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1.1. 

U. S.A. I.D. 

A.~.S. 

BAPPENA! 

BAPPEMICA 

BIMAS 

DGWRD 

INMAS 

BULOG 

DOLOG 

B.U.U.D. 

IRR 

A.E.S. 

LPHA/DPHA 

Rough Rice 

SAWAH 

Hilled Rice 

GLOSSARY 

Abbreviations and Terms 

Republic of Indonesia 

United States Agency for International Devel
opment 

United Statee Army Hap Service 

National Development Planning Board 

District Planning Board 

Ma•• guidance for agricultural intensification 
with government credit at low Interp.st 

Directorate General Water Resources Develop

ment
 

Same as BIMAS but without government credit.
 

National agency for price control, stock and
 
distribution of rice
 

Provincial Agency administering BULOG program
 

Village Cooperative Unit
 

In ternal Ra te of Re turn
 

Agricultural Extension Service
 

Institute of Hydraulic Engineering
 

(Gabah) Thresh2d rtce (with hull), unmilled at
 
14 percent moisture
 

Rice Field
 

(Beras) Rice that is dehulled and polished
 

G-l 

\
 



Wet Stalk lice 
(or 'adt) 

Dry Stalk lice 
(or 'adt) 

ICabupaten 

Kecamatan 

Des. 

Bupati 

Kampung 

G LOS S A R Y 

Abbreviations and Terma (Continued) 

Unthre.hed rice, still in the panicle (head or
 
aar), tied in a bundle, cut 15 to 20 ca below
 
the panicle, not dried.
 
(Conver.ion to rough rice • 591)
 
(Conver.ioD to milled rica • 401)
 

Same a. above but dried.
 
(Conversion to rough rice • 771)
 
(Conversion to milled rica • 52%)
 

District 

Sub-d1atrict 

VUlege 

Chief ol District 

Settlement 



MEASUREMENT AND CONVERSION FACTORS
 

1 meter 
2.54 centimeter. 
0.3048 meter 
1.000 meter. 
1.60935 kilometer 

1 Bate 
1 hectare 
1 .quare kilometer 

1 cubic meter 
1 cubic meter 
1 liter 
1,233.5 cubic meter. 

1 Rupiah 
1 U.8. Dollar 

1 kilogram 
1 lIetric ton 
2.000 pounds 
1 kwintal (k\:) 
1 metric ton (t) 
1 liter (rice) 

Length 

• 39.37 inches 
• 1 inch 
• 1 foot 
• 1 kilometer 
• 1 statute mile 

Area-

• 14 square meters 
• 2.47 acres 
• 100 hectares 

Volume 

• 1.000 liters 
• 0.0008107 acre feet 
• 0.2642 gallon 
• 1.0 acre foot 

Temperature 

Currency 

• 100 sen 
• 415 rupiah 

Weight 

• 2.2046 pounds 
• 1.000 kilograms 
• 1 ton 
• 100 kilograms 
• 1.000 kilograms 
• 800 grams 

• 3.2808 feet 

• 0.6214 statute mil. 

• 10.000 square meter. 
• 247 acree 

• 1.308 cubic y«rd. 
• 35.3144 cubic feet 
• 0.03531 cubic foot 
• 325.851 gallone 

OF • 9/5 °c+32 

• $0.0024 u.s. approx. 
• 41.500 sen 

• 2.204.6 pounds 
• 907.18 kilogram. 
• 220.463 pound. 
• 2.204.63 pounds 
• 1.764 pounds 
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METRIC SYSTEM ABBREVIATIONS
 

Length; 

Unit 

millimeter 

centimeter 

meter 

kilometer 

Abbreviation or 

mm 

em 

m 

km 

Symbol Equivalent of Metel 

0.001 

0.01 

1.0 

1,000.0 

Area: square centimeter 

square meter 

hectare 

square kilometer 

cm2 

m2 

ha 

km2 

0.0001 1"\2 

1.0 m2 

10,000 m2 

1,000,000 m2 

VolUllle: cubic meter 

liter 

million cubic meters 

m 3 

1 

MCM 

1.0 m 3 

31,000 em 

0.001 m 3 
• 

Mass and 

Weight: kilogram 

metric ton 

kg 

t 

1,000 g 

l,nOO kg 

Flowing 

Water: liter per second 

cubic meter per second 

l/s or lit/sec 

ems or m3/s or m3/sec 
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Conversion Rates froa Stalk Rice (Padi) to 
llough Rice (Gabah) to Milled Rice (Beras) 

G)
 
I
 

Ul
 

Rice Mill Manageaent Instructions 
Government Agricultural Enterprises, 
Jakarta 

Klasifikasi Classification Conversion Rates: Percent (%) 

1. Padi Basah di Desa Wet stalk rice in the ~ 
v~,100~ 119 122 123 130 145 154 156 169 250

village V///// 

2. Pad! Kering di Dry stalk rice in the 84 ~ 103 104 109 122 130 132 143 208
Desa village ~/~ 

3. Padi Kering Lua- Dry stalk rice stored 82 97 ~ 101 106 119 127 128 139 204~,100"bung di Desa in the village ~h0 

4. Pad! Kering Lum- Dr)' stalk rice stored W/h 
105 118 125 127 137 20081 96 99 100,

bung di Pabrik at mill ~& 

5. Padi Kering Gilinr Dry stalk rice ready 77 92 94 95 ~ III 119 120 130 192100/
di Pabrik for milling /X~ 

6. Gabah Basah di Wet rough rice in the ~e-~ 16969 82 84 85 90 100' 106 108 116
Desa village wi 

7. Gabah Kering di Dry rough rice in the (//p" 
110 16165 77 79 80 84 94 

~~ 
101

Desa village 

8. Gabah Kering Lum- Dry rough rice sto!:'ed 64 76 78 79 83 93 99 ~ 109 159
bung di DeS2 in the village ~~ 

9. Gabah Kering Dry rough rice ready 92 
//M 

14759 70 12 73 17 86 91 10~Giling di Pabrik* for .illing* '~h/ 
'//,///, 

~O. Beras Milled rice 40 48 49 50 52 59 62 63 68 100 
W/h 

Source: Petunjuk Pengelolaan Penggilingan Padi 
Peruaabaan Pertaniao 'Negara. Jakarta (1972) 

*Dried to 14% Moisture. 



Chapter I 

INTRODUCTION 

General 

The Banjar Plains Project is situated in the uppe~ ~1tanduy 

River Basin. The Citanduy River Basin, which is over 4,~~O square 

kilometers in areal extent, is situated in the province. of 

West Java and Central Java in the southern region of the ~sland of 

Java. Following the launching of the First Five Year Plan by the 

Republic of Indonesia in 1969, the Government classified the 

Cltanduy River Basin as being in Group "A". This classification 

signified that the control and development of the Citanduy BaBin 

wa. in the national interest. In pursuance of this, a Ci tanduy 

River Project organization was set up by a decree in April, 1969, 

which was charged with ·:he work of flood protec:t1on and 

irrigaUon. 

The terrain of the Ci tanduy River Basin is conducive to 

deVelopment of a number of irrigation systems of varying sizes. 

Some systems like the North Lakbok Irrigation System have been in 

existence for a long time. Many of the smaller systems are of the 

semi-technical or rural type. For details of existing irrigation 
1/-systems reference should be made to the Master Plan Report.- The 

exploitation of the water resources of the basin on a planned 

basi. i8 now under way. The various subprojects in the basin have 

now been identified and the Government is p'Jrsuing a program to 

1/ The Citanduy River Basin Development Project 'Master Plan', 
Engineering Consultants, Inc., Denver, Colorado, U.S.A., May, 1975. 

A A bibliography is given at the end of this volume listing all the 
references used in this study. 
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carry out feasibility studies for many of these subprojects. The 

8anjar Plains Project is one such subsystem located just west of 

the Banjar town. 

This report presents the studies carried out to evaluate the 

irrigation and water supply potential in Banjar Plains area and to 

determine the feasibility of the project. The result of the•• 

• tudies are presented in the su~sequent chapters. 

Authorization 

TIle Banjar Plains Feasibility Report was prepared as part of 

the scope of work of the contract between the Directorate General 

of Water Resources Development of the Ministry of Public Works and 

Electric Power of the Republic of Indonesia and Engineering 

Consultants, Inc., (E.C.I.) of Denver, Colorado, U.S.A. Thb 

contract, No. Kab 9/2/14 signed on February 10, 1977, provided for 

Consultant Services for the Citanduy River Basin Development 

Project of which Banjar Plains forms a part. The work presented 

in this report has been carried out in accordance with the terms 

of this contract and is submitted in fulfillment of the 

requirements. 

Purpose and Scope 

The Citanduy River Basin Development Project 111 a 

continuation of the overall effort aimed at the development, 

utilization of the total land, water and human resources in the 

project area. This involves flood control, irrigation and 

drainage, rehabilitation of existing irrigation systems, 

construction of new irrigation systems, reclamation, land use and 

1-2
 



management practices, erosion and sediment control, operation and 

maintenance, management of systems, thereby laying the groundwork 

f(!)r improved condi.tions in the project area. The Banjar Plaine 

Project i8 a subproject in the Citanduy Basin for which thh 

feasibility basin study has been carried out with the objective to 

formulate and review the technical, social and economic aspects of 

the project to a level of intensity compatible with the 

requirements of international lending agencies. 

The specific objectives and scope of the feasibility study 

for the Banjar Plains Project have been outlined in the Terms of 

Reference of the Contract. The scope of the study includes but i. 

not limited to the followingl 

1. Identify problems and needs of the area. 

2. Conduct studies of alternative project layouts to 

determine the optimal utilization of the water and land 

resources within the project area. 

3. Carry out surveys to obtain reliable data concerning 

existing field conditions. 

4. Analyze water resources and water quality, to 

determine availability and suitability for irrigation and 

municipal needs. 

5. Prepare an initial layout of the irrigation and 

drainage system. 

6. Identify a management system necessary to achieve the 

projected pattern of utilization. 

7. Consider the environmental impact of the proposed 

development and the social benefits occurring to the people. 

8. Carry out an economic and financial analysis. 
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9. Recommend the most feasible development plan base4 on 

the needs in the project area, technical/economical 

feasibility and socio-environmental acceptability. 

This study is based on data that was collected during 

previous phases of the Ci tanduy Basin study as well aa data 

collected under the present phase of the study. 

Previous Investigations 

Work on the development of Ci unduy Basin dates back many 

year.. HOst of the development efforts to date have been 

concentrated on either the lower Citanduy/Ciseel River system or 

the Segara Anakan and its environs. In the upper watershed areae, 

efforts to date have been confined to small irrigation project., 

mostly of the rural type and such soil conservation measures a. 

reforestation, the greening program and contour farming. 'nle 

previous studies carried out for the Ci tanduy Basin are pretlented 

1n a chronological order in the Master Plan Repoa!/ by E. C.I. A 

list of previous reports is also available in the abovementioned 

report. 

Investigation for development of the Banjar Plains Area for 

irrigation and supply of municipal raw water to the Banjar 

township was first carried out during 1972-73 by the Directorate 

of Irrigation. In the early stages of development the Directorate 

of Irrigation was keenly interested in developing small size 

projects which could yield quick returns. The Banjar Plains 

project study was taken up under this policy. A reconnaissance 

report on this study was submitted by P. T. Karpa~/in March, 197~t 

to the Directorate of Irrigation. 

1/ Laporan Reconna1.ssance/Pra Rencana P.royek Irigasi Dataran 
Banjar Propinsi Jawa Barat by P. T. Karpa, Bandung, Indonesia, 
March, 1973. 



The P. T. Karpa report proposed a diversion structure on the 

Citanduy River about 7.6 km upstream of the confluence of Citanduy 

River and Cimuntur River. The diversion weir ~as to be 40 m long 

and about 10. high and was designed for a 100 year flood 

discharge of 758.3/s. The main canal wa. siz~d to carry 

1,904 1/. to irrigate tvo rice crop' per year over an aree of 

887 ha 1n the Banjar Plains. The total length of the main and 

lecondary canale proposed w.. 28.3 km, while the length of 

drainage canals wa~ estimated to be 27.5 k.. The project was also 

to provide domestic raw water supply of 116 1/. and a flushing 

water supply of 510 1/. to the Banjar township. Economic analysis 

indicated that the benefit to cost ratio would be one at an 

interest rate of 3.7 percent. Geological investigation of the 

diversion work along with material test results are presented in a 

separate volume.1/ 

Subsequent to the setting up of a separate project 

organization for the Citanduy Basin under the Directorate of 

Rivers, further investigation of the Banjar Plains Irrigation 

System was transferred to the jurisdiction of the Cttanduy Project 

Authority. Very little work has been carried out since then to 

evaluate the feasibility of the project as outlined in the report 

by P. T. Karpa.~/ 

In conducting a basinwide study for flood protection, E.C.I. 

in its report~/of November, 1973, identified a flood storage dam 

about 800 m downstream of the confluence of Citanduy and Clmuntur 

Rivers and about 8 km upstream of Banjar town. The project 

envisaged a dam 60 m high to provide a flood storage volume of 
6 3350 x 10 m with a water surface area of 1,740 ha. In a 

3/
- Laporan Penyelldikan Geologi Dan Mekanika Tanah Rentjana 
Bendungan Dataran Banjar, Djabar, August, 1971. 

4/ , , 
- Recommendation for First Priority Feasibility Studies , 
Engineering Consultants, Inc., Denver, Colorado, U.S.A., 
November, 1973. 
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subsequent report~/!.C.I. examined the possihility of constructing 

a multipurpose resel.'vo::'!:' at this site. This project. with a dam 

SO • high and a full reservoir water aurface area of 1,280 ha at a 

capacity of 280 x 106 • 3 was proposed to provide irrigation 

aupplie. to about 20.000 ha including the Banjar Plain. area and a 

aupply of raw water for municipal (,eeda to Banjar town. The 

reservoir would, however, submerg_ 5.4 km of railroad and a 

substantial length of highway a. well .. 30 ha of an historical 

area. Th. project was esttl'1ated to coat $40.7 .Ulion in 1974. 

Because of the high cost of relocations involved. an alternate 

Banjar Dam Project was proposed 2.5 km upstream of the confluence 

of Cltanduy and Cimuntur Rivers. This project would involve two 

dams. one on Citanduy River and the other on the Cimuntur River, 

and was proposed .a a single purpose flood protection project. A 

geological and materials report~/on the Banjar Dam was prepared by 

LPHA in November, 1974. 

Later studies indicated, that for flood protection in the 

basin, a levee system was more economical than providing flood 

storage reservoirs. Consequently, the 8anjar Dam Project was 

dropped from further consideration. The present study will, thus, 

be the first major feasibility study for the 8anjar P\ains Area. 

Project Area Description 

The Ci tanduy Basin 11es between approximate ly 7°00' and 

70 40' south latitud~ and 10So10' and 109°15' east longitude. The 

5/ u_ " - ~~ster Plan, Appendix J, Dam and Levees t Eng'neering 
Consultants, Inc., Denver, Colorado, U.S.A. t November, 1974. 

1/ Laporan Penyuelidikan Geolagi Teknik, pada rencana, Waduk 
Banjar t Jawa Barat, Lembaga Penyelidikan Masalah Air, Bandung, 
November, 1974. 
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basin is bounded on the east by the Serayu River bllsin; on the 

north by the Clmanult River Basin; on the north and west by the 

Ci tarum River Basin, and on the south and west by the 

Indian Ocean, the Ciwila8 River Basin, and several small river 

basins all discharging into the Indian Ocean. The area described 

above is shown on Figure I-I. 

The Banjar Plains Project, which encompasses about 

3,000 hectares (gross study area) near the town of Banjar i. 

situated in the Upper Citanduy River Basin. Physically, the area 

is bordered by the Sawal Mountain in the north; Kembang, Bangkok 

and Pasir Tenjo l'kluntains in the south; Sawal Mountain and 

Cipalth River catchment on the west, and Sukajadi l'kluntain and 

swamp area around Bantardawa on the east. Geographically, tha 

project area is located between south latitude 70 10' and 70 25', 

and between east longitude 1080 10' and 1080 33'. The project area 

lies west of the 8anjar township and is shown on Figure 1-1. 

Drainage Area 

The headwaters of the Citanduy River originate on the north 

and west slopes of Volcano Sawal, which rises to an elevation 

of 1,760 m. The total upper drainage basin of Citanduy, which 

cover the north, west and south slopes of the mountain, Is about 

32,000 ha. The Cimuntur River, a principal tributary of the 

Citanduy River, collects the runoff from the north and east 

slopes. The upper reach of the Ci tanduy Rt ver has a total length 

of about 20 km to a point west of Tasikmalaya In which the 

riverbed drops some 1,370 m from its origin to an elevation of 

about 350 m. In this reach, the drainage pattern is of the 

incised type in residual soi18 formed from weathered Quarternary 

volcanic material and Tertiary basalt and andesites. Volcanic Ash 

lind debris are mixed with the so11s. At higher elevations the 

~oils are andosols and at lower elevations the soils are latosols. 
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Because of the relatively deep and steep channel bed, the annual 

rainfall of over 3,500 mm is safely carried away with little or no 

flood danger. 

The middle course of the Citanduy River, which extend. from 

ve.t of Ta.ikmalaya to a point downstream of the confluence of the 

Ci tandu)' and Cimuutur &1 ver., flow. through a narrow V-shaped 

valley with steep lide slope. and depths varying from 50 to 100 m. 

Thi. middle section, which terminates upstream of Banjar town, has 

a total length 0": about 60 km and drops 330 m in elevation. At 

the confluence of the Citanduy River and Cimuntur River, the 

riverbed elevation is about 26 m, whUe about 8 km downstream at 

the Banjar bridge the riverbed elevation drops to 15 m. In this 

region, certain reaches of the river meander in its own alluvium, 

in which case the average riverbed slope 1s flatter. The average 

bed slope in the middle re~ch is about six meters per kilometer of 

river length measured along the river channel. 

The proposed diversion site for the Banjar PlRLns Project 

will be located on the Ci tanduy Ri ver about 8 km upstream of the 

confluence with Cimuntur River and is shown on Figure 1-2. The 

extent of the drainage area is shown on Figure I-I. The major 

tributaries upstream of the diversion work are, Cikidang River 

with a drainage of 135 km 2 and Cicenang, Cibeureum and Cibuyut 

tributaries with a combined drainage area of 127 km 2 • There are a 

number of other small tributaries. In mnny areas, the small 

tributary channels have been obliterated by agricultural 

practices. Normally, farmers transform small tributary channels 

into a series of cascading rice paddies. The slopes flanking the 

tributary are also terraced so that the basLn becomes a terraced 

field with a small drainage channel alongside the paddies. Where 

the river has meandered, farmers have cultivated land up to the 

riverbanks. A detaUed descript ion of the Ci tanduy Basin is 

presented in E.C.I.'s Feasibility Report.l1 
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Service Area 

The BAnjar Plaina Project has a gross study area of 

approximately 3,000 heetarea with elevation varying from 100 m to 

28. above mean sea level. Thh area 18 located in Ciamh 

d1etriet and covera portioc8 of Banjar, Cimaragas and Pamarican 

subdistricts. In all, five villages are located in the service 

area. The villages of Banjar and Balokang are fully within the 

service area, while parts of Situbatu, Binangun and Batulawang lie 

within the service area. 

The proposed irrigaton ser"ice area has a gross area of 

1,453 hectares. The cultivable lands are situated between 

elevation 50 m and 30 m. The irrigation service area lies between 

the Citanduy River and the ridge separating the Cltanduy and 

Cikembang River drainages. On the western side, the service area 

ia bounded by an undulating low line of hills. The eastern end of 

the service area is bounded by Sangkur mountains which extend all 

the way up to the Citanduy River. The northern edKe is bounded by 

the Citanduy River. The service area is shown hatched on 

Figure 1-2. The Banjar Plains Irrigation Service Area is 

approximately 7 km lonK and varies in width from 0.5 km to 4 km. 

The service area is crossed by a railroad and a number of 

secondary roads. The Banjar town occupies most of the 

northeastern portion of the service an~a while the village of 

Balokang lies in the northwestern port ion. There 1s a high 

density of settlement (kampung) inside the service area. Small 

rural irrigation systems serve part of the service area. These 

systems channelize the runoff from small drainages on the outlying 

7/
- The Citanduy River Ba8in Development Project, 'Feasibility 
Report', Engineering Consultants, Inc., Denver, Colorado, U.S.A., 
March, 1975. 
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hilla through ditchea' to provide irrigation water during the wet 

8ea80n. Moat of the area being culth-,ctted is in rice culture. 

Since the 8ervice area ia surrounded by a low line of hill range8 

on one 8ide and by the Citanduy River on the other side, extenaion 

of t~. service area beyond the present boundaries shown on 

rilure 1-2 will not b. ,~cas1ble. 

Surveys 

For purpose of thia feasibility study, three sets of su~veys 

were available along with aerial photographs. The aerial 

photographs series XXX-I to 28 to a scale of 1:20,000 covers part 

of the Banjar Plains Project Area. However, considerable reach of 

the Citanduy River and the service area has cloud cover. Lack of 

ground control robs the aerial photographs of their value. 

Of the three sets of ground surveys available, two were 

carried out by P. T. Karpa of Bandung for the Di rectorate of 

Irrigation and the third by Bi ro Tr i Tunggal of Bandung for the 

Ci tanduy Project. The P. T. Karpa surveys were carried out in 

1969 and 1972 while the B. T. Tunggal survey was undertaken in 

1974-7'5. 

The 1969 surveys consist of a set of 1: 5,000 scale maps 

covering the entire Banjar Plains command and portion of the 

Ci tanduy right bank downst ream of the dIverl~ion s1 te where the 

main canal alignment is situated. A contour interval of one meter 

has been used in these maps. Th ese maps also show the Ci tanduy 

riverbed elevations between the road bridge at Banjar town and to 

a location about one kilometer upstream of the diversion site. 

The 1972 survey was confined to a strip of land along the 

canal alignment and have been drawn to a scale bf 1:2,000. Also a 

1:'500 scale map of the diversion site has been prepared. The set 
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of benchmar. used for the 1972 surveys is indicated on the maps 

and some of the monuments have been located in the field. 

Ho",ever, the be., ~hmark system used for the 1969 system has not 

been recoraed on ~e maps. A comparison of the two sets of maps 

indicated certain discrepancies in the riverbed level and in other 

locations. 

The Biro Tri Tunggt'l survey of 1974-75 coven a larger area 

and is drawn to a scale of 1:5.000 with contours at 5 m intervals. 

The surveys do not cover the river channel portion and the 

contours stop at the riverbanks. The benchmark system used is not 

shown on the maps. A comparison of this survey with the previous 

surveys of P. T. Karpa indicate di&crepancies which are difficult 

to reconcile. Hence. this survey was not used in the feasibility 

study except to verify certaIn features or draw information that 

was not available in P. T. Karpa surveys. 

During the feasibility study, ] imtted surveys were carried 

out to ascertain the accuracy of the P. T. Karpa maps. Various 

level circuits were run covering most of the service area. These 

surveys indicate certain inherent inaccuracies in the vertical 

control of the maps. Portions of the maps are substandard for a 

feasibility study. The inaccuracy of the maps will have Sl'lle 

bearing on the reliability of the technical features of the 

project as presented in this report. Revised topographic surveys, 

when available. may necessitate relocation of the diversion works 

if the terrain in the headreaches of the Rravity supply canal is 

bad. Also, this could affect to some extent the height of the 

diversion structure, the al ignment of the distrlbut [on system and 

the area commanded. Thus, it is anticipated that during the 

design phase certain modifications will become necessary In the 

designs of the project features. 
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Previous E.C. I. Ret,orts 

It. draft of the feasibility report on tha Banjar Plain. 

Project va. submitted in August, 1977, to the Directorate of 

liver.. An addendum to the report was prepared in October, 1977. 

'lbia report reco_ended a project to 1 ~rigate 900 hectares and 

provide municipal raw water supply to the town of &anjar. 

rollov~.n8 .. review of the report by the !'lirectorate of Rivera and 

U., S. AIr in the steering committee ::lee-ting held at Ciamia in 

N~Yember, 1977, an Executive Summary report was prepared and 

suhmitted in December, 1977. 

'lbe Executive Summa~y updated the draft study and also 

looked at the possibility of providing :aw water for an industrial 

complex to be set up near 8anjar. The ~toject recommended in this 

report was to provide irrigation for 750 hectares of two rice 

crops and a Municipal and Industrial water supply of 1,000 lis. 

This report was reviewed at a meeting on February 10, 1978, by the 

Directorate of Rivers and U.S. AID. It was decided to drop the 

industrial water 8uppl~ demand from the project as the setting up 

of the industrial complex in the near future was not anticipated. 

This final feasibility report is prepared for a project 

which will provide irrigation for over 785 hectares of two rice 

crops and 4 municipal water supply of 269 lis. Various suggestions 

and comments made by both the Directorate of Rivers and U.S. AID 

have been incorporated in this report. 
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Chapter II
 

HYDROLOGY
 

General 

Thh chapter preeent. the climatological and hydrological 

data pertaining to the Banjar Plain. Project. The available data 

have been analyzed to determine the availability of water. The 

detailed information on hydrology for the entire Citanduy Ba.in 

prepared during the prefea81bUity phase of the Citanduy River 

Basin Development Project i. available in a separate report!1 

Previous hydrology studies for this project were carri~~ out 

by P. T. Karpa for the Directorate of Irrigation and are presented 

in a Reconnai88ancld Report~1 of March. 1973. The hydrological 

analj8i. was based on aix rain gage stationa in the drainage area 

with rainfsll recorda extending from 1934 to 1941. The runoff was 

obtained by applying a runoff coefficient to the average monthly 

rainfall. No stream gage data Were used to justify the runoff 

obtained. The peak discharges for floods with 10, 20. 50 and 

100 year. recurrance intervals were computed from rainfall using 

the Melchior method. A 100 year flood peak of 758 m3/a was used 

in designing the diversion works. 

!I The Citanduy River Baain Development Project, 'Hydrology', 
Appendix B, Engineering Consultants, Inc., Denver, Colorado. U.S.A., 
November, 1974. 

1/ Laporan Reconnaissance/Pre Reneana Proyek Iriga.i Dataran Banjar, 
Propin.i Jawa Barat, P. T. Karp•• Bandung, March, 1973. 
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Streamflow records are now available to develop the 

hydrological data needed for the feasibility study of the project. 

Rainfall data has been compiled for many additional locations 

surrounding' the project area. In performing these hydrologic 

8tudies an attempt has been made to utilize and evaluate all 

existing data up to 1976. Runoff records for the gaging stations 

on the Citanduy River at Leuwitonjong and Cirahong in the command 

areas and the gaging station at Batununggal on the Cimuntur River 

have been upd~ted on basis of new data. nte records for the 

g8ging station at Cirahong and at the Banjar gaging station, which 

was discontinued in 1973, were uL11ized for developing the monthly 

streamflow volume at the diversion site. Records of other 

stations were use~ as backup data. 

Climate 

Citanduy River Basin is influenced climatically by the 

tradewinda, the transit of the equatorial low pressure zones 

(doldrum belt) and by upwind orographic barriers. Pronounced wet 

and dry seasona, having relative uniformity in duration and time 

of occurrence, result from these combined influences. In tensity 

and severity of seasons vary with the proximity effects of large 

equatorial storms. 

Banjar Plains Service Area, which is located at the terminU8 

of a coastal plain, is affected by orography in the prevailing 

wind path. During the mid-July through mid-November dry period, 

when the doldrtan belt Ues to the north, the moisture of the 

southeast tradewinds has been depleted in overland transit and 

precipitation is limited to infrequent, scattered convective storm 

activities originating at high altitude. With the arrival of the 

doldrum belt in mid-November the convective storm activity 

progressively increases, reaching a maximum In the January-Harch 
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period, then progressively decreases as the doldrum belt moves 

northward. With the passing of the doldrums,'about mid-July, the 

tradewinds become the primary influence and the dry season 

resumes. 

In the mountainous portion of the Ci tanduy River watershed 

above Banjar Plains Project, the dry season 111 shorter and les. 

severe. The upWind orographic conditions are less effective and 

scattered convective storms are frequent. Convergent airflo•• 

downwind from mountain peaks produce local precipitation with 

regularity, and general light-intensity stormll occur when 

temperatures drop below dewpoint. 

To establish the varying conditions within the project area, 

climatological data were collected from the stations at Cilacap, 

Ta81kmalaya and Bandung. Cllacap is located 64 km to the e88t of 

Banjar town at an elevation of 5 m above MSL, while Tasikmalay. i. 

located 36 km to the west of Banjar town at an elevation of 360 • 

above MSL. Bandung City is at an elevation of over 550 m and i. 

about 150 km northwest of Banjar. Banjar twon ill at an elevation 

of 30 m above MSL. The data from Cilacap appeared to be the mo.t 

reliable. The data from Tasikmalaya were quite sparse and 

::ontained some questionable information. Da ta from these two 

.tations, Cilacap and Tasikmalaya, should represent condition. 

within the project area, which lies just north of the east-west 

line between the two stations. The data from Bandung represent 

conditions not encountered 1n the project area. Other data ware 

available, but covered very short periods and wera of vary 

questionable reliability. 

Temperature 

The annual temperature range is very small and it would ba 

extremely difficult to attempt to distinguish season8 by 

temperature. The constancy of temperature is due to the tropical 
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vaters which surround Java. Hean monthly temperatures for 

Cilacap, Tasikmalaya' and Bandung stations are shown in Table 11-1. 

The temperature within the project area should follow closely an 

average of the temperatures recorded at Tasikmolaya and Cilacap 

stations. 

Values for monthly average temperature have ranged from 320 e 

at eilacap to 180 C at Tasikmalaya. The deviation of the meaD 

monthly from the meaD annual temperature is rarely more than 10 e 

and the difference between maximum and minimum is about 70 e in the 
o 0eilacap area and from 6 C to 11 C in the Tasikmalaya area. 

Relatiye Humidity 

Relative humidity 1& high and relatively CO.lsUnt throughout 

Indonesia, probably aa a result of the warm tropical water. 

surrounding the islands. The average annual humidity in the 

project area is estimated to be 82 percent. 'Dle humidity 1n 

Banduna hae ranged from 51 percent to 86 percent; in Tas1kmalaya 

from 70 to 84 percent; and in Cilacap from 78 to 91 percent. 'lb. 

value. of mean relative humidity are given in Table 11-2. 'lb. 

method used to calculate most of these values 1s not anoVlh .. N 

humidity varies considerably during the day, these values may only 

generally reflect the mean. 

Sunshine 

The percent of sunshine hours is shown in Tabl. 11-3 for the 

etationa at Cilacap, Tas1kmalaya and Bandung. 'lbe data within the 

project area are not complete nor, in the instaDce of Tasikmalaye, 

do they appear to be valid for 8 long-time average. In addition. 

the value. do not appear to substantiate the temperature pattern 

1n the project area. 
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The lower wind pattern does not correspond to the regional 

upper air pattern. Table 11-4 shows the data at C1lacap and 

Tasikmalaya. The predominant wind direction 1s from the southeast 

quadrant for most of the year and varies from \Jest to south to 

east during January through March. From the available data tor 

Cilacap. it 1& observed that prevailing winds frOID the north, 

northwest. or northeast do not occur in Bny month. At 

Tasikmalaya. thet'e are no months reported with winds from the west 

and only two months reported with winds from the north. 

Wind velocities at Cilacap range tram 4 to 10 knot•• 

Highest mean wi.nd velocities were reported normally during the 

month ol July through September. W1nd speeds at C1lacap mo.t 

likely are h1gher thRn those experienced inland in the projeet 

area because ot the off-and-on shore breezes. 

Evaporation 

There are no evaporation data available closs or in the 

project area except from a station at the Patarumsn Weir, which 

was established in January. 1974. Da ta from four stations 1n 

Western and Central Java are shown 1n Table 11-5. These data are 

believed to be from average daily DeWlld balance pan evaporation 

data. Lake f:vaporation data for Segara Anakan and Tasikmalaya 

region from 'Hydrology,!/appendix is also included in Table 11-5. 

Losses due to evaporation required to compute transpiration 18 

discussed in Chapter IV-Agriculture. 
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Rainfall 

General 

The network of rainfall stations in and close to the project 

area 18 quite dense. 'lbere are 46 stations within the 

Citanduy River Basin Development Project area which have at least 

five years of consecutive records, and perhaps twenty other 

stations adjacent to the basin, which were also considereQo Some 

of the rainfall records are long-term going back as far &~ 1879. 

The locations of most of these station are shown on Figure 11··1. 

Adequate maintenance and replacement of equipment halJ not 

been carried out for many rainfall stations. As a result, many 

station records have been interrupted and even discontinued. 

Therefore, many stations required intensive analysis to make thea 

usable for the hydrologic studies. 

Twenty-seven stations were selected for long-term analysis 

based on their location and apparent reliability. The records at 

these stations were made continuous within their period of record 

and checked for consistency by a double-mass analysis. 'lbe data 

were then correlated and extended to cover the period 1915 

through 1973. Rainfall data for the period 1974 through 1976 were 

collected for I!!any of these stations and used in the hydrologic 

studies where necessary. 

Annual and Monthly Rainfall 

The Upper Citanduy basin is the drainage area of tha 

Citanduy River above Banjar town. 'lbe annual mean rainfall over 

the Upper Citanduy Watershed is estimated to be 3,120 mm. 'lb18 

estimate of mean rainfall was made by the Thiessen and the 

isohyetal methods. The rainfall 1s greatest on the southeastern 

II-6 

I .J 
I 
L 



side of \It)lcano Sawal. On the other side of the volcano, it 

appears that the rainf•.ll decreases slightly to the edge of the 

basin. 

The wettest year of record i8 1968 with 5,220 mm of rainfall 

and the drie8t 18 1918 with only 1,821 Mm. The value8 of the 

basin-averaged monthly rainfall on the Upper Cl tanduy Wa tershed 

Area for the period of re(;ords 18 shown in Table II-6. January 

and December record the highest average monthly rainfall of 397 mm 

of rain. August 18 thtl drie8t month with 94 mm. Also shown in 

Table 11-6 ara the avenge monthly rainfall of five station. in 

the Banjar Plains watershed and service area. The areal 

distribution of mean annual rainfall is shown on Figure 11-2. 

Service Area 

The rainfall pattern for the project service area is 

influenced by the topography Yurrounding the area. Heavy rainfall 

occurs to the southeast of the project around Cilacap. Proceeding 

to the northwest, a ra1n shadow is indicated in the Lower 

Ci tanduy/Ciseel Basin. Lower Cl tanduy/Ci8eel Basin 18 the area 

downstream of the Pataruman weir. Rainfall then increases to the 

north due to orographic lifting over the hills forming the 

northern basin boundary. The Lower Citanduy/Ciseel River Basin, 

southeast of the Banjar Plains, under the effect of the rain 

shadow recelves some of the lowest annual ralnfall In the entire 

Citanduy BaRln. The effect 18 felt a8 far lnlRnd as the Banjar 

area. The mean average annual rainfall over the service area 

varies frOID 2,523 mm at Banjar near the eastern project boundary 

to 3,089 mm at Manonjaya west of the project area. The average 

elevation of the service area is nearer the elevation at Banjar 

and the mean annual rainfall over the area is estimated as 

2,700 mm. 
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a.cords for the Banjar rain gage show January to be the 

w.tteat month with 339 ma of rain and Augu8t sa the driest with 

only 69 ma. The values of mOhthly rainfall for the Banjar rain 

.a•• ar. shown 1n Tabl. 11-6. 

Streamflow 

General 

There are three organizations presently collectina data 

relatina to stream runoff at 21 locations 1n the Citanduy River 

8asin. They are the Directorate of Penyelidlkan Hasalah 

Air (DPHA). the Provincial Public Works Department (P,. u. Prop.) 

and the Ci tanduy Project Of fice (C.P. 0.). The stream gaging 

stations relevant to the Banjar Plains Project study are the three 

gages on the Cltanduy River at Leuwitonjong. Cirahong and BanJar. 

and the gage on Cimuntur River at Batununggul. The location of 

these gages are shown on Figure II-I. 

485 km. The established in February, 1970. Zero of the 

The Leuwitonjong staff gage is located on the Citanduy River 

just upstream from the village of Tonjong which is about 2 km 

north of TasikmAlaya. The drainage area at this location is 
2 gage was 

gage 18 reported to be at El. 248.5 m and the rat lng curve is 

established only in the low flow region. The flow recordH at this 

station were used only to verify and confirm the flow records at 

the downstream station of Cirahong and to evaluate the low flows. 

The Cirahong gage 1& located on the Citanduy River at the 

Cirahona Village about 1.5 km northeast of Hanonjaya. This gage 

i. about 19.5 km upstream of the proposed Banjar Plains Diversion 

Headworks and has a drainage area of 627 km 2 • This station was 
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established as a staff gage in Novemher, 1969, and was converted 

to automatic gage In 1972. Zero of the gage Is repot'ted to be at 

li. 182.119 m. Discharge measurements are made by boat and from 

the highway bridge near the statlon. The recorded streamflow data 

for this station has been used in determining the monthly runoff 

for the Banjar Plains Project and in determining the low flows at 

the diversion site. 

The Banjar stream gaging statton is located on the 

Citanduy River at the Banjar road bridge. ~~ site i8 about 8 km 

downstream of the confluence of the C1tanduy and Cimurtur Rivers 

and about 16 km downstream of the proposed Banjar Plains Diversion 

ll. 15.3. The d4ainage for this gage is 1,314 km. The data 

Heat!works. This gage was established in January, 1957, and was 

discontinued at the end of 1972. The zero of the gr, _ is at 
2 area 

from this gage has been used to develop the monthly. runoff volume 

at the Banjar Plains dLversion weir. 

The Batununggul staff gaging station is locateci below the 

confluence of the Cimuntur and the Ci11~ung river and has a 

drainage arell of 578 km 2• The gage is located less than ,. 

kilometer upl:ltream of the Cimuntur confluence with Ci tanduy and 

hence, the gage readings are affected by the c.ackwater. This 

Btation has been in operatton from November, 1969. The zero of 

the gage is at Rl. 25.821 m. The recorda for the station have 

been used to verify the flows at the Cltanduy and Clmuntur river 

confluence and flood elevations. 

Discharge Rating Curve 

The stream gage rating curve for the Cirahong gaging station 

1s shown on Figure 11-3. The r.urve 1s well defined by current 

meter measurements up to 100 m3/9 and has been extended to 
3500 m /8 on basis of velocity area studIes :tfl,j !",',rll,j I t'irlir' 

plotting. 
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The rating curve for the 8anjar gaging station is shown on 

Figure II-4. The curve is well defined by current meter 

.easurements up to 140 m3 /s and has been extended to 350 m3/s on 

bash of velocity-area studiea. The recorded discharges beyond 

600 .3/. are in doubt for this station. 

St reamf low Da ta 

Mean daily flows for the Clrahong station for 1970 through 

1974 were orig1nally computed by the Dlrektorat Penyelid1kan 

Hasalah Air (DPMA). Use of these records has been limited since 

about thirty percent of the daily water level readings is missing. 

Compounding the problem the computer print-outs of the daily 

discharge tables in the COSSARR MODEL report~/ erroneously listed 

period. of missing records as being zero flow. Monthly and annual 

averages :eflect this error. 

During this study a review of the published data based on 

gage readings for the period 1975 and 1976. indicated a good 

correlation bJtween the mean daily gage he ight record for the 

gag1ng station at Leuwitonjong and the mean daily gage heights for 

the C1rahong !:'tation. The missing gage records at Cirahong gage 

in the period 19~0 to 1974 were reconstructed and the gaps in the 

record filled lr by use of this correlation. Daily flows for 1975 

and 1976 ""el~ also computed 90 that there is now a continuous 

daily streamrlow record for the period 1970 through 1976 for the 

Cirahong gage. Using the values of mean daily flows. mean monthly 

discharges at the Cirahong station have been calculated for the 

period of [f~cords. The daily streamflow data is presented in the 

Appendix Volume. Vol. III. The laq~est mean monthly flow was 
389.8 m /s and occurred during 1976. The minimum mean monthly flow 

3/ , , 
- Analisa Laboratorium Data-Data Hidrologt • Sungat Citanduy. 
COSSARR Model. Direktorat Penyel1dikan MasaIa!. Air. Band,jng. 
June. 1975. 
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WEIS recorded during September, 1972. The average annual runoff 
3for the periods of record (1970-76) was 42.3 m /s. Monthly and 

annual runoff volume in millions of cubic meters is shown in 

Table 1I-7. 

The monthly and annual runoff of Ci tanduy River at 8anjar is 

shown in Table II-8. This has been taken from the 'Hydrology' 

Appendix!/ mentioned earlier in thi8 chapter. Since the gage has 

been discontinued from 1973, there are no further data available 

to update this table. It is seen that th-.!re are a few miss ing 

records in this period of 1966 through 1972. Comparison of 

Tables II-7 and II-8 indicate that the average annual runoff for 
3 2the Cirahong gage i8 1.63 million m /km while for the downstream 
3 2Banjar gage it is 1.90 million m /km. A major contributing 

factor for this difference in yields is bel ieved to be due to the 
2higher runoff from the 580 km drainage area of Cimuntur River 

Basin. However, the possibility of fnaccurI:lcy in the Banjar 

gaging data cannot be ruled out, sin~e the data at Ranjar gage and 

the Pataruman gage (loacated 5 km down9tream of Banjar gA~e) do 

not follow expected trends, i.e., increRse And decrease together, 

nor are the differences constant. 

Simulated Streamflow 

During preparation of Appendix B, of the C,i tRnduy Ri'/er 

Basin Development Project, HydroloRY report,!/ corrplation Rtl\(ltes 

of rainfall and runoff were made for Re'/pra) )orationR tn the 

Ci tanduy River Ba s 1n. From these studies, qynrhetlc 'ltrl'AmflowR 

were developed by correlation of known river flows And 

precipitation records from ratn RRp,e stations in the Arpa. 

Synthetic runoff values Were obtained for the period 1950 to 1973 

for the streamflow station at Banjar. Records for the qt.<\t!on At 

Banjar were IJAed from 1966 throu~h 1973 and the f Iowa for 1950 

through 1968 were generated by the rainfall-runoff correlation. 

This data is shown in Table II-9 and waR used to erH imate the 

'.' .monthly runoff at the :,r"'I'" • ,',I!I J it ! I 1 i t (~ • 
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Project Runoff 

Three sites have been identified for' location of the Banjar 

Plains Diversion Heddworks. Their location variel'> from 19.5 to 

23 km downstream of the Cirahong gage and 4.5 to 8 km upstream 

of the confluence of Citanduy and Cimuntul' Rivers near the village 

of Cimaragas. These sites ape discussed latter as upr~r, middle 

and lower site. The drainage area at each respective location js 

738, 746, and 750 km 2 . Since the difference in dr'ail)age areas 

between the three sites is small, OI"!ly one set of ['unoff was 

developed as the ~. )ject runoff. This was for the diver'

sion site with 738 km2 dl'a inage ar'ea. 

Runoff values for 1950 through 1969 have been generated from 

the l.·unoff data at Banjar gage presented in Table 11-9. The 

monthly values at Banjar gage were first multiplied by the 

drainage area factor of 0.56 (738/1,314). Since the Cimuntur 

drainage has a higher yield as compared to the Citanduy drainage, 

the above values were reduced by the yield factor 0.89 (1.69/1.90) 

which is the ratio of average annual yields per square kilometer 

of the Cirahong and Sanjar gages. Monthly runoff from 1970 

through 1976 has been obtained by applying a drainage area factor 

of 1.18 (73A!627) to the C1rahong stream ga~e data presented in 

Table II-7. The project monthly runoff for the period 1950 

through 1976 is presented in Table 11-10 along with total annual. 

average annual and average IRonthly values. The simulated long-term 
3mean/annual runoff at the diversion site is 1,288.3 million m 

giving a yield of 1.75 million m3/km2 • The driest month is 
3September with an average yield of 42.1 mill ton m, while the 

3wettest month is January with an average yield 167.5 million m • 

The minimum monthly flow is 5.2 millicn m3 in September. 1972. 

The 27 years of annual simulated runoff record is presented 

graphically in Figure II-5. It is seen that the years 1954, 1961

64, 1967 and 1972 were years of low yield. Out of 27 years, the 

annual runoff ia less than the mean annual runoff for 56 percent 

of the period. 
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Low Flow AnalY8is 

The water for irrigation and municipal needs of the 

Banjar Plains will be supplied by either a diversion weir or a 

pumping plant involving no water storage in either case. Hence, 

an estimate of the firm water supply in the river during low flow 

period. IllUst be made to determine the adequacy of the supplies. 

The daily observed flow data available for this analysis is fOf a 

period froa 1970 through 1916 at the Cirahong gage which is about 

19.5 km upstream of the diversion site with about 85% of drainage 

area. This i8 the closest gaging station to the diversion site. 

To determine water availability for irrigatiun from a 

diversion structure, normally a frequency analysis based on long

term daily flow or weekly f low records is necessary. In the 

present case, only seven yeafs mean daily flow data is available, 

of which 1972 happens to be a dry year. Th is data was used to 

develop flow duration curves for each of the months in whi~h 

runoff is low. The normal dry months are July through September. 

The flow duration curves for the Ci rahong gage for the 

months of July through October are presented in Figure II-6 to 11
39. The curves indicate the magnitude of flow in m /s and the 

percent of time in that month that magnitude of flow was either 

equalled or exceeded. Thus, the flow in the month of July 

(Figure 11-6) which equals or exceeds 5.0 m3 /s occurs for 

75 percent of the time or, p'.Jttlng it tn another way, the flow at 

75 percent firmnes8 iA 5.0 m3 /s. The magnitude of flow at 90, 

95 and 100 percent firmness is shown on Table II-II for the four 
3months. It is Been that the minimum flow of 1.2 m /s at 

100 percent firmness occurs in the month of October. 

The minimum flow at the diversion site durinR the dry year 

of 1972 was also estimated as follows. The flow-duration values 

at the diversion site were obtained by applying a drRinage area 

factor of 1.18 (738/627) to the values at the Ctrahong gage. 

The.. values at 90, 95 and 100 percent firmness are shown in 
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Table 11-11 for the four dry season months. The minimum flow of 

1.4 .3/. occurs in the month of October. At 95 percent firmness 

the flow at the diversion site is determined to be 1.7 m 3/s. 

The drie.t Beason during the period of record was 1972 and 

the second driest was 1977. The minimum daily discharge for 1972 

at the Cirahong station was 1.20 m3/s, occurring on October 20-22. 

This corresponds with a minimum daily flow of 0.20 m 3/s, occurring 

October 16-22, 1972 at the gaging station at Leuwitonjong, 32.5 km 

upstream. 

During periods of low flows, the Upper Ci tanduy is mostly 

spring fed. Assuming the principal source of inflow to the stream 

i. from springs adjacent to the river, a second estimate of the 

minimum flow at the diversion can be made on basis of inflow per 

kilometer of river between the gaged points and the diversion 

headworks. During October,1972, the inflow rate between 

Leuwitonjong and Cirahong gages was: 

3 3
1.20 m /a - 0.20 m (s 

32.5 km 
30.30 m /s/km 

Using the above rate of inflow, the additional 

Cirahong and the diversion site would be: 

0.03 m 3/s/km x 19.5 km • 0.58 m 3/s 

flow between 

The resulting flow 

1.20 + 0.58 

at ~he diversion weir would 

1.78 m3/s 

be: 

The average of ':he two methods gives a m1 n imum discharge at 

the div~rsion site of 1.60 m 3/B for October, 1972, and is believed 

to be a conservative estimate of low flow for the site at 

100 percent firmness. 

Flow duration studies were also carried out at the Pataruman 

diversion structure on Ci tanduy R.1 ver in order to evaluate that 

sufficient water is available for diversion at the BanJar 

diversion site without affecting the diversion requirements for 

the existing irrigation system of North Lakbok. The PatarulIlan 
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weir is 18 km downstream of the Banjar diversion site and has a 
2drainage area of 1,330 km. For this analysis the COSSARR 

generated data of simulated daily streamflow downstream of the 

Pataruman weir was used. This data for the Period 1956 

through 1974 was generated by DFMA,2/ us ing the Corp of Engineers 

COSSARR model. 

The DPMA COSSARR data of 1975 is not very reliable in the 

low flow period because the correlation of observed flow to 

generated flow was based on annual flow volumes. Hence, any 

frequpncy analysis of flow in the low flow range would give 

results that are biased. The present data was considered adequate 

to give information on the annual flow duration. 

The mean annual flow duration curve based on eighteen years 

simulated mean daily flow is shown on Figure II-I0. The lower end 

of the curve, especially below a flow range of 4 m3 /s, is 

considered to be not reliable. It 1s seen that at 90 percent 

firmness, a flow of about iO.7 m3 /s is available on an annual 

basis downstr~am of the Pataruman weir while at 95 percent 
3firmness the flow is about 5.0m /s. From observed data, the 

lowest flow recorded 1n the period during October 23-29, 1972, was 

1.6 m 3/s • Th us, during the low flow period a diversion at the 

BRnjar site of about 1.5 m3/s or less should not affect present 

diversion demands in North Lakbok. More data is needed to improve 

this estimate. 

Floods 

General 

No rmally, there is not much damage due to floods in the 

Upper Citanduy Basin. Although runoff ~u~centrates quickly in the 

steep mountain streams and travel rapidly as a flood wave in the 
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Ci tanduy Basin, 890 m3 /s, will not cause overbank spill to the 

Banjar Plains Project Area. However, intense rainfall over the 

service area may cause overbank flooding of the tributary streams 

crossing the a~ea. Local flooding can be controlled by providing 

adequate drains. 

The high water rating curve for the gaging station at 

Ci rahong has not been defined by discharge measurements, 

therefore, annual peak flows have not been computed. The maximum 

mean daily flow recorded at the gage is 319 m3/s, which occurred 

on September 23, 1973. Thus, it is not possible to do a flood 

analysis based on observed floods and rainfall intensities. 

Projec t Floods 

Project floods for a number of sub-basins in the 

Citanduy River Basin Development Project Area have been developed 

using unit hydrographs and storm rainfall. These are presented in 

'Hydrology', Appendix B,!/ mentioned earlier. '.!he project flood. 

are used as input in flood routing studies and as volume floode 

for river diversion during construction. A summary of project 

floods for 10, 25 and 50 year reoccurence intervals are shown in 

Table 11-12 for the diversion site of the Banjar Plains Project, 

the adjoining Cimuntur Basin and at the old Banjar dams1te just 

downstream of the confluence of the Citanduy and Cimuntur Rivera. 

The peak flows at the diversion si te for the 10, 25 and 50 year 
3 . 3	 3

floods are 827m /s, 932 m /s and 1, 080 m /s. The 100 year	 flood 
3has a peak of 1,220 m3/s and a flood volume of 80.8 million m /s. 

