnt, or a combination.j )
of them are ultimate measure not only to consolidate - firmly
infrastructure of agricultural production but to support -
economic development by hydropowver generation water supply - o
for industrinrl and munic:pal uges,

3. Necessity ond Potenti ol of Development . '
On the ground of nﬂtlonal policy for economic develormcnt,
< heptomhl deﬂelbnmont if*envisvget 'at provincial level,

Central Java in wvhere the project area involved, stands
mainly on agriculture base cconomy. More than 583 -of total
population depends upon agricultural'sector followed by

#3% on industry, % on commercial trade and 104 on services.
Notwithstandihg high dependency on agriculture)} some areas '
in this provinece suffer sometimes from starving 3 Wonogiri,
Karangenyar and Sragen in the project area. Bven at present,
. farm crop productivity in this project area i1s high compar-
ed with the average in Centrel Java, Bubt water supuly limits
dry season cropping to n considerable extent due to lack

of water sources. In Surakartas region,'many small and home
industries, most of them are batik industry, are operated
with their out of date facilities, Poor pover supply and
;municipnl wnter supply set back the development in the

urban nrea,

iLimited‘scale of the regional economy increase unemployment
of labour population both in urbsn and rurel area.



'_3Since no ldbour attrective industries are’ anticiphted de-_“~ff
vnIopment or improvement of agrioulture pnd the existing
industries will be only relief to this qraa. Ybar round
irrigation to be reslized by new water gources, mitigatdnﬁ
menasce of habitual “flooding, supply of sufficient pover.
and water are indispensable for this region together with
modernization of production pructice. ' :

13

The mrable land in this project ocren has been developed to
the maxlmum extent : fam land ratio to-the totlrl ludd
reaches to éhout'5?p-to 71%, exclusive yard area, ond oui,

of the fann lend area, rbout 677 iseoccupied by paddy fie]d
the remainder by upland, However,, Lack of water in dry scason
drops the utilization ratio of the paddy and upland field

to about 31% md 30% respectively. New water resources, if
they cre.avnilable, could survive uncultiveble firm land

due to lack of wnter, to considerasble extent.

Besides:the water shortage, famland cbout 15,000 ha includ-
ing yard area is inflicted by flooding from the Sala River
and lost a considernble harvest in roiny season,

Since most of tributrries in this area have been utilized
for irrigation, but no flood control facilities 1is provided
yet with them. No room for. inereasing water supply source
and less possibility for controlling flood by the develop-
ment of tributaries eventually set a focus to the maih Sala
. River whose potenticl is as yet not devnlopod at all.

q+. Msster Plan of S 1 River Brsin Develonment

;  For developing potential of the Sala River basin, the
Government of Indonesia formulated a master plan of water
resources development in 197 under technicel assistnance of




the Government of Jepan,

The master plan draw vorions schemes for irrigation, flood ‘
contrdl, power genaration, sediment control and drainage.
The envisnged schemes are summarized in T"ble II~3.

Master Plan mentioned that high econonie raturn would be
-expected to irrigation sector followsd hy powor genoration
and flood control. Among the proposed schemes multipurpose
dam ond irrigation project of Wonogiri in the Upper Sala
bagin and Jipang in the Lower Srla brsin will bear high
¢conomic retumn comnﬁrcd with the remaining schamcs.

Table IT-% Internc) rste of Retwrn ( % )

Uppey Saln K. Madiun gp:pr Sala
" Multipurpose dem & . 16,2 . 5.9 . 10.8
irxigation :

Multipurposerddm &
irrigation and river .
improvement 13.3 7:6 9.2

A1 projects inclusive 123 7 L 8:9

And the Master Plmn recommended that YWonogliri multipurpose
project shall be implemented as first project of the Sala
River Basin Development, together with river improvement
,of the upstream part of Surakarta. -

5a Wonogiri Multipurpaose Project |

The Wonoglri dam is plaonned to cantrol the drainage area
of 1,350 km® upstream of Wonogiri town. The scheme proposed
to maximize regulated river water and to minimize the floeod
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outflow by providing storage capacity of reservoir as large
.23 possible.

Vith effective storage oflﬂ+o million m3 the dam can supnly
water Lo irrigate an area of 22,000 ha throughout ycar, nnd
with another storage space of 220 million m3, the flood of -
pe ak discharge 4,000 m /s can he regulated to 400 m3/s

from the dam, .

By utilizing of the effective storsge for watexr supply,
hydropower plant with 13,300 kw instnlled capacity can
produce power energy of 34,100 MH annually.

Madn features of this project set out in the Master Plan

aye summarized as follows :

Location : 2 km upstream of Wonogiri town
Catchment area  : 1,350 ln® |
Demy .5 Type Héight Crest length Volume

" Roekfill 3.5 m M0 m 850,000 m3
Reservoir ; High Hormal High  Controllad . Low
Water level EL.137.9 m BL.135.5 m EL.13%,5m EL,124.0 n
Reservoir Gross Flood control Irrigation  Sediment
Stordge cana- 660 220 ;.0 R0

ety (mill, m3)

Reservoir surface area : 8,800 ha ot H.W,L.

Effect : Flood control  Inflow = 4,000 m3/sec.
‘ : Regul ated outflow = 400 m3/sec
, Irrigation 22,000 ha year round
Hydropower Installed capacity = 13,300 kW
Energy production = 3,100 MwH

Construction cost ;
Dam & Reservoir 19.2 million Uo$
- Power plant 5.3 "

Irrigation 15,3 M
' 39,8 million USS

.,

A\
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IIX,  THE PROJECT ARBA

1,  Geographiéal Condition

1.1, Ioeation and tomography

' o (BengnWan Sala) having about 600 km river
length and 16, 1001Mn“ basin area is situated at nesr center
puart of Java island, The basin bounded by high mountain
complexes peaking above 2,000 m in the west and east and
low mountain ranges in the north and the south ruming
parallel to the coastal lines.

1

. . ' River originates from the southern mountuin
range (Gunung Seribu}, south of Surakarta (Salu) and
debouches to Java Sea neer Surabaya. At lgawi town located
at the center of the. basin, the Saln River rccieves the
largest tributa;y, Kald iadiun which also oripinates from

gouthern mountains and has a drainuage basin of 3,759 kme.

) s © land is situated in the Upper Sala basin

of which drainage area id 6,072 kn®, upstream basin from
Hgawi and extending on both ban:is of the main Sala liver,
Administratively, it 4s in the cx-Karesidenan (Residency)
Suralzrts included a part of Kabupaten ( Hegency ) Klaten
in the west, Sukoharjo and Wonogiri in the south, and Ka-
ranganyar and Sragen in the east. Xota Madya (Municipality)
Surakarta occupies at the center of the areca,

of the Sala River is the southern low mountains
( Gunung Kidul ) and the southern slope of G. lawu 3,265 m
above M5L, Near Wonogiri town, regency capital of Kabupaten
YWionogiri about 30 km south of Surakarta, the Sala vqlley
iis.nurrowed by low ridges znd this presents ‘a favorable
damsite, Downstrezm of this Uonog;rl Damsite, the U=ner
Sala Plain extends along the Sala River between the altibtu-
de of 80 m to 150 m. iany small tributaries join to the
Sala River from the .slope of G, Merepi, a famous vaicano
in the west boundary and G, lawu in the east,
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1.2, Climate

_Betwaon © 7° and 8° parallels in south latitude, the
proaech area is thoroughly govorned hy tropical monsoon
climate. From December to May, castward wind, wet mosobn,
brings a considerable amount of rain, while from June to.

November, the westward wind, dry monsoon brings drier - ™. ¥ .
climate, '

Only “twa - mﬂteorologlca] statlons are located at near
Surakarta in the project area, '

A

12,1, Hind and sunshine

Wind “prevalled - in the project area usually tends its
direction tp castward in mid rainy ceason und then to
northward in-mid dry seuson, Averapge wind velocity ranges
from 3.6 km/br to 10.5 hkm/hr, relatively stronger in dry
season, Durption of sunshine averagely accounts for 68,7%
and 38,6 & in dry and wet season respectively ( See Table
II1.1 ).

1.2.2, Temperature and relative humidity

Avér&ga' temperature is usually ranging between 33°C at
maximus and 23° ¢ at minimum, - Seasonal fluctuation is only
about 2°C bot -drlly on2? appears about 8° - 10° C,

Relativo .. hunidity drops less than 50 % ir the mid dry
season, say August and September, and reaches to the
maximur in the mid rainy season, February and March.
Honthly average is;howevcr,rgnging from 604 to 80%. (Bee
Table IIX.1 ), '

1.2.3, Rainfall

There - exist 199 - rain gauges including 10 ~ automatic
rain recorders in the project area. Those lpcation are
given in ¥ig.'[IX.1, togheter with meteorological points.

Average | o annual rainfall in this area amounts to about
2,190 mm during the past 2% years ; about 1,600, mm in the
driest year and about 2,870 mm in the wettest year. Nearly
BOY of the annual amount falls intdé 6 months of the wet:
season, usually from mid Nbvember to m1d ahy.



Table III-2 glves average monthly rainfall in the pr§j¢c$' ’
arca. ‘ - :
Distribution of rain is generally so erratic and high ine
“tensdty range is rolatively limitted in the norrow area,
and its duration is also usunlly short, not lasting more
than 15 hours, s

1.2.4, Tvaporation

No long term records are available in the prdjcct arca,
cxcept the observed record at Pobelen (Surakarta) since

1972. From the records of other observatlion points in the .-
Sala River basin end nearest points outside the basin, the
avérage evaporation is deemed about 1,100 mm annually and
3.0 mm daily. '

1.3. Geology

The Sala river rises in tertiary mountainous ranges which
.extend alongtthe southern coast of Java, and rung north -
ward receiving Kali Alang, Kali Gares and Kali Kcduwon
before it crosses tertiary ridge formed by G. Guadjash Mung
kur and G. Dongok, near the proposed dam site.

The area surrounded by those ridges is of alluvial forma-

tion. The base rocks in the basin consists of mainly sha

le, sandstone, bedded limestone cte., which arc supposedly
originated by marine sedimentation and hold unbedded co -

arse volcenic agglomerate between them,

The tertiary ridges near the dansite i1s also fomed by mz
rine sedimentation of voleanic rock consisting of marly
tuff, sandy-tuff, tuff brececia ond lapili-tuff belonging
to upper Mioccene, '

Quarternary pyroclastic deposit which are seemingly ori -
ginated from G. Lawu covers the tertiary on the right
bank arca of the daemsite, Left bank of the damsite main-
1y consists of tuff-breceia gradually changes into tuff
dominant formation in the part nearer to the surface.
Several joints and faults run with strike of NW-SEE in
this area, ' ;
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Fig'lli-1. Location of gauges and
Isohyetal Map (Annual Mean)
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1;#;- deroiogx o
1.1, M&Mﬂm‘

River gauging has been carrled out sinca 1965 at Ju o
ranggempal ( Wonogiri ) and Jurug ( Surakarta ) of the
main Sala River, . ’

TR

Before 1969, only gauge records at Karangnongko station
lacated at the fower Sala River are avallable. Corelation
of river run-off between those gauges were established in
+2n previous studyzj. Istimated by this corelation and
observed monthly discharge at Juranggempal are shown in
Table II1I-3.

Aversge . annual run-off at the WOnogiri damsite estimated
at about 924 million m3 or 29.3 m /sec in yearly mean ;
12.7 m3/qec in the driest year and 51, 3 m3/sec in the ‘&
wettest year.

1.4, 2, Rivéh_Sedimént

In ‘the - project area, no consistent observation of the

- rrldimecnt loads are operatedyebt. Only available is the data
collected in the previous study 11. The previous study led
the following relatlon between river' discharge and suspen
ded load from the available data.

Juranggempal {Vonogiri) Qs = 9.0 x 10 6Q1 88

Winongo ( Madiun ) , Qs = 1.2 x 10 5Q

nerangnongko ( Iower Sala ) Qs = 3.# x 10”7 5Q
Where, Qs = suspended load discharge ( m /s ).

‘ Q river water discharge (m /s ).

[1 Master'Tlan of the Sala River Basin Deve10pmént,
) Supporting Report PART - 1, OTCA Survey Team,
1972, pp 30

LV Ibid, pp 65 - 76.
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These equatlons give the annu¢l mean suspended 1oad volune
as shown below,

Jurang gempal  Winongo Karangnongko
Antusl volume of . , i
suspended Joad 0.50 2,58 15,82
vs, (10%3) o
Catchment area 1,3%0 2,30y 10,007 .
A, () a -
Speciflc volume of
suspended load 370 1,100 1,582
us -, { m;"’/km2 ) |
On the. other hand,several small irrigatian reservoir wus

constructed in the project area. Those have lost their
storage spuces by sedimentation for long tima., Data from
the.aged res erVer» indicate the annual sedimentstion ratio
of about 800 m /km on an average, { See Tabel XIXT - L4 ),

brom the above hoth data, the suspended .loads in the
Sala River is supposedly determined about 950 m3/km2/year.
Bed load is estimated at about 15 percent of the total
volume of suspended load from the various data of the
similar projects. Total sediment outflow in the project area
isy theraefoxre  about 1,090 n3/km “/year,

1.%,3. Flood

The - bigpest flood ever recorded in the project area is
the Mar., 16 flood in 1966, This flood caused severe damages
. for Sala eity by brealking the flood bank arround the city.

, High water of the Sala River usually occecurs in the mid to
‘the end of rainy season, say in February and March. Since

no bank was constructed along the main river, and river
gradient and bank slope are so gcntle, high water of the
Sala River ha abitually inundates a considerable area of

lowland, mostly consisting of fertile paddy land and
| densely settled area,

Yearly maximum flood recorded at Demangan east end of
Surakarta city, is given in the table below,



o S I R -
w L (m) Dischar e"' w L (m) Discharge

‘Year (m3/sec),. Year (m3/sge)
1962 5,127 7 850 . "~3T953-7'5~79 1 ,100
1963 k.28 © 600 . - 1969 4,38 600

1964 342 . Loo 1970 k10 550

1965 - 5,50 1,000 1971 - 4,70 - 700
- 1966 -832f 2,300 - . 1972 S

196? 0 5.59 1,000 1973

Peak " discharge of the 1966 flood at Juranggempal site is
recorded 4, 000" m /sec. ' : .

1.5._ ;1 and land cggabilitx

'Grﬂﬂt soil -Eroups found in ‘the: Projcct Area are alluvial,
grumsol and. mediteranean soil, Alluvial is predominant in
the low land extending along the main Sala River, Grumsol
occupies near the foot of the mountains,  Mediteranian soil
covers the area at hlgher altitude above grumsol area. In
the Upper reqches of" the Project Area ip partly covered by
regosol

Land | pability is classified most area into moderate and
and slightly good in the part of Kabupaten Sukoharjo and
Karanganydr and slighxly poor in the east at part of Kab,
Sragen, The waterhsad area in,Kabupgten Ubnogiri 48 ‘mostly
classified into very poor,

1.6.  land Use

Host . . lowlang extending along the Sala River is utllized
for farm cropping, especially for rice fleld and sugar cans
Tield, Lven. in hilly area situated at the altitude above
200 m up to 1,000 m, the land has been extensively apenad
to crop cuttivation, Irrigated farming by using tributarles
water has been practised since 1ong. -

Presun® land use in the regencies related to the PTOJGCt
Area appears in Tnhlo III-5 '
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- Table III-§ Present lLand Use,

. Wonogirdi Sukohﬁrjo Sragen K.Anyar Klaten
ha ) 39,181 23,070 41,653 25,552 35,64

Paddy field

(
(%) 231 50.5 46,0 35.8 - 94.8
Upland (ha ) 57,506 8,288 22,139 18,502 7,51k
(% ) 33.9  18.1 MH.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"
Egtate ( ha ) - L7270 - - -
o (4 - 1.0 - - -
Forest ({(ha ) 18,399 39 - 9,008 1,175
(%4 3 10.9 0.9 - 12,6 1.8
Others { ha ) 7,004 5,456 6,489 3, 944 ’ 3,742
(% ) h,2 11.9 7.2 5.5 5.7
Total ( ba ) 169,354 45,720 90,456 71,457 65,031
(% ) 100 100 100 100 100
1.7, Flectric power,transvortation and communication
natwork '

1.7.1, Power supply

Iho - project land is partly covered by the Tuntang system
which intcrconnected Semarang, Yegyakarta and Surakarta,
The nominal aupply cepacily of this system is only 79,000
kW and its dependable peakzng capacity is barely 67. 300 kd
far less to meet the peak demand of the present service
arca. The power grid consists of 30 kV and 150 kV (Sema -
rang ~ Surakarta ) trunk transmission lines,

Only: Surakarta area 1s covered by this grid and other
prineipal urban centers in the Project Area, such as Wonp-
giri, Suimharjo and Sragen are eleectrified by using isolated
small diesel plant, _ : 4

Most industrial firms in the project area are equipped with

Private power: supply sources because of unstable supply from
the griq,

.\
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1. ? 2. - _ﬂenShQrgayion .

South. = trunk line of national railway connecting between
Jakarta and Surabaya, passes through the project area,
Iocal lines between Swurakarta and Semarang, to wonogiri
branch of at Surakarta. Of particular importance is only
the truck line, .

Paved  natisnal roads have well been devaloped in Java
and connaect between major cities and important urban centers
Provincial and Kabupaten roads, mostly paved, compese sub-
networks to connect crop production areas with markets,

RecenVlyy '+, roads boogmoes prinoipal transport channels in
the project area as well as the country, National carrier,
Garuda Indonesin Airway, operates doily services botween
Jakarta and Surakarta,

1.7.3. Telecommunication

Publde coorporation of telecommunication networks major
townships by wire cable system, Recently microwave network
puts into service.

2. Socio-~lconomic Condition

2,1, Populatinn

Totel' . population of Indonesia i3 estimated about 129, 3
‘million by the end of 1974 increasing at the annual rate
of about 2,5 % wince 1971, the latest census year.

By. 1971%". ropulation of Kabupaten related to the project
accounts for about 3,5 million within the area of L, 420 kma
exclugive population of Surakarta city, k1¥,000, adminis~
trative, economic and cultural center of the project area,

"In the:-: project area annual growth rate of population in
the past decade, 1961 to 1971, indicates 2,5 % in Kabupaten
Sragen, 3.5 ;% in Kabupaten Sukoharjo and 0,87:% in Kabupa-
ten ¥Wonogiri. Population inerease in the former ere as
mainly results froa expansion of “urban area of Surakarta -
¢ity toward the adjacent regidné,'while less increase in
the latter regency results from increase of emigrant to
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'other regions because of limitted resources available ip
this region, _ ,

Urbanization: .. of outskirt of Surakdrta ciéy greatly
affects on the population increase in Kabupaten Sukoharjo,
where urban population incresise marked bigh rate of
743 % annually in the past decade, comparing with 2.0 £ in

Surakurta and 2,5 % in Kabupaten Sragen.

Althoughd - wurbanigation is progressing, more than 60 % of
the population in the project area still depend their
livings upon crop fafming. In Kabupaten Wonogiri, this rate
‘reaches to about 90 %. As a general tendency, farm engaged
population becomes gradually to decrease in the Central
Java,

2 2 FProiect land

Oblictive 7+ areag of ire Loaved aﬂriuultural'develobment
linked with thae wonogiri multipurpose dam project extends
to about 32,000 ha, .

Topograrhycally .. the area is divided into the left banlk
area of %,000 ha 111 K, Gawo and the right hank area of
28,000 ha till X, “edungbanteng by the Bengawan Sala which
runs down northward, K The project area is extending about
70 km along the main Solo with relatively narrow width of .
L or 5 km between the altitudce of 80 m to 100 m. Boils in
the project area mainly consists of alluvial (60%) and
gvum"ol (e . dany triun ™aries, Large and small, Jjoin to
the Sala zcross this area, '

Naf*oﬁ highway and nrov‘nciﬁl.roads ran through the
area and the junction of those roads near the center of
the project orea; regional capital city, Surakartsa is
situated,’ This project land has been relatively consolida~
ted for farm crop production with irrlgation faCJlities in
one form or another at present,

wAreal distribution of the Present. irrisation in the -
Droaect area is presentad in Fig, IIT-2,
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Irrigatiqg Areg";n the Projoct pg@g

R | (ha) + ( % ).

