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1. INTRODUCTION

Main objective of this study is to plan dgricultural development
in the Upper Sala River Basin, particularly, in the irrigation area to
be benefited by the Wonogiri reservoir. The studies include analysis
of the present agricultural situation, formulation of future cropping
pattern based on irrigation farming and forecast of production increase

in agricultural products with the irrigation project,

Since the Master Plan of the Bengawan Sala River Basin Development,
formulated on the basis of overall survey for about two years from 1972
ta 1973, gave the highest priority for the Wonegiri Multipurpose Dam
Project among various development plans, a feasibility study Cor the
project is Tollowed for early implementation entrusted by Japanese
Government. Detailed study on the agricultural sector has heen carried
out by collecting supplemental date and analysing the most recent situa-
tion in the project area based on the fundamental conception established

in the Master Plan.

2. BACKGROUND OF IRRIGATION DEVELOPMENT
2.1 General Economic and Agricultural Situation

Economy of Indonesia in terms of GDP has increased by about 30 %
in 1972 from the level of 1968 (See Table IV~1)., High growth rate was
attained in mining and manufacturing sector, while relatively low rate
in agricultural sector. This trend implies that Indonesia is going on
the process of industrialization a8 the developed countries have gone
through. Although Indonesia has been affected seriously by the influ-
ence of price increase since late autumn of 1973, it is undoubtful that

guadruple price of o0il is greatly contributing to the national economy.

Balance of trade excluding oil shows continuous deficit since 1961
while gross balance of trade ineluding oil has marked a surplus since

1962,



Export by goods in 1972_appears.that mineral products ineluding
0il occupy aﬁodt 56 %, while agricultural_products share about 42 %.
Import by gobds indicates that the largest share, about 46 7% belongs
to capital goods followed by raw materials.of about 38 % ‘and consum-
able goods about 16 % in the same year. In comparison with the trend
in 1968, share of the capital goods is. increasing and this also indi-

cates that industrialization is progressing in this dountry.

For the trade in agricultural goods, import of fertilizer increased
by about 2.4 times in these three years and foodgrains such as rice and
wheat still occupy more than half of the total import of the consumable
goods except the good harvest year in 1971. This fact supgests that
the country would have to make further effort for the increase in food

crop production.

Total farm land in Indonesia occupies about 11.6 % of the total
land ares of 1.9 million kmz. Out of food crops, paddy rice is the
most important; its harvested area in 1973 was 8.38 million ha produc—
ing about 14.45% million tons in the country. Other crops such as
cassava, sweet potatoes, mdize, soybeans and peanuts are zlso important
crops. As peremnial estate crops, rubber, coffee, oil palm and sugar

cane are prominent.

2.2 Agricultural Development in the Second Five-Year:Plan
(REPELITA-II})

During the period of the First Pive-Year Plan from 1968 to 1973,
annual increase rate of agricultural production marked 4.4 %. Increase
in rice production has been achieved by the wide extension of the BIMAS
end INMAS programs. About 36 % increase against the 1968 production
was attained in 1973. | ’

Based on the achievement stated above, the Second Five-year Plan

places the following targets in the agriculture sector:

(1) Increase the productivity of agriculture and fishery and
enable them to take pért in the construction of the national

economy.



(2) Give necessary credits to rice cultivators and achieve

self~sufficiency in foodgrain. .

{3) Promote export of agro-products Ey increasing the agricul-

tural production,

(4) Decrease unemployment and under-employment now preveiling

‘in the farm villages. -

{5) Achieve balanced growth between agriculture sector and

industrial sector by reinforcing agricultural production.

(6} Use the natural resources and conserve natural assets for

future generation.

L.

Based on the above, an overall.policy is set: out for rice produc-

tion as follows:
(1) Increase farm income per capita.

(2) Attain self-sufficiency in rice.

In order to carry out the aforementioned policy, efficient utili-
zation of irrigation facilities is stressed as well as the distribution
of improved seeds, extension of new rice field, effective application
of fertilizer, stabilization of dry season cropping, increase in unit
yield of crops by improvement of farming technique. Besides, the de-
velopment of upland crops, vegetables, fruits, estate crops, livestock,

fishery, are also set out in detail in the Plan (See Table IV-3).

2.3 Development Potential of Irrigation in Upper Sala Basin

To realize the fundamental policy for raising fermers' incpme in
the project area, there are three (3)-approaches, namely, expansion of
farmland, increase in unit yield of crops and raising of the prices of
farm products. Among these, the first approach is impractical because
most farmlands are fully cultivated and held in small fractions of less
than one ha per farmer, while the third solution may suppress the con-
sumers' daily life in guick reflection of price %ncrease. Only the

second approach can he attainable.
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However, there exist many difficulties at present in introduction
of new varieties and the improvement of ferming technique for stable
yield meinly due to the lack of stable supply of sufficient irrigation

water.

Under this situation, the realization of all-weather irrigation
through the construction of the Wonogiri Multipurpose Dam Project will
make §0551bie the cultivation not in the dry season and also assure
stable crop yield in the rainy season when the distribution of rainfall
is uneven. Moreover, gravity irrigation is applicable in this area,

which enables to introduce the irrigated farming in an economical way.

In the Upper Sela Basin extending along both sides of the Sala
River, land use of farmland is classified into paddy field of 184,000
ha (41.3 %), upland field of 137,000 ha (30.9 %) and yard of 124,000 ha
(27.8 %) respectively. Total population of this basin is about 4.43
million, and the farm population and the number of ferms are about 3.19
million and about 580,000 families respectively. Average size of the

farm family is about 5.5 persons.

Statistics from Kabupaten (regency) level indicate that about 70 %
of the total paddy field is being irrigated and the remaining 30 % is

under the rainfed condition.

Although the above figures suggest that the ares has rather been
well provided with irrigation facilities, the actual situation appears
that cultivation area in dry season hardly reaches half of the cultiva-
tion area in rainy season because of insufficiency of irrigation water.
Therefore, the crop production of paddy and upland crops the growing

period of which comes in ‘the mid dry season, June to August, is limited.

Under such a situation, it would be easily expected that the
Wonogiri reservoir can bring about considerable benefits to this area

by the realization of the year-~round irrigation with stable water

supply.
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2.4 Selection of Irrigation Area

Selection of irrigation area by the Wonogiri reservoir should be
made taking into account the most efficient utilizetion of the storage
water and maximizing the benefit from irrigation at the least construc-

tion cast.

From the topographical viewpoint, about 32,000 ha of the area is
selected as the project land of which about 23,400 ha of cultivable
land extending in Kubupaten Sukoharjo and Sragen is classified into
the irrigation area. The selected irrigation area is larger
than that mentioned in the Master Plan, in which about 22,000 ha of
cultivable land is proposed as the project area. The additional
land is attributable to the inecreased accuracy of the survey
and the inclusion of an additional area of about 500 ha in Klaten dis-
trict.

In the project land, the scil consists of mainly alluvial type
and partly of grumusol, 1lithosol, latosol and regosol. Land capa-
bility indicates that more than 60 % of the total farmland is classi-~
fied o8 good or moderate, and only 17 % is graded as poor. From this,
it can be said that the selected area hes a considerably high latent
productivity of land. Besides, near the center of the selected irri-
gation area, Surakarta city with a population of about 450,000 is
located and plays the role of trade and consumption center in the
project area. BSo, the project area selected has qQuite good condition

for agricultural productiocn.
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Table TV-1 Beonomic Growth by Industry
9
{Unit: 107 Rp.)

Industry 1968 1969 1970 1971 1972

1. Agriculture, Porestry,
Fishery 255.2  260.1 270.7  280.5 284.6
a. Food 169.5 170.2 . 135.7 181.5 178.8
b. Non food 35.4 35.5 36.1 36.5 37.6
c. Estate crops 11.6 13.0 13.7 13.9 14.9
d. Livestock 20,2 21.1 22,2 23.3 25.0
¢. PForestry 6.8 8.0 10.3 12.5 16.4
. Fish 11.7 12,3 12.7 12.8 12.8
2, Mining 22.8 27.7 52.2 34.0 40.9
3. Manufacturing 40,8 46.6 51.1 56.7 60.8
4. Construction 9.2 12.1 15.2 15.5 15.9
5. Power, Gas 2.3 2.6 3.0 3.3 3.3
6. Transportation, Communicatien 15.9 16.5 17.4 22,1 22.4
7. Wholesale, Retail trade 78.8 88.8 100.2 108.5 126.9
8. PFinance 4.0 6.6 8.6 11.3 12.9
9. Ownership of dwelling 9.7 10.4 11.2 11.9 12.8
10. Public administration 28.8 29.3 30.4 31.8 31.8
11, Service 29.4 30.1 30.9 31.7 32,5
Gross Domestic Product 496.9 530.8 570.9 608.9 650.8

Note :+ At constant 1960 Prices,

Sources

Statistic Indonesia 1972/1973.



IV-7-

Table 1V-2 Balance of Trade

{
(Unil: 120~ US$)

Including 0il | Excluding 0il
Export Import Balance Export Import Balance
1965 708 695 13 436 682  -246
1966 679 527 152 475 519 - 44
1967 665 649 16 426 637 =211
1968 731 716 15 436 710 =274
1969 B54 781 73 471 770 =299
1970 1,161 1,002 159 714 987  -273
1971 ‘ 1,234 1,103 131 756 1,082 -326
1972 1,778 1,562 216 865 1,531 6606

Source: Statistical Pocketbook, Indonesia 1972/1973.
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3. PRESENT AGRICULTURAL SETTING
3.1 PFhysical Condition of the Project Area
3.1.1 Location and topography

The project area can be explained by two representative areas of

Sukcharjo and Sragen as follows.

Sukoharjo area

The area is situnted between the Wonogiri dam and Surakarte city and
its topography is relatively flat along the River with an altitude of 90
to 105 m. Reinfall is slightly less then that in Sragen area, Soil in
the area is mostly of alluvial type and lend capability is classified
generally into good or moderate rank., Infrastructures are also relative—
ly well established,

Sragen area

The area is situated at north-east of Surskarts on the right bank of
the downstream of the Salae River. The topography is relatively flat with
an altitude of 75 to 85 m. Average rainfall amounts to about 2,000 mm a
year. Soil in the area consists of alluvial and grumosol types and land
capability is mosgtly classified as moderate. Infrastructures in the area

are rather well established than in the Sukoharjo ares.

3.1.2 Climate condition

At Burakarta, temperature ranges from 27°C to 29°C on an average and
indicates an annual mean of 28.2°C, Annual reinfsll amounts to about
2,170 mm, about 80% of which falls during six (6) months from November to
April and about 20% falls during the remaining six (6) months from May to
October. The latter period mekes cultivation very difficult with slight
rainfall. Annual mean humidity is about 69%, nearly 100% in the
rainy season, and drops below 50%-in the dry season. Evaporation
is about 3,0 mm/day in annual average, ranging from the minimum of 1.4 mmm/
day in February to the maximum of 4.3 mm/dey in September. Sunshine rate

observed is about 50% at mean.
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3,1.3 Soil and land capability

Table IV-4 shows the'types of soil'fduhd in the'projecf aren. Table
IV-5 shows land caﬁability in the projeect area. About 7 4% of land is
classified ns moderate, about 16% as good, and about 10% as poor. In
Sukoharjo area about 33% is clessified as slightly good while none as poor
at all, This implies that Sukoharjo area has relatively higher land pro-
ductivity than Sragen area. Judging from the soil and land capability, it is
expected that stable production inecrease can be attained in.the project .
area by increasing the cultivation of rice as a main crop together with
the introduction of other cash crops if sufficient quantity of water is

ayailable.

3,2 Present Land Use

Present land use in the projeet area is shown in Table IV-6,
Lowland {sawah) occupies about 65% followed by upland {tegal) 8%, yard
21% and others 6%. The ratio of sawah to tegal in this project area
is about 88:12; this ratic indicates considerably high occupancy of
sawah compared with that of 57:43 in the whole Upper Sala Basin., About

68% of the sawah irrigated in one form or another,

Within the project area, percentage of occupancy of sawah and tegal
in Sukoharjo is about 58% and 18% respectively while it'is about 71% and
4% respectively in Sragen area., Sawah-tegal ratios in both areas are l
about 79:21 and 95:5 respectively. The rate of paddy field in Sragen area
is quite high and it could be said that the land is almost fully utilized
in the Sragen area. While in the Sukoharjo area, about 10% of the land
still remmins unclassified. 1In this project area, there exist no estates

and forestland, and orchard is generally situated in the yard area.

3.3 Average Size of Farm and Land Tenure

The average farm size in the Upper Sala Basin appears to be about
0.72 ha according to the Master Plan. TFor all the Project area, the size
is the same on an average, while farm size in the Sukoharjo area is little
larger than in the Sragen area. As for the land held by each farm in view

of land use, the size of sawah and yard seems to be 0.46 ha and 0.15 ha
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i

respectively, which is almost the same as thdt in the Upper Sala Basin.
However, if tegal and others are included, the average farm size in the .
project area is little smaller than the Basin average, due to flat topo-~

graphy.

With repsect to land tenure in the Upper Sala Basin about 90% of the
land belongs to farmers and about 10% to village offices, Among the
farmer's land, about 60% is owned fully by farmers and the remuining 40%,
pertly by farmers and partly by landlords.

Land rent is about Rp.50,000/ha on an average, ranging from Rp.11,000/ha
to Rp.70,000/ha. '

3.4 Kind of Crops and Cropping Pattern

In the Project area, quite many kinds of crops are cultivated at
present, such as paddy rice, upland rice, cereals, beans, root crops,
vegetables, fruits and industrial crops. The typical cropping pattern

is shown in Fig, IV-4,

On the sawah, tmixed culture is prevailing because of lack of water
in the dry semson, and partly in the rain season and alsc because of
the sparseness of upland area. AS shown in Fig. IV=4, the present cropp-
ing pattern is established to practice crop cultivation mainly in the
wet season. Most crops are seeded and transplanted during the peried
from October at the outset of the rainy season to May at the end of the
rainy season. Thus, it is recognized that the aveilebility of water is

the most important factor for crop growing in the project area.

3.5 Prevailing Ferming Practice

Paddy rice

On irrigated sawah, both the dry season paddy and the rainy season
paddy are eultivated while on the upland area meinly the rainy season
cropping is performed, Varieties of paddy now being cultivated are rather
divergified from high yield varieties such as PB-5, PB~8, C-4, and Pelita
to the traditional varieties such as Bengawan, Brandol, Cempo, Cemporandu,

and Srigunung. Growth period of paddy is usually about 125 to 170 days.
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Nursing period is normally about 25 to 30 days for high yield varieties
and 30 to 40 days for local varieties but. in some deep water area, it

requires about 50 days.

Fertilizer is generally applied but its dose widely varies from 50 kg/
ha to 200 kg/ha of urea, and the farmers under BIMAS program use about 200

kg/ha of ures on an average.

As for insecticide, Diazinon is used for pest control at the rate of
! [/he and once in the growing period. Plant desease is generally not

observed except blast for C-4 variety in some small areas.

Unit yield of paddy varies considersbly depending on the aven and
farmers, Farms under BIMAS program yields sbout 5 to 6 t/ha (dry
stalk paddy) while farms under traditional farming attain substantially
low unit yield. . .o : . ) '

Maize

Maize is generally cultivated as one of the steple foods in a relati-
vely wide area, not only in tegal but as polowijo crop in sawah, on about
30% of the total area in the dry season. Varieties grown are Meiro and
Perta. Cultivation is so simple as to direct seed in the ridges of the
field and no fertilizers and chemicals are used: Unit yield generslly
is as low as 0.4 to 0.6 t/ha and there is a possibility of increasing the

unit yield in future.

Cassava

This crop is also cultivated widely as one of the stapie foods not
only in tegal area and yard but also in sawah as pérowijo crop. The
varieties are generally the traditionel ones such as Patangpuluhan,

Bestak, Genderuwo, Kodok and Sawi.

Soybeans, greenbeans and peasnuts

These crops are introduced as polowijo crops in the rainy season at
the rate of about 20 to 30% of the total sawah but yield is generally low
because of no application of fertilizers, The vﬁrieties are local ones
such as Ambang, Kedele laut and Kedele gendjer for soybeans, Gundul,
Teparo and Brol for peanuts.
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Cash crops (Tobacco, Sugar cane)

Tobapcco is mainly cultivated in the Sukoharjo area on the praject
area under the contract base with PNP, Varieties are, therefore, speci-
fied a8 vorstenland Virginia and Javanese and the cultivation practice
is also guided by PNP. Sugar cane is cultivated mainly in the Sragen
area under contract with sugar factories. Variety ié mainly P.0.T.
which is specified by the factories, and cultivation practiée is also

guided by the factories,

3,6 Unit Yield of Crops

Unit yields of main agricultural products under the present condi-
tions are shown in Table IV.9, These yields are estimated on the basis
of the date collected at the sgricultural offices of Kecamatan in the
project erea and the statistical data of Central Java. Since the yeilds
vary from one year to another depending on the netural conditions such

as rainfall and temperature, average yields are estimated,

For the future without the project, only slight increases are expect-
ed in paddy yields. The increase will be atiributable partly to variety
improvement and partly te some increese in fertilizer and chemical use.
The expected unit yield in the future without project is shown in the
same Table IV-O,

3.7 Cropping Area and Crop Production

Table IV-10 shows the cropping area and the production of crops at
present in the Project area. Table IV-11 shows the cropping aree which
will remain the same and the production of erops in the future without

project.

As stated in the paragraph of "Land use', the project area has &
congiderably high paddy field ratio, in another words, the main crop
is paddy rice, However, due to the unstable water supply and sparse—

ness of tegal, polowijo area usuaelly planted on the sawah,

Cropping area by crops is rated at about 60% for paddy rice followed

by cassava and maize. In the project area as a whole, crop intensity
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.

has reached 1.76 and thisrindicates that the intensive use of the farmlend

is being practiced.

3.8 Liveatock

Livestock breeding in the project area is not 80 significant. Average
holding of large and medium livestock is less than two heads per farm
family and about six small fowls are being held at present. Compared
these figures with the number of livestock in 1970 in the project area,
cattle remained at the same levgl, buffaloes increased in the Sukoharjo
area but only slightly increasedin the Sragen area, sheep increased to
about 2 times in the Sukoharjo but deecrease slightly in the Sragen
-area, goat decreased in both areas, pig increased in the Sukoharje area
but decreased in the Sragen area and fowls increased in both areas. In
the project area as a whole, buffaloes, sheep and fowls marked an in-
crease in the number of holding but cattle, goat and pig decreased or

remained unchanged.

Livestock production in the project arees is shown in Table IV-13.

3.9 Marketing and Agricultural Institution

Marketing

Fig. IV-5 illustrates the market flow of rice. Dry stalk paddy har-
vested from the field is collected at BUUD (Badan Usaha Unit Desa),

milled there into rice and sold to the market. Rice for government stock

is purchased by BULOG-with stable price. Some parts are sold to the buyers

who resell to the rice seller. Various prices of rice are now prevailing and

they vary widely depending on the locality and season.

Other crops than rice have been transacted in free market. In other
words, their prlces are sholly controlled. hy the speculatlve buyers. However,
since such crops as tobacco and sugar cane are cultlvated under contract with

PNP, their prices are relatively stable.
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Although crop cultivaiion in the project area is characterised as
solf consumption and the volume of crops to be sold to the market is
not large, unstable prices of such crops prevailing in the project area
suggest that the farmers are affected.more or less by the price control
enforced by such speculative buyers. It is important to stfengthen the
farmers' organization and the cooperative activities for stabilization

of the prices of the farm productas.

Agricultural institution

The economic organization of farmers, PUUD (Agricultural Coope-
rative Society) has been organized on a nation wide scale. The main
activities of this organization are set out:

(i) supply of inputs for agricultural production,

(ii) collection of agricultural products and marketing thereof;
(iii) agricultural credit service
However this can rarely work for supporting the farmers because BUUD

is now quite busy for collection, quality control, milling end transporting

of riCG.

As for other crops such rs tobacco and sugar cane, respective farmers'
orgenizations bave been set up and have worked for the contract cultiva-

tors.,

Agricultural extension service

Extension services have been managed through a systematic structure
from the Ministry of Agriculture down to desa {village unit) as shown in
Fig. IV-7.

Extension services are conducted under close cooperation with the
extension workers and technical workers for the specified crops.
Fig, IV~8 and PFig. IV-9 show the organization of the extension
services in Kabupaten. As shown in these figures, services are divided
into technical aend administration depariments under which various
sections are provided for the detailed guidance services. This organi-

zation is not uniform throughout all Kabupaten but somewhat reformed to
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meet special situation of each Kanbupaten to work most efficiently, Pre-
sent capability of the extension serviceées is about 700 to 800 ha per worker

including both extension and technical personnel.

Seed multiplication system of paddy rice is also established in a
systematic structure from Central Agricultural Institute of Bogor down
to farmers as shown in Fig, IV-10. Improved seeds are distributed through

this channel,

3.10 Prices of Agricultural Products

Prices of agricultural products widely vary according to locality
and season. It is quite difficult to seize typical prices of the pro-
ducts in the project area in terms of economic value. For this study,
the farm gate price of each crop is estimated as shown in Table IV-14
based on the international price forecasted by IBRD, Transportation

cost and processing cost are also taken into account for the estimate.

Besides the economic prices estimated above, financial prices (or
nctunl price) at farm gate are estimated by referring to the local market
prices for farm budget enalysis, The financial prices are also presented
in Table IV-14,

3.11 Agricultural Products Velues

Based on the crop production and the economic price stated in the .
preceding paragraphs, the wvalue of agricultural products is calculated in
Table IV-15 and Table IV-16 under the present condition and the future

without-project condition respectively.

In the estimate of the value of the agricultural products, only the
major crops are taken into congideration excluding the values raised from

livestock and other minor crops,

Gross value at present in the Project area amounts to about Rp.5.9
billion (US$14 million) and gross value in the future without project
amounts to Rp.6 billion (US$14 million).
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Gross income of paddy is predominant, about 70% of the total value
is raised from the paddy. It is evident that the paddy plays a very

important role in the project area.

3,12 Production Cost

Based on the data obtained from the related Kabupaten offices and
farmers in the Project area, unit production cost is estimated as shown
in Table IV-17, This includes all necessary costs for seed, fertilizer,
chemicals, materials, agricultural implement, animal power, labourers and
other direct cost for crop growth, except indirect costs and family
labour cost. Estimated international prices are applied to the cost
of fertilizer, chemical and seed for the evaluation of the economic pro-
duction cost. Details of unit production cost are presented in Appendix
I,

Besides, financial cost for crop production is evaluated for farm
budget analysis by applying actual prices of agricultural inputs, which
are also presented in Table IV-17.