The flood hjdrographs for the Banjar Plains Pro_ .!ct are 

shown '1n Figure 11-11. Both the peak dis::harge and the volume of 

flow ur;der each hydrograph is also shown on the same Figure. 
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A 1,000 year return period flood was earlier computed in 

Apper.dix B, 'Hydrology' Report.lI This was for the Banjar dam on 

Cttanduy River at the alternate Banjar site. This site is about 

2.5 km upstream of the confluence of Citanduy and Cimuntur Rivers 

and about 5.5 km downstream of the diversion oite. This 

hydrograph has a peak discharge of 2,305 m3 /s and has a 60 hour 
3volume of 152.6 million m , and is shown in Figure II-12. The 

time to peak from beginning of excess rainfall is about 17 hours. 

The flood hydrograph was developed using a unit hydrograph 

and basin storm rainfall. The 1,000 year storm rainfall was 

computed to be 258 mm for a storm of 18 hours duration with the 

excess rainfall as 189 mm. Since the location of the alternate 

Banjar site is close to the proposed diversion Bite, the 

hydrograph in Figure 11-12 can be considered to be the 1,000 year 

flood hyd rograph for the Banjar Plains Project at the diversion 

site. 

Design Flood 

The lOO-year flood 1s selected as the design flood for the 

design of Banjar PlainA diversion structure on the Citanduy River. 
3The flood hydrograph has a peak discharge of 1,220 m /8 and 

3volume of 80.8 million m and was determined using a unit 

hydrograph with the 100 year basin rainfall as 153 mm. The excess 

rainfall during the storm is 90 mm· The design flood hydrograph 

is shown on Figure II-II. 

Sedimentation 

Sediments are produced by rainfall impact, mass movement of 

residual soils, and by stream channel erosion in the headwater 
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areas of the Citanduy Basin. These sediments are transported by 

the river system to the alluvial plain. In the undeveloped 

system, some of the sediments were transported directly through to 

the mouth of the Citanduy River, but a significant portion of the 

material was temporarily stored on the flood plain with the flood 

waters; and some sediments were left 8S a permanent deposit on the 

flood plain. 

The residual soils on Volcano Sawal and the hill areas, 

which together make up 85 percent of the Citanduy drainage basin, 

are being eroded by rainfall impact and by stream channel cutting. 

The sediment yields from these headwater areas are estimated to be 

approximately 15 million metric tons per year. That is an average 

of about 5 mm of soil removed from over the entire headwater area 

each year. 

Landslides and other mass movements of soil and loose rock 

that reach an active watercourse are probably a significant source 

of sediment also, as the flowing water easily entrains material 

from the toes ot such masses. The evaluation of landslide in the 

basin is very difficult because of the land preparacions carried 

out by farmers. As soon as a slide moves down, it is terraced and 

farming begins, frequently rice culture. The slides generally 

provide more gentle slopes for this purpose than the pre-existing 

hillside slopes. Locally, it sometimes appears that landslides 

have been encouraged. 

Ac tually, the sediment yield in the Ci tanduy Basin varies 

greatly from one small watershed to another. For example, on the 

east side of Volcano Sawal, one stream is red with sediment and 

barB of silt are deposited along the banklines. In the 

neighboring stream, clear water is cascading down a riverbed 

covered with large boulders. In general, more sediments are 

obtained from the east side of the volcano than from the west 

side. Th 18 18 the reason that the Cimuntur River which drain.. 

down the eastern slope of Volcano Sawal has greater sediment 

concentration as compared to Citanduy River which drains the south 

and western slopes of Volcano Sawal. 
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The volume of sediment transported by Citanduy is estimated 

to be large. Over half of the annual load is transported during 

perhaps 5 percent of the time when the large flow occurs. The 

Ci tanduy River has aggraded considerably for a distance of over 

1.5 km upstream of its confluence with Cimuntur. Also, sand and 

gravel bars are visible at low flows at many bends along a 10 km 

distance upstream of the confluence. 

There are no measur~ments for bedload transported in the 

upper reaches of the river. Previous studies have assumed 

15 percent of the total load as bedload for the Citanduy Basin. 

In the reach where Banjar Plains diversion structure will be 

located, it 1s estimated that the bedload percentage would be 

about 20 percent. 

A few suspended sediment discharge measurements are 

available at the gaging station at Cirahong from November, 1969 

through January, 1974. Results of these measurements arc presented 

in Table 11-13. This data is for low to normal flows and does not 

give an idea of sediment concentration during floods. 

Analyses of suspended sediment samples collected in the 

Citanduy River system show that suspended sediment i8 mostly silt. 

The river waters in the Citanduy Basin have a very turbid 

appearance. The Cimuntur River is more reddish in color even at 

low flow 8S compared to the Ci tenduy River, indicating the high 

rate of erosion even at low rainfall intensities. 

Within the river channel system there is some active 

bankline erosion taking place. In the lower reaches, the erosion 

is in the form of slip-circle failures of a few meters of bankline 

length. Local reaches of aome banklines have a scalloped 

appearance. There is no net river channel widening and very 

little channel migration because the slip-circle area fills in 

with sediments deposited by the river. 
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There are no records of past and present rates of deposition 

on the alluvial plain. In local spots along the natural levee, 

there are silt deposits 8 cm thick that appear to have been 

deposited by a single flood. 

For the Banjar Plains Project the suspended sediment in the 

silt ranges will be the prime consideration, as there 1s to be no 

storage involved. The problem is one of excluding the suspended 

sediment from the distribution system. Currently, there is littJ8 

data available which can be used to accurately estimate the 

quantity of suspension that would be drawn into the distribution 

system. 



TABLE 11-1
 

Mean Monthly Temperature
 

Temperature (Degrees Centigrade) 

Month 
1/

CUacap
27

Cilacap
3/

Tasikmalaya 47
Bandunr 

January 26.7 27.2' 25.~ 22.8 

February 27.0 27.6 25.8 22.7 

March 26.8 27.4 25.8 23.0 

April 27.1 27." 25.1 23.4 

May 27.1 27.1 25.1 23.6 

June 26.1 26.3 24.4 23.2 

July 2~.2 26.4 23.8 22.7 

August 24.6 25.1 24.6 23.0 

September 25.2 25.8 24.0 23.4 

October 26.~ 26.6 25.0 23.' 

November 26.8 27.1 2~.0 23.0 

December 27.8 27.1 25.2 22.8 

Average 26.4 26.8 24.9 23.1 

!! 1961-1972, as reported. 

y 
1961-1972, average of maximum and minimum readings. 

11 1971-1973, average of maximum and minimum readings. 

~ 1952-1971, 88 reported. 
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TABLE n-2 

Mean Monthly Relative Humidity 

Humidity (Percent) 

Month 
11

Cilacap
21

Ta sikmalaya
31

Bandung-

January 84.5 79 83 

February 8~.8 80 78 

March 84.2 80 78 

April 85,.8 80 62 

May 84.1 82 79 

June 83.7 80 71 

July 83.7 81 75 

August 82.7 78 72 

September 81.2 78 70 

October 82.9 77 72 

November 84.2 81 79 

December 85.1 80 81 

Average 84 80 77 

!I 1961-1972.• as repor t ed •
 

2/ 1971-1973, average of readings at 0700 and 1300 hours.
 

11 1952-1971, method for estimating mean not known.
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TABLE 11-3
 

Percent of Sunshine Hours
 

Percent of Sunshine Hours 

17 27
Month Cl1acap- Tas!kmalaya- BandunlJ1 

January 46 40 53 

February 59 39 54 

March 51 54 57 

April 53 59 60 

May 60 38 65 

June 59 47 70 

July 49 54 69 

August 66 56 11 

September 69 39 70 

October 54 40 1';3 

November 42" 43 55 

December 39 34 57 

!I Partial records 1960, 1962-1965. 

2/ Partial records 1960, 1971-1973. 

y 1952-1971. 

At Cilacap, 100% sunshine hours represents the period from 0800 to 
1600 hours. 

At Tasikmalaya, 100% sunshine hOUfS represents the period from 0700 
to 1600 hours. 
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TABLE II-4
 

Wind Direction and Velocity
 

II 21CUacap- Ta sikmalay.-

Month Direction Velocity(Knots) Direction Veloci ty(Knots) 

January Variable 4.8 E 4.0 

February Variable 4.9 E 4.3 

March Variable 5.4 5E 4.0 

April ElSE 6.3 E 4.0 

Hay ElSE 7.7 E 4.0 

June ElSE 8.5 E 4.3 

July ElSE 9.4 E 4.6 

August ElSE 9.9 E 4.6 

September SEIE 10.3 E 5.0 

October SEIE 8.9 ! 4.6 

November SEIE 7.1 S 4.3 

December ElSE 5.3 S 4.3 

Average 7.4 4.3 

!I 1961-1972, anemome t er 11 me t ers above ground sur f ace. 

11 1971-1973, i 1y 5 above groundanemometer approx mate meters 
surface.
 

Note: Anemometer elevation not given in the records.
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TABLE 11-5
 

Monthly Evaporation
 

Evaporation (mm) 

Month 
1/

Madiun
2/

Kening
pasuruan

3
/ 

Exp.Sta. 
4/

Ciregon-
SegJlraS/ 
Anakan

5/
Tasikmalaya-

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

127 

118 

140 

138 

152 

150 

146 

174 

201 

205 

144 

65 

67 

62 

75 

74 

108 

140 

161 

126 

Al 

63 

60 

48 

48 

56 

62 

79 

99 

122 

141 

134 

98 

56 

53 

58 
(1 

76 

87 

III 

138 

146 

126 

96 

101 

101 

106 

108 

110 

106 

100 

133 

149 

148 

122 

108 

99 

114 

113 

92 

90 

100 

114 

113 

121 

114 

December 149 68 53 67 106 112 

Totsh 1,844 1,090 1,000 1,076 1J 400 1,290 

11 1958-1971 2/ 1967-1972 3/ 1966-1970 4/ 1936-1946 

5/
- Lake evaporation. 

Note I Station evaporation believed to be from DeWild e..raporimeters. 
Segara Anakan and Tas1kmalaya values computed using Christiansen 
method and multiplied by II factor of 0.7. 
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TABLE 11-6 

Basin and 

Upper Tarikolot Ciamis Manonjaya Banjar Pa..rican 
Citanduy Raingage Raingage Raingage Raingage Raingage 

Month Basin No. 223 A No. 229 A No. 231 No. 245 No. 247 A 

January 397 344 394 383 339 310 

February 345 317 373 362 304 298 

March 379 348 367 378 313 308 

H 
April 291 260 276 276 233 226 

H, 
r-.J 

May 232 217 226 230 175 174 
CT> 

June 142 113 151 154 127 123 

July 133 108 150 144 99 105 

August 94 76 101 95 69 64 

September 115 97 110 109 72 69 

October 246 226 259 252 201 190 

November 350 326 310 316 282 247 

December 397 317 391 391 310 282 

TOT A L 3~121 2,802 3,109 3,089 2,523 2~395 



TABLE 11-7 

Observed Monthly and Annual Runoff of Citanduy R1ver at Cirahong 
3(Million 11 ) 

Drainage Area - 627 km2 

Year Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Annual 

1970 157.2 110.6 204.6 185.1 128.6 98.2 68.8 23.1 28.0 44.7 105.8 145.4 1300.1 

H 
H, 
~ 

-..J 

1971 

1972 

136.6 

182.7 

113.7 

100.5 

158.6 

112.5 

133.0 

82.2 

117.8 

114.6 

67.9 

17.8 

30.0 

11.0 

18.9 

7.. 9 

65.1 

4.4 

137.1 

4.7 

202.4 

44.6 

192.0 

107.9 

1373.1 

790.6 

1973 151.3 135.0 135.3 165.1 191.0 94.3 119.7 47.7 192.8 158.0 180.9 151.3 1722.4 

1974 51.7 169.3 83.3 149.8 109.0 23.6 39.4 125.1 98.8 135.0 154.5 225.0 1364.5 

1975 173.3 162.1 195.8 171.6 109.8 29.0 31.1 17.5 89.2 216.4 164.6 155.1 1515.5 

1976 107.1 142.6 171.1 87.9 35.6 15.0 10.4 8.1 6.4 87.6 232.8 115.2 1019.8 



TABLE II-8 

Observed Monthly and Annual Runoff of Citandul lU.ver 

(Millioo 11
3 ) 

at Banjar 

Dra1uae Area • 1,314 1t.2 

Year Jan. Feb. March April Kay June July Aug. Sept. Oct. No... Dec. Annual 

1966 

1967 

399.8 

294.6 

396.4 

312.1 

401.0 

308.0 

303.3 

254.0 

246.4 

109.8 

155.5 

46.7 

58.9 

53.6 

50.9 

20.9 

101.1 

20.3 

249.1 238.5 

52.4 

388.4 

434.8 

2989.3 

...... 

...... 
I 

'-J 
CD 

1968 

1969 

1970 

349.0 

302.2 

208.4 

268.5 

277.9 

190.6 

326.1 

260.5 

284.5 

252.8 

156.7 

248.5 

312.9 

126.9 

207.0 

298.3 

170.0 

59.2 

147.3 

340.2 

22.6 

78.6 

84.4 

31.6 

83.7 

269.1 

83.1 

107.0 

288.7 

224.1 

198.3 

271.6 

227.4 

265.2 

2070.5 

2189.1 

1971 281.0 203.6 280.8 190.1 191 .9 155.4 123.2 124.9 176.1 254.4 366.7 452.2 2800.3 

1972 474. I 295.6 233.5 191.9 249.6 84.9 65.2 61.9 79.0 

1973 Discoot ioued. 

AVG. 329.9 277.8 299.2 228.2 206.4 151.8 84.6 100.0 82.8 192.5 206.8 339.9 2499.9 

Note: 1966 and 1967 are based 00 original water levels and 1973 rating curve. 



TABLE n-9
 

Monthly Runoff for the Citanduy River at Banjar
 

(Million .3) 
Drainage Area - 1.314 b 2 

Year Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Annual 

H 
H 
I 

!'V 
lD 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

334.6 
458.9 
287.7 
515.1 
180.8 
447.8 
566.0 
424.0 
315.4 
332.9 

259.3 
303.7 
181.3 
310.4 
83.7 

427.3 
399.8 
294.6 
349.0 
302.2 

270.8 
338.1 
255.5 
379.0 
166.2 
302.5 
408.8 
268.0 
284.0 
270.3 

275.1 
223.1 
160.5 
295.5 
83.1 

345.2 
396.4 
312.1 
268.5 
277.9 

303.5 
289.7 
307.1 
380.4 
207.3 
342.4 
391.8 
336.3 
337.4 
287.5 

312.3 
242.1 
258.9 
254.4 
128.9 
356.7 
401.0 
308.0 
326.1 
260.5 

227.0 
171.3 
233.0 
260.1 
199.4 
228.8 
263.3 
237.6 
217.7 
204.3 

244.5 
208.5 
285.0 
219.8 
130.6 
219.5 
303.3 
254.0 
252.8 
156.7 

222.8 
225.7 
148.7 
359.9 
145.2 
148.2 
268.9 
214.9 
207.7 
253.6 

238.8 
290.8 
147.1 
288.4 

87.4 
268.6 
246.4 
109.8 
312.9 
126.9 

104.0 
170.8 
90.0 

224.4 
114.2 
107.8 
176.0 
149.0 
128.6 
197.3 

166.9 
207.5 
124.8 
172.6 
70.0 

186.2 
155.5 
46.7 

250.0 
298.3 

103.7 
103.3 
63.9 

136.4 
86.7 

101.7 
121.7 
140.0 
102.1 
151.7 

124.5 
133.5 
108.0 
105.9 

54.1 
110.5 
58.9 
53.6 

200.0 
59.2 

102.4 
86.7 
62.6 
82.0 
82.5 

105.7 
123.2 
150.6 
92.8 

118.3 

87.9 
83.5 
81.9 
55.0 
51.5 
70.8 
50.9 
20.9 

340.2 
22.6 

90.4 
64.2 
43.2 
38.4 
59.5 
78.8 
83.3 
79.7 
55.6 
69.1 

48.7 
46.0 
47.3 
13.6 
39.5 
32.8 

101.1 
20.3 
84.4 
31.6 

299.0 
127.5 
160.3 
48.2 

161.6 
252.0 
199.1 
156.8 
161.0 
155.6 

105.8 
51.7 

126.0 
17.2 

159.1 
51.7 

249.1 
30.0 

269.1 
83.1 

332.6 
215.7 
302.2 

52.1 
253.5 
343.0 
242.0 
219.4 
169.8 
138.7 

187.8 
72.2 

193.0 
41.1 

233.5 
68.2 

238.5 
52.4 

288.7 
224.1 

394.3 
233.7 
442.9 

91.6 
388.2 
539.9 
385.8 
327.7 
269.9 
237.4 

245.0 
108.1 
342.3 

53.7 
353.3 
164.6 
388.4 
434.8 
271.6 
227.4 

2785.1 
2395.6 
2397.1 
2567.6 
2045.1 
2998.6 
3229.8 
2704.0 
2342.0 
2416.7 

2296.6 
1970.7 
2056.1 
1927.6 
1474.7 
2302.1 
2989.3 
1937.2 
3213.3 
2070.5 

1970 
1971 
1972 
1973 

208.4 
281.0 
474.1 
293.7 

190.6 
203.6 
295.6 
288.1 

284.5 
280.8 
233.5 
352.2 

248.5 
190.1 
191.9 
300.6 

207.0 
191.9 
249.6 
386.4 

170.0 
155.4 
84.9 

197.8 

141.3 
123.2 
65.2 

286.2 

78.6 
124.9 
61.9 

177.2 

83.1 
176.1 

21.2 
37.1 

107.0 
254.4 

35.0 
381.6 

198.3 
366.7 

79.0 
414.8 

265.2 
452.2 
150.0 
346.4 

2189.1 
2800.3 
1941.9 
3342.1 

AVG. 334.7 270.8 303.5 227.0 222.8 156.2 114.2 93.9 60.2 151.8 201.5 296.4 2433.0 
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TABLE 11-10
 

Monthly lluooff at Banjar Plains Diversion Site
 

(Mill1.oo .3) 
Drainage Area • 738 k112 

Year Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Annual 

H 
H, 
w 
0 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

167.6 
229.8 
144.1 
258.0 
90.5 

224.3 
283.5 
212.4 
158.0 
166.8 

129.9 
152.2 

QO.8 
155.5 
41.9 

214.1 
200.2 
147.6 
174.8 
151.4 

135.7 
168.7 
128.0 
189.9 
83.2 

151.5 
204.8 
134.2 
142.3 
135.4 

137.8 
111.8 
80.4 

148.1 
41.7 

172.9 
198.5 
156.4 
134.5 
139.2 

137.7 
145.1 
153.9 
190.5 
103.8 
171.5 
196.3 
168.5 
169.0 
144.0 

156.4 
121.3 
129.7 
177.5 
64.6 

178.7 
200.9 
154.3 
163.4 
130.5 

113.7 
85.8 

116.8 
130.3 
99.9 

114.6 
131.9 
119.0 
109.1 
102.3 

122.5 
104.4 
142.8 
110.1 
65.5 

110.0 
151.9 
127.3 
126.7 
78.5 

111.6 
113.1 
74.5 

180.3 
72.8 
74.2 

134.7 
107.7 
104.1 
127.0 

119.6 
145.7 
73.7 

144.5 
43.8 

134.6 
123.4 

55.0 
156.8 
63.6 

52.1 
85.5 
45.0 

112.4 
57.2 
54.0 
88.1 
74.7 
64.4 
98.8 

83.6 
103.9 
62.5 
86.4 
35.1 
93.3 
77 .9 
23.4 

125.2 
149.4 

51.9 
51.7 
32.0 
68.3 
43.4 
50.9 
61.0 
70.1 
51.1 
76.0 

62.3 
66.9 
54.1 
53.1 
27.1 
55.4 
29.1 
26.9 

100.2 
29.6 

51.3 
43.4 
31.4 
41.1 
41.3 
53.0 
61.7 
75.5 
46.5 
59.2 

44.1 
41.8 
41.0 
27.6 
25.8 
35.5 
25.5 
10.4 

170.4 
11.3 

45.3 
32.2 
21.7 
19.3 
29.8 
39.5 
41.7 
40.0 
27.8 
34.6 

24.4 
23.0 
23.7 
6.8 

19.8 
16.4 
50.7 
10.2 
42.3 
15.8 

149.8 
63.9 
80.3 
24.2 
81.0 

126.2 
99.7 
78.6 
80.6 
78.0 

53.0 
25.9 
63.2 
8.7 

79.7 
25.9 

124.8 
15.0 

134.8 
41.7 

166.6 
63.0 

151.4 
26.1 

127.0 
171.8 
121.2 
109.9 
85.1 
69.5 

94.1 
361.2 
96.7 
20.6 

116.9 
34.2 

119.5 
26.2 

144.6 
112.3 

197.6 
117.1 
222.0 
45.8 

194.4 
270.4 
193.3 
164.2 
135.2 
118.9 

122.7 
54.1 

171.5 
26.9 

177.0 
82.4 

194.5 
217.8 
136.0 
113.9 

1380.9 
1199.3 
1201.1 
1286.2 
1024.3 
1501.9 
1617.9 
1354.8 
1173.2 
1210.5 

1150.4 
987.2 

1030.1 
965.8 
738.9 

1153.4 
1496.9 
970.5 

1609.7 
1037.2 

1970 
1971 
1972 
1973 
1974 
1975 
1976 

185.0 
160.8 
215.0 
178.1 
60.9 

204.0 
126.1 

130.2 
133.8 
118.3 
158.9 
199.3 
190.8 
167.8 

204.8 
186.7 
132.4 
159.3 
98.0 

230.5 
201.4 

217.9 
156.5 
96.8 

194.3 
176.3 
202.0 
130.5 

151.4 
138.7 
134.9 
224.8 
128.3 
129.2 
41.9 

115.6 
79.9 
21.0 

111.0 
27.8 
34.1 
17.7 

81.0 
35.3 
12.9 

140.9 
46.4 
36.6 
12.2 

27.2 
22.2 
9.3 

56.1 
147.2 
20.6 
9.5 

33.0 
76.6 

5.2 
226.9 
116.3 
105.0 

7.5 

52.6 
161.4 

5.5 
186.0 
158.9 
254.7 
103.1 

124.5 
238.2 

52.5 
212.9 
181.9 
193.7 
274.0 

171.1 
226.0 
127.0 
178.1 
264.8 
182.6 
135.6 

1530.3 
1616.1 
930.8 

2027.3 
1606.1 
1783.8 
1200.3 

AVG • 167.5 144.2 159.5 126.3 15.2 73.3 52.8 45.6 42.1 87.3 117.4 157.1 1288.3 

..~--
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TABLE n-ll 

Flow Magnitude at Various Firmness Values 

Cirahong Gage Flow (m3/s) Diversion Site Flow (m3/s) 
Firmness Firmness 

Month 90% 95% 100% 90% 95% 100% 

July 3.8 3.0 2.6 4.5 3.5 3.1 

August 2.~ 2.3 2.0 2.9 2.7 2.4 

September 1.8 1.6 1.4 2.1 1.9 1.7 

October 1.5 1.4 1.2 1.8 1.7 1.4 

II-31 
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TABLE n-12
 

Summary of Project Floods
 

VolWle 
Peak Runoff 

Rainfall D1s§harge (Mll!ion 
(ram) (m Is) m ) 

Banjar Diversion Site (Upper Citanduy Basin) s 

1O-Year 105 827 54.2 

25-Year 125 932 62.8 

50-Year 139 1,080 71.0 

Cimuntur Basins 

1O-Year 117 790 38.2 

25-Year 138 970 48.2 

50-Year 154 1,089 56.0 

Citanduy and Cimuntur Basin above Banjar Damsite: 

1O-Year 111 1,450 93.5 

25-Year 130 1,750 115.6 

50-Year 144 2,050 132.5 
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TABLE n-13 

Suspended Sediment Measurements on Citanduy River at Cirahong Gage 

No. of Dis§harge Concentration Sediment 
Date Samples (m /s) (ppm) (Tons/Oay) 

11-21-69 6 28.6 88 220 

2-9-70 3 58.7 250 1,300 

3-3-71 1 30.1 140 360 

8-18-71 2 8.1 29 20 

9-13-71 1 6.9 38 23 

11-15-71 3 65.1 170 1,000 

12-16-71 3 48.3 610 2,500 

1-29-72 3 39.1 120 410 

3-14-72 3 51.0 800 3,500 

5-30-72 1 18.3 86 140 

1-2-73 51.0 4,810 

3-2-73 27.0 362 

4-20-73 61.0 1,599 

6-20-73 4 38.0 195 677 

7-30-73 4 14.0 46 52 

9-9-73 4 16.0 40 59 

11-3-73 4 56.0 350 1,769 

12-12-73 4 46.0 479 2,288 

1-26-74 4 37.0 228 737 
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Chapter III 

MUNICIPAL AND INDUSTRIAL WATER SUPPLY 

General 

Historically, municipal water supply in the Banjar Plains 

area and the surrounding hamlets has always been from hand-dug 

wells and from the Citanduy River. The high rate of annual 

rainfall and the subsurface geology contribute to widespread 

occurrence of shallow groundwater and make it possible to use 

hand-dug shallow wells for domestic ,,'ater supplies. Hand pumps 

are usually used to lift the water, but frequent use is made of a 

bucket and rope, in which case the well is not covered. Water 

from the Citanduy River is hand-carried. 

The close proximity of the shallow wells to streams, 

fishponds and the river, which are highly polluted, give rise to 

possible pollution from humRn and animal wastes. The ponds, open 

sewers and waterways constitute the principal disposal system for 

sewage. Apparently, the problem is greater during the dry season 

when percolation from surface ponds contribute more to the 

groundwater in the wells. Also, during the dry months of July 

through Dc tober, there is an acute shortage of wa ter and in 

drought years the only major source of water supply is from the 

Cltanduy ~ver for the people living in the ~anjar Plains Area and 

the surrounding region. 

ThU8, the problem is both of availability and quality. Use 

of polluted Water i8 8 health hazard even if the water Is boiled 

tor drinking and cooking. Using the water for washing and bathing 

is also a health hazard. It is not customary among most of the 

local resident8 to boil their water. 
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In the Banjar region there 18, at present, very little 

industrial activity which needs large quantities of raw water 

supply. All of the existing industries are of the small scale 

industry or cottage industry types. These are rice milling, brick 

and root tile manufacturing, lumber processing, and cassava 

processing. The water supply demand for the small scale 

industries are currently met from either well water or water 

transported from the Citanduy River. The quantity of water 

required is small. 

The economic prosperity of the region, coupled with the 

Republic of Indonesia's goal to increase potable supply of water 

in highly populated areas of Java, has brought out a critical need 

to identify projects for municipal supplies. To attract any 

industry to the region. an assurance of adequate industrial water 

supply is needed. Industrial water supply is herein defined as the 

water delivered to large and medium scale industries for process 

water, landscaping and incidental domestic use as well as public 

service water within an industrial zone. The Banjar Platns 

Project. which is essentially an irrigation project, can be 

planned to supply both the municipal and projected InduAtrial 

needs of the area. The terms of reference at ipulates tha t wa ter 

resources analysis and water quality studies be carrIed out to 

determine the ~vallablltty and sui tability for projected mun iciplli 

needs of the area. Hence. the presentation In this chapter ia 

confined to projecting the municipal needs of the area and the 

water qUlll1ty of the Cltanduy River. Also, a possible demand for 

industrial water supply has been developed. bllsed on availahle 

information. No effort has be~n made to draw up a water ~'Ipply 

scheme for the area. which should be the subject mAtter of " 

separate study. 
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Jr••ent Water Supply 

nt. city of Banjar hae a water supply 8ystem which wa. 

in.talled in 1973 through a loan from World Health Organization. 

The .y_te. con8iet. of a cietern at a 8pring source and a pipeline 

into town where re8ident. can tap on at specified point.. The 

orilinal capacity of thi. 8ystem was 3 litera per second and 

.erv.. • s.all percentale of Banjar population • A sand filter 

• y.tell has been provided at the source, and apart from thie there
 

i. no other treatment prOVided. A recent inspection of the 8y8te.
 

indicated that there wa. little or no mair,tenance.
 

reaulted in blocking of the sand filter and deterioration of the
 

8upply system. which has drastically reduced the capacity.
 

Apart frail thi. By8tem, all other municipal neede ar. 

obtained from covered and open shallow well8 or from the 

Ci tanduy River by hand. Most of the shallow wells were reported 

to ao dry during the dry months. Water in most wells is available 

at • depth of , to 10 meters. The capital cost of these wella i_ 

about Rp. 100,000 each. During the dry season raw water from the 

Citanduy River i8 purcl ised from becaks and porters at an average 

coat of Rp. 1.25 per liter in Banjar and Rp. 1.75 per liter in 

8uburban areas. Average daily consumption of this raw river water 

ie 40 liter. per capita and the average annual period of use i8 

75 days. resulting in an annual per capita expenditure of 

ap. 3, 750 in Banjar and Rp. 5,250 in 8uburban areas. During the 

1977 dry period. questionable quality drinking water sold for aa 

high all Rp. 6.25 per liter. Good to fair quality water was 

obtainable free of charge at a few community wells, small springs 

and community mosques. 

In August, 1972, the Institute of Technology in Bandung, at 

the request ot the Department of P'Jblic Works, conducted an 

investigation for a municipal water supply and distribution system 

tor the town of Banjar. The system proposed by the Institute of 

Technology consisted of a groundwater supply from three wella, 

three elevat~d storage tanka. and a distribution system of 5, 8, 
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10 and 15 cm pipelinea to serve the central sector of Banjar. The 

investigation was completed in 1972, but never was implemented. 

The system of waste disposal In the towns and villages of 

the area const.at of open sewers alld gut ters and fishponds. Wher. 

aever. exi.t, they are in clay pipes buried underground at the 

edge ot the atreeta. The raw sewage itl dumped into the nearest 

natural drainage without treatment. As would be expected, thi. 

meane of waste disp08al ia 8 source of bad odor, insecta and water 

pollution in the streams. In the dry season the problems are more 

acute because the supply of flushing water ie reduced. Some of the 

house8 in Banjar town have been provded with a septic tank system. 

However, the use of the septic tanka is not Widespread. 

Currently, there are no plane to provide a modern sewer system and 

treat the sewage. 

At present, the servic~ area has little or no industry of 

significance. Discussion with the local officials of Ciami. 

revealed the possibility of development of an industrial sector in 

the future. The industries that were identified to be located near 

the BanjAr township Were a Rayon Fiber Textile Mill, 8 Non-Urea 

Fertilizer Factory. and a Carbon Activ~ and Fiber Rubber Factory. 

!II. letttll" from the Chief of Planning Board, Ciamis is attached as 

an exhihit at the end of this chapter. in which the possibility at 

the above industries coming up in the region have been discussed. 

How~ver, the present investigation indicates that, currently, 

th~r!! does not exi8t a strong co;nmi tment or a plan for the 

development of these industries by the Government of Indonesia. 

Hence, this study was limited to identifying 8 possible gr08s 

industrial sector demand without going into detailB. 

Groundwater 

The potential tor Rroundwater deve10pment in the project 

service Area appean' to be poor. Shallow-dug wellH in the clay 

l!Ioil of the project area have low yieldR and Are dependent upon 
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peripheral seepage and surface wastes for recharge. Host of these 

w~ll. fail durina the dry 8eason. A few dug wells adjacent to the 

C1tanduy River extend below river level and apparently are 

recharged by the river. The terrain and geology of the area doe. 

not indicate the presence of a good water bearing aquifer. 

Three s.all springs in the project service area were 

observed to yield Blightly more than one-half liter per second 

while two rice fields, totalling about 4 hectares, were obviously 

supplied by subterranean 8pring flow during the 1977 dry season. 

Several 8mall springe located near the periphery of the service 

aree had similarly nomin,l yields. Numerous small springs were 

observed in the banks of the Ci tanduy River above the diversion 

site. All springe observed were in exposures of thin conglomerate 

layers. The source of water for these springs appears to be 

precipitation stored in overlying formations. These springs are 

submerged during high flows. Location of some of the springs are 

shown in Figure IV-2, Chapter IV-Agriculture. 

Thus, a municipal and industrial supply cannot use ei ther 

groundwater source or spring source in this area. The water 

supply needs to be obtained from a surface source such as the 

Citanduy River. 

Municipal Water Requirement 

The municipal needs for the service area has been developed 

ba8ed on a population projection and per capita consumption. 

Various classes of consumers were identified. The per capita 

consumption for domestic and flushing purposes was based on an 

urban system of Class B type for a population less than 100,000. 

The municipal needs are discussed 1n the follOWing sections. 
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Service Area 

Th. irrigation service area for the Banjar Plains Project 

••s described 1n Chapter I-Introduction. The area vas limitod b, 

the terrain and the command elevation. However, for purposes of 

Municipal Supplies, the service area 18 not the same ae the 

1rr1aaUon .ervice area. It was also recognized that thl8 study 

cannot lormulate the realonal municipal supply neede, comprie1na 

of extensive urban and rural areas. Thus, the serv1ce area lor 

the municipal nee&. was confined to a region which can be supplied 

b, a aravity syste. belov elevation 4S III above HSL. This 

elevation happens to be the elevation at which water supply will 

be available to the service area. 

The service area selected for municipal supply consists of 

the entire township of Sanjar, Balokana villaae and Jelat 

subvillage on the right ba"l.. of the Citanduy 'iver. On the left 

bank of Citanduy Riv~r the service area will comprise the residual 

Banjar township areas, most of the Purwahardja villaae area 

comprised of Cipadung, Siluman, Parungsari and Rande~an subvillaae 

areas and a small portion of the Cisaga Village area below 

elevati~n 40 Ill. ThiB service area wl,ll cover approximately an 

area of 9 kill in the east-west direction and 4 km in the north

south direction. A schematic dlagi.:am of the municipal servic. 

area 18 shown in Figure III-I. FacUities for the water supply 

systelll to cross the Citanduy River exist at the railroad bridge 

and the two road bridges in the area, and the Cimuntur River at 

the exist ing road bridge, thus avoiding expensive riv~r croBsing 

work•• 
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Population 

General 

The population of Indonesia, according to a 1976 census!/wa• 

r8~~~~~d to b. 134.7 .il110n. The historical growth rate for the 

~ountry va. indicated to be 2.1 percent each yea~. The i.land of 

Java i. the ao.t denaely settled area in the archipelaBo~ 

con.titutina only 6.6 percent of the land area of the Indoneaian 

nation, but havina about 65 percent of the population. The 

reported population growth per annum for Java as a whole i. 

1.9 percent, vhile in region. of high density the growth varia. 

betveen 2.2 to 2.5 percent. There i. little reported migration of 

population within Java, except locally near towns. 

The regional long-tera population growth trends are not 

available. According to the Family Planning Coordination Board, 

the birth rate tor Java ia expected to taJl aB much aa 50 percent 

by the year 2000 a. a reault of the widespread practice of family 

planning_ It i. expected that the population growth rate in Java 

vill reduce to 1.6 percent by the year 2000. 

The population of the Ci tanduy Basin waB estimated to be 

2.5 million in 1972. The dend ty is about 600 persona per square 

kilometer. Within the Citanduy BaBin density of population varies 

con.iderably. Heavier sett lement, denoted by more frequent and 

larger village., occur8 along the highway. that traverae the basin 

fro. weBt to east and from northwest to southeaat along the right 

and left aidea of the Citanduy Valley. Within the Citanduy Baain 

the denaf.ty of subdistricta varf.ea from 193 persons pcr square 

kilometer in the Dayeuhluhur subdistrict to 737 for the 

1/
- World Population Data Sheet, 1976, The Population Ref9rence 
Bureau, Inc. 
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Ta.ikmalaya subdistrict. The Banjar Plains Project service area 

for municipal wa ter lies along main arterial highways and has a 

high density of population. 

Service Area Population 

A schematic diagram of the villages that will be served with 

municipal water in the service area i8 presented on Figure III-I. 

The entire service area ia in the Clamis district of West Java and 

part. of the service area lie in the subdistricts of Banjar, 

Cimaragas and Pamerican. 

'~e population of each of the three subdistricts was 

collec ted for the period 1967 to 1976. Th is 18 presented in 

Table III-I. The growth rate was determined by plotting the 

historical population growth on a slmi-logarithmic scale for the 

three subdistricts. This is shown on Figure 1II-2. The mean 

annual growth rate for the three subdistricts of Banjar, Pamarican 

and Cimarag88 was found to be 2.4%, 2.2% and 2.06%, respectively. 

These growth percentages are close to the mean national growth 

rate and slightly lower than the average growth rate for Java. The 

Banjar subdistrict's historical growth shows suJden spurts of 

growth in the years 1970 and 1972, possibly due to the 

establishment of the Citanduy Project. Otherwise, the growth rate 

in all the thre~ subdistricts do not indicate a strong emigration 

or immigration. Alsr), present inquirie~ do not indicate a 

possibility of lncreaeed growth in the near future. However, with 

the ongoing development ~fforts in Citanduy Project area there i. 

a likelihood of a steady growth in the region's population. 

The v111&ges that are anticipated to rec~ive municipal water 

supply benefits are: 
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On the rilht bank of Citanduy River. 

1. The town of Banjar. 

2. The village of Belokaog. 

3. The Jelat subvillag8 which is part of village 

Mulyas.ri. Pataruman is a part of Jelat subvillage. 

On the l.ft bank of Citanduy River. 

1. lbe Village of Purwahardja. 'Dlb comprises ths 

subvillalea Cipadung. Silumao. Parungsart. Randegan 1 

and 11 and Pasirleutik. Part of Parungsari subvillaas 

i. on the right bank of the river. Except for the 

Paairleutik subvillage. the other subvUlagea can bs 

served. 

2. 'lb. village of Cisaga. This has nine subvillage 

areas. Only. small part of the village can be served 

because of elevation limitation•• 

The population statistics of these villages for the period 

1972 to 1977 18 presented in Table II1-2. The population figures 

shown were collected from the village chiefs. Survey of house8 in 

these areas was not carried out to determine the exact number of 

residential and commercial establishments that would be served. 

The population shown in Table 111-2 is taken 8S the bas. 

population for which municipal water supply will be required. 

The 1976 population of the municipal water 8up,;>ly service area 

i.60.377. 

Population Pr01ection of Service Area 

The base 1976 population that would benefit from municipal 

water 8upply 18 taken as 60,500. For purpose. of determining the 

water 8upply demand for thia area over the next two decadea. it ia 

necessary to project the population growth up to year 2000. 

Historically, the growth rate in the three subdistrict. 

varies between 2.04 to 2.2 percen.t. From the limited population 
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atatistic. available for 8~njar and Balokang vlllaKe~. the 

historical growth rate for 8anjar township is twice that of 

klokanx village. Thill is because of local migration from the 

surrounding subvlll.!lges. The setting up of the Citanduy Project 

Office and expansion of its activity contributed in the Rpurt ot 

population grnwth of 8anjar. However. without the possibility of 

eatabUshing an industrial sector. further growth in Ranjar town 

atght not take place at this rate. With the provision of 

.ontctpal water supply and development in the region. there i8 the 

likelihood ot an increa8ed growth rate for the area. In the 

absence of a detailed 8ociological 8tudy or a plan Zor the 

development of the region. it was concluded to U8e a populatlon 

rate of growth close to the historiCAl 8ubdistrict growth. For 

purposes of this study. a con8ervative growth rate of 2.1 percent 

h•• been adopted to develop population projection up to year 2000 

and is 8hown on Figure 111-3 an~ in Table 111-3. This growth rate 

ia believed to be slightly conservative and there i8 a p08sibility 

that this could increase with industrialization of the area. or be 

stabilized with a strong program of family planning. 

Municipal Water Demand Projections 

General 

Municipal water use is computed in thi8 8tudy based on lHHHl'I 

such a8 domestic. small commercial users. and puhlic. Domestlc 

water i8 used in and around resldences and varies with the 

standard of living. but i8 proportional to resident population. 

Small commercial use includes water u8ed In small bllsinesB or 

light commercial establishments by persons who are not r~8idents 

of the area. Th is 18 nor-mally for dornest lc Ilnd light 

manufacturing U8e and cannot be stated conveniently In terms of 

population. Public use of water is for 8treet and sewer fluRhing. 

public gardens. fire fight ina and for unmetered public 

institution•• 
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The conaumption of water per capita varies over a wide ransa 

and ia affected by varioua facton. In the United States tha 

variation 1a fro. 200 to 2.000 litere per day par capita. In 

Indoneaia. tha watar cOID8U111ption 18 very low. For the city of 

Semaranl in Central Java. historical recorda show that U8ase 

varied fro. 670 liters per day per connection in 1966. to 

1.512 litera per day per connection in 1974. Dte avereae nu.bel' 

of people served by each connection ia seven. The unaccounted 

water ranged froa 401 to 60%. ThUQ. the historical average actual 

con8umption per capita increased fro.. about 50 to 100 liter8 per 

day over an eight year period. For supply through public hydrant 

the historical data for Semarang indicates that about 360 peraona 

ara served by each hydrant and rate of consumption ia about 

10 liters per day per person. 

For projecting the municipal neede the available historical 

atatistiCil were limited to the population projection. Li ttle 

intormation wa. available regarding GOI'. projection for per 

capita consumption by clas8 of consumers for an Urban Class 8 type 

town. The current practice of computing rural municipal need8 by 

Director General of Water Resources in their planning work f.1 to 

allow a continuous flow of one liter per second for a population 

of 1.000. This amounts to 86.4 liter8 per capita per day. T!lis 

study Wae based on the general norm used by the War! j ~~ealth 

Organization in developing countrie8 aa well as information 

contained in Burn8 and McDonnell Report for ' Semarang Water 

Supply'. 1976. and other sources. 

Population Served 

In developing the municipal demanda. it is neces!iary to 

identify the percentage of the population that will be served. 

Norma 11y. the number of people provided connec t ion wi 11 inc CeasEt 

over the years a8 the economy of the area improves 88 well 88 with 

availability of funds for expansion. '1\10 types of connections 

have b~en identified for this purpose. They are. 
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1. Public hydrant, and 

2. ".id.ntial. 

Table 111-4 liv.. the percentage of population served at 

fiva y.a.. intarval. for the tvo type. of connection.. It 18 

.xp.cted that by the y.at 2000 about 901 of the people in the ar•• 

viII b. provid•• with .unicip.l vater supply. 

Wat.r Ua, 

Th. .untctpal vater requirement. to b. used in the 

Banjar Plains atudy va8 obtained by projecting the vater uae up to 

year 2000. Thia project~on vas based on the ;opulation projection 

in the ..rvic. area and the percent of the population that will b. 

a.rved. ror purpoa.a of projectinl the water ua., variou. 

categories of conaumptlon v.re identified. They are reaidential, 

public hydrant, public inatitution, city officea, commercial, and 

vater required for .anitary and fluBhing purpoae.. Th. per capit. 

or per connection consumption by user category ia ba••d on uss•• 

in developinl countriea and 18 considered to be adequate. For 

purpose. of city office uae, which i. mOBtly fire fightinl, public 

larden., public b.th, etc., the usage vas estimated. A .111ilar 

procedure vas used for light commercial establi8hment•• 

The projected municipal demand is presented in Table 111-5. 

This ha. been vorked out at five-year interval.. 'lb. unaccounted 

vater. vhich is defined a. the difference betveen the quantity of 

water supplied to the system and the quantity of vater metered in 

the syatem, i. a 10.. to che system due to leakage from mains and 

service line., or because of inaccurate mete:r., illegal 8ervic. 

connections, f.l.. meter readinga. ~yste. fluahinl and other 

~i.ilar U8es. Recorda of usage in the Semaranl water ayatea ovel' 

the laat nine year. indicate lhat unaccounted wat.r ranled frOli 

40 to 60 percent. Thi. i. conaidered exceptionally high When 

cOllPar.d to th. ay.tea lo.aea of 10 to 20 percant in the 

United Statea. With a vell planned .yatea, it 18 believed the 
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.y.te. 10sAea should be within 20 to 30%. Starting with a 

30 percent 10as, it ia assumed that by the year 2000 this could be 

reduced to 20 percent by an efficient operation. 

Th. average municipal demand by year 2000 will be 

23.223 .J /day or 269 liter/.econd. The total average per capita 

con8umption will be 2.59 litera/day, which 18 conddered to be a 

rea.onable rate of consumption. The development of the demand and 

per capita coneumption over the period 1980 to 2000 ia graphically 

preaented in Figura 111-4. The per capita consumption will 

inerea.e rapidly in the fir.t two decadee ~ith the introduction of 

aa.ured water supply, while in the subsequent decadea the rate of 

inerease should stabilize to a lower value. 

Por purpoaes of determining the design capacity of supply, 

the fluctuation in per capita consumption fro.. day to day and 

throughout anyone day are of great importance. The maximua 

daily, or the maximum 24-hour consumption varies from 1.25 to 1.75 

tiaes the average hourly consumption, while the fluctuation within 

the hour can be a8 large a. 2 to 3 times. The storage tanks will 

normally provide for fluctuation within the hour. Hence, the 

design capacity of supply system should be able to meet the 

fluctuation in a day. For tl Banjar Plains Project the design 

capacity for municipal need8 should be taken to be 1.5 timee the 

requirement tn the year 2000, which is 400 litera per second. 

However, for cost allocation and economic analysis, a municipal 

.upply demand of 269 liter/second and has been taken. 

The Oi re..; torate General of Wa ter Re sources Planning figure 

of one liter/second and for 1,000 person. will yi~ld about 

90 litera per second in the year 2000. It b believed that this 

figure 18 e8sent1all/ for designing canal capacities when the 

canal water 18 used for municipal U8e by the rural population 

a10nl the canal. It 1_ of interest to compare the present 

projected demand of 270 liter/second and to the municipal water 
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d••and used in the Directorate of Irrigation Reconnaissance 

"port.~/ In this report, the municipal demand was estiaated to b. 

626 litere/••cond. 'l'bie 18 37% more than the present estimated 

d....nd. Detaih of the dnand vere not give\"'! tn this report J/It 

1. con.idered that the demand of 626 l1ten/second. is too hilh 

for a town of the typ. of Banja~. 

Indu.trial Water Demand Projection 

'The industrial water demand 18 baaed on very little data. 

Th. baai. for identifyinl an industrial sector va. the data 

furniRhed by the Ciami. Planning Board (aee Exhibit at the end of 

this chapter). According to thia, three major industries w.r. 

identified as posaible to b. Ret up near Banjar town. These w.re 

alp. 10 billion fiber/textile industry, a Rp. 2 billion non-urea 

f.rtiliaer industry, and a Rp. 10 billion carbon active and 

fibered rubber industry. It 18 to be pointed out that theae 

industriee have not been included in the next Five-Year Plan nor 

vere further detail. available from any other agency. Henc., the 

probability of th~ industrial sector coming up within the next 

10 to 15 yean is considered low. However, preliminary 8tudies 

vera carried out to determine the magnitude of water supply needed 

for thes. three industrie•• 

The industrial complex will be located west of Banjar town 

in an area of about 180 hectares bounded by the Banjar-Cillmh 

raUroad on the northeast side, the Banjar-Hanonjaya road on the 

southeast stde and by steep uplands on the remaining sides. Thi. 

i. shown in Figure III-5 with the land claRs1tlcatlon. 'nth 

location will provide adequate access to a water supply 8yste., 

.ither fro. an H and I treatment plant located vithin the 

1/ Laporan Raconnaissance/Pra Rencana Proyek lrigast Dataran 
lanjar, Propin.i Jawa Baret, P. T. Karpa, Banduns, March, 1973. 
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industrial lone, o~ directly fro. the Banjar Plains Project main 

canal wbich will run throu8h the industrial zone. '!'he wate~ 

aupply d.mand for the planned industry is presented below baaed on 

Ciaais Plann101 Board's information. 

Carbon Ac ttve 
Bayon Fiber Non-Urea and F:Lbered 

Industrz Textile Kill Fertilizer rae tory Rubber Facton 

Cooatruction Colt
 
in Billion Rupiahs 10+ 2+ 10+
 

Construction Date 1979 if Water When W.ter Dependent on 
AvaUable Available rirm Water 

Supply 

Local Employment 600 400 360 

Raw Material Not Stated Local Ph08ph.te Local Coconut 
Source and J.imestone Fibe~ & Rubber 

Water Demand (1/1) 200 200 1.50 
(Increaa', to 
400 in 3-5 
Years) 

Total Water "0 l/s.c. to 750 l/eec. in 3-.5 years. 
Demand 

'!'hus, total industrial wate~ requirement ot• 
750 liter/second. ia anticipated, in case the industrial 

development takes place. 

H , I Supply Syate. 

Although the scope of this report does not call for a study 

of the H ., I distribution systelll, a reconnaissance level study wa. 

carried out to provide an approximate cost involved in the 

treatment, d~livery and diatribution of water. ntis doe. not 

include thf! cost of delivering water at the M , 1 intake. Fro. 

the recunn~is~ance Itudy the followln8 conditions are apparent: 

1. '!'he treat••nt plant and primary stora8e rea.rv01r will 

be located in the industrial zone as shown on 'laure 111-5. 
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2. Water for the municipal-inc.lustrial syste. should be 

obtained froa the project main c6'nal near the treatment 

plant. 

]. 'lbe project drain syste. should be used to convey 

industrial return flov to Ci tandu) River • 'nlese effluents 

.uat be treated to acceptable quality by the industries 

concerned. 

4. 'Die capital cosu of the municipal-industrial syste. 

are estimated to range between Rp. 9.0 bUUon and Rp. 22.6 

bUllon, includina the industrial water treatment 

requirements. 'lbese costs are not to be included in the 

coate of the Banjar Plains Project. 

Separate reconnaissance level estimates of annual costa for 

a treatment and distribution system for municipal needs and for a 

co.bined municipal and industrial need were prepared. The annual 

coat for construction, operation, maintenance, and replacement for 

the two case. are a. follows! 

In Million Rupiahs 

Municipal Huncipal and 
Annual Equivalent Costa Water Only Industrial Water 

Construction Coat (Annual) 609 2,356 

O.	 M , R Cou 
Operation and Administration 53 197 
Maintenance and Equipment 56 220 
Replacementl Annual 103 376 

Interi. 24	 105 

Treatment Chemicals and Supplies 51	 204 

ruel	 25-l 

Sub-Total	 292 1,127 

Total Annual Coat	 3.481m 
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The above coata vere estimated by present value analysis 

uaiUI an intereat rate of 12% and a capi taliza tion period of 

'0 yean. Capitalization of industrial related costs reflect a 

three-year development period vhile municipal costs vere prorated 

ovar a 20-year period of increasing Vater usage. 