Total  area 32,000 (100)

Total farmldnd 23,400 100 ( ?3)
. Technical o 12,700 9+ 3
‘Semi-technical : L.Q0 1,7
~ Non-technical 1,300 5.6
Rainfed area - 9,000 . 38,4

' Howlvur, , the existing irrigation facilities as well as

other infrastructure for crop preoduction are still need to
- be rehabilited or extended,

Crucial  need at present is water shortage in dry season
eropping, although the area is now being supplied the water
from W2-tributary weirs, 6-reservoir on the tributaries,
28~pumps and 2-spring. In rainy seasen, the area eould
‘recieve water. for cropping in most years except some
droughts, but in dry season , about less than half of the
arca could be irrigated.

Buslidus: . the water shortage in dry season, the lowland
suffered from inundation by flood water of the main Sala
every year, though the magnitude of flooding varies year .
- by year, Since such lowlund area is well devtloped paddy
Tigld, the annual loss of paddy production by flood
inundation is. not to be disregarded,

Watur. dlstribution of the existing irrigotion system

is mostly managed by local irrigation office and very
small pargs by villagers. Recently, the water nanagement
on the farm level has been im=roved along with the ex-
tension of " Dharma.Tirta ", Comparing with the mzin and
secondary water supply system, the network on {farm includ~
ing dralnage and farm road is less develoned as yet,

. Present farm Metwork behsmtv
Tertiary or farm ditch 10 m/ha th
Farm drainuge 10 m/ha
' Farm road _— 20 m/ha
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2. 3. Agricultural-settjnEr ,
2.3.1., Yarm fomily and land holding

In tho. . projeet arca of 32,600 ha, population of 335,000
lives in, and zbout 70% of the total active population
including farm labour about 10% is aestimated to be engagéd
in agricultural works, Economic activities other than the
agricultural production is quite limited.

Farm families in the prbject arca is accounted for about
70,000 families, and average family size attained 4.8
persons in 1971,

The wverage size of a farm is estimated at 0,72 h;,
which is almost same to average farm size on the entire
Java but less than the average of whole 8ala Basin of 1,15
ha, The average holding per furmer is comnrised of sawah
of 0.46 ha, tegal of Q.06 ha, yard of 0,15 ha and others
of 0,09 ha, : | -

Judpging from the data collected, about 90% of the land
is elassified as farmers land and the remaining 10% as the
lund belonging the village offices. Among the farmer's
land, about 60% of it are owned fully by farmers and
another 40 % is aartly owned by farmers and landlords.

’&ﬁégb, . exist two types of borrowing land by farmers ,
namely fixed rental system and crop sharing system. In the
fired rental system, the contract period is comsaratively
long for about 18.8 seasons, while in crop sharing system,
, it is only 2.7 séasons in sharing crop by 507,

' 2.3.2, Mirket

In : general, dry stalk paddy is collected at BUUD (Ra-
dan Usaha Unit Desa), then milled into rice and sold to
‘the market, Rice for government stoclk is purchased by
BULOG (Badan Urusan Iogistik). Some part of rice is sold
directly to middleman and to consumers through wholesaler
and retailer, Various prices for the rice are now prevail-
ing and the price varies widely depending on the location
- and season, The maritet flow of rice is illustrated in

Fig, IIT-3, | '
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For "= othcx erous than rice, there eyist no orice control

‘and the prices’ are ‘determindd in the market every. occasion,

However, cash crops such ag tobacco and sugar cane are
cultivated under contract base with PHP and their prlcas
are, therefore, relatively stable, The martet flow of other
crons except cash crops than rice is illustrated in Fig.
ITI-b.

2.3.3. cAgriculturel fustitution

sinée ~  the beginning of 1973, BUUD has been introduced
as new agricultural cocperative organization with the

-government support. Main objectives are agricultural ex-

tension services, credit supply, distribution of the
agricultural necessities and processing and marketing,

At . ¢ present, BUUD can not provide sufficienfi services
for farumers begcause the organization is not fully occupied
in quality c¢ontrol of product milling and transporting of
rica,

In fubure | BUUD!'s activities will be developed to KUD
(Koperasi Unit Desa). All the activities now dealt with
BUUD will bhe opareted by KUD vhich will come a multipurpose
cooperative organization.

‘Extension, sarvices have been managed through a system-

atic structure from The Ministry of Agriculture to desa
and conducted under close cooperation of the extension
workers and technical workers for specified crops, Present

Ccapability of extension services is about 700 to 800 he

per worker,

Soed  multiplication is also managed through a system-
atic structure from Central Agricultural Institute of
Bogor down to farmers and the improved seed is distributed
through this channel,
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IV. PROJECT FORMULATION

1. Monogirs Dam_ and Reservolr

1.1. Avoldleble water resourccs . )
Since - the' master plan recommends to exploit the Wonogiri
reservolr in the maximum scale within the limilt of avail-
cable water resources. Bstimate of the maximum avallability
of water resources is first conducted before prececding to
sclect any alternative developuwent scale,

Review of the avedlable hydrlogical data and futurce deve-
lopment plan of irrigution'dnmﬁ in the upstream basin 9
irrigation dams would cut the draindge arca totaling 247
km2 uwltimately in future, it reveals that the maximun
avallability of water in the Wonogird basin would be aboutb
440 willion m> in term of rescrvoir stornee canacity.

1.2, Alternative development plm

LI e premise that the availoble watey resources Limits
the maximum reservoir storage capacity to about W40 million
m3, the alternative scales of the reservoir development
plan are studied on the selected three cases as shown in
Table IV-1,

Keonomic compardson of those altermatives are worked out
and, as presented dn Table IV-1, Plan A (maximum develop-
ment scale) is assessed as the most optimum scale of the

“development plen from cconomicnl print of view.

11.3. Plan formulatien of Wonopiri dam _
On the basis of the above scale of the development,
location, type mnd preliminary dlmensions of the dam and
its related structures are determined through comparative
studies of several alternatives from engineering and




economical aspects,’

(1)

(2)

Damsite is sclected &t immediaie downstream of the con- )
fluence with K, hcduwan with. rOSpect to the advantqges '
in its geological condltion and controlllng 1.6 times
larger upstream basin that the laternative Candl c':ttes
located about 3 Y ups tream on: thc main stem, -
Type of dam is selected to rockfill with central. core
among the various- alternative types. such as concrete
gravity, homogeneous fill type, rockfill with inclined

- core and rockf{ill with central core. AGVdntagcbhare 3

(3)

(W)

(1) minimum embanlment volume resultedfbom the parti-
' " cular topography of the - qite, eventually the
least costly,

(41)  minimizing possibility of embanlkment failure by
the settlement of core, '

(413) "~ easy execution of re-grouting for foundation of
the dam, cven if uncxpected leakage will be found,
and :

(1v) much experience in construction of the same type
in Indonesio., .o '

Right bank fill (sub-dam) is required on the low rldge
aren on the right bank. Unfavorable geological condition
in the erea covered with thick overburden earth and
peavily weathered tuff makes to stlect randum fill by
lying impervious blanket in the upstremﬂ side rather:
than same embankment of the main dam.

Spillway is of a 51de-channel type and selected 1ts
location on the left bank. | .
The three alternative locations are studied in coln-

borated with suitable types for them; namely overflow

weir type on the ridge .and on the central part of the



main dam, and side channel type on the left bank,

-‘The first'one'is réjected by geologidal unfoﬁorﬁbility'

(5

- for constructing 1arge econcreto weir and necesaity to

provide long chuteway of 1,200 m, and the second one

is alsoc rejected owing to the Leological uncertaity and
to avoid heterogeneous construction which, sometimes
causes proﬁbles at the joint scctions.

Diversion conduit .is selected instead of the diversion -
tunnel of 7 m diameter and 500 m long. Geological condi-
tion underncath the left abutment of the dum suggests

that tunnelling through this part may invelve some

technical Aifficultics and costs of the order of
US% 2.5 million.

It is morc costly_by about USY 1,2 million than the
selected one,

Economic comparison in demension of conduit is also
conducted in coordinating with the required height of
coffer dum.

Although the econom;c comparison recommends the plan
of the diameter of conduit of 6 m, the plan of the dia-

" meter of 7 m is flnally selected by the following reason.

(1) Cost difference between the both plans is-
comparatively minor US$ 80,000. The plan of 7 m
"dia, conduit requires light work load of the
coffer dam embankment operation during the limited
period in one dry season, It will ensure tha
successful achievement of the river diversion work,

(33) The lower height of coffer dam could minimize the
visk of submergence of the existing rpailway bridge
located in the reservoir area which will have to
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be utilized not only for daily traffic but also
for hauling route of constructlon materials until
access and relocation of roads are complebed.

1.4, Reservoir

14,1, Irrigation

Water rcsources in the upstream basin wilil be regul;ted
seasonaly with the selected storage cqpqn1ty of 140 million
m3 and capable to supply the irrigation water over the area
of 23,600 hﬁ at a dependabllity of 90% dry year )

1.4.2. Power generation _

"No single. space of reservoir storage is tllocated for
the specific use of power generation. The power generation
is, therefore, operated within the limit of water release
for irrigation, ’ '

HOWGVGr, in respect to operation of the power plaznt, the
average discharge of 60 m3/hec would be available for the
peak generation of 6 hours a day, since the Colo welr locat-
ed ot sbout 13 km downstream of the dam cen re-regulate the
released water from the power plant for diverting the re-
quired water to the irrigation area at any instance.

During dry season (June to Septewber), the reservoir has

to release the water averaged at 25 m3/sec for irrvigation
use, vhich is more than the requircment of peak pover gene-
‘ration (60 m3/sec for 6-hour operation is equivalent to 15
»m3/uec for 2h-hour), Therefore in this season, the excess
release still enable the plant to generate off-peak power
to some extent,

From October to May, the reservoir uill avaragely release
60 m3/sec for 6 hours a day, ond ony excess will be stored
in for recovering storage capacity to normzl level. In rich
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flow years, additional release will be made for off-poak
power gencration. In some drought years when the reservoir
water level lowers ncar to the low water level, power gene-
ration may have to be controlled in order to recoverthe .

reservoir level to normal high vater level by the end of -
Aprll. ) o~ 'l. )

Study on the availahble records in the past 20 years, incates
such controlled power gencration obliged in three ‘years.

In those years, the water supnly feor 1rrigation‘also becomes
# 1ittle short to mect Lhe required demand.

1.4, 3. Flood control

A storage capnacity of 220 million m3 will be providcd

for flood control spacc. Flood inflow will be stored into
this space and the outflow of the reserveir will be controll-
ed by gate operation to be installed at the spillway.

Since the mognitude of the controlled ocutflow by reservoir
has close relation with the scole of river improvement in
the downstream reaches, comparative study on the basis of
variation of the magnitude of the outflow shenh as, 400, 700
md 1,000 m3/sec‘are carried sub to find the most economical
case. The result-shown in Table IV-2 recommends to case of
00 m3/sec of outflow,

- Control operation by the spillway will be doalgnetod to
Jnaintain the outflow to a constant rate of 400 m /sec by
partiﬂl openning of the gntes,

I
fa. deroelectrjc Power

2.1. Present condition

Two main - grids, the Tuntong and Xetenger grid, consist
of the present power supply system with 30 kv transmission
line networks in Central Java,

Present power sources operated by PLN are as follows -

4



Table IV-3 - Installed Capability (kW)

:10,133 kv,

.'Power . : Gas B
station . Hydro turbine Diesel Total
(1) Tunteng © Jelog 20,480
grid Pimo 12,000
Semarang 14,000
20,000
Kalisari 6,020
-Kudus 1,120
Purwosari 2,200
Yogyakarta 4,060
Sub-total 32,480 34,000 13,400 79,880
(2) Ketenger Ketenger 7,040 '
_ grid Pekalongan . - 1,380
Tegal 6,296
Cilacap 4,696
Sub-total 7,040 * 12,372 19,412
(3) Isolated 3 - Hydro 616
15 - Diesel 10,046
Sub-total 616 10,046 10,662
Total 40,136 34,000 35,818 109,954
?Bosides the above, privately owned capacity is totaled

:At present overall interconncction between those grids is
not yet reallzed to the Uonogiri power station.

2. 2. ‘Pouwer mao rket end demﬂnd

Peck. lond in the existing Tuntong system waos rccorded

at 67,300 kw in 197,

,\:'

Low electrification rete in the area, especially in rural .
area as. well as. the isolnted urban areas, suggests the wider

s
Al .
A
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marketability of electric power ~nd 1t has to be grown as
the regional economic development progress. Since growing
demand is supressed by the limit of supply capacity, ex~
tention of the capacity will surely bring Torth lesping
in¢rease of dem=znd,

2,3+ Presont development pldn

o inprove the existing transmission grids, the new main
trucks of 150 kv line are under construction for each grid
and will be interconnected in near future. Moreover, inter-
connectlon of the madin supply grids betweecn Central and
Bast Java is also being studied.

Development progrom now envisaged by PLN for future supply
service in Central Javo is presented in Table IV-k,

Table IV-4  Development Program by P.L.N.

Station Capacit . Type . . Total suppl
¥ yp . ) Py
_ _ capacity of PLN
Present installation . 109,954 kv
‘L‘ ’ ] ‘
1975  Yogyskarta 2.15 MW x 3 Diesecl 116,404 ky
;976 Purvosari - 0.25 MW x 2 Diesel |
Tegal 2.50 MW x 2 Diesel 121,904 kW
1977  Semarang 50 MW x 2 Steam
20 MW x 2 Gas turbine
Cilacap 18 MW x 2 Steam 297,904 kW

2.4, Vonogiri hydro power station

In Central Jaove,  less potentials of hydro electric power
are expected. Potentisl to be harnessed more than 100 MW
is only reserved on K,Serayu basin, at present stage, The
Sala river as well as other majdr rivers in the Central

1,
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Java, has particulrr topography thet the most river course
runs down so flat plain area, Sites suitaoble for hydropower
generation are, therefore, very scarce along the river,
even only small capaciLy of several megavalis is prected.

In the Sala River ba asin, the following four hydropower
potentials are exploitable by the multipurpose dem schemes,

Table IV~5  Possible Capacity
Schieme Output Annual energy .
Qaw) ()

Wonogird dam 11,200 28,200

. Badegan dom 6,000 18,800

Bendo dam 3,500 10,000

Jipmg dam 18,000 70,800

- Toba, 38,700 127,800

Rem., : Tipurcs other then Wonogird are extracted
Trom Master Plan,

Since hydropower is the most economical mean to mect peaking
leoad for relatively short duration, it is desirable to
design the hydropower station to bchr peak power supply as
mech as possible in the arca of less expecting hydropower
potentials such as Central Javo, In connection with future
‘pover development undertaken by PLN, the proposed Wonogiri
pover station is assumed to take a part of peaking powecr
Supply and to supply some off peak pover, if possible,

2.5. Pover generation snd transmission :

As no specific storage for pover generation is provided
with the Wonogiri reservoir, the availrble discharge useable
for power generation has to subordinate to the cutflow far
irrigation use. By putting the Colo intcke in the downstremm
to work as on afterbay, the power station could be operated

LN



to generate poak power for 6-hour durﬂtion as’ prlnclpal._

Besides this, the water from the reservoir is still avail—'
able for additional power generation during off—peak hoursg

. due to neccgsity of continoues outflow for irrigation uée;
Such, principal and addition peak pover to be gencra Led_

are shown in Toblc IV-6, maximum possible output and ennual
energj‘production are 11,200 kw and 28,200 MHU respectively.’
The pover from Wonoglri is transmitted by 150-kv tronsmiysien
1ino o’ Sutakarth ubstation which is situated ot far sbout
40 ¥m. Another single cirouit of 20 kv linc is buillt. to
Yuryontoro via Wonegiri permanent camp qnd Wonogiri town.

2.6. Power benefit

~Benefit of hydropower is measured by the cost required
to producc the equivalent power aond energy by the alternn-
tive means ; in this case, it would be oil-fired sterm plant
. of 50 MW capacity. : o,
(a) Capacity value | _

The recent cost of Steam plant is estimated as follows.

(1) Investment cost for 50 MU ( Us¢ 1,000 )
Foreign currency 30,000
Local currency 20,000
_ Total , ' 50,000
per kv installed Us$ 1,000

(14) Annual fixed cost { US$ 1,000 )
Interest Depreciation ( 30 years )

12% for foreign currency 3,724
10% for local currency " 2,122
I‘ixed 0 &M cost, 2/-1 ] 1,000
Total flxed cost 6,8+6

-Therefore,'the annual fixed cost per kw of installed capn-
city becomes 137 US$/kw. _ ; .
Benefit from the capacity value is evaluated at US) 1548/ kw-



by adjusting the abova fired cost with capacify ndjustment
factor cf 1. 13 derived below. : S

Hydro (%)  Steam (%)

Toss at substation .0 2.0
Forced outoge . - ' 2.0
Aiziliary power use 0.3 6,0
Overhall o 2.0 8.0
o o _ Hydro
lAdjusLmunt foctor n, Stean

(1 ~ 0,0) (1 - 0,003) (1 . 0,02)
= (1 -~ 0,02) (1 - 0.,02) (1 - 0,06} (1 =~ 0.008)

= 1,13

(b) Encrgy value
Encrgy vwrolue is evalunted based on the 0peration cost
to generatc one KWH of power energy by the thermal. .

Fuel cest 0.06 USH/1 (Bankcr C)
Banker C 3 10,000 k cal/l.
1 kecd = 3. 968 BTU (British Thermol Unit).
1 KWH = 860k c=a = 3, L12 BTU
" Thermal efficiency 30%
Puel consuaption 0.287 1/KWH

Energy cost per KvH is, therefore, estimated at USS 0,017,
Benefit from power energy 1s evaluated at US$ 0,0171/KWH
by odjusting the cnorgy cost with the engrgy,adjustment ‘
factor of 1,0C% calculated below. :
. Hydro (%) Steam (%)
Loss of primary substation k.0 2.0
Auxlliﬂry powc“ use ' 0.3 . 6.0

_ .
Fnergy adjustment faotor = Hydro ‘

Steam
(1 - 0. oh) (1 - 0,003)
= (1 -~ 0,02) (1 - 0. Oo) = ’ 00“

 ; ¢37FJ,ﬁ



Annual benefit of the hydropower is, consequently,
gcvaluated by the above calculated values as follows,

Maximun peak oubput 11,200 Md

Energy oroduction a 28,200 MWH
Balable energy production 27,100 Mvmﬁ

f

Capacity bhencfit = 11,200 W x 154.8 S/ = % 1,734,000
Energy bencfit 27,100 MI5x0, 0171 $/Wi=§ 463,000

i

Tyo tal benef it uUss = 2,197,000

(= § 2,200,0007)

- s s e ke ST mar———

1 ¢+ Loss b % transmission loss.



Table IV-2 Alternative Development Flan -

Item ‘ Flan A DPlan B Plan C

Plan of development

Irrigation area (ha) ! 23,600 1 15,600 v 8,300
Power installation(kW) ! 11,200 ! 13,000 1t 8,400
Annual power energy (MWH) ! 23,200 ! 25,300 ! 22,700

Flood control (m3/sec) ! ! !
-~ outflow from reservoir! 400 ! L00 ! L00

Principal features of work

Reservoir storage (106 m3) !
- Sediment ‘ ! 120 ! 120 ! 120
- Trrigation & power ! Lho ! 310 ! 190
~ JMood control . ! 220 ! 220 ! 220

Reservoir stage (m )

- L.W.L. ' 127.0 ! 127.0 ¢ 127.0
- N.H..L. o 136.0 ! 134.1 ! 132.0
~ SHLD Surcharge W.L. 1 138.2 Y 136.6 1. 13%.9
R f 1384 ! 136.8 ! 135.2
- BExtra F.W.L. 1 138.9 1 137.5 1 135.9
Dam,
- Crest EL (m) ! t.6 10,2 1 138.6
- Max., dam height (m )} 1+ 37.5 ! 36.1 ! 34.5

- Embankment volume(103m3)11,750 ! 1,550 ! 1,330

Spillway
- Controlled outflow { ! !
during SHFD (m3/sec) ! 400 ! 400 ! 400

~ Max. discharge capacity! 1,550 ! 1,550 ! 1,550
( m3/sec ) a



Construction cost ( 103 US D B ! 1

- Dam of pewer facilities ! 59,300! 58,000 1 51,400

~ Irrigation 1 32,3300 21,840 ! 12,750 .

- River improvement ! 18,370! 18,3720 ¢ 48,370
Total t 110,000! 98,210 | 82,520

Ll

Annual net benefit ( 103 US $ ) ! ! !

- Irrigation {13,290t 8,780 ! 4,790
- Power generation ! 2,200! 2,500 ! 1,700
- Tloocd control ! 4,980 4,980 ! 4,980
- Hegative benefit ! - 820! - 760! - 660

Total t 19,650t 15,520 ! 1C,810

Leconomic Evaluation ! ! !
- let present worth ' 20,356! 11,765 ! 2,012
( Discount rate at 10 % ) ! ! !

