7. PROJECT BENEFIFS

7.1 Beonomle Benefils

The econ0m1¢ venéfits attrubutable to the Project eonsist of inérement tn
agncultural pfoductlon 16ss Ineremental costs, both ‘of which are WOrked Out on ‘the
basis 6f emnomlc value from the v:eWpoint of the natwnal éeonémy.

The inerease in agncultural productmn would be due mainly to (1) the

newly irngated srea of 3,5 Oﬂha, {2) more intensive use of land; and (3) heigher yleld
of rice.

The ci'op productnon gradually inereases after eommencement of the
pattial operation of the Project. The build-up period for full devempment of riee
produetion is assumed to be 5 years af ter cOmpietaon of lhé construction works.

The Pro;ect will, when fuuy develOped, genemte net beneflts amounhng
about US$2.0 million per year, which Is the difference between the annual produchon
valués under future "with” and "without® Project condntlons

1.2 Farmers' [Income

The main béneficiaries of the Project will be the farmers in the Project
area. At present, theré are about 9,067 farm hous¢holds in the Projeet area with rice
fields under rainfed condition. '

- Without the Project, the net average income from ¢rop production for a
farmer who cultivates about 0.4ha of rainfed farmland Is - eslimated at
Rp.223,400/year based on & yield of 3.2 tons of paddy/hafyear and 0.8 tons of
Groundnuts/ha. With the Project, the average net erop income of the farmer would
be increased to Rp.714,200/year based on a yield of 10.0 tons of paddy/ha during both
‘the wet seson end dry séason and 1.2 tons of Groundnuts/ha. '

7.3 Sawngs in Porelgn Bxchange

As a net importer of rice, the Government of lndoncsaa determined selfl-
sufficiency’ in fooderops 8s one of the principal goals. The Projeci will, after
complelion of the Project works, conlribute each year an added amount of about
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22,840 metrie tons of ';iaddy’_ of 15,500 metrie tois of mitled rice, which will
contribute considerably to savings in forcign exchange,

The detalls of the Project benefits will be discussed fn ANNE X-XL.
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Table VI-1

ARBAS AND POPULATION BY ISLAND IN INDONESIA .

TTAREA T POPULATION. )

| kme (%) 1971 1980 (%)
JAVA 132,187 (6.89) 76,086,321 91,269,528 (61.88)
Jakarta 590 (0.03) 4,579,303 6,503,443 {(4.41)
West Java 46,306 (2.41) 21,623,529 27,453,525 (18.61)
Central Java 34,206 (1.78) 21,877,136 25,372,889  (17.20)
Yogyakarta 3,169  (0.17) 2,489,360 2,750,813 (1.87)
EBast Java 47,922 ' (2.50) 25,516,999 29,188,852 (19.79)
SUMATRA 473,606 (24.67) - 20,808,148 26,016,160 ' (19.00)
KALIMANTAN 539,460 (28.11) 5,154,704 6,723,086  (4.56)
SULAWESI 189,216  (9.85) 8,526,901 10,409,533  (7.05)
NUSA TENGGARA 88,483 (4.61) 6,610,074 8,487,116  (5.76)
MALUKU &I JAYA 496,486 (25.87) 2,013,005 2,584,881  (1.75)
INDONESIA 1,919,443 (100.00) 119,208,229 147,490,298 ' (100,09)

Source: Population Census 1980, BPS

-¥1«20



TableVI2  POPULAYION AND POPULATION

GROWTH RATE BETWERN 1971-1980

Average
‘ _ Annusl
1971 1980 Growth Rate
_ T o (%)
Indonesia C 119,208,229 147,490,298 2.32%
West Java Province 21,623,529 27,453,525 2,66
Banten Reglon 1,978,359 2,486,813 2.57
" Kabupatén Secang 859,467 1,109,186 2.85
. Notet * excluding East Timor
Source! Sensus Penduduk 1980, BPS
Té_f)le vi-3 POPULATION DENSITY
Areq Density
(km?) {person/kmn?)
Indonesia 1,919,443 77
West Java ' 46,300 593
Province
Banten Region 7,632 326
Kabupaten 1,876 991
Serang

Source: Statistik Indonesia 1980/81, BPS and Statistic Data in Serang
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Table VI-4 GROSS DOMESTIC PRODUCT BY SHCTOR
OF ORIGIN AT CONSTANT 1973 PRICES, 1978-1981

" (Rp biftion)

1978 1979 1980 1981

Agricuilture 3,134.8 3,256.6 3,424.9  3;545.%
o (33%) 0 (32%) (31%) . (30%)

Mining . S 1,048.8 - 1,046.9 1,034.6 ;- 1,009;1
Manufacturing _ . 1,235.6 1,395.3 1,704.6 1,909.4
‘Eléctricily, Ges, Water 56.9 . 68.8 17.9 . 89.9
Construetion _ 528.9 562.8 639.3 700.6
Transport 514.2 559.8 609.4 ' 652.5
Trade 1,530.3  1,68L.1 ~ 1,851.9 ' 2,06%.9
Other Services - 1,511.0 1,504.8 1,826.6 1,982,
Total 9,566.5 10,164.9 11,169.2 -12,017.4

Source: National Income of Indonesia, 1978-1981, BPS
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Table VI-5

PERCENTAGE OF EMPLOYED PERSONS

'BY 'INDUSTRY IN INDONESIA

Industey 1961 1971 1980
 Agriculture 71.9 64.2 54.8
‘Mining & Quarrying 6.3 0.2 0.7
Manufacturing 5.7 6.5 8.5
Electricity, Gas 0.1 0.1 0.2
and Water
* Conslruetion 1.8 1.5 3.1
“Trade 6.7 10.3 12,9
. Transport and 2.1 2.3 2.9
Communication
Finance - 0.2 0.4
“Services 9.5 10.0 15.1
- Others 1.9 - 0.1
Not Stated - 4.6 1.3
106.0 100.0 100.0

Sowce: Welfare Indicator, 1980, BPS
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Table VI-6 GROSS DOMESTIC PRODUCT IN INDONESIA
'AND _GROSSREGIONAL: DOMESTIC, PRODUCT
IN WEST JAVA AT CURRENT MARKET PRICES IN 1978

(Rp bitlion)
4 ‘S'Ba:é_of
Indonesta ~ WestJava ~ West Java
' R : ™
Agriculture 6,706.0 9d7.7 © . 141
(Pood Crops) (3,991.4) =~ (676.2) |
© (Other) - (2,714.6) | (211.5)
Mining 4,357.6 ss 12
Manufacturing - 2,420.4 - 311.1 12,9
Electricity, gas, | 118.3 | 23.8 -~ . 0.1
- water : : o '
Construction C1,242.1 130.2 o 10.5
Trade $3,450.2 713.1 20,7
Other service 4,451.4 556.6 12,5
Totel O 22,746.0 . 2,994.0 13.2

Sowrce: Regional Income by Pro‘vili‘ce‘in !ndOnésia, 1981, BPS —
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Table VI-7 -

BALANCE OF TRADE

(Milllon US$)

'1'_975 1876 1977 1978 1979 1980
EXPORT ' - 7,102 8,547 10,853 11,644 15,590 21,910
" Oit/Products 5,311 6,004 7,298 7,439 8,871 12,859
‘Group A% 813 1,158 1,747 1,828 2,210 2,721
© Group B#** 978 1,385 1,808 2,311 4,449 6,324
IMPORT 4,710 5,673 6,230 6,690 7,202 10,834
BALANCRE 2,334 2,874 4,623 4,954 8,388 11,076

~ Pepper and Tin
¥+ Group B including Tea, Copra cake, Fitre, Copal and Damar, Wood and

Others

Sowrce: Indikator Ekonomi, Mei 1982, BPS
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Teble VI-4 EXPORT OF SBLECTED COMMODITIES IN INDONESIA

(FOB Amount in Million US$)

1976

1979

1980

1975 1977 1948
Petroleum & Products 5,311 6,004 7,298 7,439 3,870 12,859
Wood 500 780 954 995 1,796 1,852
Rubber 258 530 588 116 936 1,165
Coff¢e 100 238 . 599 491 614 . 858
Palm oil 152 136 184 - 208 204 254
Tin 1490 165 250 286 104

510

Sowrce: Indikator Ekonomi, Mei 1982, BPS
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Table VI-9

-

IMPORT OF RICE IN INDONESIA

(including glutinous rice)

PR ~Volume Value
Year - 1,000 ton US$ Million
1975 692.6 326.5
1976 1,301.2 450.1
1977 1,893.4 678.0
1978 1,841.6 591.5
1979 1,922.0 596.3
1980 2,011.7 690.4
1981 538.3 206.4

Sowece: Indikator Ekonomi, Mel 19382, BPS
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Table VI-10 LENGTIl OF ROAD AND IT§: CONDITION.
: IN INDONESIA' AND WEST JAYA

Total , ; Teavy Un-
(km) Good Moderate ~ Damage ' Damage specified
Indonesia 142,314 28,642 50,447 24,502 34,082 4,611
| | {20%) (35%) (1% (2a%)  (4%)
West Java 11,533 3,513 3,888 2,009 2,003 90

(31%)  {34%) (17%) '(1&?’965; (1%)

Sowoce: Stalistik Indonesia, 198071981, BPS

Table VI-11 LENGTH OP ROAD AND ITS CONDITION
IN KABUPATEN SERANG

Léngth ' Damaged
Km _ ‘%’

State Road 59.43 0

Provincial Road - ' 61.03 0
Kabupaten Road 569.50 : 57
Desa Road 1,895.35 100

Sowrce: Laporan Tahunan, 1980, Dinas Pertanian Kabupaten Serang
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Table VI-12 PRESENT 'GENERAL, CONDITION IN AND
© AROUND THE K-C-C AREA (IN 1980)

Kee. | ~ Kee, Kee. Kee,
| , KOPoO PAMARAYAN CIKANDE CARENANG

Total population - 43,440 41,085 52,365 40,666
Total howsehold 8,723 9,924 10,453 8,133
Average number ¢ 4,68 4.14 5.00 5.00
per family ’ .
Farm howsehold | 8,592 9,733 8,339 6,504
Total administrative 8,518 7,344 8,268 5,493
area (ha) v
Rice field (ha) 2,880 3,185 4,817 - 4,195
Upland, orchard & - 4,261 3,466 2,533 1,148
homeyard
No. of Village : 15 15 12 11
No. of BUUD/KUD 2 1 2 3
BRI Unit Desa S | 1 2 2
No.of Hulter. 17 17 39 38

Sowrce; Agriculture of fice in Serang, Kecamatan offices and BPP offices in the area
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Table VI-12A . POPULATION 'BY_AGE GROUP_IN
| AND AROUND THR K-C-C_AREA

(1980)
A Kee. CKee, . Keeo ‘Kee.

Age  Group Kopo Pamarayan  Cikande = Carénang

0-4 M 3,852 3,684 4,533 3,219

| 4 3,629 3,588 4,475 3,146

5-9 M 3,513 3,565 4,520 3,286

3 3,523 3,353 4,210 3,118

16-14 M 2,792 2,558 10 2,362

P 2,255 1,950 2,541 1,758

15-24 .M 3,196 2,750 3,688 . | 2,415

- P - 4,050 3,548 4,615 3,419

2549 M 6,083 5,810 7,342 . 5,889

F 6,168 6,253 8,080 6,824

50up M 2,166 1,982 2,536 i 2,550

P 2,153 2,044 2,486 . 2,613

Total 43,440 41,085 . 52,265 40,666

Sowrce: Statistic Office, Serang
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Table VI-14  LAND HOLDING $IE OF
 PARMERS IN INDONESIA (1973)

Parm Pamity . Area 1 Me/Ramily

Java - - 8,664,446 - 5,505,215 - . 0.64
Sumatra 2,847,068 3,802,749 © ¢ L4
Kalimantan - - 689,195 . 1,868,144 - 271
Sulawesi | 1,101,187 - 1,523,485 - 1,38
Bali =~ 305,154 266,605 0.87
Nusa Tenggara 646,678 912,120 148
Maluku 119,814 | 259,862 9.11

. Total | 14,373,542 14,168,181 0.99

Sowee: 1973 Agricultural Census, BPS
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Table VI-15 - FARM PAMILIES BY LAND HOLDING
SIZB_IN_INDONESIA (1973)

o o Average
. 0.5ha - 0.5-1,0ha 1.0-5.0ha 3.0ha Total . ' size

Indonesia 6,560,758 3,554,297 3,951,119 307,368 14,373,542 0.99
West Java: 1,498,475 538,178 419,584 12,044 2,468,281 0.62

Sowece: 1973 Agricullural Census, BPS
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Tsble VI-16 _ PR:CES OF MAJOR: FOOD CROPS
IN THE RURAL MARKETS OF JAVA

‘Milled Msize  Soy-  Peanuts Sweet

. , Rice - mixed beans shelled Cassava tatoes
Year & Month ke) &g kg (kg (Ke) ?o ‘_
1975 Average 98 59 164 252 17 20
1976 w4l 1 e 2%% 28 30
1917 v 152 N 197 344 29 32
1918 165 11 218 30 - es 32
1979 " 210 103 292 .. 480 33 " 38
1980 246 111 329 s 42 45
Jan. 282 114 378 605 44 48
Feb. | 283 112 389 613 45 48
Mar. 213 113 395 62 46 - 49
Apr. 268 113 399 659 46 50
May 264 116 400 672 16 51
Jun. 265 119 388 675 41 5%
Jul. 266 122 382 6817 - 47 52
Aug. 268 125 383 691 47 52
Sep. 274 126 382 679 46 52
Oct. 284 132 382 665 45 52
Nov. 260 133 387 664 45 51

Dec. 294 131 383 663 45 51

Source: lndikgtdr Ekonomi, Mel 1982, BPS
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Table VI-17 ~ CALCULATION OF 1990 ECONOMIC
: FARM GATRE PRICE OF PADDY
- (Import Substitution Price)

Usslton Rp/ton

_ Milted rice 5% broken, P.O.B. Bangkok :2_5“*_“_—79_::250
" Quality discomnt (x0.9) ' ' _ 383 264,210
Ocean freight to Jakarta | 20 13,800

" Port handling and Storage | 7 4,830
Wholesale priee, ;Jakarta 410 282, 900
Inland transportalion | 1 1,500
Wholesale ﬁ:ice,-i’roject area _ 399 - 275,300
Conversion to dry paddy (x0.68) 271 186,900
Milling, !qca?;l transportation, etc. ig - 6, $G0
Ecbriomic farm gate price of dry paddy 261 ' 180,000

Sowrce: Commodi y Prices and Price P;o;eehors in 1981 Constant Price, World Bank
Conversion rate US$1=Rp.690
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Table VI-19 ' CALCULATION OF 1990 ECONOMIC
- PARM GATR PRICES OF PARM INPUTS

- US$fton . Rpfton
1. Fertilizer.
(1) Urea
' Wérld market price 265 182 ;300
Freight and insurance 15 10, 300
‘Storage, handling, ete. 10 6,900
Intand transportation 10 6,900
Marketing costs 10 6,909
~ Pars gate price 310 213,900
. : {Rp.214/xg)
(2 TSP | .
" World market geice - 195 134,500
Freight and insurance | 15 10,300
Storage, haadling, ete. 10 6,900
Inland teansportation : 10 6,900
Markeling costs 10 6,900
 Farm gafeprice 240 185, 600
o | - {Rp.166/kg)
- (3) KCL _ '
Farm gale price 155 . (I%Eg!ogisng)
2. Agro-chemliecals : . _
{1)  Pesticide, Pungicide |
Pali-mr gate price _ _ (%t} |
(2) Redenticlde |
Farm gate price (l%t)

Sowrce: Commodity Prices and Price Projection in 1981 Constant Dollar, World Bank, 1982
Converslon rater US$1=Rp.690
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Tatle VI-20 BOONOM]C AND FINANC!AL PR(CES
OF PARM pnonuors AND PARM INPUTS AT FARM GATR

Financial - Economie

Unit Price - Piee
(Rp/xg) (Rp/kg)
1. Inputs ‘ .

