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O¢c = 5/9(°F-32)

1 Rupiah
1 U. 8. Dollar
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1 metric ton (t)
1 liter (rice)

MEASUREMENT AND CONVERSION FACTORS
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39,37 inches
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1 statute mile
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Currency
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G-3
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1.308 cubic yards
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= 9/5 °c+32
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1.764 pounds
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Area:

Volume:

Mass and
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Flowing

Water:

METRIC SYSTEM ABBREVIATIONS

Unit Abbreviation or Symbol Equivalent of Mete:
millimeter mm 0.001
centimeter cm 0.01
meter m 1.0
kilometer km 1,000.0
square centimeter cm2 0.0001 m2
square meter m2 1.0 m2
hectare ha 10,000 m?
square kilometer km2 1,000, 000 m2
cubic meter - m3 1.0 m3
liter 1 1,000 cm® =

0.001 m°
million cubic meters MCM
kilogram kg 1,000 g
metric ton t 1,000 kg
liter per second 1/8 or lit/sec
cubic meter per second cms or m3/s or m3/sec
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Conversion Rates from Stalk Rice (Padi) to
Rough Rice (Gabah) to Milled Rice (Beras)

Klasifikasi Classification Conversion Rates: Percent (Z)

1. Padi Basah di Desa Wet stalk rice in the ////j

y
village % 1191122 1123 1130 | 145 154 ] 156 | 169 | 250
)
2. Padi Rering di Dry stalk rice in the | g, /100? 103 | 104 {109 {122 | 13¢ | 132 | 143 | 208
Desa village (/%
/
3. Padi Kering Lum Dry stalk rice stored 82 97 %é 101 | 106 | 119 | 127 | 128 | 139 | 204
bung di Desa in the village ///
7775
v
4. Padi Kering Lum- Dry stalk rice stored | g; | g¢ | 99 //1{62 105 | 118 | 125 | 127 | 137 | 200
bung di Pabrik at mill 7 /
5. Padi Kering Gilinp Dry stalk rice ready 77 92 94 95 %2 111 | 119 | 1201 130 | 192
di Pabrik for milling 7//7/ -
”
6. Gabah Basah di Wet rough rice in the 69 82 84 85 90 5/1/{{/2 106 | 1081 116 | 169
Desa village Y
/
%
7. Gabah Kering di Dry rough rice in the 65 77 79 80 84 94 4/1/&)? 101 | 110 | i61
Desa village //
i
[
8. Gabah Kering Lum Dry rough rice stored 64 76 78 79 83 93 99 %{{/j 109 | 159
bung di Desa in the village f///
7
9. Gabah Kering Dry rough rice ready s9| 70| 72| 73| 77| 86| 91| 92 //1/6//7 147
Giling di Pabrik* for milling* 4 )
L/ /7)
10. Beras Milled rice 40| 48] 49| SO| 52| 59| 62| 63| 68 100/
W,
Source: Petun juk Pengelolaan Penggilingan Padi Rice Mill Management Instructions
Perusahaan Pertanian Negara, Jakarta (1972) Government Agricultural Enterprises,
Jakarta

*Dried to 142 Moisture.



Chapter 1

INTRODUCTION

General

The Banjar Plains Project is situated in the upper 7itanduy
River Basin. The Citanduy River Basin, which 18 over 4,<50 square
kilometers in areal extent, 18 situated in the provinces of
West Java and Central Java in the southern region of the ‘sland of
Java. PFollowing the launching of the First Five Year Plan by the
Republic of Indonesia in 1969, the Government classified the
Citanduy River Basin as being in Group "A". This classification
signified that the control and development of the Citanduy Basin
was in the national interest. In pursuance of this, a Citanduy
River Project organization was set up by a decree in April, 1969,
which was charged with <he work of flood protection and

irrigation.

The terrain of the Citanduy River Basin 18 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
systems reference should be made to the Master Plan Report.l/*The
exploitation of the water resources of the basin on a planned
basis i8s now under way. The various subprojects in the basin have

now been 1identified and the Government is pursuing a program to

y The Citanduy River Basin Development Project "Master Plan’,
Engineering Consultants, Inc., Denver, Colorado, U.S.A., May, 1975.

. A bibliography 18 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
Banjar 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 these

studies are presented in the subsequent chapters.

Authorization

The Banjar Plairs Feasibility Report was prepared as part of
the scopa 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
Congsultants, Inc., (E.C.I.) of Denver, Colorado, U.S.A. This
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 18 submitted in fulfillment of the

requirements.

Purpose and Scope

The Citanduy River Basin Development Project 1is a
continuation of the overall effort aimed at the development,
utilization of the total land, water and human resources in the
project area. This 1involves flood control, 1irrigation and
drainage, rehabilitation of existing 4irrigation 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
for improved conditions in the project area. The Banjar Plains
Project 18 a subproject in the Citanduy Basin for which this
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 1level of 1intensity 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 is
not limited to the following:

1. Identify problems and needs of the area.
2. Conduct studies of alternative project layouts to
determine the optimal wutilization 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 4irrigation and

municipal needs.

5. Prepare an 1initial layout of the dirrigation 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.

1-3



9. Recommend the most feasible development plan based on
the needs in the project area, technical/economical

feasibility and socio-environmental acceptability.
This study 1s based on data that was collected during
previous phases of the Citanduy Basin study as well as data

collected under the present phase of the study.

Previous Investigations

Work on the development of Citanduy Basin dates back many
years. Most 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 areas,
efforts to date have been confined to small irrigation projects,
mostly of the rural type and such soil conservation measures as
reforestation, the greening program and contour farming. The
previous studies carried out for the Citanduy Basin are prevented
in a chronological order in the Master Plan Reportl/by E.C.I. A
1ist 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 yleld quick returns. The Banjar Plains
project study was taken up under this policy. A reconnaissance
report on this study was submitted by P. T. Karpaglin March, 1973,
to the Directorate of Irrigation.

/ Laporan Reconnaissance/Pra Rencana Proyek 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 was to be 40 m long
and about 10 m high and was designed for a 100 year flood
discharge of 758 -3/3. The main canal was sized to carry
1,904 1/s to 1irrigate two rice crops per year over an area of
887 ha in the Banjar Plains. The total length of the main and
secondary canals proposed was 28.3 km, while the length of
drainage canals wan estimated to be 27.5 km. The project was also
to provide domestic raw water supply of 116 1/s and a flushing
water supply of 510 1/s 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 teat results are presented in a

3/

separate volume.=

Subsequent to the setting up of a separate project
organization for the Citanduy Basin under the Directorate of
Rivers, further 1investigation of the Banjar Plains Irrigation
System was transferred to the jurisdiction of the Citanduy 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.Z/

In conducting a basinwide study for flood protection, E.C.I.
4/

in 1ites report-'of November, 1973, identiffed a flood storage dam
about 800 m downstream of the confluence of Citanduy and Cimuntur
Rivers and about 8 km upstream of Banjar town. The project
envisaged a dam 60 m high to provide a flood storage volume of

350 x 106 m3 with a water surface area of 1,740 ha. In a

y Laporan Penyelidikan Geologi Dan Mekanika Tanah Rentjana
Bendungan Dataran Banjar, Djabar, August, 1971.

Y ‘Recommendation for First Priority Feasibility Studies’,
Engineering Consultants, Inc., Denver, Colorado, U.S.A.,
November, 1973.
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subsequent reportzll.c.l. examined the possihbility of constructing
a multipurpose rese.voir at this site. Thiz project, with a dam
50 m high and a full reservoir water surface area of 1,280 ha at a
capacity of 280 x 106 n3 was proposed to provide irrigation
supplies to about 20,000 ha including the Banjar Plains area and a
supply of raw water for municipal needs to Banjar town. The
reservoir would, however, s8ubmerge 5.4 km of railroad and a
substantial length of highway as well as 30 ha of an historical
area. The project was estimated to cost $40.7 million 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 Citanduy and Cimuntur Rivers. This project would involve two
dams, one on Citanduy River and the other on the Cimuntur River,
and was proposed as a single purpose flood protection project. A
geological and materials reporté/on the Banjar Dam was prepared by

LPMA in November, 1974.

Later studies indicated, that for flood protection in the
basin, a levee system was more economical than providing flood
storage reservolrs. Consequently, the Banjar Dam Project was
dropped from further consideration. The present study will, thus,

be the first major feasibility study for the Banjar Piains Area.

Project Area Description

The Citanduy Basin lies between approximately 7°00° and
7°40° south latitude and 108°10° and 109°15° east longitude. The

5/

= Master Plan, Appendix J, “Dam and Levees’, Eng 'neering
Consultants, Inc., Denver, Colorado, U.S.A., November, 1974.

&/ Laporan Penyuelidikan Geologi Teknik, pada rencana, Waduk
Banjar, Jawa Barat, Lembaga Penyelidikan Masalah Air, Bandung,
November, 1974.



basin 1is bounded on the east by the Serayu River basin; on the
north by the Cimanuk River Basin; on the north and west by the
Citarum River Basin, and on the south and west by the
Indian Ocean, the Ciwilas River Basin, and several small river
basins all discharging into the Indian Ocean. The area described

above is shown on Figure I-1l.

The Banjar Plains Project, which encompasses about
3,000 hectares (gross study afea) near the town of Banjar 1is
situated in the Upper Citanduy River Basin. Physically, the area
is bordered by the Sawal Mountain in the north; Kembang, Bangkok
and Pasir Tenjo Mountains in the south; Sawal Mountain and
Cipalih River catchment on the west, and Sukajadi Mountain and
swamp area around Bantardawa on the east. Geographically, the
project area 1is located between south latitude 7°10° and 7°25°,
and between east longitude 108°10° and 108°33°. The project area

lies west of the Banjar township and 1is shown on Figure I-l.

Drainage Area

The headwaters of the Citanduy River originate on the north
and west slopee 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, 18 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 Citanduy River has a total length
of about 20 km to a point west of Tasikmalaya in which the
riverbed drops some 1,370 m from 1ite origin to an elevation of
about 350 m. In this reach, the drainage pattern 18 of the
incised type 1in residual soils formed from weathered Quarternary
volcanic material and Tertiary basalt and andesites. Volcanic ash
and debris are mixed with the soils. At higher elevations the

s0ils 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 extends from
west of Tasikmalaya to a point downstream of the confluence of the
Citanduy and Cimuntur Rivers, flows through a narrow V-shaped
valley with steep side slopes and depthas varying from 50 to 100 m.
This middle section, which terminates upetream of Banjar town, has
a total length of 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, while 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 is flatter. The average
bed slope in the middle reach is about six meters per kilometer of

river length measured along the river channel.

The proposed diversion site for the Banjar Plains Project
will be located on the Citanduy River about 8 km upstream of the
confluence with Cimuntur River and 1is shown on Figure I-2. The
extent of the drainage area 1is shown on Figure I-l. The major
tributaries upstream of the diversion work are, Cikidang River
with a drainage of 135 km2 and Cicenang, Cibeureum and Cibuyut
tributaries with a combined drainage area of 127 kmz. There are a
number of other small tributaries. In mAny 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 basin 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 detailed description of the Citanduy Basin 1is
presented in E.C.I.’s Feasibility Report.z/
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Service Area

The Banjar Plains Project has a gross study area of
approximately 3,000 hectares with elevation varying from 100 m to
28 m above mean sea level. This area 1s located in Ciamls
dietrict and covers portiors 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 service 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 Citanduy and
Cikembang River drainagea. On the western side, the service area
is bounded by an undulating low line of hills. The eastern end of
the service area 18 bounded by Sangkur mountains which extend all
the way up to the Citanduy River. The northern edge is bounded by
the Citanduy River. The 9gervice area 1s shown hatched on
Figure I-2. The Banjar Plains Irrigation Service Area 1{s
approximately 7 km long and varies i{n width from 0.5 km to 4 km.