Total production costs (economic cost) in the Project aree are pre-~
sented in Table IV-18,

3.13 Net Values of Agricultural Production
Table IV-19 shows the net value of the agricultural production in the

Project area in the future without project condition.

Totonl net value is estimated at about Rp,4.2 billion (US$10.1 million)
out of which about 80% is raised from paddy production.
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-Table TV-4 Classification of Soil Type

{Unit: Ha)
Sukoharjo Sragen Total
Alluvial Soil
5 5,700 5,000 10,700
7 3,900 - 3,900
8 1,500 2,500 4,000
Medi terranean Soil 28 - 700 700
Grumosol
35 - 1,700 1,700
39 - 6,000 6,000
40 3,500 - 3,500
42 500 - 500
43 - 500 500
Other - 500 500
Total 15,100 16,900 32,000

Note, 5 : Grayish Brown Alluvial
Grayish Brown Alluvial

Grayish Brown Alluvial

28 : Brown Mediterranean
35 : Gray Grumosol

39 : Dark Gray Grumosol
40 : UDark Gray Grumosol

42 : Association of Dark Gray Grumosol &
Reddish Brown Mediterranean
43 : Association of Dark Gray Grumosol &

Reddish Brown Mediterranean



Table IV-5 Land Capability Class

{Unit: Ha)

Sukoharjo Sragen Total
Slightly Good 5,000 - 5,000
Moderate 10,100 13,700 23,800
Slightly Poor 3,200 3,200
Total 15,100 16,900 32,000
Table V-6 Present Land Use
(Unit: Ha)
Ttem Area
Sawah 20,900
Irrigation 14,400
Rainfed 6,500
Tegal 2,500
Yard 6,800
{Orchard) (1,500)
Others 1,800
Total 32,000

Source: Each Kecamatan Data

[V-19 -



Table IV-7 Present Lend Use Per Farm Household

(Unit: Ha)

Item Unit Area
Sewah 0.46
Irrigation 0.31
Rainfed 0.15
Tegal 0.06
Yard 0.15
(Orchard) (0.03)
Others 0.05
Total 0.72

Note: Orchard is included in the Yard.

Data Source: KEach Kecamatan Data

~IV-20
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Table IV-8 Nos. of Population and whenngber of Households

Sukoharjo Sragen Total
Population 1961 107,717 136,948 244,665
1971 157,012 178,180 335,192
{1971/1961) {145.8%) {130.1%) (137.0%)
Household 1961 21,867 31,294 53,161
1971 31,861 38,605 70,466
{1971/1961) (145.7%) (123.4%) (132.6%)
Family 1961 4.9 4.4 - 4,6
1971 4,9 4.6 ' 1.8
Farm Population 1961 67,504 97,328 164,832
1971 97,003 119,331 216,334
(1971/1961) (143.74%) (122.68) (131.2%)
Parm Household 1961 13,640 20,764 34,404
1971 19,540 24,983 44,523
(1971/1961) (143.3%) (120.3%) (129.4%)
Farm Family 1961 4.9 4.7 1.8
1971 5.0 4.8 4.9

Data Source : Jawa Tengah Dalam Angka 1971,



Table "'IV-9 Unit Yield at Present,

and Future

Without-Project

(Unit: ton/ha)}

Kind of Crops Present Futu;§0;2220ut—
Paddy £1

Bry Season Paddy 3.3 3.5

Wet Season Paddy 3.4 3.6

Upland Paddy 1.8 1.9
Maize 0.5 0.5
Cassava 3.3 3.3
Peanut.= 0.5 0.5
Sovbean ' 0.4 0.4
Tobacco 2 0.4 0.4
Sugar cane 85.0 85.0

Table

Dry stalk paddy
Dry leaf

IV-10 Cropping Area and Crop Production at Present

Iv-22.

Kind of Crops Un%:/gi?ld Crop?i2§ Area  Crop fz§duction
Paddy s
Ury Season Paddy 3.3 5,320 17,556
Wet Season Paddy 3.4 14,640 49,776
Upland Paddy 1.8 1,140 2,052
Maize 0.5 5,640 2,820
Cassava 3.3 6,470 21,351
Peanuts 0.5 1,020 510
Soybeans 0.4 2,450 980
Tobacco 2 0.4 S0 36
Sugar cane B5.0 2,580 219,300

Note /1

Data Source:

Dry stalk paddy

/2 Dry leaf

Data from Agricultural offices at each Kecamatan.
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Table IV-11 Cropping Area and Crop Production
in Future Without Project

- Unitl Yield Cropping Area Crop Production
Kind of Crops (t/ha) (he) (t)
Paddy Lt
Dry Scason Paddy 3.5 5,320 18,620
Wet Season Paddy 3.6 14,640 52,704
Upland Paddy 1.9 1,140 2,166
Maize 0.5 3,640 2,820
Cassava 3.3 6,470 21,351
Peanuts 0.5 1,020 510
Soybeans 0.4 2,450 980
)
Tobaceco —— 0.4 90 36
Sugar cane 85.0 2,580 219,300
Total 39,350 344,287
Note Dry stalk paddy

A
2 Dry leal

Data Source: Data lrom Agricultural Offices at each Kecamatan.
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Table IV-12 Number of Livestock
Under Present Condition

(1973)
{(Unit: Head)
Kind of Livestock Sukoharjo Sragen Total
Cattle 8,800 7,900 16,700
Buffalo 7,600 4,500 12,100
Sheep : 5,000 4,900 9,900
Gont 16,600 8,300 18,900
Pig 1,800 1,500 3,300
Fowl 125,500 - 143,900 269,400
Data Sottrce : Each Kecamatan Office.

Table 1IV-13 Livestock Production
Under Present Condition

(Unit: )
Production Sukoharjo Sragen Total
Meat 672 542 1,214
Cattle 248 222 470
flurfalo 214 127 341
Sheep, Goal 88 75 163
Pig 72 60 132
Fowt 50 | 58 108
Egg 439 504 943
Hides 13 9 22

Data Source : Each Kecamatan Qffice.
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Table [V-14 Farm Gate Prices of Agricultural Products
) Economic Tinancial
Kind of crops Price Price
(x 10° Rp)  (x 10% Rp)
Paddy Zi 60 59
Maize 30 33
Cassava 13 13
Peanuts 95 143
Soybeans 69 111
Tobacco Lg' 360 520
Sugar cane 5 5
Note /1 Dry stalk paddy
/2 Dry leaf
Table IV-15 Value of Agricultural Products at Present
Kind of crops Unit Price Products Value
n rop (x 103 Rp) (t) (x 103 Rp)
Paddy ~% 60 69,384 4,163,040
Maize 30 2,820 84,600
Cassava 13 21,351 277,563
Peamits 95 510 48,450
Soybean 69 980 67,620
Tobacco —— 360 36 12,960
Sugar cane 5 245,100 1,225,500
Total 340,181 " 5,879,733

Note /1 Dry stalk paddy

/2 Dry leaf



Table I[V-16

Valuce of Agricultural Products in Future

Without Project

. —_— Unit Price Products Value
Kind of ¢vops (x 103 Rp) (1) (x 103 Rp)
Paday <L 60 73,490 4,409,400
Maize 30 2,820 44,600
Cassava 13 21,351 277,563
Peanuts 95 510 48;450
Soybean 69 980 67,620
Tobacco 12 360 36 12,960
Sugar cane 5 219,300 1,096,500

Total 5,997,093

Note /1 Dry stalk paddy
/2 Dry leaf
Table 1V-17 Unit Produciion Cost (Without Project)

Tv-26

Economic

Financiasl

Kind of crops Unit Cost Cosl
Pnddy_/_l_ (103 Rp.) (103 Rmp.)
Dry Season Paddy (Ha) 55.9 538.7
Wet Season Paddy {Ha) 54,8 57.6
Upland Paddy (Ha} 36.0 37.3
Maize (Ha) 8.9 9.1
Cassava {Ha) 15.2 15.2
Peanuts (Ha) 20.6 25.6
Soybeans (Ha) 15.4 17.8
Tobacco £2 (He) 107.2 109.8
Sugar cane (Ha) 172.8 7L}

Note /1 Dry stalk paddy

/2 Dry leaf



Table 1IV-18

Agriculturnl Production Cost

(Future Without-Project)

=27

Kind of crops Unit Cost Crop Aresa Produat%on Cost
{x 102 Rp) {Ha) {x 10° Rp)
Paddy v
Dry Season Paddy 55.9 5,320 297,388
Wel Season Paddy 54,8 14,640 802,272
Upland Paddy 36.0 1,140 41,040
Maize 8.9 5,640 50,196
Cassava 15,2 6,470 08,344
Peanuts 20.6 1,020 21,012
Soybeans 15.4 2,450 37,730
Tobacco 2 107.2 S0 9,648
Sugar cane 172.8 2,580 445,824
Total 1,803,454

Note /1 Dry stalk paddy

Table

/2 Dry leaf

IV-19 Net Values of Ag;icultural Production

{Future without-Project)

(Unit: 102 Rp.)
Kind of crops Gross Value Prod. Cost Net Valuo
/

Paddy -+ 4,409, 400 1,140,700 3,268,700
Maize 84, 600 50,196 34,404
Cassava 277,563 98,344 179,219
Peanuts 48,450 21,012 27,438
Soybeans 67,620 37,730 29,890
Tobacco 2 12,960 - 9,648 3,312
Sugar cane 1,096,500 445,824 650,676

Total 5,997,093 1,803,454 4,193,639

Note /1 Dry stalk paddy

/2 Dry leaf
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Badan Usaha Unit Desa’
(B.U.U.D.)

(Village Welfare Unit)
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Fig. IV-6 MARKET FLOW OF MINOR
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Fig. Ty-7 Organization of Agricultural Extention Service.
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Source: Strategi dan Program Pengembangan Tata Penyuluhan Pertanian

oleh Ir. Drs. Raharjo Direktorat Penyuluhan Pertanian.
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Fig. IV-8 Organization of Agriculture Extension Service

Kabupaten Sragen
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Fig. Ty-9 Organization of Agriculture Extension Service

Kabupaten Sukoharjo
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Data Source : Agricultural Service
Kabupaten Office Sukoharjo 1974.
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Fig. IV~10 Paddy Rice Seed Multiplication System
Organization/Facility

Foundation Seed Central Agricultural Research Institute
Bogor

. Branch of Central Agricultural Research
Stock Seed Institute Tegalgonde (Klaten), Central Java

[ Extention Seed Seed Garden Kabupaten

Seed Garden Kecamatan

Seed Grower Village
Demonstration Farm
Demonstration Plot

¥
| Farmers

Source : Bercocok Tanam Padi
oleh: Soemartono
Bahrin Samad
Drs. R. Harjono

C.V. Yasaguna, Jakarta 1972
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4, AGRICULTURAL ECONOMY WITH PROJECT
4.1 General

To compltebe fruitfully the irrigation project, it is quitc essential
to provide sufficient water supply and efficient drainage systems and to
introduce suitable crop farming. However, precise forecast of the future
production pattern is rather difficult because it is closely related to

prices, farming technic, socio-economic situation, and so on.

On the basis of the past data and trend, survey and analysis of the
present agricultural pattern, future agricultural production in the pro-

ject area is forecast as follows.

4.2 Land Use

Future land use in the Project erea is basically considered to remain
us it is, because even at present, the sawah along the Sala River is fully
cultivated; the area classified as grass land, bushland, forestland, road
and water ways is only 1% in the Sragen area, and about 10% even in the
Sukoharjo area where less developed area is still seen near the hilly

region.

Therefore, only limitedr areas of grassland and tegal will be re-
claimed into paddy field and the total cultivable land will increase to
23,600 ha. However, all the sawah and tegal will be turned into irrigation

lend with the introduction of all weather irrigation.

4.3 Size of Parm

In the project area as a whole, there is no room to extend farm lantd
any more. The size of a farm in future is, therefore, considered to re-
main at the present level. Even if the future increase of sawah of about
200 ha in the Sukoharjo aren is teken into account, the future increase

in the size of a farm in this area is neglegible.

As for land tenure, the present condition will be mazintained even
in future but with some minor changes. However, the land rent is ex-

pected to inerease gradually in proportion to increase in the agricultural

productivity.
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4.4 Kind of Crops and Cropping Pattern

There is a little possibility that other kinds of crops than those
now being cultivated in the project area will be introduced. But it is
necessary to replace the cassava crop for instance, which is widely
cultivated on the upland and paddy field in the dry season into other
profitable crops in order to increase the productivity of the farmland.
Judging from the limited land size per family in the project aren, crops
to be cultivated in future would be more profitable ones such as beans,
tobacco and sugar cane. Paddy rice must be cultivated as much as possi-

ble as the main crop.

Kinds of crops to be introduced are usually much influenced by the
price, and the regional and national requirements of the agricultural

sector,

Under these concepts, basic considerations for the determination

of the future cropping pattern with project are explained hereunder.

(1) Suitebility of natural conditions for crop production

(ii) Socio-economic conditions such as future demand for the
products and price o LI

{iii) Increasing export dnd decreasing impor{ of agriculture products

{iv) Effectivé weter utilization not only for the dry season

crops but also for the reiny season crops

Reasons for selection of each crop are expleined hereunder,

Paddy rice

Although it is the most importent crop as a mein staple food, rice
is still being imported. In 1973, sbout US$408 million of foreign ex-
change was spent to import about.1.2 million tons of rice. The produc-
tion increese will be still required in the future because the demand
for rice is expected to increase in view of the relatively high income
elasticity and the anticipated steady population increase, It is also
noted that rice is taken up as the most impertant crop in the Second

Five~Year Plan.
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Majize

As the production of paddy rice increases, its significance as a
staple food will gradually diminish except for varieties suitable for
export. But it is still listed as one of the crops for increased pro-

duction in the Second Five-Year Plan.

Pulses

(Soybeans, Peanuts); These are en important vegetable protein
source in the country as well as in this region. Moreover, the world

demand for pulses is expected to increase in the future.

Cash crops

{Tobacco and Sugar cane); For the cultivation of these crops,
natural condition is quite favorable, and the farmers in the region
have & long experience of cultivating such crops. However, the present
sugar production cannot meet the domestic demand. These crops are the
important sources of cash income at present and the weight will be ex-—

pected to increase in the future,

Under these principles future cropping pattern is projected as

shown in Fig. IV-1l,

Paddy will be planted extensively both in the rainy season and the
dry season on sawah, while sugar cane is another crop to be planted on

sawah.

In this cropping pattern, dry season puddy'is nursed during April
to May and harvesteﬁ about 135 days after transplanted on the paddy
field. Rainy season paddy is nursed during Ociober to November and
harvested after the same growth period as that of the dry season paddy.
Varieties of rice to be introduced are PB-8, IR-20, B-57, C-4.

Although the varieties of paddy to be introduced with irrigation
project will make short of the growing period, any change in growing
period for other crops than paddy is expected. The growing period of

Sugar cane introduced in the cropping pattern is of 14 months.
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As for polowijo crops, they will be cultivated only on tegal.
However, the present cropping pattern will be continued for some time
in future on tegal cultivation because no drastic change from the

present mixed culture to monoculture can be expected.

Table IV-20 shows the future land use with the project and Table
IV-21 shows the acreage of crop cultivation in the future calculated
on the basis of the proposed cropping patitern. Future crop intensity

based on this cropping pattern will be 1.92 on an average in the pro-

ject area.

4,5 Anticipated Crop Yield

Good soil condition in the Prbject area indicates a large poten-
tiality of increasing crop production. It is quite possible to increase
crop production, if all weather irrigation together with the introduc-
tion of improved high yielding varieties and improvement of farming

practice including fertilizer application are realized.

As stated in the section of the present condition there are farms
that attained 2 or 3 times higher yield compared with the local average
yield. This fact indicates the future possibility of production increase
in the project area. In Table IV¥-22, anticipated crop yield with project

condition is estimated. Basic datas used for this estimate are as follows:

Paddy rice

(i) Unit yield attained 4.4 -~ 5.8 t/ha on an average for BIMAS

program during the First Five~Year Plan.

(ii) Average growth rate of unit yield per ha of 4.4 % was
attained on the national level during the Pirst ¥Five-Year
Plan.

(iii) It is reported by the Central Agriculture Institute of Bogor
that the unit yield of a high yield variety at the experi-
mental station has marked about 4.7 - 5.4 t/ha in paddy grain
(about 7 t/he in dry stalk paddy).



L Iv-39

(iv)  New varieties such as B-9-C end B-57-C which are bred from

(v)

traditional varieties have nttained increased unit yield of
4.6 - 5 t/ha in paddy-grain.

Several experimental farms in the project area have succeeded

in attaining a higher unit yield of 5 - 6 t/ha.

Other crops

(i)

(ii)

Recently many new high yielding varieties are bred at the
Central Agricultural Institute of Bogor.

It is reported that the unit yield of new maize variety marked
about 4 - 5 t/hae, cassava about 5 - 10 t/ha, peanuts 3 - 4 t/he

and so on.

Agricultural survey in the project area shows that 2 or 3
times of the present average unit yield is attained on the

irrigated land.

(iii) With the project, stable increase of production can be ex-

pected by intreducing new high yielding varieties and by

improving the farming practice.

Total crop production with project is estimated as shown in Table

IV-23 and the gross values are also estimated by applying the estimated

economic price of crops in Table IV-24.

4.6 DProduction Cost

As the crop production increases in future, the production cost

will also increase. The required amounts of agriculiural inputs are
estimated for each crop production taking into account the necessary incre—
mental volume of inputs such as fertilizer, chemical and labors. The

unit costs of the inputs estimeted from the international forecast price
are applied. The results of the estimate are presented in APPENDIX II

and the production cost for each crop per ha is shown in Table IV-25.

Total production costs are estimated on the basis of'the unit cost and

are also presented in Table IV-25.
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4,7 Net Values of Prospective Agricultural Production
Table IV-26 shows prospective net values of the future agricultural

production calculated based on the preceding production values and cost.

Total net values are expected at about Rp.10.1 billion (about
US$24 .4 million) out of which about 85% will be raised from paddy crops.



Table IV-20 Future Land Use
(Unit: Ha)
Land Category Aren
Ilrrigated lowland 21,200
Irrigated upland 2,400
Yard 6,800
Others 1,600
Toial 32,000
Table IV-21 Acreage of Crops Cultivation in Future

Kind of Crops

Area (ha)

Paddyil

Dry Season Peddy 15,800

Wet Season Paddy 18,500
Maize 1,500
Cassava 1,500
Peanuts 1,500
Soybean 2,300
Tobaccoig 800
Sugar cane 2,700
Others 800
Total 45,400

Note ll Dry stalk paddy

/2 Dry leaf

Fv-41
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Table IV=22 Anticipated Crop Yield
Kind of Crops Uni t, Yield
Pa.dd_\,f*/—1 (ton) 5.5
Maizeo {ton) 2.0
Cassava (ton) 5.0
Peanuts (ton) 1.5
Soybeans (ton) 1.4
Tobaccoég (ton) 0.8
Sugur cane (ton) 120.0

Note /1 Dry stalk paddy
/2 Dry leaf
Table TV-23

Total Crop Production in TFuture

Kind of Crops Amount {t)
l’addy—/—l-

Dry Season Paddy 86,900

Wet Season Paddy 101,750
Maize 3,000
Cassava 7,500
Peanuts 2,250
Soybeans 3,220
TohacooZg 640
Sugar cane 324,000
Total 529,260

Note /1 Dry stalk paddy

/2 Dry leef



Table TV-24. Total Production Value

IV-43

Kind of Crops Unit Price Production .Totel Value
(103 rp) () (103 Rp)
raddyﬁl 60 188,650 11,319,000
Maize 30 3,000 90,000
(Cassava 13 7,500 97,500
Peanuis 95 2,250 213,750
Soybean &9 3,220 222,180
2
Tobaceoks 360 640 230,400
sugar cane 5 324,000 1,620,000
Total 529,260 13,792,830
Note /1 Dry stalk peddy
/2 Dry leaf

Table IV-25 Future Production Cost

Kind of Crops Un;t Cost Crop Aresn Prod. Cost
(102 Rp/he) (ha) (10> Rp)

raadyl 79.0 34,300 2,709,700
Maize 17.8 1,500 26,700
(assava 21,3 1,500 31,950
Peanuts 42.4 1,500 63,600
Soybean 37.6 2,300 86,480
" nég

lobacce 141 .4 800 113,120
Sugar cane 234.4 2,700 632,880
Total 45,400 3,664,430

Note /1 Dry stalk paddy
/2 Dry leaf



Tahle IV=28"

Net Vaiues of Prospective Agricultural

Production

(Unit: 103 Rp)

TV=44

Kind of Crops Gross Value Prod. Cost Net Value
Paddyﬁl 11,319,000 2,709,700 8,609,300
Maize 90,000 26,700 63,300
Cassava 97,500 31,950 65,550
Peanuts 213,750 63,600 150,150
Soybean 222,180 86,480 135,700
Tobaccol 230,400 113,120 117,280
Sugar cane 1,620,000 632,880 987,120
Total 13,792,830 3,664,430 10,128,400
Note /1 Dry stelk paddy
‘2 Dry leaf
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5, ESTIMATE OF IRRIGATION BENEFIT
5.1 Irrigaotion Benefit

Benefit of the irrigation project is evaluated from the incremental
values of production of farm crops, quality improvement of the products,
improvement of living environment, etc. by the implementation of the
project. Some of them can be evaluated directly in monetary values,
while others cannot be. Only thp ihcreﬁental vniﬁéJexpected from the
agricultural production is evalﬁafed‘as the Benefit'of the irrigation
projeet in thiS étudy. Table:IV;ZTQShows the annual net incremental

value of the agéicﬁlfural products with the project.

Table IV-27 Annual Net Incremental Value at Full Operation Stage

Item - Amount (103Rp)

Net Value of Prospective Agricultural

Production (With Project) 10,128,400
Net Value of Agricultural Production

(Future Without Project) 4,193,639
Annual Incremental Value 5,934,761

(= US$14,300,000)

Since the estimated net incrementel income is calculated on a
condition that the whole of the irrigation area will be completely
protected from flooding, the expected flood demage in the Sragen

area should be deducted for getting the net irrigation benefit.

The anticipated flood damage in the project area is estimated
at US$680 thousand in ANNEX I Study Report (1). The resulting annual
benefit from the irrigation prpjoét is finally estimated at US$13,620

thousand.

The development period of the irrigation project is considered as
5 years, within which annual increase rate of the production level is

assumed at 20 %,
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Besides, it is expected that an additional benefit will accrue

from the production increase in the area outside the project.