Seed Rice : kg - 250 . 25(_)
- Msize n 600 600
Peanut | oo . 350 . 350
‘Soybean n 800 800
- Chili " 60 100
Pertilizer Urea e 0 . . 214
TSP " L B 166
KCL n L o 107

Agro-chemicals _ g
Pestmdel?mgiude kg/lit 1,230 6,000
Rodenticide (Klerat) kg - 500 C 2,100

Farm Labowr : - 7 '
Hard Worker man/day = 1,20 120
Light Worker oo - Lo 600
2. Outputs _ _

' Milled rice kg 950 275
Uphusked rice " 135 180
Soybean " 300 ' 259
Groundnut " 450 | 420
Maize " 1500 105
Chili : ' " 600 - 600
Cassava " 45 @ 48

Sowee: L. Commodity Prices and Price Projection in 1981 Com!an! Ddlar,
 World Bank, 1982

2. Perin Economy Survey, Statistie Ofl‘ice; 1982, Seranrg'
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Fable VI-31

TYPICAL_ FARM BUDGET

Gross Inedme
Farm income

Rainy season paddy

Dry season ;Saddy

Palawija crops (Groundnut)
Other Income

Bxpenditures
Parming expenditures
Rainy season paddy
Dry scason paddy
Palawiia erops (Groundnut)

Taxes and interest

Living expenses

Net Income {Capacily to pay)

*+ Proscnt conditlon of a rice a year will be changed into two riee.croi}pings plus

(0.4ha Parm)

- Without
Project
(Rp)
223,400
186,200
(l?2,800)

{ 0)
( 13,400)

37,200

199,200
38,000
(36,400)
{ 9)
( 1,600)

11,200
150,000

-

24,200

With
Project
(Rp)
756,000
756,000
(270,000)
(270,000)

(216,000)
0#

579,100
143,400
(44,500)
(44,500)
(54,400)

35,700
400,000

176,900

ohe palawija cropping a year wilh the project and farmers' net income will be
ineteased by more than seven (7) limes compared with the present condilion
even if other income will be zero. It is also considéred that there will be very

Hitlle ehance Tor farmers Lo do other business than farming under with project

congition,
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ANNEX - Vit

IRRIGATION AND DRAINAGE

1. THE PROJECT AREA

1.1 General

The K-C-C areéa Is located at the eastera part of the District (Kabupaten)
of Seramr, havlng & gross land area of about 22 »000ha. The study aréa with a geoss
land area of about 11,500ha which occupies the southern part of the K-C-C area, hss
been seleetéd for the delineation of the potential icrigable area of the Project. The
study aréa is bounded by the Cibeureurn/Cidurian rivers to the east, by the Ciujung
Prbjéét area to the west, by District road conneeting Cikande and Bsbakan to the
nbrth and by Disteiel boundary to the south, There éxist about 5, 000ha of tice field
and about 1,000ha of 'upland field in this study area, out of which sbout 3,800ha in
gioss of rice ‘field has been solected as the Project area, i.e, the irrigatin
development aréa, teking inté consideration the economie, engingering and other
aspects. '

1.2 Present Situation of the Study Area

Rice cullivation is very common in the study area, but most of the rice
cultivation Is madeé under rainfed condition due to lack of icrigation fecililies and
depéndable’ water supply. ~The cullivation patterns are much affected by seasonal
disteibution of cainfall and therefore most of rice eultivation is concentrated in the
wet season,  In the wet season, road condition becomes muddy because of poor
maintenance and dealnsge, which somelimes hampers ageiculiural activities in this
area,

1.3 Basie Concept for Ircigation Development

The proposed Pl‘ﬁjéct aims at achieving the increase of agricultural
~ produetion and thereby improvement of the farmess' hvmg standard in the Project
atea through the provisibn of irrigation syslems using water resources from the

Cibeurém river basin.  With this view, the major concept for the imgatim
dev’e!obmen! would be: | 1) to stsbilize and improve the production of rice in both wet
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and dry season; 2) to stablize and increase the production of palawlija crops such as
groundnut soybean, ete.; and 3) to raise the living standard of the farmers in the
" Project area through the inercase of farm products.

1.4 Water Resources

For the establishmént of the new frcigation network in the Projest ares,
the diversion works which consist of dam, intake structure, spillway and gates are to
be constructed at the progosed dam site of Gadeg on Clbeureum river, abdut 5Km
south of the boundary of the Project area, ‘The catchment area of the Cibeureum
river up to Gadeg site is about 117 km2, Water level récord at Cadeg site 1s available
for about two years but it cannot bé used botause. some data are not stated.
Accordingly, the estimation of the dlSCh&l‘ge of the rived at Gadey site has been made
using the discharge data at Kopomaja gauging station on the Cidurian river, whieh has
th¢ same watétshed with the Cibeuréum and has Lhe reliable discharge data for the
long perlod. The estimation of the discharge at Gadeg has been made paying. full
attention to the characteristics of the river basin, rainfall and discharge of Kopomaja
site. Based on the estimated discharge for 1963 - 1976 at Kopomaja, the discharge at
Gadeg ' site is estimated as 0.24 m3/s at the minimum and 27,68 m3/s, at the

maximum. The dependsble water calculation bas¢d on 8096 of available water Is
shown in ‘I_‘able ViI-16.

1.5 Comparatwe Sludy for Basle lrrigation Development Plan

- Discharge of the Cibeureum rlver at Gadeg slte fluctuates cons:derably
throughout the year. As indicated in Table YII-16, dzsehargg of. Gadeg . in¢reases
steadlly at- the beginning of each growing season. . . However, from the middle of
December until the beginning of - January, d:scharge deops sharply. Discharge is
relatwe!y plentlful from Janauary until May, after which it decreases with. the perlod
of minimum discharge lasting from June o Augusl

The proposed eropping pattern has been devised laklng into consideration
‘the discharge characteristic of the Cnbeureum river, and is formulated t6 maximize
(n) dwertable water resources, (i) ireigable area and (iti) Project benefits.

The dwersto:n rec;uirement feom lhe Cnbeureum rivef haé been caléulated
with considemtion foi the malntenancé flow of the ‘downsteeam pOrﬁOn of ‘the rlver,
and lhe dally domesnc water needs of resldents in the dommstrearh area of the river,
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The relaliouship between divertidte discharge amownt and frrigation
requircment has been caleulated for the 13 cropping years from 1963 to 1976,
Findings haVe been tabulated as Table Vii-16, |
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2. IRRIGATION AND DRAINAGE PLAN

‘2.1 Ireigation Water Requirements

2.1.1 General

4

In planning of an lrrigshm project, a full knowledge ‘of u'rigatién water
requirements of crops from the time of seeding until harvest is needed. It Is also
“necessary to know the total amount of water requtred in éach season 16 prodlfce
optimum yietds for the climate and soils involved.: Peak water requirément by crop
must be known in order to détermine the capacily of férigation system. It is also
important to check whether the peak use periods for different erops in the study arca
occur &t the same time or at different months. This may be a very lmportant

consideralion where water resourcés are limited compared with the magnitude of the
irrigable area. ' '

Since the field measucement of consumptive use of water by ‘crops was
not carried out in thé study period because of shortage of t:me, the study was mainly
depending on lhe field measurement results obtained in the snmilar nature projects
and recommendatlons by FAOIU\IDP The empirical and lheorettcal I'ormulas
developed in the past by various experts were also used in this study.

" The caleulation of irrigatlion water requnremenl for the proposed cropping
patterns has been made on 16-day basis from 1963 to 1926 as shown in Table VH-16.

2.1.2 Consumplive Use of Water

“The consu mplwe use of water is lhe sum of lhe volumes of water used by

vegelative growlh in a given area in the transplretlon or buildmg of plant tissue, and

that éveporated from adjacent soil or intercepted precipitation on the area in any

_speelf ied time. Praclically, the consumptive use of waler is obtained by multiplying
~ the elass-A pan evaporation or potential evapotranspiration by the crop coefficient,

(1) Potentlal evapotransparation

In the study area, the evaporatién data are avaitable at Serang (1971 -
1979), but lhese data are not used in this sludy, because lherc !‘ound some
d:sturbances in these dala, i.e, exlremely high and low values and many blanks in
daily dats. !nstcad the polential evapolran:»piratiOn calculated usmg the Modificd
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Penman Formula has been used in the study,

In the selection of formula among the

various empirical and theoretical formulas, the latitudinal and altitudinal location of
the study arca and availability of meteorological data are fully taken into
onsideratlon The meteorological data and caleulation methods used in the water

requirements study are summarized as follov.s

(A) M'eteoi-bloafehl' Data Used

a) Mean Monthly Air Temperature (l)

Jan. Peb. Mar, Apr. May Jun.

Jul.  Aug. Sep. Oci. Nov. Dee,

26.3 267 26.6 27.0 27.1 26.6

26.4 26.6 26.8 27.2 27.1 26.6

b) Mean Monthly Relative Humidity (iim)

~ dsn, Feb, Mar. Apr. May Jun.

(°C)

84 « 82 84 82 81 80

Jul, Aug. Sep. Oct. Nov. Dee.
80 78 .11 it T8 82

¢) Méan Monthly Sunshine Duration (h)

‘Jan, © Peb, Mar. Apr. May Jun.

%)

Jul. Aug. Sep. Oct. Nov. Dec.

96.1 924 117.8 120.0 130.2132.0
3.8 33 38 40 42 44

161.2 164.3 156.0 136.4 120.0 93.0
52 53 5.2 44 40 3.0

- d) - Méan Monthly Wind Veloeity (Uy)

(hr/month and hr/day)

Jul. Aug. Sep. Oect, Nov, Dee.

Jan. Feb, Mar. Apr. May Jun.
126.1 141.1 '126.1 116.6 126.1 126.1

123.6 136.7 132,54 117.7 123.6 146.3
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¢) Mean Monthly Pan Evaporatlon (by class-A pan) -

“Jan, ‘Ped, Mar, pr. May Jun, Jul ‘Aug. Sép. “0at, ' Nov. Dec,
80.6 108.2 117.8 123 136.4135.0 139.5145.7 126.0 130.2 129.0 105.4
26 3.9 38 41 4.4'j‘4.5""45-':4?"'4.‘25'4 4,334

(mm?month and mmlday)

(B) Caléu‘!ﬁtlbn_ Methods

The caleulations have been made using the‘fbltow_ing two empleical
formulas. | ' - -

i) Modgified Penman Method

This method présents’ the complete theoretical approach 16 the
caleulation of potential evapolraspiration’ showing ”lh‘é‘"éor‘n'suiﬁptiife use
inseparably connéeted with the solar energy. - The formula rcpresenlmg the
- potential evapotransplrallon is as follows:

Al{H nt— l[n% fL + Ea
. A ¥ YG

Egr =
In which,

Egr : the Evaporation Index represenhng the Potentlal evapolransplralmn of
short-cut grass (mm per 24 hes)

:H f;‘t‘ the net short-ﬂave radtation (Langleys per 24 hrs)

Hlo, the net long—ﬂave radiation (Lamleys per 24 ht‘a) _

Ba : the evapbratu)n compuled from the aerodynamic equation, assuming the
surface temperature to be equal to the air temperature {(mm per 24 hrs)

L : the latent heat of vaporization (Langleys per mm}

& ¢ the slope of the saluratéd vapour pressure (v), lemperalura cutve at
temperature of the alr (mm¥lg per OC) _ ' :

o ' : a factor representm lhe storatal dtf fusion resislance. A valve ol‘ 0.7

has been used in the computatlon of the Fvaporatlon lndex

Y i a[actor, called the psychrometer constant, which is defined by Bouen’s
d:mention_aless ratio (0. 4_9mm Hg pér 00C)

If no radlation data are avaitab!e, the net short-wave raduation can be
ca!eulaled by means of the following t‘ormula: | '
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“HAPS (1-9) 1A 0,28 cos 6 + 0.52 n/N)
In which,
¥y 3 the retlectivily of the surface fof incident short-wave radiation for
grass a value of 0. 25 has been selected
Hp t the theoretical mmu mum  short-wave radiation receivéd if no
atmosphere wete present (Angot valué: Langleys per 24 his)
‘the 1atitude (degrees)
the relative duration of bright sunshine

= 8
».

n/N

L

The formula for caleulaﬁng the net long-wave radiation is:
H = 0.97oTy4 (0.47 - 0.077 Vea) (0.2 + 0.8 n/N)
In which,

o 3 the Stefan-Bolzmann constant equal to 0.8132 x 10710 Langlays min -
1.0k-4

TK": the average dsily sir temperature at 2 meters above gromd level
(degree Kelvin) :
eg t the average dally saturated vapowr pressure at dew- point temperatwe
" of thealr at 2m ground level {mmHg)
Ba 1 calculatéd by means of the following formula:
" Ea = 0.35 (0.5 + 0.54v) (e - &)
In which, _
u 1 wind velo«ty at 2m above gromdlevei (mn/sec)

: es ea: the average dally water vapow gressure deficit of the air al 2m above
grow\d level (rn mig)

The process of the caleulations is shown in Table VAI-1 (1)

) Chrishemen-llargreaves Method

- The’ Clrlslierbén-llargréaves method is a modification of the Hargreaves
tormula in' terms of wind, sunshine, and elevation factors. The method is
explained as falows.