Water Quality 

Water quality for the Banjar Plains Irrigation system 18 

conddered good to excellent for irrigation purposes and 

acceptable for IllUnicipal and industrial water supply. Th is is 

ba.ed on vater quality test. on samples obtained at the Cirahong 

laae, &.njar town and Patar_an Weir all on Citanduy River. The 

total di8.01ved solid. are very low as are the chlorides and 

.ulphate•• The percent sod1~ 18 a little high for a 

cla•• ification of excellent for irrigation, but for water with the 

indicated range of dissolved solids, percent sodlU111 18 not an 

e.pecially good para.eter. The sodiW1l absorption ratio is low. 

tndicatin. low sodi~ hazards, and a8 the total dlflsolved solids 

are low. the salt hazard 1s low. Samples from the Cirahong gag8, 

the Banjar Bridae and the Patarumar. Weir are' compared with the 

standards1/~/and are shown in Table 111-6 and 111-7. 

Water fro. the Citanduy River, diverted as an irrigation 

supply can be used for domestic water supply with minor treatment, 

includ1n. filtration. chlorination and iron removal. Water 

quality .ample. vere taken at the Cirahong gage in November. 1969, 

Banjar Bridge in September, 1972. and at the Pataruman Weir in 

1/ The Citanduy River Ba&in Development Project, 'Feasibility Report'. 
Bnlineertna Consultant., Inc., Denver. Colorado. U.S.A., March, 1975. 

~ Water Quality and Treatment, Handbook of Public Water Supplies. 
Aaarican Water WOrk. AssociatioD. Third Edition. 1971. 
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Sapta.ber, 1972, December, 1973, and January, 1974. Thh coven 

.0.. of the low flo~ months. The water quality testing was done 

by DPHA at the Hydro-Chemical Laboratory in Bandung. The Banjar 

and Pataruman saapling point8 are downstream from the 

Ci.untur aiver and sample. from these sites were of poorer quality 

than for Cirahong, about 19.5 kilometers upBtream from the project 

diveraion aite. The water quality at the C1rahong gage 18 rated 

iood to excellent tor irrigation and would require both 

clarification and chlorination for municipal use. The suitability 

of water tor U8e aa an industrial supply depend. on the 

requira.enta 01 the particular industry. Very few problems are 

anticipated in the indu8tr1~1 uses projected. 

A retesting program of water quality for a municipal water 

.upply to aupplement tests published in the above tables is 

raco_ended, but waa not attempted because of the limited time 

factor in the preparation of this report. It is noted that the 

preV1l.118 testa were conducted in the months of September, 

Nove.ber, Dec••ber and January, cover ing the dry season and the 

wat season. But neither test period would reflect changes in 

.ineral and chemical constituents that would appear 8S a result of 

irrigation return flow waters bearing nitrates. nitrites. and 

ortho phosphates from dissolved fertilizers. normally applied 

trice II year. 

Monthly tes~. to cover a complete one-year cycle should be 

undertaken to determine the needs of water treatment processes for 

a Banjar municipal water supply. Tests should also be carried out 

I)f the groundwater in case groundwater has to be developed as a 

supplement or a. alternative to surface water supply. 
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TAiLI 111-1
 

Population Statistics of Sub-District.
 

Sub-District 

Year Banjar elmaraga. Paaarican 

1967 84.7]) 24,919 58.678 

1961 8'.762 25.463 58.939 

1969 86.87' 26.548 58.949 

1970 94.636 27,921 67,244 

1971 94,429 30.477 68,946 

1972 97.569 28.206 68.970 

1973 97.369 28.747 69.301 

1974 96.764 28.791 69.840 

197' 97.424 28.598 70.183 

1976 100.009 29.839 72.695 



TABLE III-2
 

Population Statlatica of S2rvice Area
 

Year 

1972 1973 1974 1975 1976 1977
 

Banjar 27,047 28,330 29,613 29,575 32,142 32.287 

BalokanR 7,562 7.964 7.648 7.666 7.666 7,829 

Jelat (Subvillage) 5.230 5,477 5,673 

Purwahardja (Except 
Padr Leuttk) 10,153 11,392 11,358 

ChaRa (Part 1n 
Serv1ce Area) 3.660 3,700 3,722 
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TABLE 111-3
 

Population Projection of Service Area
 

Year Population 

1976 60,500 

1977 61,770 

1980 65,740 

1985 72,940 

1990 AO,930 

1995 89,790 

2000 99,630 

Note. Annual Growth Rate t8ken 88 2.1 percent. 
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TAIL! III-4
 

Population Served
 

Population Served (Percent) 

y.a.. Population Reddent1al Public ~ydranr Total 

1917 61,770 

1980 6',740 35 20 55 

1985 72,940 55 15 70 

1990 80,930 65 10 75 

1995 89,790 75 8 83 

2000 99,630 85 5 90 
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TABLE III-5-
Municipal Demand Projection 

Year 

It ••	 1980 1985 1990 1995 2000 

1.	 Re sidential 
Population Served (I) 35 5' 65 75 8' 
Population Served 23,000 40,100 52,600 67,300 84,700 
Per Capita ~.8 (lId) 100 120 140 150 150 
Quantity (_ /d) 2,300 4,812 7,364 10,095 12,705 

2.	 Public Hydrant 
Population Served (%) 20 15 10 8 .5 
Population Served 13,100 10,900 8,100 7,200 5,000 
Per Capita ~.e (lId) 12 14 16 18 20 
Quantity (_ /d) 151 153 130 130 100 

3.	 Public Institution 
Number of Connection~ 20 25 30 35 35 
Per Connect~on Use (l/d) 1,500 2,000 2,500 2,500 2,500 
Quantity (III/d) 30 50 75 88 88 

4.	 City Of f1c~3 

Quantity (III/d) 300 450 600 750 750 

5.	 Light Commercial 
Number of !~t8blishment. 10 20 25 30 30 
Quantity (_ /d) 100 240 375 450 450 

6.	 Sanitation and Flu8hing 
Population Served (%) 55 70 75 83 90 
Population Served 36,200 51,000 60,700 74.'>00 R9.700 
Per Capita ~8tilll. (l/d) 30 35 40 45 50 
Quantity (III /d) 1,086 1,785 2,428 3.353 4.485 

TotAl (l to 6)	 (.3/d) 3,973 7,490 10.972 14.866 18,578 

(X) 30 25 25 20 20
~:~~~~;t(:3~:) Water 1,702 2.497 3,657 3,717 4.645 

Total Quantity	 (.3/d ) 5,675 9.987 14,629 18,583 23,223 
(1/.) 66 116 169 215 269 

Average Per Capita (l/d) 157 196 241 249 259 

P.ak daily water 8upply 1.25 to 1.75 times dally conl,JUmp-av~raKe 

tion. 

HaxillUil 8upply demand equal. 400 1iters per second. 
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TAIL! 111-6
 

WArD QOALITT STAMDA'ns
 

Total 
D1.uolved Cblorid.. Salpbac:_ 

C1... 
Solid. 
(p,.) 

CitaDduy 
J.1ver 

Percent. 
Sodiu. 

CitaDduy 
Il1ver 

Cl 
(P.-> 

C1. taacluy 
tiver 

SO 
(P':) 

CIUDduy 
Uver 

H 
H 
H 
1 

"-J 
~ 

bc...1.1ent 0- 175 

176- 525 

64 to 148 0-20 

21-40 

3.2 to 
23.5 

0-140 

141-250 

5.5 to 
4.7 

0-190 

191-340 

1.6 to 
24-4 

Perai••ible 526-1400 41-60 251-430 341-580 

Doubtful 1401-2100 61-80 431-700 5~U-t60 

On.utt.ble Above 2100 Above 80 Above 700 Above 960 

*Perceat Socii.. !ia x 100-

Ma+Ca+Ka+~ 
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OIaNuy a;- WoJt. Quality Anale-


Sampl. Site Date 

Electric 
Conduct

ivity 
micro

w.o/Cfrt 

pH 

Total 
Dia

solved 
solica 

flPII 

Si02 Co ~ Fe MIl CO2... CO2 

Sol...I. 10.. 

C03 HC03 

(1Ilg/'I) 

CI 504 1'04 NH4 N03 N02 IC- Na 
.. 
Na 

SAlt 

O~ Haor T..... 
Akr.-er - blcflty
m;/l Otf ~102 

k......o. 

Color 
Seal. 
ptCa 

Ot"ndlJY/ 
Ci...hang 12-11-69 7.8 132.0 29.3 25.0 0.3 la. I 91.1 21.7 2A.4 1.3 17.6 17.1 0.6 

CitandlJY/ 
llanj", 16- 9-72 120 8.5 136 12.0 9.4 7.3 0.2 0.2 - 1.5 75.1 10.7 2.6 0.08 0.12 1.4 0.0 3.2 0.0 8.9 3.0 

Cit"ndlJyl 
PatarlJ_n 16- 9-72 110 8.4 \.48 12.0 8.7 9.5 0.2 0.2 - 1.5 72.0 9.7 2.8 0.08 0.09 1.6 0.0 3.2 0.0 28.~ 3.4 

13-12-73 176 7.6 135 11.5 •25.0 7.5 5.0 0.0 3.4 4.0 60.4 5.5 10.0 0.52 O.OZ 0.03 0.0 1.9 13.5 23.5 0.6 TL' 5.3 73.0 87.0 

'Zl 1-74 73.0 7.5 64 10.0 6.8 5.0 7.5 0.0 '.0 ••• 39.0 7.8 11.0 0.002 0.12 0.01 O.OZ 1.2 3.5 16.1 0.2 2T..2 2.T "M.O "140.0 

World H....lth ~......,..ded limit 75 50 .3 .T 200 200 0.5 5 5 

Standard Accept..,le Litnit ~ 150 1.0 .5 600 400 "45 2S 50 
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Chapter IV 

AGRICULTURE 

Ganeral 

The Banjar Plain. Project ha. a aros. study area of 

approximately 3,000 hectare. which is made up of .teep upland. and 

river floodplain. 'lbe project, a. envi.agad no' f, will .erve the 

low, fl8t floodplai~ which ha. about 1,453 hectare. of aros. area. 

About 60 percent of th1e area 18 at present being cultivated, 

while the re.t of the land i. non-agricultural. Of the cultivated 

land, rice i. arown on 605 h~ctares, while about 180 hectare. of 

.ard.n are. i. cultivated to coconut, cassava, Bweet potato, 

cucumber end fruit trees. 'lbe balance of the gross .tudy area of 

1,'47 (3,000-1,453) hectare. i. mostly made up of steep and 

rollina terrain with limited a8ricultural activity. 

The pre.ent atudy concerns only th.. flat, floodplain area of 

1,453 hect~r•• , which i. termed the service area. 'lbe rest of the 

gro.. .tudy area does not lend itself to a 8ravity technical 

irriaation systell, but ia proposed to be brou8ht into planning 

under the uppar water.hed study at a future date. 

In the .ervice area. current agricultural practice 18 to 

plant the Urst rice crop in the Oc tober-November period and 

harvest tha aame in February-Harch period. A second rico crop is 

planted on a limited aree, depending on water availability, during 

March-April period and harvested during June-July period. 'lbe 

average dry rough rice (gabah) yield of the firet crop 1a 

2,885 ka/ha which ie nearly 2.5 times that of the second crop. On 

areea where e .econd rice crop i. not arown, 1:1 upland crop 

(Palawija crop) of corn, cassava, Bweet potato, peanute, Boybean. 

and/or mungbeane is normally grown. Little or no area ia cropped 

with two rice crape and an upland crop in a year. 
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Thia chapter presents the current agricultural practice and 

land use in the service area, the 80ils and land classification, 

propoeed cropping pattern and the irrigation requirements for the 

propo.ed cropping pattern. 

Physiography 

A general physical description of the project service ar.a 

(eee Pig. V-l) will show a small, flat plain bounded on the north 

by the Ci tanduy River, and on the south and ea8t by a high 

mountain range. The plain is approximately 7 km in length with a 

width of l/2 km (narrowest point) to 4 km (widest point). The 

main railroad line from Banjar to Bandung is located on the high, 

flat ridge of the plain which extends in an east-west direction. 

The city of BanjDr is located at the eastern end of the plain. 

The overall gradient of the plain is in a southeasterly 

dir~ction, with local drainage8 extending north and south away 

from the railroad. One main drainage, beginning at the western 

end of the plain, flows easterly through the rice paddy area 

before turning north and emptying into the Citanduy River. 

Another main drainage, beginning south of Banjar, flows north 

along the project's eastern boundary and empties into the 

Citanduy River at the northeastern corner of Banjllr. 

'The high hUI range south and east of the plain consists of 

steep, undulating terrain devoted to mixed cropA with iRolated 

rice paddit.8 located in 8mall narrow drainages. Runoff (excesB 

rainfall) flowing from theae watersheds is used within the rice 

paddies where feasible. 
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Land Use 

The cultivable lands within the Banjar Plaiils Service Area 

are either privately owned or operated on a cooperative bas18. 

There i. no government land or pastureland within this area. 

Within the service area there are a few rural type 

irrigation .ystema which essentially collect t~. runoff and 

.pringflow occuring fro~ the steep, rolling hilla on the eastern 

edge of the service area. The collection b done through a. 

contour channel which is then led t.nto paddies, directly. This 

rainfall dependent system b very primitive and cannot supply 

a.sured flow during d~y 8pells even in the rainy 8eason. However, 

the 8ystem does provide some supplemental water which assure. a 

higher rice yield over yields in areas without any irrigation. 

Also, part of the land that is supplied from this rural system i. 

cropped to a second rice crop in years of average and above 

average rainfall. The actual area under this system cou} d not be 

determined. It is ostimated that around 350 hectares of rice 

paddies in the service area are served by the rural systems. 

The present land use pattern in the study area is shown on 

Figure IV-I. The Figure shows location of areas planted to rice, 

but does not identify areas in the lowlands which are planted to 

upland crops during the dry season. As mentioned earlier, about 

60S hectares of lowland area cultivated to rice is located in 

western and central part of the service area, while the 

180 hectares of upland area is located near the settlements, along 

the river and on the steeper slopes forming the western boundary. 

Most of the upland areas close to the settlement are planted 

to coconut and fruit trees. interplanted with cassava and 

vegetables. These lands have a good, deep alluvial soil. nle 

uplands away from the settlement are cultivated to mixed crops. 

Since the area of ricelands is limited, and Indonesia is 

critically short of rice, the use of paddies for production of a 
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••cond crop conllisting of maize. !loybean. sorghum and/or other 

fi.ld crop. during the dry lIeason is not foreseen. If irrigatio~ 

vat.r i. available, moat farmers will prefer to use their paddie. 

for producing two crape of rice per year or, 1.~ 80me caeee. tvo 

ric. erope followed b, • ehort eeason divereified crop utllizlnl 

r.eldual eo11 lIIoieture. Fieh-sanitation pondll found in villag. 

ar.a. ueually 10 dry during the dry season. No farm land i@ ue.d 

for the production of livestock. 

Surface drainag~ for most of the serv1ce area i. fair to 

aood. A small area of about 30 hectares On the western boundary, 

clolle to 81 tubatu. ie flooded during heavy rainll. (Se. Fig. IV

2). Aleo. 1I0me landll along the river. which are in the low-lying 

areae, are flooded for short periods of time from rainfall and 

river flooding. Major flooding of any portion of the service area 

from t~e Citanduy River hall not been reported. 

Land Capability 

Present use of the Banjar Plain lands does not fully utilize 

or maximize this resource, considering what would be possible with 

'aodern' agricultural technology. The deep alluvial soils are 

capable of higher crop production and yields than is presently the 

case. Much of this problem 1a due to the lack of irrigation water 

when required, and the resulting plant stresses, eopecially during 

the dry season. The non-use of recommended amounts of chemical 

fertilizer and recommended high-yield variety (HYV) seeds ~re 

additional reasona that these lands do not meet their potential. 

With the use of recommended inputs and technical irrigation. these 

landll are capable of doubling crop production, and exceptional 

farmer. should do much better. 

Much of the village so11s inside the Kampung. have a clay 

loa. texture that 1tJ ideal for the cultivation of vegetablell. 

Irrigated family vegetable gardens can be developed close to the 

.ettlement if water supply ill furnished. The agricultural 
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extension service will need to promote the idea of irrigated 

vegetable. and other annual commercial crops. Additional use of 

villas- land. could b. made in the production of livestock and 

poultry. n~i~, too, would require an educational program promoted 

by the extension aervice. 

Water Table 

The water table in the service area ranges from two to four 

meter. during the rainy season, but drops to a range of four to 

twelve meters during the dry season. Groundwater i. listed aa 

shallow for Banjar Plains Area, with no indications of salty 

water. 

In the service area, four springs are situated which flow 

year round. These springs are an important source of water for 

rural irrigation and domestic use. 

The Figure I V-2 shows the location of open wells where the 

water levels Were measured and the location of springs. 

So11s 

The soils of Banjar Plain service area are a major natural 

resource that has not been fully exploited. These deep alluvial 

80ils have not been cultivated to their utmost capability, 

particularly 1n increasing crop intensity and production. With 

supplemental water supply, all of the ricelands could be used for 

production of two rice crops. During the dry season, part of the 

area could support a third upland crop uaing residual moisture. 

Approximately 66 percent of the cultivable lands could be used for 

production of upland crops during the dry season if irrigation 

water can be provided. A field investigation of the entire 
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.enice area indicate. that a technical irrigation system with 

tertiariee can be provided by a gravity and pumplift system. 

'nle Banjar Plain soih have been greatly influenced by 

parent lIateriah and historical flooding of the Ci tanduy River. 

Geological tnformation tends to indicate that parent material. 

were volcanic debrt. consisting of breccia, tuff, sand and basalt. 

Sedimenta fro. the watershed slope. were carried by the 

Citanduy River as suspended loads and deposited a. alluvial 

terrace. and alluvial plain. (f luvial). These flUVial soib, 

which developed as recent and lIubrecent alluvial materiah, are 

found at a young stage of development with no diagnostic horizons 

formed for identification. These soils have a base saturation 

percentage of fair to good. Soil color i8 predominantly brown. 

Field investigation of the Banjar Plain has shown a large 

area of fine-textured soils deposited over coarser materials 

con.isting of fine broken rock, small gravel and some single grain 

8and bound together by clay particles. Deep deposits of fine

textured clays over coarser materials are found in river levees 

and river terraces. A large, wide, flat ridge of this so11 is 

found parallel to the Ci tanduy River west of Banjar. The main 

ea8t-west railroad line is located on this flat ridge. To the 

80uth of this ridge the area of ricelands consists of shallow, 

fine-textured clays over coarser materials of flne broken rock, 

allall gravel and single grain sand bound together by clay. 

Because of the coarse materials in the lower proftle. internal 

drainage does not tend to be a problem. However. yellow-orange 

ruat color in the profile of ricelanda does indicate the existence 

of a fluctuating water table. Some of the wells 1n the villages 

ahow a watel· ~able level of 3 to 4 m during the dry season. 

Soil survey in~icate8 the surface soils have a predominance 

Soil survey indicate~ the surface soils have a predominance of 

fine-textured clays, consisting of heavy clay (60+ percent clay), 

medium clay (49-·59% clay), clay loam and some loam so11 types. 

Sandy soil types were not found to bE! present, even on river 
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levees. Medium clay soils predominate with heavy clay soils 

nearly a. important, followed by clay loam and a few isolated 

mound. of loam. Much of the large, flat ridge west of Banjar 

contain. medium clay .oi~ and rice i. cultivated in open paddie., 

with mixed upland crop. grown within the surroundins villages. 

Further we.t on the flat ridge the soil type change. to clay loam 

and some loall. Alona the Ci tanduy R1 ver west of Banjar several 

larae pockets of clay loam are found separated by medium clay. 

'lbe la7:ge area of ricelands, south of the flat ridge, contain 

Iledium and heavy clays, with the heavy clay usually found in the 

natural low drainages. The general soil map of the Banjar Plains 

.ervice area is sho~~ on Figure IV-3. 

Physical observation of these soils shows them ~o be a good 

medium for the development of increased ClOp production under 

improved irrigation. Under dry conditions, these soils show 

surface cracks of different widths and depths, depending on the 

percentage of clay. Heavy clays show cracks of 2 to 5 cm (width) 

and l' to 20 Clll (depth). St ruc turally, these Boils extend from 

fine crumb in clay loam to angular blocky in dry heavy clay. Iron 

oxides found in these Boils tend to bind together soil particles 

and establish the existing good structure. Soil erosion on 

Banjar Plains is not an important problem, since the clay soil 

have good cohesion due to the content of iron oxides. Rice 

paddies a130 act as a barrier against the movement of loose soils. 

Land Classification 

In conjunction with a soil survey, a classification of the 

land of 8anjar Plains service area was made to determine 

suitability of lands for irrigated rice and upland crops. A field 

investigation was made to determine soil differences and physical 

features that would influence future planning and design of the 

irrigation system. Specifications, based on physical and chemical 

information, were used as a guide in classifying lihe lands into 

irrigable and non-irrigable areas. Finally, an inventory of these 

\
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area. va. .ad. to aiv. an overall view of the soil resource, 

availabl•• 

Th. land cla.aification proar.. feature. a dual-purpo•• 

• y.tea of ....inina each .011 type for uae in cultivaUnl both 

ric. and upland crop.. Each area 18 aiven a symbol of It 

(riceland) and U (upland), .hown a. R/U or U/R, baaed on aoil and 

crop .cience, and the judaement of the cla.aifi.r. Each Boil type 

i. conaidered for cultivation of rice a. a primar)' crop and 

cultivation of upland cropa aa Ii aecondary crop. SOU and 

dralnaa. def1c1en~ie. affecting crop production are taken into 

conaideration when completing each land claa. symbol. 

The followina ayrabola were used in' the classification of 

lanjar Plaln. landa. 

~-------------------Class 3 due to multiple deficiencies 

Soil deficiency (high acidity) 

r---------------- Drainage deficiency (Saline intrusion) 

r-------------- High saline concentrations 

~----------Class 2 due to future limited yields 

r--------- Soil deficiency (near 8eal~vel elevations) 

R3sdx 2s 
U611dx 3. 

~-------- Soil deficiency (high watertable) 

~----------Class 3 due to marginal or no crop yield 

~-------------High saline concentrations 

~-------------Drainage deficiency (sa11ne intrudort) 

~----------~----Soil deficiency (high acidity) 

~-------------------Class 6 - Non-productive due to multiple
deficiencies 
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This land class discloses the most marginal lands within the 

project area and corrective measures will improve these soils only 

to a limited land use. Due to the multiple deficiencies at almost-..... 
sealevel elevation, the prospects of attaining high crop yields is 

questionable. The cultivation of upland crops will be almost 

impossible unless raised seedbeds (surjans) are used. Because of 

soil ~hemistry problems, a high watertable will need to be 

maintained at--all' times, limiting crop use to rice production, 

only. Shallow drainage ditches must be used to keep these soils 

from being overexposed to the air (oxidation). Because of these 

existing conditions, the land class for ricelands (R) ~nY been put 

at 2 (to reflect less than class i conditions), while upland (U) 

has beenro-o raised from class 6 to 3 to reflect marginal 

improvements. 

Non-Irrigable Lands 

6 H Town, village and other concentrated housing 

6 d Natural drainages 

6 t Steep slopes and high elevations 

An inventory of the lands in the service area was made and 

the land classified under each of the above categories. The area, 

each category and its percentage are shown in Table IV-i. The 

land class 1s also shown on Figure IV-4 through FIKure IV-Ii. The 

Figures cover the total grosR study area of 3, 000 hectares with 

land class limited to the service area of i,453 hectares. 

The advantages of the dual purpose land classifiCAtion 

system is recognized when mapping alluv1al soils that offer 

mul tiple use for a large variety of crops. Th is may offer an 

econowic advantage when confronted by a small compact unit such as 

the Banjar Plain. 
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Although ricelands are not usually used for the cultivation 

of upland crops, a large area (407 hal of Banjar Plain ricelands 

do adapt themselves to a dual use. Those lands with classification 

Rl/U2s can be used for cultivation of upland crops when the 

irrigation water supply is limited. These medium clay soils CRn 

easily be adapted to cultivation of soybean, peanut, sorghum and 

sweet potatoes, crops that require less moisture than rice. The 

large area (224 hal of land class U2s/R3s, located within 

villages, is adaptable to all crops. 

Soil Fertility 

Composite soil samples were collected at random from the 

service area in May, 1977. Ten borings Were made for each sample. 

A total of twelve samples were collected at depths of 0-20 cm and 

20-40 cm at six sites. Samples were sent to the Soil Research 

Institute in Bogor for chemical analysis. The results of the soil 

analyses Is presented in Table IV-2. 

The soil analyses data shows that the pH of these soils is 

moderately acid; some grain crops may respond to lime application 

when the soil pH is under 6.0. However, since the lower pH value 

is 5.4 and the percent base saturations are adequate in these 

soils no toxicity symptoms from AI, Fe and/or Mn in plants are 

expected. The base saturation expresses the ratio of ea++, Mg++, 

K+ , Na+ , and NH + with respect to the total cations in the soil4
exchange system. The realtionship of pH to Percent Base 

Saturation can be easily seen from the following graph. 
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The cation exchange capacity (CEC) of these soils is high. 

From the CEC it seems that the clays in the area are dominated by 

a 2:1 type of clay lattice. Since cracks in the surface are quite 

large during the dry season, it is probable that the clays are 

mainly montmorillonitic. Also, an increase in CEC with soil depth 

clearly shows that the clay increases in the B horizon, even when 

the Organic Matter (OM) 1s about 1% higher in the upper 0-20 cm of 

the soils sampled. It is usually safe to assume an increase of 

2 me/lOO g soil in CEC per each 1% increase in OM. 

The salinity hazard is very low, although the values 

reported are deceiving, because they are not expressed in terms of 

Saturation Paste (Standard Procedure), but on a 1:5 soil:water 

ratio. Since these so11s are approximately 60+ percent clay I the 

soil water holding capacity should be roughly 50% to 100% water 

for so11 saturation. Therefore, if we multiply the electrical 

conductivity (EC) values by a factor of about 5, it will give a 

more realistic so11 salinity value. The sodium hazard is low aA 

shown by the calculated values of Exchangeable Sodium 

Percentage (ESP) • These values range from 1• 26 t I) 3. 88, with the 

lower part of the solI profile sl'Impled (20-40 cm) having greater 

ESP values. roughly double that in the surface (0-20 cm). 

The percent organic matter «()~l) estllll1:lteH from the Jlf~rct'nt 

nitrogen (N) and percent carbon (C) Ls medium to low with valiles 

ranging from 4 % to 1%. The upper part of the AotI profile (0

20 cm) contains roughly 1% more OM than the lower part (20-40 cm). 
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The values of citrate soluble (P 0S) analysis ranged from2
10 to 200 ppm and two so11 locations showed considerably higher 

values than the rest of the samples (up to 20 fold difference). 

This could be due to sample contamination, since the trend to 

lower P 0S in the 20-40 cm depth sampled, except for the two high
2

P valued soils. Phosphate is not that mobUe in i\cid so11, 

especially on a heavy-textured soU. Also, field observations 

revealed higher iron (Fe) content in the 20-40 em depth, which 

could explain the trend to lower P20S values with depth, due to 

the formation of insoluble Fe PO4 and Fe (PO4) 2 compounds.
3 

Therefore, it is very improbable that values of 200 ppm 

available P20S could be found at 20-40 cm depth. 

TheSQ 8011s under the proper fertilizer, tilh'ge and water 

management should be very productive soils. 

Crops and Cropping Patterns 

Present cropping on Banjar Plain is devoted to the 

cultivation of rice, soybeans, peanuts, vegetables, cassava. sweet 

potatoes. fruit trees and coconuts, with limited cultivation of 

maize, sorghum. mungbeans and other assorted pulses. Rice is the 

primary crop produced during the rainy season, and a second crop 

of rice is produced if water is available during the early portion 

of the dry season. Low yields of moat of the crops are due mainly 

to planting and management practices. non-use of production inputs 

and lack of irrigation water. 

Present weighted average yields of some crops are shown in 

Table IV-3. This is based on yield data for the thr~e 

8ubdistricttl of BanJar, Ciamuragaa and Pamaricim in which the 

Banjar Plains service area lies. The wet 8ea~on rlce yield Is 

2,885 kg/ha of dry. rough rice (Gabah), whlle in the dry season It 

is only 1.089 kg/ha. 'l1le dry season yield is :38 percent of the ..... l~t 

season yield. and th1.A is due to the paucity of water for the dry 

season crop, pHrticularly the later part of it. Present rice 
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varieties grown 1n the service area during the wet seasor consist 

of local varieties on 50 percent of the area, IR variety on 

40 percent of the area, and 10 percent of Pelita variety. The dry 

season rice crop is mostly limited to local varieties. 

An analysis of Table IV-3 sh~ws the 'cropping intensity for 

rice crops to be 1.04 for the three subdistricts on a whole. The 

cropping intensity of rice plus upland crop in the three years 

varied from 1.48 to 2.03 in the th!'ee subdistricts. Most of the 

second crop is made up of mixed upland crops. The predominal1t 

mixed crops are cassava and sweet potatoes. In the present 

condition, the cropping inten8ity for rice cannot be increased due 

to the fact that assured wa ter supply is not available for the 

second crop. The small amount of land on which a second crop is 

grown is located in areas which haVE! a rural irrigation system. 

such as the lands on the western portion of the Banjar Plains 

service area. 

Future cultivation of crops (rice. upland, and garden) 

without the project has been estimated for the purpose of benefit 

computations. Conversion of the garden area of 100 ha to riceland 

area cannot be anticipated. For the second rice crop (dry season) 

of local varieties with longer grOWing season. water supply will 

remain to be a problem. It is estimated that approximately half 

of the rice land area can prove a rice crop during dry season, 

with the remainder of the 605 ha planted with an upland (PalaHlla) 

crop. This crop uses residUAl moisture and is far less sensitive 

to water stress as rice. Thus the resulting cropped area In 

future without project is estimated as follows: 

First Crop Second Crop 

rice 605 ha 30n h a 

upland 305 ha 

garden (one year) 180 ha 

{
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Increaeing the intenuity of rice culture is particularly 

dependent upon the varieties of ricl~ grown. The local variety is 

still a favorite with most farmers because of its taste and 

economic considerations. However. the 135 to 145 days of cropping 

period for producing local variety is a distinct disadvantage in 

getting two crops of rice within 7-8 months. Water shortage tends 

to be more critical if the two rice cropping period goes beyond 

eight months. Rice varieties IR28 and IR30 are superior to the 

local and Pelita varieties in this respect. as the two rice crops 

can be obtained within eight months. 1"1. varieties should. in the 

future. become more popular because of their dwarf size. disease 

resistance. stiff straw. non-shattering grain characteristics and 

shorter growing season. 

Future Cropping Patterns 

The goals of a good cropping pattern are higher production. 

higher net farm income and better nutrition through the efficient 

use of all the resources available to the farmer. Frlrtherroore, 

better distribution of labor and more frequent harvests are 

required by a good cropping pattern. 

Wi th the introduction of technical irrigation system. the 

farmer will generally prefer a rice-rice cropping pattern because 

it is the main food crop and the price of rice tends to be stable. 

The fact that nearly 15 percent of rice consumed in Java is 

imported is an additional factor in the nation's drive and the 

farmers' preference to grow rice. Also. dry rice is relatively 

easy to store in open space with less insect daroage. 

The growing of short season upland crops and vegetables 

beyond what is consumed locally is alway!-l difficult becawH~ of 

lack of infrBstructural and marketing facilities and price 

fluctuation. The farmers reRist;jn(~F! to growing theHl:' vfJrietie!-l 

beyond the local need is inherent aud introduction of a cropping 

pattern with a higher intensity of upland crops must be supported 
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by providing inputs and a market. However. consideration should 

be given to the cultivation of irrigated vegetables and field 

crops in the upland areas. Soybeans. as the highest cash value 

crop. would be a good source of income. Soybeans. sorghum and 

maize are crops that Indonesia must support to fill 

livestock/poultry feed requirements. Processing of maize. peanuts 

and soybeans for production of 011 is an important industry in 

Indonesia. and present crop production does not meet the country's 

requirements. Unfortunately. the local infrastructure for these 

crops does not meet the needs of' increases in production. 

Table IV-3 shows crop yield figures for soybeans. peanuts and corn 

in recent years. which are low. It is not inconceivable to 

predict that these production figures could be doubled or even 

tripled when all management inputs are applied. During periods of 

low irrigation supply. the upland soils of land class U2/R3s and 

the land class Rl/U2s could be used for cultivation of these crops 

in substitution for a limited second rice crop. 

Increased rice production on Banjar Plain is associated with 

the problem of the farmers planting local varieties. A modern 

irrigation projec t requires tha t. in general, high-yie lding 

varieties be used throughout the area, with planting of s~edlings. 

maturity periods and harvesting dates kept to a prescribed 

schedule. 

Several cropping rotations that can be adapted to the 

Banjar Plains Service Area are shown on Figure IV-12. Use of any 

one of these cropping rotations, or a combination of these, will 

depend on various factors. For the rice variety, the farmers will 

have to shift to high-yielding varieties (HYV). which are belnK 

extensively used in various parts of Java in irrigated areas. nle 

traditional HYV variety of Pelita 1/1, and the recently tntroduc~d 

HYV variety of IR-36 were dlfJ:;"n beCAuse of the lr !lhorter 

production period. Both varieties are simU:H wl th a I') day 

average difference tn the crop growing period. fR-35 ylt:'lds 

slightly more than Pellts 1/1 and has higher reslstance to plant 
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insects and disease. These varieties now being recommended can 

change in the future with the introduction of still newer 

varieties. 

The cropping rotation shown in Figure IV-12 aSSumes a 30 day 

staggering for all cropping operations. This would mean that all 

operations such as land preparation, transplanting or harveHttng 

will have a 30 day staggering between the ft rat farmer and the 

l$)st farmer in the rervice area. Th is will not only s tflgger the 

peak demand of water, especially during land preparation, but will 

also reduce the size of the distributary system. For a run-of

the-river system, a staggering method of land preparation wi 11 

reduce shol'tages, 8spf:'cii:lJly \-lflPI! tflP l'ivpr' fl()~1 is .loVi. 

The first cropping rotation shown on Figure IV-12 is for two 

HYV crops of PeUta Ill, a pattern frequently adopted when 

rainfall is plentiful or sufficient water Is availahle for 

diversion. Land preparation begins abolJt early Sf>pt~mhp.r anti 

continues for twenty days, followed hy two dRyH for transplanting. 

The nursery, plant in early Septemher, woulti grow for rt perinrl of 

20 to 22 days before seedlings are trflnHpl :jnted. 111f' transplflnted 

seedlings have a growth period of 105 dRyS before reflching 

maturity. Harvesting would begin in miti-January and be completp.d 

by mid-February on all project land. The total growth period is 

about 125 to 127 days. Preparation for the second crop would 

begin immediately (beginning of FebrUAry), and the harveHt ing 

completed by mid-July. The mOAt criticfl1 period in termR of water 

shortage would be the land prepnration period for the wet senAon 

crop, and crop water during June for the spconrl crop. 

The second croppin~ rotation I~ it mnrllficfltlon of th~ first 

rotation that can be used when a wnter Hhortrlge is £~xpected for 

the production of a second crop. A Witt ... r shortrlgp. ~nlJld be 

contemplated if rainfal.l during f)1'l:t'fll!wr, .litllll;lry and Fehruary 

(heaviest rainfall monthA) Is bl·Jf)1,1 flt)rlJloI]. A 1Il1'of\Jm ~r()wlnp, 

season rice variety (Pelitn r It) is IlS'·.-j as thf~ finit crop, 

followed by a shorter growin~ sen son rici' '/rJrlety (fl{-3f». The 
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cultivation procedure for mediwn season crop (Pelita 1/1) is the 

same as in the first cropping pattern; while the short season crop 

(IR-36) cultivation is initially the same, the crop gro~th period 

is shorter than first crop and harvesting begins by mid-May, and 

ending by mid-June. Total days for cultivating the short season 

crop (IR-36) is apprl>ximately 110-112 days. The cultivation of 

upland crops, after a second crop, is not possible because of a 

short cultivation period and possible shortage of irrigation water 

during the dry season. In the event a water shortage occurs in 

the month of September, then it might be necessary to switch from 

the medium season rice variety (Pelita I/l) to the short season 

(IR-36) variety. This would permit a 15 to 20 day delay in 

starting of the wet season crop without affecting the second crop

This cropping rotation is not shown on Figure IV-I2. 

A third cropping pattern combines one crop of medium season 

rice (Pelita 1/1) followed by anyone or a mixture of a variety of 

upland crops_ This cropping pattern will be suitable for some of 

the upland areas classified 8S U2s/R3s, especially during yea~s of 

below average rainfall. The medium season (Pel ita 1/1) cr.op i8 

grown as the wet season crop 1n 125 to 127 days, followed by an 

upland crop. A long season upland crop, such as peanut an 1 

soybeans, will be grown immediately following harvest ing of the 

rice crop if the soil is not heavily saturated due to rain. This 

will offer a poor medium for seedbed preparation and seed 

germination. A short season upland crop would be grown if a 

20 to 30 days period is needed to prepare the seedbed and reduce 

saturation levels. 

The last cropping rotation shown on Figure IV-12 is a hlgh .. r 

intensity cropping suitable when sufficient water is avail~ble in 

the river during the dry period. It cons is ts 0 f two sho rt 

duration rice crops (IR-36) followed by a short seaHon lIplrlnrl 

crop. It is expected that this cropping pattern will be uHed by a 

small percentage of farmers whose areas lie close to the head 

reaches of the canal in years of above average rainfall. 
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Of the four cropping rotations indicated, irrigation 

requirement for the first and last crop rotation have been 

developed in the following paragraphs. 

Irrigat~Loll Water Re~iro~ 

The climatic conditions which are of importance to 

irrigation requirement computation and cropping schedule planning 

are described ill Chrpter II, Hydx.:ology. In the selection of 

rainfall data which are representative for the project area, an 

analysis has been madE of rainfall data of three rainfall stations 

in the vicinity of BanJ~r Plains area. They are as follows: 

Approximate 
Station Elevation Period of 

Number Rainfall Station (Meters MSL) Record 

245 Banjar and Pa tanunan 30 1971-1970 

245a Cisaga 85 1950-1973 

247 Binangun (Gunung Putri) 20 1954-1976 

The location of the rainfall stations are shown on 

Figure II-I. The Banj ar IPa taruman station, which is about 

3 kilometers downstream of the project area, probably represents 

the rainfall in Banjar Plains area reasonably well. The period of 

record, however, is too short to be used in irrigation re4ujr~ment 

estimation. Of the two other rainfall stations which have more 

than 20 years of record, the Blnangun/Gunung Putri station 

correlates the best with the Banjar station. The average monthly 

rainfall of Binangun is for 6 out of 12 month!:! within 5 percent of 

the average monthly rainfall at Banjar IPa taruman. The average 

monthly rainfall at Binangun for the remaining months, generally 

in the light rain period, is slightly lower than at Banjar. 

The rainfall at Blnangun, therefore, hlls bel!11 tlelected atl 

representative for the project service area. The use of the!-H! 
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data probably provides more conservative estimates of irrigation 

requirements. The 10 day rainfall for the period 1953 to 1976 for 

this station is presented in the Appendix volume. The average 

10 day rainfall for this period is shown in Tables IV-4 and IV-5. 

The high rainfall during July second ten-day period is caused by 

above normal rainfall during the period 1954 to 1957. If these 

four years are not considered the magnitude drops from 122 mm to 

44 mm, which is more reasonable. 

The dry year ten-day period rainfall has also been worked 

out. In the 23 year period of rainfall data available. from 

1954 to 1976, the dry years were 1961, 1965. 1966. 1972 and 1976. 

The ten-day relinfall fot' these years are shown in Tables IV-4 

and IV-5. 

The annual rainfall varies from 1,40~ mm to 4,557 mm, with a 

mean value of approximately 2,560 mm. During the dry period (June 

through September) one out of three months has no rainfall. The 

average rainfall during the dry months amoun ts to about 6 ')0 mill. 

The mean dry year annual rainfall is about 1. 746 mm which is 

68 percent of the mean annual rainfall. 

Based on the rainfall pattern at Binangun, three seAsons can 

be distinguished using the follOWing criteria: 

Wet season with	 Average month ly rainfa 11 
heavy rainfall:	 exceeds 200 mm. 

Intermediate season	 Average monthly rainfall 
with light rainfall:	 between 100 mm and 200 mm. 

Dry season:	 Average monthly .rainfall is 
less than 100 mm or the 
majority of the mOl\ths in 
that period have a ra infa 11 
of leAS than 100 mm· 

The seasonal limits of 100 mm and 200 mill were selected for 

the following reasons; (a) 200 mOl is equal to ry.7 mm/day. which 
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is normally quite adequate to grow wetland rice crop without 

irrigation; (b) with 100 mm (3.3 mm/day) or less, irrigation h 

nee~~:~d for most upland crops; (c) rainfall between 100 mm 

(3.3 mm/day) and 200 mm (6.7 mm/day) wetland rice needs 

supplemental irrigation while upland crops can be grown without 

irrigation, particularly when following a rice crop with high 

residual soil moisture available. 

The seasons defined according to the above criteria are: 

Wet Season: November to March 

Intermediate Season 
(Light Rainfall): April, May and October 

Dry Season: June to September 

Water Requirement for Wetland Rice 

The crop water requirement for wetland rice is defined as 

the sum of evapotranspiration and percolation during the crop 

g rowing season. During the land preparation and nursery, this 

will include, in addition, land soaking requirement. 

Land Preparation 

The amount of water required for land preparation is 

calculated using Wen'sl/ modified formula. With this formula 

the water requirement for a given area is constant during the 

whole land preparation. To obtain equal daily water 

requirements the size of the area supplied with land soaking 

water must decrease with time. A land pr~paration time of 

30 days was adopted in the p lposed crnpp ing calendar. 

1/ " - Wen, Ligen; Development of New Procedure for Dl:'tl~rrIlJnf1tlon 

of System Capacity of Trill1splanted Rlcp", Utah Sti:lte UrliverHity, 
Logan, Utah, 1970. 
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The amount of water required for soil saturation and 

puddling depends on the soil depth in the field and water losses 

due to evaporation and percolation. Based on recommended cropping 

pattern the land soaking requirement has been estimated for two 

different periods of the year. For crops transplanted in October 

and February/March, the land soaking requirement is estimated at 

180 mm and 100 mm, respectively. These land soaking requirements 

are composed of an estimated soil saturation requirement of 130 mm 

and 50 mm, respectively, and 50 mm as submergence depth in the 

field. The land preparation requirement is calculated with Wen's 

formula as shown below. 

Q • 

Where: • Discharge In m3/day. 

•	 Area in hectare. 

•	 Water requirement for transplanted rice - 
is estimated at 6 and 7 mm/day, respec
tively, for the wet and dry season crop. 

D	 • Water requirement for soaking and puddlings 
the field, in meters, estimated at 180 mm 
and 100 mm, respectively. 

•	 Conveyance efficiency, as~umed to be one. 

•	 Land preparation period in days. 

Wi th a land preparation time of 30 days, the total land 

preparation water requirement for the recommended cropping 

rotation are, 

Transplanting October 285 mm
 

Transplanting February/March 216 mm
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Crop Coefficient 

Crop coefficient for submerged rice in humid regions of Asia 

have been published by FAO~/ and have been used in determining the 

crop evapotranspiration in the project area, as no other data were 

available. The crop coefficients which have been used for both 

rice crop are: 

First 50 days: Kc - 1.1 

Next 30 days: Kc - 1.05 

Last 25 days: Kc - 0.95 

The crop coefficient for upland crops are different from 

those for rice, and are normally lower. Based on data in the 

Southeast Asia region the magnitude of the crop coefficient for 

diversified crops are estimated to have a range from 0.65 to 1.05 

over the growing period. 

Crop Water Requirement 

The potential evapotranspiration for the Banjar Plains Area 

has been calculated using the modified Penman method. DR ta on 

temperature, relative humidity, 3unshine and wind velocity for the 

project area were derived from the data available for TaHikmalaya 

and Cilacap meteorological stations (see Chapter-I [, Hydrology). 

The dally potential evapotranspiration on a monthly basis varies 

from 3.7 mm to 5.1 mm. 

The calculated deep percolation 108:'1 is estimated to be 

1 mm/day for computation of the crop water requirement. 

The crop water requirement i8 defined 111::1: 

2/
- FAO Publication "Crop Wa tee- Requ I.rement", Publ1.catlon No. 24, 
Revised in 1977. 

IV-22
 



CWR • K ET (t) + pet)c p 

Where.	 CWR • Crop water requirement in mm/period. 

K • Crop coefficient. 
c 

ET • Crop evapotranspiration in mm/day.p
 
t • Number of days.
 

p -	 Percolation in mm/day. 

The CWR is shown in Tables IV-4 and IV-5 for two different 

cropping patterns. Table IV-4 is for two rice crops of high

yielding variety shown as number I cropping rot~tion on Figure IV

12, while Table IV-5 is for two short peLiod HYV rice crop and a 

short season upland crop, identifieci as number IV cropping 

rotation on Figure IV-12. Irrigation is assumed to be shut off 

10 days before harvest and the fields are drained. The crop water 

requirement is presented for a ten-day period with the 30-day 

staggering for all cropping operations. 

Effective	 Rainfall 

Effective rainfall is the net amount of rainfall which will 

be available to satisfy the crop water requirement at a specific 

time. There is an upper limit to the amount of water that plants 

can utilize, under any local climatic conditions. Ra infal! 

generally diminishes the irrigation demand, but not all rainfall 

is effective in meeting the vegetative demand. Effective rainfall 

is also a function of the height of the bunds Lmpoundlng water in 

the case of rice. the slope of field. the irrigatLon rotatLon 

schedule and infiltration rate. 

The irrigation requirement for each ten-day period was 

worked out for onp. year duration. Since the BanJar Plains Project 

is a divendon project it is necesliary to determJne the IrrlgatLon 

requirement during the dry rainfall years. rather than for a 

normal year. Hence. the effectLve rainfall was computed balied on 
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the average dry year ten-day rainfall instead of the mean annual 

ten-day rainfall. The magnitude of the effective rainfall is based 

on the following assumption: 

a. Eighty percent of the dry year rainfall is 

considered to be the maximum amoun t tha t can be 

effective in any ten-day period. but cannot exceed the 

crop water requirement. This reduction allows for some 

immediate runoff to the drains. 

b. The effective ten-day rainfall which is equal or 

less than the crop water requirement is counted as 

effective. 

The magnitude of effective rainfall for the two crop 

rotations is shown in Tables IV-4 and IV-5. The average 

effective rainfall amount~ to about 60 percent of the mean 

dry year rainfall. 

The diversion requirement for the two crop rotations 1s 

shown in Tables IV-4 and IV-5. Since all cropping operations 

are staggered over a 3D-day period, and the irrigation 

requirement 1s worked out for each IO-day period, the TableR 

have been prepared tn three lO-day incrementR. The tot'!l 

irrigation requirement is the average depth of water required 

for the given period. In computing the irrigation 

requirement for the upland crop, the residual moi!'lture haH 

not been accounted for. 

The irrigation reqlJlr~ment ha!'l been worked out ha~ed Oil 

80 percent farm efficiency during lAnd pp·p;Jral.l'1I1 ;lJId 

50 percent during crop growth stflgP.. l1H>fw efffci"'Ill'!'"'l ;Irt:! 

based on the Consultant's experience and r1at'! collected on 

many projectR in Southeast ARian countrleQ. 111e conveyance 
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efficiency, which reflects the losses in the distribution system, 

i8 taken to be 80%. Thus, the overall efficiency for land 

preparation will be 64%, and for the crop growth stage will be 

40 percent. These efficiency values were recommended in the 

Consultant's report.1/ The Directorate of Irrigation recommends 

using an overall efficiency of 65 percen t. There are no data 

available on the efticiencies in any 2xisting irrigation systema 

to substantiate such a high efficiency value. Also, the 

efficiencies for run-of-the-river projects, such aa the 

Banjar Plains. will be c~n~tderably lower when compared to storage 

projects. 

Tables IV-4 and IV-5 show the 10-day irrigation requirement 

in liters/second per hectare as well as for the total area of 

785 ha. For the two rice crops, the maximum irrigation diversion 

requirement i9 expected to be about 1.22 m3 /sec during the land 

preparation time in September. The irrigation requirement during 

September and October will be large as compared to other months. 

In the event of zero rainfall during any 10-day period, the 

maximum irrigation diversion requirement to/ill be 1.60 m3/sec, 

which occurs in the month of October. 

The cropping pattern with two rice crops and one short 

season upland crop has a maximum irrigation diversion requirement 

of 1.8 l l l/s/ha Of' I.llll m3/s(~c [nr' tllP 7~lS hd, dUl'illg Jrtnd 

preparation in September • Th 1.s cropping pattern has a large 

diversion demand during the months of July, September and October 

when the flow in the river will be at a minimum. It would not be 

possible to adopt this cropping pattern on all the ./',),,) fl.j. It is 

envisaged that a small part of the area would grow the Rhort 

season upland crop, while the two rice crops will be feasible over 

the entire 785 ha. 

3/ " - Operation and Maintenance MAnual-Irrigation and DrainRge", 
Engineering Consultants, Inc., Denver, Colorado U.S.A., 
November, 1976. 
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TABLE IV-1 

Land Class Inventory 

Percent 
Symbol Hectares of Area 

Irrigable 
R1 ) 269 18.5 
U3s ) 

R1 ) Present 
U28 ) Riceland 407 28.0 

R3d (l) ) 29 
U38d(3s) ) 

U1 ) 21 
R3s ) 

Flat 
U28 ) Upland 
R3s ) 224 15.4 

Ne t Irrigable 950 65.4 

Non-Irrigable 
6 H 401 
6 d 60 
6 t 42 

Total Non-Irrigable 503 34.6 

Gross Area . . . . . . . . . . . . . . . . 1,453 100 
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TABLE IV-2 

Soil Analysis Results1/ 

(Service Area) 

Citrate 
pH Base EC (1:5) Soluble Exchange Category 

Sample Depth H O Saturation mmhos/cm. OM* OM P 0 me/100g2 Z 5
Number (cm) Paste K31 (%) CEC (250 

c) (%) %C %N c/N (ppm) Ca Mg Na K ESP** 

185971 0-20 5.4 4.2 54 31.2 0.048 3 1.56 0.17 9 20 10.7 5.5 0.4 0.4 1.28 
972 20-40 5.9 4.5 56 34.4 0.050 2 1.00 0.12 8 10 12.4 5.5 1.0 0.3 2.91t-4 

< 
I
 

"-=
 185973 0-20 5.7 4.4 62 34.7 0.057 2-3 1.43 0.13 11 20 13.7 6.9 0.5 0.4 1.44 
974 20-40 6.0 4.7 70 37.7 0.033 2-4 1.09 0.18 6 10 17.5 7.9 0.8 0.2 2.12 

-.,J 

185975 0-20 5.9 4.3 68 39.3 0.027 2 0.91 0.10 9 20 17.8 8.0 0.9 0.2 2.29 
976 20-40 6.1 4.6 68 44.0 0.034 1-2 0.51 0.08 6 20 19.8 8.8 1.2 0.2 2.73 

185977 0-20 5.6 4.3 60 42.5 0.071 4 2.2'= 0.22 10 130 16.3 8.4 0.6 0.3 1.41 
978 20-40 6.2 5.0 67 43.4 0.090 4 2.36 0.21 11 200 17.3 10.0 1.4 0.3 3.23 

185979 0-20 5.7 4.1 58 37.5 0.025 2-3 1.39 0.13 10 20 14.2 6.7 0.6 0.4 1.60 
980 20-40 6.6 5.2 74 36.1 0.037 1-2 0.51 0.08 6 10 16.9 7.7 1.4 0.5 3.88 

185981 0-20 5.9 4.4 60 23.9 0.030 2-3 1.27 0.15 8 70 6.1 7.0 0.3 1.0 1.26 
982 20-40 5.9 4.5 60 26.3 0.035 1.5-2 0.87 0.12 7 110 8.4 6.1 0.4 1.0 1.52 

1../ Testing carried out be Soil Research Institute, Bogor, Order No. 3026/1977. 