Upon completion of the irrigation system, the water so far used
through the existing channel will not be required in the project area.
Such water will be used for the increase in agricultural activities in

the area outside the project area.

The amount of water additionally available is estimated at
1.0 m3/sec in the dry season which will be able to irrigate sufficient-

ly 1,050 ha of cultivated land outside the project area.

Since 50il and land capability are considered to be almost the
same as in the project area, the gnéillary benefit expected is roughly
estimated ot about US$240 thousandl:,

5.2 Farm Budget Analysis

Farm budget in the project area is estimated by applying the
financial prices of crops and the financial production costs ms shown
in Tables IV-28 and IV-29 for without the project and with the project
conditions respectively. The typical farm size for this estimate is

assumed at 0.72 ha per farm family.

As mentioned in the preceding section, crop intensity rises to
1.92 from 1.76. Gross income of the farmer will increase to about
Rp.326,640 from about Rp.151,450 and the net reserve of the farmer
will rise {rom Rp.28,650 to Rp.124,360. This increase amounts to
about 4 times and indicates considerable soundness of the project

from the farmers' viewpoiﬁt.

Note /1 Net value of paddy production per ha (incremental)
Rp.251,000 - Rp.154,100 = Rp.96,900/ha
(= US$230/ha)
1,050 ha x US$230 = 241,500 (for dry season paddy)



IV-48

Table TV-28° Typicdl Farm Budgei Without-Project

Ttem Amount {Rp)

I. Farm Tacome

Crop Incomell 122,710

/2
Qther Income 28,740
Total Gross Income . 151,450

IT1. Farm Expenses

Produetion Cost

Crop Production Coﬁs’c.s.nzl 41,530
Other Expenseséi 7,220
{Sub-total} (48,750)

Living Expenses

Food Consumption 44,720

Other Living Expenses 27,930

Taxes 1,400
(Sub-total) (74,050)

Total Farm Expenses 122,800

III. Net Reserve {or Capacity to Pay) 28,650

Note /1, /3: Estimated on the basis of the average farm holding
per family of 0.72 ha.

/2, /4: Includes the incomes from livestock breeding and
of f-farm labor which are evaluated using the
"Master Plan of Sala River Basin Development”.
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Table IV-29 Typical Farm Budget With-Project

1tem Amount (Rp)

I. Farm Income

Crop Incomell 290,740
Other Incomeég 35,900
Total Gross Income 326,640

11, Farm Expenses

Production Costs

Crop Productian Costaél 82,570
Other Expenses'éi 11,790
(Sub~total) (94,360)

Living Expenses

Food Consumption 58,580

Other Living Expenses 46,600

Taxes 2,740
(Sub-total) (107,920)

Total Farm Expenses 202,280

III. Net Reserve {(or Capaciiy to Pay) 124,160

Note /1, /3: Estimeted on the basis of the average farm holding
per family of 0.72 ha.

/2, /4: Includes the incomes from livestock breeding and
off—farm labor which-are. estimateéd uding the
"Master Plan of:8a1# River Baain. Development".



APPENDEX 1. COST AND RETURNS TO THE CROPS PER HA
' { WITHOUT - PROJECT )

l. Cost and Returns to Dry Season Paddy per He
( Future Without-Project )

Ttem Amount ( RP )
I
'Receipts ( 3.5 t, 60,000 RB/t ) 210,000
Expenses
!

| Seed ( 40 kg, 78 RP/kg ) 3,120

Fertilizer

, Urea { 100 kg, 38 RP/kg ) 3,800
! TSP { 25 kg, 38 RP/kg ) 950

Pesticide

Inseclicide ( 1.0 f, 1,500 RP/{ ) 1,500

Labor Cost

. Land preparation ( 80 men, 200 RP/man day ) 16,000
‘ Planting { 40 men, 150 RP/man day ) 6,000
Harvesting ( 70 men, 150 RP/man day ) 10,500
: Rent of Animal ( 10 days, 400 RP/day ) 4,000
f
' Land Tax 2,200
! Miscellaneous Expenses 7,830
Total Expenses 55,900

Net lncome 154,100

e e




2.

A=2

Cost and Returns to Wet Season Paddy per Ha

{ Future Without-Praject )

—

Item

Amouil, { RP )

f

Receipts ( 3.6 t, 60,000 Rp/t )}

Expenses

Seed ( 40 kg, 78 Rp/kg)

fortilizer

Urea { 100 kg, 38 Rp/kg )
TSP ( 25 kg, 38 Rp/kg )

Pesticide

Insecticide ( 1.0 f, 1,500 Rp/ [ )

Labor Cost

Land preparation ( 75 men, 200 Rp/man day )
Planting ( 40 men, 150 Rp/man day )

Harvesting ( 70 men, 150 Rp/man day )

Rent of Animal

Land Tax

( 10 days, 400 Rp/day )

Miscellancous Expenses

Total Expeuses

"Net Income

216,000

3,120

3,800
950

1,500

15,000
6, 000
10,500
4,000

161,200




j. Cost and Returns to Upland Paddy per Ha
( Future Without-Project )

Item

Amount { RP )

Receipts { 1.9 t, 60,000 Rp/t )

Expenses

Seed ( 50 kg, 78 Rp/kg )

Fertilizer

Urea ( 50 kg, 38 Rp/kg )
Pesticide

Insecticide { 0.5 [, 1,500 Rp/[f )
Labor Cost

Land preparation ( 50 men, 200 Rp/man dey )
Sowing ( 30 men, 150 Rp/man day )}
Harvesting ( 50 men, 150 Rp/man day )

Rent of Animal ( 5 days, 400 Rp/day )

Land Tax

Miscellaneous Expenses
Total Expenses

Net Encome

114,000

3,900

1,900

750

10, 000
1,500
7,500
2,000

750

4,700

36,000

78,000




4. Cost and Returns to Maize per Ha

( Future Without-Project )

A-4

.

Ttem

Amount { RP )

1
!

e ———— et e e

Receipts { 0.5 t, 30,000 Rp/t )

Expenses

‘Seed ( 25 kg, 39 Rp/kg )

Fertilizer
Urea ( 20 kg, 38 Rp/kg )
Labor Cost

Land Preparation ( 5 men, 200 Rp/man day )
Sowing ( 5 men, 150 Rp/man day )
Harvesting ( 10 men, 150 Rp/man day )
Rent of Animal ( 5 days, 400 Rp/day )

Land Tax

Miscellaneous Expenses
Total Expenses

Net Income

15, 000

975

760




-

. Cost and Returns tu Cassave per Ha

{ Future Without-Project )

Ttem

Amount ( RP )

1

i

Receipts ( 3.3 t, 13,000 Rp/t )}

Expenses

Seed ( 15,000 stalks, 0.1 Rp/stalk )

Labor Cost
Land preparation ( 12 men, 200 Rp/man day )
Planting ( 1% men, 150 Rp/man day )
Harvesting ( 20 men, 150 Rp/men day )
Rent of Animal ( 5 days, 400 Rp/day )

Land Tax

Miscel laneous Expenses

Total Expenses

Net Income

42,900

1,500

2,400
2,250
3,000
2,000

450

3,600

15,200

27,700




6. Cost and Returns t& Peanuts per Ha

{ Future Without-Project )

1tem

Amount ( RP )

€ - non

Receipts ( 0.5 %, 95,000 Rp/t )

Expenses

Seed ( 40 kg, 91 Rp/kg )
Labor Cost

Land preparation ( 30 men, 200 Rp/men day )
Sowing ( 17 men, 150 Rp/man day )
Harvesting ( 20 men, 150 Rp/man day )

Rent of Animal ( 5 days, 400 Rp/day )

Laund Tex

Miscellaneous Expenses
Total Expenses

Net TIncome

47,500

3,640

6,000
2,550
3,000
2,000

750

2,660

20,600

26,900




7. Cost and Returns to Soybeans per Ha

( Future Without-Project )

I[tem

Amount ( RP )

]

'
]

1

Receipts ( 0.4 t, 69,000 Rp/t )

Expenses

Sved ( 24 kg, 90 Rp/kg )
Labor Cost

Land preparation ( 20 men, 200 Rp/man day )
Sowing ( 10 men, 150 Rp/man day )
Harvesting ( 20 men, 150 Rp/man day )

Rent of Animal ( 5 days, 400 Rp/day )

Land Tax

Miscellaneous Expenses

Total Expenses

Neti Income

27,600

2,160

4,000
1,500
3,000
2,000

730

1,990

15,400

12,200
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8. Cost and Returns to Tobacco per Ha

{ Future Without-Project )

| Item Amount { RP )
, Receipts ( 0.4 %, 360,000 Rp/t ) 144,000
i
iExpenses
Seed ( 12 g, 15 Rp/g ) 180

i Fertilizer
! ZA { 200 kg, 19 Rp/kg ) 3, 800
Pesticide

Insecticide ( 1.0 {, 1,500 Bp/kg ) 1,500

Labor Cost

l Land preparation ( 80 men, 200 Rp/man day ) 16,000
; Planting { 40 men, 150 Rp/man day ) 6,000
i Weeding ( 180 men, 200 Rp/man day } 36,000
i Harvesting ( 100 men, 150 Rp/man day ) 15,000
f Drying ( S0 men, 200 Rp/man dey ) 10, 000
5 Rent of Animel ( 10 days, 400 Rp/day ) 4,000
; Land Tax 750
E Miscelleneous Expenses 13,970
!

{ Total Expenses 107,200

Net Income 36,800




9. Cost and Returns to Suger Cane per Ha

( Future Without-Project )

A-9

Item

Amount ( RP )

+ Total Lxpenses

Receipts ( 85 t, 5,000 Rp/+t )

Expenses
Seed ( 22,500 stalks, 1.9 Rp/stalk )
Fertilizer

Urea { 150 kg, 38 Rp/kg )
TSP ( 150 kg, 38 Rp/ky )

Pesticide
Ingecticide { 6 [, 1,500 Rp/f )
Labor Cost

Land preparation { 60 men, 200 Rp/man day )
Planting ( 40 men, 150 Rp/man day )

Weeding and Piling ( 150 men, 200 Rp/man day )
Harvesting ( 80 men, 200 Rp/man day )
Cleaning ( 70 men, 200 Rp/man day )

Rent of Animal ( 10 days, 400 Rp/day )

Land Tax

Miscellaneous Expenses

Net Income

425,000

12,750

3,700
5,700

9,000

12,000
6,000
30, 000
16,000
14,000
4,000

5,100

22,550

172,800

252,200
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APPENDIX IX COST AND RETURNS TO THE CROPS PER HA

( WITH - PROJECT )

1. Cost and Returns to Paddy per Ha
( With - Project )

Item

Amount { Rp )

_Receipts ( 5.5 t, 60,000 Rp/t )
i
| Bxpenses
I

Seed ( 30 Kg, 78 Rp/Kg )

Fertilizer

Urea ( 200 Kg, 38 Rp/Kg )
TSP ( 70 Kg, 38 Rp/Kg )

Pesticide

, Insecticide ( 3 f, 1,500 Rp/f{ )
Rodenticide { 600 g, 2 Rp/gi)
Fungicide ( 2 f, 3,000 Rp/{ )

L.abor Cost

Land preparation ( 80 men, 200 Rp/man day )
Planting ( 40 men, 150 Rp/man day )

Weeding and others { 20 men, 200 Rp/man day )}
Harvesting ( 80 men, 150 Rp/man day )

Rent of Animal ( 10 days, 400 Rp/day )

Land Tax

. Miscellaneous Expenses
~Total Expenses

Net Income

330,000

2,340

7,600
2,660

4,500
1,200
6,000

16,000
6,000
4,000

12,000
4,000

2,200

10,500

79,000

251,000




2. Cost and Returns to Maize per Ha
( With - Project )

Ttem

Amount (vRp )

-

i
i
F
|
'
|
i
i
L
i
i
1
1

Receipts ( 2.0 t, 30,000 Rp/t }

. Expenses

Seed { 30 Kg, 39 Rp/Kg )
Fertilizer

Urea ( 70 Kg, 38 Rp/Kg )
TSP ( 100 Kg, 38 Rp/Kg )

Pesticide
Tnsecticide ( 1.0 f, 1,500 Rp/f )
Labor Cost

Land preparation { 5 men, 200 Rp/man day )
Sowing ( 5 men, 150 Rp/man day )}
Harvesting ( 12 men, 150 Rp/man day )

Rent of Animal ( 5 days, 400 Rp/day.)

Land Tax

Miscellaneous Expenses

Total Expenses

Net Income

60,000

1,170

2,660
3,800

1,500

1,000

750
1,800
2,000

750

2,320

17,800

42,200




3. Cost and Returns to Cassava per Ha
{ With - Project )

A-12

Item

Amount ( Rp )

|

! Receipts ( 5.0 t+, 13,000 Rp/t )

Expenses

Seed ( 15,000 stelks, 0.1 Rp/stalk )
Fertilizer

Urea { 80 Kg, 38 Rp/Kg )
Labor Cost

Land preparation { 20 men, 200 Rp/man day )
Planling ( 20 men, 150 Rp/man day ) -
Harvesting ( 30 men, 150 Rp/men day )

Rent of Animal { 5 days, 400 Rp/day )

Land Tax

Miscellaneous Expenses
Total Expenses

Net Income

65,000

1,500

3,040

4,000
3,000
4,500
2,000

450

2,810
21,7300

43,700




4. Cosl and Returns to Peanuts per Ha
{ With - Project )

A-13

| Item

Amount ( Rp )

A

—
Receipts ( 1.5 %, 95,000 Rp/t )

Expenses

Seed ( 50 Kg, 91 Rp/Kg )

Fertilizer
| Urean ( 100 Kg, 38 Rp/Kg )
; Lime ( 100 Kg, 16 Rp/Kg )
Pesticide
Insecticide { 2 {, 1,500 Rp/{ }
Rodenticide { 600 g, 2 Rp/g )
Fungicide { 1 {, 3,000 Rp/} )
j Labor Cost

Land preparation ( 40 men, 200 Rp/man day )
Sowing ( 20 men, 150 Rp/man day )
Harvesting ( 40 men, 150 Rp/man day )

Rent of Animal .( 5 days, 400 Rp/inan day )}

Land Tax

Miscellaneous Expenses
Total Expenses

- Net Income

142,500

4,550

3,800
1,600

3,000
1,200
3,000

8,000
3,000
6,000
2,000

750

42, 400

100,100
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5. Qoal and Returns to Soybeans per Ha
( With - Project )

Item Amount { Rp )
Receipts ( 1.4 t, 69,000 Rp/t ) 96,600
. Bxpenses
Seed { 30 Kg, 90 Rp/Kg ) 2,700

Fertilizer

; Urea ( 80 Kg, 38 Rp/Kg ) 3,040
‘ Lime ( 100 Kg, 16 Rp/Kg ) 1,600

Peagticide

Insccticide ( 2 , 1,500 Rp/{ ) 3,000

: Rodenticide ( 300 g, 2 Rp/g ) - 600
Fungicide ( 1 f, 3,000 Rp/f ) 3,000

Labor Cost

; Land preparation ( 35 men, 200 Hp/man day ) 7,000
‘ Sowing { 20 men, 150 Rp/man day ) 3,000

! Harvesting { 40 men, 150 Rp/man day ) G,000

[ Rent of Animal ( 5 days, 400 Rp/day ) 2,000

;

% Land Tax .750

i

! Miscellaneous Expenses 4,910
Total Expenses 37,600

Net Income 59,000

f—
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6. Cost and Returns to Tobacco per Ha
( with - Project )

Item - A Amount ( Rp )
. Receipts { 0.8 +, 360,000 Rp/t ) 288,000 ;
) ;
 Expenses t
Seed { 12 g, 15 Rp/g ) 180 ‘

Fertilizer

ZA ( 200 Kg, 19 Rp/Kg ) 3,800
Lime ( 200 Kg, 16 Rp/Kg ) 3,200
Pesticide
Insccticide ( 5 £, 1,500 Rp/{ } 7,500
Fungicide ( 3 [, 3,000 Rp/{ ) 9,000
Labor Cost
tand preparation { 100 men, 200 Rp/man dey ) 20,000
Planting ( 50 men, 150 Rp/man dey ) 7,500
Weeding ( 200 men, 200 Rp/man day ) 40,000
Harvesting { 100 men, 150 Rp/man day ) 15,000
Drying ( 60 men, 200 Rp/man day ) 12,000
Rent of Animal ( 10 days, 400 Rp/day ) 4,000
Lant Tax 750
Miscellaneous-Expenses 18,470
Total Expenses 141, 400

Netl Tncome 146,600




7. Costs and Returns to Sugar Cane per Ha
( With - Project )

A-to

Item

Amount ( Rp )

Receipts ( 120 t, 5,000 Rp/t )

Lxpenses
Seed ( 22,500 stalks, 1.9 Rp/stalk )
Fertilizer

Urea ( 300 Kg, 38 Rp/Kg )
TSP ( 300 Kg, 38 Rp/Kg )
Lime ( 200 Kg, 16 Rp/Kg )

Pesticide

Insecticide ( 6 f, 1,500 Rp/[ )
Fungicide ( 2 f, 3,000 Rp/[f )

Labor Cost
Land preparation ( 80 men, 200 Rp/man day )
Planting { 50 men, 150 Rp/men dey )
Weeding and Piling ( 250 men, 200 Rp/man day )
Harvesting ( 120 men, 150 Rp/man day )
Cleaning ( 130 men, 150 Rp/man day )
Rent of Animal ( 10 days, 400 Rp/day )

Land Tax

Miscellaneous Expenses

Total Expenses

. Net Income

600,000

42,750

11,400
11, 400
3,200

9,000
6,000

16,000
7,500
50,000
18,000
19,500
4,000

5, 100

30,550
234,400

365,600
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V-1

1. THE PROJECT AREA
1.1 Present Condition of Irrigation Ares

Well developed irrigation networks in Java had not been maintained
properly for about 20 years since 1940, Irrigation systems in the project
area, without exception, have deteriorated and their efficiency has
dropped tremendously.

Since 1969, when the First Five-Year Development Plan (Pelita I)
was enforced, the Government has made great efforts to rehabilitate the
irrigetion systems to increase rice production in combination with the
introduction of the BIMAS and INMAS programs through the expansion of
paddy fields.

However, the long neglect of maintenance and repairs prevented com-
pletion of the rehabilitation work in the short scheduled.period of 5
years, and the work had to be continued during the period ofkthe Second
Five-Year Development Plan (Pelita II}.

Besides the rehabilitation of the irrigation systems, the Government
has adopted the following measures for the agricultural sector in Pelita -
II.

As for the development of agricultural infrastructure for which the
Ministry of Public Works and Power is responsibile, the sequence of priority

is set out as follows:

(n) Rehabilitation works for the existing public works such as irrigation

flood control and reclamation of svampy area,

(b) Continuation of the construction projects started during the period of
Pelita ~ I,

(e) Construction of guick yielding projects to increase rice production,

(d) Development of the projects for which technicel and financial aid has
been provided by foreign countries,

{e) Improvement of the system of investigation, planning and design of
development projects and implementation of phased development in order to

obtain guick effects,



(t) Conglruction of now large-~scale projects for which the construction

period required is more than 5 years.

On the production side, the Ministry of Agriculture stresses the fol-

lowing five pointa;

(s} Improvement of cultivation techniques,

{(b) Introduction and distribution of high yielding varieties of crops,
(¢) Increase in the use of fertilizers,

(d) Protection from pests and plant diseases,

(e) Effective water management in irrigation water use,

On the ground mentioned above, the present condition in this project
aren is being improved as far as the irrigated agriculture is concerned.
The existing irrigation facilities in this area presumably have been re-~
habilitated. Especially, the irrigation system including farm-consolida—
tion in the Sregen ares and those fed by the existing irrigation reservoirs

in the Karanganyaxr area are now functioning well.

However, at present the water sources of those existing irrigation
systems mostly depend on the tributaries and several small reservoirs.
Distinet variation of rainfall in the dry and wet seasons has greatly
affected the utilization of such water sources for irrigation since most
of the tributaries maintain running water only during the wet season of 6
months and remain dry in the dry season. Usually, water available in the
dry season can hardly irrigate the area of about 40% of the existing irri-

gation areg; this situation results in unstable preduction.

Compared with the existing irrigation systems, farm road networks
are far from consolidated. There are almost no roads passable by motor
vehicles throughout the year for hauling products, fertilizers, etc. to
and from the farm. At present, considerable labor is being used for this

purpose,

1.2 Traditional Water Use and Operation and Maintenance

1.2.1 Traditional Water Use



Water from the irrigation reservoirs is digtributed uniformly to each
block where the irrigated area is usually divided into several areas by
cropping rotation. While, in the area served by tributaery weirs, the most
downstream areas where early cropping is practised can receive the water
first, followed by the upstream areas. In the severe dry season, most up-

stream areas usually have preferential rights of water use,

1.2.2 Operation and maintenance

Large scale irrigation systems are operated by the provincial irrigation
office. Control of water distribution is maﬁaged by directing personnel
(Juru Pengairan) at sites with the assistance of the operation officer of
the irrigation office. Other irrigation systems are under the management
of villeges (Desa). Daily operation is usually entrusted to operators
{(Ulu~-Ulu) selected from among the villagers. Recently, organizations for
wvater management are being established in the area, one example is the

"Dharma Tirta."

Mpintenance of the irrigation systems is mostly carried out by the
Gotong Royong system (mutual cooperation) of the villagers with the fi-

nancial support from the local Govermment.

As the hinterland of this project area is situated on the slope of
G. Lawu where most arable lands have been cleared for crop cultivation,
surface erosion is severe at times of heavy rainfall and most tributaries
carry off the eroded materials. The existing diversion weirs therefore
are often affected by heavy silting. These weirs are maintained by frequ-

ent operation of sand flush gates, or by hand removal of silted deposition.

1.3 Topographical Conditions

The project area extends over an area of about 32,000 ha along the
Sala River at the altitude between 80 m and 100 m above SHVP, About 87%
of the project aree is on the right benk and extends for about 70 km long
up to Kali Kedungbanteng (or Kali Sawur) which separates the Central Java

Province from the East Java Province.

The area situated on the left bank is about 4,000 ha and extends up
to Kali Gawe, a tributary rising in G.Merapi. K.Dengkeng, the largest



tributary on the left bank of the Sala River, flows through the central
part of the area.