ETo
“Bh

1‘? §e D Te (Fh Fw * Fe)
0.59 - 0,55« Ha?

Bl
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Ew = 0,75 + 0.0255 - Wkd
Fs = 0.478 +0.58+5
Fe = 0.950 +0.0001 .
 Where,
ETo: Potential evapotramptrauon (m m!day)
D 1 Day-time coefl'eelent (Se¢e Table VII-7)
Te 1 Temperatwe (OC)
Hn : Nbon humidity (%)
04Hm+06ﬂm2‘
Hm i Reiative humidity (%) (See Data Book)
Wkd: Wind velocity at 2m abme lhe f:eld (kmlday)
S : Sunshine how ratio
| S=n/N
n : Suadhine hows (hrlday) _
s Maximum possible sunshine hoir's (hrlday)
~ (SeeTable VII-9)
B : Elevation above the sea level (m)

=

| ;I‘he_ calculations of e‘i'aboi;rampimtion_basgd on each formula are given in
Tables V-1 (1) and VII-1 (2) respectively. .

(C) Results of Caleulation

Potential evapotranspiratlon has been ea]culated by the above wo
| empmcaj formules as tabulated below The valucs oblaincd i-.0uld bc apphed to
estimate of water requirement. The maximum and minimurn Values o( potenlial
evapotranspiration are 4.67 mm/day in September and 3.78 rnm!day in Janu&ry
: r%peclwely accordmo to the modnl'led Penman mélhod ' T

' - _ ‘ (mmkhy)
Methbd * Jgan. Peb, Mar, ég{_ May Jwn. " Jul. Aug. Sep. - Oct. Nov.- Dec.
M. Penman 3.78 400 4.06  4.03 © 3.93 3.84 -4.15 4.46 4,67 4.45 4.30 3.83

CHarg— 299 328 12,89 ~3.23° 3.50 3,85 40? 3.33 4.42 4,09 3,97 314
reaves

Judging froim the above resuls, the Modified Pehman Method is adopted
in Lhe estimation of the potential evapoteanspitation.
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(2) Crop Cooff ielent {Ko)

’l‘he crop eocf[ieiénts used for paddy are the same as fecommended by

PROSIDA but adjusted with the aid of the Table below. The erop coeffictent (Kc)
‘curve for paddy is shown I Fig, VII-1 ), (2)

The Kc Curve for palawija (Peanuts, etc.), shown in the Technical Release

'No. 21 pubhshed by USDA In 1987 is used In the calculation,

this curve is shown in
Fig. VIl (3)

" Growing Season % The ¢rop coelficient
- 10 1.08
20 1.18
3% S I Y
40 1.37
50 1.40
60 1.33
70 1.23
80 1.13
90 1.02

100 0.92

2.1.3' Determination of the Basie Year for Planning

Re!urn perlod of each year is caleulated based on the annual rainfall in
the Project area and dlscharge at Gadeg dam site, using data for 13 years (1964~ 1976)
as shown in the following tlable,

V-9



1964 1965 1966 1967 1968 1969 1970 1071 1972 1973 1974 1875 1976

* Annual Ralnfall 1054 1765 1691 1815 2407 1718 2637 2208 1562 2383 2471 1992 1481
at Parigi 1 6 4 7T 11 5 13 9 3 10 128 2
: 125 2.4 8.3 2.3 1.2 2.8 1 L3 50 L2ULL LT 6.1

Annual Effieclve 879 1182 1091 1174 1560 1095 1646 1412 1070 1609 1468 1326 981
Rainfall at t 7 4 6 1 5 13 9 3 12 10 3 2
Parigi 26 2.3°3.7 2.5 1.1 3.6 1.1 1.3 45 1.t 1.2 1.5 8.7

Annaual Rainfall 1090 2227 2096 1988 2659 2197 1953 2003 2110 2823 2678 2357 2131
at Gadeg 13 8 4 2 10 1 1 3 5 12 11 9 &
11029 7 12 2.0 .32 15 10 5.5 L1 1.2 2.9 4.2

Upper figure: ramfall (mm)
Middle figure:  Ranking
Lower figure:  Return perlod (year)

The above table ShOWS that the year of 1972 corresponds to the return
period of 1/5. Therefore, the year of 1972 has been selected as the basie year for the
' pianmng of the Profect. ' |

-

Water balance ea!culatlon has been made to figure 0ut lhe irrigab!e area
and the resulls are: '

The first erop {rlce)  3,519na
The second ecop (rice) ~3,593ha

Palawija erop () " 3,750ha

Based on the ¢alculation ebove, the net irrigable area of the Projeat is
determmed as 3,500ha. ‘

2.1.4 Unit lfﬂgalion Water Requirement

Atter knowing the consumplive use of Wa't'er', the uh’il irrigation water
reqmreménts for each crop are caleulated using the daily water balance method, For
“this meéthod, the following equations are employedz
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Equatién for Paddy:
IWD= (CU + PL+ NW + PW-RR)/RI

- Equation for Upland Crép:
IWS = {CU + PA - ER)/Ri
Where, . .
'iW_D,"iWS: wit irrigation water requirements {/sfh)
‘Cu t oonsumptive use of water = Ke - ETo (mm/10-day basis)
PL ¢ pereolation loss (for paddy field only) (mm/10-day basis)
NW i

RESEry water requlrernent (for paddy field only) (mm/10-day basis)
PW : puddling water requirement (for paddy field only){mm/10-day basis)
- ER : daily effective rainfall {mm/10-day basis)
FA ¢ farm application losses
Bi : combinéd irigation efficiencies

(1) Pereolation toss (PL)

‘Referring to the percolation rates observed at several sites in the project
area a3 pre;enled in Table YII-10, the percolalion rates for irrgation planning in this
proj¢et area are suggested as follows. The peravlation loss of 2 mm/fday, however, is

only mcorpOraled m the caleulation of the irrigalion water requirement for the
caplioned project.

Percolation Rate (mm)

_ dry season rainy season
Elevated paddy field 2 2
Lowland paddy fictd 1 1

() Bftective Rainfall (Re)
Paddy
‘Thé daily rainfall data have been collected feom the station as shown Fig.
1-8. Among' them, the date at the PR33 are wed for the estimation of effective
ra!nfall in the projedt area.

‘Rffective raintall (Re) during a growing period of paddy is estimated by
the dally watet depth balance method based on the reinfall records of the
stations from 1963 to 1976 shown on Table I-7. The following assumptions are
made prior 1o the catéulation;
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-rainfall less than § mm/day is ineftective,

-excess beyond 50 mnvday is also ineffective, and : =
-70% of the rainfall which Is greater than 5 mm/day and less than 50 mmlday is-
effective.

The effective rainfall is estimated by evcry 10 day perlod tht‘ough 13
3ears from 1963 to 19?6, andits calculalion resulls are shown in 'i‘able Vil-11.
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Palawija
| :"{‘he ca]cuiatiori is made in the same condition as paddy

-710% of the ralnfall which is greater than 5 mm/day and less than 50 mm/day is
‘effeetive. N

(3 Parm Water Requirement (Fw)

Paddy
|  ‘fhe farm water requiremenl {Pw) for paddy is expressed by the following
formuta, ' '

Fw = Wp + (iWn + Wa)

Where,

Pw $ Farin water requirement for paddy field {mm/10 day basis)

Wp ¢ hate&‘ requuement for main paddy field after transplanting
{mni/10 day basis)

Wn ¢ Nursery water requirement {mm/10 day basis)
Wd : Puddling waler requirement {mm/10 day basis)
The Water requiremént for main paddy ficld (Wp) is expressed by the
following formuta.
Wp ={(Cu+ Pe-Re)xle
Where, -
Cu 't Water requirement for main paddy fietd (mm/10 day basis)
Pe 1 Percolation Idss in paddy field (mm/10 day bassis)
Re 1 Effective rainfall for paddy (mm/10 day basis)
le 1+ Cropintensitly

 The nursery waler requirement (Wn) is given by the following formula.
The caleulation is made by 10 day basis through the nursery period of 20 day.
~ Wn =_Sﬁ* Pwn
Sn=(15+n+d-Re)x
Pyn = (Pwo - Re) X 551
Where,
Wa b Nuseiy water tequitement (nm/10 day basis)
'd 't Potential evapoleanspiration (ETo) + Percolation loss (Pe)
(mm/10 day basis)
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AN BRI Wy o SSE e

%L s Ratio of lransplanting area to total paddy ficld avea
Pw ; Pudding water {mm)
(puddling water of 120 mm is applied on reference to the f0110wlng

paragraph)
The. puddling water requiremem (Wr:l) is presented by the following
formula ' ‘
- Wd =(Pw- Re)x Ap
Where,
Wd : Puddling wateér reqmrement (mm/10 day basis).

Pw Pudd]mg water inmm (menuoned below)
Re : Effer:tive vainfall (mmle day basis) _
Ap : Ratio of piddling area in 10-day period to total puddling area

The pudding water quanmy (Pw) is theo- ehca]ly assessed by soil to be
saturated and po:‘osnly, and presented by the follow:ng tormula

Where,
Pw : Puddiing water quantily (mm) _
Ds : Water depth above soil surface after puddlmg (m m)
Ws : Difference of soil moistwre betore and afer puddling {mm)

Pollowing assumptions are applied in the calculation and the results of soil
physical analysis madeé in the period of fietd work are also adopted.
~Water depth al:-ove soi surface af ter pudd;mg (Ds) is 50mm.

-Palosity (Po) is 50 % bothin surface soll (d1) with depth of 200 mm and sub-
soil (dp)} with depth of 100 mm..

_Séil moisture (Ms) before water supply is 20 % in volume.'

~ Vapotr phase (Vp) in soils affer pudding IS 5 %.

‘Then, the pudd]ing"water quantity (P'Qv) is calculated as falows.
Pw =Dst Ws
= Ds + (dq +d3) x (Po~ Ms- Vp)
= 140 (mm)
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The farm water requirement (Pw) for Palawii
following formula. -

ja Is presented by the
Fw= (Cu‘-* Ré) x fe
Where, |

FPw : Parm Water requirement for Palawija (mm/ 10 day basis)

Re : Bffective rainfall (mm/10 day basis)

‘e 't Crop intensity

The ‘caleulated tesults of nursery and puddling water reqmrement

are as shown
Table VI~ -14, VIi-15,

(4} Ircigation Efficicney (B)

The irrigation Bff lcienc’y (E) is usually defined as follows;
- Eco
B = "‘h‘ Too X 100 (%)
Where,
Ha : Water application efficiency (%)
Eeo': Water conveyance and operation efficiency (%)

i) 'Watér:Aﬁplicat'ion' Effeciency (Ea)

The water appllcalwn efficiencies for paddy and Palamja are assu med as
80% and ?5% respeetwe!y.

i) ‘Wht;e'é Cbnveyénce and Operation Efficiency (Eco)
“The walér conveyancy and operation efficiency {Eco) depend upon the
condition of the jerigation system and the operalion skill of the irrigation
~ facllities. The common value of the efficiency is usable for irrigation of both
' paddy and Palav.ija Teking into account the size of the projecl and the
tec‘hnlcal level of water management in the project area, the water conveyance
and 6peralion oft ﬁeiency {Eco) for the Project is assumed as 80 %.

m) Irtigation Bffictency (B)

The irriga!lon eff lciencies (b) for both paddy and Palawija are ca!éu]ated
" based of the sbove mentioned assumptions, The resulls are summarized as
follows, :
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Cré _ | Ireigation Efficlency (B) -
Paddy _ ‘ .64
Palai&ija 60 %

(5) DwersiOn Water Requirement (Dw}

The diversion water requirement (Dw) is calculated by the following

formuls,
‘Dw = Pwx -1—%9-
Where,

Dw Difersion water requirement (mm/10 day basls)
Fw : Farm .vater requitement {mm/10 day basis)
E !mgallon efflciency (%)

The caleulations are shown in Table Vil-18.

{6) Unit [}iiversibn h’aiér Reqhiren:ien:t

i} The caleulations for the unit diversion waler reQUirenient for the proposed
~ cropping paltern have been made for the years from 1963 -to 1976,  The
caleulations have been made by the continuous simulation method l‘or 13 years.
The results of lhe calculatmns are presented in Table Vii “13. The results show
that the maximum unit diversion waler requiremenl is Q 1.637 ffsec}'ha for the
first paddy oceurs at the end of Dceembet 1963 and the second maximum unit
diversion water requlrement is Q=1.446" [/secfha for the Same occurs at the
middle of December 1974, me b R

. | Fo:- the second paddy, the maxlrnum unit dwersion water requiremenl of
=Q 1 506 llsec/ha at the end of April 19’12 and the second maxlmum unit dwerslon
water reqmremenl is Q=1.433 [/seelha at end 01‘ April 1971.

_ Regarding the Palawija, the maximum unit diversion water requiremenl is
Q"O 847 (/sec/ma at the beginning of September 1964 and the second maxidium

umt dwersion water reQulrernem is Q 0 843 tlseclha at lhe end ol‘ August 1970
and 1972
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1) Maximum' unit diversion water ¢

equirements of the basie year of the
' p!anning (1973) aré as follows:

CThofirsterop (rlee) 1350 lit/s/hg Mid-Dec,
" Theé second crop (rice) L.506 lit/s/ha  End-Apr,
Palawija ¢rop (s) 0.843 lit/s/ha  End-Aug,

Design divérsion water requirement has been worked out considering the
probability of the  effective rainfall's unavailability at the time when water

'tequlrement reaches its peak. The results of caleulation sre as follows:

“The furst_ crop (rice)  1.637 lit/s/na Mid-Dec.
- The second ¢rop (rice) 1.506 lit/s/ha  End-Apr.
Palawija crops {s) 0.843 lit/s/ha  End-Sep,

: Based oft the above figuces, the design discharge has been calculated,

2.1.5 .Dé'sigh Diversion Water Require.ment

The design diversion water requirement which can be used for the
peoposed farining practice is assumed at 80% of the total dependable water available
from the Cibéureui river, in due consideration of the domestic wates requirement
for the inhabitnts downsleeam of Gadeg and the river maintenance flow. Taking into
consideration the above, the water balance ca!culahons between the dependable
water and thé seasonal diversion water requlrement have been made on the ten day

basis for the years of 1963 to 1976 and its resulls are presented in Table V-9,
Through this study, It has been worked out that the paddy and Palawija proposed in
the Projeat may be eropped with the area shown below.