Approximated values calculaLcd from %N and le.* 
Calculated values from exchangeable Na and CEC. .- ** 
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TABLE IV-3
 

Weighted Average Yields for Various Crops1/
 

Total Hectares	 Kilograms/Hectare 

Weighted 
C R 0 P 1974 1975 1976 Average 1974 1975 1976 Average 

Rice (Wet Season) 14,960 14,228 11, 709 13,632 4,681 5,079 4,923 4,8892/ 

Rice (Dry Season) 561 623 334 506 1,396 2,270 1,805 1,8452/ 
,...., 
<	 Corn 1,551 203 350 701 1,012 978 1,178 1,036, 
N 
00	 Cassaola 8,276 6,145 3,212 5,878 7,141 6,667 7,326 7,013 

Sweet Potato 3,713 2,129 1,030 2, III 3,433 3',843 3,837 3,637 

Peanuts 1,870 340 529 913 840 1,071 1,137 926 

Soybeans 292 216 254 866 737 811 

:-lungbean 35 8 22 600 700 619 

1./ Source:	 Kecamatan Records and Agricultural Extension Service, Ciamis. 

]j 
Rice yield reported in wet stalk. To convert to dry rough rice (Gabah), multiply by 0.59. 
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Chapter V
 

PROJECT PLANNING
 

Geperal 

The Banjar Plains Project area i. located on the right bank 

of the Ci tanduy River upstream of the location where the river 

l.av•• ita inched regime and enters the plain. 'nle terrain 18 

typical of the middle reaches of a river with fairly steep slope. 

and 18 not ideally suited for a major diversion work or storage 

r ••ervoir. Por a run-of-the-river project, under ideal 

conditions, the river should be in the plains where a low 

diver.ion structure will command a large area starting immediately 

down.tream. Por storage reservoir, sufficient capacity should be 

avaUable with a reasonable dam he ight. Po r this, a fan-shaped 

valley is preferable to the incised type of valley the 

Citanduy River has in this reach. 

This chapter describes the planning studies carried out in 

connection with the location and type of headworks, and discusses 

the water availability and the water demand that can be met. 

Water Supply Demand 

The Banjar Plains Project will provide irrigation water to 

1I0lie 78~ ha of land and municipal raw wa ter to Banjar town and 

.urroundins areas. 'nle irrigation service area has been described 

in Chapter I-Introduction, and the land use and current 

a.ricultural practices are presented in Chapter IV-Agrlculture. 

The M. I demand was discussed in Chapter III-Municipal and 

Indu.trlal Water Supply. 
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The municipal water 8upply in the year 2000 for the Banjar 

town and the surrounding hamlet8 i8 estimated to be 269 1/8. Thi8 

i. for a total population of about 99.600. of which it i8 

eetillated that 85 percent will be served. The municipal water 

delland b projected to increa8e from 66 1/. in year 1980 to 

269 1/. in year 2000. 

Development of an indu8trial 8ector near the town of Banjar 

va. identified baaed on information supplied by the Ciamia 

Planning Board. The industrial water 8upply demand was estimated 

to be 750 1/.. However. as discussed in Chapter III. the 

development of the industrial sector could not be substantiated 

froa thti Government of Indonesia's Planning Board. Bapanas. or the 

Miniatry of Industries. Further. the Directorate of Rivers i8 of 

the opinion that the Banjar Plaina Project should not have the 

indu8trial water supply component since the probability of any 

.ajor indu8tries coming up in the next two decades is remote. 

Hence. the industrial sector water demand is not considered in the 

formulation of the project. 

Without the industrial sector development, an area of 

7b5 hectares can be irrigated by the Banjar Plains irrigation 

.yatem. Chapter IV discussed the type of cropping patterns that 

can be adopted for the project. Also. mean 10-day irrigation 

diversion requirements were developed for two different cropping 

patterns; one for two rice crops in a year. and a second one for 

two rice crops and a short season upland crop in a year. The peak 

10 day irrigation demand for the two different cropping patterns 

during the dry season of June through Oc tober was discussed in 

Chapter IV-Agriculture. Because of the sustained large irrigation 

requirements during June through Oc tober, a cropping pattern of 

two rice crops and an upland crop is not recommended for this 

project on the total area. A two rice crop pattern will not 

require a sustained demand during all the dry months except during 

the land preparation stage. for the rice crop in September. During 

year. when there ia • delay in the start of the rainy season, the 
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land preparation for the September rice crop can be delayed by a8 

much all a month without affecti'lg the wet sea80n crops. 

During years of above average rainfall it will be possible 

to grow a short sea80n upland crop on 245 ha of cla8s Uland. 

However, both the economic analys18 and irrigation water demand 

discussion ill limited to a cropping pattern of two rice cropll in a 

year. 

The maximum irrigation diversion demand. a8suming 80% mean 

dry year rainfall a~ effective. will be 1.22 m3/s. If there i8 a 

total lack of rdnfall during any 10-day period. the irrigation 

diversion demand will increase to 1.60 m3 /s to irrigate 785 ha. 

The total maximum diversion demand for irrigation and 

municipal water supply will be 1.49 m3 /9. If the rainfall failll 

during a peak irrigation demand period. then the total maximum 

diversion demand will be 1.87 m3 /s. In the event the industrial 

wa ter supply demand develops. as discussed in Chapter I II. the 

total maximum diversion demand will be 2.24 m3/s. 

Water Supply Availability 

The historical monthly synthetic streamflow ',olume at the 

Banjar Diversion Site for the period 1950 to 1976 is presented in 

Table II-10. These were developed by establishing a relationship 

between known flows and the basin index precipitation using a 

refinement of anteceden:" coefficient technique. A review of the 

above table indicates that the monthly flows during September are 

the lowest. The average monthly flow for September is 

3	 342. 1 million m • while the minimum flow is 5.2 mill ion m in the 

year	 1972. The maximum monthly water requirement for irrigation 
3and municipal water supply of 3.23 million m occurs during the 

month of Oc tober. Thus. it is seen that with a storage project 

there should be sufficient water available to meet the demand 

during the driest period. Since the water supply is through a 
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diversion system without a storage res~rvoir, availability of 

wator has to be verified based on the minimum flow in the river. 

A flow duration analysis based on daily flow from 1970 

through 1976 is presented in Chapter II. During the dry year 

of 1972, the minimum river flow was estimated to be 1.6 m3/a in 

Oc tober. At 95 percent firmness, the magnitude of flow during 

September and Oc tober is estimated to be 1.9 m3/s and 1.7 m3/a, 

reapectively. Since the maximum diversion demand will b. 

1.49 m3/a in September, it is anticipated that sufficient flow in 

Citanduy River should be available at the diversion site. 

At present there are no major technical irrigation systems 

upstream of the Banjar site. There are, however, a number of 

rural and semi-technical irriKation systems called the Upper 

Citanduy Irrigation System which utilize the upper Citanduy flows. 

Thia sy&tem 18 comprised of ten small irrigation systems with a 

total cultivable area of about 5,600 ha. Upgrading these systems 

to a technical system, and proposing a higher cropping intensity, 

could reduce the flow at the Banjar diversion. However, the 

feasibility study for the Upper Citanduy Irrigation System should 

propose a cropping pattern that will assure the flow required at 

the Banjar Diversion site, in the event Banjar Plains Project has 

a higher priority. 

The withdrawal of water for the Banjar Plains will not 

affect the present committed withdrawals at the Pataruman weir. 

This was verified by carrying out a flow duration analysis of 

flows just downstream of the Patarwnan weir. This analysis, based 

on COSSARR data, indicated that the minimum flows just downstream 

of the Pataruman weir exceeds the divers{on demand for 

Banjar Plains. An overall water balance study for the 

Ci tanduy Basin is underway to analyze the water potential of the 

ba.in. However, because of the small size of the HIII jell' Plaine 

area, ita upstream location, and the type of data available, the 

atudy will not provide answers to the water availability or 
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shortage to a degree better than haa been brought out in the above 

analysb. 

Headworka 

Previous investigations, as discussed in Chapter I, have 

suggested construction of a storage dam on the Ci tanduy River 

upstrea. of its confluence with the Cimuntur River. A storage 

re.ervoir can provide supplemental irrigation during dry periods 

for the downstream areas of North Lokbok and Sidareja-Cihaur in 

addition to providing flood protection. Th is reservoir will not 

be able to command the entire area in the Banjar Plains. There 

are no good reservoir sites in the upstream reaches, so that the 

total Banjar Plains service area could be brought under command. 

Thus, the concept of a storage reservoir as a part of the 

Banjar Plains Project was negated because of the terrain, 

insufficient flood control benefit. excessive compensation. low 

reservoir capacities and a high sediment load. Studies to develop 

storagell for downstream areas in Ci tanduy Basin. based on 

irrigation needs, will be carried out in other feasibility 

studies. 

The next alternative is to divert the unregulated river flow 

either by a gravity diversion from a point upstream of the service 

area or by pumping from the river further downstream. The 

Inda Kaya!/ report did identify 8 diversion weir for gravity 

diver'sion to the Hew'jar' l·t,JiII~; flr',~.]. l'r'tNj;i'JII "f d ;'lJllljdrl:', :-1.H1t 

can be a viable alternative considering the size and compactness 

of the service area. However, the Directorate of Rivers is of the 

opinion that pumping should be limited to sma 11 heads and service 

areall off the laterals rather than use pumping planto to serve the 

!I Laporan Reconnaissance/Pra Rencana Proyek Irigas! Dataran 
Banjar Prop!nsi Jawa Barat. by P. T. Karpa. Bandung. March. 1973. 
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entire system. The main reason for this is the current 

difficulties experienced in the 0 & H of pumping plants and 

po..ibiUty of shutdowna during a critical irrigation season, 

l.adins to partial crop failuree. 

DiveraioD Weir 

Th. gravity diversion concept 'ilF.lS first illtroriu~ed ill 

the Reconnaissance Report!/ of the Directorate of Irrigation. To 

command the entire Banjar Plains Area by gravity, irrigation 

supplies have to be delivered at an elevation of 50 m above HSL. 

iiverbed elevation adjacent to the irrigation service area is 

about 25 Il above MSL. Hence. any structure in this location has 

to b. more than 25 m high for diversion of water. The riverbed 1s 

broad and contained by high bankR in this reach. Backwater woul,. 

submerge rice paddies cmd a number of Karnpunl;s, or settlements. 

Thus, there are no suitable diversion sites in the immediate 

vicinity of the service area. 

Extensive field reconnaissance was carried out in the upper 

reaches of the river to identify a suttable location for a 

diversion weir. The riverbed drop is fairly steep in the 

10 to 12 km reach upstream of the service area. averaging a slope 

of 3 meters per kilometer. Suitable div€rsion sites are available 

in this reach upstream of the service area. The river reach 9 km 

above the confluence ia in mountainous terrain and 8 diversion in 

this reach would need a tunnel to oupply water to the main 

irrigation canal. Also. steep riverbanks of the narrow gorge 

would make supply canal construction difficult and excesRsively 

costly. 

An investigation of the river reach upstream of the service 

area was carried out to determine a suitable site for a diversion 

structure. Three sites, designated 8S upper, middle and lower 

aites were identified. The 10catlonR of these Rites are shown on 

Pilure V-I. The upper site is located approximately 8 km up~tre8m 
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of the confluence and was originally investigated by the 

Directorate of Irrigation. The middle site i8 about 1.8 k. 

downstrea.. of the upper s1 te, near the v11lage of Panyingkiran. 

The lower site i8 about 3.5 km downstream of :ha upper site. 

Lower Site 

The lower site is located 3.5 km downstream of the upper 

site near the settlement of Kramat Sangaditia. The river at this 

location skirts a firm boulder covered ridge on the right bank. 

The river bed elevation 18 about 30 meters above mean sell level 

vith a river channel width of 70 m. The river banks 8"e about 3 

to 4 meteu high with a steep slope of 1 to 1. The right bank 

ridge, around which the river flows 1s about 250 m long and has an 

average slope of 1 in 20. The left abutment, which is the outer 

curve of the river, is steeper. 

The diversion weir can be located on the right bank and 

construction of the weir. under sluices, canal regulator and 

desilting basin can be carried out under dry conditions while 

using the river channel for carrying the construction period 

flood. The site i8 topographically suitable for the weir 

construction. The aproach channel will be about 80 m long and 

vill have an acute approach. The dowoHtream channel, from the 

weir to the river will be only 50 m long with a drop of about 14 m 

from the weir crest to the river bed. Suitable energy dissipation 

structures would be required. A 21 m high embankment with a crest 

length of over 200 m will be required on the left bank to close 

the river channel. 

At present very little geological information is available 

for thlll lIite. Although this site will reduce the gravity supply 

canal length by about 3.8 km when compared to the upper site, the 

pool created at flood stage will submerge settlements on the right 

bank and some rice land. Although the sit~ 18 considered 

suitable, prellent surveys and data available do not indicate that 
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this site would be more economical as compared to the upper site. 

Bowever. without further investigations. the economic feasibility 

of this aite over the other sites can not be determined. 

Kiddl. Sit. 

Th. river &t this location has a seriea of rapids with rock 

outcrops. 'lbe riverbed elevation i. about 35 meters above meen 

s.. level and the bed drops over 2 m in a short length of about 

400 m. The riverbed at this location is 75 m wide with 6 m high 

vertical banks. Beyond the vertical bank. the left bank of the 

river rises more rapidly than the right bank. Surface 

investigation of the site indicates that the diversion weir 

foundation in the river i8 good. 

The diversion weir would have to be located in the river 

channel with short lengths of earthen dikes on either side. The 

height of the weir above riverbed level would be about 13 meters 

with undersluices and the canal head regulator being located on 

the right bank. 

Since the weir would be constructed in the river channel. 

diversion of the flow during construction would be a major 

problem. The size of the diversion structure to be provided will 

be larger than a s:ructure at the upper site. The main advantage 

of locating the diversion at this site will be the reduction in 

length of the main supply canal by about 2.5 km. Surface 

examination indicates the foundation conditions at this site 

appear to be somewhat more favorable as compared to the upper 

aite. However. this can only be confirmed after a subsurface 

investigation. From the economic point of view. the increase in 

coat of the diversion structure at this location as compared to 

the upper site is estimated to exceed any saving in cost reeulting 

from the 2.5 km reduction 1n the length of the main supply canal. 

Hence. the middle site was not considered for further 

investigation. 
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Upper Site 

The upper site is located on a bend in the river. nae 

riverbed is about 43 II above MSL, and has a width of 40 II. nae 

left bank of the river rises steeply to an elevation of 60 II. nae 

ri,ht bank above an elevation of 48 m has a gradually sloping 

bara, which is typical of the terrain at the convex bend of a 

lIeandering river. nae material in this location is mostly river 

alluvium and conglomerates. The berm is about 120 II wide rising 

to EI. 55 at the base of a steep slope. 

The Directorate of Irrigation has carried out detailed 

survey of thh site along with surface and subsurface 

investigations. The results of these investigations are presented 

in two reports.1/& ~/ The geology of the area is discussed in 

Chapter VI, Geology. 

A diversion weir at this site can be constructed on the 

right bank whUe using the river channel to carry the construction 

period flows. The height of the diversion weir will be about 5 II 

above channel bed. A 200 m long dike will be required on the left 

bank to close the river channel. Height of the embankment in the 

river channel wUl be about 12 to 13 m. A layout of the weir 

atructure and appurtenances is shown on Figures VII-l and VII-2 in 

Chapter VII, Project Features. 

Constructing the diversion structure at this location will 

result in a lower height of the weir and avoid expensive river 

diversion. However, the canal will have to be aligned in deep cut 

through the head reaches. Further invest igationA need to be 

carried out to determine if the cost of the head reaches of the 

canal, specifically between the upper and lower site, is more than 

the increase in cost for building the diversion structure at the 

~ Laporan Penyelidikan Geologi Teknlk, Pada Rencana, Waduk BBn
jar, Jawa Barat, Lembaga Penyelidikan Masalah Air, November, 1974. 
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lower site. Of the three sites, the upper site seems to be mora 

pro.isinl at this stage of investigation and was selected for the 

location of the diversion weir. Feasibility level designs and 

e.tiaBte. were prepared for this and are presented in Chapter. VII 

and IX. 

'lbe diversion weir proposed at this s1 te has a regulator 

with sill at about El. 46.5 and a canal full supply at El. 48.0. 

At this .ill elevation, nearly 626 ha of land can be commanded in 

th. service area. Some 1S9 ha 18 proposed to be irrigated by 

providinl a relift pump. In order to be able to irrigate the 

entire area by gravity, the full supply elevation would have to be 

at 55. S.. This would increase the height of the weir structure 

by about 8.0 m. Preliminary cost studies indicate that it is more 

economical to provide a relift pump to irrigate the IS9 ha than to 

construct a diversion structure with sufficient height to irrigate 

the total service area by a gravity system. A feasibility level 

layout and design for the above diversion weir has been carried 

out and is presented in Chapter VII-Project Features. 

Pump ing Plan t 

In considering the alternatives to a gravity diversion 

structure, the feasibility of providing a pumping plant was also 

investigated. Pumping plants for irrigation exist in many areas 

of Java and new plants are being designed and constructed for 

projects in many areas of Java and Sumatra. Most of these pumping 

plants are equipped with diesel engines and irrigate from 600 to 

16,000 hectares. Considering local availability of oil and the 

fact that necessary expertise for constructing and operating 

pumping plants exist, it is appropriate to consider a pumping 

plant alternative for the Banjdr Plains Project. 

The principal advantage of providing a pumping plant i8 that 

it can b. located close to the service area. thus, avoiding over 

7 k. of supply canal which would be aligned parallel to the 
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Citanduy River, traversing steep terrain and >:equiring expensive 

cross-drainage works. Further, if the pumping plant can be 

de8igned a8 a well-type plant, wi thout It weir to create a pool, 

the C08t of such 8 plant will be 1PS8 than a diversion weir

However, the 0 & M C08t for a pumping plant wtll be higher. 

Two site. were investigated; the Balokang pumping plant sit. 

and the Bridge 1406 pumping plant aite. These sHes are shown on 

Figure V-I. The Balokang pumping plant 9ite is located about 

800 m upstream of the 1406 railroad bridge near the village of 

Balokang. The other site i8 about 50 m upstream of the 

1406 railroad bridge. The two siteR have Almtlar geological 

conditions. From a river morhpology point, the Bridge 1406 8ite 

appears to have a more stable hank condi tion because of the 

bridge and the steep ~oq~F! Just upstream of the pumping plant 

"ite. A pl.unping plant at either sHe would be capable of 

irrigating the total Hervice area except for about 12-15 ha. which 

Is located on the right bank of the river upRtream of the pumping 

plant Rite. 

The pumping plant can be plRnned to deliver the water 

required for irrigation anrl mllnlclpal npeds either at an elevation 

of 52.0, in which caAe an areA of 775 ha can be commanded by a 

gravity delIvery liyHtpm, or it can be rlelivered at El. 45.0 to 

command 616 ha by a gntVity HyAtem and providp a relift of about 

6 m to irrlgHte the ilddltlonAI l'ilJ hit. Th .. former CHRe Involves 

not only pllmplng to a hIgher Ill'Rd for the tntl-\I wlttpr rl:'qufred. 

but Allio till' rOAt of the diHtrlhlltlflTl f1y'Hem would be lar/(t-'r. In 

the latter caBP, a rpllft to Irrl~Ht.. 1">9 ha at thf> higher 

elevatfonH will n~qlllre a Amid I dlHtrlbut lon'lyHtPm. 

'111 e Bid 0 ka Tl g Purn pIng p I ilntH I tel A (' 0 nA I rl t' r .. d 'I td t AhIe i n 

ca8e the water Ifl to hp II ftprl to P.I. ')1'.0 w1tllollt r<~I1fting. The 

delivery aide !)f the pumping plflnt wI II rt'()1I1:e It 'iOO m long pIpe 

to the open chAnnel KrH~lty aYfltpm. TIle rlPAlltinK baflin CRnnot be 
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located adjacent. to the pumping plant, but would have to be 

located approximately 900 m away in cultivated fields, creatinl 

problem. io using a gravity type flushing system. 

'lbe bridle 1406 pumping plant site 18 well suited from 

condderatioo. of an economical distribution system with fir.t 

.tage pump ina to El. 45.0. There i. sufficient space c10.e to the 

pUlipina plant to provide for a dedlting basin with a aravity 

flu.hinl system. The proximity of the railroad and a rail yard to 

thi. aite i. a further advantage during construction and 

operation. 

Distribution system considerations indicated that pumping 

first to El. 45.0 and relifting water to irrigate 159 ha would be 

more economical. This fact along with other advantages mentioned 

above makes the Bridge 1406 pumping plant site b~tter suited. A 

feasibility level layout and design for this pumping plant site 

has been carried out and is presented in Chapter VII-Project 

Features. 
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Chapter VI
 

GEOLOGY
 

General!/ 

The diver.ion weir for the Banjar Plains Area i. located on 

the Citanduy R1 ver illllftediately downstrealll froll the emergence of 

the Citanduy fro. the deep. inci8ed canyon to the wider floodplain 

reach that 18 typical of the lower river valley. The riverbed 

.lope change. from approximately 8 m/kll in the canyon reach to 

approxi.ately 0.2 m/klll on the alluvial plain. Down8tream froll the 

canyon 8ection. the river is underlain by progrell8ively thicker 

d.po.it. of alluvial material that were derived froll the steeper 

r.aehe. toward. the headwater8. The alluvium Is composed of 

ero.ion productll from volcanic material and the soils weathered 

fro. volcanic rocks that have been reworked in transportation to 

the .ite of deposition. Typically. the alluvium consists of clay. 

Brading to silts and sands and often contains gravel and boulder. 

of volcanic rock. The valley walls are of volcanic breccia 

intercalated with tuff that has fc.rmed a "plateau" above the 

river. The breccia i. composed of angular to semi-angular parti 

cle. of andesite and tuff with typical part icle sizes between 

3 and 10 CIII. although a few may be a8 large as a meter or more In 

dialleter. The volcanic breccia overlies a fine to coarse grained 

tuff that crop. out in a few places in the area near the pump 

station eite. The breccia overlies a conglomerate lit the weir 

Bite. 

!I Ho.t of the information presented herein i8 taken from geolo
atc report. prepared by DPHA and the Di rektorat Irigasi: "La poran 
Penjelldlkan Geologi nan Mekanika Tanah Rentjana Bendungan Dataran 
Banjar. August. 1971. 

Laporen Penyelidikan Geologi Teknik Pada Rencana Waduk Banjar. 
Nov••ber. 1974. 
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Upper Weir Site 

There are three typea of strata found in the area; alluvial 

.ateriah which are mapped aa either talus or river sediment., 

volcanic breccia, and conglomerate which i. mapped a. either 

weathered conglomerate or conglomerate. Thes. ar. shown on the 

leoloaic map, Figur. VI-I, and the profile map, Figure VI-2. 

Alluvial Material 

Thi. ia found a. either talus, thought to be the 

product of slides and weathering, at the foot of the exposed 

volcanic breccia or a8 river deposit8. Measured depth to 

groundwater in the river deposits ranged from 2.1 to 

5.3 meten. k values were found to vary from 1.42 to 
-44.05 x 10 cm/sec. No bearing capacity or strength tests were 

made on the alluvial material. 

Volcanic Breccia 

This breccia forms a steep cuesta on the south side of 

the Citanduy River valley. It is composed of andesite rocks 

or tuff fragments, mostly a few centimeters in diameter, but 

with some up to 2 m, with silt and ash. The breccia occurs 

in layers or is interca lated with layers of tuff. It is 

compact and massive, hut contains open joints that generally 

are at right angles to the bedding plane. 

Conglomerate 

Cropping out on the north side of the river valley and 

found beneath the alluvial deposits, the conglomerate i. 

composed of rounded gravel to boulder size andeaite, tuff 

and, occasionally, claystone. The upper part ia badly 
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weathered and partially changed to clay containing bouldera 

that are more reshtant to weathering. In the unweathered 

laye~. there are grain size change. both laterally and 

vertically so that, occasionally, the conglomerate grade. to 

tutfac..~u. sandstone or .ilty tuff. Packer test permeabili

tie'l in the weathered conglollerate ranged frOIl 2.84 x 10-3 to 

1.80 • IO-4ca/.ec , while the unweathered conglomerate perae

ability va. on the order of IO-3cII/sec. 

Thi. Bite does not Beem to offer any extreme problell. 

for the proposed structure although a more detailed subsur

face exploration prograll 111 recollUllended during the dedgn 

stage along with laboratory analysis of material. It appear. 

that tha foundation will consist of 10 meters or more of 

river lediment. and 10lle provision mUlit be lIade to prevent 

differential lettlement in a structure with the maas of the 

proposed weir. SuitabJ~ materials in adequate quantities for 

the embankment portions are available In the vicinity. 'nle 

bould~r. in the alluvium may present some difficulty durin~ 

the excavation of the channel. 

Pumpins Station Site 

The geology of this site is similar to that discussed for 

the weir site although no con~lomerate was found, and the river 

Bediment. overlying the tuff are much thicker (Figure VI-3). All 

foundation excavation will probably be in the alluvial sediments, 

although detailed invest1gat ions should be made at the design 

atase to establish the depth to bedrock and the character of the 

alluvium. Solie difficulty with boulders may be anticipated during 

excavation. Groundwater w111 probably be encountered near the 

elevation of the water 1n the r1ver. Any deep excavations 1n the 

aUuviua vl1l require 3horing or gentle backs lopes with henche. 

and provision. for dewater1ns. 
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Gravity Supply Canal 

At several locationa on the south side of the Citanduy River 

between the weir site and the pump station site there is evidence 

of local landslide activity. Where the canal ia to be excavated on 

very ateep exhtina slopes there must be sOlie providon in the 

deaign to prevent the development of slides. Wide bench excava

tion and aentle backalopea will probably be adequate to relieve 

exceaaive loading at those locations where the existing side slope 

ia too steep to be atable. The presence of rock outcropa (brec

cia) along the propoaed route indicates that some rock excavation 

may be required although a boring on the top of the breccia ridge 

aouthweat of thtt pump station site indicated a high degree of 

weathering, and unweathered breccia (bedrock) was reached at a 

depth of over 20 meters. 

Seismicity 

As stated in the "Design Criteria, Irrigat ion and Drainage" .~./ 

all major structures shall be desi~ned to withstand the effects of 

• horizontal earthquake acceleration equivalent to 0.12 g. The 

earthquake force shall be applied in such a direction that it, in 

combination with other loadings, will produce the most severe 

stress condition in the structure. 

11 "Design Report - Ir'rigation and Drainage", Citanduy Project 

Engineering Consutlants, Inc., Denver, Colorado, U.S.A., November 1976 
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Chapter VII 

PROJECT FEATURES 

Ganeral 

The irrigation ay&tell for proposed Banjar Plains Project 

includea the project features for conveyance of' water from the 

point of diveraion to the area of water use. A gravity diversion 

ayate. 1a presented aa the m08t feasible alternative with a pumped 

diver. ion syste. aa the alternate plan. 

Both the gravity and pumped systems, as proposed, would 

incorporate de.ilting basins for sediment reduction and would 

require re11ft pumping for service to nearly 20 percent of the 

project irrigation area. Supply point for municipal raw water and 

the irrigation water distribution system are identical under 

either plan. Annual cOSt8 with the gravity diversion plan are 

aignificantly lea8 than for the pumping plan due to lower 

operating and maintenance costs. 

The gravity systell appears to be more att ractive than the 

pumping system from a national viewpoint when energy and fuel 

requirements are considered and would probably be preferable to a 

pu.ping plant when local environmental aspect8 are considered. 

Conver8ely, the gravity system has certain features which 

are not attractive. The gravity supply canal route in its head 

reaches traver.e. areas of existing and potential landslides in 

c.,.hinaUon with steep cross-slope8 where bench flumes will be 

required for economical conveyance media. Landslides at any of 

the.e location vould require aqueduct reconstruction re8ulting in 

perioda of total ~ervice interruption. Conservative back benching 

va. u8ed in the design of the canal to decrease the landslide 
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potenUal. 

Additional leololic and topolraphic data will be required to 

deter.1ne relative phyaical feasibility prior to selection of the 

project aupply ayate•• 

Gravity Syste. 

The primary feature. of the gravity system are grouped 

a., (1) Diveuion weir; (2) DesUting basin and gravity supply 

canal; (3) Main supply canal and tiistribution system, and 

(4) Hi,hline pumping plant and distribution system. These 

proposed features, with appurtenant sub-features, would convey 

water of Citanduy River to the Main canal and H1ghline systems for 

delivery and distribution to the lands of 8anjar Plains Project. 

The point of delivery for the municipal portions of the diverted 

vater ia assumed to be at the beginning of the Main canal supply 

ayste. where topographic features are conducive to the 

construction of water treatment and diurnal storage facilities. 

A short description of the primary features is presented in 

the following paragraphs. However, the Ma 1n canal and Highl1ne 

canal distribution systems are discussed in Chapter VIII

Irrigation and Drainage. 

Diversion Weir 

The diversion weir, the primary feature of the gravity 

syste., would be constructed across a bend of Citsnduy River abnut 

6.5 kilometeu upstream from the project irrigated area. The 

weir, accounting tor 55 percent of the gravity system cost, would 

be a cOllpoaite stone masonry-reinforced concrete structure with 

reinforced concrete sluiceway and control gate structure... The 

regulator 18 designed to divert a minimum flow of 2.0 m3/s at a 
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...11 head loss. Pressure actuated shutter gates are proposed for 

tha weir crest to provide diversion head during low flow periods. 

Plan and section view. of the proposed structura ara shown 00 

rilura VII-l and VII-2, respectively. Elevation. shown on the 

plan and section views require verification to coincid. with the 

al.vation of Benchmark KP-4, in the project water us. area, upoo 

which hydraulic computations wera based. Prior to final design, 

tha discrepancies in elevations mu.t be resolved by further .urvay 

and mapping. 

Construction of the weir and control works is proposed with 

tha major portion of construction occurring in excavation prior to 

river diversion. Subsequent to completion of the masonry 

structure, the right bank would be breached to the river and the 

present river channel closed by construction of a dike, permitting 

the river to flow through the constructed section. 

DesUting Basio 

The desilting works for the gravity system would be located 

800 meters downstream from the diversion weir gate. The proposed 

structure would be about 150 meters in length and contain 

7 sediment storage bays, eaeh 2.5 meters wide and 1.3 meterl; 1.n 

depth. Plan and section '!iews of the proposed structure £11>": shown 

on Figure VII-3. The silt bays are sloped for direct single-bay 

flushing at super-critical velocity to facilitate rapid silt
•removal. Structure dimensions were based upon a design condition 

of 2.~ cubic meters per second flow with a sediment concentratLon 

of 1,000 ppm. A design cycling period of ) 3.5 days and a basin 

detention period of one hour were used to calculate basin 

dimensions. Sediment bay and water prism capacity requirements 

",ere 2,220 and 7,200 cubic meters. The main dimensions for the 

desilting basin are as follows: 
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Elevation.:
 

Top of Structure 48.50 lIeten
 

Normal Water Surface 48.00 meten
 

Ploor, Inlet to Sediment Bays 4S.5S meten
 

Ploor, Outlet of Sediment 8ays 44.55 lIeten
 

Slope, Sediment Rays 0.008
 

Slope, Sediment Discharge Pipe 0.007
 

Ploor Width 19.50 mden
 

Top Width 27.00 meten
 

Gravity Supply Canal 

Gravity supply canal, the supply aqueduct for Banjar Plain. 

Project, would convey water for 7.32 kilometers from the headwork. 

to the Main supply canal .lnd distribution system. The alignment 

18 shown on Figure VII-4. Between the headworks and Highl1ne 

pumping station, a distance of 6.78 kilometers, the capacity 

requirement averages I, BOO liters per second. Between Highl1ne 

pumping station and the beginning of Main supply canal system, the 

capacity requirement average 1,600 liters per second. This design 

capacity will allow a duty factor of 1.7 liters per second per 

hectare. 

The gravity supply canal, as proposed, would comprise the 

following waterway sections: 

Earth Canal Sections 1.B m3/s 4,200 meters
 

Earth Canal Sections 1.6 m3/s 410 meters
 

Masonry Lined Cuts 1.8 m~3/s 1,070 meters
 

Bench Plumes 1.B m3/s 1,140 meter.
 

Bench Flumes 1.6 m)/. 130 meters
 

Elevated Plumes 1.8 m3/s 220 meters
 

n••Uting BaBin ISO meter.
 

Total Length 7,320 meter. 
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E~rth Canal Section. 

Earth canal sections of the gravity 8upply canal total. 

4,610 aetere in length, accounting for 63 percent of the total 

lenath. Eerth canal aectiona were sel~~ted for minimum dep08ition 

and acour using (enn~~y'a relationship for trapezoidal eectionsl 

Vs .' Kd O•64 

Where.	 V. - Canal velocity for maximum stability. 

d - Canal water depth. 

It • 0.55 for clay predominant materials of 
Citanduy River Basin. 

Hydraulic parameters for the earth canal section of the 

,ravity supply canal arel 

Canal Capacity (m3/s) 1.80 1.60 

Total Length (km) 4.20 0.41 

B.se Width (meters) 2.50 2.25 

Water Depth (meters) 0.91 0.88 

Water Area (1112) 3.517 3.142 

Hean Velocity (m/a) 0.51 0.51 

Wetted Perimeter (metera) 5.781 5.423 

Hydraulic Radiua (metera) 0.608 0.579 

Hannings Roughnesa 0.030 0.031 

Slope (meters/kill) 0.46 0.52 

Freeboard (meters) O.SO 0.50 

Top Width (meters) 6.73 6.39 

Side Slope 1.5H:IV 1.5H:IV 

Earth canal lJections were used for terrain having no more 

than 3~ percent cross-slope. ApproximAtely 50 percent of the 

earth cllnal traverses cross-slopes of 8 percent or greater. The 

typical (average earthwork) section for the 1.8 m3/s sections with 

a cross-alope of 12 percent. requi ru 5.58 cubic meters of 

eXCAvation and 4.~0 cubic meters of compacted embankment per meter 

of canal, and has a right-of-way width of 18.2 meters. The 
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typical .ection of the 1.6 m3/s lection w!th a 16 percent cro.l 

.lope require. 17.8 meter. for right-of-way. Unit excavation and 

e~.nbent quantities are 5.27 and 2.66 cubic meten per meter, 

re.pectively. A typical .ftction i. shown in Figure VII-5. 

BeDch Flu.e. and Lined Cut. 

Bench flulle. and lined canal section. account for 

2,340 meter., or 32 percent, of the length of the gravity supply 

canal. Bench flumes were used for crossing steep banks, generally 

havin, 80 to 100 percent cross-slopel. These are generally areaa 

of active or potential landslidea and require considerable back 

bench cutting to achieve Itructural stability. Lined canal 

.ection. were u.ed in deep cuta where minimum excavation il a 

prerequieite. In the initial 800 metera of canal, between the 

headworke and de.iltins bAain, the canal ia lined to maintain hiSh 

velocity for lediment conveyance. Bench f lumeN and lined canab 

will have 20 centimeter thick stone lDasonry 11nins throughout, 

with 1/4 horizontal to 1.0 vertical sideslopes and would have the 

.... hydraulic propertie.. Hydraulic and physical data for theae 

.ection. are pre.ented in the follOWing tabulationl 

Capacity (.3/.) 1.80 1.60 

Lensth, Bench Flume (km) 1.14 0.13 

Lensth, Lined Section (km) 1.07 

Base Width (meter.) 1.50 1.40 

Water Depth (meters) 1.25 1.20 

Freeboard (meters) 0.50 0.50 

Water Area (112 ) 2.27 2.04 

Water Perimeter (metera) 4.08 3.92 

Hydraulic Radius (meters) 0.56 0.52 

Hanninga Roughnes. 0.018 0.018 

Slop. (m/k.) 0.45 0.48 
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Ilevated Plume Sectiona 

Thr.e elevated flume crossings, totalling 220 meters in 

lenath are propo.ed for the gravity supply canal. The 

superstructures for these crossings would b. of reinforced 

concrete construction having the following hydraulic and phy.ical 

dl.ensionsr 

Capacity 1.80m3/s 

Base Width 1.80 meters 

Water Depth 1.30 meters 

Preeboard 0.50 meters 

Water Area 2.34 m2 

Wetted Perimeter 4.40 meters 

Hydraulic Radiull 0.227 meters 

Mannings Roughness 0.013 

Slope 0.23 l.:.l/km 

Structure Height 2.00 meters 

Overall Width 2.20 meters 

Wall and Floor Thickness 0.20 meters 

Concrete 1.16 m3/meter 

Steel 102 kg/meter 

Structure Weight 2,700 kg/meter 

Gr088 Weight 5,040 kg/meter 

Details of the largest of these crossings are shown on 

P1~ure VlI-6. Substructure data for the other crossings are: 

(1) Continuous stone masonry substructure with clear span 

of 4.0 meters; maximum substructure height, 1.25 metern. 

(2) Ten each, 5 meter spans on 0.5 x 3.2 untapered 

concrete piers; maximum pier height, 3.25 meters. 
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Watervay Structurea 

AncUl1ary structures of the gravity supply canal includ. 

irrilation turnouts, cross drainage culverta and road bridle•• 

The.e account for approximately 3 percent ot the total Iravity 

.upply .yste. cost•• 

There Ilre three nominally aized irrigation turnout. in the 

,ravity supply canal reach, serving a total of 15 hectares of ric. 

lands. Each turnout would have a stone masonry inlet chan~el with 

double stoplog slots, a removable circular orifice late and a 

concrete pipe 4 meters in length extending throulh the canal bank. 

Check. in the canal will not be required for these turnouU. 

Turnout data are shown in the following tabulation: 

Diversion Capacity, liters per second 20 

Number of Turnouts 3 

Hectares Served per Turnout .5 

Dismeter of Orifice Gate, centimeters 20 

Diameter of Discharge Pipe, centimeters 30 

A total of 39 cross drainage culverts, all within the earth 

canal sections, are proposed for the gravity supply canal. Inlet. 

and outlets would have stone masonry headwalls extendinl one meter 

above the pipe at the inlet side and 20 centimeters above the 

outlet end of the pipe. Clearance between the canal bottom and 

the top of the pipe will normally be one meter. A design velocity 

of 2.0 meters per second was assumed for all culvert sizes, 

yieldinl the following relationship: 

0.8 Ql/2d • 

Where: d • Pipe diameter 

Q • Peak discharge in m3/s 

Peak diacharle was estimated on the basia of a ainlle ten

year frequency atorm of one hour duration and 11 centimeter. depth 

over tha watershed, resultinl in the follOWing relationship: 
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Q • 2.4 SO.38 AO• 76 

Where. Q • Peak d1scharge. m3/. 

I • Lower semi-basin alope 

A • Drainage area in square kilometer. 

Drainage culvert data are a. followar 

Culvert Diameter (centimeters) 100 80 50 

Capacity (.3/.) 1.6 1.0 0.4 

Number of Culvert. 8 2 29 

Lenlth of Culvert (meters) 23 22 21 

One dnSh lane br1~ge 18 proposed for the gravity supply 

canal. located in the earth canal section. The proposed bridge 

would be 3.75 meters wide and have spans of 6.0 meters. The 

auperstructure would be a reinforced concrete T-beam section on 

atone maaonry piera. 

The main canal and ita distribution system are discussed in 

Chapter VIII - Irrigation and Drainage. 

Highline Pumping Station 

Highline pumping station. shown on Figure VII-7. would 

supply 275 liters per second to the Highline Canal System. 

diacussed in Chapter VIII. for irrigation of 159 hectares of 

Banjar Plains Project lands. The Highl1ne pumping stat ion complex 

include. a trashraclt and wasteway bay; 8 wasteway channel; the 

puapinS 5tatton and the delivery pipe to High!ine canal. 

The tra8hrack and wasteway bay i8 the only control structure 

on gravity supply canal after the outlet gate of the desllting 

vorks. and ta adaptable as 8 canal check by inserting rectangular 

control ,atea in the stoplog slots, either ahead of the trashrack 
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or after the pumping station intake, as desired. The diagonally
 

con.tructe~ concrete weirs and center-mounted stoplog8 of the
 

wa.teway bay provide a total crest length of 4.24 meters, and
 

provide a maximu.. diversion capability of 2.0 cubic meters per
 

lecond with a maximum head of 40 centimeters.
 

The wasteway channel would be stone masonry lined and would
 

operate at super-critical velocity. Hydraulic parameters are:
 

Q • 2.0 m3/s W • 2.462 m V • 4.42 m/sp
 
b • 2.0 .. AR2/3 • 0.146 m2/ 3 h • 1.0 m
 v
 
d • 0.22 m n 0.018 d2 • 1.22 m
 

2
A • 0.452 m II • 0.061 H 1.6 m 

The proposed Highline pumping station would be housed in a
 

reinforced concrete structure adjacent to the waste~ay and
 

trashrack bay with a floor elevation of about 44.3 meters. The
 

pump intake would extend into the trashrack forebay, eliminating
 

the need for a forebay or intake well. Two direct coupled
 

12 • .5 horsepower pumps with a total head of 7."/ m, and dr iven by
 

diesel engine. are proposed. The pumps ",ould be connected to
 

I teel intake and discharge manifolds. Attendant operation is
 

provided.
 

The pump discharge line would be a buried steel pipe, 30 cm
 

in diameter and ahout 65 meters long, terminating in a stone
 

masonry outlet box and discharging into Highline canal.
 

Pumped System 

The pumped system, alternative to the gravity system. would 

deliver water to Main canal and Highline canal systems and to the 

municipal supply point at locations identical to those of Gravity 

Supply System. However, the pumped system will eliminate the 7 km 

"of the Gravity Supply Canal. The irrigation area that would he 
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served is essentially the same (760 ha as compared to 785 ha for 

the gravity plan) and the capital costs of the two supply system. 

are 8lightly different (1.59 billion Rupiahs for the pump plan 

co~ared to 1.70 billion for the gravity plan). 

The primary features of the pumped system are: (1) Main 

pumpina plant; (2) DesUting basin; (3) Rel1ft pumping station, 

and (4) Link supply canal. The layout of the proposed features i • 

• hown on Figure VII-8. 

Main Pumpin. Station 

The main pump ina station, the primary feature of the 

alternative pumping system. would be constructed on the right bank 

of Citanduy River about 50 meters upstream from railroad 

bridge 1406 and about 6.8 km west of Banjar railway station. The 

pumping plant. accounting for 53 percent of the alternative supply 

.y.te. cost. would be a reinforced concrete structure with 

appurtenant concrete and stone masonry river intake works. Three 

70 c. deep-well pumps with 9 meter vertical columns are proposed. 

Bach pump would have a deaign capacity of 0.60 m3/s and would be 

direct driven by a 180 hp diesel engine. Plan and elevation views 

of the pumping plant are shown on Figure VII-9. 

The pumps would be manifold coupled to a steel pipe 

discharge line. 100 em in diameter and 35 meters long. terminating 

at a stone masonry canal headbox. A masonry lined feeder canal. 

50 meters in length. would convey the pumping station discharge to 

• desilting basin. 

Hydraulic data for the pumping ':Jtation are summarized as 

follows: 

Hydraulic Gradient at Outlet Box 

Outlet Loss 

Di.chsrge Line Loss 

&1. 45.03 meters 

0.12 meters 

0.24 meters 
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Manifold Los. 0.28 meters 

Manifold Intake L08S 0.08 meters 

Hydraulic Gradient at Pump In. 45.75 meter. 

Water Surface at Intake E!. 28.00 meter. 

Plant Operating Head 17.75 meter. 

nedlting BaBin 

The desilting works for the pumped system would be located 

-Within the right-of-way of the pumping station complex. The 

proposed structure would be 120 meters in length and contain 

five (5) bayR, each 2 meters wt12 ~nd 2.50 meters in depth. Plan 

and sectional view8 of the proposed desilting works are shown on 

'igure VII-I0. The dlt bay floor and separator walls would be 

sloped to provide super-critical velocity for single bay flushing. 

Structure dimensions werl! based upon a design condition flow of 

1.8 cubic meter8 per second, having a sediment concentration of 

~,OOO parts per million. h design cycling p~riod of 13.5 day. and 

a basin detp.ntion period of 1 hour were used to calculate basin 

dimensions. 

Sediment bay and water prism capacity requirements are 2,000 

and 6,300 cubic meters, respect1vely. Physical data for the 

deeilting basin are as follows: 

Elevations: 

Top of Structure 45.50 meters 

Normal Water Surface 45.00 meters 

Floor, Inlet to Sediment 8ays 38.90 meters 

Floor, Outlet of Sediment 8ayiJ 38.00 meter8 

Slope of Sediment 8ays 0.009
 

Slop~~ of Silt Discharge Line 0.06
 

Floor Width 11.00 meter.
 

Top Width 21.1. meter.
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a.llft Pumpin, Station 

a.lift pumpin, station would supply 275 litera per second to 

HilhUn. Supply canal throuah a Link canal for irriaation of 

I" hectare. of project land. served by Hiahlin. canal syatem. 

The reltft pump ina atation would be located within the 

rlaht-of-way of the main pumping station-desiltina baain complex. 

Weter lIupply for the reUft station would be diverted from the 

deelltin, b••in through a reinforced concrete pipe, 50 cm in 

diameter and 5 meters long. The pump house would be a 2-atory 

concret. structure, 3 by 4 meter. in plan, with a basement floor 

elevation of 44.0 meters. A tile drain, 10 em in diameter by 

20 metera long would provide floor drainage. Two mixed flow pump., 

powered by 12.5 hp diesel engines, would be connected to the 

intake and discharge pipes by steel manifolds. The plant 

operating head is 7013 meters. The outlet pipe would be welded 

.teel, 3S cm in diameter and 20 meters long, terminating in a 

3 meter by 3 meter stone masonry outlet box. Hydraulic data for 

the relift 8tatton are 8ummarized as follows: 

Hydraulic Gradient at Outlet Box El. 51.00 meters 

Discharge Line Friction 0.23 meter.s 

Outlet L08s 0.22 meters 

L08s in Two LR30 Bends 0.07 meters 

Manifold Loss 0.22 meters 

Hydraulic Gradient of Pump Outlet El. 51.74 meters 

Hydraulic Gradient of Intake El. 45.00 meters 

Intake Line Friction 0.06 meters 

Entrance Loss 0.11 meters 

Manifold Loss 0.22 meters 

Hydraulic Gradient of Pump Inlet El. 44.61 meters 

Plant Operating Head 7.13 meter. 
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Link Supply Canal 

The Link supply canal (See Fig. VII-8), 300 meters in 

lenath, would convey the discharge of Relift Pumping Plant to the 

Hiahllne canal system, discussed in Chapter VIII. Two earth canal 

.ection., totalling 220 meters in length, would be connected by a 

lined .ection 80 meters in length. The 0 & M roads for these 

.ections would serve as a replacement for an existing public road 

1n the proposed construction area. The earth canal sections would 

have uniformly distributed cross-slopes between 12 and 35 percent. 

The lined section would be in a cut through a ridge and the depth 

of cut above lining would vary, more or leas uniformly, 

between 0.5 and 5.5 metera. Hydraulic data for these sections are 

a. followlI' 

Earth Section Lined Section 

Discharge (liters/sec) 275 275 

8ase (meters) 0.60 0.65 

Depth (meters) 0.55 0.50 

Freeboard (meters) 0.40 0.40 

Side Slopea 1. SOH to IV 0.25H to IV 

Area (m2) 0.58 0.39 

Perimeter (meters) 2.23 1.68 

Hydraulic Radius (meters) 0.262 0.230 

Manning8 Roughne8s 0.035 0.018 

Slope (m/kll'l) 0.77 0.54 

Waterway structure of Link Supply Canal would be: 

Two 91ngle-lane concrete bridges, 2.6 meters span, 400 

skew, 1-50 em distribution turnout, without check. 

The details of the Main canal and its distribution system, 

along with the Highline canal and its distribution system, are 

preaented 1n Chapter VIII. 
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26 SPANS @ 5.0 m 

28.2 TIPlER 

2. B5 Tim 
0.28 Tim 
2. 51 Tim 
5.64 Tim 

SUPERSTRUCTURE: REINF. CONC. 

B = 2.3 H=1.82 T= 0.20 
CONC. 1.188m.2 @ 2.4 = 

STEEL 
WATER b= 1.9 d = 1.32 

Fa B SLOPE = 0.25 SIDE 0.01667 

AREA = 1.15 + 0.576 h 

VOLUME = 1.15Ht 0.288H 2 

24 PIERS : IH = 192 m 
IH2 =1984m2 

QUANTITIES: 

REINFORCED CONCRETE,SUPERSTRUCTURE 

REINFORCED CONCRETE, FOOTING 

STONE MASONRY, PIERS 

EXCAVATION FOR FOOTI NGS 

REINFORCING STEEL 

CLEARING ROW 

154m3 

180m 3 

792m3 

220m 3 

52.9 T 

1300 m2 

PIERS: STONE MASONRY 
TOP : 2.3m x 0.5m 

2.3 0.5 

2.3+0.5H 

MAXIMUM BEARING: H = 15 

~ ~0.51' 0.0333H 

SUPERSTRUCTURE 28:"2 T 

PIER 2.4 Tim 3 196.9 T 

FOOTING 2.64 T/m3 28.5 T 

253.6 T 

FOOTING AREA 21.6 m2 

BEARING 11.7 T/m2 

FOOTINGS: PIER BASE" '15m ENDS a SIDES, T = 0.5 m 

AREA = 4.95 +1.11 H VOLUME = 2.475 +0.555 H 

26 FOOTINGS: I H = 208 m 

BAN JAR PLAINS PROJECT 

GRAVITY SUPPLY CANAL 

ELEVATED FLUME STA. 4.80 TO STA.4.93 
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ENGINEERING CONSULTANTS. INC. FIGURE VII - 7 

~ 
GRAVITY SUPPLY 
II' 1.1 d • 0.76 
H = 1.7t 

CANAL 

I--'-- • 
f-' 
~ 

f 
~ 

~ 

~ 

~ 

f 
~ 

~ 

~ 

f 
~ 

~ 

f 

,~ 
I- 
>--
I- 
>--
-----
-
-
-
-

.,~~ ~~., 
DISCHARGE LINE~ -

Iri';: 0" 40 Cm DIA. 