( 103 U.5. 3 ) ! o !




Gule T2 Comartoon of Flood Controd Altermatives
ITtem . Plen-I ! Plan-II ! Plan- @I - [
Wonogdyi reservoi
- Inflow discharge ( m3/a ) 4. 000 4. 000 - 4,000
- Outflow discharge ( m>/s ) 400 700 1.000
- Storage ospacity : 10%3 )
Gross &t S.W.L (SHFD) 730 660 630
Flood control 220 150 120
Irrigation and power 440 440 440
Sediment 120 120 120
~ Dem crest EL (m}) 141 6 141.3 140.7
- Dam height (m) 37.5 37.2 36.6
- Max. spillwey copacity ( m>/s ) 1.550 1630 1,920
- Totel comstruction cost (A) |
(includ. power fecilities
and compensetion costs )
(10205 §) 59. 300 59, 000 58, 200
River improvement i
~ Projected highest floocd
discharge at Surskarte ( m3/s) 5. 300 5.300 5.300
~ Discharge efter dem
regulation at Surskarta (w’/s) | 2 000 2 300 2 600
- Length of improvement (km) 22 322 . 32.2°
- Volume of earth mov:.ng 11,170 11 860 13.100
. ¢ 1% )
- Conatruction cost { B ) 18 400 20,100 22,300
(10° u.5. $) '
Totel construction cost 77 700 79 100 80 500 .

W+ @ (10us $)
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Table IV- 6. Power Generation of Wonogiri Power Station
LI : ! Yearly energy output! Gontrol of
Y e ar . z ?WEI‘ Outptﬂ, ( k‘d ) | ( M.'IN.H' ) . ! power gene.
o ' T Peak T 0TT 7 ; ration -°

! N ! .
| Max. , Min. ) Mean (g nmrsyi peak ! TO%31 1 (Momtn)
1953/5% ! 11.200 ! 7.4401 9.730! 16.168! 12.11k1 28,2821 O |

1966/67 1 18,3301 10.010! 17.534! 16.1E651 33,719
1667/68 1 ! 6.360! 8,980! 15.739! §&,138! 23.877!
1968/69 1 " 110.7501 11,.11C!) 19,4581 22,4911 41,949
1909/90 1 o I 6.5201  9,690! 15.7421 8.294! 24,0361
197¢/71 1 v 18,6601 10,280! 18,01%! 31.003! L9, 0221
1971/72 1 1 9,260! 10,901 18,3181 19.141! 37.489!
1572/73

195%/55 +  w ' 9.4801 10.61C! 18.582! 10.509! 29.091! 0
1955/56 1 " 110.%30! 11.010! 19.3w1! 13.038! 32,3791 0
1956457 1w ! 9.4C0! 1C.530! 18.4561 9.162! 27.618! O
1857/58 1 n 1 8.150! 9.850! 17.260! 6.8231 24,0831 0
1958/59 1w 1 8.590! 10.390! 18.209! 15.174! 33.383! 0
1959/60 1" 1 8.180! 10.090! 17.722% 12,3501 30.072! 0
1960/61  F n 1 9.360! 10.090! 11.623! ¢&.556! 20.169! 0
1961/62 ) L t7.340E §.640! 15,8951 ©.5B2) 2L Lo 0
1962/63 1 ! 7.51C! 9.850! 17.255¢ 10.334! 27.589! 0
1963/6% + ! *6.1401  8.337! 8.1CH! 16.hL411 L
196L/65 1 L ! 'o6.1101 3,715 6.440! 10.155! L
1965/66 1+ M ! 1 2,900t 12.768!  6.746!1 19,514} 2
0
0
0
0
0
0
0

! 6.6701  9.240! 16.190! 15,1641 31,3541

Total ! - ! - ! - ! - ! - ! - ! 10 (4 %)
Mean ! 11.200 !17.100 ! 9.580! 15.818! 12.4497! 28,2351 -

Jote ¢ (1) Installed capacity 5.600 kW x 2 units = 11.200 K4

(2) Maximum operating level EL. 136.0 (HWL)
. Minimum operating level EL. 127.0 (IWL)

(3) Power generation suspended if reservoir
water level lowers below = EL, 127.0.
(4) Assumed plant factor : 80 %.



3. Agricultural snd Trreigafion

L8

3.1, Altornativé plans - L

Four alternatlvcs of the irrigation plan arve forimilated to
propose the optimum one. Outlines of these plans are pre- o
sented below, - '

Alternative plan-A; Construction of Colo diversion welr
from where irrigation water is taken into the main canals

laid out both banks.. Water is conveyed by gravity canal

to the arca of 23,600 ha.'

Mtemative plan-B; Yater is directly diverted into the ma
in e¢anals from the reservolr and conveyed by the gravity
can. to the area of 29,600 ha.

Aternative plan-C; Main system is same as the plan-A but
pumping irrigation to the area of 600 ha from the loft ma~
incmﬂuﬂzﬁ@d ' ‘

Alternative plan-Ds Irrlgation arco of the plan A L8 Axvt-
ded into the upstrcam and downstream areas of 10,900 ha
and 12,700 ha respectively. Irrigation gystem to the up -
stream zrea is basically same as the plan-A, while to the
downsirean area, water is taken from the Sala River ot
domstrenm of Surskarta by pumping up or providing a diver
sion weir and is conveyed to the area by gravity cannal.

Sumneary of the comparison of those alternative plans are -
presented in Table IV-7, "And the plan-A is proposed from
techniczl ond economic point of views,

3.2, Irrigation area

Required head for distributing the irrigation water to the
downstrean end of the arca determines the intale weter le-
vel at the headwork. HMinimum water level of the intake lo
cated at Colo is nced to be se® at LL, 106.5 m above SHVP.
Within the limit not affllcting the. tail water 1eve1 of
the power station in the upstream, the 1ntake weter level
could be raised up to BL. 108 m or so,
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At the initiad water level of EL. 106,5 m, the main canals
arc lald out on the both banks as shown in VG, Viii-002.
The inner side area bounded by these cinals and the Sala-
Miver difines the irrigotion arca totaling 23,600 ha out,
of the projecct ares of 32,000 ha.

i

3.3 Lond use mmd _cryepoing nattern

n almost a1l sawah cond part of tegel nrea, paddy is plank
el as amost important crop followed by bolowijo md  some
part of the irrigated sawah arcna, sugar cane mnd tobacco
are cenltivated.

The presehtly cultivated area in the project area is pbout
23,400 ha; 20,900 ho of sawah and 2,500 ha of tegal. '
The ratio of sawah to tegel is around 8.4 @ 1 in the pro -
joct'area. Comparing with the ratio in the wholc Upper Sa
1a Basin of 1,3 : 1, this area is in much favorablc condl.-
tion for crop produciicn among others.

Paddy plenting area covers the aren about 67 % of the total
cultivated arca in wet season, but only about 22 % in dry
senson. 'The remaining aren ic used for suéar cané, toba ~
cca and polowijo-such as maize, cassova, peanubts, soybean,
swoet potatoes and vegetabloes, o '

Present erop intensity attazins such a considerably high as
1,76 resulting from rather intensive utilization of the
Tawm land even at present, '

JUnder the condition with the projcct, the crop intensitvy
is expected to rise more particularly by increase of culti
vatiable area in dry season., By introducing year round
irrigation, total cultivated land throughout year will be-
come 23,600 ha comparising of sawah .arca of 21,200 ha up -
1md area of 2,400 ha, '

Present and future land use by crops in the project arca
is presented -in Table IV-8, "~ B ‘ o



-
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Tﬂﬁﬁ‘IVwS _ .-'Land Uee ( ha )

'Kind of crops Pre,ent_iy( pr qimptl_ L FuturQ;A
_Yet Season Dry Season Yearly  (w/projcet)
Paddy | . 15,?8011 5,320 214100 . - 31,600
Sugar | ' (2,580) (2,580) 2,580 3,000
Tobacco - - 90 90 800.
~ Polowijo S C AZM0 11,909
Total crop area ' 41,200 ° W%,300
Cultivated area - - 23,+00 23,600
Crop intensity o 1.7 2,01

£1 including upland paddy of 1 1%0 ha,

The guneralizcd cropping pattern prevqiling in the project
area is established on the basis of agronomic study and.
illustrated in Fig, IV.1i,

As shown in the figure, mixed culturc is commonly practis-
e¢d on sawvaoh 'not only in dry season but also in wet scason,
because of the water shortage and scarecity of Legal'area}
It 1s also reCognized that present -cropping calender'is es
Lablished on the 'basis of the rainfall pattern.

Future .cropping pattern without the projeect is not expect-
ed to change apprecisbly. Paddy will contimue to place

the principal crop in .sawah area; and beans and cash crop
such as sugar cane and tobacco might inercase slightly for

. gaining cash income.

However, under the condition with ﬁhe project, it is eanti-~
cipated that the cropping calender will change due to adop
tion of complete year round ifrrigation on famms,

Basic consideration for determing future crbppiﬁg pattern
with the project are as follows ;



,,gé

(1) soil ond land capability of the arca,

(41) effective water utilization throughout the year,

(iii) national policy to attain self»sufficiency in
food crops, and .

(iv) increaac in cash income for famers,

'Based on these conslderation,, fubure cropping. pattern with
the project Ls established and illustrated in Fig., IV-2,

According to thisg cropping phttern, paddy will be cropped
throughout year over the arca about 70 % of the irrigated
-area of 23,600 ha, and cash crops such as sugar cane and
tobacco will increase their cropped area considerably..
However, cropping of polowijo on sawah area will be still
continued in the .fubture because of the existing loceal de -
mend . for them. . | '

Cropping intensity with the project is expected to roach
to 2.01 in. future.

3.“; Water requirement

8ince no data of field measurement of consumptive use of
crops are available, water requirement is estimated by use
of Blaney-Criddle method based on the climatic data.aval -
1lable in the project area.

Conswiptive use calculated by the above method, percolati-
~ on, puddling water requirement, effective rainfall over
the irrigation ureca afe presentcd below,

Consunptive use (mm/day) Dry Seéason Wet Season Yearly

Paddy | : 7.2 6.8 7,0
Sugar cane . | 51
Polowijo (lowland) ' | N 3.6
Polowijo (upland) : , 3.9
Percolation (rm/day) 3 2
.puddling o :
water {mm) 150 200

Effective rainfall (mn/day) 0.8 - 3. 5.6 - 8.k

- . : . . _‘.4
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Unjt jrrigdtion requiremont by erops to boe adopted for the
proposed cropping pattern presented in Fig, IV-E in the
project area are ¢stimated as follows, .

Paddy Sugar Poloviio

rice . ecahe ( scwall) (+tegall)
Anpuial (mm) 1,592 723 68 w07
Dry Season (mm) 1,159 628 323 359
Wet Season (im) 33 95 L5 4“8
Dail}f max, (m) 10.7 5.7 3-6 3-9

Overallirrightion efficicncy in the project area is consie -
. dered to bo about 70 ¥ by experiencea in Java,

By applying thios 70 ¥ irrigation efficiency, gross diversi
én reqﬁiremeht for irripgation water supply calls for B12,8
million m3 PEr year on an averapgs.

Maximum onnual diversion requirement is about SO%. 8 milli-
on m3 in the driest year of tho past 20 years. Maximum
nmonthly requirement occurs in July at the rate. of 33.9 3/
sec, say 90 million m3 per month,

Water balance between dlversion reguirement and river run-
off in the past 20 years gilves the net supply requirement
from the Wonogiri reservoir every year as shown below,

Year Stlciigggul()%%gm% Year Stgigggul();l%gm )
1953 / 54 . 356, 1963 / 64 45%, 0
4954 / 53 239.2 196% / 65 M.
1955 / 56 112.5 1965 / 66 . 392,0
1956 / 57 - 137.6 1966 / 67 147,3
1957 / 58 321,9 1967 / 68 ~  382.8
1958 / 59  180.% 1968 / 69 .  37.8
1959 / 60 277.4 1969 / 70 360, 0

. 1960 / 61 W10 1970 / 71 187,6
1961 / 62  375.8 1971 / 72 198,0

1962 /. 63 286.7 1972 / 73 3%6.0




_ Sl
Freqpcncy anzlysis bqsed on- ‘the above data gives the rcquin'
red net Storage capaclty of Wonogiri reservolr as follows, =

90 % dry year 400 million 3
80-% dry year - - 370 million >
50 % dry year 270 million m>

As the intake site of irxi gntion water is planncd at Coloe
diversion weir situated at about 13 km downstresm of the -
Wonogiri dam, allowance of about 2.5 # for loss of water in
the river section between them is taken into account, To -
tal net storage requircment, therefore, amounts to %10 mi-
11ion m3. In addition to this riet storage, another 30 mi-
11ion m> will have to be relied on the reservoir to relea-
se the water of 2 m3/sec at least to downstream of the' ri-
ver Tor mainteining the minimum dry sceason flow.

3.5. Crop yiel

Unit yields of main crops at present condition arec estima-
- ted on the basis of the data collected at the local agri -
cultural offices related to the project area, .Since  tho
yields vary from one year to onother depending on the na -
tural conditions such as woather and flooding, the average
yield are estimated from those datea.

For the future without project, only slight increase 1s ex
pected in paddy yield, attributing to use of the improved ‘
varicties =znd perhaps some inecrease in fertilizer and che-
mical usec.

Por future with the progcct condition, assuming realizati~
on of all weather 1rrigation culture, improvement - in farm
management and cultural practices, sufficient use ofrfertl
lizer and chemicals and wide use of fertilizer-response
crop varicties, the unit yields of crops are predlcted to
get them reasomably expectced after receiving crop yield da
ta obtained by field survey in the project area and from
the Central Research Institute for Agriculture of Bogor,
and referring to the results attzined during the perlod of
Pelita I.

L)
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Thérévéi"égé"u}fﬁ ‘yields of erops at preqent and thoso esti-
mated both without and with the proaact in futurc are shown
in Table V-9, ‘ » ' '

J’udg'i.ng from the yiolds attained in the project urea and -
farmer's undcrstmchng for nceessity of extensive irrigati-
on agriculture with fertilizer =nd chemical use at present,
the projected crop yields in futuroe with project will be
considercd not so high target as to be achieved, but suppo-
sedly in rather conservative gstimate,

Toble IV-G Unit Yield by Crnp at_Present, vutu; Mitho

and With Praject

'u-q

( Unit : Lon / hn )

l _u.l,h o

Kind of crop - Present e - Lo e —
— - w/o Project w/troject

Paddy 4’ '

Dry season paddy 3.3 3.5 - - 5.9

Wet scaoson paddy 3. b C 3.6 5.5

Upland paddy 1.8 1.9 -
Maize ' 0.5 0,5 2.0
Cessava _ 3.3 3.3 5.0
Pernuts 0.5 0.5 1.5
Soyhe an Ak R T4
Tobacco £2 0.1 0. 1.0
Sugnr cone 85.0 85.0 120,0

Wote /1 : Dry stalk paddy
2 :+ Dry lear,

3.6, Crop_production

Total production of the farm crops in the proacct area is
calculated for future without the progcot and vith the

project on the basis oI‘ the 1and use of cropning and unlt
yield,

»
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Athough' some local crops such as cassava and melze will des
crease their outputs, paddy output will increase subbantial-
1y from presont output of 73,000 tons to 174,000 tons,

Ssummary of the output by crops for the respective conditions
15 presented in Table IV-10.

Table IV~1O Total Production in Fubure Without Prqlhct
and _With Project faem o -
( Unit : tons )

-ft. o TFuture without Future with Increment
Kind of ¢rop  Lno5ect (&) project (B)  (B) - (A)

L]

. Paddy .

Dry scason 18,620 £6,900 68,200

Wet season 52,70 86,900 3,196

Upland 2,166 - -2,166

- Potal paddy (73,4950) (173,800) (100,310)

Haoize : A 2,820 2,000 ~-820
Cossava 21,351 11,500 _ ~9,851
Peanuts | 510 +, 800 4,290
Soybe an 980 - h,900 3,920
Tobacco o ©36 Boo .70
Sugar: cane 219,300 = 360,000 140,700

3.7.. Bonefit of 4drrignted agriculture

By introducing all weather 1rrig§tion in the projeect arca,
efficient agricultural management and improved cultural prac-
tig2s, the farmlands in the project area can raise a conside-
rable inercase of the agricultursal products. Such production
incraase are evaluated in temm of monetary value, in general,
by meosuring the balance of net rociept on the farms betwson
under the condition of without the project and with the pro -
ject in, future, :

To measurc the receipt from sale of the products, the ‘prices
of the products and the cost need to produce the crops on the
farmm are cstimated.



3.7.1. Price of the nrodqu-

For evaluating economic values of the nroducts, the prices
estimated through the projected intermnational market prices
are tentalively used.

The farm gate prices are estimoted by iacking necessary . o'u
adjustments ond shown a5 follows. )

Table IV-11 Price of Agriculiur:l Products
Kind of crop : Price ( Rp,/ton)

Peddy (dry staelk) 60,000
Maize : 30,000
Cassava 13,000
Peanuts ' 70,000
Soybe an : - 69,000
‘Tobacco (dry leaf) 360,000
Supgar cane 5,000

3.7.2, Production cost

The quantities of input required for the production of coch

crop are estimated on the basis of the dota collected in

the local. agricultural office and from the Central Stabtis -

tics Burcau; wWith respeet to the price of such inputs, the

same estimatidn of the forecast prices of the inputs are .
applied, Labour cost, land tax and other miscellaneous costs
' are estimated by using the data collccted 3n the local agri-
; eultural offoce and average rate is cclculated over the pro-
 joet arca, '

The summary of production costs for each erop is presented
in Table IV-12, '



-

Table IV-12 - - Summth,bf'Production Cosﬁs par Ha Jmp—
" Kind of Crops Prod,Costs w/o Project Prod.Costs w.Pro
. : o . oo .
Dry Scason Paddy 55,000 79,000
Wwet Scason Paddy | 54,800 ' 79,000
~ Upland Paddy 36,000 | .-
Malze | ‘ 8,900 17,800
Casssva 15,200 - 21,300
Peanuts 20,600 42,100
Soybean 15,400 37,600
Tobageo . 107,200 1,400
Sugar cane . 172,800 © 234,400

3.7.2. Benefit from theAproject.area

On the basis of the croppud area, unit yileld, and price of
the crops and thelr input costs mentioned in the preceding
paragraphes, the balance {net income on the farm), betwecen
the fubture without projcct and the future with_the project
condition are estimated for the unit area per ha, as shown
in Toble IV-13. |

The dincrease in net income resulting from development of

all weather irrigation for the project area of 23,600 ha
amounts to zbout Rp, 5,514 millions (US & 13,290 millions
equivalent) or Rp. 233,660 { U3 § 563 ) per irrigated ha

2

Desides this direct benefit, it is cxpected that an addi -
‘tional benefit will accrue {rom the production increase on
the area outside the project,

Upon compleftion of the irrigation system, the water so far
used through exlsting chonnel is not required in the project
arca and become available for the other area vwhich will in-
c¢rease for agricultural activities in the area outside the
project. )
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The amount of water additionally aVallable is estlmated at
1.0 n / gc in the dry season which will bc- able to irrigote
sufficiently 1,050 ha of cultiVatedlland outside the project
8ince soil and land capability is’considéfed to be almost
same as that of project area, the ancillary benefit expect-
ed is roughly estinated at us $ 242 thousands L

s

3.8, Main irrigation uvstem

(a) Headvuork

Ifi the downstream reaches between the tonoglri dam and Colo
at where the Sala River enters in the flat plain, Colo site
at the most downstrean end of the gorge 1s proposed for Lhe :
headwork site by comparativo "tudy.

. A conercte diversion weir having two irrigation intalkes to
-the left and right areas is contructed, o
At this site the river bed ekévatidn 1s EL. 100 m, then the
water lcvel has to bs'raised At least £5 LL. "106<5 m to divert
the vater, Furthermore, this Colo weir has to have a role
of afterbay weir to ‘control the peak dlachqrge outflowed
from the power station.

Since the poWer station is plannod'to use the water at' the-
rate of 60 m3/sec for six hours peak‘operation} the necessa-
ry re-roguleting cépaqity‘providing with Colo weir hecomes .
about 1.2 million m3. To meet this storage capacity, the
proposed water level of the Colo weir is fited at EL 107. Sm.

Prinecipal foatures of Colo. diVersion wair are given below.