The service area 18 crossed by a railroad and a number of
secondary roads. The Banjar town occupies most of the
northeastern portion of the service areca while the village of
Balokang 1lies 1in the northwestern portion. There 18 a high
density of settlement (kampung) 1inside the service area. Small
rural irrigation systems serve part of the service area. These

systems channelize the runoff from small drainages on the outlying

)
v The Citanduy River Basin Development Project, ‘Feasibility

Report’, Engineering Consultants, Inc., Denver, Colorado, U.S.A.,
March, 1975.



hills through ditches to provide irrigation water during the wet
season. Most of the area being cultivated 18 1in rice culture.
Since the service area is surrounded by a low line of hill ranges
on one side and by the Citanduy River on the other side, extension
of the service area beyond the present boundaries shown on

Figure I-2 will not Le “easible.

Surveys

For purpose of this feasibility study, three sets of surveys
were available along with aerial photographs. The aerial
photographs series XXX-1 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 Directorate of
Irrigation and the third by Biro Tri Tunggal of Bandung for the
Citanduy Project. The P. T. Karpa surveys were carried out 1in
1969 and 1972 while the B. T. Tunggal survey was undertaken in
1974-75.

The 1969 surveys consist of a set of 1:5,000 scale maps
covering the entire Banjar Plains command and portion of the
Citanduy right bank downstream of the diversion site where the
main canal alignment is situated. A contour interval of one meter
has been used in these maps. These maps also show the Citanduy
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 of 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 1is indicated on the maps
and some of the monuments have been located 1in the field.
However, the be ~hmark system used for the 1969 system has not
been recorded 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 Tunggu:l survey of 1974-75 covers a larger area
and 18 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 18 not
shown on the maps. A comparison of this survey with the previous
surveys of P. T. Karpa indicate discrepancies 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 avallable in P. T. Karpa surveys.

During the feasibility study, limited 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 1{inaccuracies in the vertical
control of the maps. Portions of the maps are substandard for a
feasibility study. The 1inaccuracy of the maps will have scme
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
1f the terrain in the headreaches of the gravity supply canal is
bad. Also, this could affect to some extent the height of the
diversion structure, the alignment of the distribution system and
the area commanded. Thus, 1t 1s anticipated that during the
design phase certain modifications will become necessary In the

designs of the project features.



Previous E.C.I. Revorts

A draft of the feasibility report on the Banjar Plains
Project was submitted in August, 1977, to the Directorate of
Rivers. An addendum to the report was prepared in October, 1977.
This report recommended a project to 1:rigate 900 hectares and
provide municipal rawv water supply to the town of Banjar.
Following u review of the report by the Nirectorate of Rivers and
Us.8. AIP in the steering committee =nceting held at Cltamis {n
N/yvember, 1977, an Executive Summary report was prepared and

subtmitted in December, 1977.

The Executive Summary updated the draft study and also
looked at the possibility of providing caw water for an industrial
complex to be set up near Banjar. The project 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 1/s.
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 supply demand from the project as the setting up

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

This final feasibility report 1s prepared for a project
which will provide 1irrigation for over 785 hectares of two rice
crops and a municipal water supply of 269 1/s. Various suggestions
and comments made by both the Directorate of Rivers and U.S. AID

have been 1incorporated in this report.
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Chapter II

HYDROLOGY

General

This chapter presents the climatological and hydrological
data pertaining to the Banjar Plains Project. The available data
have been analyzed to determine the availability of water. The
detailed information on hydrology for the entire Citanduy Basin
prepared during the prefeasibility phase of the Citanduy River

Basin Development Project is available in a separate repottl/

Previous hydrology studies for this project were carrie? out
by P. T. Karpa for the Directorate of Irrigation and are presented
in a Reconnaissance Reportg/of March, 1973. The hydrological
analy;sis was based on 8ix rain gage stations in the drainage area
with rainfall records extending from 1934 to 194l. The runoff wae
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 years recurrance intervals were computed from rainfall using
the Melchior method. A 100 year flood peak of 758 m3/s was used

in designing the diversion works.

Y

The Citanduy River Basin Development Project, ‘Hydrology’,

Appendix B, Engineering Consultants, Inc., Denver, Colorado, U.S.A.,

November, 1974.

2/

Propinsi Jawa Barat, P. T. Karpa, Bandung, March, 1973.

11~-1

Laporan Reconnaissance/Pre Rencana Proyek Irigasi Dataran Banjar,



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 locationsa
surrounding: the project area. In performing these hydrologic
studies 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 updated on basis of new data. The records for the
gaging station at Cirahong and at the Banjar gaging station, which
was discontinued in 1973, were ucilized for developing the monthly
streamflow volume at thé diversion site. Records of other

stations were used as backup data.

Climate

Citanduy River Basin 18 influenced climatically by ‘the
tradewinds, the transit of the equatorial low pressure zones
(doldrum belt) and by upwind orographic barriers. Pronounced wet
and dry seasons, having relative uniformity in duration and time
of occurrence, result from these combined influences. Intensity
and severity of seasons vary with the proximity effects of large

equatorial storms.

Banjar Plains Service Area, which 18 located at the terminus
of a coastal plain, 18 affected by orography in the prevailing
wind path. During the mid-July through mid-November dry period,
when the doldrum belt 1lies to the north, the moisture of the
southeast tradewinds has been depleted in overland transit and
precipitation 1is limited to infrequent, scattered convective storm
activities originating at high altitude. With the arrival of the
doldrum belt 4in mid-November the convective storm activity

progressively increases, reaching a maximum in the January-March

II-2
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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 1influence and the dry season

resumes.

In the mountainous portion of the Citanduy River watershed
above Banjar Plains Project, the dry season 1is shorter and less
severe. The upwind orographic conditions are less effective and
scattered convective storms are frequent. Convergent airflows
downwind from mountain peaks produce local precipitation with
regularity, and general light-intensity storms occur when

temperatures drop below dewpoint.

To establish the varying conditions within the project area,
climatological data were collected from the stations at Cilacap,
Tasikmalaya and Bandung. Cilacap 18 located 64 km to the east of
Banjar town at an elevation of 5 m above MSL, while Tasikmalaya 1is
located 36 km to the west of Banjar town at an elevation of 360 m
above MSL. Bandung City 1is at an elevation of over 550 m and 1s
about 150 km northwest of Banjar. Banjar twon is at an elevation
of 30 m above MSL. The data from Cilacap appeared to be the most
reliable. The data from Tasikmalaya were quite sparse and
contained some questionable information. Data from these two
atations, Cilacap and Tasikmalaya, should represent conditione
within the project area, which lies just north of the east-vest
line between the two stations. The data from Bandung represent
conditions not encountered in the project area. Other data were
available, but covered very short periods and were of very

questionable reliability.

Temperature

The annual temperature range 1is very small and it would be
extremely difficult to attempt to distinguish seasons by

temperature. The constancy of temperature is due to the tropical

II-3



vaters which surround Java. Mean monthly temperatures for
Cilacap, Tasikmalaya and Bandung stations are shown in Table II-l.
The temperature within the project area should follow closely an
average of the temperatures recorded at Tasikmclaya and Cilacap

stations.

Values for monthly average temperature have ranged from 32°%
at Cilacap to 18°C at Tasikmalaya. The deviation of the mean
monthly from the mean annual temperature 1is rarely more than 1%
and the difference between maximum and minimum 18 about 7°C in the

Cilacap area and from 6°C to 11°C in the Tasikmalaya area.

Relative Humidity

Relative humidity is high and relatively co.stant throughout
Indounesia, probably as a result of the warm tropical waters
surrounding the 1islands. The average annual humidity in the
project area is estimated to be 82 percent. The humidity in
Bandung has ranged from 51 percent to 86 percent; in Tasikmalaya
from 70 to 84 percent; and in Cilacap from 78 to 91 percent. The
values of mean relative humidity are given in Table I1I-2. The
method used to calculate most of these values 18 not known. . As
humidity varies considerably during the day, these values may only

generally reflect the mean.

Sunshing

The percent of sunshine hours is shown in Table 1I-3 for the
stations at Cilacap, Tasikmalaya and Bandung. The data within the
project area are not complete nor, in the instance of Tasikmalaya,
do they appear to be valid for a long-time average. In addition,
the values do not appear to substantiate the temperature pattern

in the project area.
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Wind

The lower wind pattern does not correspond to the regional
upper air pattern. Table II-4 shows the data at Cilacap and
Tasikmalaya. The predominant wind direction is from the southeast
quadrant for most of the year and varies from west to south to
east during January through March. From the available data for
Cilacap, 1t 1s observed that prevailing winds from the north,
northwest, or northeast do not occur 1in any month. At
Tasikmalaya, there are nc months reported with winda from the west

and only two months reported with winds from the north.

Wind velocities at Cilacap range from &4 to 10 knots.
Highest mean wind velocities were reported normally during the
month of July through September. Wind speeds at Cilacap most
likely are higher than those experienced inland in the project

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

Evaporation

There are no evaporation date available close or in the
project area except from a station at the Pataruman Weir, which
was estahlished 1n January, 1974. Data from four stations 1in
Western and Central Java are shown in Table II-5. These data are
believed to be from average daily DeWild balance pan evaporation
data. Lake evaporation data for Segara Anakan and Tasikmalaya
region from ’Hydrology’l/appendix is also included in Table II-3.
Losses due to evaporation required to compute transpiration is

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. There 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 cousiderea: Somae
of the rainfall records are long-term going back as far as 1879.

The locations of most of these station are shown on Figure I1I.-1.

Adequate maintenance and replacement of equipment hais 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 them

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. The data
were then correlated and extended to cover the period 1915
through 1973. Rainfall data for the period 1974 through 1976 were
collected for many of these stations and used in the hydrologic

studies where necessary.

Annual and Monthly Rainfall

The Upper Citanduy basin 18 the drainage area of the
Citanduy River above Banjar town. The annual mean rainfall over
the Upper Citanduy Watershed is estimated to be 3,120 mm. This
estimate of mean rainfall was made by the Thiessen and the

isohyetal wnethods. The rainfall is greatest on the southeastern
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side of %Vnlcano Sawal. On the other aide of the volcano, 1t
appears that the rainfsll decreases slightly to the edge of the

basin.

The wettest year of record is 1968 with 5,220 mm of rainfall
and the driest 1is 1918 with only 1,821 mm: The values of the
basin-averaged monthly rainfall on the Upper Citanduy Watershed
Area for the period of records is shown in Table II-6. January
and December record the highest average monthly rainfall of 397 mm
of rain. August 1is the driest month with 94 mm. Also shown in
Table I1I-6 are the avernge monthly rainfall of five stations 1in
the Banjar Plains watershed and service area. The areal

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

Service Area

The rainfall pattern for the project service area 1is
influenced by the topography surrounding the area. Heavy rainfall
occurs to the southeast of the project around Cilacap. Proceeding
to the northwest, a rain shadow 1s indicated 1in the Lower
Citanduy/Ciseel Basin. Lower Citanduy/Ciseel Basin is the area
downstream of the Pataruman weir. Rainfall then increases to the
north due to orographic 1lifting 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 receives some of the lowest annual rainfall in the entire
Citanduy Bastin. The effect is felt as far inland as the Banjar
area. The mean average annual rainfall over the service area
varies from 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 18 nearer the elevation at Banjar
and the mean annual rainfall over the area 1s estimated as

2,700 mm.