"""'''':.''.'00' :"H':"L:: "-;;r
PUMPING 
STATION 

o 
o 
,..: 

4.70 
\.... WASTEWAY CHANNEL 

B =2.0 d=0.2 H = 1.6 III 

S =1/4:1 240 METERS ~ ~~!I\ /~ 

ELEVATIONS 
FLOOR OF STRUCTURE 44.37 
TOP OF WALLS 45.77 
CREST OF W.W. WEIRS 45.37 ~1WATER SURFACE 45.27
 
OUTLET TRANSITION 44.51
 

PUMP STATION 
DELIVERY EL 50.69 INTAKE 45.27 
HF- 11'1 2.11 II., 0.17 

52.80 4i:TO 
TOTAL HEAD = 7.70 DESIGN Q =0.353 CMS 
HYDRAULIC HI' =36.3 ENGINE HP =45 
2 UNITS OF 22.5 HP 

TRASHRACK 8 WASTEWAY BAY (
EXCAVATION 93 M5 

GRAVITY !'UPPLY CANALCOMPACTED EMBANKMENT 74 M5 
REINFORCE CONCRETE 11.42 M5 B = 2.6 d = 0.9 
REINFORCE STEEL 1016 KII H. 1.40 
UNREINF. CONe. 23.24 MI 
STONE MASONRY 10.54 M5 
TIMBER STOPLOGS 0.774 M5 

WASTEWAY CHANNEL 240 M 
EXCAVATION 518 MI 
8ACKFILL '115M I 
STONE MASONRY 237.5 M I 

PUMP STATION 
EXCAVATION 52 MI 
REINFORCE CONCRETE 40.52 MI 
STEEL 36.06 KII 
STONE MASONRY 28.32 MI 

DELIVERY PIPE 65 M
 
EXCAVATION 79 MI
 
BACKFILL 65 M5
 
STONE MASONRY 6.25 M5
 

TOTAL ROW 1915 M I 
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Chapter VIII 

IRRIGATION AND DRAINAGE 

Ir.rigation 

The Banjar Plainl Project will irrigate 785 ha of land 

luitable for lowland ric. cultivation. About 350 ha il presently 

irrigated trom rural systems. Irrigation water 1e derivad fro. 

Iprinsa and creeks in the adjacent hills. Hany of the canals u.ed 

in thea••mall rural irrigation system. are dual purpole and serve 

both irrigation and drainage. Except for road crol.ingB, no other 

atructurell exists. In the design of the technical irrigation 

.ystem, these existing canals have been incorporated, where 

possible for irrigation or drainage purposes. 

This feasibility proposal divides the proposed irrigation 

~rea into two portions served by a main canal and a highline canal 

Bystem. The command areas for main and highUne canale are 

626 and 159 ha, respectively. The gravity supply canal would 

Berve about 15 ha directly. 

Hain Canal System 

The main canal system service area of 626 ha is comprised of 

about 494 ha of rice land and about 132 ha presently planted to 

upland crops. The latter land. are mainly located along the 

Citsnduy River. The highest lands which csn b~ irrLgsted by the 

main canal have an elevation of about 43 II above mean aea level. 

Irrigation water to the land. below elevation 43 m i. 

supplied by the main canal and its distributaries. The main canal 
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1. 14.75 km lon8 and traverses terrain with cross-slopes of up to 

100%. averaging about 20%. Design capacities range from 1.500 l/s 

at the beginning of the canal to 50 lIs near the tail end. Th. 

deeiln capacity of the canal are based on a water duty rate of 

1.65 l/s/ha at the farm turnouts increased by the seepage losse. 

in each reach. The main canal contains 6 lateral turnouts and 

40 turnouts for smaller irrigation units. The schematic layout of 

the main canal irrigation syAtem 18 shown on Figure VIII-I. and 

the main canal features are given in Table VIII-I. 

The proposed main canal ls composed of the followi~~ 

waterway sections. 

Earth Canal Section 12.50 km
 

Cut Rock Section 0.10 km
 

Elevated Lined Section 0.53 km
 

Bench Flume Section 1.25 km
 

Elevated Flume Sectlon 0.02 km
 

Railroad Siphon 0.08 km
 

Total Main Canal Length 14.75 km
 

The earth canal section of the main canal accounts for about 

85% of the total length. The sect ions were selected for non

scouring and non-silting velocities using Kennedy's formula for 

trapezoidal sections. as discussed in Chapter VII. A service road 

with a width of 3.5 m is provided along the main canal to 

facilitate the operation and maintenance. The earth canal 

quantities have been determined based on a balanced cut and flll 

croBs-section; fill comprises 85% of the cut to compensate for 

compaction and waste. Approximately 70% of the earth canal 

sections traverse terrain with 15% to 40% cross-slopes. 

The seepage losses in the earth canals have been computed 

u~ing the Moritr formula. 

s •
 

VIII-2
 



Where.	 S • Loss in lIs per km length of canal. 

Q • Discharge in m3/ •• 

V • Hean velocity in m/s. 

e • 4.7 for clay and clayey loam soila. 

The rock cut section. are excavated 3 to 4 • into tuff and 

have 0.25 horizontal to 1 vertical .ideslope•• 

Elevated lined sections were used where the main canal 

traverse. some of the low lying rice areas. The elevated aection. 

are 2.0 to 2.5 • above ground surface and have a total length of 

530 a. The design capacity rangea from 720 down to 120 1/.. The 

atone masonry lining is 20 cm thick with a 1/4 to 1 aideslope. 

The embankment top width is 1.0 m with a 1.5 horizontal to 

1 vertic~l sidealope. 

Bench flumes were used in terrain with a 401 to 100% cross

elope. Generally, these areas may be subject to landslides and 

require considerable back cutting. 

The elevated flume at main canal station 1.14 has a design 

capacity of 1,500 l/s. The rectangular concrete structure cross

aection measures 2.8 x 3.8 m and has a length of 20 m. The 

lubstructures consist of 4 untapered concrete piers with 5-meter 

.pacing and a maximum pier height of 3.5 m. 

The structures in the main canal consist of turnouts, check 

.tructures, wasteways, bridges, drain In} eta and cross-drainage 

reinforced concrete pipe culverts. Table VIIl-l shows the number 

and design capacities of these structures. 

A short description of some of the design features of these 

atructures are given below. 
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Turnout. 

A total of 43 turnouts have been prop08~d in the main 

canal with capacities ranging from 20 to 300 lit~rs/see. The 

turnouts have reinforced concrete wing walls and stone 

masonry inlet floors. The turnouts are provided with orifice 

gaus of the circular type for discharge of 20 to 100 1/., 

and with a rectangular type for diacharge. greater than 

100 l/s. In addition, ttlllfMli' • .,1.. fecUiU... have been 

provided to be used durina repair or replacement of the 

orifice gates. 

Checks 

In order to maintain the required design water surface 

elevation in the main canAl. l7 checks have been proposed. 

The gate mount, weir and bridge would be of reinforced 

concrete and the remaining part of the 8tructure would be 

constructed from 8tone masonry. The checks would have double 

Itoplog provbion8 to facilitate repair and replaceIHnt 01 

the control gates. For canal. with bottom widthl sreater tha. 

1.0 m. double bay check 8tructure8 are used 1n the design. 

Wasteways 

Wa8teways are provided down8tream of drain inlets in 

the main canal and at certain 10cation8 to facilitate 

maintenance of the canal. The wasteway 8tructure will be 

similar to the check 8tructure in design, but will have only 

timber stoplog provision8. 
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CroBe-Drainage 

To convey the storm runoff from the surrounding hill. 

under the main canal. 1)9 cross-drainage culvert. are 

provided. ranging from 8ingle barrel pipes 0.5 m in diameter 

to triple barrel 1 m diameter pipes. The hydraulic de8iln of 

the•• culvert. is discussed in Chapter VII. 

Bridge. 

Two single-lane and three double-lane bridges are 

prop08ed for the main canal. The single-lane bridges would 

be 3.75 m wide and the double-lane bridges would have a width 

of 7.0 m. The bridge spans range from 3.62 to 6.9 m. The 

superstructure would be reinforced concrete T-beam section on 

8tone masonry pier8. 

Main Canal Laterals 

The main canal lateral system includes 6 laterals and one 

8ublateral. with a total length of 9.29 km. The pertinent 

feature8 of the main canal laterals are given in Table VIII-2. 

The design capacities range from 10 lIs to 312 lIs. The two main 

latera18 are M2.45L and M8.80L. which have command areas of 

182 and 110 hat respectively. Except for a 10 m long elevated 

flume. all lateral canals consist of earth canal sections. The 

de8ign water level of the laterals is assumed at 30 em above 

ground 8urface. 

Farm Distribution System 

The farm distribution system, or the tertiary system, 

includes the main farm ditches, farm ditches and farm drain8. The 

main farm ditches are supplied by farm irrigation canals which 
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distribute irrigation water through a division box into the main 

farm ditch. rae total length of main farm ditch is 34.25 km. The 

area served by a farm irrigation canal is normally up to 50 ha. 

Th. matn farm ditch will convey water to 5 ha plots. From the 

main farm ditch. water is conveyed to each field by a farm ditch. 

Th. number of division boxes 111 based on the aSAumption that 

paddy-to-paddy irrigation in Banjar Plains Project should not 

exceed 150 m in distance. 

The farm turnouts are sized based on land preparation 

requirement. Land preparation staggered over three ten-day 

periods (30 days) results in a maximum irrigation requirement at 

farm turnout of 1.65 lIs/ha. The farm distribution system 

capacity is designed for this duty factor. 

Highline Canal System 

The highline canal system will irrigate about 1~9 ha of land 

presently under cultivation. These landR are situated below the 

49 m elevation. The highl1ne canal, with a total length of 

3.76 km, has a design capacity ranging from 100 to 275 lIs. The 

canal, 8S enVisaged. is composed of the following waterway 

sections: 

Earth Section 3.21 km 

Elevated Lined Section 0.30 km 

Bench Flume Section O. 16 km 

Elevated Flume Section 0.09 km 

TOTAL Highline Canal Len~th 3.76 km 

The highl1ne canal Hystem layout Is shown on Figure VIII-I. 

and the features are presented tn Table VIII-3. The earth 

sections of the highltne canal have cross-slopeR up to 50% and the 

160 m of bench flume has a 75% cross-slope. The elevated lined 

section from Station 0.56 to Station 0.90 is from 0.0 to 3.0 m 

above ground surface. The two elevated flume sections have 
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rectanlular concret. canal crosa-sections of 0.90 a x 0.80 a, and 

design capacities of 120 l/s. The suhstructure cone1ats of 

8 tapered and 10 untapered concrate pie·... with a spacinl of , a 

and a maxiaua pier heilht of 3.0 and 5.0 a, respectively. 

The highl1ne canal lateral has a length of 1.72 ka. The 

lateral HO.56L h.. a co...nd area of 42 ha. The features of 

lateral HO.56L are tabulated in Table VIII-4. The high line canal 

systea i. al.o prOVided with a tertiary systea. The total length 

of the main far. ditch for the high line aystea is 3.42 k•• 

Drainase 

The Banjar Plains Project Area drains into tne Citauduy and 

Ciraos River.. The latter i. a tributary of the Citanduy River. 

Th. drainale 1n the project area is, for aost part, reasonably 

lood and no floodinl 1. reported in the area, except for an area 

of about 50 ha west-southwest of kampunl Pamangkolan. During 

heavy rains the rapid runoff of the adjacent steep hills CaIHU! 

floodinl in th1e particular area. No data ace available on 

frequency, depth and duration of the flooding. In some portions 

of the project area the water depth in the rice padd les after 

heavy rainfall remain. too high for optimum growing conditionl!ll. 

The existing drains 1n the project area require Improvements and 

new drainl!ll need to be added in order to dispose of the l!lItora 

runoff and lrrigation return flow. 

Drainage Flov 

A del!llign drainage flow intenaity for paddy fields and .aall 

hilly catchment. ha. been developed and used in determining the 

drainag_ canal capacities. The peak dischar.e of the small hilly 

catchments to be used 1n this feasibility report wae e.timated on 

the beai. of a singl. stora of one-hour duration and 11 ca depth 
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over a theoreticel vater.hed, re.ultin. in the rel.tion. 

Q • 2.4 SO.38 AO.76 

Wt,ere. Q 

S 

• Peak dlachar.e in .~/•• 

• Lover .e.i-ba.in .lope in ./.. 
A • Catch..nt area in k.2• 

lor paddy field. vhere a maximu. flood .tora.e of 48 houra 

vas alloved, the draina.e flov intendty for a 10-year ded.n 

flood va. computed at 6 1/. per hectare. The draina.e capacit1 

vas based on the above criteria and va. taken fro. the ded.n 

report.!/ 

Draina.e Layout and Peature. 

The layout of the proposed primary and ncondary draina.e 

.yatea 1. presented in Fi.ure VIII-2. A_ide from the 

Cirao. River, the primary draina.e ayatelll conaist. of 4 drain. 

vith a total Ien.th of about 16.' km. and capacities ranging froa 

1 .3/. to 11 a l /.. The 'I!!condary drains have a total len.th ot 

about 21.' k. and drain capacitie. vary fro. 0.' .3/. to 2.0 .3/". 

About 601 ot the dea1.ned drains are exbtin. and have to be 

improved in order to cope vith the desi.n flov.. The runoff froa 

the hilla surroundin. the lowland rice i. conveyed under main and 

hi.hl!ne canal. and lateral. by cro••-draina.. culvert., and 

collected 1n propos.d drainll.e canale lit the toe at the hill 

slopes. 

Th. capacitie. at the drainage canale wer. determined usinl 

Mannin.'. toraula • The ID8ximua velocitie. are loverned by the 

• axiaua tractive force for non-.courin. velocitie.. ror ..ximua 

!J "Design Report-Drainage and Irrigation". Citanduy Project. 
Engineering Consultant•• In~ •• Denver. Colorado. U.S.A •• Nove.
ber, 1976. 
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tractive force for non-scouring velocities. Por the clayey soila 

1n the project .rea, • maximull tractive force of 1.25 kg/1l2 wa. 

adopted. The folloving relationship for tractive force was used. 

l: •	 YIS 

Where.	 '"t • Tractive force in kg/.2•
 
y
 • Unit weight of water; 1,000 kl/a'. 

I • Hydraulic radius in II. 

S • Canal slope. 

The minimua design velocity in the drainale canal. sh.ll be 

not less than 0.5 a/s. The drainage canals would be constructed 

below the average natural ground surface. 

The etructures for the proposed dratnage sy.tea include 

drops, culvert., drain tnlete, and sides lope and bed protection. 

The number and design capacitiee are tabulated and shown in 

Table VIII-5. The drops and drain inlets were designed in stone 

.aeonry. The drainage systea conetsu of 26 road culvert. of 

which 4 were deeigned •• double barrel box culvert.. The 

rellalning 22 culvert. have been de.lgned with reinforced concrete 

plpes. Riprap and gravel blankets were used in the design 

estimate for the 1,260 II of armored aectlon. 
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TABLE VIII-l 
(Continued) 

Main Canal Features 
Sheet 2 of 2 

REACH 
STATION 

M-l 
0.00-2.45 

M-2 
2.45-6.34 

M-3 
6.34-7.90 

M-4 
7.90-8.80 

M-5 
8.80-11.50 

M-6 
11.50-12.47 

M-7 
12.47-14.06 

!I-8 
14.06-14.75 

Turnout 
Q • 20 lIs 

50 lIs 
100 1/s 
200 lIs 
300 lIs 

1 
3 

1 

8 
5 
2 

7 

1 

2 
2 

2 
3 

1 
2 

3 

< ..... ..... 
...... 
I ...... 

Check 
Q (l/s) 

Wasteway 
Q (l/s) 

2 
1.150 

1 
1.150 

4 
800 

1 
800 

2 
566 

.2 
566 

1 
400 

3 
220 

2 
220 

1 
180 

1 
180 

2 
135 

1 
135 

2 
100 

1 
100 

Rep Culvert 

"0.5 m 

" 1.0 m 
2-0 1.0 m 
3-0 1.0 m 

8 
1 

11 
3 
1 
1 

6 
3 

6 
2 
1 

3 
1 

f: 
2 

4 

Bridge 
Single Lane 

Span (m) 
Double Lane 

Span (m) 

1 
6.90 

1 
5.92 

1 
5.92 

1 
3.90 

1 
3.62 

Drain Inlet 1 1 

FREE-FLOW 
Siphon (RR) 

Length (m) 
1 

80 

~ 
....... .. . .... 

~ 

'/ 
., 



TABLE VIII-l 
Main Canal Features 

Sheet 1 of 2 

REACH 
STATION 

M-1 
0.00-2.45 

M-2 
2.45-6.34 

M-3 
6.34-7.90 

M-4 
7.90-8.80 

M-5 
8.80-11.50 

M-6 
11.50-12 .. 47 

M-7 
12.47-14.06 

M-8 
14.06-14.75 

Length (18) 2,450 3,890 1,560 900 2,700 970 1,59011 &90 

Earth Section 
B (18) 
Q (l/s) 

L (18) 
X-Slope (X) 

2.40 
1,500 
2,350 
6-30 

2.00 
1,200-875 

3,830 
0-40 

1.25 
566-400 

1,280 
20-35 

1.00 
400-390 

130 
20 

0.80 
220-180 

2, .C:50 
0-30 

0.60 
180-135 

560 
15-35 

1).50 
135-~~ 

1,370 
5-30 

0.40 
100-50 
1,740 

0-35 

< 
-< 
H 
H 
I 
~ 

0 

Rock Cut Section 
B (m) 2.80 
Q (lIs) 1,500 
L (m) 80 

Elevated Lined Section 
B (m) 
Q (l/s) 
L (18) 

1.7 
800 

60 

1.00 
461 
220 

1.00 
395 

20 

0.60 
180 
60 

0.60 
175 

SO 

0.50 
120 
140 

Bench Flume Section 
B (m) 
Q (l/s) 
L (m) 
X-Slope (%) 

1.00 
417 

60 
60 

1.00 
395 
750 

65-75 

0.60 
182 
80 
SO 

0.60.'_.: -; 

360 
40-100 

Elevatp.d 
B (m) 
Q (lIs) 
L (m) 

Flume Section 
3.8 

1,500 
20 

l! Reach M-7 includes 80 meters of Railroad Siphon. 



TABLE VII1-3
 

HighUne Canal Features 

Reach 8-1 8-2 H-3 8-4 

Station 0.00-0.56 0.56-0.90 0.90-3.10 3.10-3.76 

Length (m> 560 340 2.200 660 

Earth Section 
B (II> 0.70 0.40 0.40 
Q (l/s) 195 100 75 
L (m> 400 2.200 610 
X-Slope (%> 0-30 0-50 15-35 

Elevated Lined Section 
B (m) 0.50 
Q (l/s) 135 
L (m> 340 

Bench Flume Section 
B (m) 0.50 
Q (l/s) 195 
L (m> 160 
X-Slope (%) 75 

Elevated Flume Section 
B (m) 0.40 
Q (l/s) 65 
L (m) 50 

Turnout 
Q • 20 l/s 4 2 
Q • 50 l/s 1 1 1 1 
Q • 100 l/s 1 1 

Check 1 1 3 1 
Q (lIs) 195 135 100 75 

Check - Drop 
Q (lIs) 

Drop 
Q (lIs) 

Wasteway 1 1 1 
Q (lIs) 135 LaO LOa 

RCP Culvert 
~ 0.50 m f) 2 
~ 1.00 m 3 

Two-Lane Bridge 1 
Span (m) 4. 12 
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TABLE VIII-2 

Main Canal Lateral 

Earth Canal Turnout Rail- Rail- End Check 
Lateral Length Q Q Flume road Division Box road and 

Na.e Reach (km) (lIs) Check Drop (lIs) X-ins Siphon l-liay 2-9ay Siphon Wasteway 
MO.5L 1 0.20 38 3 1 18 1 

2 0.12 25 1 2 25 1 1 
Ml.65L 1 0.08 32 1 2 10 1 1 

2 0.15 25 1 4 1 10 1 
3 0.11 18 1 2 10 
4 0.19 10 2 1 2 10 1 

M2.45L 1 0.20 312 2 1 87 1 1 
2 0.45 254 1 1 1 90 
3 0.63 207 1 1 1 63 1 

~ 

4 0.72 179 1 1 25 1 
<: ...., 5 0.42 158 1 1 1 48 1 
t-4 
H

6 0.22 138 1 1 18 , 7 0.28 133 1 1 63 ...... 
~ 8 0.42 104 1 1 25 1 

9 0.08 94 1 1 94 1 
M2.45L 1 0.18 87 1 18 

10.2L 2 0.42 76 1 2 2 76 1 1 
M4.39L 1 0.01 50 ELEVATED FLUME 

2 0.03 50 1 28 1 
3 0.14 32 1 18 
4 0.22 25 1 18 1 

K6.24L 1 0.22 94 2 1 18 
2 0.33 87 1 1 18 
3 0.02 79 1 1 38 1 
4 0.15 58 1 1 38 
5 0.78 32 3 3 32 1 

K8.80L 1 0.32 195 1 25 
~ 0.02 172 1 2 25 1 
3 0.52 164 2 2 58 1 
4 0.14 132 1 1 43 
5 0.36 116 1 2 43 1 1 
6 0.44 98 2 2 43 1 1 1 

R 
7 0.72 87 2 2 2 58 1 

Total Lat. 9.29 10-312 31 21 44 10-94 8 13 4 7 



TABLE VIII-5
 

Drainage System
 

Sideslope 
Del!l1an ExilltinB Proposed and Bed 
Ca~.c1ty Drains Drains Drain Protection 
(a Is) (km) (km) Drop Culvert Inlet (m) 

0.5 4.90 6.15 21 15 11 

1.0 3.60 3.75 3 3 4 

2.0 1.20 2.50 6 4 

3.0 2.70 2.80 6 4 

4.0 0.50 0.30 2 

5.0 2.00 840 

6.0 0.85 

7.0 1.80 3 420 

9.0 0.45 

11.0 I. 10 

13.0 3.40 

Total 22.50 15.50 36 26 21 1,260 
----- 
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TABLE VIII-4
 

Highline Canal Lateral
 

Earth Canal Turnout Road End Check Cross. 
Lateral Length Q Q way Division Box and Drainage 

Name Reach (km) (l/s) Check Drop (l/s) Siphon l-Way 2-Way Wasteway Culvert 

HO.56L 0.08 100 1 38 1 

2 0.66 87 1 1 32 1 

<: 
H .... 
...... 
I ..... 
~ 

3 

4 

0.61 

0.37 

71 

53 

1 

1 

32 

53 

1 

1 

2 

2 

Total Lat. 1.72 17-100 5 7 17-53 2 2 10 



Chapter IX 

PROJECT COSTS 

Qeneral 

The past few years have a.en conatruction coaU underlo 

.ajor adjustmenta throughout the world. Thi. abrupt and 

continuing rise in costs waa triggered principally by the dra..tic 

increase in the price of crude oil ainc. 1973. Conatruction coat 

estimate. have always been subject to inflationary and other 

press~res, but the degree of accuracy which vaa co-.on i~ the pa.t 

may not be attainable in the future. 

The magnitude of project features, the need to adhere to an 

economic and practical construction schedule, and the reetrainte 

imposed by the technical engineerin. and conatructioD 

apecificationa involved all influence and, indeed, dictate the 

choice of the construction technology to be used on the varioue 

project features. Thia, 1n turn, viiI have a direct bearing on 

the relative proportiona of labor, material, and equipment coete 

a. well aa the distribution of foreign and domestic currency 

components. 

The size and magnitude of the features of the Banjar Plaine 

Project are ideally suited for execution by labor intensive 

methods. Further, II major portion of the work can be handled by 

local contractors with either equipment available within the 

country or supplementing it with imports. 

The foreign currency requirement will be mainly for pumping 

plant equipment, diveceion wier shutters, regulator gates, IUjor 

construction equipment, spare parts for equipment. structural 

ateel and reinforcing steel, engineering service. for • consultant 

for construction superv1aion, along with office and oth.r 

equipment not available in Indoneaia. The main elements that will 

b. financed in domestic currency will b. construction equipment 
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available in country, fuel, oil and lubricant, inland 

tran.portation, fabrication of structural .teel, cement, lumber 

and other con.truction material, salarie. and wage. of laboren 

and lndone.ian .taff employed on the project. 

The coat ••ttute ha. been preparad for the tvo .ch.... 

di.cu••ed in Chapter VII. They are, (1) Gravit, 5y.te., and 

(2) Puaped S,.te.. The operation an«! utntenance co.t. for the 

tvo .chemes have al.o been estimated. 

Project EsUlIUlte 

Co.t itellUl for eaoh feature were con.idered separately and 

their co.t. determined. Host cost. were determined by firat 

co~utinl the quantity froll preliminary deaign. and then applyinl 

the unit prica for that item. Some of the items for which quantity 

e.timate. cOilld not be made were cos ted on a lump-sum basi.. The 

identification of the item. and quantity evaluation was carried 

out to a fea.ibility level. 

Both the Gravity System and the Pumped System were divided 

lnto eleven (11) separate components for estimate purpose.. Of 

these components, the followlng seven (7) components are cOlllllon 

between the two systems: 

Main Canal - Reach H-l to M-8 

Maln Canal - Lateral_ 

Main Canal - Tertiary System 

Hlghlin. Canal - Reach H-l to H-4 

Htghline Canal - Lateral. 

Highline Canal - Tertiary System 

Drainage Systea 

The Main canal and Htghilne canal systems were divided into 

reache. (sub-sy.tem.) on the basts of hydraulic size to facilitate 
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cost and quant f ty computation. The d~tai led est f.mate for these 

and the Drainage system are included in the Appendix volume. In 

forming the estimate for these items, several alternatives for 

waterways, waterway structures, etc., were compared on the basis 

of relative cost. Many alternative alignment and apportionment of 

service area between the MaLn and Highline canals were compared. 

The other components of the Gravity system 

are, (1) Diveraion Weir, (2) Oesilting Rasin, (3) Gravity Supply 

Canal, and (4) Highline Pumping Plant. The detailed estimate for 

these items is presented in Table IX-3. The alternative Pumped 

system components are, (1) Main Pumping Plant, (2) Desilttng 

8asin, (3) Rel.tft Pumping Plant, and (4) Link Supply Canal. The 

detailed estimate for these items is presented in Table IX-5. The 

above estimates are based on feaSibility level designs discussed 

in Chapter VII-Project Features. 

Quantities 

Quantities for unit price items were generally obtained by 

direct computatlon of the amounts of work or material involved In 

construction. Earthwork quantities for structures were computed 

by superimposing the structure over topographic maps. Tables of 

earthwork quant it ies and righ t-of-way requi rements were prepa red 

for canals and other waterways using size and cross-slopes as 

variables. Separate tables were prepared for !'lupply aqueducts 

(water prism below natural ground level), for dpJ Ivery canRls In 

balanced cut and fll1, and for dl!'ltrthutlon waterways where the 

water surface is above cropland. 

Concrete, masonry, steel, timber and !'llml Jar qURntlties were 

calculated from standard deslgn drawinRs and from feasibility 

designs of features for this Project Report. 

Control, orifice and check gates were des igned for the 

features involved and their assembled welghtA calculated from 
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material quantities used while gate valve weights were obtained 

from manufacturers catalogs. Pipe quantities were determined from 

feasibility design drawings for structures and from tables of 

quantities for culverts, turnouts, etc. 

Unit Prices 

Unit prices for work and material quantities were computed 

at 1976 price levels. Many prices were obtained from successful 

bid data for similar cost items over rC!cent years. Some price.. 

were obtained for material costs and work estimate records of 

Citanduy Project, adjusted for contractors profit. Per-item costs 

for items such as pumps, engines and weir shutter gates were 

obtained from manufacturers and suppliers recent quotations. 

Ea rthwork prices were obat ined from the Ci tanduy Project 

Office and are based on 1976 Project material costs and work 

estimates. Adjustments wer~ made for estimated labor requirements 

such a8 preparing pipe beds, trimming for 9tructures and other 

hand labor, to obtain structural excavation prices. 

Concrete prices were obtained from successful bid data. The 

bids generally included reinforcement costs which were separated 

out for this feasibility estimate. Basic concrete cost, including 

cant ractor prof it and ave rhead, was obta I ned fur items such as 

mass concrete, floors and footIngs. This was found to average 

Rp. 23,200 per m3 , adjusted to 1976 prIce hase. Concrete in 

superstructures was found to average Rp. R3,2~0 per m3 (exclusive 

of reinforcement); the dIfference representing forming, 

scaffolding, and falHe work costs. Steel reInforcempnt (smooth 

roll, local) was estimated tu cost Rp. 280/kg in place, using the 

Project material and work est imates data. Unl i: prices used 1n 

this feasibility estimate, with some variations for special 

conditions, are preRent~d in Table IX-I. The unit prices for 

certain items are shown to vary depending on site conditions, 

lead, etc. 
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Lump-Sum Items 

Lump-sum items are generally estimated from previous bid 

items or from estimates of equipment, materials, fuel and labor 

over a specified duration. The field facilities item for 

Banjar Plains weir was taken from costs of office building, 

godowos, mandi's, utilities and similar facUities for previous 

weir construction in the Citanduy Basin. Dewatering was estimated 

from equipment, fuel and labor coste over the construction period. 

Diversion of flow for culverts and drainage structures were 

estimated to be 10.000 Rupiahs per structur~, all labor cost. 

Lump-sum detour and traffic maintenance costs are engineering 

judgement estimates. The lump-sum electrical/mechanical 

accessories costs for the Pumping Plant alternative were based on 

similar plants. This item was scaled down for the HighUne Pump 

Station estimate. 

Cost Base 

The estimates. prepared for both the Gravity system and the 

Pumped system, were based on the 1976 cost. as the IInit prices 

were either available or developed to that base. The estimateR 

were then updated to reflect the 1977 costs by using a general 

cost escalation factor based on inflation. TheRe factors are 

different for domestic and foreign components. An inflation rate 

of 20 percent was applied to all domestic itemR, while 7 percent 

was used for foreign items. 

It was estimated that for main items, such as pumping 

plants. the foreign currenc}' cost component would be 3') percent 

while for all other items. such as diversion weir. desUting 

basin, canals and canal structures the foreign currency cost would 

be 18 percent. The escalation factors used are 1.1545 and 1.1766 

for the 35 percent and 18 percent foreign component items. 

respectively. 
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Contingencies 

A contingency factor of 15 percent was applied to the 

calculated coats of 8anjar Plain8 features. This factor is 

required to allow for unforeseen developments such a8 design 

changes, unit C08t increases, minor inflation and changed 

conditions. It also is required to compensate for minor coat 

items not detailed at the feasibility level, oversight and 

computational errors, and data reliability. Discrepancies in 

topographic data that were not reconciled at the time of 

preparation of this Report mandates that an allowance be made to 

~ompensate for adverse data. 

Engineering and Administration 

Engineering services consist of final design construction 

draWings t specifications, const ruction field invest igat ions, and 

surveying and mapping for final design. Administrat ion services 

consist of supervision and inspection of construction, procurement 

of required construction goods and services, and general 

super.vision and coordination of all forces involved in 

construct ing the proJect. An allowance of 15 percent over the 

total cost of the project, including the 15 percent contingencies, 

is deemed adequate to cover the costs for the above ment ioned 

items. 

Cost Summary 

Cost estimate etDstr'dcts for the Gravity System and the 

Pumped System are presented in Tables IX-2 and IX-4, respectively. 

The detailed estimate for thp. two systems are preeented in 

Tables IX-3 and IX-5. As mentioned earlier, the escalation 

factors were first applied to the eRtimated costs for each of the 

major items, depending on the foreign component, to bring the cost 

to 1977 base. Over this cost, first a 15 percent Contingency was 
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applied, followed by a 15 percent Engineering and Administration 

The total con of the Gravity system is Rp. 1,700,504,000, 

while that of the Pumped system is Rp. 1,575,522,000. 

Operation. Main~cnance and Replacement 

Operation, Maintenance and Replacement coats for the project 

b dependent on the scheme selected. A detailed scheme for the 

operation and maintenance phase of the project 18 presented in the 

Appendix volume. The scheme has been formed with the assumption 

that the Banjar Plains Project will be under an administration 

control similar to the other irrigation systems in the 

Citanduy Basin. 

Operation and Maintenance is a vital part of water 

management for the Banjar Plains Irrigation system to achieve the 

crop production identified in this report. The success of this 

proposed project will vary directly with the success achieved in 

the 0 & M of this irrigaton system. Project Citanduy will be able 

to offer support to the Banjar Plains irrigation system only if 

budget fund8 are provided to accomplish a specific 0 & M work plan 

each year. Operation and Maintenance efficiency will improve each 

year to the extent that Administrative Management evaluates actual 

C08t8 of operating experience in comparison with work and result8 

actually accomplished. 

The Banjar Plains Project is a run-of-the-river p~oject with 
-~-.... ~ 

a "flow through" irrigation system. The "flow through" irrigation 

practice providea several advantages to 0 & M phases of. the 

syatem. After the desilting basin removes a major portion of the 

suspended silts. the irrigation canall! provide a domestic raw 

wster supply to nearby village8 enroute to the farmers' fields. 

Once the aystem 111 put in operation, a constant flow of water 
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through the supply canal is maintained resulting in a constant 

water level at the tertiary headgates during the growing season of 

the rice crop. However, maintenance of the canals and 

distributary system to carry the design flows forms the single

moet important factor in any 0 & M scheme. 

Cost. 

The annual costs of Banjar: Plaine Irrigation system was 

estimated based on a 50-year e/~onomic life of the major civil 

structures in accordance with current practice for similar 

irrigation projects in Indonesia. This economic life· 18 being 

used for the current rehabilitation works for irrigation systems 

in the Citanduy Basin. 

The annual 0, M & R costs are estimated as a combination of 

the following: 

1. Operation Costs 

These costs include staff positions at current labor 

costs, plus fuel and lubrication, plus communication and 

administrative costs, and are approximately 1% to 2% of the 

estimated cost for the Gravity and Pumped systems. 

2. Maintenance Costs 

Routine maintenance. inspection and administrative 

costs are included in this item. and they vary from 1% to 10% 

or the es t Ima ted cos t. depend ing on the item. The 

percentages used for var10ud items is shown in Table IX-6. 

3. Replacement Costs 

Moving parts subject to scour. wear, abrasion, erosion, 

cavitation or corrosiofl require periodic overhaul and 
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replacement. The costs required for replacement costs for 

the Gravity system and th." Pumped system for 5, 10, and 25

year replacement periods were taken from the cost estimates. 

The useful life, in years, for various components is shown in 

Table IX-6. 

The annual operat ion cost, maintenance cost and 

replacement cost for 5, 10, and 25-yeAr replacement periodo 

for the Gravity system ann Pumped system iR presented in 

Tables IX-7 and IX-B, by subheads. The details of these cost 

are given in the Appendix volume. It Is seen that the annual 

operation and maintenance cost for the Gravity system amounts 

to Rp. 57,851,000 and Rp. 81,694,000 for the Pumped system. 

The 5, 10, and 25-year replacement cost for the Pumped system 

is greater than t~e Gravity system as seen from Tables IX-7 

and IX-B. 

0, M & R Cost Comparison 

An 0, M £. R cost compllri Ron wa~ made between the Gravity 

system and the Pumped system to determine the total present worth 

of the 0, M & R costA to be expended over the pertod of analysis. 

For this, the 5, 10 and 25-yeal~ replacement costs were first 

converted to an annual cost at fin Interest rate of 12 percent, 

aSRumtng the life of the project to bf> 50 years. The replacement 

costs that occur on the fiftieth year Ilre not conRldered ;HI the 

project life iR 50 years. The f111nuf\l 0, M & R cost for the 

Gravity system iR Rp. 72,627,OOn and for the Pumped Rystem it is 

Rp. 131,f)55,OOO. ThiR iA shown in Table IX-9. ThuR, the Pumped 

system will CORt flbout Rp. 1l1,02A,OOO each year mure to operate 

than to the Gravity system. 

The present worth of the O. M E. n CaRt over the 50 yearH WHS 

computed from the annuRl CORtS, flsslImlnR the interest rate to 

be 12:t. This Is alAo shown in Table IX-C). It iA sepn thnt the 

present worth of the O. M 6. R COAts i~.1 Rp. 1l03,1 '31,000 for the 
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Gravity system as compared to Rp. 1,109,938,000 for the Pumped 

system, which is an increase of Rp. 506,807,000 for the Pumped 

system. 

o • M Coordination 

It is vital that an understanding of the continuou8 0 & M 

responsibility for the Banjar Plains Irrigation system be reached 

and agreed upon before the design of the project 18 completed. 

o & M considerations should be reviewed during the design. 

A commitment to provide an 0 & M budget annually to the 

Irrigation Service should be secured from the Province of 

West Java before construction is started to insure crop production 

levels stated in the project benefits. Continuous, responsible 

o & M will make future re'1abilitation unnecessary for the 

Banjar Plains Irrigation System. 

Project Selection 

A total cost comparison of the Gravity System and the Pumped 

System was carried out to determine the most economical Project. 

This is based on the capital cost of the project, the interest 

during construction and the present worth of the 0, M & R costs. 

The capital cost of the two projects is given in Table IX-2 

and IX-4, and the present worth of the 0, M & R in Table IX-9. 

The interest during construction is computed on a three-year 

construction basis with capital outlays of 25%, 45% and 30% during 

the first, second and t. 'LJ year of construction, respectively. 

The interest rate is taken as 12%. 

The cost comparison oE the two systems is shown in Table IX

10. It is seen that the Pumped System costs Rp. 3,082,207,000 as 

compared to Rp. 2,731,661,000 for the Gravity system. Thus, the 

total cost of the Pumped System is Rp. 350,366,000 more than the 
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Gravity System. 

In addition to the increased costs, a Pumped System i8 not 

favored over a Gravity Syst~m by the Director General of Water 

Resources, Republic of Indonesia, because of inherent operational 

and maintenance difficulties, and lack of skilled manpower. 

Hence, from both cost and operational points of view, the Gravity ,
System is recommended for the Banjar Plains Project over the 

Pumped System. 

Construction Schedule 

The major project features of the Gravity System are 

physically and geographically separated from each other. This 

will permit scheduling the construction of each feature as 

simultaneous operations, to a large extent. 

Construction of the diversion weir, desilting basin, gravity 

supply canal, main canal system, h1ghline pumping plant, highline 

canal system, and the drainage system Is proposed to be carried 

out in a three-year construction period following award of 

contract. The recommended cApital outlay for the three years will 

be 25%, 45% and 30%. At the 1977 level of estimate, the capital 

required for the three years will be: 

First Year Rp.425,126,000 

Second Year Rp. 765,227,000 

Third Year Rp. 510,151,000 

During the first year it is proposed to complete the 

foundation workp. for the diversion weir, desilting basin, along 

with earthwork for the canals. Procurement of construction 

materials, ordering for major structural items such as regulator 

gates, weir shutters and pumping plant will be included in the 

first year. In the second y~ar, a major portion of the diversion 
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weir including all concreting. and a large portion of the masonry 

work will be carried out. The concret ing work on the desilting 

basin will be undertaken. It is expected to complete at least 40% 

of the cross-drainage works on the canal system along with a major 

portion of the earthwork for the canal. Work on the highl1ne 

pumping plant will be started. Half of the work on the drainage 

system will be completed. The last year of construction will 

include erection of gates and shutters on the weir; diverting 

river into the weir section; construction of dike; completion of 

desilting basin; installation of highline canal pumps; completton 

of all civil work on the canal and drainage systems. It 1s 

proposed that irrigation water will be supplied to the service 

area during the fourth year of the project. 

Municipal Water Supply System Coat 

A reconnaissance level study of a municipal water supply 

system was prepared to provide an evaluation of treatment. 

delivery and distribution cost. This system would be able to 

deliver 269 l/s at full development with provision for overhead 

storage to meet the peak daily demand. 

Water for the municip'il system would be obtained from the 

project main canal. Reach M-2. at or near the treatment plant. 

The treatment plant and the primary storage reservoir will be 

located just west of the Banjar-Manonjaya road after it crosses 

the Banjar-Bandung railroad. The location is shown on Figure Ill

S. in Chapter III-Municipal and Industrial Water Supply. 

The estimate of the annual cost for the municipal water 

supply system which includes construction. operation. maintenance 

and replacement 1s presented below. 
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Annual Equivalent Costs Million Rupiahs 

Construction Cost 609 

O,M & R Cost: 

Operation and Administration S3 

Maintenance and Equipment S6 

Replacement: 

Annual 103 

Interim 24 

Treatment Chemicals and Supplies SI 

Fuel _5 

Total Annual Cost 901 

The above costs were estimated by present value analysis 

using an interest rate of 12% and an amortization period of 

50 years. Municipal costs were prorated over a 20-year period of 

increasing water usage. The above discussed costs will not be 

considered in the economic analysis of the Banjar Plains Project. 

It is to be emphasized that a separate study 1s required to 

develop detailed plan for the municipal water supply system and 

estimate its cost. 
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TABLE IX-l 

Unit Prices 
(1976) 

Coat It•• 

Ixcavation 

Ixcsv~tion, Structural 

Compacted Embankment 

Ixcavation, Rock, Tuff 

Ixcavation, Structural,Rock 

Overhaul 

Concrete, Superstructure 

Concrete, Columna and Wall 

Concrete, Half-Formed, Finished 

Concrete Slab, Bulk, Footinl 

Stone Masonry, Double Face 

Stone Masonry, Sinlle Face 

Steel Reinforcement 

R1prap and Gravel Armor 

load Pavina, Bituminoua 

Road Surfacina, Stone 

Control Gates, Steel Fabricated 

Measurinl Tube., Water Stale 

Gate Valvea, Cast, Machined 

Timber in Gate. 

Timber Stoplol., Pootbridle 

Concrete Culvert Pipe, 100 em 

Concrete Culvert Pipe, 80 em 

Concrete Culvert Pipe, 50 em 

Steel Pipe, Welded 

Steel Pipe, Manifolda 

Tile, Concrete or Clay, 10 cm 

Bridle Rails, Steel, 5 em 

Clearin. and Strippinl 

Riaht-of-Way 

Unit 

.3 

.3 

.) 

.3 

.3 

km/.3 

.3 
3m

m3 

1Il
3 

mJ 

.3 

kl 
.)
 

.2
 
2
m


kl
 

Pair
 

kl
 

mJ
 

m3
 

m
 

m
 

III 

kl
 

kg
 

m
 

m 

2m

ha 

Price (Rupiaha) 

46' 

650* 

650 

1,080 

1,90~ 

1,000 

83,250 

53,200* 

35,000 

23,200 

23,700* 

15,800 

280 

J,220 

1,750 

480 

800 

160 

1,670 

350,000 

140,000 

34,900* 

27,900* 

17,450* 

750 

900 

1,470 

1,750 

50 

166,000 

* Varie•• 
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TABLE IX-2
 

Cost Estimate
 

GRAVITY SYSTEM 
Inflation 

Itelll Cost 1976 Factor for Cost 1977 
No. Item (MUlion Rp.) 1977 (Million Rp.) 

1.	 Diversion Weir 385.228 J.1766 

2.	 DesUting Works 83.115 1.1766 

3.	 Highline Pumping
 
Plant 16.593 1.1545
 

4.	 Gravity Supply
 
Canal 219.222 1.1766
 

S.	 Main Canal, Reach
 
M-l to M-8 185.161 1.1766
 

6.	 Main Canal-Laterals 33.675 1.1766 

7.	 Hain Canal-Tertiary
 
System 59.589 1.1766
 

8.	 Righl1ne Canal,
 
Reach H-l to H-4 33.362 1.1766
 

9.	 Highl1ne Canal-

Laterals 6.393 1.1 766
 

10.	 Highl1ne Canal-
Tert tary System 6.729 L.1766 

11.	 Drainage System 64.076 1.1766 

Sub-Total • • • 

Contingencies (15%±) 

Field Cost . . . . . . . . 
Engineering and Administration (l5%±) 

Total	 Cost (Hillion Rupiahs) •• 

Total	 Cost Hillion U.S. Dollars ($1.00~Rp.415.00) 

453.259 

97.793 

19.157 

257.937 

217.860 

39.622 

70.112 

39.254 

7.522 

7.917 

75.392 

1,285.825 

192.874 

1,478.699 

221.805 

4.097 

Note: The costs presented in the following tables are based upon 
questionable topographic maps. Revisions may be necessary when 
8urveys are completed. 
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Sheet 1 of 15 
TABLE IX-3 

Cost Estimate (Detail) 

Gravity System Diversion Weir 
Unit Coat 

Item Price (Milliona 
Ho. Item Quantity Unit (Rupiahs) Rupiahs) 

1. 
2. 
3. 

5. 

6. 
7. 
8. 
9. 

10. 

11. 

12. 

13. 

14. 
15. 
16. 

465 
650 

83,250 

35,000 

23,200 
280 

15,800 
3,220 

72,625,000 

kg 800 

kg 800 

176,000 

50 
41,200,000 

ha 166,000 
6,225,000 

77.655 
17.225 

36.214 

45.500 

26.912 
14.857 
39.500 

2.576 
72.625 

1.280 

0.160 

0.303 

2.000 
41.200 
0.966 
6.22~ 

385.228 

Excavation 
Compacted Embankment 
Reinforced Concrete
Superstructure 
Concrete, Finished
Weir and Apron 
Concrete, Bulk-Weir 
and Apron 
Steel Reinforcement 
Stone Masonry 
Riprap 
Weir Shutters 
Sluiceway Gate 
Frames and Hoists, 
One Each 
Regulator Gate 
Frames a~d Hoist, 
One Each 
Timber in Gates and 
Stoplogs 
Clearing and Strip
ping 
Dewatering 
ROW 
Field Facilities 

Total Cost of Diversion Weir •• 

167,000 
26,500 

435 

1,300 

1,160 
53,060 

2,500 
800 

Lump Sum 

1,600 

200 

1. 72 

40,000 
Lump Sum 

6 
Lump Sum 
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TABLE IX-3 
(Continued) 

Cost Estimate (Detail) 

Gravity System	 DesUting Works 
Unit Coat 

Item Price (Million.. 
No. Item Quantity Unit (Rupiahs) Rupiahs) 

Excavation	 8,285 465 
Compacted Embankment 1,150 650 
Reinforced Concrete 396.8 83,250 
Steel Reinforcement 25,120 280 
Unreinforced Concrete 644 23,200 
Stone Masonry 338 15,800 
Flushing Gate Frames, 
Guides and Sills 6,826 kg 750 

8.	 Flushing Gate Pedes
tals, Stems and Wheels 1,657 kg 900 

9.	 Canal Outlet Gate 
Frames, Guides and 
S11ls 728 kg 750 

10.	 Canal Outlet Gate 
Pedestals, Stems and 
Wheels 184 900k~ 

11.	 Timber in GateR 4.95 m 350,000 
12.	 Silt Outlet Gate, 

100 cm. 376 kg 1,670 
13.	 Silt Outlet Pipe, 

1 m Dia. x 25 m, 
Concrete 19 15,700 

14.	 Timber in Stoplogs 10.6 140.000 
15.	 Clearing and Strip

ping 6,000 50 
16.	 ROW 1.08 166,000 
17.	 Field Facilities Lump Sum 6.225,000 

Total of Desilting Works ••••••••••••• 

3.852 
0.748 

33.036 
7.034 

14.937 
5.338 

5.120 

1.492 

0.546 

0.165 
1.732 

0.627 

0.296 
1.488 

0.300 
0.179 
6.225 

83.115 
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TABLE IX-3
 
(Continued)
 

Cost Estimate (Detail)
 

Gravity System Highline Pumping Plant 
Unit Cost 

Itea 
No. Item Quantity Unit 

Price 
(Rupiahs) 

(Millions 
Rupiahs) 

1.	 Excavation 
2.	 Compacted Backfill
 

and Embankment
 
3.	 Reinforced Concrete 
4.	 Steel Reinforcement 
5.	 Unreinforced Concrete 
6.	 Stone Masonry 
7.	 Timber Stoploga 
8.	 Engines and Pumps 
9.	 Mechanical and Elec

trical 
10.	 Clearing and Strip

ing 
11.	 ROW 

629 

469 
19.92 

1.773 
19.69 

239.52 
0.66 

Lump Sum 

Lump	 Sum 

1.624 
0.16 

Total	 of "ighline Pumping Plant 

465 

650 
83.250 

280 
23.200 
15.800 

140.000 
Lump Sum 

Lump	 Sum 

50 
166.000 

. . .	.
 