Crest elevation EL. 107, 5 m SHVP
Hin, intake Y.L. | . EL, 106,5 m SHVP .
Height of weir c - 75w
Length of weir . ' | 100 m
Hax.'intake'discharge, left : 3 95 mg/sec
| : L right .55 m /"ec
Design flood discharge . _ ‘, : 550,' ‘m /sec
,  uxtraordlnary flood diocharge ,"- 2 000 - .m 3/sec.

Pr—

l_ 1 ,050 ha x Ubb 230 (1or dry seaaon paddy)
w251 000 - @154 100 = @96 900 ( ¢23o)
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(b) Main conal o

Proposed features of the main canals are presented below

. Left Right

Irrigation area (ha) ' 2,800. 20,800
Desipgn discharge (m3/secJ B

Initial ‘ 3.95 ° 29.59

Tail .42 0.99
Totul length (km) 25 64
Blope offcanal B 1 1 1 ]

: 2,500 3,000 2,500 6,000

8lope of canal 9.2 3.1

(@) Secondary cunul

Secondary tanal is laid out to supply the water for the
minimom Rlock ef 150 ha, - '
Most of the existing 1rrigation canals in the area are i
improved and réhzbilitated to utilize as secondary canals.
For non-irrigatediarea at present or the area for which -
the existing canals have insufficient capacity, new seconw
‘dary vgmale are,plansod.

Left Right
Hunber 5 - 33.
Totul length (m) 13,100 131,800
of witlch, rehabilitation (1,000) (31,700)
Max. discharge (m?/sec) 0.77 3.1
Min. discharge (mjfsec) . 0.21 0.21
Slope ‘ 1 1
‘ 2,500 13,000

(4) Crossing and turnout

From the topographic view point, it is inevitable the
canals ¢ross many tributaries, roads channels and rail . ..
trucks, . '



Major crosuings along the. total travellinb length of the
main canals account. fer. 33 tributary, 147-canal, 261~ road
and 16- railtruck as broken down’ below.

Left cenal  kight canal Total

Total river b -V L
L}20 m 1 6 : 7
20 mL)10 m . 8 9
10 mYL L . 13 17
Total canal 33 116 k7
5 m 11 25 36 -
% m3L 20 91 11
Total road 62 319 - 2061 _
Main road 1 3 ‘ b
LY m - © 10
8m)L Y4 m 13 74 87
hmYL _ L8 112 160
Total rafltruck A 15 A6
Main _ 1 5 ' 6
Decadville -

10 10

- For those crossings, basically culverts are adopted, and
aqueduct and siphon are planned at the places qhefe the
topographic condition does not allow to pass the canal by
culvert, Total nembers of aqueduct and siphon are accounted
for 16 and 17, respectively.

. Along the main canals, turnouts are provided at 39 places
«on the right and at 10 places on the left canals.,

’(e) hepulating structures

Check gate, diversion and spillway are provided on the main
canal for maintenance and emergency use. Check gate is -
situated at the downstream of the major turnouts, and” ' -

dlvcrsion and - uplllway are at the upstream of each aqueduct
and 51phon.

Besides the above, three regulating reservoirs are proposed
on the secondary canal governing the area more than 1,800 ha.

3.9. Irriration network-on farm

(a) Tertiary candl and farm d;tgg

'Present density of farm ditch of 10 m/ha is increased to
,;ho m/ha. Layout, of the firm dltch is basically planned
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to place at every 400 m distance.

(b) Drainage

gince the tributeries in the area play a role of trunk dra-
inage, no additional main drainages are nececsary. Draina-
ge ofi Tarm at present, however, is insufficient, only 10 m/
ha density. The uvltimate farn drainage is planned to be of
30 m/ha density.

(c) Farm road

Few roads are vehicle passable at present. This hampered farm
managerent, ._

Net work density of 20 m/he at present is incrensed to 40 m/
ha with the road providing the canal side. ‘

L, Tlood Control =and River liprovement

.1, Fllod of the Bengéwan Sala

1.1, Present condition of the river

The upper Sala in the downstrecam reaches of the Vonogiri dam
runs through the flat oalluvial plain heavily meandering. The
average riverbed slope slong.the channel is about 1/3,000.and
the channel width varies between 50 - 100 m with depth of
1/10 = 1/30 to the average channel width, :

The river bank at neandering ports has been croded laterral-
1y but proftection works hes never heen provided,

There are no lcvees provided along the main river oxcept the
flood dyke around Surakarta., As the preéonc natural river o
bank barcly rises about 3 to 8 m above the chznnel. bed, the
flow capacity of the existing chonnel is so small just to - -
pass the discharge of about 500 m3/sec. If the river .
discharge exceeds to this magnitudo,.rivor weter is floodiné
over the lowlend on both banks.

L4.1.2, Flood frequency

Estimate of the annual frequency -of the flooding over the
bank based on the records in the past 10 years revools
that it might have occurred 2.5 times every year:_



Inundatioh usually OCCurs along the main river when the
river stage exceeds to 4.0 m ot Demangan gauge at Sura-
~karta, ‘

b,1.3. gg u;ation qnd depth

Genarally, the hydrograpk of flood in the Uppcr Sala re-
aches shows steep peak lasting short duration, and tho du
ration 15 usually proportionate to the magnitude of the
flood stage. The average flooding duration is cstimated
as shown in Table IV-1il, ’

At the maximum flood event (the 196G flood), the mean
flooding depth in the inmmdation area marks gbout 2. m
"md 2.5 m in Surakartna ond Sragen district respectively,

b1, Inundetion arean

The inundation arca c¢stimated from the pnst records at
major flood events are drawn in Fig. IV~3

The maximum inundation area totals to 33,000 ha, oquiva-
lent %o about 5.4 % of the total arca of the Upner Sala
Basin of 610,700 ha,of which. 3,700 ba-aceurs ‘in Wonogiri
area, 195500 ha in Surakarta and 9,700 ha in Sragen area
respectively., '

The inundation‘areas in Surakarta end Sragen were cCOrra-
lated to the flood discharge at Surakarta gauge., As far
as Surakarta ¢ity concerned, the imundation occurs when
the river discharge exceeds to 2,000 m3/sec even the flood
dyke exists. Inundation area at each flood scale are pre-
, sented in Tﬂblc IV-15, '

Y, 1 . Populat1on house mand land in the flood 1ff11ctpd areca

Since the flood-afflicted zrea is so densely populated and
highly developed into the productive famliand, the popula-
tion in the inundation area accounts for about 462,000 Wmd
the damapges on houses and proberties as well as farm crops
are considersbly heavy, | '

The .number of population and houses and the area of the
1and by use to be afflicted are summarized correlating to
at each flood scale in Table IV-16,

hY



h‘z. Flood damape

Although the area is attacked by froquenb inundation of va-
rious .scales of flood, the existing utilities, propertieq,
londs and crops submerged by the flood are not vholly dama-
.ged. Damage rates of thosc objects are naturally verying

in accordance with the flood magnitude snd flooding durati-
on. .

+,2,1. Damage rate

Damage rates are, therefore, estimated referring to the va-
rious data as shown in Table IV-17, :

4.2.2. Oceupancy ratio of the damageable ohiecths

There . are various kinds of buildiﬁgs, utilities and
crops grown in the flood-aflflicted area.

" The .present ocecupancy by such buildings and the farmland
used for crop growing is estimated from the data of Sura-
karta city and the Kabupaten concerned in the project area..
Table IV-18 gives the prescnt occupancy ratio by the objects.

Table IV~-18 ~» Occupaney Ratio (%)

Surakarta city Other area

Farmer's house -2 ‘ 81

Genheral residence 88 : 17
Shop 6 1

" Others . | , ok R

" Paddy land | - ' 77
Yard. - : C- 23

h.2.3, Value of the flood- afflictnd objccts

The average values of floof-afflicted objects aré estimated
as shown in Table IV-19,









ﬂ.vo,m.m .‘wn,m.,..m.wo w?&..nuﬁumﬂgh.uﬁ UT SGp pusT pue @znap ‘untrerndos - 9L~AT 5Taey




£6°0 . 1g*0 49°0 LS*0 sdoIo paex D°L JaAO
18°0 05°0 ch'o 4L2°0 Lppeg
hé*0 £9°0 8kr*0 6£°0 sdoIo paex
9€°0 €€ 0 92°0 910 Appeg 0%k = 5%
£9°0 +©5°0 2q"0 42°0 gdozd prex )
€z°0 12°0 gL°0 HL°0 £pped G0 - 0
TAREY ) g = & 7 =~ 't ¢ - @y
(sfep) uoryeanp JurpooTd qadep SuTpooTd
sdoax) (2)
. ALY 0°t Iaao
“H°0 6+°0 45°0 16°0 6£°0 SL°0 0't - §°2
04°0 6+°0 160 67°0 6t °0 QLo G§*e - 0°2
6€°0 7°0 R0 Lv*0 E°0 LL®0 0°g = &°L
6€°0 gh'0 6€°0 IR0 £E0 LL*0 g*L - 0°L
#2°0 gz °0 220 62°0 +H2*0 £0°0 0°L - &*0
80°0 60°0 80°0 LL*o 60°0 600 $*0 - 0
HM.O...u..Qd.m ? Toeqgosg *0TJJ0 &.Oﬂm uoﬁo.ﬁ,.nmom ISNOY & jJ3WIBH

§409JJ9 PIOUesSnoOH

SurprIng (m) u3dep: SUTPOOT

S309JJH PIOUSSNOH ¥» Jurpring (1)

UOT3EpUNUY pOOTd Xq 23tY e8eweq JLLl=AI eTq=l



70
Tabié IV-19 Averapge Value of the Obieéﬁs

(Unit : US &)

Surakarta city Other area L
Build- House Total Duild~ House Total
ing hold ' ing hold
— — _.elfects
Farmer's house 360 - 180 620 - 360 180 620
General 3,610 1,620 5,960 750 W50 1,340
“reaidence ) :
Shop . 3,760 12,720 17,240 810 2,000 2,980
Others 11,190  9,h+0 22,870 2,230 Li0 - 3,080
per ha of crop : |
Paddy . 3th
Yard crops : ‘ ' 8
Total crop- ' 322

h.2.4, Flood domape pobential .

The number and area of flood-afflicted objects vary accord-
ing o the nmgnitude of the flood.:

Damage potential of the house and farm crops according to
every inundotion depih are caleulated by using the estimated
dato compiled in the preceeding vtables in this section,

The results ore summarized in Table IV-20{

Table IV~-20 Amount of Domape per House mnd Crop per lHa

(a) Per house _ (Unit : WS &) |
Flooding 0~ 0.5- 1.0~ 1,5- 2,0~ 2,5~ Over
depth (n) 0.5 1.0 1.5 2,0 2.5 3.0 3.0
Surakarta 476 990 1,418 1,645 1,9 2,005 2,105
city _ ‘

Other arca 5 9% 430 152 166 .184 202
{b) Cron per ha ‘

Flooding -

depth (m) 1 -2 3-% .5 -6 Over 7

0 - 0.5 L5 59 69 76

0.5 = 1.0 52 8 107 117

Over 1.0 87 135 160 Y
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And ‘the totsal damage poteritial in the project area is also
calculated to every magnitude of the flood, expresscd in
the discharge at Surakarta, B

_ Table IV-21 Damage Potential o .
(Unit : US $1,000)
Discharge at _ House damare Crn?ﬁd?nagc Total”
. KHos of Damage - Aren (ha): Damage
Surakarta house -

500 ' 0 - 2,900 670 670
1,000 10,400 995 10,000 1,173 2,168
1,500 22,500 3,078 15,500 2,247 54325 .
2,000 59,200 37,191 20,200 2,833 40,02
2,500, 91,600 39,219 23,200 3,207 L2,k26

4. 3. Flood control benefit

 4.3.1, Flood frequency at Surakarta

At SIFD at Wonoglri damsite; Q, = 1,000 m3/sec, the peak dis.
charge at Surakarta was cestimated at 2,160 m3/sec.

It corresponds to the probable return period of WO-years.
While the probeble flood discharge at Wonogiri, Burakarta &
and Ngowi sites were studied in non-flooding coﬂdition in-

the previous study 11 '

And flood frequency anzlysis in the past 10 years results

in such discharge frequency relation,

Bischarge - Freguency per Return period

+ year
: 800 m3/sec 0.7 L 143
1,000 m3/sec . 0.1 2.50

From the above datz, the discharge~frequency relotion at
Surakarta in the present condition is C?t“Dliahbd as
shown in Tig IV,

© /1 Master Plan of the Scla River Basin Devalonment,
Supporting Report, PARL - O, Hydrolopy.“



b, 3.2, Averaﬂc unnual dangg_ o

In estimatlng the annual flood damage, ‘besides theabove qta— ‘

ted direct damages, the: indirect damages is also taken intg
hccount, Indirect damqges_ipcludc losses from intarruption.

in utility services induced by flood, loss of profits and
earnings to .daily economic activity in the flood offlict =" ...
' ¢d area, and net costs incremental for flood warning, eva-
ouating and'rcoccupying flooded areas, flood fighling and
temporary living of the refugess. - In this study; the inddi-
rect demage 1s estimsted at 10 % of the direcct damage.

innual flood danage in the preject arca is-estimated by mee

" ans of, probable treatment method, On the. basisi of the {lood
frequeney the estimated flood &amage at cvery scale of the
flood discharge, 'the annual damage is calculated as shown
"inTable IV-22,

4.3.3. Annual benefit

By constructing Wonogiri dam and the river improvoncnt for .
itsdownstream reachos in the project arca, the present
flooding of the Sela River could be cona1dLrehly climinated,

At the controled dis scharge of 400 m3/sec Trom the VWonoglri

dam in the case of the SHFD, the discharge at Surakarta
becomes about 2,000 w3/;ec 11; This discharge is cquivalent
to the discharge of probvable return period of 40 - year in
persent condition. The river improvement in the projeet aren
is also planned ddonting this discharge as the desipgn dischor-
‘gC,

" With Wonegiri dam and river improvement, the present flood
damage imcurred from the discharge less then 2,000 m3/sec
will be completely saved in future,

Thaerefore, the annual benefit on this flood cobtrol plan is
assessed to US & 4,98 million from Table IV-22,

L1 Stury chort Cha pter I Hydrology.
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4.4, Scale of the river improvenment

The flood protection measure envisaged in the ‘project area
15 combination plan of the Wonogiri dam and downstream river
improvement, :

_Case study of this combination plan 1is examlned for the
followin[r three cases that the Vlonopgiri dam controlls the
flood outflow two i) W00 m3/sec (Case~Ai), 1L) 700 m3/ sec
(Case-B) and iii) 1,000 m3/spc (Case-C)., The selection of
the most recommendzble cagse is made in least cost base of
the combined cost of the total dam and total river dmprove-
ment,

L 4,4, Desim flood discharge

The design flood discharge at Surakarta ahd ligawl after
completion of the WOnogir¢ dam are- estimsated for oach
case as follows,

Wonogirli Surakarta Ngawl

Case~f (%,000) - 400 2,000 2,830
Case-B (4,000) <700 "2,300- 3,130
Case~C (4,000)1,000 2,600  3,¥3C

. -}
Rem : ( ) shows the peaks inflow discharge

: Unit in ms/sec
The distribution of the design flood along the river in
each case are “illustrated in Fig. IV-5

L 4,2, Chennel improvement
d .

(a) High water level

'Fixing too low the design water level in the river channel
usually requires extreruly  large earth work in the pro -
jeet stretch., The channel improvement will be, thercfore,.
planned adequately combining channel excavation and levece
construetion, The design water level is fixed at the high-
est water level of channel it .the past along the project
stretch, )
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(b} Pischarpe of low wnbtey channcl

Bingle sectioq of the channel usurldly requires the least
flow area, However, in such a case of the Sala Idver of
which seasonial fluctuation of chanhel flow is cxtremely
large,a composite cross section is reccommendoble to stobi-
Jize “the low flow md to wvoid of conecentration of high
flood flow which nakes maintenance cof the chamel difficuli.,

- -

In the preomisce of adopting the compesite section for channel
improvement,the deltermination of the scale of low water
channel 1o worked out, l '
Since the present river channcl hasbeen formed by natural
-force and has relntively stable {low condition in low water
season, the design discharpge for the low water chonnel do -
termined to existing flow capacity at cach design scction.

{c} Prgnoscd section of leveo

The typical cwoss section of the levee to be provided odong -
the river at thu edpe of the high weter chammel on both
buanks is proposcd as shown below. '

5,00 . 6.00 3.00

g B e

i i tnape gy e e 7....-- o
.

bk, 3, Senle of the chanael irmrov:ient

On the basis of the conditions stated in the preéceding
sub-section, the channel sections in the project reoch
will be improved to have the dinensions as shown in
Table IV-23. |



Table IV -23 Scale-of the- 6ﬁ'aﬁﬂgl-1mp'rovemen_t_ l

$locl: Q Q° B. B, H. SR
| ChSE nuwaber (mj/s)' (mz}s) (;:1) (:1) E) }(Ig) '# ,
1 2,000 500 45 175 5.0 3,5
2 1,750 440 40 150 5.0 3.5
CASE - A ‘3 1,500, 380 40 145 5.0 © 3.0
4 850 200. 40 125
5 650 200 40 115 3,5 2.0
6 550
1 2,300 500 A5 W7 5.0 3,5
2 2,050 440 40 200 5,0 ‘3.5
‘CASE ~ B 3 1,800 380 40 188 5.0 3.2
) Lo 1,150 200 40 176
5 950 200 A0 W4 3.5 2,5
6 850 _ . -
1 2,600 500 45 280 5.0 3.5
2 2,350 40 40 253 5.0 3.5
CASE -.C 3. 2,100 380 40 235 5.0 3.3
A 1,450 200 A0 214
5 1,750 200 40 189 3.5 2.8
6. 1,150 o o
Q :: discharge
Ql t dischorge for lou water chaemel

B1..
- am _
. Hyp
H': 1 ) .,-'5"




%.5.“ Proposcd improvgmeﬁt7plan ' N _

Based on the proposed channel improvement, the required
construction cost of the river improvement proper is esti-
mated, The combined cost of the flood control is, then, .
. also cstimated by adding the cost of Wonogiri dam, -

Icononlc comparison of the conceived three cases concludes’
that the Case-A is-the most preferable scale of the flood®
control, for this project as shown below,

Cost ( US § ) .Case~A Case-B Casc~C

. River improvement 18.% x 106 20.1 x 106 22.3 x 106
Wonogiri dam | 59.1 x 10®  58.8 x 1¢°® 57,9 x 10°
Total combined . 77.5 x.106 76,9 x 106 80.2 x 106

5. Proposed Development Plan

To dmpound the active storage for irrigation water -of L0
million m3, the high of dam has to be raised about 38.9 m
above the river bed and the crest of the dam extends to
about 1,500 m.

Rockf1ll with central core typoe dem will ruquire total
embankment volume of 1. 53 million m3.

ropillway can evacuate the maximunm outfldwidischarge of
1,550 m3/sec abnormgl flood cevent ( .the maximum inflow
discharge of 6,200 m3/sec.). By providing the controlled
water level limiting the high water level during the flowvd
season below the normal high water level, the usual floods
of which pesk inflow discharges are less than 4,000 m3/scc
(SHFD) ,could be contreolled to reloaseanconotant outflow of .
00 m /sec.

" With active storage cnpacity of W40 million m3, the water
Trom the Wonogiri dem is basically rclease at the rate of
60 ms/sec for 6 hour a day, the deficit water ol irrigation
use oceuring in moet dry season will have to be released
;contlnueoualy during off-peak hours through the nower plﬂnt
which could gencrate off-peak power,

LR

g ??'5 
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Water discharged from the pOWt..I‘ 'plant will be taken at ‘c.he S
Colo weir and diverted:to the irrigation arca of 23,600 ha,\f'
extending 20,800 ha on the right bank- and 2 800 ha on the
left benk by ro- rcgulating the wator to meot the required
diseharge, o

Tven after the Vonoglri dam is completo&,énd;it‘requalite;
the flood outflow to the extend of about 400 m3/Secg,thef _
downstream reaches of the Salalniverfcoﬁidﬂnot_bé complite-
-1y free from the flooding., To relicve the flood-afflicted
arca in the project ara of 32,000 ha as well as Surakarta
city, the river section along the mainstrcem for a distan-
ce of about 32 ¥m will be improved so as to confine the
flood discharge after \onogirl wmthin the channel.
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' THL PROJECT

1o D951pn and Cost Lstimqte

1.1.'anog1ri Dam

TEA L e,

1.1.1. D1m91te_geolqu

In the right bank orea , ridges develop at a rclatively
low elevation, This requires a dam to be constructed
‘over a 1ong'distance of about 1.420 m, Overburden (in - .
- cluding he&Vily decomnosed tuff) is'generally thick
with acceptable foundation rock occurred at 15 m'dggth.'