The project land is almost flat and sloping gently toward the Sala

River in the downstream direction, Many tributaries rising from G,Lawu

cut through the right bank area, while there are less number of tributaries

on the left bank,

Principal roeds are near the east edge of the project area. In the
central part, Surakarta (Sala) city is located, The total irrigable area
is about 23,600 ha out of the total arem of 32,000 ha as broken down

below:
Project area Irrigable area
Left bank area 4,000 ha 2,800 ha
Right bank ares 28,000 ha 20,800 ha
Total area 32,000 ha 23,600 ha

1.4 Existing Irrigation System

Concerning water supply conditions, as shown in, DWG WI-001, the
project area can be clessified into four areas, namely, technical, semi-

technical, non-technical and rain-fed areas.

Cumuletive figures of the areas classified above were obtained from

the local irrigation offices as shown in Table V-1,

These areas are supplied with water by 6-irrigation reservoirs
constructed on several tributaries, 42 diversion weirs on tributaries,
28 punps and 2 springs. Pumps are usually operated in the dry season

and some of them are out of order at present.

Irrigation areas classified by emch water source are given in Table
V-2 to V-4,

At present, Waduk (Reservoir) Lalung is being expanded to increase the

storage capaciiy by 2 million m3 and thereby bring the total storage

capacity to 5 million m3. This is being done by heightening the dem by

5.5 m, By this, an area of about 3,500 ha will be supplied with water.



Present irrigation areas by each water source and seasonal water
utilization in the whole area of the related local irrigation districts

(Seksi) are given in Table V-5 and V-6,

As shown in Fig., V-1, most of the area on the right bank in the
project area is provided with water by technical irrigation systems and
only two areas totalling about 3,500 ha are rainfed in the Sragen district,

because of topographiec conditions,

Waoter distribution in this area is well managed through turnouts
provided with sluice gates. Distribution canals are partly lined with
stone and maintained by adjustment and repairing., In particular, canals

from WD.Mulur and WD,Lalung are well maintained.

In the left bank area, there are three irrigstion systems, But the
area served by them is narrow, except the ares served by Pencit weir on
Kali Dengkeng (at present, the main part of the weir is broken and most of

the nrea is rainfed.)

The present irrigantion system is fully utilized in the wel season buf

more than 60% of the system is not used in the dry season.

1.5 Drainage and Farm Roads
1.5.1 Drainage

The project area generally inclines with a slope of 1/200 to 1/1,000
towards the Sala River. On the slope, there are tributaries at an appro-
ximate interval of 2.5 km. The slope of the land toward every tributary
is about 1/200 to 1/500.

At present, those areas in the project area at low elevations are often
inundated due to backwater of the main Sala. When the water level of the
Sala is low, the tributaries (about 30) function as drainage canals. A
considerable number of drains exist in the farms; its density is estimated
at about 10 m/ha.

1.5.2 Farm road

Existing farm roads have a width of about 2 m on an average and are in
very poor condition. The network density is estimated at about 20 m/ha,

There are almost no farm roads passable for motor vehicles under all weather

conditions,



V..ta

(se21370 *N°d°@) UBIL I935BR

139aN0S B3

001 8Lv‘o92T 6°2¢ y16°8C 1°LL 96416 €T 6€6°9T 0 02 ¥eeise  Loek TLZ°6¢ 1®4q07
001 1€eéey L°¢g €8z¢L 6°¢8 gh0°8¢ 8°9 20 18dS 6°82 C2ICT  Z2°8% 618°1¢ ud}BeTy
001 ogzce  z°o1 165°¢ 8°68 £89°1¢ g°ze 08 281 czbto 8 8t 612‘L1  1edusduvamy
00T, 298°¢r  €°6¢€ Y£0‘8t L1709 £egle 9°21 ¥6L°¢ Lzt 908°¢ tocg cggéor uadeaig
% BaIy % BaIy o B3IV % Baay % ERAS % BaAY
(o) Te103~qng TEO1uY2a)-udy  [@Jtuyoey IwLag TBOTUYIay reNes
(B4) 1B10] BAJIE PIJUIBY (=) Baly palediaal

UOT)EITJISS U] pue] JULISIXY

T=A

aTqel



Table V.2 Existing Reservoir Irrigation Area
1
Storage capacity L Irrigation area
No. Name Of. Location Constructed . : Sediment- Reservoir Catchment Rainy Dry Remarks
reservoir year Design Present .
. ation area area season season
33 33 33 2 ;
1

1. Mulur Seksi 1921 (107m7) (107m") (107m") (ha) m™) (ha) (ha)

Karanganyar 4,935.0 3,435.0 1,500.0 100.0 50.0 4,028.0 1,530.0
2. Lalung Seksi 1944 3,000.0 3,000.0 0 65.0 27.0 2,183.0 1,643.0 under extension.

Karanganyar (5,000.0) {(5,000.0) {5,677.0)
3. Tewel Seksi 1912 79.5 4.5 75.0 3.4 6.1 275.0 71.0

Sragen
4, Kebangan Seksi 1939 500.0 350.0 150.0 13.0 7.3 1,947.0 1,235.0

Sragen
5. Gebyar Seksi 1942 701.3 601.3 100.0 10.0 15.0 1,727.0 420.0

Sragen
6. Brambang Seksi 1912 103.6 93.6 10.0 4.0 6.6 T09.0 185.0

Sragen

Total 10,869.0 5,084.0 4T %

Data scurce:

/1: Not actual survey (Data source:

Seksi Irrigation Offices (Karanganyar, Sragen)

Master Plan).



Table V-3

Existing Tributary Irrigation Area

Name of diver-

Irrigation area (ha)

No. sion weir Name of tributary Rainy season Dry season Remarks
1. B. Ambil-ambil K, Ambil-ambil 223 0
2, B. Geneng K. Jlantah 760 219
3. B. Pepen K. Jlantah 4,028 1,530
4, B. Langsur K. Nglangsur s (374) ; E (50) a ¥D. Mulur
5 B, Dari K. Kumet 331 30
6 B. Kaliduren K. Bening 570 170
7. B. Gembong K. Gembong

8. B. Trani K. Samin ] 2,137 290
9. B, Pancuran K. Cabsk
10. B. Karanng K. Cabak a 34 0
11. B. Palur K. Bibis 45 45
12, B, Jumek K. Gandu 225 144
13. B. Dukuh K. Gandu 283 184
14, B. Kalongan K. Wulun 1,427 1,316
15. B. Jongkang K. Gabahan 583 284
16, B. Kebak Afvur Siwawh 210 129
17. B. Lungge Afvur Siwawh 177 145
18. B. Pengin K. Tempuran 891 482
19. B. Ledok K. Grompol 204 64
20. B. Banjarsari K. Grompol 460 187
21, B. Craken K. Craken 208 67
22. B. Kedunggatot K. Karang
23, B, Kedunggawe . Jambangan; 2,033 599
24, B. Knhil Afvur Prampalan
25, B. Gebang K. Munghkung 459 162
206. B. Bonggo K. Tempuran 488 163
27. B. Sepreh K. Sragen 253 80
28. B. Karas K. Sragen 124 31
29. B. Krapyak K. Sragen 314 103
30. B. Randu . Ngrandu 256 121

Name of diver-—

Irrigation area {ha)

No. sion weir Name of tributary Reiny season Dry season Hemerks
31. B. Maron K. Ngrandu T4 27
32. B. Ngarum K. Ngarum 603 218
33, B, Klenteng K. Ngampanan 938 31
34. B. Kedungsong K. Bojuz 212 53
35. B. Nangsri . Karang 1,344 61
36, B. Kedungduren . Sawar
37. B. Winong K. Sawar ) 758 145
38, B, Piji K. Sawar 1,739 599
Sub-total 18,313 7,429
. B. Garotan K. Paijinan 319 0
2. B. Jatimalang K. Dewung 235 0
3. B. Pencit K. Dengkeng 250 0
Sub-total 804 0
Total 19,117 7,429 39 %
paddy 4,265 (22 %)
sugar cane 3,164 (17 %)

Data source:

Seksi Irrigation Office.



Table V-4

Existing Pump Irrigation Area

No. Name of pumps Water source ?:E?ii:{l ?;YE; ;;:ig%ﬁi?n
1. Mlale Behgawan Solo 0.040 16 50
2.. Kalibening Keli Bening 0.015 30 -
3. Plosorejo Plesorejo 0.030 16 90
4. Kauman K. Jlamprang 0.010 20
5. Sogo K. Sogo 0.010 25
G. Murong I K. Kenatan 0.030 16 —
. Murong 11 K. Kenatan 0.025 15 200
Kaponan I K. Gebang 0.023 16 40
. Kaponan II K. Gebang 0.035 20 50
10. Ngagol I B. Solo 0.016 25
11. Ngagel II B. Solo 0.016 8 25
12,  Tenggak B. Solo 0.040 16 50
13. Glonggong Bend. Craken 0.045 16 ‘25
14. Sribit B. Solo 0.035 16 60
13, Gebang 1 K. Jlamprang 0.015 16 25
16, Gebang I1I K. Jlamprang 0.020 20 30
17. Bedoro K. Kenatan 0.020 T 30
Sub-1lotal {(Sragen) 17 sites 0.425 745
18. Parangjoho B. Solo 0.070 27 100
19. Kriwen B. Solo 0.150 50 420
20.  Johe Afyoer 0.015 1 15
21. V¥aru K. Guworejo 0.016 15 16
22, Sidodadi K. Grompol 0,050 47 101
23,  Kebak Bend. Kebak 0.016 15 20
24, Pulosari I K. Manggis 0.015 15 20
25,  Kemiri Sroyo 0.016 15 17
26.  Nangari K. Baparan 0.016 15 16
27. Pulogari II K. Jelok 0.015 15 20
28. Jaten K. Bulu 0.030 30 36
Sub-total (Karangenyar) 11 sites 0.409 761
Total 28 mites 0.834 1,506

Data source: Master plan (D.P.U. Offices)



Table V=5 Existing Irrigated Paddy Field by Each Water Scurce
Tributaries weir Reservoir Spring Pumbp
Seksi Total ) Disch {m°/3)
irrigation area Irrigation area  Irrigation area No. Irrigation area No. 1scharge m-/3 Irrigation area No. Disgharge
g Rainy S. Dry S. (m?/sec)
Sragen 27,8332 (100) 10,324 M (37%1) 11,238 M®(40.0) 15 1,122 (4.0%) 232 2.08  0.99 5,1498% (18, 57) 40 1.14
Keranganyar 31,683 (100) 20,670 ha (65.3) 9,923  (31.3) 3 108 (0.3) 206 3.45 2.07 982 (3.1) 25 0.59
Klaten 38,048 (100) 33,169 (87.2) 2,562  ( 6.7) 1 2,089 (5.5) 127 3.6 2.95 228 (0.6) 18 0.78
Total 97,564 (100) 64,163 (65.8) 23,723 (24.3) 19 3,319 (3.4) 565 6,359 (6.5) 83
Note: Above figures are compiled from the data in 1968 to 1970 prepared by D.P.U. Offices
Data source: Master Plan.
Table V-6 Existing Irrigation Water Use in Rainy and Dry Season
Intake water Avgilable water Water losses
Seksi Rainy season Dry season Total Rainy season Dry season Total Rainy season Dry season Total
3 3 3 3 3
m’/s % m /s % m /s % m3/s % m3/5 % ma/s % mj/s % m /s % m /s %
Sragen 87.65 81.1 20.42 18.9 108.07 100 58.57 84.0 11.15 16.0 69.72 100 29.08 75.8 9.27 24.2 38.35 100
Karanganyar 88,31 76.9 26,49 23.1 114.81 100 53.15 78.8 14,26 21.2 67.41 100 | 35.16 74.2 12.23 25.8 47.39 100
Klaten 195.55 71.0 79.84 29.0 275.39 100 187.96 72.7 T0.75 27.3 258.71 100 7.39 45.5 9.09 54.5 16.68 100
Total 371.51 74.6 126.75 25.4  498.27 100 299.68 75.7T 96.16 - 24.3 395.84 100 71.83 70.1 30.59 29,9 102.42 100
Note: (1). Above discharges show an average irrigation water in the rainy and dry seasons, estimated by using the data for three years from 1969 to

1971.

{2). Rainy season October — May

Dry season June - September.

Data source: Master Plan.
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Fig. V—1 _Present |Irrigation Areaq
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2. TRRIGATION FPLAN

2.1 Irrigation Area
2.1.1 Proposed Irrigation Area

Main canals run on both banks alang the Sala River, generally 2
to 8 km away from the river course. Propozed irrigation area will be

the inner area bounded by these canals and the Sala River.

FPig. V-2 shows the administrative divisions of the proposed irri-
gation area; the area breakdown of each Kecamatan (township) is pre-—
sented in Table V-T.

2.,1.2 Land Use

The present land use in this arem is given in Table V-B. Out of
the present upland area of 2,500 ha and another area of 1,800 ha, 100
ha of the former and 200 ha of the latter could be turned into paddy
field.

Future land use after the completion of the project is shown in
Table V-9,

Among them, the lowland area of 21,200 ha and the upland area of
2,400 ha are decided as the proposed total irrigation area of 23,600

ha.

The areas situated on the left and right banks are about 2,800 ha
and about 20,800 ha respectively. The total area is larger by 1,600 ha
than the area proposed in the Master Plan. This increase is due to up-
grading of the survey accuracy and the inclusion of an area of about
500 hae in Klaten district.
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Table V=T Irrigation Area
Kabupaten Kecamatan B, Sala Irrigation Area
Sukoharjo Nguter Right 1,150 ha
Sukoharjo Right 2,450
Bendosari Right 860
Polokarto Right 430
Grogol ‘Right 850
Mojolaban 1,150
Tawangsari 1,380
Bulu 410
Sub~total 8,630
Karanganyar Jaten Right 690
Kebakkramat Right 990
Sub-total 1,680
Sragen Masaran Right 2,020
Sidcharjo Right 3,220
Sragen Right 1,840
Ngrampal Right 2,010
Gondang Right 330
Sambungmacan Right 2,880
Sub-total 12,300
Klaten Karangdowo Left 910
Cawas Left B0
Sub-total 990
Total

23,600




Table V=8

Table V-9

Present Land Use
Land category Area (ha)
Low land 20,900
Irrigated 14,400
Rainfed 6,500
Up land 2,500
Others 1,800
Yard 6,800
Total 32,000 ha

Future Land Use

Land category Area (ha)
Irrigated

Low Land 21,200
Irrigated

Upland 2,400
Others 1,600
Yard 6,800
Total 32,000 ha

V-

1
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2;2 Irrigation Water Requirement
2.2.1 Genef&l
(n) Definition
Several terms used in this section are defined as follow:
Consumptive use (U) = Evapotranspiration

Puddling requirement (PR) = Water to be required for field

preparation

Water requirement (WR) = (U) + percolation + (PR)

il

Irrigation requirement {IR) (WR) - Effective rainfall

Diversion.requirement { D)

11

(IR} x Irrigation efficiency

(IR) + all losses (farm wanste,
farm ditch loss, conveyance loss,
ete.)

(b) Calculation process

Firstly, consumptive use of each crop proposed and the irri-
gation area are calculated according to the proposed cropping
pattern, and secondly, irrigation and diversion requirements for
the irrigation area are calculated based on available rainfall
data for the past 20 years (1953/'54 - '72/'73).

Finally, water balance calculation and frequency study of the re-
quired storage of the reservoir is worked out to determine the optimum

storage capacity of the Wonogiri reservoir.

A diagram of this calculation is illustrated in Fig. V-3.

2.2.2 Consumptive Use of Crop

The most desirable way to determine the consumptive use is the
actuanl measurement of water requirement in the field over a long period.
But, since no data are available in this area at present, the Blancy-

Criddle method is applied in this study.

Consumptive use obtained by this methed is expressed in the follow-

ing equation.



U=K+F =Kt Ke-7?

vhere; U : monthly consumptive use of crops in mm

Kit: climate coefficient related to the mean air temperature
= 0.311 t + 0.240

Ke: coefficient reflecting the growth stage of the crops
f : monthly consumptive use factor

~E_
100
P : monthly percent of daytime hours of the year

at 7° - 30" south latitude

{45.7 + + 813)

t : mean monthly temperature, in °c.

In this study, mean monthly temperature is taken from the average
monthly records at Panasan and Pabeland stations as shown in Table
V-10.

Monthly crop coefficient of each crop is determined based on empirical
data as shown in Fig. V-4 and Table V-11,

Calculation process is given in Appendix V-6 and the results

are presented in Table V-12,

2.2.3 Percolation and Puddling Requirements
{(n) Percolation

There ere no available dates of percolstion measurements in
this project area. Generally, the percolation rate of 1 to 3 mm/day

is used for projects in Java.

Since the soil type in the project area is alluvial (60 %) and

grumsol (40 %), percolation loss in the area is assumed as follows:

October - May ; 2 mm/day
June - September ; 3 mm/day



{(b) Puddling requirement

Vioter needed for nursery puddling and field puddling is

assumed to be as follows:

Nursery Field
Rainy season 150 mm 200 mm-
Dry season 100 mm 150 mm

2.2.4 Effective Rainfall
{a) Rainfall data
Roinfall records of the past 20 years were collected from

the 12 rain gnuges‘in and around the project area.

Among them, 6 rain g&ugesZL vere selected as shown in Fig. V-5
for studying effective rainfall in the area by location, elevation,

recorded accuracy, etc.

The average monthly rainfall in the project area in those
years is presented in Table V-13. Mean annual rainfall over this

area is 2,006 mm.

(1) Bffective reinfall

Based on the above monthly rainfall, effective rainfall is

estimated because complete daily rainfall records are not available.

Effective rainfall is presumed to be about B0 % of the total
monthly rainfall, and the daily effective rainfall is calculated
as shown in Table ;—14. Seasonal variation of effective daily
rainfall is 0.8 to 3.0 mm/day in the dry season and 5.6 to 8.4

mm/day in the rainy season.

2.2.5 Irrigation Water Requirement
(a) Cropping calendar and area

Cropping calendar adopted for the study is illusirated in

/1 See Appendix V-2,

V-ln
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Fig. V-6. Based on this, the monthly cropping area for the
unit area of 1,000 ha for each crop is illustrated in Fig. V-T
and the total monthly irrigatioen area by crop is shown in

Tahle V-15.

The nursery area in the paddy field is presumed to be 5 %
of the total cropping area of paddy.
Table V-16 shows the total cropping area by c¢rop in this project

area,
Table V-16 Total Cropping Area
Crop Area ( ha )
Dry season Rainy season

Paddy rice 15,800 18,500
Sugar cane 5,400 2,700
Polowijo 2,400 2,400
Total 23,600 ha

(b) Water requirements

Based on the data in the previous sections, water require-

ments by crops are calcuiated as shown in Teble V-17 and V-18.

{c) Irrigation efficiency
Irrigation efficiency varies with the method of irrigation,

type of crops and physical characteristics of the irrigated land.

In Java, loss rates are assumed conventionally for irrigation

studies as follows.

Loss, in  main canal 5 -7T%
in  secondary canal 7T ~-12 %
in  tertiary canal 30 - 60 %

Irrigation efficiéncy in this area is determined %o be 70 %
on the average, taking inte consideration that the secondary and
tertiary canals run through the irrigeted land and reuse of water

would be possible to some extent.



(d) Irrigation and diversion requirements

Based on the above water requirement of each crop, monthly

irrigation requirement is calculated. .

Monthly diversion requirement is then calculated by multi-

Plying irrigation efficiency by the irrigation requirement.

Table V-19 shows the monthly diversion requirement for a
period of 20 yearsil. The Maximum monthly diversion requirement
aceurred in June, 1967/68, about 33.5‘m3/sec and the maximum annual

diversion requirement was about 525 million m3 (1961/62).

Based on the monthly requirement, the unit irrigation require-

ment by crop is calculated as shown in Appendix V-8,

2.2.6 Required Reservoir Storage for Irrigation Use

The water balance between the diversion requirement and the river
flow at the Wonogiri dam site is cealculated for a period of 20 years as

shown in Appendix V-9,

Yearly deficit of water, that is the storage cepacity required for
the Wonogiri reservoir is presented in Table V-20. From this data, &
frequency analysis of required storage for probable dry year is examined
in Fig. v-8.

As shown in this figure, for the 90 % dry year (the return period

of 10 years), about 400 million m3 is required in the Wonogiri reservoir.

Besides, as the irrigation water is diverted from the Sala river
after being used for power generation and then taken into canal at the
Colo intanke, about 13 km downstream, allowance for loss of water in
this river section will bhe added by about 2.5 % of the required volume

for conservative estimate,

Hence, the required storage capacity of Wonogiri reservoir is

410 million m3 for irrigation use.

/1 Ref. Appendix V-7 for further details of calculation

V20



The sioroge will consist of

- Storage for net irrigation requirement 400 x 106 m3
- Allowance for loss of irrigation water 10 x 106 m
-~ Storage for water release to the downstream

areas during thé dry season a0 x 106 m3

{about 2 m3/sec)

The total storage capacity is 440 x 106 m3.

Table V=10

Monthly Percentage of Day—time Hours and Mean Temperature

Month

Item Jan Feb Mar Apr May June July Aug Sept 0Oct Nov Dec

P B8.7T 7.82 8.52 8.12 B8.26 7.96 8.23 8.32 8,18 B8.59 8.45 B8.78

t 27.3 27.7 28.0 28.9 28.6 28,3 27.8 27.9 28,3 29.1 28.7 28.1

Note (P) Data Source is "Irrigation principal & Practices"
by Orson W. Isnaalsen - 7% 30! south latitude.

(t) Mean value gt "Panasan" and "Pabelan".
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Table V-11 Consumptive Use Coefficients {Xe)
Month Rice Sugar cane Polowijo
Apr. 0.91 0.65 0.6
May 1.06 0.63 0.6
June 1.31 0.55 0.6
July 1.28 0.56 0.6
Aug. 1.30 0.67 0.6
Sép. 1.50 0.75 0.6
Oct. 1.02 0.82 0.6
Nov, 0.98 0.87 0.6
Dec, 1.14 0.89 0.6
Jan. 1.11 0.90 0.6
Feb. 1.12 0.88 0.6
Mar. 1.23 0.82 ¢.6
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Consumptive Use by Crops

Table V-12 (Unit: mm/day)
Month” Rice Sugar cane Polowijo
Apr. 6.0 4.3 3.9
May 6.8 4.0 3.8
June 8.2 3.5 3.7
July 7.8 3.4 3.7
Aug. 8.1 4.1 3.9
Sept. 2.6 4.8 3.8
Oct. 6.9 5.9 4,1
Nov. 6.6 5.8 4.0
Dec. 7.5 5.9 4.0
Juh. 7.1 5.7 3.8
Feb, 7.1 5.6 3.8
Mar. 7.9 5.2 3.9
Mean 7.5 4.9 3.9




Fig-V—5 _Location Map of Rainfall
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Table V-20 Storage Capacity Required

Year ma/sec.month 10% m
1953/54 135.0 349.9
1954/55 81.9 219.4
1955/56 42.1 112.8
1956/57 55.2 143.1
1957/58 125,2 324,5
1958/59, 48,5 125.7
1959/60 106,6 276.3
1960/61 131.3 351.7
1961/62 150,5 403.1
1962/63 109.4 283.6
1963/64 174.6 467,6
1964/65. 92.7 240.3
1965/66 149.2 386.7
1966/67 51,0 136.6
1967/68 152.0 394.0
1968/69 13.8 35.8
1969/70. 138.0 357.7
1970/71 7.7 185.8
1971/72 75.4 195.4
1972/73 138.4 370.7
Average 268.1

V3%
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2.3 Solection of the optimum Irrigation System
2,3.1 General

In determining the most optimum irrigation system for providing
the required irrigation water to the project area, the following alter-

natives have been studied.