11-7



Records for the Banjar rain gage show January to be the
vettest month with 339 mm of rain and August as the driest with
only 69 mme The values of moiithly rainfall for the Banjar rain

gage are shown in Table II-6.

Streamflow

General

There are three organizations presently collecting data
relating to atream runoff at 2! locations in the Citanduy River
Basin. They are the Directorate of Penyelidikan Masalah
Afr (DPMA), the Provincial Public Works Department (P.U. Prop.)
and the Citanduy Project Office (C.P.0.). The stream gaging
stations relevant to the Banjar Plains Project study are the three
gages on the Citanduy River at Leuwitonjong, Cirahong and Banjar,
and the gage on Cimuntur River at Batununggul. The location of

these gages are shown on Figure II-1.

The Leuwitonjong staff gage 18 located on the Citanduy River
just upstream from the village of Tonjong which {8 about 2 km
north of Tasikmalaya. The drainage area at this location 1s
485 kmz. The gage was established in February, 1970. Zero of the
gage is reported to be at El. 248.5 m and the rating curve 1ia
established only in the low flow region. The flow records 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 18 located on the Citanduy River at the
Cirahong Village about 1.5 km northeast of Manonjaya. This gage
is about 19.5 km upstream of the proposed Banjar Plains Diversion

Headworks and has a dralnage area of 627 kmz. This station was
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established as a staff gage in November, 1969, and was converted
to automatic gage in 1972. Zero of the gage 1is reported to be at
El. 182.119 m. Discharge measurements are made by boat and from
the highway bridge near the station. The recorded streamflow data
for this astation 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 station {8 located on the
Citanduy River at the Banjar road bridge. Thre site is about 8 km
downstream of the confluence of the Citanduy and Cimurtur Rivers
and about 16 km downstream of the proposed Banjar Plains Diversionm
Readworks. This gage was established in January, 1957, and was
discontinued at the end of 1972. The zero of the gr.. 18 at
El. 15.3. The drainage area for this gage 1s 1,314 kmz. The data
from this gage has been used to develop the monthly runoff volume

at the Banjar Plains diversion weir.

The Batununggul staff gaging station 1s located below the
confluence of the Cimuntur and the Cilisung river and has a
drainage area of 578 kmz. The gage 18 located less than a
kilometer upstream of the Cimuntur confluence with Citanduy and
hence, the gage readings are affected by the backwater. This
station has been 1in operation from November, 1969. The zero of
the gage 1is at El. 25.821 m. The records for the gtation have
been used to verify the flows at the Citanduy and Cimuntur river

confluence and flood elevations.

Discharge Rating Curve

The stream gage rating curve for the Clirahong gaging station
18 shown on Figure II-3. The curve is well defined by current
meter measurements up to 100 m3/s and has been extended to
500 m3/a on basis of velocity - area studies :un.d loavirhmie

plotting.
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The rating curve for the Banjar gaging station is shown on
Figure II-4. The curve 18 well defined by current meter
measurements up to 140 m3/s and has been extended to 350 m3/a on
basis of velocity-area studiea. The recorded discharges beyond

600 n3/n are in doubt for this station.

Streamflow Data

Mean daily flows for the Cirahong station for 1970 through
1974 were originally computed by the Direktorat Penyelidikan
Masalah Afr (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 reportg/erroneously listed
periods of missing records as being zero flow. Monthly and annual

averages reflect this error.

During this study a review of the published data based on
gage readinga for the period 1975 and 1976, 1indicated a good
correlation batween the mean daily gage helght record for the
gaging statifon at Leuwitonjong and the mean daily gage heights for
the Cirahong station. The missing gage records at Cirahong gage
in the period 1970 to 1974 were reconstructed and the gaps in the
record filled ir by use of this correlation. Daily flows for 1975
and 1976 were also computed so that there 18 now a continuous
daily streamrlow record for the period 1970 through 1976 for the
Cirahong gage. Using the values of mean daily flows, mean moathly
discharges at the Cirahong station have been calculated for the
period of records. The daily streamflow data is presented in the
Appendix Volume, Vol. III. The largest mean monthly flow was

89.8 m3/s and occurred during 1976. The minimum mean monthly flow

3/,
'/ Analisa Laboratorium Data-Data Hidrologi’, Sungal Citanduy,

COSSARR Model, Direktorat Penyelidikan Masalah Air, Bandung,
June, 1975.
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was recorded during September, 1972. The average annual runoff
for the periods of record (1970-76) was 42.3 ma/s. Monthly and
annual runoff volume 1in millions of cubic meters 1is shown in

Table II-7.

The monthly and annual runoff of Citanduy River at Banjar is
shown 1in Table II-8. This has been taken from the “Hydrology’
Appendixl/mentioned earlier in this chapter. Since the gage has
been discontinued from 1973, there are no further data available
to update this table. It 18 seen that there are a few missing
records in this period of 1966 through 1972. Comparison of
Tables II-7 and II-8 indicate that the average annual runoff for
the Cirahong gage is 1.63 million m3/km2 while for the downstream
Banjar gage it 18 1.90 million m3/km2. A major contributing
factor for this difference in yields is belleved to be due to the
higher runoff from the 580 km2 drainage area of Cimuntur River
Basin. However, the possibility of {naccuracy in the Banjar
gaging data cannot be ruled out, since the data at Banjar gage and
the Pataruman gage (loacated 5 km downstream of Banjar gage) do
not follow expected trends, 1.e., iIncrease and decrease together,

nor are the differences constant.

Simulated Streamflow

During preparation of Appendix B, of the C{tanduy River
1/

Basin Development Project, Hydrology report,-'correlation studies
of rainfall and runoff were made for several locations 1{n the
Citanduy River Basin. From these satudies, synthetic streamflows
were developed by —correlation of known river flows and
precipitation records from rain pgage stations {n the area.
Synthetic runoff values were obtained fnr the period 1950 to 1973
for the streamflow station at Banjar. Records for the station at
Banjar were used from 1966 through 1973 and the flows for 1950
through 1968 were generated by the rainfall-runoff correlation.

Thie data 18 shown {n Table I1-9 and was used to estimate the

monthly runoff at the ;rop vl danjar 2 ain s Mo Ty sitae,
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Project Runoff

Three sites have been identified for location of the Banjar

Plains Diversion Headworks. Their location varies from 19.5 to
23 km downstream of the Cirahong gage and 4.5 to 8 km upstream
of the confluence of Citanduy and Cimuntur Rivers near the village
of Cimaragas. These sites are discussed latter as upper, middle
and lower site. The drainage area at each respective location is
738, 746, and 750 km2., Since the difference in draipage aredas
between the three sites is small, only one set of runoff was

developed as the |. »ject runoff. This was for the diver-

sion site with 738 km2 drainage area.

Runoff values for 1950 through 1969 have been generated from
the runoff data at Banjar gage presented in Table II-9. The
monthly values at Banjar gage were f7irst 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 1is the ratio of average annual yields per square kilometer
of the Cirahong and Banjar gages. Monthly runoff from 1970
through 1976 has been obtained by applying a drainage area factor
of 1.18 (738/627) to the Cirahong stream gage data presented in
Table II-7. The project monthly runoff for the period 1950
through 1976 is presented in Table II~-10 along with total annual,
average annual and average wonthly values. The simulated long-term
mean/annual runoff at the diversion site 1is 1,288.3 million m3
giving a yield of 1.75 million m3/km2. The driest month 1is
September with an average yield of 42.1 million m3, while the
vettest month 1is January with an average yleld 167.5 million m3.

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

The 27 years of annual simulated runoff record 18 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 1is less than the mean annual runoff for 56 percent

of the pertiod.
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Low Flow Analysis

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
periods must be made to determine the adequacy of the supplies.
The daily observed flow data avallable for this analysis 1s for a
period from 1970 through 1976 at the Cirahong gage which is about
19.5 km upstream of the diversion site with about 85% of drainage

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

To determine water availability for 1irrigation from a
diversion structure, normally a frequency analysis based on long-
term daily flow or weekly flow records 18 necessary. In the
present case, only seven years mean daily flow data 1is available,
of which 1972 happens to be a dry year. This data was used to
develop flow duration curves for each of the months in which

runoff 18 low. The normal dry months are July through September.

The flow duration curves for the Cirahong gage for the
months of July through October are presented in Figure IT-6 to II-
9. The curves 1indicate the magnitude of flow 1in m3/s and the
percent of time in that month that magnitude of flow was efther
equalled or exceeded. Thus, the flow 1in the month of July
(Figure I1-6) which equals or exceeds 5.0 m3/s occurs for
75 percent of the time or, putting it in another way, the flow at
75 percent firmness {ia 5.0 m3/s. The magnitude of flow at 90,
95 and 100 percent firmness 18 shown on Table II-11 for the four
months. It 1s seen 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 during the dry year
of 1972 was also estimated as follows. The flow-duration values
at the diversion site were obtained by applying a drainage area
factor of 1.18 (738/627) to the values at the Cirahong gage.

These values at 90, 95 and 100 percent firmness are shown 1in
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Table II-11 for the four dry season months. The minimum flow of
1.4 n3/| occurs in the month of October. At 95 percent firmness

the flow at the diversion site is determined to be 1.7 m3/s.

The driest season 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 m3/s. occurring
October 16-22, 1972 at the gaging station at Leuwitonjong, 32.5 km

upstream.

During periods of low flows, the Upper Citanduy 1is mostly
spring fed. Assuming the principal source of inflow to the stream
is 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 1inflow rate between

Leuwitonjong and Cirahong gages was:

1.20 w/s - 0.20 m°/a

3
32.5 kn 0.30 m™ /s/km

Using the above rate of inflow, the additional flow between
Cirahong and the diversion site would be:
0.03 m /s/km x 19.5 km = 0.58 m>/a

The resulting flow at che diversion welr would be:

1.20 + 0.58 = 1.78 m /s

The average of “he two methods gives a minimum discharge at
the diversion site of .60 m3/s for October, 1972, and 1s 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 Citanduy River iIn order to evaluate that
sufficient water 18 avalilable for diversion at the Banjar
diversion site without affecting the diversion requirements for

the existing 1irrigation system of North Lakbok. The Pataruman
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weir 18 18 km downstream of the Banjar diversion site and has a
drainsge area of 1,330 kmz. 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 DPMA,Q/using the Corp of Engineers

COSSARR model.

The DPMA COSSARR data of 1975 18 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
frequency analysis of flow in the low flow range would give
results that are bilased. 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-10. The lower end
of the curve, especially below a flow range of 4 m3/s, is
consldered to be not reliable. It 1s seen that at 90 percent
firmness, a flow of about 1i0.7 m3/a is available on an annual
basis downstream of the Pataruman welr while at 95 percent
firmness the flow 1is about 5.0 m3/s. From observed data, the
lowest flow recorded in the period during October 23-29, 1972, was
1.6 m3/s- Thus, during the low flow period a diversion at the
Banjar 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
Normally, there 18 not much damage due to floods in the
Upper Citanduy Basin. Although runoff councentrates quickly in the

steep mountain streams and travel rapidly as a flood wave in the
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Citanduy 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 area. Local flooding can be controlled by providing

adequate drains.

The high water rating curve for the gaging station at
Cirahong has not been defined by discharge measurements,
therefore, annual peak flows have not been computed. The maximum
mean dally flow recorded at the gage is 319 m3/8, which occurred
on September 23, 1973. Thus, it 1is not possible to do a flood

analysis based on observed floods and rainfall intensities.