1.  First paddy '3,500ha
2. Second paddy 3,500ha

3. Palawija 3,500ha

E1"\3 tb lhe Palawija, it may not be irrigated continuously judging from the
avallabilily of watel‘, $0 it Is recommended to irtigate Palawija wnlh the interval of
evcry 6 days then the Palawija of 3, 500ha may be irigated fully.

2,16 lrrlgallon Method

(A) Ieigation Method for Rice
The' intermittent Irrigation method is usually récommended for the
profects, ¢onsldering the situation of dependeble water discharge. However, this
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method fs quite hard to manage because most of the rice ( ields in the Projeet area lie
in the Terrace, which makes the fntermittent irrigati(m difﬁcult._ ‘The contlnuous
irrigation method, therefore, is recommended for rice c_ultlva_t.lon In ll}f} Projecl.

{(B) In igation Method for Palawija

(a)

Recommendable Irrigation Method

_ 'l‘he palawija eropping in the Project would be introdueed durmg only three
months of dry season. Considering the land preparalibn for upland ¢rops In

- which the paddy fietd would be reformed it is uneconomical to apply.such
typical he]d irrif-fat:on rnethod &s furrow lrrigation._ so il is r¢ecommended
that small in- fleld dntches v.ould be dug by every seas-:m in order to take the
imgatwn water quickly into the fictd and supply it equally to the ficld. The
' ditohes would be madé in che0kerboard pat!ern with' an inteval of 16m or so.
The field surféce would be ftooded by the Wal.er owarflowed from the dilches

(b}

Irrigation Interval

1) Available Moisture (AM)

“Available molsture (AM) on the field irrigation has becn defined as
o moxs!ure d:fterence in effective root Zone between the field capacity (pF
1.5 ~ 2.0 and the first wilting polnt (pP 3.5 - 3, 8). ‘White; It Is defined as
“'moisture dtfference in effective soil tayer between the water holding

:capamly aftér 24 houis of $6ll saturation and the fofstuié équivalent (pFP
" 3.0) to depletion of moistuse céntent oplimum giowth,  No data on the

effective soil layer of the pro,ect area '1s avallable. - Mence, these

definitions would be applled to the caleulation.

i) Ef!‘eehve Root Zone Deplh (I))

| The effectwe root zone of pala.-aija crops is delermined considering thal
the paddy fteld aflér harvest is used for palawlja crogping The ef feetlve

root zone depth (D) ‘would be limi{ed to 30cm of plowing deplh. o

i) Soil Moisture Extraction Pattern (SMEP)

~ The soil moisture extractibn palterns of palawnja crops are detétmfned in

accordance with the "Basie Molsture Bxlraelton Patlern“ [L established by

| Shockley (Us.A)
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. iv) Total Readlly Avallab!e Moisture (FRAM)
T The ¢aleulati0n of total readily available molstwe (TRAM) is carried out

| in the fdlowmg procedures, The available moisture (AMi) in a s0il layer
is caleulaled by the 5¢ of t‘o!lowmg formula,

AMi =m— '(F_c'~ Wpf) ' h

Where, AMi .Avéi!abl moistwre in a soil layer (mifn)
: © Per Soil molsture at fietd eapacity (volume %)

- Wplt Soil moisture at first wilting point (volume %)
h: ~  Thickness of asoil layer (mm)

“The sofl moistures at both the field eapacity and the fiest
aré determined based on

shown below:

wilting point
the result of actual soil investigation in the project area as

C _ Soil Moisture
Soil Type: Cilay - (volume %)

Fleld Capacily, Fe (P 1.5) 43.9%
Flrst Wllung Point h‘fp {pF 3.2) 31.9%

" The thickness () of a soil layer in effective root zone is 400mm, and soil
moistwee extraction pattern (S\!BP) is as shown.in the following figwe and limited
layer is Ist layer. - '

T *IW%

h=400mm 1

. 100
Whl= ﬁ%li X Rfﬁﬂ

Where, WDI: Soll molstwe extraction based on each soil layer's characteristics (mm)
RMEE: Molsture extraction ratio in each soit layer (%)
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Tofal Soil Molsture Bxtraction

Soil Layer _ _ in Bffective Root Zone (mm)
1st Layer o _ ‘ 7 30_

The total readily available molsture (TRAM) is deflned as the minfmum
value of total sorl moisture extraetmn in effective root ZOne.

v) Irrigation Interval ¢ _
The maximum :mgalion mterval is given by lhé following fOrmuia

. _(FRAM, mm :
Max. Ireigation Interval (day) = (P ook Consy mptiv o U é,) Tt fd ay)

The TRAM of 30mm is eshmated as shOwn in lhe abéve table and the peak
¢onsumptive use is estimaled at 4.37 mm/day. 'I‘hen, the ‘maximum
~ irrigation interval is calculated at six days. ‘

Finally, to meet the lrrit,aliOn mterval for paddy ménﬂoned hereinbefore,
the design irrigation interval for Palawija would be also proposed at six
days. '

2,2 Drainage _ ‘

Systemaiizéd drainage:systemé are not at ati é:s:teiﬁiishéi]: in the Project
area. At présent, excess water in this area is naturally dramed lhmugh lhe exis:hng
small rivers whlch are usually meandering in every d;rection. -

Some of the Project area are presently put under pOOI‘ dralnage condlllon
due to shortage of adequate drainage facilities and lack of the river tralning for the
existing river which will play very |mporlant roles for the dramablhly of the Project
area. According to the field investigations and soil investigations, the aréa under
poor drainage condition amounts 16 250ha.

This atea consists of marshy low-lying valley bottoms and saddled parts of
hllly paddy area, where éxcess water fror the surrounding terraccs s ¢ollected. The
poor drainage condntion mentioned sbove is hard to be Improvéd un!ess such facitities
as pumping stations, embankments and other related drainage facllitics, which witl
require a conmderablé amount of investmenl, are provided As- such it s

recommended that the area under exlrémely poor drainage condntton !s to be
" excluded from the Project erea. '
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Out of the remaining drainage area of 3
Is deemed as imperfeetly drained

' dralnaga, system.

»800ha, the erea of 2,450ha which
arca will nead the introduection of the improved

But this improved drainagc system
jmprovement o!' the natural rivers in the proeje
to be introduced mll nct funetion fu]ly.

Bspecially, since the rwers whlch tu the existing paddy fields located in
the western part of the prolect ar¢a gre oonnected to the  Ciudjung river, it is slso
very impmtant to pay the attenleon to these rivers. But, the improvement of these
rivers will also require a considerable time and investment, As such, drainage plan

considering the whole project area should be taken up in the future plan to be
executed,

to be introduced will also require the
t area, otherwise the drainage system
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3 PROJECT FACILITIES

3.1 General |

The gcneral feature of the K-C- C Irrigetlon Devempmenl Project is to
supply lrrigation water of 6. 0 m3/sec at the maximum to the arca of 3, 500 ha from
the Cibeureum river. 'l‘he facilities reqmred for lhe Project malnly comprise
diversion dam, headrace, aeanals and related structlures, The basis I‘or planmng and
design of the projeet facllit:es is the most effective llse of the water resources The

followings até brief desﬂxptions of the cémparatwe studies, destgﬁ eriterla dnd
design of the project facmtles. |

3.2 Diversion Works

3.2.1 Alternative Study on the Funelion of the Diversion Dam

{1) General |
" At the easly stage of the feasibility study, two proposals for the diversion
work were made, i.e, Pmpos‘al - and Proposal-1l. Proposat-l s to give the function of
reseevoir to the diversion work that can regulate the water flowing into the diversion
work and Proposal-1 is to give the function to the diversion work aiming only at
raising the water level for the purpose of irrigating the Project area. These lwo
_proposals may be considered as "with snd withoul reservoir planning”. for the
diversion work. Detailed studies weré made on these two proposals laking into
consideration the sludy results oblained by the master plan team (M/P leaﬁ'_l).

In the detailed studies, it has been worked out that Proposal-l would not
provide any significant merit for the purpose of freigation as well as regulating the
water due mainly to the following reasons: |

(a) The location of dwersion tunnel which diverls lhe watcr from the Karian
dam to the Cibeureum river has been towered durirrg the sludles by M/P
Team. Due to this, the water level to be kept in the diversion work has lo
be redueed to avold the bad effect !o the diveraion tunnel thus eauslng the
reduction of slorage capacitly of the dwerston work

(b) ln due conslderaﬂon of the elevatlons of the projcct area to be Irrigated
the maximum storage cepacily of the diverslon work must be reduced thus
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" the expeated saximum storage capacity wouldg sallsfy only one day's
: am'OU"t of water required for the irrigation of Project area.

Refleeting the above, the diversion work without the funation of storage
. capac:ty has been proposed for the Projoct. |

(2) 'Consldei'atidn,bﬁ the Futur’e Dev‘eiopment of the Project

A multi-purpose dam has been planned in the Karian area as to be taken up
in the futlure plan. An irelgation plan to irrigate the whole K-C-C area utilizing the
water from the Karian dam is also considered as the future plan to be taken up. In
establlishlng the ferigation plan for the K- C-C area in the feasibilily stage, attention
has been pald especially lo the loeation of the intake facility and its elevation,
ldcatiOn of main esnal; ete. so as to maintain well-funetioned felationships belween
the F/‘S and the M/P. As such, the dimensions such as the height of the diversion
r.-.ork intake Watet level ele. whl satisfy the requirements
future plan

to be considered in the

“But as for the main irrigation cana), since it has been designed based on the _

maximum dlscharge of 6 0 m3/sce which can irrigate the area of 3,500ha under the
Pré}eet it wilt bé necessary to enlarge the sections of the main canal and to extend

the length of mam canal I the future when lrrigatlon study for the whole K-C-C area
will be taken up.

3 2 ‘Z Alternatlve Sludy on the Location of the Diversion Dam
(l) General -

: A dam planning for the K-C-C Irrigation Development Project was once
préposed neas Gadeg In the sutvey report prepared by the Government of Indonesia.
After that, further investigations sueh as geological and soil mechanical surveys were
made at the sald point, In addition to this, a comprehensive study on the same was
made by JICA M/P Team in 1982, Gadeg dam site is located about 20k upstream
the junation of the Cibeuréum and Cidurlan rivers where the river terrace formed by
the C:beureum rlvet beglns to spread. The width of the river terrace ranges bélween
50 and 150m and the lerrace is developed on the both banks of the Cibeureum river,
The widlh ot the Clbeureum river ranges from 15 to 30m and its river bed elevation is
around BL 25.0m gbove the mean sca level, Rock foundation is cbserved 3.0 to 3 5m
below the. rhrer bed, Roek foundation is also observed 8 to 10.0m below the surface
of the sald river terrace.
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Thé longnludmal river bed slope of the Cibeurcum river' is arbund 1/250
and the Ouleropplnga of the rock foundations sre sometimes obseived.' The river

course, upstream of Gadeg, s meanderlng and ils'cross-sectlonal aréa is also very
complicated. It may be mentioned thal & water releasing stenetuce (may be défined
as & spillway) for the Karian dam s planned about 3.5km upstream the Gadeg Intake
site as a fulure plan, The elevatlon of the structure fs lentatively hxed at Bl 39 00m
~ above the mean sea level. »*

Ref!eetmg ‘these backgrounds tollowlng three alternalive sludles for the
intakeé site for the K-C-C Irrigation De_velogment Project have been made,

ffAltemauyé “fp Proposed by JICA M/P Team in 1982

Alternative - li: _About 3.5%m upstream of the pro;msed dam site by JICA
- Co M/P Team -

Alternative - lll:  Proposed by JICA F/S Team which is abou! 100m downstream
of Alternative-L,

(2) Loea tlon

Alternalwe-l has been progosed consuiering lhat the eleVal!on of lhe tOp
of the proposed dam: is to be mamtamed at BL 50 Om Judglnd from lhis polnt of
view only, the intake site proposed in Alternative t would be the besl one. llweVer,
considering the future plan for Karlan Dam, it Is necessary to fix the elevation of the
top of the proposed diversion dam ror the K-C-C lrrlgation Devempmenl Project at
around EL 40.00m so thal no bad influence will be given on’ the water releasing
structure for the Karian dam to be constructed in the futuce. On the ‘othet hand,
Alternative-il is located at the place where the river bed of the Cibeureum river is

'about 10.0m higher in eleval:on compared with that of Alternative-1 and the site

proposed in Altemative—ll consists of steep slope developed on the both river banks of
the Cibeureum river, Alternatlve-il will require ] headrace of 3. 5km and due 10 this,
it Is' antlcipated that the required water level of the prOposed diversion dam- wilt
beeome higher due to the head loss to be coﬂsndered in the sald headrace. C

Furthermore, it the elevation of ihe walter releaslng structure for the
" Karian Dam is kept at EL 39, OOm as proposed “the cle\!atlbns of the areasi to be
‘irrigated by lhe prOposed diversion dam will bé Towered due 1o the head loss 6 be
eons:dered in the said headrace. Anyway, Allernali\reﬂlll will” require ‘the least
facllitios con‘npared with Mternative-l and Alternative~ll Allernailve-lll Is loeated in
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the downstréam of Alternative-l, i.e, at the coffer dam site to be planned in the case
of Altematl*fe-l but there are no significant differences between Alternatives 1 and
i, l!‘ no cOnsideratiOn for the Kerian Dam Is necessar

y asid a diversion tunnel is
allowcd to’ be QOnstructed Alternative-IIl wil be the best one among the three

Altematiw.'es, as it doés not require large scaled faenhues,
after the completlon of the dam will be tess compared with
Each Alternatwe introduced in the above is summarized as fo]

and submerglble houses
other two Alternatives.
lows:

SUMMARY OF ALTERNATIVE STUDIES

Items ~ Alternative-I Alternative-II Alteenative-Hil
(8) - Planned intake EL 34.50m EL 38.50m+Xy, /1 EL 38.50m
o walter level :
()  Blevation which BL34.00m-X3 /2 EL33.0 32.5m-Xy EL 34.00m-X
~ canbe irrigated
(o) Rivér bed elevauon EL é5.50rn EL 35.00m EL 25.00m
@ 3nexgm ofdam  H=1550m  H=35-4.0m . H=16.00m
(&)  Length of dam L = 190.0m L = 45.0m L = 160.0m
w Spilll;wéy : ' large-sealed smalt-sealed large-scaled
(@ Intake facmtles . easy to construet difficult to easy to
 &and headrace ' constract construct
(h) Submergnblc hOuses some none some

“due to ¢onstraction

' of the dam - -

'Notes: Il Xl-l)sﬂm
12 X2 0-1.0m
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Judging from’ithe above lasted condutions, Allernatlves~l and K- are
considered worth pmposlng on the condations that the first priority Is to be glven to
the Karlan future plan. As there are no signiﬁeant differences n the consl:uctidn
works of Alternatives-l’ and 1, Alternative-!l! may be prOposed as'the besl one
because of its easiness of deslgn and consttuctlon. o '

(3) Type of Pam .