0.292 

0.305 
1.658 
0.496 
0.457 
3.784 
0.092 
8.440 

0.960 

0.081 
0.026 

16.593 
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TABLE lX-3 
(Continued) 

Cost Estimate (Detail) 

Gravity System Gravity Supply Canal-Waterways 
Unit Cost 

Itea Price (Millions 
No. Item Quantity Unit (Rupiahs) Rupiahs) 

Earth Canal Section: 4.61 kilometers 
31. Excavation	 25,267 m 46.5 11.749
32. Compacted Embankment 18,700 m 650 12.155 

3. Clearing and Strip
2ping	 84,000 m 50 4.200 

4.	 ROW 8.4 ha 166,000 1.394 

Sub-Total Earth Canal . . • . • . . . · 29.498· · ·	 · ·
 
Lined Canal and Bench Flumes: 2.34 kilome~ers 

1.	 Excavation, Common 162,912 m 465 75.754 
32. Structural Excavation 9,714 m 650 6.314 
33. Stone Masonry 2,275 m 15,800 35.950 

4. Clearing and Strip
2ping	 42,700 m 50 2.135 

5.	 ROW 4.27 ha 166,000 0.709 

Sub-Total Lined Canal . . . . . 128.471·
· · · · · ·
 
Elevated Flume Crossings: 0.22 kilometers 

31. Structural Excavation 215 m 650 0.140 
32. Reinforced Concrete 223.3 m 83,250 18.587 

3. Steel Reinforcement 49,605	 280 13.890k§
4. Unreinforced Concrete 233 m 23,200 5.406 

35. Stone Masonry	 896 m 15,800 14.157 
6. Clearing and Strip

2ping	 1,960 m 50 0.098 
7.	 ROW 0.245 ha 166,000 0.041 

Sub-Total Elevated Flume • 52.318· · · · · · ·
 
Total of Gravity Supply Canal-Waterways	 202.679 
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TABLE IX-3 
(Continued) 

Cost	 Estimate (Detail) 

Gravity System Gravity Supply Canal-Structures 
Unit Cost 

Item Price (Million. 
No. Item Quantity Unit (Rupiahs) Rupiahs) 

Turnouts 
1.	 Excavation, Canal
 

Bank
 650 0.005 
650 0.0032.	 Compacted Backfill 

15,800 0.0883.	 Stone Masonry 
4.	 Gate Frames, Slides 

and Guides 159 kg 750 0.119 
S.	 Stem. Wheel and Mis

cellaneous Metalwork 900 0.03335 k~ 
6.	 Timber in Gate Frame 0.05 m 350,000 0.017 
7.	 Timber Stoplogs and 

3Operating Bridge 0.28 m 140,000 0.039 

Sub-Total Turnouts 0.305 

Culverts 
1.	 Excavation of Pipe 

3Trench	 361 m 1,000 0.361 
32.	 Compacted Backfill 171 m 650 0.111 

3.	 Stone Masonry Head
3walls and Outlets 47.2 m 15,800 0.746 

4.	 100 em Dia. RC Pipe 122 m 34,900 4.265 
5.	 80 em Dia. RC Pipe 29 m 27,900 0.804 
6.	 50 em Dia. RC Pipe 403 m 17,450 7.039 
7.	 Diversion of Drain

age 19 ea. 10,000 0.189 

Sub-Total Culverts	 13.515 

Bridges 
1.	 Excavation. Struc

tural 7 1.000 0.007 
2.	 Backfill 4.7 650 0.003 
3.	 Reinforced Concrete
 

Superstructure 6.80
 83,250 0.566 
4.	 Steel Reinforcement 604 280 0.169 

15,800 0.124S.	 Stone Masonry Piers 7.83 
6.	 Masonry Railings 2.36 23.200 0.055 

Sub-Total Bridges •• • •	 0.924 
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TABLE IX-3
 
(Continued)
 

Cost Estimate (Detail)
 

Gravity System Gravity Supply Canal-Structures 
Unit Cost 
Pric. (Millionl 

Item Quantity Unit (Rupiahs) Rupiahs) 

Parshall Flumes 
1.	 Excavation, Struc

tural 2
 1,000 0.002 
2.	 Compacted Backfill 2 650 0.001 
3.	 Concrete 10.58 83,250 0.881 
4.	 Ste.l Reinforcement 910 280 0.22' 
5.	 Recorder 2 332,000 0.660 

Sub-Total Parshall Flumes . .	 1.799 
Sub-Total Gravity Supply Canal-Structures . . . 16.543 

Total of Gravity Supply Canal ••••••• 219.222 
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TABLE IX-3 
(Continued) 

Cost ~3timate (Detail) 

Gravity System	 Main Canal 
Cost 

Ite. (Million. 
No. Item Rupiah.) 

Reach M-la Sta. 0.00 to Sta. 2.45 
1.	 Earth Canale 12.865 
2.	 Elevated Flumes. 

B-1. 9. d-l. 40. 
Q-l.16. L-20 meters 3.321 

3.	 Rock Cut. Unlined 4 m 
deep includes: Road 
(I-lane) L-80 meters 3.651 

4.	 Turnouts. 1-300. 
3-50. 1-20 1.061 

5.	 Checks. 2 each. 
Q-I.150. B-200 1.530 

6.	 Wasteway. Sta. 2.20 0.623 
7.	 Culverts. 1-1.0. 

8-0.50 3.713 
8.	 Bridges. I-single 

lane. 6.9 m span 2.195 
9.	 Parshall Flume 0.858 

Sub-Total Reach M-l . . . . . . . . . . . . . . . 29.817 

Reach M-2: Sta. 2.45 to Sta. 6.34 
1.	 Earth Canals 16.079 
2.	 Elevated Flume. 

B-1. 25. Q-O.72. 
L-60 meters 3.640 

3.	 Turnouts. 8-20. 
5-50. 2-100 2.223 

4.	 Checks. 4 Nos •• Q-aoo 2.636 
5.	 Wasteway and Drain 

Inlet. Sta. 5.65 0.561 
6.	 Culverts. One-3xl.0.
 

One-2xl.0. Three
1.0.	 Elevf:n-0.5 9.589 

7.	 Bridges. I-Single 
Lane. 2-Double Lane 10.833 

8.	 Parshall Flume 0.858 
Sub-Total Reach M-2 . . . . . . . . . . . . . . . 46.419 

Reach M-3: Sta. 6.34 to Sta. 7.~0 

1.	 Earth Canals 5.286 
2.	 Elevated Flume. 

B-l.0. Q-O. 461. 
L-220 meters 9.082 
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Sheet 8 of 15 
TABLE lX-3 
(Continued) 

C08t Estimate (Detail) 

Reach H-4: St•• 7.90 to Sta. 8.80 
1.	 Earth Canale 0.381 
2.	 Bench Flumes, 8-1.0, 

Q-395 25.309 
3.	 Rock Cut, Unlined 0.410 
4.	 Turnout, Lateral 

M8.80L 0.431 
Checks 0.383 
Sub-Total Reach H-4 • • • • • . . . . . . . . . . 26.914 

Reach H-5: Ste. 8.80 to Sta. 11.50 
1.	 Earth Canals 7.015 
2.	 Bench Flume, 8-0.6, 

Q-182, L-80 meters 1.089 
3.	 Elevated Flume, 

8-0.60, L-60 meters 2.024 
4.	 Turnouts, 2-20, 

2-50 0.610 
5.	 Checkl, 3 NOI. 0.856 
6.	 Wasteways, 2 Nos. 0.398 
7.	 Culverts, 1-1.0 ObI, 

2-1.0, 6-0.50 4.468 
Sub-Total Reach H-5 • • • • • • • • • • • • • • • 16.460 

IX-23
 



• • • 

----

Sheet 9 of IS 
TABLE IX-3 
(Continued) 

Cost	 Estimate (Detail) 

Gravity System	 Hain Canal 
Cost 

It•• (Hillion. 
No. Item Rupiahs) 

Reach H-6: Stat 11.50 to Stat 12.47 
1.	 Earth Canals 1.61S 
2.	 Bench Flumes, B-O.6, 

Q-165, L-360 meters 16.590 
3.	 Elevated Flume, 

8-0.6, L- 50 meters 1.749 
4.	 Turnouts, 2-20, 

3-50 0.780 
S.	 Checks 0.246 
6.	 Wasteway 0.170 
7.	 Culverts, 1-1.0, 

3-0.5 1.559 

Sub-Total Reach M-6 22.709· •. . · · · · • 
Reach H-7: Sta. 12.47 to 14.06 

1.	 Earth Canals 2.951 
2.	 Elevated Flume. 

8-0.5, Q-120. 
L-160 meters 4.589 

3.	 Free Flow Siphon-
Railroad Crossing. 
L- 80 meters 1.985 

4.	 Turnouts. 1-20, 
2-50 0.476 

5.	 Checks, 2 Nos. 0.423 
6.	 Wasteways 0.156 
7.	 Culverts, 2-1.0, 

6-0.50 2.952 
8.	 Bridges. 1-2 Lane 2.064 

Sub-Total Reach M-7 15.596· · · · · · · · · · 
Reach M-8: Sta. 14.06 to Sta. 14.75 

1. Earth Canals	 1.652 
2. Turnouts. 3-50	 0.514 
3.	 Checks, 2 Nos. 0.363 
4.	 Wasteway 0.133 
5.	 Culverts. 6-50 1.626

Sub-Total Reach M-8 4.288· · · · · · · · · · 
Total of Main Canal (Reach M-1 to M-B) . . . . . . 185.161 
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Sheet 10 of 15 
TABLE lX-3 
(Continued) 

Cost	 Estimate (Detail) 

Gravity System	 Main Canal-Laterals 
Cost 

Item (Million. 
No. Item Rupiah.) 

1.	 Earth Canal, 9.29 km 10.573 
2.	 Checks v/Drop. 9 Nos. 2.518 
3.	 Checks w/o Drop, 

22 Nos. 4.519 
4.	 Drops. 12 Nos. 1.702 
S.	 Turnouts, 45 Nos. 6.533 
6.	 End Checks and Waste

ways, 7 Nos. 0.161 
7.	 Railroad Siphon, 

4 Nos. 2.505 
8.	 Road Siphons, 13 Nos. 2.503 
9.	 Flumes, 4 Nos. 2.661 

Total of Main Canal-Laterals . . . . . . . . . . . 33.675
 

IX-25
 



Sheet 11 of 15 
TABLE IX-3 
(Continued) 

Cost Estimate (Detail) 

Gravity System Main Canal-Tertiary System 
Cost 

Itea (Millions 
No. Item Rupiahs) 

Earth Canals, 
34.25 km 30.297 
Drops 16.006 
Division Boxes 4.907 
End Checks and Waste
ways, 62 Nos. 0.907 
Railroad Siphons. 
10 Nos. 5.168 

6. Road Siphons, 16 Nos. 1.408 
7. Flumes 0.896 

Total of Main Canal-Tertiary System • • • • • •• 59.589 
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Sheet 12 of 15 
TABLE IX-3 
(Continued) 

Cost	 Estimate (Detail) 

Gravity Systell HiahUne Canal 
Colt 

(Million. 
Item Rupiahs) 

Reach H-l: Sta. 0.00 to Sta. 0.56 
1.	 Earth Canal 
2.	 Bench Flume 
3.	 TurnouU 
4.	 Check 
5.	 Culverts. 3-0.50 

Sub-Total Reach H-l •• •• · . . . . . . . . . . 
Reach H-2: St•• 0.56 to Sta. 0.90 

1.	 Elevated Flume 
2.	 Turnouts 
3.	 Check and Wasteway
 

Drop
 

Sub-Total Reach H-2 •••• · . . . . . . . . . .
 
Reach H-3: Sta. 0.90 to Sta. 3.10 

1.	 Earth Canal 
2.	 Turnouts 
3.	 Checks 
4.	 Wasteway 
5.	 Culverts 
6.	 Bridges 

Sub-Total Reach "-3 . . . . · . . . . . . . . . . 
Reach H- 4: St a • 3. lOt 0 St 1I. 3. 76 

1.	 Earth Canal 
2.	 Elevated Flume 
3.	 Turnouts 
4.	 Checks 
5.	 Culverts 
6.	 Wasteway
 

Sub-Total Reach "-4 • • • • •
 

Total of H1ghl1ne Canal (Reach "-1 to H-4) • 

0.529 
5.101 
0.287 
0.252 
0.917 
7.086 

10.341 
0.201 

0.434 

10.976 

3.239 
0.687 
0.570 
0.131 
3.812 
2. 143 

If).582 

1.144 
2.440 
0.305 
0.164 
0.545 
0.120 
4.718 

33.362 
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TABLE lX-3 
(Continued) 

Cost Estimate (Detail~ 

Gravity System Highline Canal-Lateral. 
Cost 

It•• (Million. 
No. Item Rupiahs) 

5.
 

Earth Canal. 2.66 km 
Check. 
Turnouts 
End Checks and Waste
way 
Cro.s Drainage Cul
Vl3rt 
Road Siphon 

Total of Highline Canal-Laterals 

2.119 
0.661 
0.436 

0.017 

2.952 
0.208 

• • • • • • • • • 6.393 
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TABLE IX-3 
(Continued) 

Cost Estimate (Detail) 

Itea 
No. 

Gravity System 

Item 

Highline Canal-Tertiary System 
Co.t 

(Hillions 
Rupiah.) 

1. 
2. 
3. 
4. 

Earth Canal. 7.23 km 
Drops 
Division Boxes 
End Checks and Waste
way. 
Road Siphons 

2.996 
2.770 
0.664 

0.194 
0.10.5 

Total of Highline Canal-Tertiary System • • • • • 6.729 
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TABLE lX-3 
(Continued) 

C08t E8timate (Detail) 

It•• 
1o. 

Gravity System 

Ite. 

Drainage System 
Cou 

(Millions 
Rupiahs) 

1. 

2. 
3. 
4. 
5. 

6. 

Barth Canal. Water
ways 
Road Culverts. RCP 
Road Culvert•• Box 
Drops 
Sid. Slop. and Bed 
Protection 
Drain Inlets 

37.420 
3.660 
5.802 
8.999 

7.760 
0.43.5 

Total of Drainage System • • • • • • • • • • • • • 64.076 
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TABLE IX-4
 

Coat Estimate
 

Pumped System 
Inflation 

It.. Coat 1976 Factor for Coat 1977 
10. Itea (MUlion Rp.) 1977 (HUlion Rp.) 

8. 

9. 

10. 

11. 

Main Pumping Plant 543.201 

Dedltins Worb 73.075 

Relift Pumping Plant 13.120 

Link Supply Canal 4.580 

Hain Canal, Reach 
H-l to H-8 185.161 

Hain Canal-Laterals 33.675 

Main Canal-Tertiary 
System 59.589 

Hishline Canal-Reach 
H-l to H-4 33.362 

HishUne Canal
LateralfJ 6.393 
HighUne Canal
Tertiary System 6.729 

Drainage System 64.076 

Sub-Total • • • 

Contingencies (15%±) 

Field Cost . . . . . . . . 
Engineering and Administration (15%±) 

Total Cost (Million Rupiahs) • • 

1.154~ 

1.1766 

1.1545 

1.1766 

1.1766 

1.1766 

1.1766 

1.1766 

1. 1766 

1.1766 

1.1766 

627.126 

85.980 

15.147 

5.389 

217.860 

39.622 

70.112 

39.254 

7.522 

7.917 

75.392 

1,191.321 

178.698 

1,370.019 

205.503 

1,575.522 

Total Coat Million U.S. Dollars ($1.00-Rp. 415.00) 3.796 
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Sheet	 1 of 4 
TABLE IX-3 

Cost Estimate (Detail) 

Pumped System	 Pumping Plants 
Unit Cost 

Item Price (Hillions 
No. Item Quantity Unit (Rupiahs) Rupiahs) 

Hain	 Pumping Plant: Q-l.82 m3{s 
31. Excavation	 2,580 m 465 1.200 
32. Backfill	 1.755 m 650 1.142 
33. Concrete	 977 m 83.250 81.353 

4.	 Steel Reinforcement 86.975 kg 280 24.353 
5.	 Engines and Pumps 3 ea 127.500 382.500 
6.	 Extra Pump Column 9 m 300.000 2.700 
7.	 Mechanical, Elec

trical, Fuel Storage, 
Etc. Lump Sum 43.725 43.725 

8.	 Discharge Manifold 1,620 kg 900 1.458 
9.	 Pump Valve'l, 

0.50	 m Dia. 3 ea 945.000 2.835 
10.	 Discharge Pipe, 

1.0 m x 35 m x 0.003 2.580 kg 750 1.935 

Sub-Total Main Pumping Plant . . . . . 543.201 

Relift Pumping Plant: Q.. O. 28 m3/s 
1• Excs va t ion, Pipe 

3Trench and Structural 200 m 650 0.130 
32. Compacted Backfill 1'32 m 650 0.086 
33. Concrete	 14.36 m 83.250 I. 196 

4. Steel Reinforcement 1,278	 280 0.357k~ 
5.	 Stone Masonry 9.05 m 15.800 0.143 
6.	 Concrete Pipe. 

50 cm-1.0 5 m 16.020 0.080 
7.	 Concrete Tile, 

10 em-1.0 20 m 1,470 0.029 
8.	 Steel Pipe, 

50 em x 0.002 20 m 19,700 0.394 
9.	 Engines and Pumps 2 ea I. , 797,4 00 9.595 

10.	 Mechanical, Elec
trical. rue 1 Storage, 
Et c. Lump Sum 1. 110 

Sub-Total Re lif t Pumping Plant . . . . . . . . . . I 3. 120 

Total of Pumping Stations . . .	 556.321 
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TABLE rX-5 
(Continued) 

Cost	 Estimate (DetaU) 

Pumped System	 DesUting Works 
Unit Cost 

Item Price (Millions 
No. Item Quantity Unit (Rupiahs) Rupiahs) 

DesUting Works 
465 4.6331.	 Excavation 9,962 
650 0.8172.	 Compacted Embankment 1,256 

3.	 Reinforced Concrete 351 83,250 29.237 
4.	 Steel Reinforcement 31,250 280 8.752 
5.	 Unreinfo~ced Concrete 285 23,200 6.620 
6.	 Stone Masonry 505 15,800 7.976 
7.	 Flushing Gate Frames, 

Guides, Sills and 
Headers 6,443 kg 750 4.832 

8.	 Flushing Gate Stems, 
Pedestals and Levers, 
Miscellaneous Metal 1,053 kg 900 0.948 

9.	 Canal Outlet Gate 
Frame, Guide, Sill 
and Header 570 kg 750 0.428 

10.	 Canal Outlet Gate 
Pedestal, Stem, Wheel 
and Misc. Metal 210 900 0.190 

11.	 Treated Timber In 
Gates 5.35 150,000 1.875 

12.	 Silt Outlet Gate, 
1 m Dia. 490 kg 1.670 0.818 

13.	 Silt Outlet Pipe, 
1 m Dia. x 175 meters 175 15,700 2.748 

14.	 Timber in Stop logs 12. 1 140,000 1.696 
15.	 Clearing and Strip

ping (includes Pump 
Stations) 8,750 50 0.438 

16.	 ROW 2.A In6,000 0.465 
17.	 Road Relocation 312 1,930 0.602 

Total of Dcsilttng Works •••	 73.075 
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Sheet 3 of 4 
TABLE IX-5 
(Continued) 

Cost	 Estimate (Detail) 

Pumped System	 Link Supply Canal-Waterways 
Unit Cost 

Item Price (Millions 
No. Item Quantity Unit (Rupiahs) Rupiahs) 

Earth	 Canal Section 
Excavation 465 0.364 
Compacted Embankment 650 0.25.5 
Roadway Surfacing 485 0.343 
Clearing and Strip

2ping 4,000 m 50 0.220 
.5. ROW 0.55 ha 166,000 0.091 

Sub-Total Earth Canal Section	 . . . . 1.273 

Lined Canal Section: L-80 m 
1.	 EXCAvation, Common 2,590 465 1.204 
2.	 Excavation, Struc


tural 162
 650 0.106 
3.	 Stone Masonry Lining 52.9S 15,800 0.836 
4.	 Roadway Surfacing 280 485 0.136 
5.	 Clearing and Strip

ping 1,600 50 0.080 
6.	 ROW 0.16 J66,OOO _0.027 

Sub-Total Lined Canal Section 2.389 

Total of Link Supply Canal-Wat~rway~ . 3.662 

-------------- . __ .- ---_._-----
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Sheet 4 of 4 
TABLE IX-5 
(Continued) 

Cost Estimate (Detail) 

Pumped System Link Supply Canal-Structures 
Unit Cost 

Item Price (Millions 
No. Item Quantity Unit (Rupiahs) Rupiahs) 

Concrete Bridges Span 
1. Excavation, Struc

3tural 6.93 m 650 0.005 
32. Compacted Backfill 4.62 m 650 0.003 

3. Reinforced Concrete 
JSuperstructure 6.77 m 83,250 0.563 

4. Steel Reinforcement 602 280 0.169k~
5. Stone Masonry Piers 7.80 m 15,800 0.123 
6. Stone Masonry Rail

3ings 2.37 m 23,200 0.055 

Sub-Total Link Supply Canal-Structures . . . . . . 0.918 

Total of Link Supply LanaI-Waterways and Structures 4.580 



TABLE IX-6
 

Estimated Annual Maintenance Costs
 

Annual Maintenance Expense 
Useful Life Percent of Construction Cost 

I t e m (Yearp.) "As Built" 

Primary Canals, Unlined 

Primary Canals, Lined 

Diversion Works 

Desilting Works 

Pipelines 

Structures, Major 

Structures, Minor 

Pumping Station: 
Building 
Elec. & Mech. 
Engines & Pumps 
Stationary Parts 
Rotating Parts 
Gates 
Stoplogs 

Culverts 

Bridges 

Field Facilities, Bldg. 

Drainage Waterways 

Drain Inlets 

Riprap 

50 3 

50 2 

50 1 

50 1 

25 1 

50 4 

10 2 

50 1 
25 1 + 2* 
10 2 + )* 
10 2 + )111 

5 2 + )111 

10 2 + )111 

5 5 

50 2 

50 1 

25 2 

50 5 

5 10 

5 2 

* Additional Costs due tu difficulty and time factor of spare parts 
delivery through shipping distances and Customs. 

IX-36
 

! '1/ 
.. ~;; 



--

TABLE IX-7
 

0, M & R Estimated Cost - Gravity System
 

Unit: Million RU~iaha 

Annual Replacement Coat 
Item Cost-1977* Operation Maintenance 5-Veare 10-Veara 25-V••ra 

Gravity Supply 
Diversion Weir. 
DesUting Basin 
Gravity Sup

ply Canal 
Highltne Pump 

Plant 

599.435 
129.331 

341.122 

25.335 

15.461 
3.106 

6.836 

0.894 

4.012 
2.318 

0.059 

4.083 

115.730 
15.061 

0.27 J 

9.189 

9.683 
10.142 

1.494 

Sub-Total 1,095.223 12.354 26.297 10.472 140.251 21.319 

Distribution 

Main Canal 433.243 10.835 10.837 17.590 0.541 
Hlghltne Callal 72.131 1.788 1.436 2.236 

Sub-Total S05.574 2.236 12.623 12.273 19.826 0.541 

Drainage 

Drainage 
System 99.706 0.329 4.012 12.707 

TOTAL 1,700.503 14.919 42.9 J2 15.452 160.077 21.860 

*The 1977 Cost of each feature IncludeR the ContlngencleR, as well as 
Engineering and Administrative Costs. 
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TABLE IX-8 

O. M & R Estimated Cost - Pumped System 

Unit: Million Rupiahs 

Annual Replacement Coat 
Item Cost-1977* Operation Maintenance 5-Yeara 10-Years 25-Year. 

Pumped Supply 

Main Pumping 
Plant 829.374 33.261 151.701 353.981 80.388 

DesUting Works 
Relift Pumping 

Plant 

113.709 

20.032 

1.766 

0•.820 

2.586 

4.399 

13.877 

10.252 

4.191 

1.697 
Link Supply 

Canal 7.127 0.173 

Sub-Total 970.242 26.474 36.020 158.686 378.110 86.276 

Distribution 

MaIn Canal 
Highl1ne Canal 

433.243 10.835 10.837 17.590 0.541 
72.331 1.788 1.436 2.236 

Sub-Total 505.574 2.236 12.623 12.273 19.826 0.541 

Drainage 

Drainage 
System 99.706 0.329 4.012 12.707 -----

TOTAL 1,575.522 29.039 52.655 18'3.666 397.936 86.817 

---

*The 1977 Cost of each feature includes the Contingencies, as well as 
Engineering and Administration Costs. 



TABLE IX-9 

O. M & R Estimated Annual Cost 

Unit: Million Rupiahs 

Gravity System Pumped System 

Estimated Estimated 
Item Cost Annual Cost Cost Annual Cost 

Operation/Year 14.919 14.919 29.039 29.039 

Maintenance/Year 42.932 42.932 52.655 52.655 

Replacement: 
5-Years* 35.452 5.566 183.666 28.835 

Replacement: 
10-Years* 160.077 9.055 397.936 22.511 

Replacement: 
25-Years* 21.860 0.155 86.817 0.615 

Total Annual Cost • . 72.627 133.655 

Present Worth of D. M & R* 603.131 1,109.938 

*Interest Rate - la 
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TABLE IX-1p 
I 

Total Cost of Gravity and Pumped System 

Unit: Million Rupiahs
 

Gravity System Pumped System
 

Capital Cost of Project 1,700.504 1,575.522 

Interest During Construction1/, 2/ 428.026 396.567 

Present Worth of 0, M & R Costs 2/ 603.131 1,109.938 

Total Cost 2,731.661 3,082.027 

l/ Based on Three-Year Construction period with a capital outlay 
of 25~, 45% and 30% for the three years. 

y 
Interest rate m 12%. 
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PROJECT BENEFITS
 

General 

The national objective i. the development and optiMUN 

utilization of land, vater and human reeource.. Then 1a a 

deeperate need to improve productivity in agriculture and to 

enhance the velfare of the rural farm population. The project 

benefit ViII, to • large extent, be available to thie eector. 

The Banjar Plain. Project, all formulated, ha. two direct 

benefit.. They arel (l) Irrigation of 785 ha of land in the 

Banjar Plainll Area, and (2) Provi8ion of municipal water to the 

Banjar region. Although an industrial water demand was identified 

all a future possibility, the project, all envisaged now, does not 

include thill component. 

Apart from the above two direct benefits, the project will 

provide a number of indirect benefits such as an increAse In 

employment, improved health, setting up of arnall-scale indus

triell, etc. These are discussed in Chapter XII-Social 

Benefic1arie.. Thill chapter identifiell the annual benefit due to 

irrigation and municipal supply, which 111 used in the economic 

analy81l1. 
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!!!!gation Benefit 

Ric. i. the chief staple diet and 1s the main crop grown in 

the project aree. The primary goal of Indonesia's five-year plan 

18 to achieve leU-8ufficiency in rice. Currrently, over 15 per

cent of the rice consumed is imported into the country. The 

1977 shortfall in rice production in Indonesia is estimated at 

2.6 million tons, with production reported to be 15.9 million 

tons. nata collected from the Ciamis sub-district indicates that 

the consumption of rice in the Banjar sub-diatrict, in 1976, far 

exceeded the production. The shortfall was about 23 percent. 

Thus, there i. a compelling reason for increasing the rice produc

tion. 

In the benefit studies, rice has been chosen as the most 

suitable and profitable food crop for the project area. Lands are 

highly suitable for rice and all farmers are experienced in rice 

production. 

The present agricultural practice, and the future crop 

pattern for the Banjar Plains Area were discussed in Chapter IV

Agriculture. The project will provide irrigation water to 785 ha 

of land to &row two rice crops each year. Though the possibility 

of growing an additional short season upland crop on a part of 

this area exists, the benefits from this crop have not been taken 

into account. 

Rice Yield 

The basis for determining the irrigation benefit involves 

comparison of the expected future situation without and with the 

project. This comparison is made on the net farm income for the 

two situations. The farm budgets with and without the project 

require development of projected yields aa well 88 crop and 

fertilizer prices. The8e are discussed in the following page•• 
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To deve1.op the economic benefits derived from the project 

for the irrigation component, rice yield Btudies were carried out 

to identify average yields with and without the proposed Bcheme. 

Prelent Yield 

The present rice yields were obtained separately for
 

wet and dry seasons in the project area. The data for three
 

sub-districts (Kecamatan) for the years 1974, 1975, and 1976
 

were collected from Agricultural Extension Service records a.
 

well as from the Kecamatan records. The three Kecamatans are
 

Banjar, Cimaragas and Pamarican. The yield data available at
 

the village level were reviewed. The data are presented in
 

Table X-I. The yields indicated in this Table are in wet
 

stalk rice in the village (Padi Buah di Desa). It is Been
 

from Table X-I that only 4.3% of the rice cropped area 18
 

under rice during both the wet and dry season. Most of the
 

dry seaBon rice is grown in the villages of Balokang, Banjar
 

and Binangun where small rural irrigat ion systems provide
 

some water for the second crop. The rural irrigation systems
 

in thi8 area collect the delayed runoff through collection
 

ditchee skirting the hills and supplying the fields. The
 

amount of water available in the ditch is dependent on the
 

rainfall and is very limited. The shortage of water for the
 

dry season crop is reflected in the low yields, as seen from
 

Table X-I. The dry season Averagp. yield for the three years
 

varies from 30 to 45 percent of the wet season average yield.
 

From the yield datA, the weighted average yield for the
 

wet and dry season, both in wet stalk rice and dry rough rice
 

(Gabah), have been computed and are shown 1n Table X-2. The
 

weighted average gabah yield for wet and dry season are
 

2,885 kg/ha and 1088 kg/ha, respectively. These yields have
 

been taken 88 the baseline yields 1n Banjar Plaina Service
 

Area.
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The Banjar Plain Service Area covers five ,,·UIsges. 

These are Banjar, Balokang, Situbatu, Binangun and Batula

wang. Of these, the service area covers fully the village of 

8anjar and Balokang. The area irrigated in each village b 

shown on Table X-3. 

The 8IMAS and INMAS programs are currently available in 

the service area. From the data available from Kriy~ Bank, 

the enrollment for BIMAS program for the 1976/77 wet season 

was nearly 100% in the villages of Banjar, Balokang and 

8atulawang, while for the 1977/78 wet season it is only 20% 

as of February, 1978. During the dry season about 33% of area 

was covered by BIMAS in these villages. While the acceptance 

of BIMAS and INMAS packages as a program seem to be wide

spread, its implementation in terms of application of proper 

quantities of fertilizerA and pesticides, use of HYV's, 

improved agricultural practices, water and land management 

are considered to be at a low to medium level. A survey at 

the village level indicated that local varieties are grown on 

50% of the area with 40% of IR variety and 10% pel ita variety 

making up the rest during the wet season. During the dry 

season, only local varieties are grown. The present level of 

on-farm management in the area Is also low. Lack of drainage 

in parts of the service area and occasional flooding due to 

rain in the low-lying areas of the prcject are contributary 

causes in lowering of yields during the wet season. 

Currently, there appears to be no constraints on improving 

farm management with an act ive extension service program, 

except lack of dependable irrigation water supply. 

Future Without Project 

Based on the survey of the cultivable land in the 

service area, the land use pattern and the land claslJ1

fication, it was determined that without the industrial 

complex, the 605 ha of R class land can be cultivated with 
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rice and upland crops in a year, and 180 ha of U class land 

with one garden crop in one year. As presented 1n Chapter IV 

- Agriculture, the resulting cropped area in the future 

without project was determined as; 

Crop First Crop Second Crop 

rice 605 ha 300 ha 

upland 305 ha 

garden (one year) 180 ha 

Thus, a maximum rice cropping intensity of 1.77 was expected 

to be achieved in the service area of 785 ha in the future 

without the project. 

An estimate of average yield in the future without the 

project has to be based on factors such a8 the historical 

yield trends; increasing use of HYV's; better agricultural 

practices; improved on-farm management; proper spplication of 

fertilizer. insecticides and rodent control measures; and 

availability of credit facilities as well as stoT.'age and 

marketing facilities. The maLn constraint in improving yield 

will be availability of irrigation water. 

The yield projections for without project condition was 

made separately foe each of the crops on the 605 ha and for 

the garden crop on the 180 ha. It was assumed that the 

present gradual trend in increased yields will be maintaJned. 

With an increase in the use of HYV's. and with better 

aRrlcultural practices and input as can be applied to rural 

irrlRstion system and ralnfed areas. the wet season yield for 

the areA under the rural irrigation system is estimated to 

increase from the present average yield of 2,885 kg/ha to 

1.600 kg/hat an increase of 25 percent. The dry sesson yield 

for this area is estimated to increase from the present 

average yield of 1,088 kg/ha to 1,300 kg/ha, an increase of 

20 percent. 
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The low yield in the ~ season. mentioned above. is 

primarily due to the lack of moisture at the trans

planting/growth stage of the crop. Even with complete 

acceptance in practice of the BlMAS/INMAS, it is believed 

that thh factor (shortage of water) will negate the 

beneficial aspects of all other inputs and. hence. will not 

increase the dry season yields more than the projected 

26 percent. 

It is possible that a variety of upland crops can be 

grown on part of the area during the dry season. Without the 

project it is estimated that rice will be grown over 300 ha 

during the dry season and an upland crop over the balance of 

305 ha. For economic analysis soybean has been taken as the 

representative upland crop with a yield of 950 kg/ha. 

On the land where only one garden crop per year is 

grown. the estimated future yield is taken to be 1,000 kg/ha 

of kopra. because of coconut being the predominant crop. 

Convenlion of these garden crop lands to ricelands is not 

anticipated without the project. Most of this land is U 

class land. 

Future With Project 

The Ranjar Plains Area, with a technical irriga

tion/drainage system, nnd with prevention of occasional 

flooding by rain, will enjoy the opportunity to fully exploit 

its potential to maximize crop production. It is expected 

that with aS~1Ured irrigation water supplies, greater confi

dence will be generated in the minds of the farmers, and they 

will invest in the proper and necessary inputs to ensure the 

higher yieldp that are poesible with the new HYV varieties. 
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The cultivable land in the service area, like most of 

the land in Java, can grow rice the year around provided 

there ill sufficient water:available from rainfall or 

irrigation. With the advent of the new HYV'., with a 

relatively short season, the possi.bi1ity of producing two 

crop. per year with limited water supply has become a 

reality. If there is water available all year, three. crops 

per year are possible. 

The Banjar Plains Project, which i8 a diversion 

project, has to depend on the river flow. It has been 

estimated, from the pattern of river flow and its magnitude, 

that the irrigation demands for two rice crops on an area of 

785 ha can be met. In many years, sufficient water will be 

available to grow a third upland (Palawija) crop on part of 

the area. Although a cropping pattern of two rice crops and 

one upland crop has been identified as a possibility in the 

future, for purposes of economic analysis, the irrigation 

benefits have been taken to occur from two rice crops a year 

on the ent ire 7AI) ha. Th is would mean that the cropping 

intensity for rice will increase from 1.77 without the 

project to 2.0 with the project, a modest increase. 

To derive the irrigation benefits, rice yield projec

tions were made to a point in time when the project is fully 

completed. This would menn that the structural and non

structural features of the agro-system must be completed 

before the projected yields Are realized. This point in time 

would either coincide with the ~ompletion of the physical 

facilities. or within a short period thereafter, when the 

non-structural fe:ltures are fully funct ional. Further ~rowth 

in yield during the Ii fe of the project that normAlly OCCtlffl 

due to socIal And technologIcal development is not considered 

in computing the irrigation benefits. 
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The projected rice yields are shown graphically on 

Figure X-I. During the wet season the average yield per crop 

is estimated to be 4,500 kg/ha with the project, as compared 

to a without project yield of 3,600 kg/ha. 

With the provision of assured irrigation supplies, the 

dry season averag~ yield per crop is estimated to quadruple 

from the without project yield of 1,300 kg/ha, to an average 

of 5,500 kg/ha. This yield projection, although seemingly 

excessive, is a realistic yield, considering that the wet 

season average yield now is around 3,000 kg/ha. The main 

factors that contribute to this increase in the dry season 

arel 

1. Availability of irrigation water where there was 

a near total lack of moisture. 

2. Favorable conditionb th~t are normally associated 

with dry season irrigation. 

3. Suitability of soil for rice cultivation. 

4. Better drainage conditions. 

It is conceivable that this increase in yield will be 

in stages for the dry season rice crop. It Is to be pointed 

out that the yield figures discussed above G're in gabah, 

which io rlry rough rice ready for milling, with 14% moisture. 

The yield projection made with the project in place is 

based on various factors which include both structural and 

non-structural items. These are: 

1. Availability of irrigation water for two rice 

crops at 95% firmness. Hydrologic analysis has shown 

that this is available. 
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2. Provision of an efficient distribution system, 

including tertiaries for plots of 20 ha. Provision in 

the cost estimate has been made for such a tertiary 

system. 

Experience in irrigation systems with and without 

tertiaries indicate that this is one of the single most 

important factors in increasing the average yields. 

Increases of over 20-25 percent in average yield have 

been obtained by providing the tertiary system. 

A tertiary system may make the difference between 

a good and a bad crop, especially in years when flow Is 

below normal in the river. 

3. Adequate drainage system: Provision has been 

made in the estimate for a drainage ~ystem. The drainage 

system is designed to accommodate a lO-year frequency 

flood. With the provision of such drainage. water

logging and rain-flooding during the wet season on part8 

of the lowland are eliminated. During the dry season 

this permits a more efficient water use. Also, the 

build-up of soluble salts in the 90il is minimized. All 

these factors will greatly improve the yield as compared 

to an irrigation system without proper drainage. 

4. A comprehensi'Je wnter management program: For 

optimizing yields. efficient water management is 

necessary. This would require scheduling of water 

deliveries to each 0.5 ha on a rotational basis. A 

scheduling based on a 10-day staggering of crops over 

the entire area has been identified. The road 

communication system avail~ble in the BanJar Plains 

service area is adequate for the ditch rider. the 

Ulu Ulu's and Ili 111'9, to perform their duties of 

water scheduling. 
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Provision has been made in the cost estimate for 

water measuremant structures in the distribution system 

and proportional flow dividera in the tertiary system to 

improve water management. In the absence of a technical 

irrigation system. there 1s normally little or no water 

management. 

S. A land management program: Provision of 

technical irrigation permita better land management 

which allows an increased cropping intensity. converts 

upland areas to rice culture. and increase yields on 

these lands. 

6. Expanding the activities of the Agricultural 

Extension Service and implementing irrigated agricul

tural practices: The present Extension Service 

activit ies in the area are confined mostly to admini

stering the BlMAS and INMAS programs and data collec

tion. with agricultural practices limited to those of 

rainfed agriculture. Use of HYV's is currently limited 

to 50% of the wet season crop. Without the project. 

there is very little scope to improve these activities. 

With the project. it is assumed that these services and 

practices will be strengthened. With the training 

of PPL's in Pilot Demonstration Areas now underway. and 

expanding their cadre in the North Lakbok irrigation 

area. a sufficient number of trained PPL's should be 

available to imp lement the irrigated agricultural 

practice in the Ranjar service area by 1985. 

7. A sound 0 & M system: An extremely important 

consideration to obtain the projected yield and sustain 

it. is the provision of funds for an adequate 0 & M 

system. Many of the existing irrigation systems have 

not shown increases in yields partly due to the lack of 

o & H funding. The Banjar Plains cost estimate provides 

for adequate 0 & M. 
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8. Credit facilities: The improvement in yields is 

intimstely related to the credit facility available to 

the farmer. An adequate supply of seeds, fertilizers, 

insecticides, farm implements and spraying facUities 

should be provided. The present DIMAS packet needs to 

be revised so that adequate long-term credit facilities 

are available to the farmer. The local government and 

the Agricultural Extension Service should take the 

responsibility of providing the needed inputs in 

sufficient quantity and at the time needed. 

9. It haA been recognized that in any effort to 

increase yields. encouragement of the farmer plays an 

important role. This encouragement must provide for 

identifying the leadinR farmers; setting up crop yield 

contests and providing CAsh bonus for the best farmers; 

setting up of pilot field plots in the service area and. 

organizing study tours of farmers to field experiment 

stations. Edur.ation of the farmer in improved agricul

tural techniques by the Extension Service personnel 

should be carried out by holding vi Hage group 

discussions. 

10.	 Service area: The compactness of the 

Banjar Plains service area is an aRRet. Much of the 

infrastructure needed for implementation of some of the 

functions ident Hied above exists at the preRent time. 

The area has a fairly good system of roady with the 

center of gravity of the area being less than 6 km from 

the town of Banjar. Adequate marketing and milling 

facilities can be made available in Banjar to handle the 

increase in yields with little investment. 
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With the above commitments firmly established, it is 

visualized that the projected yield of 4.500 kg/ha during the wet 

8ea80n, and 5.500 kg/ha during the dry season can be met. These 

are considered to be very reasonable and highly probable yields 

which can be achieved in the Banjar Plains area. The time at 

which these yields can be realized is largely dependent on the 

e8tablishment of the infrastructure and the programs discussed 

above. Many of these are available in the area, but will need 

strengthening and modification. Since the service area is small, 

it is considered that the predicted yields can be obtained within 

two years after completion of the project. 

In arrivin~ at the projected yield. data from irrigated 

areas in the Citanduy region and from LPPP, Bogor. were collected. 

These yields are presented below to substantiate the projected 

yields. 

The Feasibility Report1/on C~tanduy River Basin Development, 

presents rice yield data for irrigated lowland under BIMAS program 

in the district of Ciamis, Cilacap and Tasikmalaya for the 

period 1971 to 1974. This is presented in Table X-4. The 

weighted average yield of rough rice for both wet and dry seasons 

ranges between 4.211 and 4,495 kg/ha. This data. from BIMAS 

program, represents rice that is irrigated, planted with HYV's 

using fertilizers and pesticides, and produced with technical 

supervision of progressive farmers. With the introduction of the 

tertiary syst~m and further intensification of agricultural 

inputs, these average yield levels can reach the range of 4.500 to 

5,500 kg/ha by 1985. 

1/ 
"Feasibility Report", Citanduy River Basin Development Project, 

Engineering Consultants, Inc., Jenver, Colorado, U.S.A., March, 1975. 
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A recent study by the Central Research Institute (LPPP) at 

Bogor. 1976. reported yield results for Pelita 1/1 variety for two 

crope with irrigation. For conditions of the farmers cropping 

pattern and farmers cropping pattern without constraints. the 

average wet and dry season yields reported were 6.315 kg/ha and 

6.000 kg/hat respectively. of dry rough rice. The studies being 

carried out at Indramayu in West Java by LPPP are not experiment 

station teet plot results. but they do have 8 high level of 

technical supervision. The 1976 crop was partially affected by 

insect problems and this reduced the yield. It is conceivable 

that the best far~ers in the Banjar Plains area can achieve yields 

of over 6.000 kg/ha by 1984-1986. The average yield for the 

region is expected to be in the range of 75% to 80% of the 

Indramayu trials. which is about 5.000 kg/ha. 

The above yield projections are based on a variety of inputs 

and on the capabilities of farmers in the region. To achieve the 

projected paddy yields used to determine benefits for the economic 

analysis. definite efforts by the concerned agencies are needed. 

and these must be pooled together in a systematic manner. The 

building of the project work is only a part of the deve lopment 

effort which also includes many other vital factors. It is 

therefore imperative that the works be millntained and operated 

properl)'; that OIl-farm development be carried out under a syste

matic land and water management program; and that agricultural 

extenston services including technical 3u1dilnce be made avallable 

to the farmers. to introduce advanced agricultural techniques. and 

that credit facilities and other operations and elements for 

increasing crop yield be provided under a well-defined and 

effective program. Failure to implement any of the above listed 

programs will not only retard the projected irrigated agricultural 

development. but will also adversely affect the economic viability 

of the project. 
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Crop and Fertilizer Prices 

Rice 18 an important commodity widely traded in inter

national markets. There is currently a short supply of rice in 

Indone8ia. necessitating import from international markets. 

Should there ultimately be an abundance of this commodity it will 

find a ready export market. From an economic point of view. the 

rice price should be valued at its import substitution value 

rather than from the local price. Th18 18 because the prices 

prevailing in the local marketplace are influenced by government 

regulation and subsidy~ 

The rice price is developed using the t .B.R.D. (Inter

national Bank for Reconstruction and Development) projection 

for 1985. in 1977 constant u.s. Dollars. The price quoted 18 

f .o.b. Bangkok and is for 20 to 25 percent broken milled rice. 

This price is $270 per metrir. ton, and has been used to develop 

the farm-gate economic price. Table X-5 shows the farm-gate 

economic price for rice which is $IA3 per metric ton (gabah) or 

Rp. 75,945. This price has bee~ used in all the farm budgets. 

The cropping ca lendar in future without project in dry 

season ident if ied an area of 305 ha to be planted to an upland 

crop and a garden crop over the 180 ha present ly under coconut. 

cossave, maire, etc. A soybean crop is considered here to 

represent the income from an upland (Palawiju) crop. The economic 

farming price is developed in Table X-6 for this crop. Table X-7 

presents the economic price for kopra, which is felt to reflect 

the income which can be generated from the 180 ha of garden crop. 

Some fertilizerR, especially phosphate, is normally imported 

into the country but it is reported tl4at Indonesia will achieve 

self sufficiency in nitrogen fertilizers in the near future. The 

current prices of fertilizers in lndonesia do have an elt~ent of 

subsidy. Hence, farm-gate prices for fertilizer were also 

developed based on international prices as projected for 1985 at 

1977 constant u.s. Dollars by I.B.R.D., f.o.b. u.s. Gulf ports. 

X-14
 



Table X-8 shows the farm-gate economic price for Urea and 

T.S.P. fertilizers which is Rp. 100 and Rp. 92 per kilogram. 

respectively. 

The price for insecticide. rodenticide. seeds and spraying 

cost were based on local market surveys. and are considered 

reasonable. 

Labor Input 

The labor inputs used in the farm budgets are based on local 

farming practices. There is a total absence of mechanization of 

field work at present. The amount of IRbor required for different 

yield levels are modified according to whether a particular field 

operation is fixed or variable. To a considerable extent, the 

labor requirements are relatively inelastic. 

Labor requirement for lAnd preparation, which will include 

use of buffalo power, is considered to be the SAme in all the farm 

budgets. It 18 estimated that the land preparation for rice, 

which is spread over 25 days, will require 15 buffalo-days, which 

include the driver, 20 man-days, and 40-women days for each 

hectare of land. The cost of hiring a buffalo I'lnd drivf't' L~ 

Rp. 900/day, while wages fat' men and women laborers is taken to be 

Rp.250 and Rp. ISO, respectively. The total r.ost of land 

preparation per hectare amounts to about Rp. 1,000 per day for the 

25 days. 

Harvesting is, at present, done by hand with the ani-Rni 

knife and threshing by hand labor. Howe'Jer, the trend in rice 

production technology in the country is towarda the use of sickle 

harvesting and machine thrashing. Since the magnitude of labor 

for harvesting will depend on the yield, the labor requirement per 

hectare of harvesting was converted to a percentage of the crop 

value. It was estimated that the harvesting cost would be about 

10 percent of the crop value. 
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Farm Budget 

Farm budgets were prepared for without and with project 

conditione. The budgets prepared are for a farm size of one 

hectare and for one crop. The one hectare size i. simply a unit 

of area used for determining the net irrigation benefit and i. not 

to be considered as a recommended size of farm. Farm size. in the 

project area vary; the median size in the different village ~.rie. 

from 0.53 to 0.74 ha. In preparing the farm budget and arrivin. 

at the net farm income, family labor has not been considered a8 an 

expense. 

Four farm budget8 have been prepared for the future 

condition without project. The 605 ha of present ricelands will 

produce in the wet season .1 rice crop with an average estimated 

yield of 3,600 kg/ha of dry rough rice. In the dry season this 

area will be cropped with a rice crop over 300 ha, with an 

estimated yield of 1,300 kg/ha. Over the remaining 305 ha an 

upland crop (soybean) can be grown, for which a yield of 950 kg/ha 

is estimated. On the 180 ha of garden area. for which kopra yield 

is considered representative, an average yield of 1,000 kg/ha has 

been taken for the farm budget. These four farm budgets for the 

above cases are represented in Table X-9 through X-12. 

The farm budgets allow expenses for rice storage and 

interest on operating capital at 5%, in addition to the various 

other expenses discussed. The quantity of fertilizer and insec

ticide for the crops are based on the recommended levels of 

production inputs in the SIMAS package. The inputs may have to be 

modified from place to place according to soil fertility require

ments. 

With the project, the total service area of 785 ha will be 

cropped to two· rice crops with the projected average yield at 

5,000 kg/ha per crop. The farm budget for this case is presented 

in Table X-13. The projected farm income is estimated to be 

Rp. 263,072 per crop per hectare. 
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Annual Irrigation Benefit 

The annual irrigation benefit i8 defined as the difference 

between the projected net benefit with th~ project and without the 

project. This 18 shown in Table X-It. The total farm income 

without the project is expected to be Rp. 143.312 million while 

with the project thh will be Rp. 413.023 million. Thus. the 

annual irrigation benefit will be Rp. 269.711 million which is 

used in the project economic analysis. 

Municipal Water Supply Benefit 

The municipal water supply benefit is the second major 

benefit that will be derived from the Banjar Plains Project. The 

present condition and the projected municipal demand are discussed 

in detail in Chapter III. It is estimated that the municipal 

dpmand will increase from 106 l/s in 1984 to 269 l/s in year 2000. 

Without the project, the municipal demands can only be met by 

construction of an alternative project. 

The benefits from supplying municipRl water to the city of 

Banjar were computed in conforma :e with the common practice of 

taking the benefits to be equal to the cost of the least expensive 

alternative water supply system for the neE-ded amount of water. 

The least expensl'Je alternative which would be needed in the 

absence of the Banjnr Plains Project was taken to be a municipal 

pumping plant located on the Cita~lduy River neAr Banjllr. This 

pumping pla.nt would pump raw water into a desilting basin and 

canal which would supply raw water by gravity to the treatment 

plant. The water supply benefits will be equal to the costs of 

construction, operation and mRlntenance of this alternative water 

supply system since these costs will not be incurred if the 

Banjar Plains Project is constructf!d. The annual benefitl!l were 

computed using an interest rate of 12% per year. 
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It W88 assumed that the municipal pumping plant and the 

desilting basin and canal would be built initially to their full 

capacity ~f 269 liters per second. The required initial municipal 

capacity has been estimated to be an average flow of 106 liters 

per second, the estimated 19R4 demand. The total annual cost, 

including capital repayment, operation and maintenance cost for 

the alternative pumping plant and the appurtenant structures are 

shown in Table X-15. The uniform annual repayment costs, 

excluding fuel costs for a 50-year project life, and 12% interest 

rate works out to Rp. 74,350,000. 

The municipal water supply benefit is presented in Table X

16. The benefit has to be tied to the municipal demand pattern 

discussed in Chapter III. The annual fuel cost has been computed 

based on the flow required for municipal supply. The total annual 

cost, which will be the project municipal benefit, has been 

developed for different years. The unit cost of water which is 

initially Rp. 23.32/m3 in lQ84, drops to Rp. q.R3/m3 1n 2()()l, 8S 

the demand on the system increases. 