Project Floods

Project floods for a naumber of sub-basins 1in the
Citanduy River Basin Development Project Area have been developed
using unit hydrographs and storm rainfall. These are presented in
‘Hydrology’, Appendix B,l/mentioned earlier. 'The project floods
are used as input 1in flood routing studies and as volume floods
for river diversion during construction. A summary of project
floods for 10, 25 and 50 year reoccurence intervals are shown in
Table II-12 for the diversion site of the Banjar Plains Project,
the adjoining Cimuntur Basin and at the old Banjar damsite jusat
downstream of the confluence of the Citanduy and Cimuntur Rivers.
The peak flows at the diversion site for the 10, 25 and 50 year
floods are 827 m3/s, 932 m>/s and 1,080 m>/s. The 100 year flood
has a peak of 1,220 m3/s and a flood volume of 80.8 million ma/s-

The flood hydrographs for the Banjar Plains Pro_:ct are

shown ‘n Figure II-ll. Both the peak discharge and the volume of

flow urnder each hydrograph 18 also shown on the same Figure.
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A 1,000 year return period flood was earlier computed in
Apperdix B, ‘Hydrology”’ Report-l/ This was for the Banjar dam on
Citanduy River at the alternate Banjar site. This site 1is about
2.5 km upstream of the confluence of Citanduy and Cimuntur Rivers
and about 5.5 km downstream of the diversion site. This
hydrograph has a peak discharge of 2,305 m3/s and has a 60 hour
volume of 152.6 million m3, and 1s 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 18 close to the proposed diversion site, the
hydrograph in Figure II-12 can be considered to be the 1,000 year
flood hydrograph for the Banjar Plains Project at the diversion

site.

Design Flood

The 100-year flood 1s selected as the design flood for the
design of Banjar Plains diversion structure on the.Citanduy River.
The flood hydrograph has a peak discharge of 1,220 m3/s and a
volume of 80.8 million m3 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
18 shown on Figure II-l11.

Sedimentation

Sediments are produced by rainfall impact, mass movement of

residual soils, and by stream channel erosion 1in 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 as 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 18 an average
of about 5 mm of soil removed from over the entire headwater area

each year.

Landslides and other mass movements of 8oil 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 of such masses. The evaluation of landslide in the
basin 18 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.

Actually, the sediment yield 1in the Citanduy Basin varies
greatly from one small watershed to another. For example, on the
east side of Volcano Sawal, one stream 18 red with sediment and
bare of 8ilt are deposited along the banklines. In the
neighboring stream, clear water 1is 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. This 1is the reason that the Cimuntur River which drainse
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 traunsported by Citanduy is estimated
to be large. Over half of the annual load 1s transported during
perhaps 5 percent of the time when the large flow occurs. The
Citanduy 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=sments 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 18 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 are 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 18 mostly silt.
The river waters 1In the Citanduy Basin have a very turbid
appearance. The Cimuntur River is more reddish in color even at
low flow as compared to the Citanduy River, indicating the high

rate of erosion even at low rainfall intensities.

Within the river channel system there 18 some active
bankline erostion taking place. 1In the lower reaches, the erosion
18 1in the form of slip-circle failures of a few meters of bankline
length. Local reaches of aome banklines have a scalloped
appearance. There 18 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 is to be no
storage involved. The problem is one of excluding the suspended
sediment from the distribution system. Currently, there is litt,e
data availlable which can be used to accurately estimate the
quantity of suspension that would be drawn into the distribution

system.
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TABLE II-1

Mean Monthly Temperature

Temperature (Degrees Centigrade)

Month Cilacapl/ Cilacapzjﬁi Thsikmalayagli Bandungéz-
January 26,7 27.2 25.5 22.8
February 27.0 27.6 25.8 22.7
March 26,8 27.4 25.8 23.0
April 27.1 27.5 25.1 23.4
May 27.1 27.1 25.1 23.6
June 26.1 26.3 24,4 23.2
July 25.2 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 26.5 26.6 25.0 23.5
November 26.8 27.1 25.0 23.0
December 27.8 27,1 25,2 22.8
Average 26.4 26.8 24.9 23.1
1/
= 1961-1972, as reported.

2/

= 1961-1972,

3/

= 1971-1973,

Y 1952-1971,

as reported.
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TABLE 1I-2

Mean Monthly Relative Humidity

Humidity (Percent)

Month Cilacapljﬁ Thsikmalayag!r Bandungg‘
January 84.5 79 83
February 83.8 80 78
March 84.2 80 78
April 85.8 80 82
May 84.1 82 79
June 83.7 80 77
July 83.7 81 75
August 82.7 78 72
September 81.2 78 70
Octobar 82.9 77 72
November 84.2 81 19
December 85.1 80 81
Average 84 80 77
1/

= 1961-1972, as reported.

2/

3y 1952-1971, method for estimating mean not known.
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Percent of Sunshine Hours

TABLE II-3

Percent of Sunshine Hours

Month Cilacapl! Theikmalayazj BandungEZ»
January 46 40 53
February 59 39 34
March 51 54 57
April 53 59 60
May 60 38 65
June 59 47 70
July 49 54 69
August 66 56 71
September 69 39 70
October 54 40 3
November 42 43 55
December 39 34 57

1
Yy Partial records 1960, 1962-1965.

2/ Partial records 1960, 1971-1973,

y 1952-1971.

At Cilacap, 100X sunshine hours represents the period from 0800 to

1600 hours,

At Tasikmalaya, 100% sunshine hours represents the period from 0700

to 1600 hours.
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TABLE II-4

Wind Direction and Velocity

Cilacapll Thsikmalayag!
Month Direction Velocity(Knots) Direction Velocity(Knots)

January Variable 4.8 E 4.0
February Variable 4.9 B 4.3
March Variable S.4 SE 4.0
April E/SE 6.3 E 4.0
May E/SE 7.7 E 4.0
June E/SE 8.5 E 4,3
July E/SE 9.4 E 4,6
August E/SE 9-9 E 406
September SE/E 10.3 E 5.0
October SE/E 8.9 E 4e6
November SE/E 7.1 S 4.3
December E/SE 5.3 8 4.3
Average 7.4 4.3
l/ 1961-1972, anemometer 11 meters above ground surface.

2/

= 1971-1973, anemometer approximately 5 meters above ground
surface.

Note: Anemometer elevation not given in the records.
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TABLE 1I-5

Monthly Evaporation

Evaporation (mm)

1/ Pasuruanal Segara / 5/
Month Madiun— Kening™ Exp.Sta.~ Ciregon— Anakan— Tasikmalaya—
January 127 65 60 56 101 108
February 118 67 48 53 101 99
March 140 62 48 58 106 114
April 138 75 56 €2 108 113
May 152 74 62 76 110 92
June 150 108 79 87 106 90
July 146 140 99 111 100 100
August 174 161 122 138 133 114
September 201 126 141 146 149 113
October 205 81 134 126 148 121
November 144 63 98 96 122 114
December 149 68 53 67 106 112
Totals 1,844 1,090 1,000 1,076 1,400 1,290
Y 1958-1971 Y 1967-1972 3y 1966-1970 4 1936-1946

3/ Lake evaporation.

Notet Station evaporation believed to be from DeWild evaporimeters.
Segara Anakan and Tasikmalaya values computed using Christiansen
method and multiplied by a factor of 0.7,
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Average Monthly Rainfall for the Upper Citanduy Basin and

TABLE II-6

Selected Raingage Stations — (mm)

Upper Tarikolot CiamisA Manon jaya Ban jar Pamarican
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
April 291 260 276 276 233 226
May 232 217 226 230 175 174
June 142 113 151 154 127 123
July 133 108 150 144 99 105
August 94 76 101 95 69 64
Se ptember 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
TOTAL 3,121 2,802 3,109 3,089 2,523 2,395
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TABLE II-7

Observed Monthly and Annual Runoff of Citanduy River at Cirahong

(Million n3)

Drainage Area = 627 kmz
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
1971 136.6 113.7 158.6 133.0 117.8 67.9 30.0 18.9 65.1 137.1 202.4 192.0 1373.1
1972 182.7 100.5 1i2.5 82.2 114.6 17.8 11.0 7.9 4.4 4.7 44.6 107.9 790.6
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 S1.7 169.3 83.3 149.8 109.0 23.6 39.4 125.1 98.8 135.0 154.5 225.C 1364.5
1975 173.3 162.1 195.8 171.6 109.8 29.0 3l.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
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TABLE II-8

Observed Monthly and Annual Runoff of Citanduy River at Banjar

(M1lion md)

Drainage Area = 1,314 k-2
Year Jan. Feb. March April May June July Aug. Sept. Oct. Nov,. Dec. Annual
1966 399.8 396.4 401.0 303.3 246.4 155.5 58.9 50.9 101.1 249.1 238.5 388.4 2989.3
1967 294.6 312.1 308.0 254.0 109.8 46.7 53.6 2¢.9 20,3 _— 52.4 434.8 -_—
1968 349.0 268.5 326.1 252.8 312.9 _— — 340.2 84.4 269.1 288.7 271.6 -—
1969 302.2 277.9 260.5 156.7 126.9 298.3 59.2 22.6 31.6 83.1 224.1 227.4 2070.5
1970 208.4 190.6 284.5 248.5 207.0 170.0 147.3 78.6 83.7 107.0 198.3 265.2 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, 1 295.6 233.5 191.9 249.6 84.9 65.2 61.9 _— - 79.0 -_— -—
1973 Discontinued.
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 on original water levels and 1973 rating curve.
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Monthly Runoff for the Citanduy River at Banmjar

TABLE I1-9

(Million w>)

Drainage Area = 1,314 k-2

Jan.

Feb.