Usually l‘ollowing three types of dam are cOnsidercd, i.e., concrete type
dam, rockfill lype dam and earth type dam (hOmogeneous tgpe} The selectlon of dam
type depends on ‘the topographie, _sml-meehanlcal and’ metedroldgical conditlons at
the proposed dam site and availabimy of construction materials of the dam. In
addntlon to thts, it is lmportant to pay attention to the purpose of lhe dam, scale of
the dam and requlred conslruclion permd of the dam also.,

_ | Generally speaklng, iill—lype dam is econornically recommended when a
formation coefficient is big which is defined as the ratio of dam length (L) and its
height (H), ie. L/H although the volune of the dam is usually increased It is also
wndely understood that a fill- -type dam usually gives less pressure !o the l‘oundation
compared with a concrete’ ‘type dam, thus achieving the wide response 16 the

' foundatlon conditions at the dam site. In addltiém o lhis, it Is necessatry to notlce
that a ﬁll—type dam ‘usaally requires a large scaled spillway which increascs the total
constructwn cost of the dam. Judging from these dlSOUSS]OﬂS, it may be coneluded
that a fill- type dam shou!d be recommended for the K- c-C Irrlgalion Development
Peoject, considenng that the mi-lype dam’ v.hlch has been planned, has a forination

'coefﬁcxent of about 8.0 and thé excavaliom work for the planned dam is relatively
less end in addition to this, the avallabimy of construetion material for the dam is
high compared ‘with othet types of dams. The fill-type dam lhus selected may be

| l‘urlher divided Into a rock-fill type dam and an earth l‘ilHype dam, : ln case of a
- rock-1 ill type dam, the quahty conlrol of the daem {3 relatively easy and the rel!abllity

“of the dam is high and this will allow to adopt steeper slopes both for upsiream and
d«r)wnstream portions of the dam, ‘thus aehleving Ihe economy In the cons!tuetlon

- work, although it depends on the distance bemeen the borrow site and construetl()n

‘site of the dam and availability of its consteuation material, '
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T 'f‘ casé 9‘ an egrlh fill dam, it is not so casy to control the eonstruation
material as {t l‘ssually, contains various siz

¢ of geains and is composed of soils which
have diff erent permeablllt!es Based upon above discussions it may be conclided that

a zoned i‘OCk ﬁ" type dam with center core inay be recomrended for the Projeet as
the excavated materials to be borne by the foundaltion excavation of thé dam may be
"~ used as the materlal for random zone of the dam and also due 10 easy quality control

of the dam during its construetion. Please refer to Table Vil-20 and Fig. VII-g
concerning comparative sludy of dam types

3.2.3 Materlal for the Dwersibn Dam

A cenler cOred fill lype dam as shown in the Drawings has been proposed
consu!ermg lhe geologie eonditions of the dam site, conslrucllon cosi, ete. In this
seclion, some delalled discussions will be made on the design of the dam using
data obtamed maiily from the Government of Indonesia.

Hinited

in the design of the dam,
the upstream and downslream SIOpeS of each zone have been decided as follows.

Zone S Upsteeam slope | Downstream slgg' e
- impervious zone | 1:0.2 1:0.2
filter - | 1:0.3 . 1:0.3
transition 1:1.2 _ 1:1.0
rock 1:3.0 1:2.5

‘ '_i‘he material requ'ired' for these zones must have the l'o]lowing properlies,

(s) !mpervious‘_zone " _
"i‘he material used for the impervious zone shall have the high
Impermeability of about k=105 em/sec and shall be composed of fine
" grain of solls. The soils shall have the properties of C=1.0 kg/em?, ¢=00
or C=0.4 kglcmz, $=10 to 200 ang the dry densily of 1.0 10 1.4 t/m3. The
geain size 6islribu1ion curve shown in Fig, IV-3 presents the ranges of the
- grains .which ¢an be used for the fill type dam. As for the grain size
. dislfibutio‘n of .lhc soils oblained from several soil surveys, they have
shm-."n the similarity with the said dislribution cutve. So il may be judged
thal the soils considered for the dam should be compacied under the
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condition’ that the moisture content of the solt Is matnlalned at a little bit
hlgher lhan the most opilmum moisture cbntcnt, and the compactIOn ratlo
~ should be maln(ained at around 90 Lo 95%, “The solls to be used for the
_dam shall be Spread with the thiekness of ‘ZOcm and after that the soi!s.

shail be compaeted by roller making the compaction ratio mentibﬂed:
above,

(b) Fnlter zone

Filter zone shall be provided be!ween the matenals ‘whose permeabilities
are different éach other to avelid: the flowing-out of the impervious
matenals in ‘the dam’ due to seepage ftow. ‘The mter zone must have the
function of draming the seepage l‘tow complelely as well as the funclkbn'
| to avold plpmg aelion which nay co!lapse lhe dam. Usually, sand, gravels
and artlhclany crashed stones are used for the filter zone These'
malenals are cdmposed of eohesmn'less ones. The materia\ used for lhe_
filter zone is usually composed. ol‘ fine grain size of fess than 0 074mm and
the total percentage of the fme grain is less than 5%, and the
permcablhty of the material is 10 to 100 hmes bigger than lhat of the
core matetial to be proteeted These materials are obtamable rrom the
Cibeureum and C:berang nvers.

() Tr'ansition zone

The tcansntton materials are provided between lhe pervlous and
- imper\nous Zones to avold the sudden change in grain size of the materiai
The required conditions for the grains to bé used for the transitlon zone
are not so severe compared with those for the rlller zone, Sands, gravels :
| and mucks aré usually used for the transition zone. But, these matetials
" are genetally not obtainable in patural eonduion, So it i$ recommended to
 use sand Sloneo, “andesites and aggmmerates ‘whi¢h belong to Miocene
Epoch Age for the teansition zone, ~ These materlals are available in
L 'Bedengantjol vihieh is lodated between the natlonal road conneeting Bogor
" fo Rangkaspitung and the raitway. “Fhese materlals shall be ¢rashed Into
E pieces pnor toits usé as the lransitlon materlals.
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{d) Rock Zone

 Rock materlals uséd for rock zone shall have the ¢
' and the permeability of about &=
chemléally stable as well as hard an

equired shear strenglh
103 emfsee or more and shall be
d durable, The materlals suitable for
roek zone may be produced from the crashed sand stones, andesites and
_ agglomerates. Adoplin;r these materials as the roek zone; it is expected
that they have the cohesion of C20,2 kg/em?, angle of inter

nal I‘rlction of
6*350 and dry density of

d=1.6 t/m3 or C=0, ¢=400 and d=1.6 t/m3. It
3 expected that further detailed sludy on the decision of each section of

the dam will be made in the future paying attention to the above
‘mentioned figures.

3.2.4 Speeiticauon of the Divérsion Dam

Thr0ugh the above d;seusstons, a center core rockfnl lype dam having the
fottowing specifications have been proposed for the Project.

(8)  Height:  16m (EL 41.00m)

(b)  Width of the Crest: 10m

(¢) Length: 160m

(d  Type: Zoned rock fill type with center core

3.2.5 Related Faellities

(a)  Intake Gate
_As the projecl area spresds on the leflt bank of the Cibeureum rwer, it is
ndvantagebus to provide the intake facility on the left bank of the proposed : dam.
This fs also Justified from the topographic conditions around the dam site and intake
site, Maximum water of 6.0 m3/sec will be diverted through the intske facility which
is composed of iwo bays of concrete structure with regulating gates. The intake

Cwater level is tlxed at EL 38.50m and the intake velocity is taken at around 0.7 m/fsec
and the 'In'\ie"i‘i'of the inteke {s fixed at EL 37.20m.

‘l‘he design inlake water velocity at the intake gate is 0.7 m/sec. Net
’ width of intake structure is ce!culated using the following fomula:
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B = QML-V( = 3,23m< 3,50
Where S o
"Bt Requised el width of Intake structice
Q 't Deslgn intake dascharges ‘mdfsec -
‘W 1 Intake water dépth 1.30m
V{1 hitake water velocity 0,7 m/s

PV

s

 The operation of gates is done comblnedly by motoi and manual,

Design dlscharge | ‘ | 50 f.“-3l_3

Intake level ' EL 38.50m

Intake sill elevation EL 37.20m

Width of Intake - 3.50m
Numbers o '2;no§.

Gate type . Rollergate

Size of gate 3 SO(B)xI 50{1:);‘2(*{)

(b)  Spillway

A spillway which has the funetion of releasing the maintenance flow of
- the Cibeuréum rlver, daily surplus water and the flood water will be conslructed on
the right bank of the Clbeureum tlver bemg about 1.5km upslream of the diversion
dam, :The location of the spillway is shown on the Drawings. The proposed tocation
for the spillway mll bé most suitadble one for the Projcct considerlng the following
-téchnlcal p0ints of view' R L ' o

(;) the location seleeled i‘or the spi!iway also wc—ll l‘acililates the funcllén
- of temporary dlversion work requiréd for teleasing SUtplus water
dunng lhe consteuction of the dam, - S SRS

| (ii) judglng from the tOpographIe condntions around the prOposed Spillway
site, the loeation of the proposed spillway wlll minimize the
construclion cost of the leading canal to be connected after the
spillway. |
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- The proposed spitlway will function as the temporary diversion work to
release exceess water durlng the construetion of the dam and after that it will be
facilitated "t.oA have the fult funet ién‘ as the spillway by the time of the completion of
e with regulating
For the emergency of flood,
the emergency case. Roller type

the dam. The SplilWay is finally designed as three bays structur
gates. The type of thé gates will be ragial and roller,
the radial type gate will have two bays; one for
gate is used for maintenance flow. The spillway Is also designed to haye the eapaeily
of releasing the water of Q=320 m3/sco which may oceur onee in 500 years. Brief
cateulations for the hydraulic design of the spillway are introduced below.
The épillw'ay is designed as an overflow type spillway.
_ ‘The overflow dischargé of water under complete overllowing condition
can be caleulated by the following equation: '
Qd = C.B H3/2

- Where,  Q: Discharge {m3/seq)
| | B: Width of spillway (m)

H: Upsiream water depth above crest (m)

C: Coelficient of discharge

The results obtained from the above caleulations are summarized s below.

ftem No. 1 Spillway No. 2 Spillway

Deslgn discharge = 320 m3/scc Max 10 m3/see
+Water levé! . EL 38.50m EL 38.50m

Crestlevel EL30.60m EL 36.40m

Destgn Head () 7.90m 2.10m
Width (B) 7.00m 2.00m

Coefficlent {e) 2.00 2,00

Type of gate Radial gate Rolter gate

Size of gate 8.40m(H) x 7.00m(B)  2.40m(M) x 2.00m(B)
~Number of gate 2 1
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(o) Summary and concluston -

So as o make lhe above discussions clear, the summarles of the funetion |

of the dlscussed struclures and condntions cornsldered are sum marlzcd as below.

(1)

(2)

3)

Intake facilily .
snte' _ Gadeg site .

' dwersnon head water level: EL 38, 50m

_helght: 16.0m from river bed
length:  160.0m

Spillway

site:  on the nght bank of lhe Ctbeureum river, about l ‘2km upstream

of the proposed dam where togbgraphlcally saddled portions are
domlnant

type. three bays with regulating gates

discharge: Qmax = 320 m3/see -_ . |

Headrace

" canal type: earth canal

slope of canal: 1/5,000 _
shape of canal seelion: lrapezoid
maximum dtscharge? Qrtax = 6.0 m3/see

| maximum velocilyz Vmax = 0. 7 m/sec

The mtake l‘ac:hty proposed. has been dnscussed { rom lhe various technlcal

points of view and sOme altemaiive plans l‘or the Caplloned structure have also been
taken iato account as dnscussed in the previous seclions. “As’ such lhe sy mmary of the
captioned famlmes will gwe the most suitable features for the Proiecl.