It is anticipated that with the building of the project the 

municipal demand would increase at a more rapid pace than pro

jected if the necessary capital for municipal distribution system 

is made available. 
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TABLE X-I
 

Rice Yields for Three Kecamatan in the
 
Banjar Plains Service Area
 

Total Area 1n Rice (ha) Wet Stalk Rice Yield in kIth. 
Crop 1974 1975 1976 1974 1975 1976 

Padi Sawah 
(Wet Season) 14,960 14,228 11,709 4,681 5,079 4,923 

Pad! Gogo 
(Dry Season) 561 623 334 1,396 2,270 1,805 

Source: Kecamatan Records. 
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TABLE X-2 

Weighted Average Yield for the Three Kecamatan 
in BanJar Plains Service Area 

Weighted Average 
Yield in kg/he 

Dry Rough 
Wet Stalk Rice 

Crop Computation Rice (Gabah) 

Padi Sawah 
(Wet) 

(1496Ox4681)+(14228x5079)+(11709x4923) 
(14960+14228+11709) 

4.889 2.885 

Pad1 Gogo 
(Dry) 

(561xI396)+(623x2270)+(334x1805) 
(561+623+334 ) 

1.845 1.088 

1. Conversion factor of 0.59 is used to convert wet stalk rice to 
Gabah (dry rough rice ready for milling with 14% moisture). 
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TABLE X-3
 

Area Irrigated in the Five Villages
 

Village	 Area in Hectares 

1. Banjar	 420
 

2. Balokang	 198
 

3. Situbatu	 36
 

4. 8inangun	 99
 

5.	 Batulawang 32
 

Total 785
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TABLE X_4 1/ 

Yield2/ of Irrigated Lowland Rice With BIMAS Program 
in Three Districts of the Citanduy Basin (1971-1973) 

Unit: kg/he 

Season - Wet (W) and Dry (D) 

DiBtr:1cu 71-(D) 71/72-(W) 72-(D) 72/73-(W) 73-(D) 

Clamia: 
Harvested (ha) 
Yield (kg/ha) 

6,987 
4,350 

10,048 
4,574 

6,912 
4,428 

16,267 
5,059 

9,936 
4,658 

Cilacap: 
Harvested (ha) 
Yield (kg/ha) 

1,653 
3,919 

2,794 
3,365 

1,142 
3,431 

4,692 
3,570 

2,610 
3,209 

Tasikmalaya: 
Harvested (ha) 
Yield (kg/ha) 

5,833 
4, 127 

7,610 
4,343 

8,529 
3,927 

2,951 
4,004 

Weighted Average 
Yield (kg/ha) 4,211 4,323 4,287 4,495 4,289 

Source: Agricultural Extension Service, Ciamis, Cilacap and Tasik

Rough rice at 14% moisture; kilogram/hectare. 

malaya. (Revised 10/11/74 to include additional Cilacap 
data.) 

1/ From The Citanduy River Basin Development Project, "Feasibility 
Report", Engineerin~ Consultants, Inc., Denver, Colorado, U.S.A., 
\farch, 1975. 

y 
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TABLE X-5 

Rice Price Structure, 1977, Indonesia 
(Per Metric Ton) 

International Price, f.o.b. Export Point!/ 

Fee on Freight and Insurance 

Imported Price 

Port Handling Prices 

Transportation to Selling Center 

Less Transportation from Mill 

Price Export - Mill 

Conversion to Gabah (x .63) 

Less Milling Costs'/
and Transportation from Farm 

Farm-Gate Economic Price, Dollars/l,OOO kg 

Farm-Gate Economic Price, Rupiahs/l ,000 kg 

$ 270
 

20
 

290
 

10
 

3
 

5
 

298
 

188
 

5
 

$ 183. (Gabah) 

Rp. 75,945. 

l/ Rice f.o.b. Bangkok, 1985 r.B.R.D. projection in 1977 Constant 
Dollars for 25-30% broken milled rice. 

l/ Rice milling by produc t 8 equa 1s millin8 ~os t • 

1 $ • Rp 415 
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TABLE X-6
 

Soybean Price Structure. Indonesia (per Metric ton)
 

Soybean. 

International price. f.o.b. export point !J $ 281 

Ocean freight and insurance 27 

Imported price $ 308 

Port handling chsrgea 10 

Transport to selling center 3 

Lesa transport from mill 5 

Price ex-mill $ 316 

Less milling cost -6 

Less transport farm to mill -2 

Farm gate economic price $ 308 

Rupiah per ton 127,820 

!/	 Soybean f.o.b. Gulf port U.S.A., 1985 lBRD projection at 1977 
constant dollars. 

$ 1.00 - Rp 415 
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TABLE X-7 

Kopra Price Structure, Indonesia 
(Per metric ton) 

International Price c.i.f. export point !I 

Le•• insurance & freight differenti.l 4% 

Imported price 

$ 397.' 

-1.5.9 

381.6 

Port Ran~ling Charges 

Transport to 011 mill 

'arm Gate Economic Price 

10.0 

Rp. per ton Rp. 163,759 

!I	 C.I.F. Europe from Philippines, 1985 IBRD projection at 1977 
constant dollar. 

$ 1.00 • Rp 415 
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TABLE X-8 

Fertilizer Price Structure. 1977. Indone8i. 
(Per Metric Ton) 

Urea r.s.p. 

International Price. f.o.b. U.s. Gulf portsl/ $ 1A5 

Ocean Preight and Insurance 36 36 
Imported Price 221 201 

Port Handling Charges 6 6 

Transpertation to Distribution Center 5 5 

Handling at Distribution Center 6 6 

Transportation to Farm 4 4 
Farm-Gate Economic Price Dollars/I.OOO kg $ 242 $ 222 

Farm-Gate Economic Price Rupiahs/I.OOO kg Rp. 100.430 Rp.92,130 

!I Price f.o.b. U.S. Gulf Ports, 1985 I.B.R.D. projection in 1977 
Constant Dollars. 

$ 1.00 • Rp 415 
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TABLE X-9
 

Farm Budget, Future Without the Project, 3.6 t/ha Yield
 
Wet Season Rice Crop
 

Receipt 
Rice 

Expensee 
Land Preparation 
Urea 
T.S.P. 
Insecticide 
Rodenticide 
Seed 
Spraying Cost 
Harvesting Cost 
Rice Storage 
Interest on Operating 
Capital Rp. 39,420 (5%) 
for One Year 

Total Expen8e 

Net Farm Income per Crop 

C08t/Unt;: Total Coet 
Quantity (Rupiahe) (Rupiahe) 

3.6 t 75,94S 273,402 

25 days 1,000 25,000 
260 kg 100 25,000 

60 kg 92 5,520 
3 liter 1,230 3,690 
0.2 liter 2,300 460 

25 kg 150 3,750 
L.S. 1,000 

10% of Crop Value 27,340 
3.6 t 2,000 7,200 

1,971 

Rp. $100, 931 

Rp. 172,471 

$ 415.59 

Note:	 Fami~y labor has not been expensed 1n arriving at net farm 
income. 

S 1.00	 • Rp 415 
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TABLE X-10
 

Farm Budset, Future Without the Project, 1.3 t/ha Yield
 
Dry Season Rice Crop
 

Cost/Unit Total Coat 
Quantity (Rupiahs) (Rupiahs) 

Receipt 
Rice 

Expensea 
Land Preparation 
Urea 
T.S.P. 
Insecticide 
Rodenticide 
Seed 
Spraying Cost 
Harvesting Cost 
Rice Storage 
Interest on Operating 
Capital Rp. 22,390 (5%) 
for One Year 

Total Expense 

Net Farm Income per Crop 

1.3 t 75,945 

25 days 1,000 
115 kg 100 

35 kg 92 
2 liter 1,230 
0.2 liter 2,300 

25 kg 150 
L.S. 

10% of Crop Value 
1.3 t 2,000 

Rp. 

98,729 

25,000 
11,500 
3,220 
2,460 

460 
3,750 
1,000 
9,873 
2,600 

37,746 

$ 90.95 

Note: Family labor has not been expensed in arriving at net farm 
income. 

S 1.00 - Rp 415 



TABLE X-II
 

Parm Budget, Puture Without the Pro1ect 950 kg/ha yield
 
Dry Season Soybean Crop
 

Cost/Unit Total Co.t 
Quantity (Rupiah.) (Rupiah.) 

Receipt 
Soybean 0.950 t 127,820 121,429 

Expenee. 
Labor 

Han Plowing 
Other 

Woman other 

20 day. 
106 day. 
65 day. 

375 
340 
300 

7,500 
36,040 
19,500 

Haterial 
Seed 
Fertilizer - TSP 
Insecticide 

30 kg 
40 kg 
4 1 

200 
92 

900 

6,000 
3,680 
3,600 

76,320 

Contingencies 
10% of all Expenses Rp. 7,632 

Total Expenses Rp. 83,952 

Net Farm Income per crop/ha Rp. 37,477 

Note:	 Family labor has not been expensed in arriving at net 
farm income. 

$ 1.00	 • Rp. 415 
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TABU: X-12
 

Fara Budlet. Future Without the Project 1000 kl/ha yield
 

Annual Kopra Crop
 

Coat/Ucit Total Coat 
Quantity (Rupiah.) (Rupiah.) 

Recciot 
lopra 1.0 t 163,759 163.759 

Expen.e. 
The annual expense. will include 
replantinl, cost of lee,Uins, 
ineecticide, weed clear:mce. 
harvest!nl. hulkinl & ~ryinl of 
coconut, etorinl 

Assumed a8 45% of crop value 73,692 

Net Farm Iucome per Crop per ha Rp. 90,067 

$ 217.03 

Note:	 The 1972 Kopra average yield according to Data Statistik 
Perkebunan was 710 kg/hat for Indonesia. The data between 
1954 to 1972 does not show any increase. 
A 40% increase in yield is assumed for w/o project 
situation with improved agricultural practices. 

$ 1.00	 • Rp. 415 
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TABLE X-13
 

Farm Budget, Future With the Project, 5.0 t/ha Yield
 

Coet/Unit Total COlt 
Quantity (Rupiahl) (Rupiahe) 

Receipt 
Rice 

!xpenSe8 
Land Preparation 
Urea 
T.S.P. 
In8ecticid~ 

Roden t icide 
Seed 
Spraying Cost 
Harvesting Cost 
Rice Storage 
Interest on Operating 
Capital Rp. 41,600 @ (5%) 
for One Year 

Total Expense 

Net Farm Income per Crop 

5.0 t 75,945 

25 days 1,000 
258 kg 100 

75 kg 92 
3 liter 1,230 
0.2 liter 2,300 

25 kg 150 
L.S. 

10%	 of Crop Value 
5 t 2,000 

379,725 

25,000 
25,800 
6,900 
3,690 

460 
3,750 
1,000 

37,973 
10,000 

2,080 

116,653 

Rp.	 263,072 

$ 636.32 

Note:	 Family labor has not been expensed 1n arriving at net farm 
income. 

S 1.00	 • Rp 415 
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TAILS 1-14
 

'ro1actad ADnual Ilii,ation lenefit,
 

Irri.ated • et ran Total Inco• 
A.rea Inco_/ha/Crop (Iii.1110n. 
(ha) (Iupiah.) lupiah.) 

ruture With 'roJect 

Two Crop./t.ar. , t/ha 785 263.071 413.013 

ruture Without Pro1ecs 

rint Crop 

rica. 3.6 tlb. 60' 172.471 104.345 

Second Crop 

rica, 1.3 t/h. 

upland, 0.95 t/h. 

300 

30' 

37.740 

37.417 

11.324 

11.431 

Garden Crop,I.O t/hn 

Tot.l Without Project 

180 90,067 16.212 

143.312 

Net Annual Irriaation Benefit 269.711 
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TAIL! 1-15 

Alternative Municipal Water Supply Coat 
(Pu.,in. Plant) 

Intara.t 
Durin. Conatruction 

Conatruction Intareat Conatruction Coat Includinl 
taar of Coat (Million Pariod @ 12% (MU I.D.C.(MUUon 

Conatruc:tion Rupiaha) (Yean) Hon Rupiahs) Rupiaha) 

1981 69.97 2.5 23.01 93.04 

1982 125.94 1.5 23.58 149.52 

1983 83.96 0.5 5.04 89.00 

Total 279.87 51.69 331.50 

Praaent Worth at tha end of construction of all costs, axcludinl 
fual coat, computed for 50-year project life and 12% inter.at rata. 

Killion Rupiaha 

Conatruction Coat plus I.D.C. 331.56 

Annual 0 
i' 

, M excludln. Puel Coat 
............. 

173.93 

laplace.ent Costl 5-Yeara 59.71 

10-Yean 51.04 

25-Yean _1.18 

Total • • . . • • • . . . . 617.42 

Unifor. Annual Repayment Costs, 
axcludln. fuel cost, In Million 
Rupiahs equalsl 611.42 x 0.120417 Rp. 74.35 
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TAIL! 1-16
 

Municipal Watar SupplY Banefit
 

Annual To tel 
Annual rual Annual· Annual 
Coat Coat Co.t Municipal 

(MUlion (Killion (Killion De..nd Unit Coat 

Yaar Rll:piah.) Rupiah.) Rupiah.) II. Million .3 Rp/.3 

1984 

1985 

1986-90 

1991-95 

1996-2000 

2001-2033 

74.35 

74.35 

74.35 

6.91 

74.35 

9.00 

18.31 

79.50 

81.26 

83.06 

83.35 

106 

116 

143 

192 

242 

269 

3.658 

4.510 

6.055 

7.632 

8.483 

23.32 

21.41 

17.63 

13.42 

10.88 

• Thi. column will repre8ent the municipal benefit for the project. 
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Chapt.r 11 

ECONOMIC AND 'INANCIAL ANALYSIS 

G.neral 

The ecoru1mlc.•nd fin.nci.l ••pecU of prov1d1nl .n ....ur.d 

weter .upply in the I.nj.r Pl.in. Area for irrig.tion .nd 

IIlUnicip.l purpo.e. .re an.lyzed in thia ch.pter. The project 

.elected for this .n.ly.i. i. the Gravity Sy.tea di.cua.ed in the 

previous chaptera, becauee of ita lower total colt, ineludinl 

0, M & R, in comp.ri.on to the total coat of the Pumped Systea. 

The project, .s proposed, is based on an economically lound 

pl.n for maximum development and utilization of the natural 

resources of the service area. Exhaustive examinationa were made 

of the varioua alternatives before selecting the present scheme 

which combine. full utilization of the land and water resourcel 

with realization of .aximum economic benefits. 

'llhe primary objective of the project 18 to improve living 

standardl of the people by stabilizing and increasing agricultural 

production in the service area. Other objectives are to improve 

luppliel of water for domestic and municipal use, and enhance 

lanitary conditions in the streams by providing year-round 

flushing water. Drainage benefits are combined with agricultural 

benefits from rehabilitation and enhanced water supply. Indirect 

benefits will be of significant magnitude and value, but are not 

included in the analysis. 

The Gravity System will divert 2,000 liters per second 

through. desilting basin and a 7.32 km long gravity supply canal. 

An are. of 1.5 ha will be 1rrigated in thh reach. The gravity 

.upply canal feeda the main canal system for an irrigation area of 

626 h. producinl two rice crops per year. A highUne pumpinl 
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plant on the mainline canal, and a highline canal syatell will 

.upply irrigation water to 159 ha to irrigate two rice crop•• 

Provision has been IIUlde to supply a municipal water demand of 

269 liters per second from the main canal. 

The irrigation service area lies mostly in the village. of 

Banjar and Balokang, while a portion of the villages Situbatu, 

Binangun and Batulawang are also covered. The municipa~ service 

area covers a larger population, mostly in the villages of Banjar, 

Balokang and the surrounding area. The service area con.1st. 

Ilainly of subsistance farms, which are small in areal extent. 'rhe 

per capita income in the area is low. Infrastructural, dello

graphic and agricultural data, as well as the socio-econollic 

conditions prevailing in the service area, is presented in 

Chapter XII-Social Beneficiaries. 

Economic Analysis 

The economic justification for the Banjar Plains Project ia 

presented in terms of interna 1 ratl" of return (IRR), benefit to 

cost ratios and net benefits. Project construction costs, the 

operation, maintenance and replacement (0, M & R) costs and the 

benefits utilized in the economic analysis have been presented in 

Chapter IX and Chapter X. 

Economic studies were made from thfl viewpoint of the overall 

national economy. Therefore, only "real" costs are included. 

Items which are transfers in the economy, such as taxes, custom 

duties, and ~oclal welfare outlays are disregarded. 

The national viewpoint embraces long-run effe:::ts, assumes 

the absence of war or severe economic depreaaioOl', and requires 

application of known technology in management of project con

struction and operation. This infers conventional economic rates 

of progress in construction ana operation of the project. 
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Construction of the project is expected to be carried on by 

u.inS .ppropriate technology for the situation. Thi. would 

involve a proper combination of labor-intensive and capital 

inten.ive methods. 

The determination of who receive. the benefit. and who 

incur. the co.t. i. immaterial to the economic analy.i.. So lonl 

a. all beneUta and all cost:s occur within the national econollY 

I."'. are internalized in the economic study, it is of no con.... 

quence, ~n the national economic viewpoint, to whom the benefita 

accrue. However, it i. of considerable intereat, fro. the 

national fjocia! viewpoint, whether the beneftta are distributed 

among the lower income groups of society. The socio-economic and 

indirect benefits were studied in order to ascertain the degrae of 

.ocial equity that would result from the Project. These studie. 

are presented in Chapter XII-Social Beneficiaries. 

Stemming from the increase in farm income that will 

materialize will be increases in the food supply; employment in 

farm and non-farm economic sectors; increased taxes (and increased 

public services); improved transportation~ enhanced public health 

and general welfare for local communities. 

Project Costs 

The recommended project (Gravity System) has been estimated 

to cost Rp. 1,700,504,000 to construct at the 1977 price level. 

The detaUs of the estimate are present~d in Chapter IX. Consi

dering the project size, it was recommended that the project be 

constructed in three years with a capital outlay of 25%, 

45% and 30% in the first, second and third years of construction, 

respectively. 
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The 0, M • R COlt for the Gravity Systea was alIa eltiaated, 

baaed aD a project eervice life of 50 years. Apart froa the annual 

coata of operation and llaintenance, replaceaent costa of certain 

ite.. at 5, 10, aDd 25 yearl intervals were identified. A project 

ccat atrea. for the 53 yearl, which includea 3 yeara of CODltruc

tion and 50 ·yeara of project Ufe, ta aiven in Table XI-I. The 

coat atrea. ahown doe. Dot include the intereat durina conatruc

tion. lor the lnternal rate of return analyata, the intereat 

durin, conltruction doel not have to be calculated separately, 

inasmuch aa it i~ automatically fiaured in the discountinl 

proceaa. 

The conversion of land prelently under aarden crop to rice 

(180 ha) il propoled to be carried out in three yearl beainnin, 

fro. the firlt year of p~~ject operation. A land development COlt 

of Rp 100,000 per hectare has been included as capital COlt to 

convert the 180 ha to rice land. This amount to Rp 6.0 million 

plr year for the three yearl. 

Project Benefit. 

The two main benefits from the project which are considered 

in the economic analylll are benefit. from providina irdaation 

water for two rice crops annually on 785 ha of land and providina 

a municipal raw water lupply. The maanitude of bensfiu are 

prel~nted in Chapter X-Project Benefits. 

The net annual irrigation benefit with an average crop yield 

of 5,000 kg/ha of dry rough rice was estimated to be 

Rp. 269,711,000. Thtl 11 the net benefit derived from irrigatina 

two rice crop. an~ually on 785 ha. The net benefita at other crop 

yield. will vary and are given in Table XI-2. 
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The annual municipal water supply benefit ia related to the 

population growth and the projected demand pattern. Hence, the 

banefit atrea. will depend on the calendar year when the project 

ia completed or when the municipal hookup ia ready. The municipal 

benefit atrea. ia ,iven in Table X-13, Project Benefit Chapter. 

The project benefit atream ia shown in Table XI-2. A three 

year build-up viII occur in the development of irrigation. With a 

three year construction period for the project, aa mentioned 

above, the full irrigation benefit will occur on the seventh year 

fro. the start of construction on the project. The municpal 

benefit 18 assumed to commence two years after the project 18 

constructed. 

Economic Evaluation 

The project was analyzed to determine the internal rate of 

return and the benefit-cost ratio. The internal rate of 

return (IRR) calculation is the discount (interest) rate at which 

the benefit-to-cost ratio is one-to-one, and is the means of 

ascertaining the rate of interest return on the investment. Par 

the benefit-cost analysis, an interest rate of twelve percent was 

aasumed. It is believed that this rate probably represents the 

minimum acceptable rate of return on investments of this type in 

Indoneaia. 

It is assumed that the project construction will start in 

1981, and be completed in three years. The project will be 

operational 1n 1984. 

Th~ internal rate of return for the above benefit pattern is 

found to be 12.0 percent. This can be interpreted as meaning that 

the benefits to the country from the invested capital would be 

12.0 percent. Table 11-3 summarizes the calculation. At the 

twelve percent interest rate, the benefit-cost ratio for the 

project is one to one. 
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The economic analyais is baaed on 1977 prices for both costs 

and benefits and an exchange rate of $1.00 • Rp.415. The analysis 

do•• not attempt to account for the effect of inflation on the 

e.timated co.t of construction and the benefits over the 50-year 

period of analy818. The usual practice for evaluation of enli 

Deerinl project. i. to carry out the anly.i8 with price and co.t 

lev.la at a liven point in time, which normally assume. the 

current price level without consideration for inflation. With 

pa.t rates of inflation having fluctuated between wide limits, it 

would be virtually impossible to predict a rate of inflation over 

a future period of 50 years with any confidence. Further, on a 

long-term basia, if the same inflation rate were to be applied to 

both benefits and c~dta, the effects on benefits would obviously 

be more than the effect on costs, including those associated with 

operation, maintenance and revlacement. As such, applying any 

inflation rate to cost and benefit amounts would tend to increase 

both the internal rate of return and the benefit-to-cost ratio. 

Should a delay in commencement of construction occur, the 

economic. of the project would not be significantly changed unless 

there would be a change in the scope of the work. The benefit. 

and cosu in the analysis would remain in the same relationship 

and the economic justification would be independent of the project 

implementation schedule. However, the capital requirement for 

construction would depend on the calendar years of construction a8 

it is likely to be affected by inflation during the intervening 

yean. 

Highline System - Incremental Analysis 

An incremental analysis was carried out to determine if the 

highlin. canal pumping plant and the distributi~n system i8 

economically jl18tif1able. This system irrigates 159 ha of land 

located at elevations above 45.0. Without the project it is 

estimated that of this 159 ha about 55 ha would be double cropped 

with rice, about 56 ha would be cropped with an upland crop each 
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year, vbile the re..ininl 48 ha would produce one larden crop per
 

year.
 

The capital coat of the hilhline canal pumpinl plant, 

hi.hUne canal ayetea and the aeparable coata included in the 

diveraion weir, deailtin, basin and gravity aupply canal ia 

eaU_tad at Ip. 231,282,000. The annual 0, K , I coat 18 eati 

..ted to be Rp. 13,890,000. The annual benefit froa inilation 

fo~ tha hilhline coaponent amounta to Rp. 56,01',000. 

The incremental internal rate of return lor the HilhUne 

puapina plant and ita distribution ayatem vorka out to 11.81 which 

1a very cloee to tha IlUt of the total project. The incre.ental 

I/e ratio at 121 intareat will be slightly le.a than 1.0. 

Sensitivity Analysia 

The economic justification of the project ia further 

analysed by a .eries of sensitivity analyses. Theee analyse. 

provide an understandina of the project economics as a result of 

variations in the basic economic assumptions. 

The economic analys1s is based on many assumptions necessary 

to estimate the project costs and future benefits. These assump

tions include costs of construction and 0 & M. projected crop 

yields with and without the project, values of future crops, and 

need and value of a domestic and municipal water supply. 

To take beneflu for domestic and municipal water supply 

there muat exist an actual need for such services. In the case of 

the domeatic and municipal water supply. the need is obvioua. The 

queation 18 only how high a priority the domestic water aupply 

ahould have in the national development program. This ia a policy 

queation which can only be answered by the proper authority in the 

Government. 
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A. the ba.ic economic assumptions for the fea.ibility .tud, 

.re .ubject to chanse, either due to the fundamental uncertainti•• 

connected with all future projections, or due to sovernment 

policie., len8itivity analysel have been made for the mo.t 

import.nt v.riables to .how the effect on project economici of 

.uch ch.nse•• 

The internal rate. of return for specific ca.es are pra

lented in Table 11-4. Basecl on the present study and conliderina 

the cap.bllitie. of the varioul departmentl of the Government of 

Indonesia in the execution and development of the project, a level 

of probability has been identified in Table XI-4 for e.ch c•••• 

Financial Analysi. 

The financial analya1s portion of the report pre.ents the 

cOlt allocation of the project between the two purposel of 

irrisation and municipal, as well as identifyinS the capital 

requirement. 

COlt Allocation 

Cost allocation in multiple purpose water resource projects 

involves the division of the cost of the project amons the 

purposes served. Cost allocat ions are necessary to arrive at 

equitable shares of cost for reimbursement by project benefi

ciaries. 

The costs allocated to a project purpose are not the costa 

to consider when deciding whether that purpose should be included 

in the plan. Instead, the relationship between benefits and coata 

of poaaible variations in purpose, size, or means of development 

i. tested by an incremental analysis to determine their advantagea 

and disadvantases. 
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The need for a cost allocation arises only when a plan 

incIud.. joint costa of structure which produce several kinde of 

••rvice. This 10 the caee of the Banjar Plainl Project. Aasign

ment of coata for reimbursement by beneficiaries can be mad. uaina 

the re.ult. of the COlts allocations presented herein. Alao, any 

purpoca .erved by the project which might, accordina to national 

law or policy, b. construed as non-reimburseable, can be a.aianed 

an equitable share of the cost. The basic data neceaaary for co.t 

allocation is contained in Chapter IX. 

The proposed Banjar Plains Project serves the two function. 

of irrigation and municipal raw water supply. To determine an 

equitable distribution of cost between irrigation and municipal 

water aupply functions, the "Separable Costs-Remaining Benefiu" 

method of allocation was used. The cost allocation was based on 

total project cost as expressed in 1977 prices, and consisting of 

total capital cost and capitalized 0 &M costs. An interest rate 

of 12 percent was used in the computation. 

The separable cost-remaining benefits method limits the 

allocation to any fundion to the justifiable expenditure, which 

i. the lesser of either the benefits or the cost of securing the 

same benefits through the most economical alternative means. 

After determining the justifiable expenditure, the separable costs 

are subtracted from the total justifiable expenditure to obtain 

the remaining justifiable expenditure, which is then used as the 

basis for allocating the remaining joint costs, which are the 

total joint costs less the total separable costs. The separable 

cost is the amount that will be saved if a particular function is 

eliminated from the multipurpose project. The total cost 

allocated to 8 function is the separable cost for that purpose 

plus the allocated portion of the remaining joint costs. 

The amount of the cost included in the multiple purpose 

project to serve only a given function (separable cost) is identi 

fied by subtracting the cost of the project without that function 

from the cost of the multiple purpose project, including all 
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functions. By this process. the cost traceable to the inclusion 

of a specific function (separable cost) can be identified. Under 

this approach. the entire project is no longer ~ joint facility. 

Various paru of it may become "separable costs" associated with 

.pecific functions. The "joint" cost under the separable coat

remaining benefita procedure. thus. becomes the cost that remaina 

afur identHyina and subtracting the aeparable coat for each 

function. 

It should be noted that the "separable cost" used in the 

separable cost-remainina benefits allocation procedure are not 

necessarily associated with any particular physical facility. The 

tel'1l1ll refer only to "costa added" and "costa remainina". 

The results of the allocation. based upon the separable 

cost8-remainlna benefits procedure. are presented in Table XI-5. 

The reeultina allocation percentages which will be applicable to 

the total project cost. including O. M & R. at the time of the 

project completion are as follows: 

For Irrigation Component 79.5~ 

For Municipal Raw Water Supply Component 20.5% 

The repayment analysis. or water rate determination. can 

then be made based on these allocations. 

Capital Requirements 

In proposing the capital budgeting layout it is necessary to 

estimate 8 schedule of domestic and foreign capital requirements. 

adjusted to account for rates of inflation. As mentioned earlier. 

the effect of inflation does not bear adversely upon the economic 

Viability of the project as long as the rate of inflation affects 

both costs and benefits in a similar manner. However. inflation 

does materially alter the capital budget of the financial entities 

and needs to be recognized. 

XI-IO 



The capital requirements are worked out for a specific 

conatruction achedule and the calendar year construction will 

be.in. Tha conatruction on the Banjar PJain. Project i. propoaed 

to be atar~ed in the year 1981. Thi~ will provide about two years 

in which arranaelllent for finance, COl.atruction drawln.a, apecifi

cationa, conatruction plarmina, tendera, etc., can be completed. 

The project vill be constructed in a three-year period and be 

operational in 1984. The percenta.e of cepital coat required viii 

be 25% in the fint yeer, 451 in the aecond year and 301 in the 

third year. 

Ba.ed on the above mentioned con.truction echedule, the 

foreign and domestic capital requirements hav. b~en worked out and 

adju.ted for futur. inflation rates. The future foreign and 

domeatic inflation rate. were developed based on re.earch by 

international agencies, and the Consultant'. own lnve.tigation and 

judgment. Thes. are shown below wHh the corresponding cost index 

factore based on 1977 prices applicable in Indonesia. 

Estimated Percent Inflation Rate Cost Index (app ly to 1977 cost) 
Year. Domestic Foreign Domestic Fa re 19n 

1977 - 1978 15 7.5 115.0 107.5 

1978 - 1979 12 7.0 128.8 115.0 

1979 - 1980 12 7.0 144.3 123.1 

1980 - 1981 12 7.0 161.6 131.7 

1981 - 1982 10 7.0 177.7 140.9 

1982 - 1983 10 7.0 195.5 150.8 

The forelgn exchange component i8 estimated to b~ 35% of the total 

COllt for the highline canal pumping plant, and 18% for all other 

item•• The overall foreign exchange comvonent works out to 

18.25 percent. 
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I ••ed on the above inflation rate., foreian .xch.na. 

cOllflonent and the propo••d conatruction .chedule, the tot.l 

project co.t, excludina intereat chargea, i8 e.timated to incr•••• 

fro. Rp. 1,700,504,000 .t 1977 prices to Rp. 2,927,931,000 .t the 

ti.. of con.truction. Thi. represent. • co.t incre... of 

72 p.rc.nt due to inflation. The con8truction co.t Ichedule 

.xpr••••d in 1977 Rupi.h values and in v.riable Rupi.h v.lu•• 

Adju.ted for infl.tion is .hown in Table XI-8. It 18 to b. 

indic.ted th.t the e.calated coat 18 for the identifi.d can

.truction .chedule. Any change in the propo.ed echedul. will 

ch.na. the v.riabl. Rupiah v.lue. 
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Project Coet Str.e~m - Gravity Syatea 
(Million lupiaha) 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
H 

26 
27 

425.126 
765.227 
510.151 
63.851 
63.851 

63.851 
57.8S1 
93.303 
57.851 
57.851 

57.851 
57.851 

253.380 
57.851 
57.851 

57.851 
57.851 
93.303 
57.851 
57.851 

57.851 
57.851 

253.380 
57.851 
57.851 

57.851 
57.851 

lemarka Y.ar Coat 

Conat~uction Coat 28 115.163 
Construction Coat 29 57.851 
Conatruction Coat 30 57.851 

o , M and Land Development 
o & M" II "31 57.851 

32 57.851 
o & M " II "33 253.380 
o & M 34 57.851 

0, M & R 35 57.851 
o & M 
o & M 36 57.851 

37 57.851 
o & H 38 93.303 
o & H 39 57.851 

0, M & R 40 57.851 
o & H 
o & H 41 57.851 

42 57.851 
o &H 43 253.380 
o & H 44 57.851 

0, H & R 45 57.851 
o & M 
o & H 46 57.851 

47 57.851 
o & H 48 93.303 
o & M 49 57.851 

0, H & R 50 57.851 
o & M 
o & H 51 57.851 

52 57.851 
o & H 53 57.851 
o & M 

0, M & I 
o , M 
o , M 

o , M 
o & M 

0, M & I 
o & M 
o & M 

o & M 
o & M 

0, M & R 
o & M 
o & M 

o & M 
o & M 

0, M & R 
o & M 
o & M 

o & M 
o & M 

0, H & I 
o & H 
o & M 

o & H 
o & H 
o & M 

0, H , R for Yeara 8, 18, 38 and 48 includes 5-year replacement coats. 

0, M , R for Yeara 13, 23, 33 and 43 includes 5- and 10-year replace
lIent coata. 

0, M & R for Year 28 includes 5- and 25-year replacement costa. 

Land Development Coata for conversion of 180 ha. of larden to ricelanda 
included in year 4, 5 and 6. 
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TABLE XI-2
 

Annual Project Benefit Strea.
 

(5.0 t/ha crop yield)
 

llUlIGATION 

Year Rice Area Garden Total Benefit Mun. Total teaarlul 

from 
start 

brought 
under 

Area Con
verted to 

Area 
Under 

Killion 
Rp. 

Killion 
Rp. 

Killion 
Rp. 

of Irrigation Rice Irr. 
Construe. (Ra) CBa) (Ra) 

x 
H 
I 

t- 
~ 

1-3 

4 

0 

300 

0 

0 

0 

300 

0 

94.818 

0 

0 

0 

94.818 

Conatruction 

Partial Irr. 
Benefit 

5 455 60 515 169.972 0 169.972 Partial Irr. 
Benefit 

6 605 120 725 243.546 81.260 324.806 Partial Irr. 
, full Kun. 
Benefit 

7 605 180 785 269.711 81.260 350.971 Pul.l Irr. & 
1Iun• BeDefit 

8-10 605 180 785 269.711 81.260 350.971 ..-
11-15 605 180 785 269.711 83.060 352.771 .. 
16-53 605 180 785 269.711 83.350 353.061 " 



TABLE XI-3
 

BANJAR PLAINS PROJECT
 

INTERNAL RATE OF RETURN ANALYSIS
 
(Million Rupiahs)
 

Present Present Present Equivalent 
Interest Worth Worth Worth Uniform Benefit 

Rate Total Total Net Annual Net Coet 
(I) Benefit Cost Benefit Benefit Ratio 

Millions of Rupiahs 

0 17,173.653 5,592.290 11,581.363 218.516 3.071 
1 13,038.392 4,654.924 8,383.468 204.553 2.801 
2 10,116.537 3,980.304 6,136.233 188.836 2.542 
3 8,012.317 3,484.499 4,527.818 171.671 2.299 
4 6,467.781 3,112.307 3,355.473 153.409 2.078 
5 5,312.561 2,826.948 2,485.614 134.405 1.879 
6 4,432.601 2,603.583 1,829.017 114.982 1.702 
7 3,750.468 2,425.215 1,325.253 95.412 1.546 
8 3,212.849 2,280.045 932.805 75.909 1.409 
9 2,782.506 2,159.771 622.735 56.634 1.288 

10 2,433.051 2,058.469 374.582 37.699 1.182 
11 2,145.514 1,971.851 173.663 19.179 1.088 
12 1,906.063 1,896.770 9.294 1.118 1.005 
13 1,704.470 1,830.884 -126.414 -16.459 0.931 
14 1,533.067 1,772.430 -239.363 -33.543 0.865 
15 1,386.030 1,720.057 -334.027 -50.134 0.806 
16 1,258.879 1,672.724 -413.845 -66.241 0.753 

Internal Rate of Return • 12.06 Percent 

Notes: The Benefits are assumed to occur at the middle of the year. 
The Costs are assumed to occur at the middle of the year. 
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TABLE XI-4
 

Sensitivity Analysis
 

At 12% Interelt 

Present Worth 
of Nel. Internal 

Sr. 
Ho. Cale 

Benefit 
(MUlton Rp.) 

a/c 
Ratio 

Rate of 
Return Probability1/ 

1•• 3-yr. Conltruction: 
3-yr. Development 
laa for Irriaation, 
2-yr. Delay in Muni
cipal Benefit. Yield 
5,500 ka/ha/crop 297.239 1.16 13.94 Biah 

b. Same a.. 1a. with 
Yield 
5,000 ka/ha/crop 9.294 1.00 12.06 Very Uiah 

c. Same as 1a. with 
Yield 
4,500 kg/ha/crop negative .85 10.03 Uiah 

d. Same a.. 1a. with 
Yield 
4,000 kg/ha/crop negative 7.83 Very Low 

2. 3-yr. Construction; 
No lag 1n Irrigation 
and Municipal Bene
fit. Yield 
5,000 kg/ha/crop 311.836 1.16 14.38 Low 

3. 4-yr. Construction: 
3-yr. Development 
lag for Irrigation, 
2-yr. Delay in Muni
cipal Benefit. Yield 
5,000 kg/ha/crop negative .97 11.61 High 
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TABLE XI-4 
(Continued) 

SenAitivity An.lysi. 

At 12% Interest 

Present Worth 
of Net Internal 

Sr. Benefit B/C Rate of 
No. Caae (Million Rp.) Ratio Return Prob8biUt,1/ 

4. Sail. a. lb. with 
Ricel'ricci Reduced 
10 percent negative .86 Ie. ~ 9 Low 

b. Sail••a 1h. with 
Ric. Price Increased 
10 percent 274.876 1.14 13.80 Hiah 

c. Same aa lb. with 
Rice Price Increased 
20 percent 541.193 1.28 15.4.5 Low 

5. Sail. 81 78. with 
Yield 
5,000 kg/he/crop negative .80 9.27 Hiah 

1/ A probability ranking of Very Low, Low, High and Very High haa 
b~en used to a9~ist in the project economic evaluation. 
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TABLE XI-S 

Cost Allocation 

(Million Rupiahs) 

Ro. Item	 Municipal Irrigation Total.. 

1.	 can to be Allocated 1,886U 
a. Capital Cost	 (1,408) 
b. Capitalized 0, M & R	 (478) 

2.	 Capitalized Benefits 4042.1 1,502 1,906 

3.	 Alternative Cost. 404 1,84931 2,2.53 

4.	 Justifiable Expenditure 404 1,502 1,906 

5.	 Separable Costs 37 1,482 1,519fL1 
a. Capital Cost	 (31) (1,107) (1,138) 
b. Capitalized 0, M & R (6) (375) (381) 

6.	 Remaining Justiftable 
Expenditure 367 ;70 387~ 

7.	 Percent Distribution 95 5 100.0 

8.	 Remaining Joint Costs 349 18 367JL1 

9.	 Total Allocated C06ts 3A6 1,500 1,886 
a. Capital Cost	 (1,408) 
b. Capitalized 0, M & R (54) (424) (478) 

10. Allocation Percentages	 20.5 79.5 100.0 

V11. BIC Ratio	 1.0" 1.00 1.01 

Note:	 Interest rate - 12 percent. 

All prices are 1977. 

!J Present Worth of Project Cost plu8 0, M& R. 
Y Present Worth of Alternative Pumping Plant C08t plus 0, M& R. 
]./ 

Present Worth of Single-Purpose Irrigation Project Cost plus 0, M&R 
M Total Cost-Alternative Cost for Other Purposes. 
}j 

No.	 4-5. 
W No. 1-5. 

Ratio of No. 2 and 9. 
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TABLE XI-6 

Con.truction Cost Schedule 

(Million. of Rupiahs) 

At Constant 1977 Price Escalated CosU 

Year Domestic Poreign Total Year Domestic Poreign Total 

1 347.527 77.599 425.126 1981 561.604 102.198 663.802 

2 625.548 139.679 765.227 1982 1,111.599 196.808 1,308.407 

3 417.n32 93.119 510.151 1983 815.298 140.424 955.720 

Total 1,390.107 310.397 1,700.504 2,488.501 439.430 2,927.931 
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Chapter XII 

SOCIAL BENEFICIARIES 

The Banjar Plaine Project haa two main component. of 

benefita. The project will provide irrigation benefite to 785 ha 

of dee land in five village. and municipal raw water supply 

benefit to a population of over 60.000 mainly in five vUlagea. 

The beneficiaries of these two components differ to some extent. 

However. majority of irrigation benefidadee are part of the 

municipal beneficiarie8. An industrial raw water supply component 

has been identified a8 a possible future development. This has 

not been included as part of the recommended project. 

The irrigation service area covers the villages of !\anJar 

and Balokang and partly the villages of Binangun. Situbatu and 

Batulawang. Of these three villages. the area irrigated in 

Binangun is 28 percent of the present rice area while in the other 

two villages it i8 very small. The area of land irrigated in the 

five villagea is shown in Table X-3. Chapter X-Project Benefit. 

Almost all the landowners. cultivators and agricultural labor 

directly benefited by the project live in the villages of Banjar 

and Balokang. Hence. the irrigation beneficiary discussions will 

be limited to the people in these two Villages. 

The munidpal raw water supply is intended to cover the 

village of Banjar. Balokang and extends to some of the subvillages 

on both bank. of the Citanduy River roughly between the confluence 

of Citanduy and Cimuntur Rivers and Pataruman. The service area 

covered is approximately 36 square kilometers with a population of 

about 61.770 in 1977. Thus. the municipal raw water beneficiaries 

while overlapping the irrigation beneficiaries. extend to a larger 
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population. 

The aocial beneficiary discussion to follow, i. presented in 

te~ of the aervice area and population group directly or 

indirectly benefited by the project. 

Demography 

With over 135 m11110n people. Indonesia is the fifth most 

populoua nation in the world. The average density of 51 persons 

per square kilometer is deceptively low in as much 8. 65 percent 

of the population live on only 6.6 percent of the nation'. land 

aurface on Java and Madura. The population of Western Java in 

1961 wa. 11.4 millton. 18 percent of the total population; by 1971 

the population had risen to 21.8 millton. a density of 440 people 

per square kilometer. The population in 1976-77 within the 

irrigation service area is estimated to be about 41.000 out of a 

total population of 59.709 for the five villages of which the 

service area i. a part. The population of the municipal water 

service area is about 61.770. 

The service area includes the town of Banjar and Balokang 

with a population density of 3120 and 780 per square kilometer 

respectively and lie wholly in the service area. Since only part 

of the remaining three villAges lle in the service area. 

discussing the average population density of the service area ls 

not proper. 

Table XlI-l presents available population statistics for the 

five vUIAgee for the yeau 1966-1976. The growth rate for 

Welt Java for the yearl 1971 to 1976 waR 2.1 percent. The growth 

rates 1n the five villages are significantly different. 

Between 1969 and 1971 the population in Banjar jumped over 150 

percent from 10.001 to 25.761. This period corresponds with the 

beginning of the Citanduy Project. a multipurpo~e project in thie 

general area. Since that time. the growth rate in Banjar has been 
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above the average for West Java but is believed to be temporary in 

nature. The low growth rates :f n three of the four remaining 

villages indicates the amount of emigration from those villages. 

presumably to Banjar. Based on the growth rates developed al!l 

shown in Table XlI-1 the total population in the five villages hal!l 

been projected to the year 2005. which is shown in Table XII-2. 

assuming a decline in the growth rate in Banjar to the West Java 

growth rate. 

Since the project area covers all of Balokang and almost all 

of Banjar and small portions of the other three "Ulages. the 

population of the project area il!l assumed to be slightly greater 

than the sum of the populations of Balokang and Banjar and most 

discussions will focus on those two villages. nowever. demographic 

statistics are presented for all the five villages. 

A breakdown of population by age groups is presented in 

Table XII-3. The percentage of the 55 and older age groups in 

each village is an indication of migrat ton to Banjar by those 

seeking off-farm employment. i.e •• the 15-54 age group. 

Economically Active Group 

For purposes of discussion of the potential labor force the 

age group 15-54 is taken to be the economically active portion of 

the population. Table XII-4 presents the population of the five 

Villages into three general groups, pre-school and school age O~ 

1", economically active age IS-54, and generally non-working or 

pensioned, 55 and older. The table also presents the number and 

percentage of people employed either continuously or inter

mittently in eacn village. Only in Situbatu is the n\lmber of 

employed les8 than the 15-54 age group. 
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If the economically active group is adjusted tor the 0-14 

aae group and those enrolled in school through senior high, the 

labor torce under 55 years of age in Banjar is 15,621 (49 percent 

of the population) and in Balokang 111 3,525 (46 percent of the 

population). This indicates that almost everyone under the age of 

" who wants a job 111 employed either partly or fully, but the 

tilurea undoubtedly overlooks a great deal of underemployment. 

After the 1971 Census the Central Bureau of Statistics estimated 

the labor force of West Java at 46.32 percent of the population. 

10 years of age and over. Of that group 14.5 percent were seekinl 

work (6.7 percent of the population). It would appear that the 

employment situation in the project area i~ slightly superior to 

that in the Province. There is probably a great deal of disguised 

unemployment in these figures. It is generally felt that agricul

tut'al labor 1a only employed 30 percent of the time, but the 

remaining time doea not represent idleness. The Village Chief ot 

Balokang reported that when not working in agriculture 60 percent 

of the agricultural labor sought employment elsewhere. 

Village records for labor distribution of the population 

1975-1976 are shown in Table XII-5. Twenty percent of the total 

population in Banjar (42 percent of those employed) is active in 

agriculture. In Balokang 50 percent of the population ia active 

in agriculture (83 percent of those employed). These figures do 

not include occasional work and the contribution of children. If 

the percentage of the economically active part of the population 

remains the same for the next 28 years, the labor force will grow 

aa shown in Table XII-6. 

Project Labor Potential 

The project will aid In providing additional employment in 

two waya. Directly, because of the additional acreage coming 

under rice cultivation, the project will require sufficient yearly 

labor to farm 1AO ha of rice in wet seBson and 485 ha in dry 

season. Indirectly, through better distribution of water and 
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increasing applications of fertilizer, yields will be larger 

requiring additional manpower at harvest time on the 785 ha. 

Tabla 111-7 shows the without-project and with-project scenario. 

The direct increase in labor requirement will be for the 

31,440 in the dry 8eason and 14,040 in the wet season, which is a 

direct increase of 45,480 man-days per year. The indirect, if the 

a8sumed increases in production are maintained, will be about 

215,380 man-days. Thus, the additional labor required will be 

260,860 man-days per yeAr. A totsl of 16,625 Buffalo days ia also 

antic ipated. 

In EtJdition to the increase on labor requirements directly 

attributed to agriculture there may be an increase in non

8gr1culturi'tl labor. These will be indirect, generated due to 

provision of a proposal for municipal raw water in the project and 

a possible industrial water supply. 

The proposal to develop an industrial component will create 

demand for labor. Although development of the industrial complex 

is still uncertain, the labor potential has been worked out to 

identify the demand. The industries and the projected labor force 

and ancillary labor force required are shown in Table XII-a. If 

two of- the three industries are located in Banjar, total labor 

requirements might reach 6,700 new permanent and part time jobs. 

This does not take into account the tertiary job benefits within 

the economy as a whole. 

Income and Cost of Living 

Figure XII-l presents the income received by the agricul

tural and non-agricultural sectors since 1968 in Ciamis District. 

The increaae in non-agricultural income has been dramatic. The 

income received by the non-agricultural sector is all the more 

expressive when one considers that there are five agricultural 

laborers to one non-agricultural laborer. However the stability 
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of per capita agricultural income indicate8 both an absolute and a 

relative decline in the economic position of farmers. Pigure 111

I alao dearly indicates that per capita agricultural income in 

Cia.h Dhtrict (approximately US $40) 18 far below the A. I .D. 

poverty benchmark of $190 adjusted by the I.B.R.D. Agricultural 

income. in tha Banjar Plain. Project Area can be assumed to be 

below the Ciaais District average. 

The major expenditureB as percentage of income are shown in 

Figure 111-2. Over the past eight year. the percentage spent on 

education and housing has doubled, savings have been reduced, and 

the percentage spent on food has dropped. The percentage of the 

conBumer rupiah spent in other categories haa remained fairly 

conBtant. The increase in housing coats would reflect not only 

increase in costs of materials but also increases in labor wage 

ratea. The decrease in the percentage of the consumer rupiah 

spent on food is a reflects the general increase in income levels, 

but does not include the value of agricultural products consumed 

at home. 

Land Tenure 

The land use pattern 1n the five villages is shown in 

Table XII~9. It is noted that A3 percent of the land 1n the 

project is found 1n Banjar and Balokang vU lages, 13 percent in 

Binangun village and only 4 percent 1n Sttubatu and Batulawang 

villages. The change in land use has been discussed previously. 

Table XII-I0 shows the breakdown of land holdings 1n the 

five villages a8 taken from village records. In 8anjar the median 

lowland 111 in the 0.5-1.0 ha range; the median dryland 18 leS8 

than 0.51 ha. In Balokang both the median lowland size and the 

median dryland size are 1n the 0.5 ha range. Calculating a 

weighted average for size of lend holdings in Benjar and Belokang 

gives the followingl 
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Lowland Dryland 

Banjar 0.74 0.75 

Balokans 0.53 0.61 

Binangun 0.99 1.35 

Except for Banjar and Binangun dryland, these weighted averages 

are close to the median values. The general correspondence of the 

mean and median give a good estimate for the size of rice land 

owned. 

Share cropping 18 prevalent in all these villages. Share 

cropping operates on a 50-50 basis of the net proceeds excludins 

taxes and the share cropper's labor input. All other inputs are 

deducted. The capital is usually supplter by the land owner. The 

percentage of families who sharecrop is about 23 percent in Banjar 

village and about 66 percent in Balokang village of the total 

families involved in agriculture. The total number of families 

involved in agriculture is estimated to be 2')89 in the Banjar 

Plains Service Area. 

The number of agricultural families that rent land is 

considerably smaller. In Banjar village about 20 percent of the 

families involved in agriculture rent land while in Balokang 

village it 18 only 3 percent. Land rents vary with the class of 

land. The class of land referred to herein is used in the village 

records and is based on the crop yield magnitude. Class I land is 

the highest yielding land, while Class V is the lowest yielding 

land. Class I land rents for Rp .150 per bata (712 

bat. • hectare) or Rp.l06,800 per hectare in Balokang. This 

would be Il thirty to forty-year payout on the present purchase 

price of Clasa I land. At this rate, rental for Class II land 

would be about Rp.65,OOO per hectare or about 60 percent of the 

Class I rental. Land is only rented when the land owner 18 in 

need of cash. 
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The families that own land and cultivate in Banjar village 

fora the major percentage of the families involved in agricultural 

operation (about 51 percent). In Balokang village this percentage 

i. only 31 percent. 

The lands to be upgraded from garden to paddy ar. exclu

.ivaly in Banjar and Balokeng villages along the lower, river.id. 

edg. of the project area. Once year-round water 18 8upplied to 

the.. 180 hectare. its clan value will change to Clau I land. 

Thi. will increa.a the valua of this land, for .ale or for rent, 

by at leaat 50 percent. Also the Class II to Class IV rice land. 

in the 605 ha portion will be upgraded to Cla88 I with the pro

vision of technical irrigation. Thi8 will increase the value of 

this land for sale or rent by at least 30 percent. 

Cropping Pattern and Farm Income 

The cropping pattern and various agricultural inputs to each 

crop are discussed in Chapter IV and X. The net farm income with 

and without the project is summarized in Table X-14. 

At the assumed yields the project will produce an additional 

5.300 tons of dry rough rice per year. The additional net income 

will be Rp.413 million. 

The additional production will probably be used locally. In 

1976 there was a deficit of 5.497 tons of rice in Banjar Subdis

trict. Table XII-II shows 1976 production and consumption sta

tistics for Banjar and two other subdistricts in which the project 

area 11es or borders and statistics for the diBtrict of Ciamh. 