The left bank ridge abt the damsite forwms a uessive a
abutment at more thun 10, m above the river bed. Over-
burden* above the proposed foundation rock is 5 to 10 m
thick. :

The damsite is mostly in the province of tuff breccia,
The rock is not so fairly ernenlidntod anpd hard, but
seems accetable for the foundotion of a rockfill dam
of the proposed height, It is géncrally water-tight,
'allowing little chance for cexcessive leakuge,

+

‘No major geological defects were detccted Ly subsurface
explorations conducted this time, cxcept for minor faultbs
observed at abutment ~mn the Teaft hank,

1.1.2. =2

The dam cons’sts of a central core cmbankment with outer
shells of r. kfill, The maximum height of the'dam is
! 37.5 m above the foundation m=~'s and w=~ét Mendih about
1,420 m. The dam crest level of EL,141.6 provides a free
board of 2,7 m zbove the extrasrdinary flond level
( B, 138,9) and 9,6 m above normal high water level
(EL. 136,0). See Dwg IV~2 for the design features of the
danm,

Randum i1l proposed for sub-dam on the right bank intends
to make effective use of materials excavated from solllway
intake, powerplant and tunnel,



'Exruvated rocks will also bﬁ utiliaed for ewbankment 1n
inmer zones of the wain dam. The thickness of- vertie~l
corae was kept to a minimum in v1ew of the relatively high

--cost of core naterial. '

" Embankment vo‘Lumee required in the dam are shown in Table

V-1 together with the source of materials, .

'In the foundation area of care embankment, a row of curtain -
grouting and grids of blanket grouting will be required.

1.1.3, Spillwa ,

The proposed spillway, on the left benk, consists of a side-~
overflow weir of 47,5 m long, conerete-lined chuteway of
329'm long and hydrzulic jump stilling basin of 74 m long.
On the overflow weir crest are provided 4 nos of roller

- gates, 8 m wide by 7.7 m high., Dug, IvV-2 111ustratcs the
desmgn features of spillway.

- The gpillway is cepable of passing the estimated exﬁradrdi~
nary flodd at a water level of EL, 138,9, which is 2.7 m
lower than the crest of the dam,

~TahTe .35 anmmarisee i+ fMew dischorge and corresponding
reservolr water level at the passage of several assumed
floods. Flood hydrographs zre shown in Fig,V-1

- Table V-2 Plood Inflow_and Splljwav Discharee

Max,inflow Total volume Max.outflow Mux,
: Flood event discharge of Tlood discharge reservoir
3 3 3 water
(m~/sec) (10 m=~) (m”/sec) level (EL)
8.IL.¥,D v, 000 280 400 138,72
Spilivay design 5 200 370 1.%00 1384
flood .
Extraordinary 6,200 448 - 1.550 138,9
flood ' o '

-During the flood period endlng rhrch of each year, the reser-
voir stuge will be mamntained below a control Water Jdevel of




Table V-1, " Embankment Velume of Dam

81

———

Volume ( 103m3- Embankment measure )

——a

Material Core Filter Transi Hock Randum Earth daste -
' : tion £111 © blank & other
: gt use
Required . .
in dam 257 182 265  6k2 299 108 -
ﬁvailatble from
Piversion conduit - - 20 -~ 20 = b5
Dam foundetion - - - - 90 108 hho
Spillway o~ ko 90 20 169 - ‘90
Intake . - - 20 - 10 20 - L6
Pressure Tunnel - - - - 10 - 3
Powerplant - - 20 10 10 - %3
Defficiency pupplted
{rom
Condd aren 257 - - - - ~ -
Hock quarry : - 142 115 602 - - -

B e B L P PRI P,
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EL 135.3. It will be recovered to normal high waser level
(EL, 136,0) by the end‘of April. ' '

1,14, RlVGP diversion work SR . S

Duringz the construction period of dam, flow of the river
will be divertcd through diversion conduit of 7.0 n diﬂ
The conduitbt will be of 290 m long located on the right
bank., River diversion work includes the construction of
two coffer&ams wvhich be required during the construction
of main cover:dum. It 1s plunned to be safe ageinst the
probable dry scoeson Ilnod as large as 550 m3/sec in weak
discharge. .,

The main cofferdanm cowprlaes a oart of the mpin dam oﬂb N
ment, It will have a crest elevation of 127.% m, ccpable of
handling a 20-years flood with a peak inflow of 3,100 u /

sec, Embankment of about 250,000 m3 will have to bc completled
" during & months in the dry season of 19?8

Downstraam cofferdam will huave a crest elevation of 11% m,
vhichis 0.5 i highar"than the watexr lével during tivetout-
flow of the 20—ye¢r flood discharged through the diversion
conduit.

1.1.5. JIntaice_and pressure tunnel
(a)  Intake |

Proposed intake structure is of vertical tower type. The

* 8111 of intake being set at EL, 121.0, further consumptlon
. of storaged water below the low water level (EL, 127,0)
will be attainable through & irrigantion outlet valve,if' the
situation requires.

_The intake tower is of reinforced concrete:construction,

16 m dia and 23.6m high above the foundation level. The
structure incorporate & fixed-whecl gate of 6 m wide by 6m
high, operated by hoisting equipment on the top of the
structure. Steel trashracks are installed each fcce of 6
openings of the inlet, . i e

L
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(b) .Pressure tunnél gnd steel penstock

Pressure tunnel is a.concréto 1lined circular shaped tunnel
of 6 m in diameter, ‘ '

-

To provide the maximum ground coverture hbove the tunnel

- roof in the area below: the dum foundations, the tunnel
takes a curved route into deep abutment at the lowest cleva-
tion, LL, 109, which is the elevation of water turbines in
the power, plant,

From viéw of cconomy and low water head in the tunnel, stecl
penstock will only be installed in a limited length of 60'm
at the downstream end of the tunnel.

1.1.6. DPoverhouse

Powerplant will be located close to the outlet of pressure
tunnel on the left bank, The poverplant building is of a
reinforced concrete construction,2t m wide by 32 mllong
and will house two units of generating equipment of 5,600
kw conacity,

1,1.7, OQutlet valve house

Outlet valve is providcd to bypass irripation water,
Normally, the whole of any required release will be dis-
charged through water turbines of the mowerplant.,
Hotwithstanding, outlet work is -required, to be opurated,
chiefly at an unusual condition such as the shutdown of
the wvowerplant operction, ete,

A valve house, annazed to the power:lant building,will
accomodate & unit of Hollow-jet vhlve of 1,8 m diameter
It is capable of discharging 39 m /sec at the low Wutcr
level of the reservoir,

1.1.8. Iand acguisition and road relgecstion

‘Right of land for the reservoir is estimated to be .
approximately 9,730 ha., land will be acquired and people
.relocqted in zccordance with o aropriate legal procedures,



. -Sh'

The submerged area will be eleared before the impoundment
of reserveir, ' ' o

¢

The maximum water.level of the rescrvoir is EL. 138,9 at
the occurrance of extraordinary flood and the crest eleva-
tion of the dam EL, 141,06, ﬁcquisition of land will be
limited to the area below EL. 140,0, '
The length of rdquired road relocation work reaches about‘
55 km including the tmprovement of existing road 34 km
long. It includes the coustruction of about 25 bridges.

Table V-3, Tend Acquisition nnd Road Heloncztion

b,

Zeservoir _
Land ~ Cultivated land, Sawah r,438 ha
S W, Tegal 2,851 ha
Yards 2,239 ha
Cemetry & forestry 206 ha
Total | . 9,73
Houses ‘ 23,253 nos.:
Inhabitant Tamily 9,573 families
Population 47,627
Relocation of road :
New road construction 21 m,
Improvement of existing road ~ 34 ¥m
Total 59 4m
" Bridges ' . 25 nos,
. Clearing of roservoir .fea abt, 2,500 ha

( of a total aren of 3,700 ha )

roject construction facilities

Land 24 ha

House 335 nos
Population ' . 1,350
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1.1¢9. Construction cost estimate

The estimated consbtruction cost of the Wonogiri dam project

is US$’59.300.000 including gencrating equipment and power
transmission facilities. It is comnosed of Uss 31,700,000
equivalent of loecal currcrcy pbrtion and” US3 27,600,000 of
‘foredign currency portion. The estimote includes an administra-
tion expenses . sud engineering secrvice and cohtingency
of about 15 %. ’

Table V-4 shows the estimeled construction cost by work
items and Table V-5 yearly budget schedule.

1.2, Power stantion

1.2.1. Powerhouse

The powerlouse will be constructed to the left side of just
down stream of the dam , and the building will be 32 m
long, 2t m wide, 20 m depth.and 11 m heighti.

Sub-structure of the owerhouse will be constructed é6n the
baso rock of tuff-brecci.,

The gener..ting units, cich of 5,604 AW casacity,will be
spaced at 12 m interval center to center,

The elevation of principal floors and centerline af turbine
are sct out as follows, '

Turbine room floor EL, 102,00
Cable gallery flnor BL, 10+.00
Turbine center | _ EL, 104,80
Generator, cublcle, engine generator
ros>m,repair-shop Iloor : LL, 108,00

alr conditioner, battery,ccble
gallery room and aux.room floar  EL, 113.00

Control, telephone and aux.room floor EL. 117,00
Conference room,terrace and sux.
' room flonr ' * BL. 121.50

One set of tai]race'gate will be wvrovided at the outlet
of draft tubes, to be handled by travelling cranas,
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Table V-li, Estimate of Construction Gost of Dam

( including power facilitias’) o
. ] Total amount] Iocal { Foregn !
Work item \ (103 Uﬂ” ) '%$r§eﬂgz) %$g engg)’
I Main civil work 16.600 6,330 10,270
(1) Dam and cofferdam (h 600) (. 2.000) f 2,600)
(2) Spililway | | (1.880) " ( 520) ( 1.360)
(3) Intake = ( 3B0OY (1200 (  220)
(&) Pressure Tunnel | ‘ (7 580) (  160) ( . %20)
(5) Power housc | ( 870) ( 230) ( 640)
(6) River diversion ( 780) ( 630) ( 150)
(7) Electrical & mechanical (- 170y ( = &0) (‘ 130)
Sub Total (9.220) - ( 3.700) ( 5.520)
(8) Construction facilities (1.560) ( 1.180) ( 380)
'(9)‘Plant and equipment (2,670) ( 220) ( 2.450)
(10)General expenses (3.150)  (1.230) ( 1;920)
- II, Gates and penstocks 2,000 200 ..1.800_
ITY, Genevating equipment " 10.880 1.510 ‘9'3?0
& Transmission systom ‘ '
IV.'Iand acquisition & clcarlng 15.600 15.600 0
’ (1) Tand acquisition | (15.300) (15,300) ( © )
' (2) Reservoir clearing (300 ) (300 ) ( 0 )
V. Road reloéation | L, 000 ‘ 3.209 806
Total for I to V 49,080 26.8%0" 22,240
VI, Engineering service 2,500 600 1,900
& administrative éxpenses : . s ._
VII, Contingency & reserve (15%)7.720 }u.zéof '3; 3,460
. T O AL R 59,300 - ‘ " 27,600

31,700
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1.2,2. Power gencratins equipment

(a) ILYdraﬁlic turbine

. Hydraulic turbine to be installed at Wonogiri Power Statlon -
will be vertical shaft, Keplan typc with elbow type draft
tube, - .

Owing to the fluctuution in the reservoir weter level which
varies from EL. 136.0 (NHWL) to EL, 127.0 (LWL}, the effec-
tive head of the turbine will Vary from o maximun head of

' " M,8 mto a
minimum head of 15.8 m, However, as the result of the 7
examination of the design head , annual total output will -
be maximized at 23,2 m head, therefore © this head is
adopted as the design head,

The turbine with 333 rpm rated speed under full gote oﬁening
and 23.2 m design head will develop 5,600 kw as a rated oub-
put per unit. Under 15.8 m minimum head at full -gate opening,
the putput of the turbine will be 3,180 kw per unit,

The followings are the items taking into considers’ on of the
selection of hydraulic turbine to be installed at Wonogiri
power station, ‘

Flevation of dam crest BT, 141,60
Normal maximum reservoir water lovel BL, 136.00
Minimum reservoir water level EL.  127.00
Norinal maximum taoilwater level BL, 110,00
Normal minimum tailwuater level L, 109.00

(b) Alternating currcnt renerator

Genetstor to be installed at Wonogiri power stotion will

be verticzl shaft revolving ficld type to be coupled
directly to the Kaplan turbine. It will therefore be 333 O
rpm and rated at 7,000 gva, 6.6 'wv, 3 phasc¢, 50 Hz and

0.8 power factor. and an ordinary type generntor is adopted,

The'genéfator will be assembled and disasscubled by means
of the overhead travelling crane, '
3\



The 0.8 power Lactor is sclected for the Wonogiri power

plant considering the reactive power supply from the gene-
rator to load center, ‘

The terminel voltage of gensrator is chosen Lo be 6.6 kv :
it would be the most cconomilcal voltage for the capacity
planned, ‘

{e) Main trensformer

Main transformer to be installed at Wonogiri power stoation
will be rated at 1,000 KVA, 50 Hz, 3-Phase, two windings,
6.6 kv delta to 150 kv star connected, outdoor, sell cooled
type. The neutral point 150 kv winding will be grounded ¢
directly.

(a) Stotion service eguipment

A,C, stotion service power will be supplied from one 300 kva
transformer, of which is comnected to generator main circuit.

For an emergency use, engine driven gencrating set is used,

Station serviece transformer and ste.-ud transformer for
engine driven generating set will be of cutdoor and self -
cooled type, |

(e) Switehverd cquipment

Switchyord oceupying a 24 m by K0 m arca is adjusted to
the ground level of 117,00,

<A single circult transmission line will depart from 150 kv
bus, The circuit breakers will be rated at 168 xv, 800 A,
2,500 MVA interrupting capacity,

The circuit breaker on 6.6 kv side of generator ﬁill be
used for parallel operction of the generators at Wonogiri
power staution ond for synchronizing,between Wonogiri power
and Tuntang systen.

1.2.3. Transmission line and substation

The power tronsmission cepacity of the single circuit
150 v system from the Wonogiri power station Qb Surakarta
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_ _ 20
substation is around 11,000 kw based on Y <ercent regula |
tion and 80 percent power factor. ' '

The above 150 kv transmission line of 4o km is construct-
ed salong the highway from the HWonogiri power station ond
Surak:rta substation, and step-down transformér at'each’.
receiving end is included,

A single circuit 20 KV transmission line isg ‘also constructll
ed between wbnqgiri powor -station and wufyuntbro town via
Wonogiri permonent camp area and Wonogiri town, And step-
down transformer on the 22 XV distribution line and materi-
als for 1py tensidn Lline are also includod.

1,2.%, Construction cost estimate,

The total construction cost of the genoraﬁing gquipment-

ang power_transmitting faecility is estimated at Usy, {9,880,000
s including USH. 1,510,000 equivalent of local currency

portion and US$.9,370,000 of foreign currcncy ?ortion,'as

given in Table V-6, S

-
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. ?1
Taﬁle v-6 Estiﬁatggﬁf Construction Cost
of Power ¥ouipment and Facilities
1 YForegn ! Iocal 1 Total
] currency 1t Currvency | “
1003 USE)- 1 (403 US )1 (103 US $)
1; Electric Pbﬁer Generat -
ing ; L7450 1 bS0 1 7,900
Generating Equipment ! 1
| CE s '
2, Electric Power Trans-, Y L !
mission . o - :
150 kv Q/L(1c.c.t5! ! 1
40 km t 650 - 1 k00O {1,050
20 XV D/L{1c.c.t) | v -
42 Jm W/Tr 1250kVA1 670 1 420 1 1,090
Iow tension linc20km 3%0_ ! ‘2097 ' §u0
Surakarta .S, 1 140 { 20t 160
Sub Total t 1,800 t 1,040 1 2,84%0
3, Communication ! 1 '
‘ Poweriine Carrier ? )
; Telephone - o 1 120 1 ) 20 1 140
4, Congtingency 1 ( Included in Table V-5 )
5; Engineering and Admi-i a
nistration Cost 1 { Included in Table V-5 )
6. Total - 10,880 1 1,910 !' 9,370

2
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1.3. Irrigation facilities

"1,3.1. Colo diversion weir e

(1). Intzke water level

Intake woter level at Colo weir is determined by the
following conditions $

{a) Field elevation (EL. in  SHVP)
- Upstream end 104+ m
Downstream end : 80 m

{(b) Héquired water level at the end turnout ; EL, 80f5 m -

(c) Mean loss of head at every crossing striucture along
the canagl 5 0.3 m

(d) Canal length : 64 km
Crogsing ¢ 27 places
Mean longitudinal grade : 1/4,500

From the above conditions, gross head to be secured at

Colo intake is caleculated 22,3 m. By taking about 1 5%

allowence for head losses for various gther deviccs provid
ed in the canal, the water level at the bteginning point of

main canal is necessary to be set at EL, 106,0 m SHVP, at
lowest,

Intake water level of Cole diversion weir ig, therefore,
decided ot EL. 106,5 m SHVP taking into account of loss
‘head in the intzke structure.

Besides this, the Colo weir has to have afterbay function
of the Wonogiri power plant. As the power plant is dosgigned
for peaking operution within 6 hours a day, discharge from
the reservoir through turbines is rated at 60 m3/sec max-
imum, This peak discHarge has to be re-regulated to mect
the diversion requirement for irrigation doy by day.

For this purpose, the regulation capacity of about 1,2
million m3 is need to be provided with Colo afterbay, Rais-
ing up the water level by one meter would be ¢énough to
provide the rEquired capacity,. Therefore, the crest cleva-



1) Lo

" tion of the fixed weir portion is set at EL. 107,5 m.

(2)., Type of weir

- The veir site is selccted on the river torrace at the left
bank of the Sula River, The river terrace consists of
compacted fine silty sand deposit with 20 - 25 m thickness
on tuff-breccia bBase which .oﬁbcfops on the right bank,

- The diversion weir is designed by floating ﬁype on the river
bed,

Sclection of the type between fixed weir ond movable weir
as shown in Fig, V-2 , mainly depends on the restriction

of buck witer at flood time. Overflow scction of this weir
has to be designed to pass the flood discharge of 2,000 m37
sec, abnormal flood dischorge at the site.

In the case of fixed weir with overflow scetion of 97 m
wide, the maximum water level in upstrcam of the weir
becomes at EL. 115.0m ;3 ( 107.5 + 7.5 ).

In the case of movable weilr provided with 3.9 m high gotes
above the clevation of 104.0 m the required length of over-
flow scction comes to 85'm and the maximum water level in
this ccge penches to EL. 110.0 m (10,0 + 6,0),

Economic comporison of these types of the weir reveals
that the movzable type is more expensive, US$ 2.9 million,
than the fixed type, However, the influcnce of back water
to upstrcam will be lessened by provision of movable sce-
tion. Therefore the moveble type is selected as the propos-
¢d plan. The main feutures of the Colo weir are shown in
Dwg. VIXI-003 and Dwg. VIII-QOY,

1. 3.2, Cc"-n:!l

(1). Design discharge

Netwouk diagram and design discharge of the mcin and
secondary cunals re presented in Fig.V-3.

Jocations of turnout are selected at crossing of the mejor
existing canal to comnect it to the main canal,and at
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necessary point to branch the water for newly drrigated

area. Total numbers of turnout is accumulated %9, 39 on
the right main and 10 on thn ]cft main coanal,

(2). De51gn conditign

(&) Type of canal - unlined carth excavated or ainha nkment
canal with trhpcaoidql section,

(b) Moximum veloclty - less than 9.8 n/goc should be kept
for the safty of' unlined scction,

.(¢) Major -crossing - siphon and agueduct for tributary, and
bridge and culvert for road ond roilway.

(d) Iongitudinal gradient - to arrange the scetioncl
gradient so as to keep the enoupgh diverting heed at every
turnout and to give sufficient head for every syphone to
wigh down scdiments or drifts, It is shown in Dug.VIII-009
to Dwg.VIII-007.

(3). Cross scction

According~to the sectional discherge between the turnouts,
17 tyzes of cross section arc designed for the main canalj
12 types for the right mcin and 5 types for the left main,
Tor the secondary canals, total 10 tynes arc designed,

Stundard scetion of those are shown in Dwg.VIII-008 to
Dwg.VIII-10. And the sccliions and their length of cach
yype of the canpl are preSented in Table V-7,

(). Crossing

The main and secondary canals ceross at many places over
or under the tributaries, roads and railway. Bridge, culvert
aqueduct and sinshon are designed for those erossing,

Design consideration for these crnssings are as follows.