ALT. — A To build the Colo diversion weir about 13 km downstream of the

Wonogiri dam and to convey water by gravity flow canals therefrom.

ALT, — B To divert water directly from the reservoir into the irrigetion
canal and to convey water by gravity flow canal. Two sub-alternative

plans were considered in this case:

(i) to divert to both banks, and

(ii) +to divert to the left bank only.

ALT. — C The main system is the same as ALT. - A, but water would be
pumped up to the adjacent highland areas on the way to the main canal,

EEE TTLT Y = i beeT

ALT. — D To divide the whole irrigation area into two blocks: one is
the upstream side of the existing Afvur Siwaluh of Seksi Karanganyar

and the other is the downstream area therefrom.

For the upstream area, the scheme is the same as ALT.-A, while for

the downstream area, two sub-alternsative plans were considered:

(i) to pump up water from the Sala River and to convey

weter by gravity flow canel,

{(ii) +to build an intake barrage across the Sala River and

to convey water by gravity glow canal,

Fig. V-9 and Table V-21 show the location and figures of these
alternatives.



2.3.2 Detailed description of the alternative systems

The alternative irrigation systems mentioned above are further

explained in detail,
The construction cost of each system is shown in Table V-22,

(Alternative plan — A)

This is the same system as proposed in the Master Plan, Head work
at Colo diverts water afiter using for hydropower generation into the
main canals running along both banks, Since the canal has to be laid
out for a longer distance with limited head, the irrigation area is

rather confined.

(Alternative plan - B)
B-1 To diver to both banks

This plan increases the irrigation area by about 6,000 ha, 5,000 ha
on the right and 1,000 ha on the left bank compared with ALT. A, It can
save the cost of the Colo diversion weir. On the other hand, the topo-
graphy calls for about 17 km of tunnel or canal construection on both
banks, a 5-km tunnel on left bank and a 12-km tunnel or 10-km open canal
or a deep open cut more than 15 m deep with 10 tributary crossings on
the right bank,

The additional cost is estimated at about US$38.5 million; for the
left bank US$8.5 million, and for the right bank US$30 million. If
the cost of the downstream system 1s the same as in ALT., - A, the ad-
ditional cost is estimated at U3335 5 mllllonl— {See Appendlx V-1)}

Besides the above, the possibility of hydro-power generation at the

Wonogiri dam will be sacrificed in this case,

B-2 To divert to left bank only

If this scheme is envisaged for the left bank alone, conflict with
pover generation will be reduced because of the slight diversion of the
discharge, max, 5.4 m3/sec. However, this will compete with ALT, ~ C

if the water supply is small,

/1 Total additional cost - Colo weir cost

= 38,5 - 3,0 = US$35.5 million



(Altevnative plan — C)

Topography of the projeci area gives less posaibilily of exteﬁding
“{he irrigation area by this alternaetive scheme within economic range.
The possibility is left only for the area of 600 ha in Selogiri district
north of Wonogiri on the left bank. For this area, a maximum of 0.85

m3/sec. of water has to be pumped up by gross lift of 23 m.

Total construction cost of this area including the irrigation system
is estimated at U3$834,000 and the annual operation cost would be about
US$64,600 (See Appendix V-1).

Comparing the schemes of direct diversion through a tunnel with pump
irrigation to thia left bank area, the pump irrigation has the fdllowing

economic advantage:

Cost of 5-km tunnel Us$8, 500,000

Cost of pumpl: US$2,126,000 x 50/20L2 = 5,315,000

{Alternative plan - D)

Bounded by the existing Afvur Siwaluh of Seksi Karanganyar, the
irrigation area is divided into the upstream and the downstream areas.
Water to the upstream irrigation area is diverted from the Colo weir
end that to the downstream ares is supplied from the Sela River at a

gite about 5 km downstream of the Jurug highway bridge of Surakarta.

P-1 Tump-up plan

To irrigate the divided downstream area of 12,700 ha, the maximum
water of 18.0 m3/sec has to be pumped up from the Sala River. For such
a large installation, it is desireble to provide 4 to & units of pumps

to meet the seesonal variation in water demand.

Total construction cost of this pumping facility is estimated at
US$5.7 million exclusive of the canal syste 1. And the annual operating
expenses required will be about US$252,000££.

Sce Appendix V-1

/1
/2 Life of tunnel and pump is assumed to be 50 years and 20 years
respectively.

V-3
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D=2 Diversion weir plan

Since the Sala River widens its valley sa it goes down, suitable
weir site for gravity inteke can hardly be found. Tf the water has to
be led to the same erea ms in ALT, ~ A, the intake water level at the
weir will have to be set at EL. 96.0 m at the lowest since the irrige-
tion field is situsted et EL. 94.0 to 95.0 m. In this case, the height

of the weir comes to about 19 m above the river bed and 10 m higher than

Ve oo

the planned formation level of the Sale level, EL. 86.2 m SHVP. TFurther-~

more, 1t would submerge en area about 2 km wide and 17 km long on the
upstream. BEven though the levee along the Sala is raised, it will make

the drainage by tributaries or sluices difficult.

In this case, the only possibility is to build & movable weir.

However, manufacturing of a gate as high as 19 m or so is practically

impossible. Hence, the diversion weir should be plenned within practical

limit combined with the river improvement scheme. Based on the present
river improvement plan, the acale of the diversion weir is envisaged as

follows;

Intake water level EL. 82.0 m SHVP

River bed elevation : EL. 77.0m
Movable section, width : 70 m

Total length of weir : 200 m

Gate . H 10x5m @6

Sala Diversion Weir

§=1: 1,000

e 200" e S -__-___-_..._._‘
= E = S e S =
————— _! H__ .. |18se ! Nl .||_¢M_|:=-_________
_ ]I T = | =TS

In this plan, the area irrigable by this intake weir is reduced to
7,600 ha, about 60 % of 12,700 ha. The cost of weir is estimated at
US%4.5 million.

86, <
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2.3.3 Qperation and maintenance aspects of alternative systems

The aspects of the operation and meintenance eare discussed as to
ALT.~A (almost the same as B and C) and ALT.-D.

ALT. — A The main canal is 64 km long from the Calo weir to the other
end with water conveyance time of about 24 hours, and it has 39 turnouts
and 3 check gates on the course, Out and out water supply to the fields

are indispensable to the proper operation of these fmcilities.

A water control organizatien is required, in which operation per-
sonnel make accurate gate operation and distribute water equitably to the
irrigation area according to the instructions from the Central Office of
Water Control (described in detail in Chapter 2.5). The personnel must
always inspect the block to remove aquatic plants and dust adhering to
the screens of siphons proposed at 15 sites., Also they must weed out
in the canals, rectify the slopes, remove sediments (earth and sand),
and so on, for maintenance io ensure good running of the water. The

operation and maintenance will require US$130,000 per annum, =

ALT. = D Same as in the ALT.-A, the main canal is divided into 2 sections,
each length is about 30 km, but this makes the distribution time a half

of the Plan A and the anticipeted distribution trouble is less allowing
somevwhat easier water control. However, the division into two sections
neither change the conirol method nor reduce the labor force, and the

conditions in this regard are the same.

In addition to the case of ALT.-A, ALT.-D-1 requires the control

of pumps and diversions.

The cost of controel will be increased due to the operation of two
diversions. To irrigete the same area under ALT.~A, ALT.~-D must rely
upon the pumping up as propesed in ALT.-D-1. In this case, the annual
cost for the operation and maintenance will furthef increase by US$252,000
to US8382,000.

As a conclusion, ALT.~A requires more care to be iaken than ALT.-~D
on the water contrel, but well trained staffs can overcome such a dis-
asdvantage. Furthermore, the cost of operation and maintenance for

the ALT.-A is smaller than that for the ALT.—D.
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2,3,4 Proposed irrigation system

The selection of the proposed plan from the alternative plans is
made by means of the least unit cost per he including consiruction cost

and operation and maintenance costs.

The comparison also takes into account the operation and maintenance

nspects of the irrigation systems,

As ‘shown in Table V-22, plen A is finally selected as the most
economical plan for the irrigation system. In the calculation of the
unit construction cost per ha, annual operation and maintenance costs
are firstly capitalized for each alternative plan by using the discount
rate of 10 % with 30-year period, After calculating the total cost hy
adding the capitalized cost to construction cost, unit cost per ha is

cstimated.
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Table V-21

Summary of Comparison of the Alternatives

Plan B Plan D
Item Plan A 1 2 Plan C 1 2
Irrigation area (ha)
Left bank 2,800 3,800 3,800 3,400 2,800 2,800
Right bank 20,800 25,800 20,800 20,800 8,100 8,100
Ga2,700 (7,600
Total 23,600 29,600 24,600 24,200 23,600 18,500
Main canal (km)
Left bank 25.6 25.6 25.6 25.6 25.6 25.6
Right bank 63.9 63.9 63.9 63.9 3.0 33.0
{30.9 (30.9
Total 89.5 89.5 89.5 89.5 89.5 89.5
Tunnel (km) - 17.0 5.0 - - -
Mex. discharge 33.5 42,0 34.9 34,4 33,5 26.3

(m3/sec)
Colo weir

Surakarta weir

Pumping station - - - o o -
Power generation at o - 0 o 0 o
Wonogiri
Note /1 : The item with o is'required

or to be installed for the plan,
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v=-22 Summary of Cost Comparison
(Us$1,000)
Ttem Plan A Plan B Plen C Plan D
1 2 1 2
1) Construction cost 33,100 74,150 42,770 34,200 37,000 31,270
2) Annual OM cost 130 130 130 195 382 130
3) Capitelized OM 1,230 1,230 1,230 1,840 3,600 1,230
cost
4} Total cost 34,330 75,380 44,000 36,040 40,600 32,500
(1) +3))
5) Unit cost per ha 1.45 2,55 1.79 1.49 1.72 1.76
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2.4 Main Irrigation System

Main features of the selected irrigation system are presented in

the following,

2.4,1 Headwork

i
For about 13 km of river length, downstream from the Wonogiri dam,
several alternative sites for headwork have been studied, as shown in
Fig. V-10. Selection of the proposed site was based on the following

points: :
(i) Keeping sufficient head at an economic cost
(ii) guaranteering structural stability at low cost

{iii) ensuring ease of construction and maintenance,

as well as proximity to the irrigation area.

The study concludes that the Colo site, the lowest site, is most
suitable, This site is situated near the outlet of the hilly range,

On this selected site, one concrete diversion weir heving two
intakes to the left and right benk canals will be constructed and
will keep the water level of the Sala River up to EL,107.6 m SHVP,
This intake weir will have re-regulation capacity of about 1.2
million rn3 to function as an afterbay of the Wonogiri power plant

which is designed for 6-hour peak operation.

Principal features of the Colo diversion weir will be as follows,

Intake water level 106.5 m SHVP
Inteke discharge, max., left 3.95 m3/séc
right 29,55 m3/sec
Height of weir 7.6 m
Length of weir 108.0 m
Crest elevation of weir 107.6 m SHVP
Design flood discharge (S.H.F.D.) 1,600 m3/sec
Extraordinary flood discharge 2,000 m3/sec

General layout of the Colo diversion weir is illustrated in

Dwg. W1-003.



2.4.,2 Main canal

Route of the main canal is aligned based on the available maps
of 1/50,000 scale. The selscted route is then surveyed 1to check éhe
elevation along the route,because the presently available maps give
less reliable contour elevation. Route alignment is studied from

the following points of view;

(i) to select a route as straight as possible and

minimize the total length,

{(ii) to lay out a route to minimize crossing the settled

areas and transport trunk lines.
{(iii) +to minimize earth work
(iv) to keep the water level in canal as high as possible.
Along the selected route, two main canals will be constructed

for this irrigation area. The principal dimensions of the main canals

will be as follows:

Left Right Total
Irrigation area (ha) 2,800 20,800 23,600
Max. discharge (m3/sec) 3.95 29.55 33.5
Total length (¥m) 25.6 63.9 89.5
Slope 1/2,500-1/3,000 1/2,500-1/6,000
Canal density (m/ha) 9.2 3.1 3.8

As the irrigation ares is narrow for about 50 km, the main canal,
especially the right canal, has to cross a number of tributaries and

the existing irrigation canals.

The canal will cross those tributaries by aquaducts and culverts
so far as possible, and if the relative elevation makes this impossible,
by syphons. The crossings of the existing canals will be replaced by
turnouts and the downstream side of the existing canals 'will be con-

nected to the main canal,

Most canals will be unlined.excavated earth canal.

¢



General layout and profile of the main canal route is illustrated
in Fig. V<11 and-Dwg., WI-002, WI~005 to WI-0OT.

2.4,3 Secondary canal

Secondary canals will be constructed to supply the water from the
main cenal to the extreme end area of 150 ha. Out of the total number
of secondary canals required for this erea, existing irrigation canals
will be utilized for about half of them with some modification of cross
section and slope. Among the existing canals, there are some which can

be utilized as secondary canals with seme rehabilitation.

Number and length of {the secondayry canals will be as follows:

Left Right Total
Number 5 32 37
Total length (km) 13.1 131.8 144.9
(Length requiring only

minor rehebilitetion (km)) {1.0) {31.7) (32.7)

2.4.4 Regulating reservoir
Generally the function of the regulating reservoir is as follows.

(a) Variation in the discharge will be reduced and the cross

section of the canal will be also reduced.
{(b) It will enable to stere and use surplus river water.

(¢} Water-distribution management will be smooth and water

loss will be decreased.
{(d) Maintenance and repair of the canal will be easy.
{(e) Canal system will be simple.
It would be desirable to provide some regulating reservoirs on

the route of the main canal for controlling water distribution over

such a long distance as the water has to travel about 24 hours.

However, in this project area, to provide the regulating reservoir

on the main canal requires a considerable heed and makes the irrigable



area narrower. These reservoirs are planned, therefore, on the route
of the secondory canels and are provided for three cansls which will

serve the area of more than 1,800 ha.

‘There are six existing reservoirs around this project area. If
these reservoirs could be used as regulating facilities, it will be
desirable for this irrigation system. But the relative elevation
makes this impossible. 1t is, therefore, planned in this study that
canals from the existing reservoirs will be connected with the main

canal for effective water management.

The locations of the secondary canals and the regulating reservoirs

are illustrated in Fig. V-1l. The proposed irrigation system is shown
in DWG. WI-CO02.

2.4.5 TFarm network

{(a) Tertiary or distribution ditches

The irrigation area of 23,600 ha will be divided into 49 blocks,

the left area into 10 blocks and the right area into 39 blocks.

Turnouts will be provided at each irrigation block on the main and

secondary canals.

Water distribution from the turnout will be controlled by gates.

The existing small irrigation canals will also be utilized as the

tertiary canal on the farm. However, the density of the existing

tertiary canals is only 10 m/ha or so. New tertiary canals or farm
ditches will be added on the farm to an extent of 30 m/ha. Tertiary

or farm ditches will be laid out every 400 m in distance on the

average.

(b) Drainage

Once the Wonogiri dam is completed, inundation due to back
water from the main Sala will be largely eliminated. The exist-
ing drainage canals and tributaries could fulfil their function
as main drains in the area. On account of this, no additional

mein drainage system is planned in the study.

V.



But on [arms, as the present drains have only & density of
10 m/ha or so, additional drains will have to be provided to avoid
temporary inundation by heavy rains and to quicken the drying of

fields. - New drainage is planned to have a density of 30 m/ha.

{(¢) PFarm road
As stated in Chapter 1.5, the existing farm roads have a net-

work density of 20 m/he but are mostly impassable by motor vehicles.

Improvement of the existing farm roads to make them passable
for motor vehicles and the construction of new farm roads are in-

dispensable for improving farm management in the future.

The network density of all farm roads is designed to the level

of 40 m/ha including roads provided along the irrigation canals.

Standard density of canals, drains, and farm roads on farm are
shown in Fig. V-12 and the standard of eaeh section is shown in
DWG., WI-008.



“Fig.V—10 Location Map of Colo Weir
\/_:I .: [
Ch ( ) A}CJ‘Q
| ) X.pe 4 4 W]
% - 1578 I
D 13
D Wit
X Colo Weir:
| "7 > . s M ’ 70
ol e 6 (7l
0 owo:\.ff,_..-' M 3= _ ..@39 s g \
St 09 J! 2 16 t
®| /. i =
J." / ":J‘:--‘ﬂ‘- lo i' - I
= o g Kedundiignte 240 .
LT T T Py ," li'" ------ ﬂl 65
_ KP .............. ___|67 'I
- L/ ;
. 5 . ()
&) .
) !
3
24 \_. N :' W
: 13 ) ! -~ mu
16 &
PR 5 L] a | 7 ]
q Q ‘::’\\’ 1 : K Garg !
13 10 N g 0
)
i '5
i)
Q - =S " 55
o '50J
4 -
A 93¢ o
10 N o o 39
A . ‘ ) (A
<186 6 3 N
W
N\ o V=
n 2, p
Y \nvestigation areq for \ ' 38
selection of Colo Weir “mz NN ]
sitef 4
@J Vady D)/\/‘
18 z
3 43
138 a1
1480 YD e
1?2 4
e X 140
v . 9 ll' -.
Y km 29 l'. .
m / " SCALE  1:25.000



. V52

Fig. V=II Proposed Irrigation System
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Fig. V=12 Density -of Canals and Roads
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2.5 Operation and Maintenance

Operalion and meintenance in this project is limited to the Colo
weir, main and secondary canals (including appurtenant facilities),
while olher facilities oare to be operated and mainlained by means of

the widely prevalent "Dharma Tirta".

2.5.1 TIrrigation facilities management office

This office is Lo be responsible for the over-all management of
waler for agricultural use, supervision of facilities, inspection,
maintenancve, repair and cleaning. To fulfill these responsibilities
ihe office will have to keep adequate records, undertake sludies and
report to higher authorities on meteorological conditions and operation,
ete, The office will have a staff of about 15,

2.5.2 Colo diversion weir menagement office

Maintaining the ztaflf of 2 persons, this office will have the

responsibilities as follows.

(n)} V¥ater control

Keeping close and continuous contact with the Wonogiri Dam
office in connection with the release of water from the dam and
the intake of such water, this office will take charge of the
operation of the intake gate. It is particularly important to
pay careful attention to the intake gate because of the temporary
increases in discharge volume for generation of power. Careful
and constant supervision of the volume of intake will therefore

be required.

(b) Management of gate control and operation, and maintenance
of structures
Attention must be given to the scouring sluice gate on a
regular and frequent basis in preparation of flonds,
Inspections must be mede for wear and cracks in the weir,

apron, etc,
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1

{(c) Management of inlet maintenance

Trash, etc, must be cleared from the scresns and piers on
the forward side of inlels, and accumulated silt at the forward
side of inlets must occasionally be flushed by opening the

scouring sluice gate.

2.5.3 Management of turnouts, check gates and regulating reservoirs

An operationel staff in charge must be assigned to each turnout
and check gate, end the opening and closing of the gates will be

directed by the irrigation facilities management office.
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3. DESTGN OF IRRIGATION FACILITIES
3.1 Colo Diversion Weir
3.1.1 Intake water level
The intake water level at the Colo weir is determined by the

following conditions.

(a) Tield elevation

upstream end; : EL. 104 m SHVE
downstream end; . EL. 80 m SHVP
(b) River bed elevation at Colo; EL. 100 m SHVP

(¢) Required water level
at the end turnout; o EL. 80.5m

(d) Mean loss of head at every
crossing structure along

the cenal; 03 m
{e) Canal. length: 64 km
Crossings; 27 placesﬁl
' Mean longitudinal grade; 1/4,500

From the sbove conditions the gross head to be secured at the
Colo intake will be 22,3 m.. With.an allowance.of about 15 % for - -
head loss through various other devices provided in the.canal, the
vater level at the beginning of the main canel will be set at EL.
106.0 m SHVP, d£ the lowest. |

The intake water level of the Colo diversion weir is, therefore,
set at EL. 106.5 m SHVP taking into account the loss of head in the

inteke structures.

Besides this, the Colo weir mugt function: as an.afterbay for

the Wonogiri power plant.

The power plant is designed for peaking operation for 6 hours a
day, and the maximum discharge from the reservoir through turbines is
rated at 60 m3/sec.

/1 + number of siphons and.squeducts



This peek discharge has to be re-regulated to meet the diversion

requirement for irrigation day by day.

For this purpose, the regulating cepacity of about 1.2 million

md is provided at the Colo afterbay.

The afterbay capacity is illustrated in Pig. V-13. As shown .in
this figure, & rise of the water level by 1.1 meter would be enough
to provide the required capacity. Therefore, the crest elevation of
the weir is set at EL., 107.6 m SHVP.

3.1.2 Type of weir

The weir site is selected et the river terrace on the left benk

of the Salae River. The river terrace consists of fine terrace deposits

of sand end clay, 20 to 25 m thick on the tuff-breccia base. The

diversion weir will be the floating type on the river bed.
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The overflow section of this weir has to be designed to pass safely the

flood discharges of 2,000 m3/aec, an extracrdinary flood discharge et

thig site

Two alternatives are compared from views of back water at the
time of flood, construction costs and operation and maintenance.

Alternative plans are presented in Fig, V-14.

(a) Plan-A

The whole span of the weir is designed as a fixed weir except
for the span of the scouring sluice., The weir comprises overflow

section of 83.5 m wide and scouring sluice of 15.0 m {50 m x 3) wide.

The maximum water level upstream of the weir “ia at-EL., 112,0 wm SH¥P;

Construction cost of this weir is estimated as shown in Table
V=22,

(b) Plan-B

The whole span of the weir is designed as the movable: type and.is

provided with 7 gates 3.6.m high* on the overflow above the.crest: st
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at elevation of 104.0 m SHVP, and with the same scouring sluice as in
Plan-~A. In this case, with & 150 m wide scouring sluice and & 75.6 m
wide flood sluice, the maximum weter level upstream reaches EL. 109.3
m SHVP.