Year March  April May June July Aug. Sept. Oct. Nov. Dec. Annual
1950 334.6 270.8 303.5 227.0 222.8 104.0 103.7 102.4 90.4 299.0 332.6 294.3 2785.1
1951 458.9 338.1 289.7 171.3 225.7 170.8 103.3 86.7 64.2 127.5 215.7 233.7 2395.6
1952 287.7 255.5 307.1 233.0 148.7 90.0 63.9 62.6 43.2 160.3 302.2 442.9 2397.1
1953 515.1 379.0 380.4 260.1 359.9 224.4 136.4 82.0 38.4 48.2 52.1 91.6 2567.6
1954 180.8 166.2 207.3 199.4 145.2 114.2 86.7 82.5 59.5 161.6 253.5 388.2 2045.1
1955 447.8 302.5 342.4 228.8 148.2 107.8 101.7 105.7 78.8 252.0 343.0 539.9 2998.6
1956 566.0 408.8 391.8 263.3 268.9 176.0 121.7 123.2 83.3 199.1 242.0 385.8 3229.8
1957 424.0 268.0 336.3 237.6 214.9 149.0 140.0 150.6 79.7 156.8 219.4 327.7 2704.0
1958 315.4 284.0 337.4 217.7 207.7 128.6 102.1 92.8 55.6 161.0 169.8 269.9 2342.0
1959 332.9 270.3 287.5 204.3 253.6 197.3 151.7 118.3 69.1 155.6 138.7 237.4 2416.7
1960 259.3 275.1 312.3 244.5 238.8 166.9 124.5 87.9 48.7 105.8 187.8 245.0 2296.6
1961 303.7 223.1 242.1 208.5 290.8 207.5 133.5 83.5 46.0 51.7 72.2 108.1 1970.7
1962 181.3 160.5 258.9 285.0 147.1 124.8 108.0 81.9 47.3 126.0 193.0 342.3 2056.1
1963 310.4 295.5 254.4 219.8 288.4 172.6 105.9 55.0 13.6 17.2 41.1 53.7 1927.6
1964 83.7 83.1 128.9 130.6 87.4 70.0 54,1 51.5 39.5 159.1 233.5 353.3 1474.7
1965 427.3 345.2 356.7 219.5 268.6 186.2 110.5 70.8 32.8 51.7 68.2 164.6 2302.1
1966 399.8 396.4 401.0 303.3 246.4 155.5 58.9 50.9 101.1 249.1 238.5 388.4 2989.3
1967 294.6 312.1 308.0 254.0 109.8 46.7 53.6 20.9 20.3 30.0 52.4 434.8 1937.2
1968 349.0 268.5 326.1 252.8 312.9 250.0 200.0 340.2 84.4 269.1 288.7 271.6 3213.3
1969 302.2 277.9 260.5 156.7 126.9 298.3 59.2 22.6 31.6 &3e.1 224.1 227.4 2070.5
1970 208.4 190.6 284.5 248.5 207.0 170.0 147.3 78.6 83.7 107.0 198.3 265.2 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 474.1 295.6 233.5 191.9 249.6 84.9 65.2 61.9 21.2 35.0 79.0 150.0 1941.9
1973 293.7 288.1 352.2 300.6 386.4 197.8 286.2 177.2 37.1 381.6 414.8 346.4 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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Monthly Runoff at Banjar Plains Diversion Site

TABLE II-10

(Million -3) 2

Drainage Area = 738 ka

Year Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Annual
1950 167.6 135.7 137.7 113.7 111.6 52.1 51.9 51.3 45.3 149.8 166.6 197.6 1380.9
1951 229.8 168.7 145.1 85.8 113.1 85.5 51.7 43.4 32.2 63.9 63.0 117.1 1199.3
1952 144.1 128.0 153.9 116.8 74.5 45.0 32.0 31.4 21.7 80.3 151.4 222.0 1201.1
1953 258.0 189.9 190.5 130.3 180.3 112.4 68.3 41.1 19.3 24.2 26.1 45.8 1286.2
1954 90.5 83.2 103.8 99.9 72.8 57.2 43.4 41.3 29.8 81.0 127.0 194.4 1024.3
1955 224.3 151.5 171.5 114.6 74.2 54.0 50.9 53.0 39.5 126.2 171.8 270.4 1501.9
1956 283.5 204.8 196.3 131.9 134.7 88.1 61.0 61.7 41.7 99.7 121.2 193.3 1617.9
1957 212.4 134.2 168.5 119.0 107.7 74.7 70.1 75.5 40.0 78.6 109.9 164.2 1354.8
1958 158.0 142.3 169.0 109.1 104.1 64.4 51.1 46.5 27.8 80.6 85.1 135.2 1173.2
1959 166.8 135.4 144.0 102.3 127.0 98.8 76.0 59.2 34.6 78.0 69.5 118.9 1210.5
1960 129.9 137.8 156.4 122.5 119.6 83.6 62.3 44,1 24.4 53.0 94.1 122.7 1150.4
1961 152.2 111.8 121.3 104.4 145.7 103.9 66.9 41.8 23.0 25.9 361.2 54.1 987.2
1962 30.8 80.4 129.7 142.8 73.7 62.5 54.1 41.0 23.7 63.2 96.7 171.5 1030.1
1963 155.5 148.1 177.5 110.1 144.5 86.4 53.1 27.6 6.8 8.7 20.6 26.9 965.8
1964 41.9 41.7 64.6 65.5 43.8 35.1 27.1 25.8 19.8 79.7 116.9 177.0 738.9
1965 214.1 172.9 178.7 110.0 134.6 93.3 55.4 35.5 16.4 25.9 34,2 82.4 1153.4
1966 200.2 198.5 200.9 151.9 123.4 77.9 29.1 25.5 50.7 124.8 119.5 194.5 1496.9
1967 147.6 156.4 154.3 127.3 55.0 23.4 26.9 10.4 10.2 15.0 26.2 217.8 970.5
1968 174.8 134.5 163.4 126.7 156.8 125.2 100.2 170.4 42.3 134.8 144.6 136.0 1609.7
1969 151.4 139.2 130.5 78.5 63.6 149.4 29.6 11.3 15.8 41.7 112.3 113.9 1037.2
1970 185.0 130.2 204.8 217.9 151.4 115.6 81.0 27.2 33.0 52.6 124.5 171.1 1530.3
1971 160.8 133.8 186.7 156.5 138.7 79.9 35.3 22,2 76.6 161.4 238.2 226.0 1616.1
1972 215.0 118.3 132.4 96.8 134.9 21.0 12.9 9.3 5.2 5.5 52.5 127.0 930.8
1973 178.1 158.9 159.3 194.3 224.8 111.0 140.9 56.1 226.9 186.0 212.9 178.1 2027.3
1974 60.9 199.3 98.0 176.3 128.3 27.8 46.4 147.2 116.3 158.9 181.9 264.8 1606.1
1975 204.0 190.8 230.5 202.0 129.2 34.1 36.6 20.6 105.0 254.7 193.7 182.6 1783.8
1976 126.1 167.8 201.4 130.5 41.9 17.7 12.2 9.5 7.5 103.1 274.0 135.6 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




TABLE I1I-11

Flow Magnitude at Various Firmness Values

Cirahong Gage Flow (m3/q), Diversion Site Flow (m3/q)

Firmness Firmness
Month 902 95% 1002 90% 95% 100
July 3.8 3.0 2.6 4,5 3.5 3.1
August 2,5 2.3 2.0 2.9 2,7 2.4
September 1.8 i.6 1.4 2.1 1.9 1.7
October 1.5 1.4 1.2 1.8 1.7 1.4
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TABLE II-12

Summary of Project Floods

Volume
Peak Runof £
Rainfall Disgharge (Million
(rom) (m”/8) m”)
Banjar Diversion Site (Upper Citanduy Basin):
10-Year 105 827 54.2
25-Year 125 932 62.8
50-Year 139 1,080 71.0
Cimuntur Basin:
10-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:
10-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 1I-13

Suspended Sediment Measurements on Citanduy River at Cirahong Gage

No. of Disgharge Concentration Sediment
Date Samples (m”/8) (ppm) (Tons/Day)
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
11-33
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FIGURE II - 2

ENGINEERING CONSULTANTS, INC.
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ENGINEERING CONSULTANTS,INC.

FIGURE II-3
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ENGINEERING CONSULTANTS, iNC. FIGURE II - 4
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FIGURE II- 6
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ENGINEERING CONSULTANTS, INC. FIGURE II-7
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FIGURE II-10
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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 widesﬁread
occurrence of shallow groundwater and make it possible to use
hand-dug shallow wells for domestic water supplies. Hand pumps
are usually used to lift the water, but frequent use 18 made of a
bucket and rope, in which case the well {8 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
posstible pollution from human 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 October, there 18 an acute shortage of water and in
drought years the only major source of water supply is from the
Citanduy River for the people living In the Banjar Plains Area and

the surrounding region.

Thus, the problem 18 both of availability and quality. Use
of polluted water 18 a health hazard even 1f the water 1{s boiled
for drinking and cooking. Using the water for washing and bathing
is also a health hazard. It {s not customary among most of the

local residents to boil their water.
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In the Banjar region there is, 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 roof tile manufacturing, lumber processing, and cassava
processing. The water supply demand for the 3small 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
iuncdustry to the region, an assurance of adequate {ndustrial water
supply 18 needed. Industrial water supply is herein defined as the
wvater delivered to large and medium scale industries for process
water, landscaping and incidental domeatic use as well as publie
service water within an {industrial zone. The Banjar Plaina
Project, which 18 easenttally an {rrigation project, can be
planned to supply both the municipal and projected 1industrial
needs of the area. The terms of reference stipulates that water
resources analysis and water quality studies be carried out to
determine the availability and suitability for projected municipal
needs of the area. Hence, the presentation 1in this chapter 1a
confined to projecting the municipal needs of the area and the
water quality of the Citanduy River. Also, a possible demand for
industrial water supply has been developed, based on avaflable
information. No effort has been made to draw up a water supply
acheme for the area, which should be the subject matter of a

separate atudy.
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Present Water Supply

The city of Banjar has a water supply system which was
installed 1in 1973 through a loan from World Health Organization.
The system coneists of a cistern at a spring source and a pipeline
into town where residents can tap on at specified points. The
original capacity of this system was 5 liters per second and
serves a small percentage of Banjar population. A Band filter
system has been provided at the source, and apart from this there
is no other treatment provided. A recent inspection of the system
indicated that there wae little or no maiuntenance. This has
resulted in blocking of the sand filter and deterioration of the

supply system, which has drastically reduced the capacity.

Apart from this system, all other municipal needs are
obtained from covered and open shallow wells or from the
Citanduy River by hand. Most of the shallow wells were reported
to go dry during the dry months. Water in most wells is available
at a depth of 3 to 10 meters. The capital cost of these wells i»
about Rp. 100,000 each. During the dry season raw water from the
Citanduy River 1is purcl ised from becaks and porters at an average
cost of Rp. 1.25 per liter in Banjar and Rp. l.75 per liter in
suburban areas. Average dally consumption of this raw river water
is 40 liters per caplita and the average annual period of use 18
75 days, resulting 1in an annual per capita expenditure of
Rp. 3,750 in Banjar and Rp. 5,250 in suburban areas. During the
1977 dry period, questionable quality drinking water sold for as
high as Rp. 6.25 per liter. Good to falr 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 of the Department of Public Works, conducted an
investigation for a municipal water supply and distribution system
for the town of Banjar. The system proposed by the Institute of
Technology consisted of a groundwater supply from three wells,

three elevated storage tanks, and a distribution system of 5, 8,
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10 and 15 cm pipelines to serve the central sector of Banjar. The

investigation was completed in 1972, but never was implemented.

The system of waste disposal Iin the towns and villages of
the area counsist of open sewers and gutters and fishponds. Where
sewers exist, they are in clay pipes buried underground at the
edge of the streets. The raw sewage 1iu dumped into the nearest
natural drainage without treatment. As would be expected, this
means of waste disposal is a source of bad odor, insects and water
pollution in the streams. 1In the dry season the problema are more
acute because the supply of flushing water is reduced. Some of the
houses in Banjar town have been provded with a septic tank system.
However, the use of the septic tanks 1s not widespread.
Currently, there are no plans to provide a modern sewer system and

treat the sewage.

At present, the service area has little or no industry of
significance. Discuasion with the local officials of Ciamis
revealed the posaibility 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, a Non-Urea
Ferttlizer Factory, and a Carbon Active and Fiber Rubber Factory.
& letter from the Chief of Planning Board, Ciamis is attached as
an exhihit at the end of this chapter, in which the possibility of
the above induatries coming up in the region have been discussed.
However, the present {nvestigation 1indicates that, currently,
thecre does not exist a strong commitment or a plan for the
development of these industries by the Government of Indonesia.
Hence, this study was limited to {dentifying a possible gross

industrial sector demand without going into details.

Groundwater
The potential for groundwater develnpment 1in the project
service area appears to be poor. Shallow-dug wells in the clay

soll of the project area have low yields and are dependent upom
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peripheral seepage and surface wastes for recharge. Most of these
wells fail during the dry season. A few dug wells adjacent to the
Citanduy River extend below river 1level and apparently are
recharged by the river. The terrain and geology of the area does

not indicate the presence of & good water bearing aquifer.