WhUe there 18 a 8urplus of 24.000 tons in the district. the 

Banjar 8ubdistrict shows a deficit of 5.500 tons. It Is obvious 

that an increase of 5,300 tons will help offset the yearly deficit 

in the area. 
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The assumed per capita consumption is 250 kg drys talk padi 

per capita per year. Thill approximates 350 grams of rice a day 

per person. Based on this, Table XII-12 shows ric~ demand in the 

affected villages over the next 30 years. If the population 

increase follow. the projections in Table XII-2, rice demand 

within the area will greatly exceed production by 1985, even with 

tha project. Of course, the projections serve only a. a general 

guide for plannina and they will need to be modified over time to 

reflect continuina cht.n6tee. Nonetheless, they already indicate 

that additional rice production in the area will be needed merely 

to meet additional local demand. 

Marketing and Processing 

In the project area the present flow of rice through the 

market depends on the type of rice grown. If the farmer grows 

mixed varieties, i.e., a local variety and a high-yield variety, 

then he would tend to keep the local variety for his own con

sumption and sell the high-yielding variety. This is based on the 

Javanese preference for the taste of the local variety and its 

better storage characteristics. If high-yield varieties are 

grown, they are often threshed in or near the field hence they are 

marketed as dry-rough rice. Local varieties would be most often 

marketed a8 dry-stalk padi. The farmer can sell in the market, to 

a middleman, or take his rice to a mill where often he will find a 

broker to buy his rough rice. Rice can also be sold through the 

KUD but the price offered is lower than the price in the market. 

It is reported that Banjar Subdistrict contains Hi mills. 

One mill is operated by the KUO; it has a 7 ton per day capacity. 

The 15 private mills are reported to have an average capacity of 

three to four tons per day. They reportedly enjoy a reputat 1I)n 

f or doing quality work. Seven mille are located in Balokang, 

eight ar. in Banjar, and one is in Langensari outside of the 

project lirea. The distribution 18 such that 8 farmer in the 

project area would have little difficulty getting h18 crop to a 
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.Ul for processing or for sale. Milling prices are Rp.3 per 

kilograa at the RUD mill and up to Rp.IO per kilogram at the 

private mUle. 

Storage facilities appear adequate with one 

20 • x 10 • x 6.. storage facUity in each of the 48 KUD. in 

Cia.is District. Banjar Subdistrict has two RUD .torage fadU

tie. in addition to the large BULOG storage facility. There i. no 

information on the total number of private facilitie. but .torage 

1. thought to be adequate. 

Municipal Water 

The project in addition to providing irrigation water for 

78~ hecta~e8 will alr.o supply municipal raw water. The plan ia to 

deliver 269 liters per second to a point in the system convenient 

for treatment and distribution to Banjar. People living around 

the supply canal and distributary system would also benefit from 

this water supply. The population benefiting from the supply of 

domestic water is not the same population benefiting from irri 

gation water. 

The projected supply of municipAl water and the background 

data supporting the plan are discussed in Chapter I II-Municipal 

and Industrial Water Supply. In summary, most domestic water 

comes from hand-dug wells or the river. nuring the dry season the 

ground water supplies diminish and shortages develop and reliance 

increases on river water a8 a source of supply. During these 

periods the Banjar town dwellers purchase water from becak drivers 

or porters. People in 8anjar are forced to purchase water since 

the municipal system installed in 1973 (exploiting a supply of 

vater from a spring), is limited to a small percentage of the 

population. Furthermore, the lack of maintenance has further 

reduced its service. 
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In the dry season untreated water sells for Rp.l.25 to 

Rp.l.75 a liter. Average annual cost varies from Rp.3750 to 

Rp.5250 per person. 

A. discussed in Chapter III, the District Planninll Office 

hope. to attract additional industry to locate in the Banjar area. 

One of the requisites for industrial development i. the uninter

rupted 8upply of good quality water. The three industries pre

sently considered are 8 rayon fiber textile mill, a non-urea 

fertilizer factory and an activated carbon-fibered rubber factory. 

The•• would require about 700 liters of water per second at full 

development. Providon of 1'1 & I water by the Project should 

facilitate the location of new industry in the Banjar area. 

Transportation 

At the start of Pel1ta II (the second five-year plan) road 

systems throughout the Ciamis district were improved. The 

District Planning Office (BAPPEMKA) cites this as one of the 

factors in the dramatic improvement in non-agricultural income in 

the middle 70's. At the present time macadam and asphalt roads in 

and around Banjar are in desparate need of repai r. All road 

building energies in the area are presently focused on the new 

Bandung to Cllacap highway. Table XII-13 summarizes the type of 

roads 1n the Banjar Plains service area. 

Often overlooked in the general benefit picture, access 

roads ancillary to a project increase the means of transportation 

and communication. Present indications are that about 30 kilo

meters of new roads and six kilometers of replacement roads will 

be constructed along the main canal and major laterals. The roads 

will be gravel surfaced. This phase of the project will increase 

or improve the transportation net in the area by over 50 percent. 
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Public Health Facilities 

Data on public health facilities available to the public 

in 1976 for the three sub-districts of Banjar, Pamarican and 

Ciaaraga. are shown in Table XII-14. Although a small part of the 

'a..rican sub-di.trict 1. included in the Banjar ~lain. Area, this 

.ub",diatr1c.t 18 sdjacent to the service are. and the health 

facilities would be available to some of the population. Among the 

.o.t frequent illnesse. reported were influenza, bronchiti., 

ga.troenteriti. and tuberculosis. Over 26,000 patient. w.re 

treated 1n the clinics during 1976. With the provim10n of tr2ated 

water it is believed that the number of persons affected by water

borne disp-ases would be reduced, if not completely eradicated. 

Educational Facilities 

In 1975, there were 59 schools (including religious schools) 

in the two villages of Banjar and Balokang. The statistical 

details are shown in Table XII-15. In all, about 9,110 studente 

attended various schools in 1975, manned by 306 teachera. Th1a 

gives a teacher-to-student ratio of 1 to 30. 

Banjar is the only village with both junior and senior high 

schools. School attendance in the project area is primarily 

concentrated at the elementary school level (grades 1 to 6) since 

thb level constituted 67 percent (not including religious 

schools) of the total school attendRnce. The level of literacy 

in 1975 in the five villages was about 23 percent. 

Summary 

The foregoing discussion has sought to present thoae facet. 

of the cultural environment whp.re assumptions of benefita received 

by and through the project are more tangible and subatantiated 

quantitatively. Although the surface area covers all or part. of 
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five villages only three villages really benefit, Banjar, 

Balokang, and Binangun and of these three the population and 

general infrastructure of the project area is confined to Banjar 

and Balokang. 

Economically Active ~ Summary and Benefits 

B::mjar 18 essentially urban in character with that segment 

of the population working in the agricultural sector commuting the 

few kilometers to thA fields. Balokang is rural with 83 percent 

of the labor force active in agriculture. 

Present statistics indicate full employment of the economi

cally active age groups. One has to assume that there is much 

disguised unemployment and underemployment. It is known that farm 

laborers are actively engaged in agricultural pursuits about 30 

percent of the time. When not on the farm. becak driver. common 

laborer, and industrial employment are some of the jobs sought 

after seeding and before harvest. 

Projected population increases are significant. By the time 

the project is scheduled to be fully operational. 1985. the 

population of Banjar and Balokang will have increased by 18 

percent; the prospective labor force in Banjar will have increased 

by 20 per '~nt and the labor force of Belokang will have increased 

by 6 percent. Offsetting this exceas labor capacity will be 

additional man-days of agricultural labor required owing to 

construction of the project. Direct and indirect additional man

days of labor amount to 260.860 man days per year. If an 

agricultural labor year is assumed to be 110 days. i.e.. 30 

percent of 365, then by time the project is fully operational 

there will be a demand for 2.370 additional laborers. or four

fifths of the projected increase in labor force. At an average 

man-and-woman daily labor rate of Rp.325. the additional man days 

would amount to Rp. 85 millton each year. In the pa8t five years 

the agricultural day rate has increased about Rp.150. If this 
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trend continues, the additional money brought into the economy by 

the agricultural labor section would double, although certainly 

IlUch of the increase will disappear becatllie of inflation. 

The construction of the project itself will require an 

average of about 600 laborers and 50 skilled labonn over a 

three-year period, 1981-1984. This will bring in about Rp.180 

.1llion each year during the construction. 

The municipal water treatment plant and distribution syste. 

viII require construction labor. No estimates of coat. or labor 

requirements have been made but the benefits must be con.idered. 

The p088ible development of an industrial sector in the 

future if raw water i8 made available, will generate an additional 

6,700 permanent and part-time jobs as indicated before. Thia 

allOunte to 92 percent of the projected 1985 excess labor force. 

It i8 estimated that about 1.3 million man days per year will be 

added which will amount to Rp.l.3 billion per year in wages. 

Culturally the people in West Java have established the home 

a. the number one priority item in their list of personal 

possessions. Thill would mean that heads of households drawn to 

Banjar or new heads of households raised in Banjar will require 

housing. The quality of housing required will increase 88 more 

money becomes available through permanent employment. This will 

generate a home construction boom. The value to the economy and 

the labor requirements are not estimated but the benefits must be 

considered. 

Land Tenure - Summary and Benefits 

Rice 1a the primary food crop and production 18 consumed 

locally. 'arae are emaIl and the agricultural economy borders on 

the subsistance level. The improved w~ter supply will bring all 

land affacted to tha Claas I level as aoon as the water i. in the 

XII-14
 



canal. It 18 estimated that project land which is not Class I at 

present 18 the 180 hectares of the 'tu" class land and about 40 

percent of the 60S hectares of the "R" class land. The project 

viii raise the classification of this land to Class I and increase 

It. value from an average of Rp.2,136,000 per hectare to 

Rp.4,272,000 per hectare. This immediate increase in assset. 

vould accrue to the landowners themselves. Based on an average 

land holding of 0.64 hectare the increase in assets of each 

landowner would be Rp.l.37 IIIU110n or a total of about Rp.900 

.lll10n for the service area. 

Individuals knowing of the project may seek to speculate on 

the increase in land value. AddU ionally. the increased land 

value and rental costs may further increase the growing disparity 

between land owners and landless laborers. 

Cropping Pattern and Farm Income - Summary and Benefits 

The principal lowland crop is rice and it is grown whenever 

sufficient water is available. This project will provide irri 

gation water to 78S hectares of rice land. The discussions and 

economic benefits have focused on increased yields offered by two 

rice crops and the effect of the project on Palawija crops have 

been ignored. 

The future with the project will net Rp.413 million annually 

as opposed to a without project net of Rp.143.3 million. The 

increase in net proceeds with the project amounts to Rp.269.7 

milllon per year. Based on the farm size assumed above. i.e •• 0.64 

hectares. there would be 1226 owner cultivator and about 1096 

cultivator families sharing the increase in net receipts from rice 

or about Rp.116.000 yearly increase to each cultivator or tenant

owner family. 
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With an increa8e in 80il moisture level. at the start of the 

dry .ea.on and .0... water available for irrigation in the dry 

.eaeon, th.re exhta the possibility o,l growing a Palawija crop aD 

at lea.t 25 percent of the area. Benefit valuea for .uch a crop 

have not been identified a8 the economic analyef. wa. based on two 

rice crop. a year. 

Marketins and Proce8alns - Summary and Benefitl 

The pre.ent marketing and proce.aing facilitie. appear to be 

.ufficiant to handle the increase in rice production. The 16 rice 

.111. in Banjar Subdistrict have a combined capacity of about 60 

ton. of rice per ~ay. Should additional capacity be required, it 

1. believed that the phasing-in of the hectarage affected by the 

project over a three-year period will aUow the u8ua1 market 
I 

force. to adju8t to the increased 8upply. 

The additional rice production with the project will amount 

to 5,300 ton.. At an average milling price of Rp.7 per kilogram, 

it 1. eatimated that the ..illers in the local are. will receive an 

additional income of Rp.37 million. 

StOrage should be no problem. Pre8ent storage at the farm, 

in KUD and private storage fact 11 ties, and the daily demand of 

.bout '14 tons of rice will not be 8tressed by additional pro

duction. 

Municipal - Summary and Bene~ 

Th. project will provide 269 litera per.second of raw water 

for IlUnic!p.l ·uses in the town of Banjar and lIurrounding areas. 

Present conditions require th~ populaton to purchaae water durin, 

the dry ••••on. Yearly coat. per peraon average Rp.4500. 

Projected over ~he approximately 35,000 people to b••ffected, the 

a.aunt of savini. will b. Rp.157.5 million p.r y.ar. 
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The municipal vater aupply will have a beneficial effect on 

the health of the people in the area. By and larae the population 

of the project area enjoy condition. healthier than other area. of 

W••t Java. 

Hovever, aa.tra-inte.tinal probleme do occur includina 

Chidera, which ia lbted under thb aeneral headinaa in health 

atandard.. They are particularly prevalent in the dry .e~aon a. 

the around vater aupply diminish~Q and the effluent from toilet. 

and draina ..y aet into wella and vater coursea undiluted. The 

1~roved health of the population becsuse of additional wat.r in 

the dry aea.on ia an unquantifiable benefit .. is the greater 

efficiency of laborera who•• health ia improved. 

Tranaportation - Summary and Benefits 

Table XII-13 summarize. the number of kilometers of roads in 

the five village. of the project area. The inclusion in the 

project of ~~ kilometers of road along canals anJ laterals should 

aid co.-unication allowing the rural population to reach potential 

markets lor their agricultural products and any home industry 

product.. Alao rural people will have greater access to Banjar 

for ahoppina and acquiring products cheaper throuah the larger 

urban atore•• 

Aa previously mentioned, the District Planning Office cites 

increa.ed communication and ease of movement brought about by the 

nev road. con~.tructed through Pelita II as an important factor in 

the rapid grovth of non-agricultural income in the middle 1970's. 

Of the Rp.60,OOO per capita increase in annual non-farm wage. 

re.lized in the period 1972-1976, it is not possible to quantify 

the part attributed to new roads. Common sense tells us an 

i.,roved tran.portation net i. vital to • progressive economy. 
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Conclu.lon. 

Tabla XII-16 .uameri.es the benefit discu••ad haraln. 

quantifiahla irria.tion and water supply benefit. amount to ov.r 

Ip.549.2 .U11on per ye.r .fter the project 18 cOllplat.d; .hort 

t.ra hen.Uta ov.r a thr••-y••r con.truction .ch.dul. a.ount to 

.p.378 .UUon p.r year. Th. lona-tera ben.Ut. lnclud. dtr.at 

incr..... to the ••ricultur. ..ctor throulh incr..... in ric. 

yi.ld.. diacusa.d in depth in anoth.r ••ction of theTh... are 

raport. 

Unquantified benefit. .1.0 accru. to the project. In 

T.bl. XII-16 no estimate. w.r. mad. on the con.truction .nd 

op.r.tion of the municipal w.ter plant or on the potential for a 

bouain. con.truction boo.. Th. probable error in makin, .n 

••timat. with no .v.il.bl. information i. too areat. Suffie. to 

l.t the. remain a. unquantified .t this ti.e. Anoth.r benefit in 

thb •••• c.t.aory i. the COlts of importinl ric. into the ric. 

d.fici.nt di.trict•• '1' Banjar. Subsequent Burvey., if necess.ry 

can pinpoint the amount of rice imported and itl transportation 

co.t. 

Improv.d health, areater work efftciency, the v.lue of 

iDcreaeed transportation facilities are unqullntifiable, but h.v. 

b••n di.cus••d. Other itema, not discussed, b.cause of the 

cUfficulty in .ssigninl benefits is the general literacy of th. 

population. 

Par exallple, if it ie true that financial consideration• 

• ff.ct school attendanc., then .n increase in family inca.. 

brouaht .bout by Ir••t.r opportunity will increase the chance. of 

younaetera to obt.in .n educ.tion. Thie 11 .een through the 

incr•••• ln exp.nditure. for .duc.tion .hown in Piaura XII-2 .ince 

1973. rurther, the .or••tudents in the 10-20 y••r old .ae aroup, 

the fewer the nuab.r ••ekina .mployment. 
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Other items not discus8ed but jU8t as certainty benefit. ar. 

the increased profit. to fertilizer, pesticide and seed dealere, 

wholeeal.r. and manufacturere brought about by an increa.. of 

the.. items. The tertiary, or ripple effect, of introducina 

additional industry into the area has not been diYcuseed at 

lenlth. Th. director of BAPPEHKA in h18 letter to the project 

.ana.er mentio~ed a l~ to 1 multiplier effect and the po.sibility 

of 20,000 additional jobs. An attempt to quantify the.e 

"beneUt." and add them to the benefit U.t would not be appro

priate without 1I0re 8tudy. 

The increased payroll in agricultural labor will amount to 

Rp .8~ IIUUon per year. Added to the labor benefit. are an 

increase in the aesets Rp.900 million for about 1,226 farmer. and 

the savings in purchasing water of Rp.157.5 million per year for 

about 35,000 urban and rural residents of the Banjar service area. 

It can be seen from the above discussion that most of the 

benefit from this project goes to the agricultural sector, whose 

average annual income per capita ia 20 percent of the non

agricultural sector. 
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TABLE XlI-l
 

Population of Villale. in Which Project i. Located (1966-1976)
 

Growtb Bou.eholcla 
Y1.11qe 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 late 1975-1976 

hrceat pern... per 
houaehold 

1. Banjar 6872 7393 8550 10001 17253 25764 27047 28330 29613 29575 32142 4.5* 5845 
5.5 

x .... .... 
I 

2. IalokaDg 7157 7266 7258 7359 7491 7489 7562 7964 7648 7666 7666 0.7 1912 
4.0 

'" 0 

3. Binangun 5214 5224 5247 5302 5348 5395 5590 5762 5632 5669 5669 0.8 1667 
3.4 

4. Situbatu 4455 4513 4543 4539 4605 4685 4112 4;65 4825 4942 4942 1.2 lill. 
3.4 

5. Batula"ang 4565 4586 4636 4707 4867 5527 5687 5617 5707 8272 9290 2.8*· .illi 
5.0 

* Calculated since 1971 

** Calculated i966 - 1974 

Source: C1aais District Records. Adjustments made in 1971 and 1976 are 
based on the Population Census and Election Census respectively. 



TABLE XII-2
 

Population Pro1ectlon. Throuah Year 200' for
 
Villa,•• in which the Pro1ect i. Locat.d
 

Villa•• Rat. I 1976 1985 199' 2005 

lanjar 

lcalokanl 

linanlun 

Situbatu 

latu!avanl 

2.1* 

0.8 

1.2 

2.8 

32,142 

7,666 

5,669 

4,942 

9,290 

38,7'3 

8,163 

6,090 

',502 

11,911 

47,70' 

8,753 

6,'96 

6,199 

15,699 

58,725 

9,385 

7,143 

6,98' 

20,693 

* Rat. ba••d on avera•• for We.t Java, 1967-1971 
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TABLE fiI-3
 

Vill!&e Population By ABe Group & Sex
 

Age & Sex G r 0 U P 

0-4 5 - 14 15 - 24 25 - 54 55 , over Total TotalVillale 

M F F M F M F M F M F 

BaDjari l 2426 2675 4139 4553 2745 3129 4122 4578 1591 2184 15,023 17,119 32,142 

x ..... 
H 
I 

"-:l 
"-:l 

Balokang~1 514 547 479 580 431 451 1322 1310 1013 1019 3,759 3,907 7,666 

BiuaDgU011 196 179 778 764 597 701 762 767 434 491 2,767 2,902 5,669 

Situbatull 320 320 447 464 622 616 567 567 518 506 2,474 

Batulawangll 738 786 42; 502 548 697 1417 1572 763 824 3,891 

1/ Fro. village data for 1976/77 
\,..'-...:,.,
'- . 

?J FrOll village data for 1975/7~ 

~ 



TABLE nI-4
 

Population by Ale Group
 

Banjar Balokang Binangun Situbatu ktulavaDa 
Age No. % Pop. Ro. % Pop. 110. % Pop. Wo. % Pop. 110. % Pop. 

x 
1-4 
H 
I 
~ 
w 

o  14 

15 - 54 

13,793 

14,574 

43 

45 

2,120 

3,514 

28 

46 

1,917 

2,827 

34 

50 

1,551 

2,372 

31 

48 

2,451 

4,234 

30 

51 

55 , over 3,775 12 2,032 27 925 16 1,024 21 1,587 19 

£.ployed 14,915 46 3,867 50 3,104 55 1,452 29 4,721 57 

Source: Village Records 



TABLE XII-5
 

Labor DistributioD (1975-1976)
 

Livestock Labor IIIployer 
Village Far.ers SalesaaD Businea&	 Breeder' Arwr Total 

Fisber.ao Fana lnduatry Service. 

x 
H 
H 
I 

"-l 
,f: 

kajar 

BoloJtan.g 

1869 

2139 

1506 

129 

1489 

11 

4444 

1256 

2907 

41 

2700 

291 

14.915 

3.867 

BioanguD 1309 15 7 55 1480 141 97 3.104 

Situbatu 823 21 4 452 152 1.452 

Batulavaag 3381 129 8 195 525 411 72 4.721 

Source: Sub-District Records 



TAILE XII-6
 

Projected Labor rorce to 2005 - Ban'ar and Balokan,
 

Labor rorce 
I Labor 
of Pop. 1985 1995 2005 

lanjar * 46 17,826 21,944 26,013 

Employed 1976 14.915 

Increa.. in Labor 
Potential 

12,098 

lalokanl ** 50 4,082 4,376 4,692 

Employed 1976 3,867 

Increase in Labor 
Potential 

825 

* Based on population growth rate of 2.1% (W. Java) 

** B••ed on popul'tion growth rate of 0.7% 

XII-25
 

/
 



TABL! 111-7
 

leguire.ent. Without- and With-Project
 

Without Project With Project Addit1ond. 
Yearly Labor lice Upland Garden Total Total . Labor R&"1d. 

Xu.ber Ra fal'Md 605+300 305 180 1,390 (785 ]I 2)-1570 

Manday. labor/h. 118 60 80 255* 

Total man-day. 106,790 18,300 14,400 139,490 400,350 260,860 

Buffalo labor Iha 25 0 0 25 

Total Buffalo
day. 22,625 0 0 22,625 39,250 16,625 

*Eatimated increase in harvest labor based on an average yield of 5 r/ha 
(Gabah) and convert ina 10 percent-of-crop harvest charge provided in the 
farm bud.et to addition man-daya required. 
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TABLE XII-8
 

Pos.ible Industries in Banjar Showing Labor Requirement. and
 
Potential Ancillary Labor Requirement.
 

Approximate 
Construction 

Industry Co.t Labor to PotenUal 
(million) New Job. Supply Ancillary 
U.S. $ in Plant Raw Mat'l Labor 

TextUe/fiben $ 25 600 NA 1300 

Non Urea Fertilizer $ 5 400 1300 700 

Activated Carbon $ 25 360 5600 NA 
Fibered Rubbl!r 

Total $ 55 1360 6900 2000 

Source~ BAPPEAKA, Ciamis 

NAI Not Available 
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TABLE XII 9
 

Land Use Pattern - 1977
 

!lixed 
Total Settle ~acl. ti'Ver Otbera Land 

Y1.1lase Land Ilicefield Garden Plantation -ent Fubpoad and StreaJI in 
(ha) (ha) Upland. Fallow (ha) (ha) Project 

x 
I-t 
I-t 
I 

I\) 

CD 

Banjar 

laloltang 

1029.1 

980.1 

311.9 

202.1 

389.6 

470.4 

25'."2 

133.8 

12.6 

6.3 

49.5 

44.2 

6.3 

123.3 

420 

198 

B10angUD 1365.9 365.4 871.3 80.6 7.7 31.9 9.0 99 

S1tubatu 745.6 99.7 620.0 12.3 5.6 8.0 36 

Batulawang 1968.6 105.7 1188.0 139.5 57.8 28.0 449.5 32 

SolU"ce: Villqe Records 



TABLE UI-I0 

Land Bold1.uS8 - 1975 
(Hectares) 

o - 0.5 ha 0.5 - 1.0 ha 1.0 - 3 ha 3 - 5 ha > 5 ha
Village Lowland Dryland Lowland Dryland Lowland Dryland LowlaDd Dryland 

Banjar 108 118 113 65 16 21 2 2 5 5 

x 
H 
H 
I 

'" ID 

Baloltang 

Biuangun 

341 

447 

491 

631 

210 

486 

286 

261 

31 

245 

94 

313 64 

1 

88 1 

1 

7 

Situbatu 421 1160 50 230 5 105 7 

latulawang 382 984 16 483 8 328 36 

Source: Village Records 



TABLE XII-ll 

ProcluctioD and CoDSU!lPtioD of Rice (l976) for Ci.m.s District aM
 
Selected Subdistrict.
 

Locatioa Procluct ion 
S.vsh Gogo 

(tOD) 
Total PopulatioD Coll8l!!11!tiODeoaa__ Seed Total 

Sarpl.. 
(Deficit) 

Subdi.trict 

'1aDjar 18.870 0 18.870 96.81S 24.206 164 24.368 (5.497) 

x.... Ci..ragas 10.000 34 10.041 28.810 ·7.203 72 7.275 2.166 
.... 
I 

Co) Pa..rican 16.088 687 16.776 69.492 17.373 228 17.601 (826) 
0 

District 

Ciaa1s 349.342 5.744 355.085 1.304.951 326.238 4.S00 330.738 24.347 

Source: District Records 



TABLE fir-12 

Projected Rice De..nd Baaed on 250 filogra_/peraon/!ear 
for Five Villages in Project Ares 

De-.and in T01l8 Per Year 

Deaa 
1976 1985 1995 

Banjar 8,036 9,688 11,926 14.681 

x 
1-4 
H 
I 
w 

Baloltalig 1,917 2,041 2,188 2.346 
~ 

BinanguD 1,417 1,522 1.649 1,786 

Situbatu 1,236 1,376 1.550 1.746 

Batulavang 2,068 2,978 3.925 5.133 

Banjar Subdistrict 

De..nd: 24,206 27.155 29.965 31.355 

Production 18,870 

'. . .. ~-..-:~~ -~ 

2005 



TAIL! XII-13 

Xilo..ter. of Road. by Type 
aagJar 'lain. Serviee Area. 1977 

Villa.e A.phalt· Gravel Macada.· Earth 

aaajar 14 9 6 1 

lalokan. 4 10 1 .. 

linanlun 12 o o 14 

Situbatu 4 2 4 7 

Total 34 21 11 

.Por purpose. of thi. distinction, asphalt roads ar~ prepared with a base 
of .tone, then layer. of asphalt & sand are applied. Macadam roads are 
road .urface. covered by a Iravel-asphalt mix; durability is poor. 
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TABLE nI-14
 

Medical Facilities in the Area - 1976
 

Type of Medical Facility 

Sub-District 

Public Health 
Center or 
Clinic 
(No. ) 

Mother 
and Child 
Clinic 
(No. ) 

Faaily 
Planning 
Clinic 
(50. ) 

Drug 
Stores 
(MoG) 

Aabulance 
(No.) 

Banjar 11/ 5 4 S 1 

Paaarican 12/ 2 1 
x 
H 
H, 
to) 
to) 

Ciaaragas 12/ 1 1 

Tot a 1 3 8 6 5 1 

Source: BAPPEKKA, Ciaa1s, 1977.
 

11 60 Beds.
 

2/ Without Beds.
 



TABLE XII-lS
 

Educational 'aeil1.t1.ea
 

Student. by Ttpe of School 

Village Schools Io~ Ele.entary JuD1.or Bigh Senor Jl1.gh ..U.1.... 'rotal 'readlen 

Baajar 47 178 4.715 254219 

Balokang 12 48 32 179 52 

Source: Village Recordse 



TABLE nI-16
 

Su..ary of 1eGef1ta
 

Event 

Segllent of 
Population 
Benefited Benefit Subaea-ent 

Ruaber 
Affected 

ADDnal 
~Daya 

lIaD-Day 
bte 

(Daya) 
(llp) 

Annual 
Benefit 

(ap .lU.l11oe) 

Irrisat101l Water 
Supply 

Econoaically 
Active 

Job Availa
bil1ty 

Agriculture Labor 2,310 260,860 325 85 

x 
M 
M 
I 

Co) 

U1 

. 1/
Project Conatruction-
Skilled 
Unskilled 

2/
Industrial 

50 
600 

6,700 

45,000 
540,000 

1,300,000 

1,200 
600 

1,000 

54.0 
324.0 

1,300.0 

Municipal Water Plant 110 Eatt.&tea Made 

House Construction Ko Eat:t.atea Made 

Land Owner Increase in 
Value of 
Land 

3/
Owner of other - than 
Class I land whose 
land will be made 
Class I by provision 
of year-round vater 

1,226 
ranlers 

900.0 

Cultivator Increase in 
Crops 

Tenants/Owners 
Renters 

and 2,322 
Cultiva
tors 

Ret Increase of 
I.p. 116,OOO/ra~r 

per year OIl lice 

269.7 

Increaae in Pro
cluctioo 

Millers Increase 
Workload 

in 'P.p. 7 ][ 5,300,000 kg 37.0 



TABLE III-16 
(Coat:1D8ed) 

S...-ry of Beaefita 

Sea-eat of AD...l"""''1Population lIUIIber bte IeDefit 
~Defitecl U fec: ted (Day) e-. .JIi1.l1.aa) 

C!p) 

Prov1.81oa of 
1llaie1pa1 Vater 

toaa Alooa 
Caaala and 
llajor La terala 

Population 
of Banjar , 
those alooa 
Canal 

"ural Popu
lation 

Lover Dry 
Se&8on Vater _pro•• 
Coata 35,000 

People , ap. 4,500 157.5 
I ...rovect Health 

Greater work efficiency 
because of t.proved 
health , general veIl 
being 

Increase in transportation net 
viII allow greater aCC2SS to 
shops and stores of Banjar, 
aiding general aarket econa.y. 
Also, ulow ease of transpor
ting ha.e industry products to 

, potential aarket. 

y 
-..eflta to run for the estt..ted three-year cODBtruction period. 

2/ 
- tIaJ.a c:o.ponent is not in the r.c~Ddeci project, but is .....:1ble cIeva1.ow-e-t 1a tile fabara. 

- Oae tt.e beaefit. 
31 
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FIGURE XII- 2ENGINEERING CONSULTANTS. INC. 
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phapter XIII 

ENVIRONMENTAL ASPECTS 

Cepl!lrel 

Irri.at1on of Banjar Plains Area will improve food produc

tion on land. already under rainfed cultivation and partly under a 

rainted rural irrigation sy.tem. Increased food production mean. 

principally increa.ed rice production from a mar. inten.iv. 

farminl pattern, changing from a single rice crop to a double ric. 

crop per year and increasing yields on double rice crop area. a. 

di.cussed in Chapter X-Project Benefits. 

The proposed irrigation system is considered a8 a supple

mental water supply to extend and improve irrigation efficiency 

over the existing rainfed system to the extent that water 1& 

available in the C1tanduy River. The proposed system, if 

consLructed, would improve the quality of life for the residents 

of the Banjar Plains Area through increased income from improved 

food production~ including fish production. 

The project will 'also provide assured domestic and municipal 

water supply to the Banjar region. This will improve the sani

tation and public health aspects in the region. 

The Banjar Plains Area has a gros8 area of approximately 

3,000 ha, with approximately 30%, or 900 ha, betwe~n SO and 28 m 

in elevatio~l, with about 600 ha of this area usually planted to 

rice at the beginning of the rainy season, in October and 

November. A new irrigation and water supply project will improve 

and enhance the quality of 11fe and social benefits in this area 

of the Citanduy Ba.in. The following environmental considerations 

XIII-l 



of Hiatori~pl. Ecological. Fish and Wildlife. and Human Factor. in 

the Environment ia presented aa an evaluation of the problema and 

needa that would b. influenced by the anticipated improvement•• 

Ht.torical 

Aa far aa i. known at the time of thia writinl. there are no 

known archaeological aitea within the area. to be occupied by the 

phy.ical faciliti.. of the proposed Banjar Plain. Project. A 

.urvey of the area and conferencea with the Villale Chief of 

Balokang, indicate that there are no vieible problema or conflict. 

with historical or sacred sites in the neighborhood. 

Nearby ie the Ciung Wanara Historicsl Reservation; however, 

it would not be affected by the project construction or operation. 

De8ign and preconstruction activities may find other sites related 

to this 900 year old memorial. Consideration should be given to 

retaining an official in the Department of Archaeology who would 

be able to assist in the identification and preservation of such 

artifacta, if required. 

Traditionally, there are many small cemetaries among the 

surrounding villages that may be threatened unknowingly by new 

construction excavations. A more complete survey should be 

conducted during the design and preconstruct ion phases of the 

proposed work to avoid disturbance of these holy places. 

Ecology 

The ecological systems in the Banjar Plains area have been 

profoundly altered by overpopulation and intensive farming of the 

lands available for cultivstion. An attempt is made to identify 

two major problema and needs of the area that may evolve through 

the impact of additiJnal supplemental irrigation water supply. 
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Planning for the future in anticipation of these potential 

changell b considered absolutely essential, and the planning for 

land us. controb should begin concurrently with the design and 

precon.truction phue. oi thie project. The two important land 

u.. con.ideration. which .hould be recognized in the plannina of 

the Project ar•• 

1) Planning Ihould b. considered that would insure the 

stability of the Banjar Plains area as a 'greenbelt'. 

protected fro. expansion of the City of Banjar into the 

adjacent agricultural lands. Unregulated city expansion 

would caus. a land use change from a Village farming 

community to a municipal city, and would frustrate the 

purposes of the proposed constant supplemental irrigation and 

drainage system. Th. irrigation project will make land in 

the Banjar Plains more valuable for farming. This will tend 

to divert municipal development to other surrounding areas 

and keep Banjar Plains more open. 

If the decision is made to construct this irrigation 

and drainage system, and funds are invested for this purpose, 

then the investment must be protected by proper planning to 

insure the protection and preservation of the Banjar Plains 

area as an open-space 'greenbelt' area for at least a 50-year 

period. This period of operation is necessary to justify the 

investment in the project. Since increased food production 

has been identified 8S a national goal; we recommend legal 

..	 preservation of the Banjar Plains area as a 'greenbelt' open

space area set aside for irrigated farming. 

2) The sec0nd problem and a need of the Banjar Plains Area 

that will also require concurrent planning 1n anticipation of 

a land use change that will occur with the importation of a 

supplemental water supply 18 the change in the land use 

pattern of the adjacent steep hillside lands presently used 

aa catchment areaa for the 8anjar Plains Area rice paddy

landa. The ex18tinl rainfed irrigation ayatea b an 
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outstandina us. of existing resources. The surrounding steep 

hUbide land forms several independent catchment areas to 

supply rain waters to irrigate adjacent rice paddylands. 

Also, the upper rice paddy lands drain and provide additional 

catchment area. for lower rice paddylanda. After an 

ali:.rnat. irrigation syatem 18 constructed and made opera

tional, on. can anticipate a "short-8toppina" of the 

diveraion of rainfall/runoff waters now utilized from thes. 

h:Ulaide catchment areaa to develop "new land" for irrigation 

of thes. aame ateep hillside lands. This event would conati 

tut. a major change in land use. Thes. steep hillaide landa 

are now apparently well-covered with coconut and banana 

plantinga, with adequate ground cover so that erosion of the 

.teep hill.idea is not considered to be severe. 

However, with the rice paddlylands on the valley floor 

supplied from the proposed alternate, constant irrigation system, 

it would be easily possible to construct irrigation check 

structures in the hillside gullies and build new tertiary 

irrigation ditches to serve newly terraced hillside slopes of the 

forest lands of existing banana and coconut trees. Thus, there 

could be a major change in the ecology of the area from forest use 

to terraced rice paddy and upland crop use. This land use change 

would cause increased erosion, intenslfieJ to the detriment of the 

adjacent valley floor rice paddylands. The new erosion sedimen

tation would also be expected to fill up the newly constructed 

drainage system and, eventually carey the increased sediment load 

back into the C1tanduy River. The process is evident throughout 

Java, and may be inevitable, regardless of whether the project is 

built; however, it is important to state that this problem of 

erosion from the steep hillside lands does not exist in the 

Banjar Plains Area. From observations of other Bteep hillside 

farming practices in the C1tanduy River Basin, one can conclude 

that thia erosion will occur if these changes are permitted. 
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It 1. con.idered extremely important that the proper water

.had con.ervation and management practices, through propar 

planninl and land u.e regulation, be implemented and enforced 

before aroaion become. a major problem. Recommended con8ervation 

and vater.hed management practice. have been identified and 

publhhad 1n Eel'. report .1/ The Land Capability Cla..1fication. 

dhc:u••ed 1n that report 8upplement and complement tha critical 

land u.a and .oil classifications discussed in detail in 

Chapter IV of th1e report. The change of land usa from "tropical 

fore.t" to inten.ive crop production use requiree thfl moat careful 

planning of soil, vater and plant conservation practica•• 

Fish and ~ildlife 

At the preeent time, there is little evidence of game fi.h 

or other vildlife. Game flllh 81mply cannot exillt in the eilty 

waters of the majr streams and rivers of the Citanduy River 8asin. 

After con.truction of the project, water from the Citanduy River 

will pass through a deailting basin that will encourage an 

increaae of fiahponds in the area by providing a water supply 

necessary for an increase in those food chain organisms which 

require clear water and are essential for fish life. The 

increased amount of clear water may also encourage the return of 

other wildlife to the area. 

1/ Panawangan Pilot Watershed Conservation and Development project", 
rinal Des1gn Report, Engineering Consultants, Inc., Denver. Colo
rado, U.S.A., October, 1976. 
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Human Factors in the Environment 

Peoph of the Banjar Plains area are the primary concern in 

the evaluation of environmental impact. Pressure. and proble~ of 

population arowth and public health are discusaed in so•• detail 

in thia report. A supplemental. al ternat. irriaation and 

municipal wator supply from the proposed Banjar Plains Project 

will provide positive benefits to the people of the araa. Theee 

banefit. are considered and listed as followa. 

1) Increased food production. 

2) An increase in personal income of people in the area 

will promote economic stability 1n all t:he cOllllDercial and 

infra.tructural activities which relate to the aaricultural 

base. 

3) Improved public health, throuah an improved municipal 

raw water supply. 

One needs to identify the needs of the area by reference to 

tho following factors: 

1) The need to cant rol 8011 erosion through concerned 

watershed conservation and management practices, as discussed 

in the previous paragraph. 

2) The need for a potable municipal water supply. 

including water and sewage treatment plants. A low quality 

municipal water supply has a debilitating effect upon public 

health. Untreated sewnge is the source of such diseases as 

cholera, gastro-enterities, dysentery and typhoid fever. The 

danger of epidemics becomes more crit ical during the dry 

season when streamflow is reduced or becomes nonexistant. 
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3) The need of "greenbelt" and open-epace areas vill abo 

influence the vay that people will reepond to this protection 

of economic and human reeource. of the Banjar Plain. Area. 

Conelu.ion. 

To the extent that vater 18 avaUable to divert fro. the 

Citanduy River, the quality of life for the people of the 

Banjar Plain. area viII be enhanced through improved food produc

tion, inereaeed per.onal income, and improved public health. 

Environmental and ecological damage 1. con.tdered to be minimal. 
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EXHIBIT 

Ciami8, November, 1977 

TOI Hr. Jack Earl Farmer/ECl 
FROHI Rachlan/Bappemka, Ciami8 
SUBJECT I Comment of the Feasibility Report-Banjar Plain. Project 

I. INTRODUCTION 

1. This wriLtp.n comment on the Feasibility Report of 
the BanjaT Plains Project 18 to meet the reque8t of Ir. Sudaryoko. 
Chairman of the Steering Committee Meeting held in Cisah on 
November 2 to 4, 1977. 

2. The purpose of the comment 18 to render 80me 
information thought to be relevant; to the Feasibility Report of 
the Banjar Plains Project, particularly concerning the intangible 
benefit of the proposed project. 

lI. GENERAL 

1. According to the regional and local long-term 
prospective development plans, the town of Banjar is projected to 
the biggest central place, transit-trade center and growth center 
in the Banjar/Cilacap region - the whole Citanduy 8asin. 

2. The project is based on the gravity and functions 
of the town of Banjar today and in the immediate future. 

a. The Gravity Theory 

1. The town of Banjar is the converging point 
of: 

1.1 Roads To and From: 

a. The two rapidly developing harbors 
and industrial zones (Cirebon and r,ilacap). 

b. Bandung and Purwokerto. 

c. The origin towns of tourists 
(Jakarta, Bandung, Cirebon, Cilacap, Yogya
karta, Surabaya) and the tourists' destination 
town (Pangandaran, which is one of the three 
tourist resorts that will be nationally 
developed in Java and Madura). 
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NOTE: The number of tour18t11 coming to 
Pangandaran increases by 22.54 annually. 

The number of tour18ts cominR to Pangandaran 
from January to October, 1977: 

Foreign 1,260 

Domestic 190,788 

TOTAL 192,048 

Vehicles: 

Buses/Trucks 2,400 

Taxis 6,339 

Private Cars 4,290 

Hotorcylces 7,310 

1.2 Railway Lines: 

a. Ma1n Line: Jakarta-Banjar-Surabaya 

b.	 Feeder Line: Banjar-Cijulang 

Cirebon, 8andung, Purwokerto c~d 

Cilacap are in effective distance by car 
(~I20 to 150 km from Banjar). 

Jakarta, YORyakarta, Surabaya are 
in effective distance by train. Tourists from 
Jakarta, YORyakarta, Surahaya coming by car to 
Pangandaran are usually travelling with 
packaged tour. 

2. The town of Banjar has no competinR towns in 
between Cirebon, Bandung, Purwokerto and Cilacap as far 
as the concentration of people are concerned. By the 
exception of Tasikmalaya which main funtion is a central 
place In the extreme western part of the Citanduy River 
Badn. 

b.	 The Function of the Town of BanJar in the 
Regional Development 

1. The hinterl&nd of Banjar produced agricul
tural and extractive products of various kinds. Since 
the amount of the products exceeds the local need, much 
of it is becoming more and more good of trade. Banjar 
i. the central place for the hinterland products. 

2. Being located tn the converginR point of the 
matn and collector roads, main and feeder railway lines, 
having a profitable access to bigger towns within 
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effective distance, Banjar 1s turning rapidly into a 
terminal center for t ransportat ion. Banjar is becoming 
a big transit-trade center in the Citanduy River Basin. 

3. Having been a central place and transit
trade center, Banjar could be easily and cheaply devel
oped into the growth center of the whole Ci tanduy River 
Basin by providing: 

a. Good and adequate inter-re~ional roads 
connecting bigger towns which are now being built 
by the Department of Public Works and Elect ric 
Power (DPWEP (Cilacap-Banjar-Bandung and Banjar
Pangandaran for Class II roads). 

b. More technical and vocational schools 
now seriously under consideration by the Department 
of Education and Culture. 

c. Better electric power lines through the 
changing of 30 kV into 150 kV lines now having been 
done in the town of Ciamis and soon be followed by 
Banjar. 

d. Automatic tele{Jllone sy:-;tern in Bdnjar now 
in the process of implementation. 

e. Better railroad tnlnsportation through 
the up~rading of the tracks, locomot i vee and 
carriages now bein~ considered by the Department of 
Transportation and Communication. 

f. Enough land for the industrial activi
ties decided by the nirectorate General of Cipta 
Karya/DPWEP. The only development factor lacking 
to turn the town of Banjar into a strong ~rowth 

center is water for industrial usa~e, drinkin~ 

water and flushing water for the town. 

4. Because the town of BanJa r has no rival 
towns in the whole Cttanduy ki ve r Hasln and, therefore, 
automatically: 

a. Is independent of smaller towns lying 
between Ranjar and r.ilacap, Cirebon, Bandun~, 

Purwokerto, Pan~flnda rfln. 

b. Has direct transitiveness to biRger 
towns within effective distance by roads or rail
roads and, hence, subordinate only to those towns. 

Banjar will Krow into a central place of the whole 
Citanduy reRion, the transit-trade center and at the same time a 
growth center. These three functions in one town will quickly 
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broaden the economic threshold demand and dereand range, and these, 
in turn, will propel the town of Banjar into a place of strong 
position in the regional economic development. The economic 
position and the future of Banjar has been recognized by the 
planner. in West Java and, hence, this town has been projected •• 
nodal Clas. II in the medium/prospective development plan of 
West Java and projected as nodal Class I in the medium-term 
prospective plan of the district of Ciamis. 

III. THE BANJAR PLAINS PROJECT 

The Banjar Plains Project is an integral part of the 
comprehensive Citanduy River Basin DevelopUlent Project. The goal 
of the project is to promote the economic and social life of the 
people within and outside the project area, directly and 
indirectly, through the project's spread and multiplying effects. 

Therefore, I think it very important to consider the 
tangible and intangible benefits of the project. The tangible 
benefits have been stated in the Feasibility Report and I think it 
proper for me to concentrate my comment on the intangible 
benefitl, particularly those concerning: 

1. The conqistency of the project 

2. The desirability of the project 

3. The intangible benefits of the project 

4. The feasibility of the project which is actually 
the summing up of the consistency, the desirability and the 
benefits of the project. 

ad. 1. The Banjar Plains Project is consistent with 
the Nati~ual Economic Policy that states that the national economy 
should step-by-step-move out from agricultural to non-agricultural 
up to the point of equilibrium of both has been fully achieved. 
The BanJar Plains Project is also consistent With the Regional 
Long--rerm Prospective Plan that determines the town of Banjar to 
be tho:: central place, transit-trade center and growth center in 
the Citanduy River Basin. The industries proposed to be located in 
the town of Banjar are: 

1. The Fiber Industries/Textile 

It has been calculated that the 
factory's construction cost will amount to U.S. $25,000,000. 
The industry will create 600 new permanent jobs in the 
factory for the local people. The spread and multiplying 
effect of the factory will create 1,300 partial and permanent 
new jobs. 
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2.	 The Non-Urea Fertilizer Industry 
(TSP, NPK, DAP) 

The factory's construction cost 1a 
calculated to the amount or U.s. $5,000,000. This industry 
will create 400 new permanent jobs in the factory and 
1,300 partial and permanen t new jobs in the supply of raw 
material for the industry. The spread and multiplyinl 
effectQ of the factory will create 700 new jobs. 

3.	 Th~ Carbon Active and Fibered Rubber 
Industry 

·The factory'. construction cOllt 1. to 
amount to u.s. $25,000,000. It will create 360 new permanent 
jobll in the factory and 5,600 new partial and permanent job. 
in the supply of half-finished goods for the indulltry. Th. 
raw material for the carbon active and fibered rubber ill, for 
the biggest part, waste product of CJconut which is now still 
considered as of uneconomic value. The cal culation showll 
that the people of Ciamis will receive U.S. $10.000,000 
annually for the raw material and half-finished goods. 

4.	 The Banjar Drinking Water Purifica
tion Plant 

The three functions of the town of 
Banjar as the cenrsl place, transi t-trade center and growth 
center of the Ci tanduy River Basin w111 turn the town into a 
bil people concentration. The bigger the concentration the 
bigger the need for water supply. both for drinking and 
flushing water. The drinking water purification plant in 
Sanjar will cost at least U.S. $7,500.000. The new permanent 
joba created will be 100. The flushing water and healthy 
drinking water will decr~a8e expenses spent on the curation 
of diseases and man-days lost from illness. 

ad. 2.	 The Desir~bil1ty of the Banlar Plains 
Project 

Considered from the intangible benefits. the 
conatrution coat of the Banjar Plains Project is actually an 
initial investment and stimulant to the other kinds of economic 
activities, particularly industries that ensure the increase of 
the regional and personal income. the creation of permanent and 
partial jnba in the urban and rural areas. 

Jobs in the Ci tllnduy Ri vee 8asin today and 
in the future do not have only economic value but. perhaps more 
important. they create a sense of self-importance, good 
psychological impact on the people's motivation to participate in 
the development for mutual interest. The will to create somethinl 
aood for other fellow people does not only e~tablish their sense 
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of responsibility, their sense of participation and helonging, but 
it is the most important investment for the contt nuat ion of the 
self-propelling growth, both materially and spiritually. Lop,ic
ally, the longer the process of reaching the finished goods, the 
more expensive the spread and multiplying effects of the indus
trial activities. 

Rased on th is iHgumentat ion, the Ran
jar Plains Project is highly desirable economically and socially, 
by both the administration and the people in the influence area of 
the town of Banjar, and also by the National Government. 

ad. 3.	 The Intangible Benefits of the ~Anjar Plains 
Project 

The tangible benefit of the Ranjar Plains 
Project tn the form of the henefit-cost ratio of 1.06 to I has 
been stated in the Feasibility Report based on the assumption that 
the cost of the project is about u.s. $4,000,000. Compared with 
the initial construction cost of the 4 (four) industries that 
amount to U.S. 62,000,000, the input of the Banjar Plains Project 
of U.S. $4,000,000 is clearly of high benefit. In addition to it, 
the new permanent jobs in the 4 (four) factories of 1,460 and the 
new permanent and partial jobs closely associated with the supply 
of raw material and half-finished goods of 8,900 show us clearly 
of the intangible benefit of rh<! project. It is not an overesti 
mate that the spread and multiplying effect of the Industries will 
create also not less than 20,000 new jobs. But It should be horne 
in mind that those industries depend entirely on the realization 
of the Banjar Plains Project, hecflllse wi thout wRter from the 
project those industries are not feasihle. 

Other indirect henefits are the decrease of 
expenses spent on the curatinn of dlseRses closely associated with 
water and man-days Jost from illness. 'The pro/Oot Ion of t:he will 
of the people to take an active part In the develnpment as insur
ance for the continuation of the self-propelltng y,rnwth materially 
and spiritUAlly, the feeling of security for the people's econnmic 
and social life, mutual welfare and broadening of joh opportunity 
of various kindfl in the influence are<l of the town of Rilnj<lr are 
other important intangihle benefits of the project. 

ad. 4.	 The Feasibility nf the Banjar Plains Ploject 

The feaflfbillty of (he project afl far as the 
location, the technology and the t<lnKible benefits are concernpd, 
has heen declared by ~:r.T. The Intangible benefits, In my point of 
veiw, are the summing up of the sev·!ral aspects ment ioned in my 
comment on: 

I. The consistency of the project consi
dered from: 
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a. The National Economic Policy; 

b. The ReRlonal and Local medium-term 
prospective plan. 

2. The desirability of the project consi
dered frolla 

a. The increase of new permanent and 
p~rtial jobs very badly needed today and in the future 
both for material nnd spiritual satisfaction in the 
urban and rural areas within and outside the Cltan
duy Ri ver Basin. 

b. The increase of the regional and 
personal income coupled with a better distribution of 
wealth. 

3. The intanRible benefits of the project 
considered from: 

a. The fact that the project is the 
real trigger to the founding of industries and social 
facilities that will cost at least 15 (fifteen) time~ a~ 

much as the cost of the Banjar Plains Project itself. 

b. Th •.:! fact that the project will be 
the starting point for the realization of better econo
mic and social life within the Citanduy River Basin. and 
to some extent. in some areas surrounding the river 
basin. 

/S/
 
RACHLAN
 

BAPPEMKA ClAMlS
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