The construction cost of this weir is presented in Table V-22.

Table V-~22 Comparison of Construction Cost of the Colo Weir
' (Unit: US$)

Item Plan-A (Fixed W.) Plan-B (Movable V.)
Earth works 216,000 204,000
Foundation and cut off work 573,000 529,000
Concrete works 1,132,000 1,087,000
Revetment 127,000 127,000
Riprap 75,000 49,000
Gate 285,000 1,125,000
Others 46,000 18,000
Temporary work - 20,000 20,000
Total 2,474,000 3,159,000

In the case of Plan-B, the influence of back water to the upstream
reaches will be lessened than in Plan-A. However, the construction cost
of Plan~B will be more expensive by US$683,000, than in Plan-A.

In the case of Plan-A, operation and maintenance will be easy,

safe, and less expensive.

Therefore, Plan-A {the fixed weir type) is selected as the proposed
plan. The proposed structure of Colo weir is shown in Dwg. WI-003 and

3.2 Canals
3.2.1 Design discharge

Network diagram and design discherge of the main and secondary

cenals are presented in Fig. V-15.
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Fig. V=14  Alternatives

of Colo weir
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Locations of turnouts are selected at crossings of the major
existing canals to connect them to the main canel and at necessary
points to divert the wafer to newly irrigated mreas. The total number
of turnouts is 49, 39 on the right main canal and 10 on the left main

canal.

3.2.2 Design conditions

(e} Type of canal:~ Unlined earth excavated or embankment

canal with trapezoidal section.

(b) Maximum velocity:~ Less than 0.8 m/sec shall be kept for

the safety of the unlined section.

(¢) Major crossings:- Siphon and aquaduct for tributaries,

and bridge and culvert for roads and railways.

{(d) Longitudinal gredient:- The sectional gradient shall be
arranged so as to keep enough diverting heed at every
turnout and to have sufficient head for every siphon to
vash down sediments or drifts. It is shown in Dwg. WI-005
to Dwg. WI-007. |

3.2.3 Cross section

According to the sectional discharges and distences between the
turnouts, 17 types of cross section have been designed for the main
canal, 12 types for the right mein and 5 types for the left main
canals. TFor the secondary cenals, a total of 10 types have been de-

signed.

Standerd section of these are drawn in Dwg. WI-005 to Dwg. WI-00T7.
And the sections and lengths of each type of the canel are presented
in Teble V-23 and Table V-24,

3.2.4 Crossing

The main and secondary canals cross at meny places over or under
the tributaries, roads and railways. Bridges, culverts, agueducts and
siphons are designed for those crossings. Number of crossings along

the mein canel are listed in Table V-25.
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Design conaideretien for these crossings ave as follows.
(i) Aqueduct is used where sufficient clearance can be maintained
above the max. flood water level.
(ii) Siphon is used where an agueduct cannot be adopted.

{(iii) Culvert will be adopted where the tributary, canal, road or

railwey is higher than the mein canal.

(iv) Overpass bridge will be used for road crossings where culvert

is not applicable.

(v) Design velocity for siphon and aqueduct.

Q (m3/sec) Design Velocity (m/sec)
Siphon Aqueduct
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
2 1.00 - 1.30 1.30 - 1.50

The types and the number-of-crossings.to be used are listed
in Table V-26 and the standard designs of each crossing structure are
shown in Dwg. WI-009 to Dwg. WI-0l12.

3.2.% Turnout

The design of turnouts is standardized to provide three types
{Types A, B & C) of gate diversion works for the secondary canal for the

convenience of controlling discharge and maintenance.

Romijn gate is used for type B and type C turnouts end sluice

gate is for type A.

Standerd design of the structure is shown in Dwg. WI-013 and Dwg.
WI-014.

3.2,6 Regulating structures

For smooth distribution of water, flood water diversion, protec-
tion end maintenance of the canal, and emergency treatment, some

regulating structures or devices must be provided along the canal.
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(a} Waste ways and spillways

Waste way must have enough'tapatity to drain out water in a
certain section of the canel in an emergency case.

Since many aqueducts or siphons are built on this canal, diver-
sion structure is provided immediately upsiream of those crossing

structures for maintenance and clearing drifts.

Spillway to evacuate the excess flood water is also provided at
this diversion structure, Stendard design of the structure is shown
in Dwg. WI-009 to Dwg. WI-012.

{b) Check gate

Check gates are provided downstream of the major turnouts to
maintain a certain water level, to lessen rapid changes in water level,

end to prevent high flow/velocity.

The check gate structure is e combination of the fixed overflov

veir and manual operating gates.

Standard design of the check gate is illustrated in Dwg. WI-013.

3.2.7 Regulating reservoirs

Regulating reservoirs are designed at three sites on the route
of the secondary canal which gerves a large area more than 1,800 ha,
in order to store one-day requirement of the respective irrigation
blocks. ’

Homogeneous earthfill dyke is designed for this by using excavated

earth as much as possible.

The main features of the proposed regulating reservoirs and a

typical design of the structure are shown in Dwg. WI-015.
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Table V-23  Sectionel Discharge and Type of Mein Canal

Furnout Irrigation Hell Can&éanal Irfigatizzrnout
No . Area Discharge Type Length Aren Discharge
Right Main Canal he m3/s m h2 m375
Intake 20,820 29.55 - -
1 20,740 29.44 80 0.11
2 20,240 28.73 500 0.71
3 20,190 28.66 I 10,450 50 0.07
4 19,750 28.04 440 0.62
5 19,180 27.23 570 0.81
6 17,380 24,67 1,800 2.56
7 16,380 23.25 1,000 1.42
8 16,260 23.08 11 4,100 120 0.17
9 15,560 22.09 700 0.99
L0 15,470 21.96 90 0.13
t1 15,410 21.87 60 0.09
12 15,110 21.44 300 .43
13 14,880 21,12 111 10,900 230 0,32
14 14,620 20.75 260 0,37
15 14,480 20.55 140 0.20
16 14,280 20.27 ' 200 0.28
17 14,010 19.89 270 0.38
18 13,870 19.69 140 0.20
19 13,710 19.46 160 0.23
20 13,530 19.20 Iv 8,900 180 0.26
21 13,290 18.86 240 0.34
22 13,040 18.51 250 0.35
23 12,810 18.18 230 0.33
24 11,640 16.52 1,170 1.66
25 11,290 16.02 350 0.50
26 10,990 15.60 v 6,950 300 0.42
27 10,820 15.36 170 0.24
28 10,180 14.45 640 0.91
29 9,960 14.14 VI 1,900 220 0.31

30 8,140 11.55 1,820 2.59
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Table V=23 - Continued -

Main Canal : . Tufnout

Tu;:?Ut i:zigation Discharge g;;:l- Length i:zigation Discharge
V1I 1,700 7

31 7,140 10.13 ' 1,000 1,42
32 6,940 9.85 200 0.28
33 6,380 9.06 VIII 8,3Q0 560 0.79
34 5,600 7.95 780 1.11
35 3,310 4,70 IX 1,400 2,290 3.25
36 2,460 3.49 X 1,800 850 1.21
37 2,060 2.92 XI 4,500 400 0.57
38 700 0.99 1,360 1.93
39 0 ¢ XII 3,000 T00 0.99

Left Main Canal

Intake 2,780 3.95
1 2,700 1.84 80 0.11
2 2,550 3.62 I 13,900 150 - 0.22
3 2,340 3.32 210 0.30
-4 1,700 2.41 II 2,150 640 0.91
5 1,140 1.62 ‘ 560 0.79
6 990 1.40 ITT 4,300 150 0.22
T 510 0.72 480 0.68
B 300 0.42 Iv 2,850 210 0.30
9 150 0.21 150 0.21
10 0 o v 2,350 150 0.21

Total Length (Right} 63,900 m
{Left) 25,550 m



Table V-24  Type and Length of Secondary Canal
Irrig. Dis—~ Length Canal Irrig. Dis—  Length Canal
Area charge Type Area charge Type
(ha) (m3/sec) (m) (ha) (m3/sec) (m)
Right bank
T.0 2-& 350 0.50 1.500 wiii T0.30-b 1.150 1.63 1.600 iv
b 200 0.28 1.200 x c 800 1.14 1.800
4-n 300 0.43 2,800 ix d 400 0.57 1.500 wiii
5~ 470 0.67 2,500 wii 31-a 850 1.27 2.800 v
b 270 0.38 3.000 ix b 450 0.64 4,300 vii
6-a 1.700 2.41 4.000 ii 32-a 150 0.21 ¥ 700 x
b 1.300 1,85 3.400 iv 33-a 400 0.57 *%3.600 wviii
¢ 700 0.99 5.500 vii 34-a 680 0.97 2.500 wvi
7-a 900 1.28 4.700 v b 400 0.57 *2.700 wviii
b 400 0.57 3.900 wviii 35~a 2.190 3.11 2.700 i
Y& 500 0.71 2.700 vii b 1.500 2.13 3.200 iii
12-a 300 0.43 *2.500 ix c 650 0.92 4.000 ~vi
13-a 150 0.2% 500 x d 450 0.64 5,000 wvii
l4-a 200 0,28 ¥1.500 x e 300 0.43 4.000 ix
l6-a 150 0.21 ¥1.100 x 36-a 600 0.85 *¥2,300 ~vi
17-a 200 0.28‘ 900 x b 400 0,57 *2.800 wviii
19-a 150 0.21 700 x 37-a 300 0.43 #1,000 ix
20-a 150 0.21 1.100 x 38-a 350 0,50 *¥2,500 wviii
21-a 200 0.28 600 x a 810 1.15 3.000 v
22-a 200 0,28 *2,000 x 200 0.28 2.600 «x
23-a 200 0.28 ¥1.500 x c 400 0,57 *2,300 viii
24-n 750 1.04 2.800 v 39-a 600 0.85 1,800 wvi
b 450 0.64 5.400 wvii b 250 0.35 3.B00 ix
25-a 250 0.35 ¥1.,500 ix Left bank
26-a 250 0.35 *3.000 ix TO0. 3-a 150 0.21 1.200 x
27-a 150 0.21 ¥ 700 x 4-g 540 0,77 2.800 wii
28-a 540 0.77 2.800 wvii b 400 0.57 3.600 wiii
b 300 0.43 1.000 ix 5-a 360 0.51 2.400 wviii
2G-p 200 0.28 900 x 7-a 300 0.43 2,100 ix
30-a 1.750 2.48 3.600 ii 8-a 200 ¥1,000 x
*Rehobilitation Canal
Total Length Right: 100,100 Left: 12,100
¥ 31,700 * 1,000
131,800 m 13,100 m
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4.1

CONSTRUCTION PLAN

Basic Considerations

Basic conditions taken into account for planning the congtruction

method and schedule are presumed as follows:

(1) Workable days;

(2) Construction period;

(3) Division of main canal

construction work;

180 deys & year (May-Nov.)

5 years, except preparatory

works

4 sections on the right main canal

and 1 section on the left main

canal)

The sequence of construction is

shown below.

Division of Work and Sequence

V12

Table V=27
of Construction of Mein Canal
Sec— Main anstruc— Related Structure ,
tion Canal Length tion Siphon Ague~ Culvert Turn- Bridge Check
Tvype {m) Year duct out Gate
1 Right I 10,450 5th 5 - 6 6 17 1
2 " II-IIT 15,000 3rd 3 2 19 11 28 -
3 " IV-VII 19,400 2nd 5 3 21 14 52 1
4 " VIII-XII 19,000 ist 2 7 27 B 48 1
5 Left I-yv 25,550 4th 2 4 22 10 38 3
Table V-28 Divigion of Work on Secondary Canal
Section Length (m)
Secondary canal Rehabilitation canal Total
1 (Right) 23,900 - 23,900
2¢( " ) 12,700 5,100 17,800
3 (") 30,900 8,700 39,600
4 (") 32,600 17,900 50,500
5 (Left) 12,100 1,000 13,100

Note: Construction year is same as that of mein canal.
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{4) Manpower throughout 5,000 man-days -
the construction period:

(5) Allocation of comstruction force
Main canal, excavation

and embenkment: 10 % man power & 90 % mechanical

Secondary canal
excavation: 100 % man power

Farm ditches and
drains: 100 % man power

4,2 QColo Diversion Weir

Conatruction of this weir is scheduled to be started from the
fourth year taking into account the availability of construction plants
and equipment used for the Wonogiri Dam. After the completion of the
Wonogiri dem, the river flow could be decreased considerably and this

would meke it possible to execute the construction work more safely.

Before starting the main work at the beginning of the fourth dry
season, necessary preparatory work such as access roads, construction

quarters, power and water supply systems, etc. will be completed.

The mein work is divided into two congtruction steges. In the
Tirst stage, foundation; work’ and coffeging along the river side-will-
be commenced first, end concreting of the wéir body will follow. Msan~
while, riprap and bank revaetment up- end dovmstiream of the weir will
be put in. Metel work and other auxiliary work for the weir will be

executed in the: succeeding reiny season or the next dry seseson.

In the second stage, approach channel and outlet channel will be
excavated in parallel with the removel of the coffering, and the river
flow will be diverted into the new approach channel. The old river

channel will be backfilled with soil disposed of at the site.

4.3 Canal

Construction will be started at any place which has easy access. All
excavated soil will be used -for the road dyke;-embankments. . -
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Materials for the canal embankments will be hauled from borrow

areas selected near the construction site.

Construction of the crossing structures over or under the trib-
utaries shall be scheduled for completion in the dry season to avoid

the risk of unexpected high flood.

The downstream end of each canal under construction has to be
connected to the nearby tributaries or drainage channel to hkeep the

canal dry even in the rainy season.

Hauling the embankment material, and spreading and temping, if
necessary, will be pertly carried out for the secondary canal by

machines.

The outer slope and the shoulder at both sides of the caenal dyke
will be protected by sod facing.

4.4 Construction Schedule

Overall construction time schedule is presented in Fig. V-16 in

the form of bar-chart.
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- Fig. V-16 Proposed Construction Schedule
" 1977 | 978 1979 1 980 | 981 | 98
WORK | TEM QTY J|FIMAMJ[J[AISION[D[J[FMAMJ[J]AIS|OIN[DIJIFMAIMJ[JTA[SIOND] JIFIMIAMIJTJ]AISIOIN[DLJ [F IMAMIJIJTAISIOINID [FIMIAM]J [JIA[S[OIN
REPARATORY WORKS [Camp House ‘ . . . E } I
Excavation 262.000 m3 , : , '
Embankement 123.000 m3 i '
Concrete Structue 23.000 m3 | ' i |
coLo FR?evetmenf 10.500 mg : , ‘ f ! =f L] H
iprap 5.000 m '
DIVERSION WEIR Getas 308 . ; ; ; : |
Foundation Works | sum ; ‘ ; ‘ : !
Temporay Works | sum : ; : , 1 !
Main Canals _ L=10.450m 721.000 m3 | ; : !
Siphon 5 ' i ‘l ] : #
Culvert 6 3 | : NE———
SECTION | Turnout 6 3 l ‘ e
(RIGHT) Bridge 17 : ! | ! A—
Check Gate | : IE ;‘ e e
Secondary Coanals L=23.900m 99.000 m3 i : | ; A
Requlating Reservoir ] :. ' | | ? | ';
Mdin _Capals _L=[5.000m 864.000 m3 | ' : . (———— | ’ .
Siphon 3 ‘ L i — |
Culvert |9 : ! : ? ;
(R|GHT) Turnout 11 ‘ | | ; J— | l
Bridge 28 ! ; e i
Secondary Canals L=17.800m 55.000 m3 ‘ ‘ ; - j
Main_Canals _1=19.400m | 052.000 m3 : ‘ !
Siphon 5 ' , : ! [ i ! !
Aqueduct 3 ! ' ; . J——— ‘ !
' Culvert 21 ‘ _ pee— ? !
SECTION 3 Turnout 4 i - ; |
(RIGHT) Bridge 52 < .  ——— : }
: Check Gate . I i ! | pp—— ;
Secondary Canals [=39.600m | 130.000 m3 : ' ] . P—— i ;
Requlating Reservoir J - ; : ! | , ‘; ‘
Main_ Canals _1=19.000m 829.000 m3 | ' : " :
> \phon > — : -
Aqueduct 7 ' : ’ 3 ) ] : ,
SECTION 4 Culvert 27 | — i : : s : : |
| Turnout 8 " ? ; | i ; |
RIGHT ) Bridge_ 48 - —— ' % ! l
Check Gate 1 Ja——— 5 ‘ : ‘:
Secondary Canals L=50.500m| 142.000 m3 I— i .
Requlafing Reservoir I ' i N ' ;
Main_ Canals _L=25.560m 628.000 m3 T ‘ f ' I — !
Sfphon 2 1 | — 5
Aqueduct 4 ) ' I—— i
SECTION 5 Culvert 22 ' — ?
(LEFT) Turnout i0 < " e———
Bridge 38 ' . . ME——
Check _Gate 3 ; - — _
Secondary Canals L=13.100m 49.000 m ] = ——— 3
FARM DITCH - |Rehebilitation Ditch 236.000 m ; | % INNNEN AS— R————
Farm _ Bitch 708.000 m . -
DRAINAGE . |Rehabilitation Drain 236.000 m ; ————— Sp— | |
Farm__Drain 708.000 m ; [ S—— = I !
Rehahilitation Road 472.000 m : : : ——— A ——
FARM ROAD o Road 236.000 m wm— 5 m—
ACQUISITION . 597 ha ‘ I | IEREAN]
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5. COST ESTIMATE

The total construction cost of the irrigation project is estimated
at US$33,100,000. This comprises the foreign exchange equivalent of
U5$16,770,000 and local currency of Rp.6,777 million (equivalent to
US$16,330,000), as broken down in Table V-29. The estimated budgetary

requirement is given in Table V=30,

Annual operstion and meintenance costs ¢f the irrigation system
are estimated et US$130,000 as shown in Table V=31,



Tabie V=29 Cost Estimate for Irrigation

(Unit: US$1000)
Ttem Foreign Local Total
I Civil Works 13,540 13,142 26,632
Preparatory Works - 187 187
Colo Diversion Weir 2,086 881 2,967
Mzin Cenal 6,245 4,570 10,815
Secondary Canal 972 1,224 2,196
(incl. regulating
reservoir)
Ferm Ditch - 1,115 1,115
Drainage - 1,299 1,299
Farm Road - 3,718 3,718
Construction Machinery 4,237 148 4,385
II Lend Acquisition - 800 800
III Contingency (15%) 2,030 2,088 4,118
IV Engineering & 1,200 300 1,500
Administrative Expenses
Total 16,770 16,330 33,100

V=77
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Table V=31 Estimate of Operation and Maintenance Cost

(Unit: US$)
Irrigation office
FPersonnel expenses 15 x 1,200 3/year 18,000
Others 30,000
Sub total 48,000
Colo weir office
Personnel expenses 2 x 1,200 $/year 2,400
Others 1,600
Sub total 4,000
Turnout and check gate,
regulating reservoir
Personnel expenses 50 x 960 $/year 48,000
Operation and maintenance cost of ceanal 30,000

Total

130,000

V=79
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Appendix V-1 Comparetive Study of Irrigation Plan

1.1 Additional and Reduced Cost of ALT-B-1

Right bank Left bank

Tunnel section (horseshoce
standard section) 2R=5.0 m 2R=2.5 m
Length of tunnel 12,000 m 5,000 m
Additional irrigation area 5,000 ha 1,000 ha

/1 [2
Additional cost U.8.$30,000,000:°r U.S.$8,500,000%
Totel additional cost U.S,.$838,500,000

Reduced coat (Colo weir). .

1.2 Additional and Reduced.Cost- of  ALT-B-=2.

Additional cost (same cost as
left bank tupnel of ALT-B~1)

Reduced cost (Colo weir)

/1 : 2,500 U.8.$/m x 12,000 m
/2 : 1,700 U.S.$/m x 5,000 m

U.S.$3,000,000 i *

U.S5.$8,500,000

U.5.800,000




1.3 Additional Cosi of ALI~C

Scheme of pump

Type: Centrifugal pump
Discharge: 40 mj/min

Bore: 600 mm

Total head: 23 m

Motor: 250 kW

Number installed: 2 sets

Cost

Construction cost

(Unit: U.S5.%)

pumps and other apparatus 457,000
pump station 167,000
canal {(unlined) 117,000
other works 83,000
Total 834,000

Operation and maintensnce cost (annual)

(Unit: U.S.$)

IS

+

"

personnel expenses @300 $/month 3,600
electric chargel: 1,187,500 kWh x 59,000
repair and others 21,000
Total 64,000
Grand total cost (20 years)lg
quantity of consumption = 19,000 m>/ha/year x 600 ha

+ 2,400 m3/hr x 250 k¥

durable period of pump is 20 yeers.

y=82
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1.4 Addii{ional and Reduced

Additional cost

Scheme of pump: Type; centrifugal pump
Discharge; 270 m3/min.
Bore; 1,500 mm
Total head; 22 m
Engine; 1,900 PS8

Number installed; 4 sets

Cost !
Construction cost (Unit: U.S.8)
pump and other apparatus _ 2,500,000
pump station _ 500,000
diversion weir (movable) 1,500,000
canal (L=3,000 m) 1,200,000 .
Total 5,700,000
Operation and meintenance cost (annual) (Unit: U.S.8)
personnel expenses @500 $/month . 6,000
fuel charge 5,660,100 /1 [ x 0.04% 226,000 -
repair and others 2,000
Total
Grand total cost (20 yeams)éa
5,700,000 + 252,000 x 20 =U.S,$10,740,000.
Heduced cost (Unit: U.S.8)
Colo weir . 100,000 °
Main canal
BEarth works 940,000
Related structures
Siphon T @60, 000 420,000
Culvert 2 @15,000 30,000
Bridge 3 @20, 000 60,000
" (Farm)76 @ 5,000 380,000
Agqueduct 3 @60,000 180,000
Check gate 1 @10,000 10,000
Sub total 2,120,000 -
General expenses {20%) 420,000
Totel 2,540,000 "

19,000 m3/he/year x 12,700 ha + 16,200 m3/br x (0.2 1 x 1,900 BS)
durable periocd of pump is 20 years.