Three small springs 1in the project service area weres
observed to yleld elightly more than one-half liter per second
while two rice fields, totalling about 4 hectares, were obviously
supplied by subterranean spring flow during the 1977 dry season.
Several small springs located near the periphery of the service
area had similarly nominal yields. Numerous small springs were
observed in the banks of the Citanduy River above the diversion
site. All springs 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 1industrial supply cannot use either
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
based 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 in the following sections.
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Service Area

The 1irrigation service area for the Banjar Plains Project
was descridbed in Chapter I-Introduction. The area was limited by
the terrain and the command elevation. However, for purposes of
Municipal Supplies, the service area 1is not the same as the
irrigation service area. It was also recognized that this study
cannot formulate the regional municipal supply needs, comprising
of extensive urban and rural areas. Thus, the service area for
the municipal needs was confined to a region which can be supplied
by a gravity system below elevation 45 m above MSL. 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 consistas of
the entire township of Banjar, Balokang village and Jelat
subvillage on the right bank of the Citanduy Piver. On the left
bank of Citanduy River the service area will comprise the residual
Banjar township areas, most of the Purwahardja village area
comprised of Cipadung, Siluman, Parungsari and Randegan subvillage
areas and a s8mall portion of the Cisaga village area below
elevatinn 40 a. This service area will cover approximately an
area of 9 km in the east-west direction and 4 km 1in the north-
south direction. A Bchematic diagram of the municipal service
area is shown in Figure III-]. Facilities for the water supply
system to cross the Citanduy River exist at the railroad bridge
and the two road bridges in the area, and the Clmuntur River at
the existing road bridge, thus avoiding expensive river crosaing

works.
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Population

General
The population of Indonesia, according to a 1976 censusi/vas

repsriad to be 134.7 million. The historical growth rate for the
czountry was indicated to be 2.} percent each year. The island of
Java 1is the most densely settled area in the archipelago,
constituting only 6.6 percent of the land area of the Indonesian
nation, but having about 65 percent of the population. The
reported population growth per annum for Java as a whole 1is
1.9 percent, while in regions of high density the growth varies
between 2.2 to 2.5 percent. There is little reported migration of

population within Java, except locally near towns.

The regional long-term population growth trends are not
available. According to the Family Planning Coordination Board,
the birth rate for Java 18 expected to fall as much as 50 percent
by the year 2000 as & result of the widespread practice of family
planning. It is expected that the population growth rate in Java

will reduce to 1.6 percent by the year 2000.

The population of the Citanduy Basin was estimated to be
2.5 million in 1972. The density is about 600 persons per square
kilometer. Within the Citanduy Basin density of population varies
considerably. Heavier settlement, denoted by more frequent and
larger villages, occurs along the highways that traverse the basin
from west to east and from northwest to southeast along the right
and left sides of the Citanduy Valley. Within the Citanduy Basin
the density of subdistricts varjes from 193 persons per square

kilometer 1in the Dayeuhluhur subdistrict to 737 for the

1/

World Population Data Sheet, 1976, The Population Reference
Bureau, Inc.
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Tasikmalaya subdistrict. The Banjar Plains Project service area
for municipal water 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 18 presented on Figure III-l.
The entire service area is in the Ciamis district of West Java and
parts of the service area lie in the subdistricts of Banjar,

Cimaragas and Pamarican.

The population of each of the three subdistricts was
collected for the period 1967 to 1976. This |s presented in
Table III-1. The growth rate was determined by plotting the
historical population growth on a s:'mi-logarithmic scale for the
three subdistricts. This 18 shown on Figure III-2. The mean
annual growth rate for the three subdistricts of Banjar, Pamarican
and Cimaragas was found to be 2.4%X, 2.2X 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 hiastorical growth shows sudden 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 three subdistricts do not indicate a strong emigration
or immigration. Alsn, present 1inquirier do not {indicate a
possibility of increaeced growth in the near future. However, with
the ongoing development efforts in Citanduy Project area there 1is

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

The villages that are anticipated to receive municipal water

supply benefits are:
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On the right bank of Citanduy River:

1. The town of Banjar.
2. The village of Balokang.
3. The Jelat subvillage which is part of village

Mulyasari. Pataruman is a part of Jelat subvillage.

On the left bank of Citanduy River:

1. Te village of Purwahardja. This comprises the
subvillages Cipadung, Siluman, Parungsari, Randegan I
and II and Pasirleutik. Part of Parungsari subvillage
is on the right bank of the river. Except for the
Pasirleutik subvillage, the other subvillages can be
served.

2. The village of Cisaga. This has nine subvillage
areas. Only a small part of the village can be served

because of elevation limitations.

The population statistics of these villages for the period
1972 to 1977 18 presented in Table I1I-2. The population figures
shown were collected from the village chiefs. Survey of houses 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 III-2 1is taken as the base
population for which municipal water supply will be required.
The 1976 population of the municipal water supply service area
is 60,377.

Population Projection of Service Area

The base 1976 population that would benefit from municipal
water supply 1is taken as 60,500. For purposes of determining the
water supply demand for this area over the next two decades, it 1ia

necessary to project the population growth up to year 2000.

Historically, the growth rate in the three subdistricts

varies between 2.04 to 2.2 percent. From the limited pbpulation
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statistics available for Banjar and Balokang villagea, the
historical growth rate for Banjar township s twice that of
Balokany village. This 18 because of local migration from the
surrounding subvillages. The setting up of the Citanduy Project
Of fice and expansion of its activity contributed in the spurt of
populatior greowth of Banjar. However, without the possibility of
establishing an 1industrial sector, further growth {n Banjar town
might not take place at this rate. With the provision of
municipal water supply and development in the region, there is the
likelihood of an increased growth rate for the area. In the
absence of a detalled sociological study or a plan {or the
development of the region, it was concluded to use a population
rate of growth close to the historical subdistrict growth. For
purposes of this study, a conservative growth rate of 2.l percent
has been adopted to develop population projection up to year 2000
and is shown on Figure III-3 and in Table IIT-3. This growth rate
is believed to be slightly conservative and there is a posaibility
that this could increase with industrialization of the area, or be

stabilized with a strong program of family planning.

Municipal Water Demand Projectionsa

General

Municipal water use i8 computed in this study based on users
such as domestic, small commercial users, and public. Domesatlic
water {8 wused 1in and around residences and varies with the
standard of 1living, but 1s proportional to resident population.
Small commercial use {ncludes water used in small business or
light commercial establishments by persons who are not r2aidents
of the area. This 1s normally for domestic and light
manufacturing use and cannot be stated conveniently in terms of
population. Public use of water is for street and sewer flushing,
public gardens, fire fighting and for unmetered publie

institutiona.
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The consumption of water per capita variee over a wide range
and 1s affected by various factors. In the United States the
variation is from 200 to 2,000 liters per day per capita. In
Indonesia, the water comsumption is very low. For the city of
Semarang 1in Central Java, historical records show that usage
varied from 670 liters per day per connection 1in 1966, to
1,512 liters per day per connection in 1974. The average number
of people served by each connection 1is seven. The unaccounted
water ranged from 40X to 60X. Thus, the historical average actual
consumption per capita increased from about 50 to 100 liters per
day over an eight year period. For supply through public hydrant
the historical data for Semarang indicates that about 360 persons
are served by each hydrant and rate of consumption is about

10 liters per day per person.

For projecting the municip=sl needs the available historical
statistics were limited to the population projection. little
information was avallable regarding GOI’s projection for per
capita consumption by class of consumers for an Urban Class B type
town. The current practice of computing rural municipal needs by
Director General of Water Resources in their planning work in to
allow a continuous flow of one liter per second for a population
of 1,000 This amounts to B86.4 liters per capita per day. T™ias
study was based on the general norm used by the Worl.i Hgalth
Organization 1in developing countries as well as information
contained in Burns and McDonnell Report for ’‘Semarang Water

Supply’, 1976, and other sources.

Population Served

In developing the municipal demands, it 1s necessary to
identify the percentage of the population that will be served.
Normally, the number of people provided connection will increase
over the years as the economy of the area improves as well as with
avallability of funds for expansion. Two typea of connections

have been identified for this purpose. They are,
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1. Publie hydrant, and
2. Residential.

Table ITI1-4 gives the percentage of population served at
five year intervals for the two types of connections. It {s
expected that by tha year 2000 about 90X of the people in the area
will bde provided with municipal water supply.

Water Usg

The municipal water requirements to be used 1in the
Banjar Plains study was obtained by projecting the water use up to
year 2000. This projection was based on the ,opulation projection
in the sarvice area and the percent of the population that will be
served. For ©purposes of projecting the water use, various
categories of consumption were identified. They are residential,
public hydrant, public institution, city offices, commercial, and
wvater required for sanitary and flushing purposes. The per capita
or per connection consumption by user category 1is based on usage
in developing countries and is considered to be adequate. For
purposes of city office use, which is mostly fire fighting, public
gardens, public bath, etc., the usage was estimated. A similar

procedure was used for light commercial establishments.

The projected municipal demand is presented in Table III-3.
This has been worked out at five-~year intervals. The unaccounted
water, which is defined as the difference between the quantity of
water supplied to the system and the quantity of water metered in
the system, 1s a loss to the system due to leakage from mains and
service lines, or because of inaccurate meters, 1illegal service
connections, false meter readings, system flushing and other
2{milar uses. Racords of usage in the Semarang water system over
the last nine years indicate that unaccounted water ranged from
40 to 60 percent. This 1{s considered exceptionally high when
compared to the system losses of 10 to 20 percent 1n the
United States. With a well planned system, it is balieved the
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system losses should be within 20 to 30R. Starting with a
30 percent losa, it is assumed that by the year 2000 this could be

reduced to 20 percent by an efficient operation.

The average municipal demand by year 2000 will be
23,223 -3/day or 269 liter/second. The total average per capita
consumption will be 2359 liters/day, which is considered to be a
reasonable rate of consumption. The development of the demand and
per capita consumption over the period 1980 to 2000 is graphically
presented in Figure III-4. The per capita consumption will
increase rapidly in the first two decades with the introduction of
assured water supply, while in the subsequent decades the rate of

increase should stabilize to a lower value.

For purposes of determining the design capacity of supply,
the fluctuation 1in per capita consumption from day to day and
throughout any one day are of great importanca. The maximum
daily, or the maximum 24-~hour consumption varies from 1.25 to 1.75
times the average hourly consumption, while the fluctuation within
the hour can be as large as 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 t} Banjar Plains Project the design
capacity for municipal neede should ba taken to be 1.5 times the
requirement 1in the year 2000, which 1is 400 liters per second.
However, for cost allocation and economic analysis, a municipal

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

The Direitorate General of Water Resources Planning figure
of one liter/second and for 1,000 persons will yield about
90 liters per second in the year 2000. It is believed that this
figure 1is essentially for designing canal capacities when the
canal water 1is used for municipal use by the rural population
along the canal. It 1s of {interest to compare the present

projected demand of 270 liter/second and to the municipal water
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demand used 1in the Directorate of -Irrigntion Reconnalssance
l.port.z/ In this report, the municipal demand was estimated to be
626 liters/second. Thia 1s 57 more than the present esatimated
demand. Details of the demand were not giver {n this report.zllt
i considered that the demand of 626 liters/second. 1is too high

for a town of the type of Banjax.