(i) 'Aquoduct is adopted_at the places where the
¢learance under it has enough helght above the
. maximum flood water level, ‘

(i1) Siphon is adoptod at plgc05 where aqueduct .can
not be adopted.
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Turnout Main Cenal Turnout 7

Ne. ! Irrigation area !Discherge ! Canal ! Length ! Irrigation prev | Dischar'ge_‘
Type :
31, 74140 f 10,13 1 VII 1 1,700 ! 1,000 o142
32, ! 6,940 t 0.8 ! ! 200 ! 0,08
33. 1 6,380 tog. ¢ YREL 8300 560 ! ol
. 5,60Q !o7.95 ! t .780 P14
35. ! 3,310 I 4,70 4 IX 1 3,400 1 2,290 ' 3.25
36. ! 2,460 ! 349 X 1 +.800 1 850 t1.21
37. | 2,060 I 2.9 1 XTI 4,500 400 t 0,57
38, 700 1 0.9 | ! ! 1,360 11,93
39. | 0 10 t XII ' 3,000 ! 700 1 0.9
Left. ,

Intake | 2,780 t 3,95 ! ! ! H
1. 1 2,700 13,34 ! ! ! 80 ' 0411
2. 1 2,550 v o By 13,900 150 ! 0.2
3. 2,340 3,32 ! f ! 210 10,30
Le 1 1,700 1 2.1+ - -+ 640 1 0.9
5. 1 1,140 toq.62 L IT 1 2950 560 ! 0,79
6. 1 950 o140 ! T11 1 4,300 ! 150 ! 0.2
7. 510 N o P/~ o ! 480 ! 0,68
. 300 Uooue LTy PaB0 210 1 0.30
9. 150 R L5350 ! 150 10421
10, ! 0 !0 ! ) ! 150 ! 0.21

Totsl Length (Right) 63,900 ™
{Lett ) 25,550 ™,
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- o .‘

Secondary Canal

| Trrig. |Discharge! Length | Canal | | Irrig. IDischargel Jength ICtnal
|_Axea ! ! L Type | |_Area ! {Tyve_
night 1 (2) 1 (m3/sec)! (m) ! 17,0,30b 1;150 ! 1,63 1 1,600 ! iv

bank

T.O . 2"3: 350
-b ! 200

0,50 ! 1,50 1 wviii
0.28 1,200 ! x

-3 1 400 0.57 ! 1;500 ! +iid

31 -a ! 850

!
!

-1 800 1 1,14 ! 1,800 ! v
!
I 1,27 12,800 1 v
]

! !
! ! !
4=a 1 300 1 0.43 ) 2,800 I ix 1 =b ! 450 0,64 ! 4,300 ! wvii
§5eal 470 ! 0,67 12,500 ! wvii 132-a! 150 ! 0,21 i* T00 | x
bl 20 1 0,33 13,000 { ix ! 33-al 400 1 0,57 1%¥3,600 1 viii
6-al 1,700 1 2.41 1 4,000 | 4i 1 34-a! 680 ! 0,97 ! 2,500 ! wi
b 14,300 t 1,85 13,400 ! 4iv !  <b! 400 ! 0,57 1%2,700 ! viii
a1 700 1 0.99 15,500 ! vi 135-a! 2,490 ! 3,41 ! 2,700 1 4
T-at 900 1 1,25 ! 4,700 | v ! =bt 1,500 ! 2.13 ! 3,200 ! iii
bl 400 ! 0,57 ! 3,900 | wviii ! -c! 650 ! 0,92 1 4,000 | vi
9 -3 500 ! O0.71 12,700 | i ! -d! 450 ! 0,64 t 5,000 ! vit
12 -2 1 300 ! 0,43 1¥2,500 ! .ix ! -e! 300 ! 0.43 1 4,000 ! ix
13-2! 450 ! 0.21 ! 500 | x 1 33 -2t 600 ! 0,85 1%2,300 ! vi
14 =21 200 ! 0,25 I[%1,500 1 ® ! bl 400 ! 0.57 !%2,800 1 viii
16 -a 1 150 ! 0,21 !%¥1,400 1 {37 -a1 300 ! 0,43 1%1,000 1! ix
17-a! 200 I 0,28 t 900 1| ! 38-2'] 350 ! 0,50 1¥2,500 | viii
19=-a! 150 1| 0,21 ! 700 ! ™ t ~al! 810 ! 1,15 1 3,000 |.v
20-al 150 ! 0,21 11,100 1| | «b ! 200 | 0.28 ! 2,600 | x
29~z ! 200 | 0,28 ! 600 1 W ! ~c1 400 ! 0,57 1¥2,300 | viii
o2 ~a !l 200 | 0,28 1%2,000 ! * 139-a! 600 ! 0,85 1 1,800 ! vi
23 -a ! 200 ! 0,28 1%1,500 t " 139-b! 250 ! 0.35 ! 3,800 1 ix
24 -a 1 750 1 1,06 1 2,000 t v Loft
“b 1 450 1 0,64 1 5,400 1 vii oK
25 .a 1l 250 t 0,35 !%1,500 ! ix  !T.0,3=a! 150 ! 0,21 I 1,200 ! x
26 -a 1 250 ! 0,35 [%¥3,000 1| 4x ! J=a ! 540 | 0,77 ! 2,800 1 vii
27 -a 1 150 1 0.2% % 700 ! x I =b 1 400 1 0,47 1 3,600 1 viii
28 wa ! 540 | 0,77 12,800 ! wii ! Sea ! 360 1 0,51 ! 2,400 ! viii
bl 300 ! 0.43 ! 1,000 ! dx ! Tea! 300 ! 0.43 ! 2,100 | ix
29 —a ! 200 ! 0,28 | 900 | x ! "8-a 1 200 1 ! 1,000 | x
0 -al 4,75 1| 2,48 1 3,600 1 ii

% 1 rehabilitation ocanal,
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(ii1) Culvebt will be adopted in such a case as the tributary

c¢anal, road or railway is sltuated at higher formation
than that of the mzin canal.,

(1¥) Over bridge will be adopted for road crossing where
culvert is not aunplieable, ' i

(v)' Design velocity for siphon and aqueduét

(m3/sec) Desipgn veloeity (m%/sec)
Siphon . Agueduct
30 - 10 1.80 -~ 2,20 2,00 - 2,50
10~ 5 1.50 - 1,80 1.70 - 2,00
2 - 5 1.30 -'1.50 1.50 - 1.80
P 1.00 - 1.30°  1.30 -~ 1.50

The types and the numbers of the crossings to be adopted
are listed in Table V-8 and standard design of cach cross-
ing structures are shown in Dwg VIID w20 305 IE-017.

(5). Turnout

Design of turnout is standordized to prov1de 3 types of
gote diversion wor"s for the secondary canal for convinience
of controlling dlscharge ond’ maintenance,

Romijn gate is standurdized for type B and type C and sluice
gate is adopted to type a4,

St ondard des ign of the structure is shgwn in Dwg,VIiI-018
to Dwg VIII-020.

(6). Repuloting structuro

For smooth distribution of water from the main canal,
flood water diversion, protectinn and mzintenance of canal,
emergency treantment, some regulating siructures or devices
.will have to be provided along the canal,

!

(a) Waste woy @nd splllwwy

Waste way hos to have ca acity to drain out, water in certain
© section of the canal for cmergency case, o “
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. _
S8ince many cqueducts or sinhons are built on this cgnal
waste wuy structure is provided at immediate usstrean side _
of those crossing structures for meintencnco and clearing
the drifts, g |

Spilivey to evacunte the exscss Flosd wober is also provided

r

with this diversion structure,

Ty:sicol design of the structurc is shown in Dwg, VIII-Otk,
Dwg,VIIT-013, Dwg,VIII-019 snd Dwg, VILI~020.
- {b) Cheelk zate '

-

Check putes are provided at the downstrecu of the major
“turnouts to maintain a certein water level, to lessen
rupld change. of water level and to prevent high-veloeity
of flow. Type designed {or the check gote is ¢ combin:tion
of the filxed overiflow aitd aw.nunl opersting sote,

Typicul design of the chece': gate is illustroted in Dug.,
VIII-020, ”

(7). epul ting reservoir

Regulating rescrvoir is designed at three sites on the

wuy of the sccondery cunzl by which lorge arec is governed,
in order to storc one diy requiremont of the respective
irrigetion block,

Homogencous earthfill dyle is desipgned Dor this by using
excavited earth 25 auch as ‘possible. T

dain features of the proposed regulation rescrvoirs are

as follow :

Turnout  :lo. No.6 No, 30 No, 35
Governing -rea’ (h.) 1,800 1,320 2,290
Mox, disch.rge (m3/sec) 2.4 2.5 3.0
WL, of reservoir (mz iL, 97,5 ¥L, 85.0 LL, 04,0
Storagq capueity (m12) 210,000 - 210,000 260, 000
Reservoir ares (hi) b 11,0 e, 2
Reservoir depth (m) 1.5 2.0 2,0
Height of dyke (m) a2,5. 3.0 3.0

. Length of dyke (m) 1,800 1,100 1,200
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Typicil design of the structure is shown in Dwi, VILI-027,

(8). Construction cost cstimote

The estimeted construcﬁion cost of the irrigetion projecct
- is US. 26,600,000, commxisging of the forelgn exchange.

component eruivilent to US%H 12,920,000 and the local cur-
rency of m, 5,4677.000,000 ( cquivolent to USu 13,680 00)

The bruakdown of the estinate is referred to Table V-9
and yearly budgeltory schedule is given in Table V-10.

1.4, River dinprovement

1.4%,1. Hiver scetion to be imoroved

The sepment to be improved by this project is the rcaches
extending lfrom the section Ho.1 (Ho 456 of the muster plan)
- to the section Ho, %3 (J10.508), between the highwoy bridge
at Nguter ond the highway bridge ot Jurug Sure'rarta,

(a) Dlune profile

The plan profile or low wuter chamnel is determinéd-so «s
to correct the cxisting chonnel with the wminimun excoave-
'tion; Put the present ' river channel is so heavily mcander-
ing that the ~lane profile has to be modificd-aboutﬂaﬁﬁnef
the totsl stretehes of the project sguojguent by mecns of
short cut method. The toteld length of short cut channedl
reaches to obout 12 km out of tota) longth of 32,2 'm
zlony the main channel,

-

The designed plune profile is shown in Dwg VI-00T and 002

(b) Iongitudin-l plan

Tonzitudinal wrofile of the river course is exemined in
line with the plane profil plan of ithe low water chinnel,
The profile is’'designed so as to smoothen-the existing
‘river bed as uniformly os possible, The designed longs .-
itudinal profil is shown in Dwg. VI-003.

(¢) Cross_section of the river ch.nnzl

Cross section to carry acl@lf the LLSlLU dnachqrao for



Table V-9 Estimates‘of Construction Cost of Irvisation

107

: : (US i)
Itemn Total Domestic Foreign
currency currency
1. Preparation vworks 156,000 156,000 C -
. Colo diversion weir 1,737,000 LWh3, 000 1,289,000
3. Canalg 11,331,000 5,507,000 5,824,000
3.1. Hain 8,460,000 3,626,000  %,83%,000
3.2, Secondary 1,829,000 993,000 836,000
3'3. " -
{lehabilitationy 36,000 36,000 -

3.4, Farm diteh 1,008,000 1,008,000 -
L, Drainage 1,169,000 1,169,000 -
5. Farm road 3,168,000 3,168,000 -
6. Congtruction

Hachinary cost 3,934,000 124,000 3,810,000

Sub total 21,497,000 10,728,000 10,769,000
7. General expenses

( 20 » above ) 4, 303,000 2,152,000 2,191,000
8. Land acquisition 800,000 800,000 -

Total 26,600,000 13,680,000 12,920,000
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the channel is deSigned to have a comogite sectlon dS
presontcd in Dwg.VI-OOh : : :

1,4, 2. Benk protection

At pfescnt, the river bank is eroded at many nlaces along
.the river course. HNotwithstonding, no boni: protection works
except pile groynes at quite few plnces are provided.

The proposed river improvement involves constructing long
levee along both benks of the river, If no bonk protection
is considered, the ban%t erosion will develop at many places
especinlly at sharply meandering §ection and extend to
destruct the levees ltself

a

Sodding and stone pitching are, thereforcjvlanned for
those perts, The stone pitching is designed for the parts
of sharp meandering with foot vprotection work. vihile, for
the other purts, the slope of the levec is protccted by

© sodding,

1.,4%,-3, Dvoinage of inner bosin

The run-off from the inner basin must not be ponded in
the inland, The inlond water is, therefore, gathered and
drained through collecting ditches or chnnnels which are
connected with the tributaries ne.r:the baci watér end of
the high water from the main Sala.

The tributaries arc orotected their floodings by the levee.
which is extended from the levee of the main river up to
the back water end of high water, '

4.4, Construction cost'estimate

The tot:l construction csst of the river imirovement
project is estimeted ot US$ 18,370,000, consisting of the
foreign exchange com:onent equivolent to US3 6;350,600
and local currency of fp, 4.988,3 x 10° (egquivalent to
Uss 12 020,000 ), as broken down in Tecble V-11, Yearly

’r‘budgetury requirement is ¢stimeted as praesented in Table

Vel | . A
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. Construction Plan and Schedule

2.1. Wonogiri Danm
2.1.1, Construction materinls
(a) Bmbankment materials | )
The project conslruction dincludes wpproximately 1,850,000 m3
of embankment uorli of which 1,750,000 m3 will be required .
for dam including impervious blanket £ill. h

Investigation have shown that imperviaous core, filter and
rock miterials for the dam embankment are all available
Trom arens within 3 km from the dam site. '

Selected rock materials from the excavation works will also
be utilized for the ombankment horks, such as the dum,
temporary cofferdams, powerplant backfill, etc.

(b) Concrete materials

Istimated total guantity of concrete vorks rcach to about
65,000 m3'including temporary facilities works. hggregate
vill be supplied from the river deposit excaviation in the
foundution arca of dam, It is presumed that the deposit
will yield about 140,000 tons total requirement, The
shortage will be supplemented {rom sand and sravel bars
existing nlong the coursé of Kalil Keduwan,

Construction cost estimatc in this revort assumes that -
cement will be dmported from abro:d,” Rejuired tétal guan-
tity of cement will be about 4,500 tons inecluding the re-
quirement for groutins works,

Rainforeing steel bors of about 1,100 tons will also be
imported from abroad.

(e) Mechanical znd clectric:nl enul ament

Most of the hardwure aind ecuipment required for the vorks,
such as structurcl steels, penstocks, gatce, nijor elec- -
trieal ejuinment, will have to be imdorted,

Other supplics such as stcel sheets, wircts, lighting equip-
ment and fixtures are available in local marlet,
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() Other mrterials _ o ,

Local materials will be utilized at the haximum extent.
~Ihe major items are wooden materinlu, bricka, stone blocks,
o0il products, ete. '

2.1.2. Construction fucilities

(a) General layout

Construction facilitics include residential guarters,.
offices, warchouses and shops, motor pool and repair shop,
concrete and aggregate'producﬁion plant, raw aggrcagate
steckpiles and various construction roads within total area
of about 10 ha., A téntative layout of the facilitics is
.shown il.l Dwge IV - I

(b) Ofrlice and gucrters

The govermment office and quarters will be built at a
slope on the left bank area, about 600 m apart from the
future powerplant site.

The quarter will provide adequate residences, mess halls,
a guest house and other necessary facilities to accomodate
about 80 supervisory staff from the govermment and cons-
truction for the accomodation of future operational per-
sonels after the completion of the works.

"{e) Access road and bridres ,

Most of the construction materials, equinmenf and sup-
plles will be transported by road from Surakarta to the
damsite, On the route of the existing road, there are 16
bridges including 2‘1arge bridges spanning over the Benga-
wan Sala. Those bridge, appears not to have sufficient .
capacity for the passing of the progect goods

(40 tons maximum). Reinforcement of the existing bridges
will be a primary work 1tem to be performed before the
commencement of main works'

(d) Road relocation near damsite

The existing road on the left bank of the damsite is
to be relocated at an early perlod of the conatructlon.
‘The prOﬁosed route is shown on ig.V - L,
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' 2; 1.514‘-,

| equ:pment will be 1,2-2,7 m3 class shnvela,, 20~30 ton

-

Construction plant and cauinment

The dam construction works require nbout k5 itemssof
construstion plant and heavy equipment.

Conqrete production facilities will be one each of aggre-
pate screening and concrete batehing plant, 50 ton/hr and
24 m3/hr capabilities respectively. Major items of héavy

bulldozers and 8-15 ton dump trucks.

ERR T

Construction power will be supplicd from a diesel genera-
ting plant cf 1,000 kv capacity. Two pumping station will °
supply construction water to varius sites dncluding
office and residesial quarters, The peak requirement. of
water supply is estimated to be about 8 m3/min. Compreossed
alr plant will be installed one each at the damsite and
rock guarry. '

_Construcﬁion plant

(a) Implementation method o : :
Chicfly from view of economy and the specinlized ope-
rations involved in the construction works, it is recom-
mended to execute the works on contract basis,
Competitive constructors should be selected through pre~‘
qualification and tender procedures.

The main part of the dam and powerplant constructions

may be divided into 3 or 4 separate contracts, that 1is
main civil works, gates and penstocks, generating equilpment
and transmission system, Other preparatory construction
works incIude the contracts for thé government camp, road
relocation and diversion conduif works respectively.

(L) Congtruction plan

Construction work will gencrally be done by conventional

" mtthods. Excavation will be mostly by the blazding and rip-

ping with bulldozers, loadiuL by shovels and haulage by
dump trucks, Concrﬂtc-is produced by a central mixing plant
ol ?h m3/hr capacity. - . o
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'.Monthly average embankment of the dam w111 be about

- 130, 000 m3. In the. placement of £ill materialu, 1mpcrvious
core zone vill be- rolled in 15 em layer and compac ted by

sheepsfoot roller. Pervious rock zones are placed in 0,5 m
layer with .compaction effected by vibrating roller. -
Core embankment will have almost to be suspended durlng
the wet season, November to April. '

Excavation and concrcte works for the spillway willfbe;ﬁ
divided in 2 areas, i.e. overflow veir and chuteway-still-
ing basin areas, Excavation in the overflow weir and‘up?
stream part of chuteway will. be preceded to supply rock
materials -to the dam embankment., Conereting in the chute-
way will progress 1nterm1ttuntly in parallel with the
intake, pressure tunnel and powerplant pour works.

In view of the expected’ geological condition along the

route of pressure tunnol the tumel- excavation will require
adquate timbering works wiith using steel-rib supports.

After the lining for its entire length, the tunnel may be
decmed as an emergency diversion tunnel, to be utilized
only at the occurance of an abnormal.flood ejent. '

During the intake excavation and concrete works in the area
of El. 119.0,L; a part of ground must be remained unexcavation
to form a cofferdam at an height of El, 127,0,

The povwerplant area will be excavated initinlly in a partial
area for approaching the portal of. pressure tunnel. Subsae-
quently, the area will be enlarged to the designated full

Construction schedule

The project site is commantled by 2 distinct seasons, dry and
flood seasons. River diversion vork proposed for the cons-
truction consists of § stages of operation :

(1) Construction of a dlvcrsion conduit ( »_1977_t0
Apr. 1978), | g |

(ii) Diversion of the 1978 dry season run—off through
the diversion conduit. Dom. foundation area is dewate-

'lred by upstream primary cofferdam and - downqtream .CO-
_ffordam. (M ¥ to Oct. 19?8)
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(i1i) River diversion throughout the year after tho
completion of main cofferdam, (Wov. 1978 to Sept,1980).

(iv) Closurc of the diversion conduit and commencement
of the reservoir impoundment. (Oct.,-1980 to Feb. 1981).,

() Spillout of river flow from spillway. (Mar, 1981
assumed),’ A

The dovnstream coffcerdam will be rcomoved before the spill;
out of flow from the spillway. : - o
Construction period of the dom and reservoir work will “
extend over a period of 5l years starting in early 1977 and
completing in MHar. 1981. Construction works will proceecd
through “the.wyear, vith manintaining 2 working shift except
for the peak wet period.

2.2, Irripgotion system

2.2,41., Busic consideration .

rasic concsideration token into acecount for planning of
construction method and schedule are presumed as follows.