3.3 Deslgn of Canal System

3.3.1 General

The canal system of the Project consists of headrace, maln canal,

secondary canals, lertlary canals and quaternary ¢anals,. ‘The headrace Is the trunk
canal which ¢onveys water from the Intake _s!te: {o the Project aréa, The maln canal
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Is the trunk canal which conveys water to th
route of the headrace Is selected at the skirt of the western high ranges. The design
diseharge of the irrigation water conveyed through the headrace would be from 6.0
m3/sec 0 0.50 m3/see.” The total length of the headrace Is sbout 9.6 km ineluding a
Siphon of 3b°Ut 430 m. The ain canal is constructed atong the road conneeling
Cikande and Ra“ﬂ‘“‘sﬁ““"g which passes through the raised portions of the Project
area. The ma!n eanal will carry the water of 6.0 m3/see t0 0.5 m3 /see and the total
length will be about 13. 0 km. The canals Is basically unlined and trapezodial. The
ralsed pOrtiOn fs lined wnth conerete. The seeondary canal is defined as the canat
which conveys the watér diverted at the diversion work to the integrated tertiary

blocks. The deslgn water dlscharge of the secondary canal would range from 0,213
m3/see to 0.941 m3/sco,

e entrance of the secondary blocks, The

- The tertiary canal is defined as
from the secondary canal to dlsll‘lbule the ir
The total length of each canal to be provid

the canal which conveys water diverted
rigation water to the quaternary blocks.
ed in the Project area is sulmmarized as

follows.
Can'éls o Total length (m)
'l-iieadl_'acef ' : 9,622
2 Main canal 13,043
3 Secdr_ldary canal : 32,430

4 Tertiary canal 63,600

_ 'l‘he canal system of the Project and general layout of the canals are
shown In Fig, Vii-2 (see also Volume~5)

3.3.2 Cdmpaiallvo Study t’m the Headrace Route

The IOpOgraphic condition In the reach of the main canel belween the
head work and S-1 turn0ut Is shatply undulaling and steep. The average slope in the
reaeh ls eslimaled as 1 to 2,0 and the canal crosses the concaved rice field whieh
slre!ehes more than 1.0 km along the canal and also erosses rivers and the railway.
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Judging from the abové-mentioned topographic eonditléns, the lecatlon
and type of the canal should be carefully planned ‘and deeided. ' If the ¢anal is plannéd
to pass through the safd rice T teld, the ¢anal system would requh‘é a invérted siphof\'
which is falrly long. On the other hand if the matn ¢anal Is plannéd 1o avold the sald
siphon, the route of maln canal W Ould have to be located foilowlng the existlng
lopOgraphlc condition which seems to bc suntable fot the construstion of the ¢anal, §n
this case the lenglh of the canal will becéme longér compared with lhe casé that the
sald siphon is ad(apted in the canal system. These two alternétive routés are shown n
Pig. VII-7. To éstimafe the’ quantity of carth v.orks and number énd kinds of réqutred
structures for each alternatwe, prome of each altemat!ve routé has been pfépéréd as
shown 1n Table VII-17 based on the results of the route survey and the contdured map
with the seale of 1{5000. ) | DT

‘Thée canal route which passes thmugh the ‘eoncaved riee ﬁetd will be
called herélnafter as "Altematwe-l" and the other one a* “Alternatlve~il" ‘Based én
the studies, the main features in each alternativé are tabulatéd a's shown below, -

Main features - ~ Alternative-! Alternative-Il
1. Canat length (m) - ’ 1760 4110

2. Length of siphon (m) 1100 430 (2 Nos,)

3. Construction Cost of
- earth works and siphon

1) Exeavatipn(Rp) ' o 90,2[9,é00 "1‘2-"03_,6?8,000: ”
' (2) Embankment (Rp) 486,197,000 449,929,000
(&) Siphon (Rp) 561,357,000 180,072,000 (2 Nos.)
" Total {Rp) o 1,131,793,000 756,619, ooo
4. Head loss in the Headrace system - 5,050mm 2,900ma

As is seen from. me above, the total length ot the canal is lénger in the
case of Altematwe—ll compared ‘with Allernatlve g, On Ihe other hand the head Ioss
fn the canal ls much Iess Iy the case of Mtema!hve l[ compared wllh Altemalive I
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This means that the Alternative-l has fuch potential for the irrigation of the
Peoject area.

e n adtﬁtlcmj Alternative-1 would involye more diffieult problems in
' =ébn’3(ru’éﬂor’n as well 4s in ar’rang'eineht of requived éonstr&ction naterial of the eanal
system’ t:drnp"ar'ed with Alternative-11. It is also anticipated that Alternative-I which
‘needs the eonstructlon of a long siphon would make the drainage cohdition' of the
Project area bad.

Thus it may be judged that Alternative-ll is technically and economically

more eligible than Alternative-I and would be recommendable as
plan,

the most optimuim

3.3.3 Design of Ireigation Canal

{1} Design Discharge
_ - Based on the irrigation water requirement caleulated in Section 2.1
hereof, the design discharges for the headreach and the main canals are obtained as

shown in Fig. VI, As for the secondary and the terliary canals, the design
discharge foi réspective ¢anal is caleulated as follows:

(a) _ “The design discharge for the secondary canal is caleulated based on the
unit irrigation water requireinents for each cropping pattern obtained in

~ Section 2.1.4 hereof. ' |
(6) The design discharge for the terliary canal is caleulated by using the
~ following formula.

Q=532xax A2/}
‘where, - Qt  design discharge (lit/sec)

a t unilifrigalion water requirement {lit/sec/ha)
“ At ¢commanding area {ha)

From the cconomical and technical points of view, all the canals

mentioned above are designed as unlined canals. But raised portion is lined with
asphalt piteh,
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(2) Velooity
The maximum permissible veloeily fn the’.unlh_ied canals is dotermined so
as ndt to glve thé erosion, on thé othér hand, the minirdum permissible velocity is
determined so as not to induce the geowth of squatle plant and moss, The maximum
and minimum permissible velocitles are determined as follows by use of Manning's
formuta, '
- Maximum velseity: 0.7 m/sec

~ Minfinum velocity: 0.3 mfsec

(3) Roughness coefficlent

The roughness coefficients of the canals for the déteijmlnalIOn of their
hydraulic properties are as l‘oﬂows. o

- Rarth camal & asphatt lmed portion - _“'_’Eﬂﬂ‘ﬂﬂifﬂ'_'
Q23 mdfsee: T 0.0225
Q<3 m3/sec ‘ T - 0,025

- Cone sete lined portlon : 0.015

(4) Freeboard

The freeboard helght is normally subjeet to canal Size and location,
velocity, water surface’ fluctuations csused by check gates and wlnd action and
availabmly of materials for embankment. The mimmum freehoard for the respeclive
canal discharge is determined as follows: o ' '

Discharge . 7 Preeboatd

(m3/sec) S ()
Q03 . 03
0.3<Q < 1.0 L 0.3~ 0.5
1.0<Q 215 _ . 0.5-0.6
7.5<Q<250 - . 06-09
- 25.0<Qza40 S 09-12
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{8) Cenal base width/water dépth (B/) ratio

Ratio of canal base width and water de
to the eriteria of LP.M.A, of Indonesia, For the headrace dpsign, however, more

hydraullc__aﬂy ;ecommical seetion, Le. the smaller ralio than the critesis, is adopted in
order to reducé the eanal exeavation volume,

pth is determined with feferénce

(6) ‘Side slope -
The side slope of 1:1.5 s adopted for the design of bolh earth and lined

canals and 1:1.0 for the design of tertiary and quarternary taking into account the
‘ resu!ts of soil méehanieal investigations,

3.4 DéséljptiOns of main relited struetures provided in the canal system

(i) “Turndut 7

Tumout structure is constructed to distribute the requnred water from a
parent canal to a branchmg canal. A Romijn or slige gate is proyided for a staff
gauge and a welr Is provided in outlet side as a messuring device. A Romija gate is
'prowded for the terhary intake. In case that the no release sleucture andfor
:wasteway is ceOmbmed a remforced concrete pipe is lald under eanal embankment to
distribute irngatlon water. The details are shown in the Drawings (Volume~5)

_(ii) . Check slructure

Check ‘steacture is provided just downstream of & turnout and/or a
'spillway to ralse the water surface to the reqmred level during the period of small
dlseharge. ’l‘he check structure would regulate the water supply and aid to drain out
'the exééss water which flows out through a spillway. The echeck structures are
dwided into twé' lypes dependmg on the discharge in the canal,

o The teansition of 5m long is provided both up-and down-streams of the
%sh‘uclure tespectively Lo minimize the head loss. A slide gate is installed to regulate
water surface in lhe upslream of canal, The details are shown in the Drawi ings,

('m) Cutvert
| Culverls are provided for the road ccossing. The culverts in the proposed

canal éyslem are made of reinforced concrete and the lypes of culverts are divided
into two types, he., ccotangulae and cireular types. Design water depth in the
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culverts Is taken to be about 80% of culvert helght and tho erown of culvert Is
des!gned to be equal to road surface,

(iv) - Brlgg" e |
Bridges are constructed where & road crosses over the maln ¢anal, The
bridges on' the main canal are of eonerete T-beam type and divided into two types
depending on the classification of load, i.e, the one which will be provided where the

main road crosses over the main canal (’l‘ype~l) and the other (Type- ll) prov!ded where
the branch roads crOss over ‘the main canal. _ '

The span length and width of Type-1 bridge are 12 0m and 8. Om and those,
of Type-Il bridges are 12.0m and 6.0m’ réspectively. The required numbers of the
bridges willbe 1 for Type-I and 5 for Type-1l respectively. '

{v) Sgaliwax

A spilluay is constructed in the canal system for the purpc)se of flushing
off all the water in the canals or splllmg out exeess flow in case of emergency and
cleanng and repairing the canals. T hls struclure is provided in the m!d~course ol'
respective main canal and at the ¢nd of secondary canal All the spillways are
eqmpped with sllde gates (waste -way) and cOnnected to the nearby natural stteams.

(vi) Cfogs'drain _ -

A number of cross dra{ns are provided to drain excess runoff l'rom hill
SIdes ex(endmg along canal route. Cross drains are dnnded lnto tv.o types depend:m
;on the’ de.srgn duscharge, one has a wet stone masonry barrel with a reetangular
‘seeﬁon and another has a relnforccd cOncrete barrel with a circular section. The
former is adopted in the ¢ase of the design discharge of more lhan 2 5m3/sec and the
' latter in the case of less than 2. 5m3/sec. Slab of the barrél is of refnforeed concrete.
" The inlet and outlet’ of the steaeluré are profected by wet store l‘nasonry. The
' bottom and side slopes of canal above & otoss draln siructu.‘e are proteetcd by weot
stone masonry. The details are shown in the Drawlngs. ' '

(vii) igh

Invérted siphons ate provided ln the pl'OpOSéd canal system for tiver and
railway crossings. Usually the slphon fs superlor tb !he aqueduct in view ol‘ thc
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struetural stabllity for being free from seism
but requires high head losses and complicated

maintenance, The s;phon has a barrel
with a reetangu!ar seetion,

| | The siphon is adopted in case the destgn dtscharge is tess
than 6.0m3/sec, The transitions are provided up and dow
¥ in the siphon is decided to be about 1.5
The earth cover over the barrel is

er eater than tWO (2) meters Detailed informatlons regarding the siphon ere available

in the Dramntrs

| ,'('ﬂi’i)_"prgg*

Drop structures aré divided into three types dependmcr on the destgn
discharge. A drop structure consists of inlet transition,
reclangular section, stlllm-:r pool and outlet transition,
protected by wet stone masonty to prevent canal from scoun

steep portion with a
~ The inlet transition is

3.5 lns_;'iéé‘t'icin Road
3.5.1 General

_ For the . prOper operation and . mamlenanee of project facilities, well
arranged Inspechon roads are of vitat importance, Since these roads will be used as
Illage roads’ and farm roads alter the project implementation, the srrangement of

the lnSpeetlon roads should be made considering the existing and planned road
networks.

3 5 2 Main in'apectiOn rOad :

The main Inspection roads are required for lnspeclwn, operation and
malntenance of the headmce and main canals.” Considering the future inerease of
vehieles for the inﬁpectlon and operation and heavy construclion equipmenl to be
' requircd l'or the canal maintenance and repair, all the main inspection roads are so
deoigned as 16 have an ef feclwe width of 5m and to be gravel pavement, T hese roads
are also used l‘Or tramportauon of ageieultural products and equipment and for the
day to day services bemeen viliages and from them Lo the highway.
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3.5.3  Secondary fnspection road |

“The sedondary lnspeation roads are malnly provided aldng the seeondary
canals. ‘All thése roads have an effcctive width of 5m and are paved with gravel,
These roads Hnk the cultivablc aréas to pOpulated centers in the aréa and are uséd for
lhe purpose of farm operatidn, particularly for harvéstlng ' L

3.5.4 “Tértiary inspecuon road

For. the same purpose as that of lhe secondary farm roads, the terﬁary
farm roads ate constructed_ along one side of all the tertlary canals. The_se ro;:ds
have an effective width of 3m and are of earth without any metalling. '

3.6 Tertlary Development

3.6.1 General

_ Tertiary development program aims at efficlent water management by
establlshing the well oiganized tertiary system and through reﬁned “rotationat
lrngahon program For this subject, the Directorate of Irrigation of DPU has
prepared the report titled as “Gu:delme \Ianual for Planning of ’I‘ertlary Neanrk“
For the details of eriteria and standards for the design and Opcratlonal programming,
this guidelme manual ls refeired to. * o '

3.6.2 Def lnitlon and Recom mended Slze ot lrrigatién B!ock

The tertlary development prog‘am fs prepared for every lerilary blOck.

This tertiary block is furlher di\nded into several subordinate bwcks like sub-tertlary

_ ‘blocks . and quaternary blocks. The deﬁmtmn and recbmmended slzé ‘of each
irrigalion block fs briefed as follon,s" : : o L X

(l) ”l‘ertlary block

_ 'l‘he lerhary block is coveréd by one tertiary cana] ’l‘he dlstr'buth)n of
ltrigallo;a water in the tertiary block is managed by farmera themselves. i Some
cases, honever, it is d;fl‘:cu!t for the farmers to manage the dnstnbution of water to
“vast lands and lasge number ot farmers equal!y. “The pasl expetienees tn lndOnesIa
have shown that the suitadle size o be covered by one tertiary canal would be In the
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order of 50 ha, Considering the appropriate organization of

_ o _ water users' group In
future, the maximum size of tertiary block is proposed to be 50h

a-l

(2) Sub-tertiary block

In cas¢ that the tertlary block ean not be
‘example, the boindary of tertiary block: erosses
-'vi!léges), a Sub-terliary block is formed in eadh vil
watér usérs' group,

formed within one vil]age (for
the administrative boundaries of
lage to simplify the organization of

(3): Quaternary block - -

In order to distribute irrigation water equaly and effictently to all parts
of the fields through more intensive water control, it is advisable to sub-divide the
tértiary block inlo several subordinate blocks and the quaternary blocks.. The

: rééomménQed sizé of one quaternary block is 10 to 15 ha. The rotational irrigation is

practiced on the quaternary basis.

3.6.3 Irrigation Canal System

(1)* Canalization system

 The t"értiax‘y s’j@tem ednsisls of :teriia'ry cangl, sub-terliary canals and
quaternary canals which respectively cover the tertiary block, sub-tértiary blocks and
quaternary blocks as mentioned above. In layout planning of these canals, the
following respective function and design principle are taken into consideration,

{a)  Terliary canal

The lertiary canal delivers ircigation water from secondary irrigation
eanal or Som:etimeS'direcily from main canal to the sub-tertiary canals andfor
quaternary canals, The frrigal_ion waler should not be taken directly from the
tertiaty canal into fields,

®) Sﬁb«teﬂlary canal

The sub-tertiary canal leads ircigation water from the terliary canal to
the quaternary eanals. In this case also, irrigation water should not be taken
direetly from this canal to fields. In principle, the alignment of this canal is
méd’e‘ Ia the same manner as that of the tertiary canal.
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(¢) - Quaternary canal

“The quatei-narf-éénal' Is termlnal system. - Irrlgation wates to be earrled

by this canal flows in fields diréetly or through sub—quatemar‘y canals (branch of

© quaternary canal), The end of quaternary canat s connected to nearby drainage

- canal so as to drain off exceess water in the canal,  Espécially in steep-slope avea,

moreé than 1% of lanid slope, the canal should be alignéd in parailel to the contour

line (contour type). In drder to avoid ircigation water from spilling-oul froxjnfo'ﬁe

paddy field to the next fieid, the width of one pidl of quaternary séetor should be

Jimited to 200 m at maximum, Al the quaternary eanals éxcept the canal to be

construeted in the highest position in the respective area are so deslgned as to
have duat functions; irrigation and q:ainage'funeiiﬁns, where p0§si_b!_e.