Industrial Water Demand Projection

The industrial water demand {s based on very little data.
The basis for identifying an industrial sector was the data
furnished by the Ciamis Planning Board (see Exhibit at the end of
this chapter). According to this, three major 1industries were
identified as possible to be met up near Banjar town. These were
a Rp. 10 billion fiber/taxtile industry, a Rp. 2 billion non-urea
fertilizer 1industry, and a Rp. 10 billion carbon active and
fibered rubber industry. It 1is to be pointed out that these
industries have not been included in the next Five-Year Plan nor
were further details available from any other agency. Hence, the
probability of tha industrial sector coming up within the next
10 to 15 years 1is considered low. However, preliminary studies
were carried out to determine the magnitude of water supply needed

for these three industries.

The 1industrial complex will be located weat of Banjar town
in an area of about 180 hectares bounded by the Banjar-Ciamis
railroad on the northeast side, the Banjar-Manonjaya road on the
southeast side and by steep uplands on the remaining sides. This
is shown 1in Figure III-5 with the land classification. This
location will provide adequate access to a water supply syatem,

either from an M and I treatment plant located within the

2
Y Laporan Reconnaissance/Pra Rencana Proyek Irigasi Dataran
Banjar, Propinsi Jawa Barat, P. T. KRarpa, Bandung, March, 1973.
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industrial zone, or directly from the Banjar Plains Project main
canal which will run through the industrial zone. The water
supply demand for the planned industry is presented below based on

Ciamis Planning Board’s information.

Carbhon Active

Rayon Fiber Non-Urea and Fibered
Industry Textile Mill PFertilizer Factory Rubber Factory
Construction Cost
ir Billion Rupiahs 10+ 2+ 10+
Conetruction Date 1979 if Water When Water Dependent on
Available Available Firm Water
Supply
Local Employment 600 400 360
Raw Material Not Stated Local Phosphate Local Coconut
Source and lLimestone Fiber & Rubber
Water Demand (1/s) 200 200 150
(Increasn to
400 in 3-5
Years)
Total Water 3550 1/sec. to 750 1l/sec. in 3~5 years.
Demand
Thus, a total industrial wvater requirement of

750 liter/second. is anticipated, 1in case the 1industrial

development takes place.

M & I Supply System

Although the scope of this report does not call for a study
of the M & I distribution system, a reconnaissance level study was
carried out to provide an approximate cost involved 1in the
treatment, dclivery and distribution of water. This does not
include the cost of delivering water at the M & I intake. From

the reconneissance study the following conditions are apparent:

1. The treatment plant and primary storage reservoir will

be located in the industrial zone as shown on Figure III-3.
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2. Water for the municipal-industrial system should be
obtained from the project main cenal near the treatment

plant.

3. The project drain system should be used to convey
industrial return flow to Citanduy River. These effluents
must be treated to acceptable quality by the industries

concerned.

4. The capital costs of the municipal-industrial system
are estimated to range between Rp. 9.0 bifllion and Rp. 22.6
billion, including the industrial water treatment
requirements. These costs are not to be included in the

costs of the Banjar Plains Project.

Separate reconnaissance level estimates of annual costs for
a treatment and distribution system for municipal needs and for a
combined municipal and industrial need were prepared. The annual
cost for construction, operation, maintenance, and replacement for

the two cases are as follows!:

In Million Rupiahs

Municipal Muncipal and
Annual Equivalent Costs Water Only Industrial Water
Construction Cost (Annual) 609 2,356
0, M& R Cost
Operation and Administration 53 197
Maintenance and Equipment 56 220
Replacement: Annual 103 376
Interim 24 105
Treatment Chemicals and Supplies 51 204
Fuel 3 23
Sub-Total 292 1,127
Total Annual Cost 01 2,483

I11-16



The above costs were estimated by present value analysis
using an interest rate of 12 and a capitalization period of
50 years. Capitalization of industrial related costs reflect a
three-year development period while municipal costs were prorated

over a 20-year period of increasing water usage.

Water Quality

Water quality for the Banjar Plains Irrigation system 1is
considered good to excellent for irrigation purposes and
acceptable for municipal and industrial water supply. This 1isa
based on water quality tests on samples obtained at the Cirahong
gage, Banjar town and Pataruman Weir all on Citanduy River. The
total dissolved solids are very low as are the chlorides and
sulphates. The percent sodium 1s a little high for a
classification of excellent for irrigation, but for water with the
indicated range of dissolved solids, percent sodium is not an
especially good parameter. The sodium absorption ratio 1s low,
indicating low sodi{um hazards, and as the total dissolved solids
are low, the salt hazard is low. Samples from the Cirahong gage,
the Banjar Bridge and the Patarumar Weir are compared with the
standardszlﬁ/and are shown in Table III-6 and III-7.

Water from the Citanduy River, diverted as an irrigation
supply can be used for domestic water supply with minor treatment,
including filtration, chlorination and 1iron removal. Water
quality samples were taken at the Cirahong gage in November, 1969,

Baunjar Bridge in September, 1972, and at the Pataruman Weir in

3y The Citanduy River Basin Development Project, ‘Feasibility Report’,
Engineering Consultants, Inc., Denver, Colorado, U.S.A., March, 1975.

y Water Quality and Treatment, Handbook of Public Water Supplies,
American Water Works Association, Third Edittion, 1971.
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September, 1972, December, 1973, and January, 1974. Thie covers
some of the low flow months. The water quality testing was done
by DPMA at the Hydro-Chemical Laboratory in Bandung. The Banjar
and Pataruman sampling points are downstream from the
Cimuntur River and samples from these sites were of poorer quality
than for Cirahong, about 19.3 kilometers upstream from the project
diversion site. The water quality at the Cirahong gage 1s rated
good to excellent for dirrigation and would require Dboth
clarification and chlorination for municipal use. The suitability
of wvater for use as an industrial supply depends on the
requirements of the particular industry. Very few problems are

anticipated in the industrial uses projected.

A retesting program of water quality for a municipal water
supply to supplement tests published 1in the above tables 1is
recommended, but was not attempted because of the limited time
factor in the preparation of this report. It 1ie noted that the
previcus tests were conducted 1in the months of September,
November, December and January, covering the dry season and the
wet season. But neither test period wonid reflect changes in
mineral and chemical constituents that would appear as a result of
irrigation return flow waters bearing nitrates, nitrites, and
ortho phosphates from dissolved fertilizers, normally applied

twice a year.

Monthly tes:s 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
of the groundwater in case groundwater has to be developed as a

supplement or as alternative to surface water supply.
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Population Statiastice of Sub-Districtas

TABLE III-1

Sub-District
Year Ban jar Cimaragas Pamarican
1967 84,731 24,919 58,678
1968 85,762 25,463 58,939
1969 86,875 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
1975 97,424 28,598 70,183
1976 100,009 29,839 72,695
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Population Statistics of Sarvice Area

TABLE III-2

Year
Village
Unit 1972 1973 1974 1975 1976 1977

Banjar 27,047 28,330 29,613 29,575 32,142 32,287
Balokang 7,562 7,964 7,648 7,666 7,666 7,829
Jelat (Subvillage) - - - 5,230 5,477 5,673
Purwahardja (Except

Pasir Leutik) - - - 10,153 11,392 11,358
Cisaga (Part in

Service Area) - - - 3,680 3,700 3,722
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TABLE III-3

Population Projection of Service Area

Year Population
1976 60, 500
1977 61,770
1980 65,740
1985 72,940
1990 80,930
1995 89,790
2000 99,630

Note:

Annual Growth Rate taken as 2.1 percent.
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TABLE III-4

Population Served

Population Served (Percent)

Year Population Residential Public MYMydranr Total
1977 61,770

1980 63,740 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 II1I-5

Municipal Demand Projection

Year
Item 1980 1985 1990 1995 2000

l. Residential

Population Served (X) 35 55 65 75 85

Population Served 23,000 40,100 52,600 67,300 84,700

Per Capita Hua (1/d) 100 120 140 150 150

Quantity (m”/d) 2,300 4,812 7,364 10,095 12,705
2. Public Hydrant

Population Served (X) 20 15 10 8 S

Population Served 13,100 10,900 8,100 7,200 5,000

Per Capita H-e (1/d) 12 14 16 18 20

Quantity (m”/d) 157 153 130 130 100
3. Public Institution

Number of Connectionu 20 25 30 35 35

Per Connection Use (1/d) 1,500 2,000 2,50¢ 2,500 2,500

Quantity (m”/d) 30 50 75 88 88
4. City Offico3

Quantity (m”/d) 300 450 600 750 750
5. Light Commercial

Number of Bgtabliahmenta 10 20 25 30 30

Quantity (m”/d) 100 240 375 450 450
6. Sanitation and Flushing

Population Served (X) 55 70 75 83 90

Population Served 36,200 51,000 60,700 74,500 89,700

Per Capita Estim. (1/d) 30 35 40 45 50

Quantity (m”/d) 1,086 1,785 2,428 3,353 4,485
Total (1 to 6) (m>/d) 3,973 7,490 10,972 14,866 18,578
Unaccounted3for Water (X) 30 25 25 20 20
Quantity (m>/d) 1,702 2,497 3,657 3,717 4,645
Total Quantity (m>/d) 5,675 9,987 14,629 18,583 23,223

(1/s) 66 116 169 215 269

Average Per Capita (1/d) 157 196 241 249 259
Peak daily water supply 1.25 to 1.75 times average daily consump—

tion.

Maximum supply demand equals 400 liters per second.
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TABLE III-6

NATER QUALITY STANDARDS

Total
Dissolved Chlorides Sulphates
Solids Citanduy Perceant* Citanduy a1 Ci tanduy so, Citanduy
Class (ppm) River Sodium River (ppm) River (ppm) River
Excellent 0- 175 64 to 148 0-20 3.2 to 0-140 S.5 to 0-19¢ 2.6 to
23.5 4.7 24.4
Good 176- 525 21-40 141-250 191-=340
Permissible 526-1400 41-60 251-430 341-580
Doubtful 1401-2100 61-80 431-700 581-960
Unsuitable Above 2100 Above 80 Above 700 Above 960
t*Percent Sodium = Na x 100

Na + Ca + Mg +K



Table 111-7

Chandyy River Water Quality Anolysis

Electri Total .
c h:':’_ gi:- Soluble fors (mgA) % Oqc:-c Hord-  Tur g:?,
Somple Site Date ivity pH  solved . - SAR ) nem bidity .
iy oha S0, G Mg Fe Mn CO, CO, CO, HCO, Cl SO, PO, NH, NO; NO, K- Na Ne m/l oy 510, WCo
mho/cm Ppm Agr :4
Citanduy/
Cirahang 12-11-69 - 7.8 2.0 - 29.325.003 1 1 0.1 N1 2.7 4.4 8.3 7.6 7.1 0.6
Citarduy.” -
Sanjar 16 %72 120 8.5 136 2.0 9.4 7302 02 - - 15 7.1 10.7 2.6 0.08 012 - - 1.4 00 32 00 &% 30 -
Citanduy/
Pateruman 16 %72 110 8.4 W8 12.0 8.7 9.5 0.2 0.2 - - 1.5 7m0 9.7 2.8 008 0.09 - - L6 0.0 3.2 00 283 3.4 - -
13-12-73 178 7.6 135 N.5 25075 50 0.0 3.4 4.0 - 60.4 55100 052 00 0.0 00 1.9 13.5 23.5 0.6 1.9 53 7.0 &.0
27- 1-74 7.0 7.5 & 0.6 6.850 7.5 0.0 4.0 4.4 - 39.0 7.8 1.0 0.02 0.12 0.01 0.0 1.2 35 161 02 21.2 2.7 75.0 140.0
World Health Recommended Limit 75 S0 .3 .1 200 200 0.5 5 5
Standard Acceprable Limit 200 150 1.0 .5 400 400 s 0 »
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Chapter IV

AGRICULTURE

General

The Banjar Plains Project has a gross study area of
approximately 3,000 hectares which is made up of steep uplands and
river floodplain. The project, as envisagad no'/, will serve the
low, flat floodplain which has about 1,453 hectares of gross area.
About 60 percent of this area 1is at present being cultivated,
while the rest of the land is non-agricultural. Of the cultivated
land, rice is grown on 605 huctares, while about 180 hectares of
darden area is cultivated to coconut, cassava, Bsweet potato,
cucumber and fruit trees. The balance of the gross study area of
1,547 (3,000-1,453) hectares 1is mostly made up of steep and
rolling terrain with limited agricultural activity.