(1) Workable days, 180 days a year {M~y - November)

(2) Construction pericd, total 5 years oxcept pre-
paratory works,

(3) Work division of main canal construction, Dividing
into k& section for the ripht main canal and construction
division will be estuablishcd as shown below.

Table v-13 Work Division and Sequence of
. ' Construction of Main Canal. _

See- | Main oty Construc ! , et
tion ! Camal type ,1%2%Lh 1 tion ; Related Structure

! | re e !, - - . ¥ i

! | veRr | Istoniague-ownverymygy-) Bridee!
1 ! Right I fou50 15 th R i 6 ; 17!

] ] ] i i ] ' o i
2§ " II-IIT {15,000 { 3ra | 3 { 2 ; =~ 411 | 28 |
3 5 ® o IV-VIT 119,400 5 2nd ! 5 ! 3 !t 2. 1y 1 gy o

! ! L 5 1 t !

! e VL e ! 1 ! 1 !
% " VIII-OI9,000 p 1st ;o2 17 b ;8 | u8 :

1 - 1 ! ! ! ! | ! !

*gj , Left I -V !25,550 ! 4 th ! 2 ! L ; 2 ! 10 ; 58 ;
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Pable v-14+ = Work Division of Sedohdary Canal

1~ . Length (m)

Seééndary C

! Rehabilitation C ¥ Total
i 2.3=960 N ' i | - i 23,900
1 12,700 - 1 54100 {17,800
!'30,900 - i 8,700 'f 39,600
| ;-32-,'660 -- 1 17,900 ;50,500
112,100 b 1,000 b 13,100
{ { !

Note : Construction year is same as that of main canal,

(M) Manpower to be employed , 5,000 man~day throughout
the construction period. q

(5) - Allocation of construction force i
Main'canal, excavation and embankment; ,
o ' ! ' { 10 4 man pover
90 % mechanical,
100 # man power:

100 % man power

Secondary canal excavation
Farmt diteh and drain

' L] »u

- Colo divervion welr

Construction of this welr is schedwled to be étarted from
‘the 4 th. year taking into account c¢®ailability of cons~
;truction plants and equipment used for the Wonogiri .dam.
After the completion of the Wonogiri dam, the river flood
could be decreased considérably and it makes possible to
execute the ¢bns£fuction work in less risky condition.
Before starting the main works at the beginning'of %+ th.
dfy season} necessary pfeparatory works such as.-access

" road, construction of quarters, power and water sunply

o systems ete, will be completed, . ¢

Construction of the main works are divided into two
istages. In the Tirst stage, the excavation of weir fondd—
 ﬂjtion and coffering along the river side will be cqpmencad
;-{first, and’ concreting of the weir body will be followed up.

;‘;ffyeanwhile, riprap and bank rivetment in’ the up - and

'7;.;=downstream of tho weir will be prooeed341
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Metal work and. other auxiliary works of the welir will be .
xecuted in the succeeding rainy season or the next dry
season. In the second stage, the cxcavation of the

approach channel and outlet channel will be executed in
parallel with the removal of the coffering and the river
firw wlll be diverted inkte the new approach channel,

Thc old river channel will be filled: back wlth sbil dlﬂpo&ed

it the site. :

2-20 3. Cf’i!i:'_.’

— e e

Construction will be started at any place vhere

casy access is obtainable, Excavated soil will be used

all for the embankment' of road dyke. Materials for
embankment part of the canal will be hauled from borrow
areag which will be selected near by the construction site,

Consti.otion of the crossing structures over and / or un~
der the tributaries shall be scheduled to complete within
dry seagon to avoid the risk of unexpected high flood.
The dowstrcam end of each canal under construction has
to be connected to the nearby tributaries rr drainage

channel to maintain the cqnql in dry condltlon, even in
rainy scason,

Hauling the cmbankment material, and spreading and tamp-
ing, for the secondary canal, if nccessary, will be
carried out partly by mechanised cxecution,

: The outer slone and the shoulder part at both sides of
the canal dyke will be protected by sod facing.

2.3. River imorovement

'2.3.1.Construction plan '
The river section of the project will be divided
into three sections. The work.section-I is the reach from
the cross section ¥0.0 to Ne.19 including K.8amin, the
vork section-II is from No.19 to Mo, 31 incliuding K.Bram-
bang, K.8erenan, X, Den«keng and K.Kupang and the work scc--
tion-III is from No.31 to No.53 including K. Jlantah,
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The major work volumes in each work scction are gilven below.

Work section I I1 " III - Total
‘Distance includ - 13.2 19.8 16,7 49.7
tributies ‘ _ o

‘Work volume, Excav 2,484 2,236 . 1,751 6,351
'(1.000 m3) Bankirg 1,659 1,836 1,328 4,823

Since the inundation arca hetween the cpnfluenge with
K.Samin and that of K.Jlantah is the largest in the pro-
Ject area, the vwork scction-I , the upstream part of the
section-JI (and thc downstream part of the scetion-III)
should be implemented fisrti from the place necded urgent
improvement, ¢

2.3.2, Construction schedule

The construction period is scheduled to extend about 6
years in total from 1978 to 1984, assumed that the possi-
ble working days is limlted to 180 days ayear, only, -

ring dry sesaon,

2.h. Construction time schedule

Overall time schedule for the construction works of the
Vionogiri multlpurjosc proaect is presented in Fig v-%
in bor chart.

2'5 Con«truction_plant and equinment

2.5.1. Loenl av11lzb171ty
Construction plants and cquipmcent necessary for Lhe wonoglrl
multipurposce project include wide variations of type, capacity,
and number, o
There exist no domesgac manufacturers and assemblers of such
heavy duty mnchinery ot present. . Many kinds and mumber ..
of construction plants and equipment have bcen imported for the
varlous similar projects and some of them huive suitable capaci-
ties usable for work execution of Wonogiri project, most of them
are fully engaged and not to be transferable to this project.
All plants and equipment for this project are, the refore, to
have been imnorted,
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2.5.2. thggiyi dam .

(1) . Construction plant
(a) Aggrepote plant

The capacity of the plant must be enough to produce
the aggregate of 116,000 tons for conercte volume of

55,000 m”in total ecxcept concrete for the preparation'wqus,

AL daily placing requirement of concrete about 200 m3,
Lthe plant has to process aggregate at the rate of 50 tons
per hour assuming the operation of 1l hours a day and
working efficiency of 0.6. .

The simple type plant consists of a primary crusher, -
several stages vibrating screens and other accessoirics.

{b) Concrete plant

The average rcqquement of conecreting during the main
construction period is cstimatcd at 13 m3/hour,

But peak reyuirement a day Ulll reach to 200 m3 in
busicat work stage,

The production capacity of the plant therefore, mus t
cover this peak requirement of 17 m3/hour in the
operation of 14 hours a day and working efficiency at
0.89, A soni-auntomotic concrete plant of

21 ¢ft, x 2-mixer is adopted,

-{e) Wioter supply system

Required water volume to be used in the project is

estimated at 8.4% m3 per minute as shown in the list.

The water is pumpned up at the upstream of the dam

and sent to water pool at arround EL 150 m through
300 mm dia. water pipe line,

Thrvo units of 200 mm dia. centrifugal pump driven

by 75 kw motor will be installed in a pump station,

including one unit for sparc.
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Electric power generated by 2 units of 500 kw diesel

Water Hequirement List

Item.

AgGregate plant 50 ton/hr
Concrete plant 21 cft. x 2

'Repalr shop

Sawv mill

Stock yard & motor pool
Warehouse :
Office,

Government living quarter
Contractor's living quarter
Labourer's quarter

Dam silte

Diesel generator .

Others

I'ntal

Pover bunnlv system

Reguirement

1.5 m3/min,
. 0,2

0.8

0.1

1.0

0.1

0.1

0.2

0.1

generator is distributed to cach site by 20 kv

transmission line. The peak requirement of power ét every
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site in the project is totaled to 630 kw assuming the pover

demand factor of 0.45. In usual case , one generator c

supply cnough power to the sites,

L]
I

1.

“—

3.

Y,
S
6.
7
8.
. 9,
10.

L 11.

42,

P otal

Power Reguirement

Iten 3

Aggregate plant 50 ton/hr
Concrete plant 21 eft x 2
Water supply

Lighting for road
Lighting for dam site
Repair shop

Saw mill

Stock yard & motor pool
Quarter & office
Dewatering pump

Welding work for plants

Qtlleru :

Requirement

200
50
225
20
30
100
30
5
150
100
300

Al

200

40
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(e) Fuel supply systcm

Fuel to be consumed by equipment and mobiles used
in the projeet is estimated at 30,000 litters of light
0il and 5.000 litters of pgasoline at the peak time in aday.

Fuel will be supplied by fucltanker to the equipment, which
can not easily come to the place of fuel supply facility,
but other equipment come to the place gegting it.

Three stock and supply facilities will be installed.
The stock volume of cach facility is estimated to be
three t{imes of dally eonsumption.

(1) TFuel tank on the ground - (light oil)
VOLUME seveseavenes * 20,000 x 4 tanks,

(2) Fuel tank under ground  (light oil)
. VOlume. sssseevesae 10,000 x 1 tank
(3) Fuel sank under ground  (gasoline) '
VOlume sevavvreses 15,000  x 1 tank

Fuel tank on the grouﬁd will be erected beside die~

sel generator plant becouse it is conbinicnt to directly
supply by pipe line to the plant, the blggest consumer.

(2). Construction equipment ,
On the basis ofithe items, quantities, perzod field
conditions of the construction works. The numbers and
‘their capacity of the equipment, to be requirement for the
works are selected as shown in Table Ve45L

245430 ‘ Irrigation Project
(1) . Construction olant
Concrete structures of the irrigation projecet can be divided
into two kinds of structure, One is the minor structures
being not much required the material control and ancther is the .
structure of Colo weir being rigidly required the material control,
Therefore it is planned to transfer the screeing plant, the con-
crete plant and other frem the dam project for Colo weir of whieh
construction is scheduled after completion of the dam.
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Water supply, power supply and fuel supply for the
irrigation proaect are planned only at the Colo welr site. -

Those necessary Tor canal construction are provided at
cach site by portable pumps, generaters and tanks.

(a). Power supply at Colo site

During the construction period of Colo welr, big powver

to drive the plants transfered from the dam project will

be required. For the purpose of supplying the electric power
to the plants and after the completion of the project,
generated power at the dam project will be sent to the site
by 20 kv transmission line, The transmission linc will be
constructed before the commencement of Colo wedir,

(b) Fuel supply
.Tuel consumption by the equipment and mobjlu is EStiMdth
at 10.000 litters of light oil and 2,000 litters of gascline

at the peak time a day. Supply method of fuel 1s the same
as that in dam project.

(2) Construction cquipment

Major part of the works is shared by the earth moving for

canal construction and even in the contruction of the Colo weir.

Selection of the equipment is worked out paying attention to
combine efficient cquipment for earth works. .

Necessary equipment for the irrigation project are listed in
Table V’H'@

2,5.4, River imorovement

+ (1) . Construction plants _
No particular stationed piants arce deemed necessary bccauve
most work consists of earth moving in the river channel,

Water, pover and fuel supply systems for this work execution
arTiplanned folloving to the canal construction of the irri-

gation project.

(2} Conatruction eguinment
Since the major partsof the conqtruction work consist
of excavation or dredging in the river bgd and embankment

" of the levee extending along the distance of about 32 km,
the selection of equipment 1s worked out from suchia point
of view as they can use in common and widely for many works,

Table V-17 “hows the. aquipment.list for the river 1mprove-
ment work.‘_ A - .




Table V=15

No%

1
2,
3.
4,
5.

b,
7o
8.

‘o
10,
11.
12,
13.
1k,
15,
16.
17.
18,
19.
20,

21,

a2,

23,

c 2k,

25,

26,

27

28,

29,

30.
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Construction Plants & Equipment for Dam Project

Egquipment

Plesel generatsr
Screening plant
Concrete plant
Bulldozer

- do -
Wheel loader
Crawler loader

- Power shovel

Back hoe
Heavy dump truck
Dump truck
Agitator trugk
Truck crane

- do -~
Cargo truck
Vibration roller
Sheep foot roller
Road rollexr
Trailer truck
Moltor grader
Crease car
Maintenance car
Fuel tanker
Water tanker
Fork lift
Boring machine

Capacity

500 Kw

50 ton/hr
21 eft x 2
30 ton

20 ton
2.7 m3
2.0 m3
1.2 m3 -
0.6 m3

15 ton

8 ton

3.2 m3

50 ton

30 ton

6 ton

15 ton

20 ton

8 ton

30 ton
3.7 m

6 ton

6 ton

8 ton

8 ton

3 ton

max 150 m

Grout mixer & pump 150 1/min

Crawler drill
Leg drill) and

3 inch bit

shinker 2.7 m3/min.

Pick hammer

1.2 m3/min

]

Quantity : -
Total Dam_ Road revlacguent

2 .2 -
1 1 -
1 1 -
9 5 g
0. 5 5
6 3 3
5 2 3
3 3 -
1 1 -
19 15 -
55 %0 15
6 6 -
1 1 -
1 1 ~
15 10

1 1

1 1 -
L 1 3
1 1 -
3 1 2
2 1 1
1 1 -
3 2 1
L 2 2
1 1 -
6 6 -
1 b -
3 3 -
25 19 10
25 15 10
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EE_ ' Equipment 92239&31 Totdgyangigy Road replacementt
31. Portable air

. comprussor 17 m3/min 10 8 2
32, Concretc pump truck 8 inch. 1 1 -
33. Concrete sprayer 2 ineh 1 1 -
3™, Centrifugal pump - 8 inch b L -
35, Submergible 6 inch 6 6 -
36, - - do -~ ’ 4 inch 6 6 -
37.  Air tamper hand type 15 15 -
38.  [fuel supply systom 1 1. -
39%. Saw mill : ' 1 1 -
LO.  Repair shop 1 1 ¢ Z
h1. Ripper attachment Bull 30 ton 5 3 2
42, Crane attachment Shovel 1.2 m3 2 2 -
43. Dragline attachment ~do - 1, 1 -~
Y4,  Back hoe attachment - do - 1 1 -
Lg,  Miscellaneous L.S. L.s. L.S.

L
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Table V-16

Construction Plants & Bquipment for Irrigation Project

| Quanti % ¥

Transfered

No Equipment | Capacity Total Purchased from the dam
Te Bulldozer 20 ton 16 16 -
2. Cravler lozder 2.0 m3 9 5 . -
3e Back hoe 1.2 m3 - 6 6 -
L, Dump truck 8 ton 95 95 -
5. " Motor grader 3.7 m 3 3 -
6. Vibration roller 5 ton 3 3 -
7. Fuel tanker - 8 ton 2 2 -
8. Water tanker 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 -
i2. Truck crane 30 ton 1 1 -
143. Portable concrete '
mixer 0.1 m3 oy L -
1, Concrete plant 29 oft x 2 1 - 1
15, Agitator truck 3.2 m3 3 - 3
16. Pump w/ engine b inch 8 8 -
17. Hoad roller 8 ton 2 2 -
18. . Sreening plant 50 ton/hr 1 - - 1
19, Repair shop L.8.  L.3. -
20, ° Saw mill ~ L.s. L.S. .-
21. Risper attachment - '
for Bulldozer 20 ton 2 2 -
22, Dr-pline attach :
ment shovel - 1.2 m3 3 3 - -
23. Power shovel attach . o
-ment shovel 1.2 m3 3 3 . -

24, Miscellaneous ) L.S. L.Ss." -



Table V-17

Improvement Project

No. Equipment . Capacity
1. Bulldozer 20 ton
2, theel loader ) 2.7 m3
3. Crawler loader 2.0 m3
L. Buck Hoe 1.2 m3
5. Dump truck 8 ton
6. HMator grader 3.7 m
7. Vibrition roller 5 ton
8. Fuel tonker 8§ ton
9. Woter tuanker 8 ton
10. TTailer truck 30 ton
1.  Cergo truck v 6 ton
‘12. Greese car 6 ton
13, Truck crane 30 ten
M, Submergible 6 inch
19, ~ do -~ L inch
16. Diesel generator 50 kw
17 Ripper attochiaent bull 20 ton
18, Dragline attochment shovel 1.2 03
1.2 m3

19. Repoir shop

20, Miscellaneous

Construetion Mants & Wguipment for River

Quantity

wWF oW

i
O

N W ooy =N 2w W

LoSo
IJ.S.

129
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3. Construction M narement ond Orponization

3.1, Executive ngency of Construction Worlks

‘The Directorate General of Water Resowrces Development
(DGHID) of The inistry of Public Works and Jlecetric Power
(PUTL) will have the overall responsibility for- the imule-
mentation of the Vonegiri multipurvose project as experi -
enced in many other similar projects in Indonesia, The
DGWRD is also entrusted the execultion of the power plant
construction by The Public Corporation of Electricity
(PIN). Meanwhile ., the design of the power cquipment and
construction of power btransmission fuacilities will be exc~
cuted by the PIN. itsclf,eoeperating with the DRGWRD.

As for the resettlement in the reservoir aren concerned,
the local governor (BUPATI) will toke necessary actions un
der the instruction of the Provincial Governor of Central
Java, ' '

3.2, Ixecutive apenev at project site

I'or the execution of construction works in the project
area, the existing Central Office of Bengnwen Sala Project
(PBS PUSAT) will be entrused the field operation of - the
project under the control of the DBGWLRD,

The Directorate of River ( DITSUN ) and the .
Directorate of Irrigation (DINGASI) will provide necessary
officers for the PBS PUSAT to assist the Genoral Monager
and control the field operations,

One field office tentutively named (R0 WONOGIRI) zs  the
office of Yonogiri project will be need to be organized
under the control of the PBS PUSAT. This [ield office
will carry out day to day ficld works, such os dqsigh and
superviéing Tield works, nrocurement of the nccessory ma-
tericls for construction, maintenunce of the plents ond
equipment, operation of field zxnd laboratory test, and «¢.
other administrative works.
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Necessary staff will be appointed to the respective pecti-~
ons, And the dally field operation will be cartied out

in close operation with local offices of Public Works Deve-
Jopment and the local governmental office.

The construction works of the main part of the project such

as dam, intake weir, main canal, etc., should be carried

out in the .contract buse with local ;ontractors, or if they
are not available, with foreign contractors, under the su-

pervision of the officials of the PRO WONCGIRI.

Besides, an outside technical assistence by consulting eng-
ineera from foreign end/or local should be provided at the
PBS PUSAT. . for accumulating technical knowledge for the
.eonstruction and operation of the project, and for successL
ful performance of the construction work.

-

- Construction organization chart is presented in Fig. V-6,
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VI, MROJECT MVALUATION

1, General

The project evolurtion in this chapter sime to ascertain
the feusibility in view of cconomic und socicl considers
tions, Prior to the cconomic evaluntion, sclection of
the most optimum scnle of the project is conducted through

owp retive study on the bosis of the net proscnt worth
which is presented in Appendizx,

Leonomic nnalysis made for the selected optimwn scole of
the project using internal rrte of return method together
with sensitivity cmolysis concerning the implenmentotion
timing of the drrigation fuoeilitics ond costs fluctunti-
on,

Farm budget is 2lso cnalysed for coufirmcotion of the feg
sibility from furmer's economy.

Finaly social dimpaets of the project are tazken into con-
sideration for the project onalysis,

The wpprosch and procedure used in this chapter are
designed to produce conservotive cstimcte.

‘It is contemploted that the prices wnd costs in the ano-
lysis reasonnbly reflects socinl opportunity costs ex -
cluding the effects of iamport duties and subsidies as
practical as possible, The benefits are csgeced using
the "future with vroject" and ”future without vroject"
principale,

Costs and benefit are estiu-ted basiec:lly in 1974 money
value, All conversions from Aupizh to Dollar volue are
made ot wn cexchonge of Ap, W15 = 5 1,

The evuluztion is conducted generzlly for the 50 - year
period 19756 - 2079. The projection and eveluntion for a
period of this length zight be rother conservative in rg

- lation to the likoly ccononnic life of the water storage
fdailities os weel as the irrigation system,
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2. Beonomic imvaluabtion

v

2.1. Projoct Benefits
Project benefits are comprised of two kinds of beneflts,
namely primary benefits and secondary benefits, 1ror the

calculation of the internal mie of return only the primary
benefits ure included,

2.,1..1. Primary benefits
Primary bebefits are comprised of irrigation benefit,
flood control benefit and hydropower bhenefit,
Hegative benefit on the submerged area resulting “rom
the reservoir is algo included in the analysis.,

The summary of the annual primary benefits are present-
ed in the following table.