(2) Related structures

' In order to attain its primary objeclive, the canahzation system thus
aligned requires the following structures. ‘

{a) Terliary division box .

Many d'ivis‘ion boxes are sonstructed on the tertiaty canals and all of them
ate: equlpped with gates to regulaté Irrigat!on water in accordance with the
- rotational irrigahon progcam._ o

) Quaternary dawsiﬁn box

"All the division boxes to be eonatructed on the qualemary canal are not
equnpped with gates. '

; '(e_)'j,_ Meaauring device

" The measuring deviée such as Romijn gate Is installed at. the head of
terhary block. LA

S VIE 42



(d) Drop structure

A drop ‘structure is provideg where the
than the required canal system as ap independent” structure bul as a
supplemcntary strucluie of dw;smn box. Especially for the fall height of less

than 30 em, in case of the quaternary canal, the drop structure is not
construeted indcpcndently.

ground surface slope is sleeper

(e) ""Culi.rerl '

A culvert is consteucted at the erossing point of eanal with road, This
slrueture is of combined type with the division box as far as possible.

(N brossdrain

A crossdram is prowded at the site sﬁhere the irrigation canal has
over the drainage canal.

to cross

3.6.4° Farm Road Networks

: For lhe purpose of canal i inspeetion and farm operation, two types of road
lerliary inspectlon road and farm road, are required in the tertiary block. The
respéctive function end design principle are mentioned below:

(&) : Terliary inspeclion road

_ A tertlary mﬁpechon road is required alongside the tertiary canal and the
E sub*terllary canal This road is used only fér the inspeclion of canals and farm
operation.

o F arfn operation road
3 . This road suitable for frucks and lractor is required throughout the
:_'letllary b10ck l'or the purpose of farm operation particularly for harvesling. This

froad is also prov‘f*cd for the connection of tertiary inspection road to other
_roads.

(&) Related steuctures

_ Farm ‘appro'aches are provided al the entrances from the tertiary road
into the ficld plots,
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Table YII- 4 EXTRA 'rl-:l'mas*rmm. RADIATION {Ra)

 (mm/1120/day)

| Northern Hemisphere o
Latitude  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dee.

100 132 142 153 157 155 15.3 ©15.3 155 153 147 13.6 129

136 145 153 156 153 150 151 15.4 153 14.8 13.9 13.3
13.9 14.8 154 154 151 147 14.9 152 153 150 14.2 13.7
143 150 155 155 149 144 146 151 153 161 145 14.1
147 153 156 153 14.6 14.2° 14.3 149 153153 148 144
15.0 15,5 157 153 14.4 13.9 14.1 14,8 153 15.4 15.1 14.8

SN0 e R

~ (mm/H20/day)

Southern I!e'misphr_:re '
Latitude  Jan. Peb. Mar. Apr. May Jun. © Jul. Aug. Seép. Oct. Nov. Dec.

100 164 163 155 142 12.8 120 12.4 135 148 159 16.2 162

Cf61 160 155 144 131 124 12.7 137 149 15.8 16.0 16.0
158 16.0 15.6 14.7 13.4 12.8 13.1 140 150 15.7 158 15.7
155 15.8 15.6° 149 13.8 13.2 13.4 143 151 15.6 155 15.4
153 157 157 151 14.1 13.5 13.7 145 1521155 153 15.1
150 155 157 153 4.4 13.9 14.1 14.8 153 15.4 151 14.8
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Table VII-3

EXPERIMENTALLY DETERA

.Y DETERMINED CONSTANTS

FOR THE RADIATION EQUATION

Rs=(a +b.a/N)/Ra

{1t Table by Linacre (1967) indicated 0.29 for Batavia, a likely error since

Sowes :{zﬁag;i%t} ?‘rocaﬁm aCorstantsb | Latil(gt)je
Aslisted by Linacre (1967) |
Pitzpatrick (1965) Kimberley, S. Afriea 0.33 0.43 16 S
Cockett ef al. (19649)  Centel Afriea 0.32  0.47 15 S
~ Page " - (1981) Dakar, Snegal - 0.10 0.70 15 N
Yadov - {1965) Madras, India 0.31 0.49 13 N
Davies {19565) Kano, Nigeria - 0.26 0.54 12 N
Smith (1960)  Trinidad 0.27  0.49 11 N
Stanhill (1983)  BeninGity, Nigeria  0.26 0,38 1N
Mezan 0.26 0.59 130
" Davies (1965)  Accra, Ghana 0.30  0.37 6 N
Black ¢l al, (1954)  Batavia(Jakarta) ' 0.28 0.5/l ¢ 5
Page (1961)  Kinshasa, Zaire 0.2l  0.52 48
CPage ' {1961)  Singapore 0.21 0.48 1N
Glovér et al. (1958)  Kabete, Kenya 0.24  0.58 18
Page (1961) Kisangani, Zsire 0.28 0.40 1S
Rijks et al, (1964) Kampals, Uganda  0.24 0.46 0
Mean 0.25 0.49/2 30

Chidley and Pile (1970) give 0.59 for Jakarta, the same location

—

{2t Based on revised figure for Batavia
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Water Surface

Surface covered with Crops
0.05 - 0,07 0.15-0.25
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Table VH-4 MAXIMUM POSSIBLE SUNSHINE HOURS (N)
FOR_DIFFBRENT MONTIHS AND LATIPUDES
Northern _ o . _ | L .
Lats Jan.  Fedb. Mar. Apr. May Jun. Jul. Aug. S¢p. Oct. Nov, Dee.
Southern - . ) . T S
Lats Jul.  Aug.: Sept. Oct.  Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
500 8.5  10.1 118 13.8 154 163 159 145 127 10.8 0.1 8.1
48 88 102 118 136 15.2 160 156 143 126 10.9 9.3 83
46 91 104 119 135 149 157 154 14.2 126 109 9.5 8.7
44 93 105 109 134 1477154 152 14.0 126 110 97 8.9
42 9.4 106 118 134 146 152 149 139 126 1L1 9.8 9.1
40 9.6 107 119 13.3° 14.4715.0 147 157 12.5 162 10,0 9.3
35 101 110 1.8 131 14.0 B45 143 135 12.4 113 10.3 9.8
30 0.4 L1 12,0 129 13.6 14.0 139 13.2 124 115 10.6 10.2
25 107 113 12,0 127 133 137 135 13.0 123 116 10.9 10.6
20 1.0 1L5 12,0 126 13.1 13.3 13,2 128 12.3 117 1L2 10.9
15 113 1.6 120 125 128 13.0 129 126 122 11.8 114 1L2
10 1.6 118 120 123 126 127 126 124 121 118 116 1L5
5 1.8 1.9 12,0 122 123 12.4 123 1237121 12.0 1197118
0 120 120 120 120 120 12.0 120 12.0 12.0 120 12.0 120
Teble VIS 'REFLECTION COEFFICIENT (r)



Table VII-6

YALUES OF oTK4 poR vmuous

TEMPFRATURFS FOR THE PENMAN METHOD
——— AN METROD

oTkd

“Tem pg'rat we, Tk
" K (0Abs) - mm Hd/day

290 © 10,73
295 . 11,51
280 - 12,40
285" 13,20
290 ' 14,26
295 15.30
300 16,34
305 17.46
310 - - 18.60
315 + 19.85
390 - 21.15
338 22.50

Temperatwre, Tk o Tk
OF mmn Hg0/day
35 11.48
40 11.96
45 12.45
- o0 12.94
55 13.45
60 13.96
. 69 14.52
70 15.10
75 15.65
80 16.25
85 16.85
50 17.46
95 18.10
100 18.90
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- Table VII- 7

MONTHLY DAY-TIME COZFFICIENT, D

{only for use with Hargreaves equatlons)

0' 9?

1.04

1.02

Latitude , B _ 1 . S

degree Jan. - Feb. Mar. Apt, May Jun, Jul, Aug.-_ Sep. Odét. Nov. Dee.

‘North - , | o

100 0.87 089 101 101 106 1.03 1.05 1.05 0.99 0,99 0.95 0.97
8 0.98 0.89 1.01 1.01 105 1.02 1.05 1.04 0.99 0,99 0.95 0.97
6 0.98 0.90 * 1.01 1.61 1.05 1.02 1,05 1.04 0,99 1.01 0.95 0.98
4 0.98 091 1.02 100 1L04 1,01 1.04 1.04 0.99 1.01 0.95 0.98
2 1.01 . 0.91 * 102 0.99 1.02 0.99 1.02 1.02 0.98 1.02 0.98 1.01
0 102 0.92 1.02 1.00 1.02 0,99 1.02 1.02 0.98 1.02 0.99 L.02

South _ S _ S
2 102 0.93 1.02 098 1.0t 0.98 1.01 1,01 0.98 1.02 0.95 1.03
4 104 0.93° 1.3 0.98 1.0L 0.97 0.98 101 0.68 1.03 1.00 1.04
6 1.05 0.9 1.02 0.97 1.00 0.96 0.98 1.00 0,98 1.03 1.01 1.05
8 105 0.84 1.02 0.97 0.99 0.95 0.98 1.00 0.98 1.02 1.02 1.06
10 1.06 0.94 1.02 0.97 0.98 0.94 0.99 0.98 1.07
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Table YO- 10 Representative Results of Peroolation Rate Méasfﬁ:«:fhaul

Otserved  Observed Phisiography Percolation

No. date site [Soil Condition'  Rate (mm/day)
1 Nov. 14 Kolelet = flat valley o 1.43
, L /Gleysols .
2 . Nev.14 . Sabrang fiat valley = 0
: /_Gleyso!s . '
3 ~ Nov. 14 - Pauamplng ' flat valley B .0
[Gleysols -

1 Nov. 15 Cikatang  hillyland 6.82

- JActisols :
5 Nov. 15 Kefos hilyland C s

fActisds -

6 Nov. 15 Lengkd hillgand - 2.50
; ~JActisols -

7 Hév.' 16 Gabu hilland : 1.88

/Actisols
8 Nov. 17 Kandang hiltyland - 2.2t
Mitosols .
9 ‘Heov. 12 Kousr . flatvalley . 2.11
' . Nitésols : .
10 . Név‘. 17 Nfbmp-ol; flat valley _ . 1.57

/Gleysols
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 able VII-17 General Reatwres of the Project Reeilities

1. Name of Project

4. Sowrce of irrigation water
3. Net ifrlgalic‘m area

4. Maximum diversion warer
requirement

5. Irrigation facilities
(1) Diversion works -

Location
Catchment area
Riverbed BL.
Geology
Design flood
Dam type
Crest Bl

Dam height at maxmumn

- Crest length
Embankment
Bxeavation
Spillway type

Spillway scale

fntake gate type
Intake gate scale
(2} Main irrigation canal
with related steuctures
Canal tlype

Length total
(Sighon)
Discharge

>

8

L 1

an

L 1)

s

v - 11

K-C-C Area trrigation
Development Project

Cibeureum River

3,500ha

5,730 m3/sec

Gadeg

117km?2

25.0m

tuff

Q=320 m3/see
Centex core rockfill
41.00m |

16m

160m

83,000m3

11,600m3
Radial type gate - - - 2bays
Raller type gate- -~ 1bay

‘No. 1 gate 7.¢0m x 8.40m

No. 2 gate 2.00m x 2.40m
Rotler type gate- - - 2bays
3.50m x 1.5m - - - 2bays

Trapezoidal earth canal Siphon

(No.1, No.2)
22,665m _
430m (No.1 300, No.2 130m)
max. 5,730 m3/sce



(3) Secondary lsrigation canal

with related steuctures - ,
Canal typ¢ :  Trapezoidal earth canal
Length | : 25,250m
Numbed ' : t 9
6. Tertiary system

Area to be served :  3,500ha

Tertiary Unit 3 Average 50ha .

Pacilities s Tertiary and quaterndry canal

7. Parm road Network

‘Main road length ¢ 14,800m
width ¢ 3.50m
Secondary road length ¢ 25,250m
o Width i 3.0m

Gravel pavement - ; 127.550m2

vif -2



Table VI-18 Calculation Sheet of Puddling Avea in Oct.

Ist 10-day 1o 2nd 10-day |

'feplaci Rg evaporation léscs
+ replacing peredlation losses

Soil Saturation (S+L)D
+ Water layer (140mm)

Y B
' Q=8S+L+1/2(B+P)xD x Ax 10 (nmd)
Wheré: D = Duration of the time (days) = 75 days
R =(4.45% 26 + 4.3x 30 + 3.83 x 19) = 317.47
P=(2x 75) =150
| Q=140 +(317.47 + 150) 1/2x 1 x 10
: | | = 3737.4 m3/ha
Q/15days = q = 49,832 m3/day/ha
. = 0.000576 m3/see/ha
| = 0.576 {/sec/ha—=0.8 {/sec/ha
qmin =140/75= 18.67 m3/day
: "= 0000216 {/sec/ha
= 0,216 u;ec/m—-»-o.aas {/sec/ha
qmax = (140775 + 4.45 + 2) x 10

= 0,985 {/day/ha

in case of perod of pudding —- 20days
Q= {140 + (4.45 + 2.0) x 20X 1/2) x 10
= 2045m3
= 102.25 m3/day = 0.00118 m3/sec
= 1.18 f/sce
Diversion requirement
. _ = 1,85 f/sce
qmin = 140/20 x 10
= 90m3 |
= 0.00081 m3/seclm
= 0,81 f/see/ha—=1.266 {/see/ha

Y -3



Avallable use water for the puddiing (l)ependable Water of Watér réséirce

—~-Nussery Water)

Oct.Ist 0.24m3 _
240 - 35 = 200 {/sec
ond 0.46m3
460 - 88 = 370 {/sce

Oct Ist Oct Hnd
Avsilable Weter | 200 {/sec - 370 {/sec
_ Aj.'ailable &va;q - ‘200 22%& B g;r_lq;'mha
Unit Watéer Requirement - 0.$ ) 0.9
200 . 5e8ha - 310 _ 088ha
200 _
02 - 449ma 310__ 400ha
0445 0.528
200 158na 370 969ha
1.266 1.266

aVII -4
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Table VII-20 Comparison of Dam Types

A diversion dam is planaed to be consteucted at Gadeg dam sitle and a comparative
study has been undertaken {0 make a cholee of the dam type. As a result, a rock fill

dam §s rccommended as the ‘most suitable type for this feasibility st':dy for the
following reasons,

i.