R



1.5 Additional and Reduced Cost of ALT-D-2

Addilional cost

Surakarta weir
Earth works
Concrete wurks
Form
Revetment & Riprap
Gates (8 sets)

Foundation works

Others
General expenses
Total
Reduced cost
Colo weir
Main canal
Earth works
Related structures '
Siphon 7 @60,000
3 @30,000
Culvert 2 @15,000
3 ®10,000
Bridge 3 ©®20,000
" (Fexrm) 76 @ 5,000
oo n) 66 @ 2,000
Aqueduct 3 @60,000
9 @40,000
Check gate 3 @10,000

Secondary canal
Earth works
Turnout 30 @ 3,000
Bridge (Farm) 30 @ 5,000
Regulating reservoir
Rehabilitation canal

Farm ditch

Drainage
Farm roed

Sub total
General expenses (20%)

Total

{(Unit: U.S.$)

250,000
1,100,000
100,000
200,000
1,700,000
400,000
90,000
660,000

4,500,000
(Unit: U.S.3$)

400,000

1,450,000

420,000
90,000
30,000
30,000
60,000

380,000

132,000

180,000

360,000
30,000

155,000
90,000
150,000
50,000
3,000
200,000
240,000
670,000
5,120,000
1,020,000
6,140,000
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1.6 Summary of the Estimated Cost of Alternative Plans

ALT-A

ALT-B-1

ALT-B-2

ALT-C

ALT-D-1

ALT-D-2

6
(Unit: U.S.$ 10)

Colo weir 3.0

Other civil works 23.7

Others 6.4
Total 33.1 Zl

33.1 - 3-0 +_ 38-5 + 5-552-7 74015
32.1 + 8.3 + 1.37ZE = 42.77
33.1 + 0.8 + 0.342 - 34.2

33.1 + 5.7 = 2.5 + O.TZg = 37.0

33.1 + 4.5 - 6.14 - 0.19L2 = 31,27

S

see Table V29,

Cost increase or Reduce of land acgquisition, engineering and

administrative

expenses resulting from change in the direct

construction cost.
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April 1967 - March 1968

~ Appendix V-5 Effective Daily Rainfall

Unit: mm

Vi95 f'

(T - 10) -
Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. [Total
Monthly 121 21 0 O O 8 28 180 219 324 288 402 1,591
Effective R, 97 17 0 0 0 6 22 144 175 259 230 322 1,272
E.Dailly R. 3.2 0.5 0 0 0 0.2 0.7 4.8 5.6 8.4 _8.2 10.4
April 1961 - March 1962 (T - 5) Units
Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Total
Monthly 171 107 13 11 0 2 41 209 246 389 273 294 1,756
Effective R, 137 86 10 9 0 2 33 167 197 311 _218 235 1,405
E.Daily R. 4.4 2.8 0,3 0.3 0 0.1 1.1 5.6 6.4 10.0 7.8 7.6
£
RAINFALL, DISTRIBUTION
(moqthly) 1967 - 1968
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Appendix V-6-1

Monthly Cousumptive Use

f= E%6(45-7 t + 813)

Month t°

Apr. 28.9
May 28.6
June 28.3
July 27.8
Aug. 27.9
Sep. 28.3
Oct. 29.1
Nov. 28.7
Dec. 28.1
Jan. 27.3
Feb. 27.7
Mar. 28.0

B

8.12

8.26

8.32
8.18
8.59
B.45
8.78

8.77

by Rice

U v=96

= Kt +Ke u
£ Kt Ke K (£:K) u!
mm mm/ day

173.3 1.14 0.91 .04 180.2 6.0
175.1 1.13 1,06 .20 210.1 6.8
167.7 1.12 1.31 A7 246.5 8.2
171.5 1.10 1.28 41 241.8 7.8
173.7 1.11 1.30 .44 250.1 8.1
172.3 1.12 1.50 .68 289.5 9.6
184.1 1.15 1.02 17 215.4 6.9
177.2 1.13 0.98 A1 196.7 6.6
184.1 1.11 1.14 .27 233.8 7.5
180.7 1.09 1.11 .21 218.6 7.1
162.6 1.10 1.12 .23 200.0 7.1
178.3 1.11 1.23 .37 244.3 7.9

Note:

Kt = 0.0311 t° + 0,240



Month

Apr.
May

June
July
Aug.
Sep.
Oct.
Nov.
Dec.
Jan,
Feb.

Mar.

Appendix V-6-2

173.3
175.1
167.7
171.5
173.7
172.3
184.1
177.2
184.1
180.7
162.6

178.3

K = Kt « Ke u

_Kt _Ke K (£-K)

mm
1.14 0.65 0.74 128.2
1.13 0.63 0.71 124.3
1.12 0.55 0.62 104.,0
1.10 0.56 0.62 106.3
1.11 0.67 0.74 128.5
1.12 0.75 0.84 144.7
1.15 0.82 0.94 173.1
1.13 0.87 0.98 173.7
1.11 0.89 0.99 182.3
1.09 0.90 0.98 177.1
1.10 0.88 0.97 157.7
1.11 0.82 0.91 162.3

Monthly Consumptive Use by Sugar Cane

UI
mm/ day
4'3

4.0
3.5
3.4

4.1
4,8
5.9
5.8
5.9

5.7
5.6

5.2

V=97



Month

Apr.
May

June
July
Aug.
Sep.
Oct.
Nov.
Dec.
Jan.
Feb.

Mar.

Appendix V-6-3

Monthly Consumptive Use by Polowijo

_f£ Kt Kc
173.3 1.14 0.60
175.1 1.13 "
167.7 1.12 "
171.5 1.10 "
173.7 1.11 "
172.3 1.12 "
184.1 1.15 "
177.2 1.13 "
184.1 1.11 "
180.7 1.09 "
162.6 1.10 "
178.3 1.11 "

0.67
0.67
0.69
0.68
0.67
0.65

117.8
119.1
112.4
113.2
116.4
115.4
127.0
120.5

123.3

117.5

107.5

119.5

3.7
3.9
3.8
4.1
4,0
4.0
3.8
3.8

3.9

vV-98
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Appendix V-10

-9
(m3/sec)
0 - 0.
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Standard Value of V, b/d, W, Fb

b/d

V-126

Free boad

Q >3.0 m/s

Fb = (0.30+d/4)
Q <3.0 m/s

Fb = (0.24+d/4)
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Appendix V-11  Conatruction Plants and Equipment |
for Irrigation Project

Quantity
Transfered
Equipment Capacity Total Purchased from the dam
Bulldozer 20 ton 16 16 -
Crawler loader 20 m3 5 5 -
Back hoe 1.2 m3 6 -
Dump truck 8 ton 95 95 -
Motor grader 3.7 m 3 3 -
Vibration roller 5 ton 3 3 -
Fuel tanker 8 ton 2 2 -
Water tanker 8 ton 2 2 -
Trailer truck 30 ton 1 1 -
Cargo truck 6 ton 10 10 -
Grease car 6 ton 5 5 -
Truck crane 30 ton 1 1 -
Portable concrete
mixer 0.1 m3 4 4 -
Concrete plant 21 cft x 2 1 - 1
Agitaror truck 3.2 m3 3 - 3
Pump w/engine 4 inch 8 8 -
Road roller 8 ton 2 2 -
Screening plant 50 ton/hr 1 - 1
Repair shop L.S. L.S. -
Saw mill L.S8. L.S. -
Ripper attachment _
Bull, 20 ton 2 2 -
Draglipe attachment 3
shovel 1.2 m 3 3 -
Power sghovel 3
attachment 1.2 m 3 K} -

Miscellaneous L.S. L.S.



v V=128

NRAWING



- 100 -1 oM omd . | GI61°IE ANt i weg

© W3LSAS NOILVOIMMI ONILSIX3

NOILEVOLM |

m ... . NISINOONI
Do VO TSOHNGILINN  [IDONOM

L .
4
bfu ) >
1 &- ¥ l?v “)w "
» H — -
J o 3
L “; - \\I“WI.. L
wisa oo e -y
\\\..\\mw. . S M = e v |
=g i
T e (>~ EEFTrr e S S A Al - % :
[] [T} bubady uibhmewiny g ¢ i) 4
] ne ity 3] emsmon| o we ¥ X L T [ 1 —r ) —F y o ' |
B
3vIs » .
e a[ vt -@ 2
[SYR Y ] L B %u -
K E~ T 1] +=
BT C NI Y
1] [T wivg g ambrpaun| st
et | BER wvdnaly 3| Feertin B ST
BEORRL] ek u| whibbn 1] 0]
et T Tevhdug| wHbma) it i unc s
ik | s Nt by Aeveg | 0L
BT - =
(3-13 e L] LR I Y] oo m
G L) T IRT ] e
o - by ooy pawwl v | CEED),
o0 | i4¢ wehmig w|  wedes 4] Lyt ) TR T was ) -
() X aamet) | sbiuag g v.l.-!nl* ﬂHEu [
b — . " Py ] o
in [13] [T inaeg g —Lm., M it g -
FEIXIL) Y iiaes | o
DLy ALY ELUTTE P ¥ (o] J
. PIr T
YYD B e O T Y e <
Sesinn sipwtdunes Rl U2
'y 113 hnbis B] eeawi3 gl 1 & 10u0] PORBNIg | == = r
A e v heaalui ] 0f] et g Buaned
- e Ai0pui 8 084% 13WHOIG | = v
e ”wr ey whalE &)

Tav | 188 i.ﬂlll#l-;l»l....ﬂ.n..-ﬂ ol

sen | 46 > .-.a\:J L mmm

[T (1Y} NRIRAE My .!:..J. ™

1] [11] vauaqeg ) T Bumnwar [
i It ey w] ubBuoing @YY
[ wi T T warg & 1]
| set e werr i T
S TR B U U T 1 e U PP vy
o " B IREETE T
DT
o ) e ek IR —
Tttt u, Femasp +
B ET Foeg o) vrove s 1 | 1 [N v vi | Svease [ 8
et e — eq W % (1Y iy | oL i wieen | &
S - = 2 Yogly pasTTY STy TR T sod | wetuseen | v | .
T TRl [ Twi [ e wany e G5 <
o T ava | wawir a|” beousy u] 1] Tover | e " agat beriny | 2 Ap”.. s
-..- v..:- TR WOV Y [Wh TEaY ”-“.“ _”.u—.ﬂlﬂlntl._.-l..-nﬂ u.mhh-é e | H ﬁb - a
..nb. il Liminaney | Wy L] n|r-- e panery Tavm | o
Wiy el | W e [ el | e | sbuoe

JAMUCTSIIAIQ Dulisixg




200-14 O% OMO | €i61'iK Aint @ wBd

W3LSAS NOUWOIMY Q350404d

NOLLYD luu1

VISINOONI
V0 ISOdUNILINN  IHIDONOM

paiy uoj|oBiu) pasodoid

Jjoalasay Bujioinbay

PR

10 uiny

JoUD3 uonLINIgoYay

_oco.u. Kiopuosag

10UDY uiDHy

ON3 92317

NI -
e oﬂuv.-n..‘%!qal‘“m

7




GENERAL LAYOUT OF COLO WEIR

._;;.-' | —m——

it mNAREARARNANARI
: JRERNE AR EERERTERI SRARLNRY ™
‘m*-mcjﬁﬁ T

. 5.'%'@'& Souring Sluice

1 4

By

i CHR—

Hi

8950 _.

WONOGIRI  MULTIPURPOSE DAM
INDONESIA

IRRIGATION

GENERAL LAYOUT OF COLO WEIR

Dote : Juty 31,1978 OWG NO wi- 003




. SCALE A o o SR '_,,i,::‘” __1
_" B3 000, 15 000 ;i 1 Movable Weir _Section (A~ A)
' 1250 - SCALE B
1250 o A] : Em — 008800 AT
¥ | g oo B e o e
¥ P 8 e o Tl
[— 2 - A ==Z ] .
§ g q :—_ . x FW_L 1!%% b
- byt ] B ..:;."FM'J:*_ §
| 1 =+ r In'
. ; : EWL 50
I 1 T g |- .0 ! __GNHWL_ 0760 1| — T
: of  SHHA R ‘ 4 B H —plse WL R850 g
[ ¥ ] 3 T £} L3 ] T T " . ] ! =
5’ mnmuuumrmnmmn_‘nmnnﬂﬂnmwmﬂmuum‘mwf_ : I oy 5103 50 gl*”l
H liho ‘ * 79 @100 = 86 ‘ 1300 H g =
E * * £ 4 4 ‘E N Al .
=N s ¢ . § 4 a H - Sheet Pile-T i §
= » i [T
: . 1o stho® || |
! H--
: 1
\M - \H350x350x12 1l9
W Sy ;
3 £ . i ===
*-::_.:‘] . g + Right Side Intgke (C_A(l:.é 5
= . Sl 11 1 | T
. ,§ ] . . . "‘r;r 10 right mpin cond Q0 :ﬁo
roti ¥ I |
o 4 o lgg §" .ﬂ £l ] 2113.00
] & : .o — A T T a
0 5 89 500 & lpsco 4 ] . o
@ 5 il ] e
5 b/ S s e [ < i . ___;pﬁ,‘p_g «< . p i I
T T ] stone pitcheg Revetment e [ _— A - -\ —
I — Back _ Elevation A — e PEACOC AL '—'/ i ” ”‘” ” I U “ T s
— v 0 3 | j .
00Q _ 13750 19.000 14 000 1 000 K 000 13750 5000 5000 - !
15007 15ho ] 1 1350 1 |?Do 150 1330 150 ; D : qllooﬂ [| l] [] | IIL H ‘ﬂx
' - o 4 25 00 ™ 1
219,00 T]D Tr | ]TD i L Tc 1200 N H13502350x(2x
M | | ¥ i A
300 JT7D ‘I - | 211300 Scouring  Sluice  {B—B)
- i a : la] .. TCALE B
208! .', <107 60 " }JH l - )}%g 0060 4600 30002 20 000
- N " " oA , 5 000
= 2 - - i 3!"9731153 : : f:l/w?“ - {JJZ( = 2119 00 !' = ]
Al I S | NSRRI £ R = <Y « M | SN e I LT 5 o 5400
T
B A (G S S § ) . 1 . Iv“sm .
Left Side Intake (D—D) I | ;a ] l l
15 000 SCALE B . l"‘-ﬁ“leo
2000 4 ! { =408 l
k|
1.5 . - ['ﬁll
_/&f@_%__'ﬂiwe_ﬁ" ! .
T 5 ; 203
|| :
i ; §3mi ! .
===J 0610 P& 0 - q_jzpm__u_,_u__J
N A N & "’19! 20 Wa&)

HESO350nI2 x1 WONOGIRI  MULTIPURPOSE  DAM

IR g L T

COLO WEIR

Date ¢ July 31,1973 | Dws. MO Wi -004




Dot 1 July al_.lon] DWG MO Wi~ 008

m -
Y w it s
T
& 1] 5 [ m od
Ny nNu 34 wm 2 w g = m 3 m e (3
o = o3 gl wo Y =1 8 3 4 o m m gg z =
3 W o, EaEE BE ¢ = § 3 & 3§ i 2 ag
w i [ B ¢ | u FZz 5 8=
r CER ‘ g 3 58 2§
u % O w 5z § C.uln
puo} © n 3 I, R T
1 - o & w®
vk i
B : B : 2 w 2
B 'S .
71 m i wl a
f -1 :
> & =
- I R B} )
: - 221 g9t6 2 2615 €6 {0002 005 {#9
] % \ Lai my ¢ 26]s 56 0063 1
o | o 651 Log) v ww2ejave boood aoslz
. = m 3| Wnnm L 1 00s 119
% e bl ¥ S6 0c6{S 06 006109 -
L)
m % m e 68 0 16 66 21$610 06 1005165
“ H n!-.m| 62 ) 99 56 12£615 v6 {0064 00S 185
~ ; « g = [ eo0 91 66 L5610 b6 00¢ .8
g q
o = _Hmm v £610 96 jooosd 006 (o5
o 162 96 cecelsos 005 {56
[Te/
® v0 € 16 96 ot b6 S 26 1000.84 008 |vs
- T 00 L6 GG 610 56 {oosies -
3 s 8 1105 46 o8 w6 H0 €6 PO0SA 056 }25 -
gsa2| A a6 e
- mw $6'1 105 26157 20196 Y610 €6 105052 OGY I e
w m - _ g ?) 5 - {eo2{8see £0S610 £6 00053 005 {05ON;
o ] " *. (=,
> A e ] 2 W.m ™ L 119 0939 26 116616 b6 006 j6r
i L 4 - ’ b v ] A i .
<=l 3 mm.A = L Lel1 jbeze 51 c6{0ve po0vd 006 {er -
‘(m Al 2 v 8r0 1086 26 661096 oos e -
~y
- B ¢ m Lov | ciee]  fosse{o.ze pooed 0o for
2| I o e T L {ssofesef ossfosei  |oosfor
O : ) v (€20 26 86 12 $616 96 00022 005 [br
] | -
=z m ! Lw. o \ = Lgi1 ovse]  ses6{02l6 00S sy
: ..m a k < 3 w. LiGs fevss 6661526400013 00s f2p. 4
T y ANH 2 8601  jsex 20961026 005 {1v 1
m.w O $— £ loso Jsaue 01 9640 26 100008 006 for o,
o R = . % ™ “ [ teeo ) 66 a1 96{0 26 006 J&€
" 3 M % += €20t  [ease] 112967016 {0084 Snrmm
B od___| :
0 °q N €90 06 86 e 9610 46 006 J2€
. 2
‘5 _ = £ % ( p 212} kves}  [easaines poosqoos |t
- . (U] - . .
L = 1 £c2 2566 beoclses 006 {5t
m 1 o ON o u] ¥
sl m.v - = 0oo 30 OH 06 261626 00028 00S{vE
) L o i :
e (&) A_ g 200 o a6 1610 86 006 j&&
N et * — = %
7] w| 8 g Ll % s TRy 162615 96 P00 00¢ ¢
v.,m al J-1- 9 = IS 6% | v o6 2615 96 006 i€ -
, 1 9 1L w 3
O - " E o R 161 129 108615 96 005K 0Sp fos o
e 4 x T ....W- 611 [6a00iZE5%lc) 8610 26 foss vy 065 {052,
; M ] —— m 92 Q{6 2 5610 86 000N 00§ {2
W b Las o 20 1 zcoslo6s ooc}zz
_.m 4 m seofss cees|ces joosd oos joz
k-4
N 4 |_m $h 91 keu6]{c.26] ooc {ez
M2
o= [ e 121 106616 10100024 006 {42 1
w . .
m .m). bt -160 6L | 60661000k 00% 162 1
o =~ . . :
¥ 230 ag 1 21 660001000 14 0SS [22 A
px ,
fed N L4 FE 1001 10]L 266 OGbr |
. n iy 1R 26 z0faz 1002266 S 101OSYOY 0S¥ 705
3 & 591 e 2 bB661S 10HO00OT 0OG [O20N]
10z 892 k66610 201 0o% {61
3 50’1 228 004G 1010006 | 006 jar
b 560 oc§ 500G 101 006121 1
922 v e 2 0% oB.Te oosfar A
T g1 2 15§ 280040501 00S {51
o1 2 801 Leooto oifooos | oos {e1
m Lig2 2 § 66004 G €OI 00s €I
- m g €61 2850 0 10docoipooa} oos fai
w L
al 57 304 (5¢0 o 19 1040201 008 |1t
o _ e — = T8 fos evvn]  Joz i0docodooos]| oosfor -
34 & L lze £5 0 22 104 0:201 00S {6
-
pme e ] b1 € 1960 o8 1040 L0HO0O w1 0OG {8
¥ 65¢€ ve wzodosoit . o005
‘M LiGy € GO rvwo.o».o_ooon oosls
o §6¢ ooy pseo{sool oocls
L]
1 8L€ 16601 22 $u{0 20100021 005 |
m oL 9 15050 0E SOHO O cosfe -
L4
L 294 €190 ot caito 10100 17 00s {2
. fc0 L 22901 ivcolson coshl .
- Bmm_ o sodoosodiorolosofe  jo o on
T 3 & & 8 & 3 % 3 [owF b Rl M il Tl DT Nl
§ ¢ 8§ ® 8 7 3§ 8 % T 0 ] i Ml et o ) Pl




TYPEXL

SCALE A
TYPE X

TYPE ¥

TYPE W1

STANDARD CROSS - SECTION OF RIGHT MAIN CANAL (2]

TYPE W

2500

w ~
191 z5[
3 =3 S
w o F w a o 2
> .
og [+ = - m wl e

o 33 2% 3 @ m 5 g S m z 2zlg

< [

z o3 sl 3 £ ¥ 3 & @« o § A 538 253
= : o 2 DEw al &o a @ =] b o w w = 3§ S —]
g _o e &l 533 . 2 583 B, [p
< &z 3 =S a 2 2z § “x |