Table VI-1 oumnary oif Benefits
: ( US.e 1,000 )
Benefit ! Annual
Irrigation Benefit ! 13,290
Flood Control senefit ! " 4,980
Eloetyic Power Benefit ! 2,200
degative Benefit ! - 820
T ot al ' ! 19,650

For the economic evaluation, the development period of
the irrigation benefit is assumed at 5 year after the
completion of irrigation facilities.

ilood control bencfit is expected to accrue after the
coffer dam is completed and contimue lto increase stepwise
correspoding to the completion of the dam and of river
improvement works until 193lL,
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Negative benefit will arise from the ralny season of 1978
when the cultivated land is partly submerged by the river
diversion with coffer dam and increcase to its full amount
in 1981, when the reservoir will be filled,

2.1.2, decondery Benefit

In addition to the primary benefits quentificed =bove,nother
econonic benefits ave expeected to accrue from fishevy, 577 ~°
recrecation and tourism and improvement of local tronspor-

.

tation upon completion of the project., Munleinal water supoly W
_will also ba possible for Surakarta city,

The Wonogiri Neservoir will have a water surlace arca of el
apnroximately 9,000 ha, which will provide enoupgh notentieal
for fishery. surakarta city has a wopulation of about
414,000, thus the fish would have a ready scle in the markets
28 fresh fish,

With a surface area of 9,000 ha and a coastline length of
morc thon 80 km, the Yonogiri Reservoir will provide increase
om ortunity for recreation snd tourism, The opportunities for
recreation in Indonesin at present are limited. Howecver,
experience in other countries has shown that, as the standart
of living improves, thuere ds provortional incrcase in the
demmond for reercation farilitics, The reservolr area is
located near Surslaerte city, easily accessible by road and
could provide convenient rcercation on-ortunity,

fnother benefits are expected from the improved road net-
work in the irrigation arca. This expanded road system will
" improve the inocdequate trans»hortation condition at present
and facilitate agricultural activities.

Municipsal water sum)ly will be nossible to ‘urakarta city
from the Wonogiri Reservoir. Since the quontity of the
water now available in the city is not sufficient ~nd the
demand will incrcase with population grbwth and income
‘increase, it will bc necessary to meet the requirement by
'utilizing the water from the reserveir,
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It is therefore éxpected that considerzble benefit will

accrue from the municipal water sunply in the futwre,

2,2, Prolject Costs
2.2.1. Construction cost.  °

The construction cost of the Wonogiri Multipurpose Dam
project eare cstimoted on the basis of 1974 »rice level.
The tptal construction cost will be USH 110 millions
comprising the foreign currency portion of USH 50.2 millions

. and loczl currency portion of US; 59.8 willions, which
includes the construction of dam; land acquisition for
reservoir, rcad ralocution, irrigation facilities. These
costs are bricfly summarized into Table VI-2 by each item,
-nnua). disbursement schedule is clsw summarized in Tuble
VI-3 for the cconoaic analysis of the project.

Table VI-2 Summary of the Projesct Costs
( Us.,$ 1,000)

1 Foreign C, ' Iocal C, ! Total

' Portion 1 _Portion 1
I.Dam
Dam 1( 12,070 ) s(éﬂuo>!(18&ml)
Road relocation 1 ( goo ) 1+ ( 8,200 )t ( 4,000 )
Land zequisition 1( - ) 1 (15,300 )1 (15,300 )
Sub Total 1 12,870 1 25,330 1 33,200
‘ 11, Power r 9,370 1+ 1,510 t 10,880
. I1I, Irrigation 112,920 1 13,680 1 26,600
IV,River improvement 1 - &,720 1 10,250 ! 14,970
V.Engincering t 3,900 t 1,100 5, 000
VI.Contingencias (15%) 1 6,420 v 7,930 1 14,350

e

Tot: 1 1 50,200 59,800 1 110,000
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The land acquisition cost includes the resumption costs
of yazrd, housing gquarters and resetilement allowance for
the families, The costs for the resum,tion of sawah and
tegal arce excluded in the estimated costs, of which value
is cclewlated on the basis of the agricultural outputs and
incorporated in the benefit us an annual nepative benefdt,

Land resumption costs are bused on.a survey of the reser=
voi? arez made by DrUT in 1975 and unit costs estimated
from the same data. The resettlement allowances for the
displacement are caleunlated on the basis of the unit price
prepared tentively by DPUT,

The summary of the land acquisition cost is pregsented in
the following tuble, '

Table VI-% ILand Acquisition Cost for Wonngiri Reservoilr.

Quantity Amount 3
(ha, Nos.) (Fp, % 10°)

e

Housing 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
Cemetry. and Forest : 206 30,900
Allowance for Rescttlcment 9,834 2,950,200 .
Total 6,363,070

( equiy. to USy 15,300,000 )

2.2.2. Operation, maintenonce and replacement costs.

The total anmial cost for operation , malntenznece and
revlacement of the project is estimated ot USy 0,5 million,
The summary of the costs by puposes is présented in vhe
following table, '



139

Toble VI-5 Annual Operation, Maintenance and

Replecenent Cost.

.Purpose = ' - Amount ( US$ 1,000 )

Dam and Reservolr 35

Irrigation o _ 130

River Improvement S 20 ‘

Power Plant ‘315 '
Total - 500

2,3. BEvgluation |
The evaluotion of the project is carried out by means

of internal rate of return method. Based on the benefits
and costs estinated above, the rate of return is estimated
at 12,8% for 50-year period which indicates considerable
soundness of the iroject.

Sensitivity anal?sis

Sensitivity study is made for the analysis of the effect

of the construction timing of the irrigation system which
is considered to give critical effect on the feasibility

of the whole nroject. The project life is also taken into
account for 50 years, '

Internal rute of return is estimated in the following cases.

Case I Construction of the irrigation system will
complete after 2-year of the dam construction,
Case IT Construction of the irrigation system will
complete after 5-year of the dam construction.
Case IIT, Construction of the irrigation system will
. cémplete after 12-year of the dam construction,

The calculated internal rates‘of return are as follows :

t— . S

Case I Case II Case IIX

Internal Rate _ - .
of Return 12.8% 11,9% ° 9, 9%

L e I I T
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Sensitivity anclysis is made also for the fluctuation‘in
the project cons truction cost,

Internal rates of rcturn are estimated in the following
CE8C5. '

Case IV project costs will increase by 5%
Cuse V project costs will increasc by 10
Cuse VI project costs will decline by 5%

™e ecaleulated internal rates of return are shown in the
following table, :

- < -

Case IV Case .¥ Case VI

—— ——— o

Internzl Rate
of Return 12, 3% 11,84 13, 3%

3, Form Budeet snalysis

In order to evaluate the feasibility of the project from
formers econony, farm budget is investigated for future
without the projeet and futurc with the wroject conditions,

After checking the data collected in the Y Master Plan of
the Dengawan Sala River Basin Dévelopment ", sample farm
survey was carriled out for reestisating the typical farm’
budget in the project area, which includes the investiga
tion of outpuls and it;uts for typicel farmers both for
»vr:cultur 2 and non agricultural production,

The average farm sizce at present is estimated at 0,72 ha
comprising o,U6 ha of scwah and o.06 ha of tegal and C,.20 he
of others, It is assumed that the farm holding size will
not change considc1ab1y in the future even if the project
is completed due to the difficulty in the land extension,

Baogsed on the data checked by the farm survuy and the

average arm holding, typical farm budget is estinm.ted for
wvhich finznecial price or actual price is epplied to the .
ngricultural outputs cond inputs. The results of the eoleula-
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tion are presented in Table VI-6 and Table VI-Z

.Upon- completion of the project, crop income 1s expected to
increase substantially from . 133,410 or USY 321 to .,

fp. 304,790 or US 5 734, while other incomes such as gains
from livestock and wage labor will reomain at lower level,
Although the production costs will also rige for sustaining
jintensive farming the resulting net income, which is defin-
. ed as the differcnce between farm income and production
-costs will reach the level of B, 246,450 ( or us $ 5% ).

Since the fumily size is estimated at 4,9 in the project
area, percapita income will be well over U3 $ 120, indicat-
ing enough soundness of the project from farmers view point
compured with of some.US $ 950 without tho project,

Amnual net reserve or capacity to pay will also growbhfrom

o 39.350 or US & 95 to %.138,530 or USi 334+ in spite of

the expected inecrease in living expenses. The increcsed

net reserve indicatss sufficient capacity to pay weter chorge
for the irrigation water in the future, '

Table VI-6 Typical Farm Budget Without Project

. -
Vit e T R S e

W Sk bk W SRS A g e

I t e m Amount ( M )

I. . Farm Income 1

Crop Incomec A ! 133,10
6£her Income L2 ! . 28,75%0
Total Gross Income o 162,150
II, TFarm Bxpenses t
Produgtion Costs : !
Crop Production Costsé> | 41,530
Other Expenses L+ ' ! 7,220
( Sub-total ) ! (48,750)
Iiving Bxpenses - ! - N
¥nod Consumption ! 44,7220
Other Iiving Expenses ! 27,930,
Taxes ! 1,400
(Sub-total) - S - (74,050)
Total Farm Expenses [ 122,800 .

‘I1I. Net Reserve ( or Capacity to pay) 39,350
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1T,

ITI,

.Crop Incom
Other Income
Total Gross Income

[2

Farm Expenses
Production Cost )
. Crop Production COstSLJ

Other expenses
(Sub~total)

living Lxpenses
Food Consumption |,
Other Living Expenses
Taxes |
(Sub-total)

Total Farm Expenscs

Net Reserve (or Capacity to pay)!

! Estimated on the basis of the nverage farm
‘holding per family of 0.72 ha. '
2, M Ineludes the incomes or expenses from live-
stock brecding and of f-farm labor which are
evaluated using the “Master Plan of Sala
River Basin Development",
Table VI-7 Typical Farm Budget With - Proigct
I t e m ! Amount (&)
L anaets o - ——
I. Farm Income 1

304,790
35,900
340,690

82,450
11,790
(94, 24-0)

58,580
6,600
2,740
(107, 920)
202,160
138,530

Note /1 , /3

Estimated_on‘the basis of the ﬁveraga

holding per family of 0.72 ha,

L2, 0

Includes the incomes or expenses from

livestock breeding and off-farm labhor
vhich are estimated using the "Master
Plan of Salz River Busin Development®.



M3

lt, Socianl Impact

The project will have social immact on a great many peoyie
and institution. .

First of all, creation of thé.empioyment opportunity and
transfer of technological knowledge are expected Lhrough
the exccution of the project construction, .

The large scale construction work can offer numerous
employment opportunity to the project area., Since the area
is over-populated with scarce job oprortunity, increased job
opportunity will no doubt raise the regional income sub-
stantially. |

Besides, the project will offer considerable opuortunitics
to Indonesian experts for gaining expereience in under -
teking the lorge scale multipurpose dam project,

Through this kind of effect ‘talled transfer of knowledge,
Indonesia will accumulate sufficient staffs for the execu-
tion of development projects under its own resvonsibility.

Secondly, substontially improved living conditions will
result from the development of the Wonogiri Multipurpose
Dam Project.

Agricultural production is cxpected to incréﬁse considerably
with the irrigation oroject. Consequently, more farm income
will be available for acquiring the necessities or luxuries
- such as television, motor cyeclc ete,. Housing querter will
be improved with the additional incomao,

- Healthand sanitation conditions will improve upon completion
of the flood control systems ineluding dam and river improve~ @ .,
ment, '

Electrification will be facilitated in the region through
the instellation of Wonogiri rower Station,which will
contribute to the improvement, of living condition considera-
tly. ' .

i

Finally, sosio-economic stability will be expected thtrough
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all of the above mentioned effects. Much of the security

of social stability can result Lrom the shift from near-
subsistence farming to a more intensive agriculture'produc-
ing more crops for sale or the commercizl mariet and there-
by increasing cash farm income and national benefits.
urther social stability will result ffom increased consump-
tion of comuercial goods and service, wlhiich will stimulate
the activity in the industrial sector of the economy,

5. Conclusion.

- The project shows an internal rate of return of 12.8%

for a 50-ycar period, This rate of return is congsidered to
be attractive and justifies the implementation of the
project from the economic view point,

Sensitivity analysis indicates that the construction timing
of the irrigetion focilities alfects the overall feusibility
of the project considerably , while cost fluctuation gives
slight influence on it, ' |

Farm budget analysis also shows the viability of the project
from the view point of farmers economy.

Besides the primary benefits, secondary benefits such as
from fishery, recreation and tourism are cxpected, all of
which will give fTavourable socio economic im_ azcts for the
country.

It ig thercfore recomended that the govérment should proceed
with the construction of the Wonogirl Multipurpose Project
‘4n view of the country's nced Lo attzin self-sufficiency in
the economy.
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VII. RECOMHBNDATIOh EDR RRTHER STUDY

1. Scope of WOrh .
Next to the identification.of the v1ab11ity of project,

‘the detailed engincering works should be followed for pre~
paration of implementation of the construction vorks, '
Quicker prepar“taon of Jmplement“tion program for dctailed-
englncering is, thcreforc, strongly rucommended- ’

Desipably, the additional Fiecld . survny,tmnunatmgutaonﬂ and |
study, the detailed plannanlng and degigns of all the utruc-

_tures, and the preparation of necessary documents for bidding
" are included in.its scope. o

With this respect, the scope of work to be rendered to the _
detailed engineering are explained hereunder in some details.

(1) “Review of all the pertinent reborts, dnta, plans and

- designs, drawings and aerial phot -mups in the project area
~ being newly prepared.

(2) Review of the feasibilty study’ worked out this time
and formulating of the final project concept des ign crite~
ria for all the structures and necessary aupportlng works
~in’ the field and laboratory investigationa.

(3) Performing of additional ground survey of levelling,
traverse and section survey and plane table tonorraphic
survay for the structure sites and in the project area,

“(4)  Additional geologlcal and soil mechanical investi~ - .-
‘gations including auger boring and pitting (canal and .
transmission line route) , mechine core drilling g, grouting
test, blasting test of quarry, laboratory testing.

(5) Additional material investigation ineluding laboratory
tests of quarry, borrou areas and aggregate pits,

(6) Inventory survey of the. existing ‘facilities 1nclud1ng

irrigation end drainage canals, roadu, riilway, bridges,
sluices anﬁ pumps. n T S ‘ !

(7) ﬂdditionul avronomic survey and study including the

&
"‘
T '
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existing land use on the basis of new 1: 5y 000 map, demarce
ation of irripgation area and cropping pattern.

(8) Assisting and advising the Government in inventory su-

vey, preparatory undertakings for resettlement in the re~
servolr area, '

(9) Preparation of the detailed project layout, engineering
and construction schedules, :

(10) Preparation of the finzl plans, detailed design and
dravings, technical specifications and tender documents for -
all works including;

(a) for Vionogiri dam,
cofferdom, main dam, spillway, diversion conduit,
intake and tunnel, penstock and valve, powerhouse
and other appurtenant stfuctures, generatving cquip-
ment, transmicsion facilities.

(b) for irrigation, .
diversion veir, 1rr1gation canals and related
structures such os turnouts, diversion and spillwvays,
siuices, culverts, siphons, aqueducts, bridges,
and on-farm netvork such as farm ditches, drains
and roads.

(11) Assisting and advising the Government in the prepara-
tion of the final plans, detailed design and dravings, tech-
nical specification and tender documents for local bidding
for preparatory works.

(12) Preparation of cost estimate of the praject works
and construction time schedule.

(13) Prepwratlon of list of necessary eoulpmcnt machi-
neries with spare parts, and materials, and nrcvaratlon of
their specificttions and tender docurents for procuremnect.

(14) Providing on-the-job tralnlng 1o the countarpuart per=-
sonnel in survey, design lncludlng laboratory testing prac~
tice. i )



2. Implementation Period

According to the present schedule for the fexsibility study,
the final submission of the rca,ibillty revort iz set at
the end of Scptember 1975.

Moreover, the period frowm Nobember to March i not conve-

nient to carry out the field survey and investigations be-
cause of rainy season. The time sehedule for the detailed

engineering is, therefore, tentatively set out as.shown in
Fig,vIii-1,

3. Required personnel

For the porformance of the detailed engineering govering

the aforementioned scope of work, a considerable numbers of
engineers and specialities of engincers both from the cone
sultant and counterpart of the .Government will be required.

Hecessary expertise will have to cover the following speci-
alities; planning and design of dam and ‘related structures,
diversion weir and drrigation facilities, powerhousc buill-
ding, pover plant, transmission line and substation, road
and bridge, cngincering geology, soil mecﬁanie, foundation
treatment, agronomy, metal works, plant and equipment,
construction and cte. Besides the above engineers, some
technical experts will be necessary in ground survey vork,
~and drilling and blasting works. '

L
., Displécement-qf Persons from Reservoir Area
Upon completion of the Wonogiri reservoir, approximately
7,000 ha of cultivation land will have to be abandoned and
over 47,000 persons will be displaced.

It is therefore contempleted that resettlement of the dis-

placed people and securing alternative employment opportu-~
- nity for them will be important problem for the successful
exccution of the project.
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At present, o special committec headed by chiefl of Kabupaten
iz establiched to tackle with this problem in colabolation
with Gajah Mada University, Under this committee four sub-
committecs are organized vhich hill be engagcd in compensa~
tion survey, migration survey, man pover survey and public
~information respectively. '

+

The problem of resettlement having many administrative .. -'u,
aspects, it ic sugrested that the project executing organi-
-zation (or D2UP) will moke néoesqary coordinatidn betweon

the relatcd governmental organization and take & initiative
step bascd on the recomnendation of the committee for the

early implementetion of the »roject.

Basie volicies in respect to the, resettlement of the people
.should be formulated as soon as posgsible in the above men-
tioned ad~hoc base consulting wvith the rel:ted Ministries

and inform to the gspecial committee in Kabupaten so that

they can take necessary actions. . Important is to give the
people enocugh time cvacuating their oroperties and deciding )
their future planning. Rescttlement must be corporoted with
arrangcrent of vocational training for acquiring olternative
employment, since most of the people "tfccted‘"rﬂ unskilled
labour, if in off-furm,
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APPEHDIX TNIE COMPARATIVE STUDY FOR THE MOST
OPTIMUM SCALE OF TIE PROJECT

1, Genergl

For-the selection of the most. optimum scale of the project,
comparative study is conducted for the following three
alternative development plans.

Ttem 1 Plan- A1 Plan B¢ Flan C 1

Dam & Reservoir Pt A !
Dam Height (m) t 37.5 1 36,1t 1 3¥/,5 1
Dam Volume (10°m3) {1,750 1 1,550 1 1,330 1
Reservoir Storage ! 660 1 536 1 W10 !
(10%m3 ) ! =i ! : !
Irrigation Area (ha) ¢ 23,600 ) 15,600 1. 8,500 1
Power o ' 1 ! ! |

Installed Capacity (kW<)! 11,200 1 13,600 1 8.400 |
Yearly Energy (kWn)- 1 27,100 1 24,400 1 22,400 |

——— .

The net present worth method is apllied in this study,
wvhere the social discount rate is assumed at 10 %,

2. Project Benefit,

The expected benelfits are estimated for three alternatives
'~ and summarized in the following table
v ( us 1,000 $ )

! Plan A 1 Plan Bt Plan C

—

Irrig, Benefit i 13,390 8,780 " 4,790
Flood-Control Benefit 4,980 4,980 4,980
Power Benefit ' 2,200 2,500 "1,700
Negative Benefit - 820 - 740  -660

Total - 19,656 15,520 10,810

Y

””f ﬁ}5§¢'i[ff'



3, Proiect Costa

Construction cost, operation, maintenance and replacement
' costs for three alternative plans are summarized in the
following tables,

Sunmary of Construction Cost ( US 1.000 $ )

Plan A Plan B ‘ Flan C

Dam & Fower 59, 300 58,000 51,4500
River Improvement - 18,370 18, 370 18, 370
Irrigation 32,330, 21,840 12,?5Q

Total 110, 000 98,210 '82,520

Summary of Operation, Maintenance
and Replaccment Costs ( Us 1,900 &)

Plan A Plan B Plan C
Dam & Power 350 380 ' 320
River Improvement 20 20 20
Irrigation j 130 90 50
Total 500 %90 T390

L. Bvaluation

Based on the benefits and costs eﬂtimated abovr, net

" present worth is calculated assuming 10% of social.discount

rate. The result of the calculation is summarized as follows.
( US 1,000 % )

Plan A Plan B Plan C

——— —

Net Present :
Worth . . 20,356 11,?65 2,012

—— —— —

From the above figures, the plan A is proferably selected
as the most beneficial plan, ' |
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