" Economicat: The conslrizetion costs of each dam type sre as follows:
“a) rock fill dam Rp. 2,057 million
'b) conerete gravily dam Rp. 2,715 miliion
"¢) combined dam Rp. 2,153 million
2. Safely: According to soil-mechani¢al data available, the soil layer with low
bearing capreily lies very deep al both banks of the dam site. ‘Therefore, the
consteuction of rock fill dam will be safer than that of other type dam.
3. Advanlage: The excavaled soils can be used again for the construction of rock
- fill dam.
4. Disadvantages of other type dam: a) the jointed part belween conerete and fill
_is insecure in the case of a combined dam. b} Sheathing will not be secured in
" the case of concrete dam due to its heavy load. c) A large scale of river bank
“prolection works will be necessary downstream the dam site in the ease of
- equipping a spillway in dam body.
Comparative Study of Dam Cost
(Rp. million)
 Hem Fill Dam “Combined Dam _ Concrete Gravily Dam
1. River Diversion ‘
1.1 Diversion channel (included 60.7 60.7
1.2 Coffer dam in2.4) 26.1 26.1
2. * Dam Body
. 2.1 Earth work 507.3 274.2 146.0
2 2 Concrele work 0 867.7 1,040.2
2.3 Poundation Grouling 197.4 104.7 6514.3
2.4 Spillway 1,198.0 570.60 674.1
2.5 Water stop S 96,2 Q
3. : Access Road 91,2 91.? $1.2
&, ' Inlake 652.2 62.? 62.2
Total 2,056.6 2,453.9 2,714.8

Vit - 77
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F16. VII -5 ¥
TYPICAL LAYOUT OF TERTIARY SYSTEM
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FIG. VII -6 - -
SAMPLE LAYOUT OF TERTIARY SYSTEM'()
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SAMPLE LAYOUT OF TERTIARY SYSTEM (2)
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Fig-8 _ _COMPARATIVE STUDY OF DAM TYPE
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ANNEX - vIII

PROJECT IMPLEMENTTION SCHEDULE

BASIC CONSIDERATIONS

.7 The Pro}cct lmplementalmn schcdule is prepared based on the following
considerauons.
) The Project rnobihzatlon which mcludes l‘mancmo legah?a(lon, establishment
S Of the iject orgamzallon will be completed by the end of March, 1984,
(2) Consldering the scale of this Project, the construction of diversion works,
main 16 tlrlsal‘y canals and the related slruclures will be carried out
conc_urrenlly 56 that the all irrigation network can be completed by the end of
Seplember, 1987,
(3) Annual workable days for construection equipient are estimated to be 240 days
based on the rainfall records in the past 13 years.
(4)  Taking into account the scale of this Project, the mechanized conslruction will

principally be introduced in the main éonstruetion works.  In order to

- maximize the emp!oyment Opporlumty in and around the Project- area,
?hov.-. ever, man poner conslrucuon mll be adopled as much as possnble.

In lhis context large-sca!e cwll v.orks such as diversion dam, intake

facility, spillway, and headrace will be carried oul mainly by heavy construction
machinery. The minor civil works for secondary ecanal system and terliary
development will be carried out mainly by man-power with minor censtruction
'equipmém

VHE-1



2. IMPLEMENTATION SCHEDULE

2.1 Preparatory Works

10 months' lime will be required for the preparatory works such as
topographic and land use mapping, the construction of ol‘ { lceslquarlcrs, ete, as shossn
in Fig.Vili- 1, : ' '

'l‘opographic map on a scale of IIS 000 wlth a contour mlcwa! of 0.5m has
not been completed yet. This mapping work shouk! be completed by lhe ¢nd of June
1984, before hé start of the detailed destgn of the secondary canal. The projeet
offlce and quarters will be completed pnor to the major c0nstructi0n works. This
work will bé started from Augusl 1984 and completed by the end 01‘ \Iarch 1985

The detaﬂed design works for the diversion works and inlake gate,
headrace, main éana!,_seéondary canal and related facilities will be carsied out from
‘April 1984 to March 1985, including the time nec'essafy for survey and investigation
on the delailed design,

9.2 Diversion Works

The deversion works consist of various cbhipbné'n'ts' such as diversion dam,

rlntake gate, spillway, coffering and dewatering works. The time reqmred for the

¢onstruction of diversion works will be about {wo years from June 1985 to August
1987 takmg two dey seasons. ' . '

- The cofferlng and dehalenng ‘works v.ould carel’ully be carricd out and
maintained unlll the dam is completed The conslruetlon of concrete structures such
as spillway and intake wlll be co_mpleted by the end of 1987 dry season.

2. 3 Canals and lnspectlon Road

The conslruction of headrace, main canal and inspection road wm be
carried out in parallel with that of the diversion works. The consleuction of canal
will fitst be started from he dry Sin_son of 1986 and compleled by the cnd of 1987
dry scason after spending Lo dry scasons, '

VIIE -2



' In the ramy season, the excavation work wlll be stopped and the main
cft‘ort wiil be patd to- the construetion of related structures such as cheek gales,
" brldges, eulwrts lurnouls, dwision boxes, drops, cross drains, and inverted siphons.
| 'l‘he éxeavated soils in the eanal conslrliction will be utilized as much as possible for
"cadal, and rOad embankment if the solls are suitable, Since the inspection roads can

" also bé¢ used for ‘the accéss In the construciton canal The “construetion of the

secondary canal ineluding secéndary road will be carried out in parallel with that of
the main canal.

- The asphalt- pavement on the main and secondary inspection road,
howe‘ver, will be ¢arried out after the completion of eanals alongside the roads. The

tertiary GEVeEOpment includes the eonstruction of tertiary canal and tertiary

inspection road and related struclures The tertiary development will be started
from Aprll 1986 and completed by lhe end of September 1987, The quarternary

canals w:ll be constructed by farmers themsélves as soon as icrigation water is
avarlable to thier farmlands,

“VHL -3
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3. CONSTRUCTION MACHINERY

- Major cml works of the Projeet would principa‘lly be carrled out by heavy
construetion machinery. The type and’ number of comtruetmn machinery to be
required for the major - civnl works are esli maled based on the work quanllty,
construction time schedule and the natural condilion in the Projeet area Tab!e Vlll—l
shows the required type and number of oonstruettpn machinery. '
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H

.,[‘abe‘l.Vlli-Z : REQG!RED MAJOR CONSTRUCTION MACIIINRRY

Machinery

Crawler dvill
“Jack hammer '

Submergible pump
Engine centrifugal pump
Engine centrifugal pump
Conerete pump truek

Engine conerele mixer

Conerete mixing plant
Conér_ete vibrator
Concreteé vibealor
Conerete slopé form
Aggregate sereen plémt
Aggregate screen plant
Diesel generator
Diesel generator
Engine compressor
Grease car

Repair shop car

Engine beltconveyor
Repair shop |
Water supply system .
Work shop

Speeification

5t

.E - 20kg

6"
6'¢
oo
20m3/he
0.2m3
10m3/ne
e
. 2"

Zﬂﬁl-éanlry

1_50 t/he

3Uti_hr o

‘200KVA’
' 50KVA
10m3/min
. 6t
6t
Tm
L.S.
L.S,
L.S.

CvilL-6

.

Required Number

s
s,
5!
3

-
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T PY W b S Y

90



	ANNEX-Ⅵ AGRO-ECONOMY
	7. PROJECT BENEFIT
	7.1 Economic Benefits
	7.2 Farmers' Income
	7.3 Savings in Foreign Exchange

	TABLES
	Table Ⅵ-1 Areas and Population by Island in Indonesia
	Table Ⅵ-2 Population and Population Growth Rate between 1971-1980
	Table Ⅵ-3 Population Density
	Table Ⅵ-4 Gross Domestic Product by Sector of Origin at Constant 1973 Prices,1978-1981
	Table Ⅵ-5 Percentage of Employed Persons by Industry in Indonesia
	Table Ⅵ-6 Gross Domestic Product in Indonesia and Gross Regional Domestic Product in West Java at Current Market Prices in 1978
	Table Ⅵ-7 Balance of Trade
	Table Ⅵ-8 Export of Selected Commodities in Indonesia
	Table Ⅵ-9 Import of Rice in Indonesia
	Table Ⅵ-10 Length of Road and Its Condition in Indonesia and West Java
	Table Ⅵ-11 Length of Road and Its Condition in Kabupaten Serang
	Table Ⅵ-12 Present General Condition in and around the K-C-C Area
	Table Ⅵ-12A Population by Age Group in and around the K-C-C Area
	Table Ⅵ-13 Present General Condition of the Study Area
	Table Ⅵ-14 Land Holding Size of Farmers in Indonesia(1973)
	Table Ⅵ-15 Farm Families by Land Holding Size in Indonesia(1973)
	Table Ⅵ-16 Prices of Major Food Crops in the Rural Market of Java
	Table Ⅵ-17 Calculation of 1990 Economic Farm Gate Price of Paddy
	Table Ⅵ-18 Calculation of 1990 Economic Farm Gate Prices of Maize,Groundnuts and Soybeans
	Table Ⅵ-19 Calculation of 1990 Economic Farm Gate Prices of Farm Inputs
	Table Ⅵ-20 Economic and Financial Prices of Farm Products and Farm Inputs at Farm Gate
	Table Ⅵ-21 Typical Farm Budget


	ANNEX-Ⅶ IRRIGATION AND DRAINAGE
	TABLE OF CONTENTS
	1. THE PROJECT AREA
	1.1 General
	1.2 Present Situation of the Study Area
	1.3 Basic Concept for Irrigation Development
	1.4 Water Resources
	1.5 Comparative Study for Basic Irrigation Development Plan

	2. IRRIGATION AND DRAINAGE PLAN
	2.1 Irrigation Water Requirements
	2.1.1 General
	2.1.2 Consumptive Use of Water
	2.1.3 Determination of the Basic Year for Planning
	2.1.4 Unit  Irrigation Water Requirement
	2.1.5 Design Diversion Water Requirement
	2.1.6 Irrigation Method

	2.2 Drainage

	3. PROJECT FACILITIES
	3.1 General
	3.2 Diversion Works
	3.2.1 Alternative Study on the Function of the Diversion Dam
	3.2.2 Alternative Study on the Location of the Diversion Dam
	3.2.3 Material for the Diversion Dam
	3.2.4 Specification of the Diversion Dam
	3.2.5 Related Facilities

	3.3 Design of Canal System
	3.3.1 General
	3.3.2 Comparative Study on the Headrace Route
	3.3.3 Design of Irrigation Canal

	3.4 Descriptions of main related structures provided in the canal system
	3.5 Inspection Road
	3.5.1 General
	3.5.2 Main inspection road
	3.5.3 Secondary inspection road
	3.5.4 Tertiary inspection road

	3.6 Tertiary Development
	3.6.1 General
	3.6.2 Definition and Recommended Size of Irrigation Block
	3.6.3 Irrigation Canal System
	3.6.4 Farm Road Networks


	TABLE
	Table Ⅶ-1 Calculation of Potential Evapotranspiration(ETO)-(1),(2)
	Table Ⅶ-2 Extra Terrestrial Radiation(Ra)
	Table Ⅶ-3 Experimentally Determined Constants for the Radiation Equation
	Table Ⅶ-4 Maximum Possible Sunshine Hours(N)for Different Months and Latitudes
	Table Ⅶ-5 Reflection Coefficient(r)
	Table Ⅶ-6 Values of Tk4 for Various Temperatures for the Penman Method
	Table Ⅶ-7 Monthly Day-time Coefficient,D(only for use with Hargreaves equations)
	Table Ⅶ-8 Weighting Factor(W)at Different Temperatures and Altitude
	Table Ⅶ-9 Correction Factor(K)of Wind Velocity
	Table Ⅶ-10 Representative Results of Percolation Rate Measurement
	Table Ⅶ-11 Estimated Effective Rainfall
	Table Ⅶ-12 The Factors for Calculation of Unit Irrigation Water Requirements(except Rainfall)
	Table Ⅶ-13 Diversion Unit Water Requirements(1),(2),(3),(4),(5)
	Table Ⅶ-14 Nursery Water Requirements
	Table Ⅶ-15 Puddling Water Requirements
	Table Ⅶ-16 Summary of Balance Calculation between Deversion Water Requirement and Dependable Discharge
	Table Ⅶ-17 General Features of the Project Facilities
	Table Ⅶ-18 Calculation Sheet of Puddling Area in Oct.1st 10-day to 2nd 10-day
	Table Ⅶ-19 Diversion Water Requirement and Dependable Water(Basic Year for Planning,1972)
	Table Ⅶ-20 Comparison of Dam Types

	FIGURES
	Fig.Ⅶ-1 Crop Coefficient Curve(1),(2),(3)
	Fig.Ⅶ-2 Saturation Vapour Pressure Curve
	Fig.Ⅶ-3 Slope of Saturation Vapour Pressure Curve
	Fig.Ⅶ-4 General Irrigation Canal Diagram
	Fig.Ⅶ-5 Typical Layout of Tertiary System
	Fig.Ⅶ-6 Sample Layout of Tertiary System(1),(2)
	Fig.Ⅶ-7 Project Area and Irrigation System
	Fig.Ⅶ-8 Comparative Study of Dam Type


	ANNEX-Ⅷ PROJECT IMPLEMENTATION SCHEDULE
	TABLE OF CONTENTS
	1. BASIC CONSIDERATIONS
	2. IMPLEMENTATION SCHEDULE
	2.1 Preparatory Works
	2.2 Diversion Work
	2.3 Canals and Inspection Road

	3. CONSTRUCTION MACHINERY
	TABLES
	Table Ⅷ-1 Implementation Schedule
	Table Ⅷ-2 Repuired Construction Machinery