G o brd QO w - = [
. w ] m - [
& £ 3
vy n 3 Wiy |
3 =G |3
30118 &
P & -
& a 2
w/ w 2
K I
JO00-+)
+ _ﬁ@ Yot sper otz 6st6ansts 22 osed 0o { 93 §
% j - SO T 19 SOON0 6L 00C122 1
Q
g : THE 1 lezoksis 5200 08 oos {32 4
§wd nm lcoo}  Joef  fevoelcosl  o0S{sA -
g M . < s L isi1pss s908{S 62 0os{var -
ol o \V _mm _ w L iseopizeal  lesoeooa 009 £21
. : 9 1oz 1 pe 28122 Bhoz 1at0 08 00 100b+
N g A\ - jeeofkots CE 191018 Aoof_w_ .
g 1€9°2KCEE leo'1610°6.2 Ho00RY 008 fozod
Al o
\ o 08’1 058t {oB'1eto o8 Sn_o_, 1
5
2 = L ]z60base 26 184018 -booed 00 {81 1
% "
) 58 wd R G £126{5 08 008 1211
<+ ]
N — | [ — g ! lozo] jover oz zefoce pooed 0os {ar
u & =
7 o2 boval  fresjoes]  joos{st
2 .
% 4 = s0zl  fovel  {reeefo s poosd oot
A \ &
- - 2e8f  {e2oposeiEl 582 cals 20 poveg cov Joowe
- : ]
m ) ST E 01 0 0z 58 [Op €616 €8 {0009% 005 {211
B\ e ..m w 8 Bt |osobrss 59€610 €8 oos i -
M o Nk 3 Al mo.m,w. mr L lezifsce]  {wece{s 28 jpoosd oob fouon;
- 108, o {52 58] 108
w . ﬁ .%xml 13 16 2fis9n|Es 281 19480 2a ooseq 001 foore
> a ;
—— e Gl BF  Jusoass 99 vet0 vB Poord 005 Jaor
- (I %= Es | ol
O - o alF 5 ~F 82048298 .&82%65 oot o
: = ] 99 v8) g 2+
- p\ d — = - ﬂ@mmnd 11 calss mi e bl o oo POSES 836 188°°
a OV 160 228 606610 99 00 {S0
= 62 1 %26 125810 28 PO02Y 006 Jv01
= o ol m 2 Ny bs28  fressices 005 {£01 -
I
o o 612 15068 $0 5010 99 {000 1 00% {204 -
o " - %v] lmss| sessisos 0084101
£
ks S A — ovv} foxes} loeslcos 008 {0004
© 28 g
L) A —— To 7 e <o g £z 98088 00% {66
- % e —+= nm s90fc88)  {1c98{ s se ooen 005 (86 |
o rOr _ o8 .ﬂ o m L 1s91|caes 9981068 005126
NP Q-
W % 23 1> ] 22 2{L668 £298] G p8 O00EY 0OS 196
2\ ) L 106110188 06940 S8 00s{ss
A 4
) — : ! SI picoes S1 2810 €200 00S1b6
H * %
L lescleaes b 2e1 €8 005{¢6 1
8 1L8 w € w
™ 3 & m 11 211868 19261S B D00 00S {26
| i
[ w.m \ e Pt bz | 668 ﬁtm G99 ooslie
e — 5 65 0(6006 8% 88165 6] s 18 106 0OV j00b-
.% mmm s 2106 161615 68 00568 4
il
2 % e e 0 1206}  |woesjoes RUL 005 {es -
s ry e lo ]
2 8 i e8] £06),, feLB81026 | oofje |
N 2 % . x £Slere 1606720684 8815 26 Ry 88%188% ]
- t:) mw |m Lasy 218 26685 €6 oos{sa
) 05 - s ey 216 2068]5 t6 oo 005 (v8 -
< Jr}
& = ~Jeee x16 21 6610 £6 00z{c8
2 L A 4 o168 £9%151 €8 fooe 18] 00F ook
ARR T 20685 88 oo 1Y coclze
b 820 2026 2L68]006 costie
[Ty |
% — L 28 0124 26 2866]0 68 O00K 00S (080N
[ - B 4=~ t 26 0]2226 266610 68 oosles
A ey 4 m w 20 212 26 200610 @6 PO06E 005 {84
1 Ly
2 w 1 L locvioszel  locosloss oostzz
o3 o > e |m 06 2L 26 006 & 28 00ed 005192
g8 | & w ¢ g ﬂ M_m - {sozisme 550615 881 005{S A
o " o o) Fié s L lcoifseze]  {e906{0 68 pO0LE 0OS{EL
L g - $1116056 S/ D610 68 oosies
@* < T GE 115166 156061 & 68 P00 005 {2L
'
@ £9'1 {see crisls6a 00sHiL
% 9 L lezifeece{  fezi6}o 06 oosg 006 joron
S L | 4
K o 90 O]18£6 POEE[9T 16 m% 05K 6] mmn wm?.
g 100 9956 v 16]S 16 jooovd coslee A
o
b o w 26 1 {26¢€6 26161006 oasfes
™
%s_ A Hlue — |m e1f [rove{  {1916{0 6 poosd cosss
a J
iy ra L 98¢ 65 ¥6 v1 2640 96 005530
&
In.u.l m- o W & [~ o AhYa ] Jd5 SATTAf L ON
m R F; e 2 8 M vy “ :.o_: n_ﬁh hi ! 152, 150 oYL




SCALE A

TYPE I

I(D?-‘.‘g--

STANDARD 'CROSS — SECTION' OF--L'EFT MAIN_ CANAL

I

TYP

ol w m W
d 2 z _
= m = 3 a] .
3 g 5 E
wi m 1] m 1Y} = m
& > 3 o M n = 2
& W m T u 3 235 wk|e
! Pw =~ m o | ]
(&) = [ w
a_ w_ c_ s_ @ m E8 3 S E
2z § =
m = @ R
m [ 4]
w uw »
- mm 14 m T a
Z m.m M m -
@ & u o 2
BEoE® MMD a V a
]
o 830
o <
Wl
-
q
Q
wn
s c6 001610 | 05_ Dg+ J
5 150 B Peo D510 16 BEFA L5, Ps*
s - 1£0{ir e 1§56 10 €6 PO0SE 005 DS
§i2 um - {icofore!  hiseejoce Posed 0os br
Sy
WM (D1 [evess 14€6 15 26 TO0WE 005 By
il F 1160155630GPGES 10 £6 £OG 5] 008 b 1
= : 01 f2 5682 b6 RObE 10766 TUZER 002 DR+
L fusfigce i1 v6 o o6 POOEA 005 Pr
Eu B ) fiEv6 10 56 POS 23 006 Ftr
—= 2 |_z 030p8 56 bove 10 b6 P02 005 by 1
m - {0t 109 pave 1S £6 POS 121 006 Kt
5 - 1651 B2 SE EOS6 15 €6 100 121 005 B
- GF I S 96PNGNHEGE {0 b6 0507 OGF H S
1 racfiaachesc]  Y6ece] ogs Toage]
L depi02617  F6561S 06 000 00S Y
o L fierpeie] 9610 26 POs6H 006 FE
o oS o} Jeisel  prosisis pooer 00s pe
4 T m 06 115686 910 56 F0581{ 005 ke
al® 3 06 0 o5 86 I 2610 86 pooei 005 pe
ANA m.. o214 s 645 86 o5 oos ke
o ..m 051 56 66 51610 66 1O0LH 006 P& 1
= Mm m._ _ z ot ec6od 21610 66 £0591F 050 FE
1 = - & hove baes loee paos 05 PS¢
= _ 201 (UrREERR booaif cos e
§ & <¥ O 22 COH $86 10 66 10561 005 i€
= " 1)
L - mlw.m_ 201  Beooy 19610 66 POOS § 00 DS
Lt L
4 Mm u._ it m_ CI 55000 8610001D050 1 00S 2
S . o 1654060 | 16610 000G 001 B2 -
mv. [(Qeg| v 0 v 1R 0T PA 2218 SoIPoa el Ramoe.
. L 420 oo o 26610 00sed cos k2
_M_._ loto  daud he66ls 0ohoos 1 0os P2
-— 5 3 -
e ] 6 0 281 00040 10400521} 005 162
Q 3 20 02 2000 1orboo21} 008 be
ol oot oo e 00§ G 00005 11 005 f2
| 5 ot O 9¢ €0 8840 10H00 11} 005 B2 1
Lt
mw 2 e £2 COY0 20000501} 006 {12
— T oI o D& CON 005 bz
M _ 3 v I g 10 B0 10 006 161
M)
+ L0 =) €2 104020000061 005 {81
= . o'l jo2 Dt 10 005121
m
L {e30gr B3 10 oosfal 4
, g9 i1 - 169 8 10 005 {6
: : 20018 £0 207 005wt
[ ﬂ )
m L 8100 ot 20 005 {ci
m L S -1V ot 208 oosiz A
._ T Z00jx 25 208 oos i
[] g Y G £0 005 o1 -
4 o 001 o e €04 0 GOHCCS #] 006 {6
o) / 296 2160 e oos je
= A wS e S0 RBH 005 iL
2L s 52€0 st
% 80 & 24 S0 26 0 005 {5
K9 X6 £ 1 408 e
J o9 ul - <
%€ 2 508 1y 2
— LiC ] b SO - I
C e Eﬁv 5 SO0 SCHOR HOK O €0 0 OM
0 d_h EELEIET S ATN3{ 1510 151 ON
LHd30] LHH dOL (N33 Q.génvd_ N g

120 .01
110.04
100.01
%0
80 O
70 04
€0 01
50 O
DL 400




STANDARD _CROSS—SECTION

OF SECONDARY CANAL

TYPE (1)
4000 650 1000
TS
32 |
i 8 L2 T m
- Q= 3.
DR~ - N
1
3000 J
TYPE {1}
4 000 6 000 Lo
N TR
- 2 L=7600M
e Q= 2.48MY,
AT
2700
TYPE (I}
4000 5 500 1000
A" IR
- | Ls 3 200M
i e Q=2.13M
'y |
TYPE (W)
3000 500 100
RS AT
o
. o L+ 5000M
o Q1 85,
E 4ty
2109
TYPE (V)
2000 4500 1000
—— —
J P JSRS WA S
= L= 15 100™
pd g 128mY,

FARM_ROAD
TYPE (H1) 4000
3000 4100 1000 ml 2000 ‘
| L*13 800™ (2 300™)
:] - QT 0.99M '
1600
TYPE (Y1)
——— FARM DITCH
2000 3800 1000 _—
1500 00
RIS ' ~ N ) 3
8- £x25 500 KR
:— Q=0 7TMY
i
TYPE (¥I)
3000 3500 £ 000,
_FARM_DRAN_
L=12 900 [13 900™) 28
Q: 057M)
TYPE (K) - |§
3000 3100 L1000 3
r T
1000
gL sy
1o L: I8 700™ (8000™)
! ‘ 0 043
TYPE (X)
3000 2750 LOGO,
P R
; L=9 700™ [8 500™)
%7 0+0 28™M%
50} Where [ ] Rehobitohon on Canal Length
WONOGIRI MULTIPURPOSE DAM
INDONESIA
IRRIGATION
SCALE
g 2 3 au STANDARD CROSS-SECTION OF
SECONDARY CANAL B OTHERS
Date ¢ July al.mrsl OWG MO Wi-008




SIPHON
A-TYPE .

_Plon Plan

— ra

5 ]
::.!1'1'|||Illillll'l'l'éllil:l'F :f_‘ﬁ__—lz:ﬁ I -

1 : . Y ¢ s : * '
I_[_1\[‘:‘ , r F’| » Weoig :ﬂm Corgpl . :F§1 \ a A N i i# -611 L

e Lo S I-.i,qj C1 @ FQ:_‘""_] S
] » I b e B _”--d N = S_ - s Bt — L )
N g = — e e |-
! Bzl
ol 1
. |
!
I

|
|
1

|- 1 I

>

30qfl.
f
I
i

]
o I I &
T AR B SN ] — q : i r o ——
TE T ! & ] e
\ » ’IA - I Reveiment i | @ ', Il j i @:_
— — e l I T - T L 1= =] Stone Piching Reveiment. ] | e
: , 'y | Motiress_ Baskel I ] : \ N * @ o ] [ ]
| ; } E T L B i J L3 | I 180 IE' 1 Loitress Bosket | |-
PR e s = ::t-r:E:i-fEEm;-;:1 . ’CE)I | \ , .. % . , ! _g — _/
N | ,?ﬁ; b i ] L . 8 OO0 4 Flow‘ ; = Pl e Koy - ] ""'l,""""_‘."‘:.‘__—.‘__ - ...___8:-:__ b= i ‘—""’:‘
—-- h=n, =g s e R e s e - — o ——— 8 — NI = s S Srammiien i - - § P 16 _)‘ - L = ]
=2 i ! o L i s 1 R ‘4 A e IO g e e Pt L B S e :
i * ;: :_A.%:__:;J‘.__ H= g1 _I. =] * . / T - ! ] L ! HE oo vyl
R ' ] .| | — m S FIEE JE—
i e __& ]l : %——l é& » # J.D.__ —— { :
H - —
T %”'" 1 | l == | Stone Prtching : || g
|Stone_Prtching_| } I Pty —-ﬁ | ;' —]
I I ) — | IL —ean] RN I e =4 G
=d
TTT T TTT —A:j T TTIT T T, £-i e T _—
AN R RELIRRINERE
13 000
Profile Profile

Slige Gote

Stop L " Slop Log
Spitwoy 8 | R ﬁ ",fu’—ﬁﬂ‘-— Spillway &

waoste Way Wasle Way
T v

[ S———

5
o .-
feh [ Soreen

20000 g ' . 6000 i . 14.000 |

Section A—A Section B— B Section C—C Section D—D
1600 5000 3000 500 l,_.':_ﬁ.m.
) i — 5000 2 - |
35@42-403@43:11:50 59%6 ' mlr 1350
* i % I
i ’ ]

e Y rra s I e SR ) S ]
T ' = §8 |

[

a0g 250 350

E
g

WONOGIRI  MULTIPURPOSE DAM
INDONESIA

1RRIGATION
SCALE Q—_:__—_—:?M'

SIPHON
!

Dots : July 31,1975 | Dwe MO wi-009




A TYPE

Plan

/Mm_ SCALE A
130000

¥
TTTTTITTT T =
P
Profile
SCALE A
13000 15000 £ 5000 13000
_-Stone. Pitehing |
. - ! : l T !_ﬁ: — |5_.__ _______
¥ | N R— _
_\\ ec0li]
s R o
i

&% o

6 700

AQUE DUCT

B TYPE

Pian
TTRALE A

o 20000

/|

Stone _Pifching

i J

:\Ehﬁhllif

-
| 4100 |

Profile
SCALE A

20000

' I!
B oL

ARFAFRARENAN

T

i |

+_Stone Pitchi
-~ £

v

pu - 1 a Fy - 4

i & T

LRy X L‘ | mES

e

Concretepie ol 5
FE000 8400TBO00 " . o2

AR

Aqueduct Section
STALE B

X0

SCALE Afrmmmt———— R 1» M

scalE g %

oM

WONOGIRI  MULTIPURPOSE DAM
INDONE SIA

IRRIGATION

AQUEDUCT

Date

July u.nsrs] DWG WO Wi- 010




GENERAL ROAD BRIDGE (BRIDGE A TYPE)

Profile
15000 1S Q00
n n m Il
- ! | —| R
— Ll S— y
] A8q T
¢ A %
1900
St B
Ze
L1p

[ tegile
—aotns 000t )

Bridge Pier

mﬁi_ 1100 20
L , 14 40 ! Jd

- @2 __:jbooo 1

A

FARM-ROAD BRIDGE (BRIDGE B TYPE)

Profile
).
T 0 L | Jl ) | 1 I {
'y ' It 1 ' — s —
1 T T Iy ] ry )
N h=-596x 19911085 ~ 1 ]
0 T
tiovchie Support e
Fixd I ] |£¥Q
{ _Concretepile
240025000
e s U
Al
Section A-A

&"&:,——_-rﬁ_lﬂ-mg Dimension Table
- H-596x K015

] v > D % Type I Spaon Canal Type No Mo
- 1 e T -
R : Main [R)
l - -~ Main (R}
T - | e-b _ 30
2 Concrefepile w,_mﬁ?ﬂ_‘:xﬂ‘m :
a 6 6 £400x5000 ) in = !
: - | " -V 126
. B-c | m_ SECDI'lIé-OIr)E i
Section B-B
—4 600
-] ' ; > ow
8 ] Abumen
. . Eoncretepite
R
WONCGIRI M TIPURPDSE DAM

SCALE Eﬂ:ﬂ

INDONE SIA
IRR"GATION

BRIDGE

Dota ¢ July 31,1878 'rwc w0 wi.op




A-TYPE

-frr.,u

S

27 000
?
T

Section B— B

Section A~
3 700
m ]
H
P
T

Plon
=N
E
pis
aunenni: 1 =111 nune
*[fifi IRy |
Fion _ € ::!E
e J LA
LB
H == 3
141 :;“TE 1
: e 1 83 ’
1 ' H Lil
LT R
e
Profile

SCALE

CULVERT,

B-TYPE

Pian

33 200

- - 6300, _

o &

Section A—A

Section B~ B SectionC-—-C

Section D—D

2200 4.000_2.200

WONCGIRI  MULTIPURPOSE DAM
INDONE 514

IRRIGATION

CULVERT

Dot : July 31,1978 | owe no wi~ 012




et

LN L L 4

Flan

TURNOUT A - TYPE & CHECK

Waler  Medsurement  Focility
i T R . I

JARSA LEEEES BIALSINREN OGN RN

IEARERE

o o |
— r%” !gi__
'__ﬁ_

3600 2

TTTTT7] lulll|1|!;!|i|||!|lliIILIII

T T YAk NIRRT AUTTLEFY SV SV VRS I AN AP Y
2 214 g2

o T "“E|Fh

T 1 T T H

[ = ir | d

o é&l,:" A
r ~

| A e, + o

B rsholt Flumi L | " !
<L M {7Qin }

3 300

Section A—A

SR

Section € —C

= —r+ iy
+ j 4
_ e LI

1 1 1T ru iy i
= L] o 7] X

;;.?r

3 . 29
1 Side Gole [~

L s
a3

18 80O

SCALE

Section D~D
25003300 9000

T

_Section H—H
2200 8000

Section [—1

1750 1750
3 d

Section E—E

L

WONOGIRI  MJULTIPURPOSE DAM
INDONESIA

IRRIGATION

TURNOUT A B CHECK GATE

Date !

Juty 31,1973 | owe wo wi-oi3




TTIF id

TURNOUT B TYPE

Plan

1ol LTI s

. H350
e d T TR
MI |%. "—n“ hd !
~. 8700
200 11200

Front Elevotion

i

|

o

]

I E z 1
[ E—— =

¥

¥

]
11300 |
il

A .

.
———

3&1_600__ 3600.._. _..___g__inam__J

Seclion B—8

6200, _
~ 3300 A0 2 600 _a0b

T

Section C—C
8600

|

G I T i~ C LMD
13‘.— | o '5400§ -4
88 |FET ey s
NL.§. ’ _— ey TET J
Section D —D Section E—E
———t B ’__suoa__l
A_.....g i
1600, o
. o eoal

Flow
7200
5600

- 1900
@lsmm

TURNOUT C TYPE

Plan
\‘\ \ .
N
— - K / /
;;_-" i
;,:LS(E!? 5 -1

%
ol

ke
" 1]
« I'k=RRiprop
O iy | i g N
R B
ol ) a
B
BN, ¢ o~
- R
[ ;
Profile
A L5000 __ 2200
o 35000 yi0at 755
+ Romin Gole : #!

e

bt200 H350 Iy
- .. —

3,

Romin Gate
B1200 H=3
1§ =
P "
1'IE\OO‘P_E!!:?‘{IJL_ 4200
Section B—B

WONOGIR!  MULTIPURPOSE  DAM
INDONESIA

1RRIGATICN

TURNOUT B&BC

Dot : July 31,1973 | OwG MO Wl - 014




S

REGULATING RESERVOIR

{NO.1)

SCALE A

REGULATING RESERVOIR_(NO.2}

SCALE A

REGULATING RESERVOIR (NO.3)

Main Feotures of The Proposed Requloting Reservoirs
S R PRI P
2 [ Goveming__orea iho) 1,800___182d 2290
7 Max _ cischarge (misec) 24 25 30
Crest  cof reservoir (m} EL985 KL 960 ELBSO
. WL of reservor {ml ELS75 ELBSC EL84C
o {:,.’ ; Storoge  capacity {m3) . 210,000 210000 260000
l;  Klenieng | Reservoir__orea thal | 14.4 1o | 142
. | v _’ Reservosr depth im} 15 20 20
\,;1 e —_— Heighl _of _dyke {m) 25 30 30
H Lengh of dyke m) 1,800 1,0d  1,200]
EL of reservoir basm (m! EL96 0 EL B30 [ELB2O
oh
Ar

=-—-_._’/,‘:
Km’?
| 7
s
INTAKE _ GATE Section A— A
SCALE B8 ——  SCALEB
K B
Iu - y I.‘ > '. Yy / !
5 i 5a g
. A
- — Stide Gate ¥ A |
i ] 1300300 -
: { R --‘_' s 'F___-r - : ! ' . L4 T ,'j
[ = = . L 5 H I I
- [l
. 1 * ’@) 4 N
8 1 ; ) gseoo. 2300 6 000 =
u')i‘ ! LN '@. , ' Section B—B
I wf: S — ] T o
i - ! . ! |
L ! j L@. I- ! | l i - o roeer
lA- 3 500
¢
g —
SCALE A o====&-=_$n'
: SKALE 8 emmm—————
¥ M1
I
icaidd WONOGIRI MULTIPURPOSE DAM
' INAXE w0/ NOT NO2 I NOS INOONESA
X0 B .220 5600, 20 ) =0 Exor %0 IRIGATION
! 2000 .5 000
TS e R o R REGULATING RESERVOIR
HZ 2100320073 200
Date : July 31,1975 owe MO wi-0I3




i

SRR EMPER

%

i
1







	Cover
	Title page
	CONTENTS
	1. INTRODUCTION
	2. BACKGROUND OF IRRIGATION DEVELOPMENT
	2.1 General Economic and Agricultural Situation
	2.2 Agricultural Development in the Second Five Year Plan


	2.3 Development Potential of Irrigation in the Upper Sala Basin


	2.4 Selection of Irrigation Area



	3. PRESENT AGRICULTURAL SETTING


	3.1 Physical Condition of the Project Area


	3.1.1 Location and topography 

	3.1.2 Climatic condition


	3.1.3 Soil and land capability



	3.2 Present Land Use 

	3.3 Average Size of Farm and Land Tenure


	3.4 Kind of Crops and Cropping Pattern


	3.5 Prevailing Farming Practices


	3.6 Unit Yield of Crops


	3.7 Cropping Area and Drop Production


	3.8 Livestock 

	3.9 Marketing and Agricultural Institution


	3.10 Prices of Agri cultural Products


	3.11 Agricultural Products Values


	3.12 Production Cost


	3.13 Net Values of Agricultural Production



	4. AGRICULTURAL ECONOMY WITH PROJECT


	4.1 General


	4.2 Land Use


	4.3 Size of Farm and Land Tenure


	4.4 Kind of Crops and Cropping Pattern


	4.5 Anticipated Crop Yield


	4.6 Production Cost


	4.7 Net Values of Prospective Agricultural Production



	5. ESTIMATE OF IRRIGATION BENEFIT


	5.1 Irrigation Benefit


	5.2 Farm Budget Analysis



	APPENDIX Ⅰ COST AND RETURNS TO THE CROPS PER HA (WITHOUT PROJECT)


	APPENDIX Ⅱ COST AND RETURNS TO THE CROPS PER HA (WITH PROJECT)


	CONTENTS
	1. THE PROJECT AREA


	1.1 Present Condition of the Irrigation Area


	1.2 Traditional Vater Use and Operation and Maintenance


	1.3 Topographical Conditions


	1.4 Existing Irrigation System


	1.5 Drainage and Farm Roads



	2. IRRIGATION PLAN


	2.1 Irrigation Area


	2.2 Irrigation Vater Requirement


	2.3 Selection of the Optimum Irrigation System


	2.4 Main Irrigation System


	2.5 Operation and Maintenance



	3. DESIGN OF IRRIGATION FACILITIES


	3.1 Colo Diversion Weir


	3.2 Canals



	4. CONSTRUCTION PLAN


	4.1 Basic Considerations


	4.2 Colo Diversion Weir


	4.3 Canal


	4.4 Construction Schedule



	5. COST


	APPENDICES


	DRAWINGS


	Cover