The present study concerns only the flat, floodplain area of
1,453 hectares, which is termed the service area. The rest of the
gross study area does not lend itself to a gravity technical
irrigation system, but 1is proposed to be brought into planning

under the upper watershed study at a future date.

In the service area, current agricultural practice 1s to
plant the first rice crop in the October-November period and
harvest the same in February-March period. A second rice crop ie
planted on a limited area, depending on water availability, during
March-April period and harvested during June-July period. The
average dry rough rice (gabah) yield of the first crop 1is
2,885 kg/ha which is nearly 2.5 times that of the second crop. On
areas vwhere a second rice crop is not grown, & upland crop
(Palawija crop) of corn, cassava, sweet potato, peanuts, soybeans
and/or mungbeans i{s normally grown. Little or no area is cropped

with two rice crops and an upland crop in a year.
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This chapter presents the current agricultural practice and
land use in the service area, the soils and land classification,
proposed cropping pattern and the irrigation requirements for the

proposed cropping pattern.

Physiography

A general physical description of the project service area
(see Fig. V-1) will show a small, flat plain bounded on the north
by the Citanduy River, and on the south and east by a high
mountain range. The plain is approximately 7 km in length with a
width of 1/2 km (narrowest point) to 4 km (widest point). The
main railroad line from Banjar to Bandung 18 located on the high,
flat ridge of the plain which extends in an east-west direction.

The city of Banjor 18 located at the eastern end of the plain.

The overall gradient of the plain 18 in a southeasterly
direction, with local drainages 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 Banjar.

The high hill range south and east of the plain conaistas of
steep, undulating terrain devoted to mixed crops with laolated
rice paddies located 1in small narrow drainages. Runoff (excess
rainfall) flowing from these watersheds 18 used within the rice

paddies where feasible.
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Land Use

The cultivable lands within the Banjar Plaius Service Area
are either privately owned or operated on a cooperative basis.

There is no government land or pastureland within this area.

Within the service area there are a few rural types
irrigation systems which essentially collect the runoff and

springflow occuring from the steep, rolling hills on the eastern

edge of the service area. The collection is done through a

contour channel which is then led into paddies, directly. This
rainfall dependent system 1ie very primitive and cannot supply
assured flow during dry spellas even in the rainy season. However,
the system does provide some saupplemental water which assures a
higher rice yleld over yields in areas without any irrigation.
Also, part of the land that is supplied from this rural system 1is
cropped to a second rice crop in years of average and above
average rainfall. The actual area under this system could not be
determined. It 1is 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-1. 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
605 hectares of 1lowland area cultivated to rice 18 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, 1interplanted with cassava and
vegetables. These lands have a good, deep alluvial soil. The

uplands away from the settlement are cultivated to mixed crops.

Since the area of ricelands is limited, and Indonesia 1is

critically short of rice, the use of paddies for production of a
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second crop consisting of maize, soybean, sorghum and/or other
field crope during the dry season is not foreseen. If irrigation
wvater 1is available, most farmers will prefer to use their paddies
for producing two crops of rice per year or, in some cases, two
rice crops followed by a short season diversified crop utilizing
residual soil moisture. Fish-sanitation ponds found in village
areas usually go dry during the dry season. No farm land 10 used

for the production of livestock.

Surface drainagz for most of the service area 1is fair to
good. A small area of about 30 hectaree on the western boundary,
close to Situbatu, is flooded during heavy rains. (See Fig. iV—
2). Also, some lands along the river, which are in the low-lying
areas, are flooded for short periods of time from rainfall and
river flooding. Major flooding of any portion of the service area

from the Citanduy River has 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
‘modern’ agricultural technology. The deep alluvial soils are
capable of higher crop production and yields than is presently the
case. Much of this problem ia due to the lack of irrigation water
when required, and the resulting plant stresses, especially during
the dry season. The non-use of recommended amounts of chemical
fertilizer and recommended high-yield variety (HYV) seeds are
additional reasona that these lands do not meet their potential.
With the use of recommended inputs and technical irrigation, these
lands are capable of doubling crop production, and exceptional

farmers should do much better.

Much of the village soils 1inside the Kampung, have a clay
loam texture that 1w ideal for the cultivation of vegetables.
Irrigated family vegetable gardens can be developed close to the

settlement 1f water supply 1is furnished. The agricultural
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extension service will need to promote the idea of irrigated
vegetables and other annual commercial crops. Additional use of
village lands could be made 1n the production of livestock and
poultry. Tuls, too, would require an educational program promoted

by the extension service.

Water Table

The water table in the service area ranges from two to four
meters during the rainy season, but drops to a range of four to
twelve meters during the dry season. Groundwater 1is listed as
shallow for Banjar Plains Area, with no 1indications 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 IV-2 shows the location of open wells where the

water levels were measured and the location of springs.

Soils

The soils of Banjar Plain service area are a major natural
resource that has not been fully exploited. These deep alluvial
soils have not been cultivated to their utmost capability,
particularly in 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 using residual moisture.
Approximately 66 percent of the cultivable lands could be used for
production of upland crops during the dry season 1f {irrigation

water can be provided. A field investigation of the entire
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service area indicates that a technical irrigation system with

tertiaries can be provided by a gravity and pumplift system.

The Banjar Plain soils have been greatly influenced by
perent materials and historical flooding of the Citanduy River.
Geological {information tends to indicate that parent materials
were volcanic debris consisting of breccia, tuff, sand and basalt.
Sediments from the watershed slopes were carried by the
Citanduy River as s8suspended loads and deposited as alluvial
terraces and alluvial plains (fluvial). These fluvial soils,
which developed as recent and subrecent alluvial materials, 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 goode Soil color 1s predominantly brown.

Field 1investigation of the Banjar Plain has shown a large
area of fine-textured soils deposited over coarser materials
consisting of fine broken rock, small gravel and some single grain
sand 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 soil 1a
found parallel to the Citanduy River west of Banjar. The main
east-west railroad line 1is located on this flat ridge. To the
south of this ridge the area of ricelands consists of shallow,
fine-textured clays over coarser materials, of fine broken rock,
small gravel and single grain sand bound together by clay.
Because of the coarse materials in the lower profile, internal
drainage does not tend to be a problem. However, yellow-orange
rust color in the profile of ricelands does indicate the existence
of a fluctuating water table. Some of the wells in the villages

show a water *able level of 3 to 4 m during the dry season.

Soil survey indicates the surface soils have a predominance
So1l survey 1indicates 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 soil types.

Sandy soil typea were not found to be present, even on river
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levees. Medium clay soills predominate with heavy clay solls
nearly as important, followed by clay loam and a few isolated
mounds of loam. Much of the large, flat ridge west of Banjar
contains medium clay soil and rice is cultivated in open paddies,
with nmnixed upland crops grown within the surrounding villages.
Further west on the flat ridge the soil type changes to clay loam
and some loam. Along the Citanduy River west of Banjar several
large pockets of clay loam are found separated by medium clay.
The large area of ricelands, south of the flat ridge, contain
medium and heavy clays, with the heavy clay usuvally found in the
natural low drainages. The general soil map of the Banjar Plains

service area is shown on Figure IV-3.

Physical observation of these soils shows them to be a good
medium for the development of increased crop production wunder
improved 1irrigation. 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 15 to 20 cm (depth). Structurally, these soils extend from
fine crumb in clay loam to angular blocky in dry heavy clay. Iron
oxides found in these soils tend to bind together soil particles
and establish the existing good structure. Soil erosion on
Banjar Plains 1is not an important problem, since the clay soil
have good cohesion due to the content of 1iron oxides. Rice

paddies al3o act as a barrier against the movement of loose solls.

Land Classification

In conjunction with a soil survey, a classification of the
land of Banjar Plains service area was made to determine
suitability of lands for irrigated rice and upland crops. A field
investigation was made to determine soll 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 the lands into

irrigable and non-irrigable areas. Finally, an inventory of these
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areas vas made to give an overall view of the soil resourcer

available.

The land classification program features a dual-purpose
systea of examining each soil type for use in cultivating both
rice and upland crops. Each area 1s given a symbol of R
(riceland) and U (upland), shown as R/U or U/R, based on soil and
crop science, and the judgement of the clasaifier. Each soil type
is coneidered for cultivation of rice as a primary crop and
cultivation of upland crops as & secondary crop. Soil and
drainage deficiencies affecting crop production are taken into

coneideration when completing each land class symbol.

The following symbols were used in' the classification of

Banjar Plains lands.

Class 3 due to multiple deficiencies
Soil deficiency (high acidity)
Drainage deficlency (Saline intrusion)

High saline concentrations

Class 2 due to future limited yields
[ Soil deficiency (near sealpvel elevations)

m

@ |e
[-Vm -9

2

Soil deficiency (high watertable)

Class 3 due to marginal or no crop yleld

High saline concentrations

Drainage deficiency (saline intrusion)
- 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 ylelds 1s
questionable. The cultivation of upland crops will be almost
impossible unless raised seedbeds (surjans) are used. Because of
8oil chemistry problems, a high watertatle will need to be
mainfained aE\hllftimes. limiting crop use to rice production,
only. Shallow drainage ditches must be used to keep these solls
from being overexposed to the air (oxidation). Because of these
existing conditions, the land class for ricelands (R) 24 been put
at 2 (to reflect less than class 1 conditions), while upland (U)
has been™ 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 1its percentage are shown in Table IV-l. The
land class 1s also shown on Figure IV-4 through Figure IV-~1l. The
Figures cover the total gross study area of 3,000 hectares with

land class limited to the service area of 1,453 hectares.

The advantages of the dual purpose land classification
system 1s recognized when mapping alluvial soils that offer
multiple use for a large variety of crops. This may offer an
econoric 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 ha) of Banjar Plain ricelands
do adapt themselves to a dual use. Those lands with classification
R1/U28 can be used for cultivation of upland crops when the
irrigation water supply 18 limited. These medium clay soils can
easily be adapted to cultivation of soybean, peanut, sorghum and
sweet potatoes, crops that require less moisture than rice. The
large area (224 ha) of land class U2s8/R3s, located within
villages, is adaptable to all crops.

Soil Fertility

Composite 801l 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 Soill 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 1s
moderately acid; some grain crops may respond to lime application
when the soil pH is under 6.0. However, since the lower pH value
18 5.4 and the percent base saturations are adequate in these
soils no toxicity symptoms from Al, Fe and/or Mn in plants are
expected. The base saturation expresses the ratlo of Ca++, Mg++,
K+, Na+, and NH4+ with respect to the total cations in the soil
exchange system. The realtionship of pH to Percent Base

Saturation can be easily seen from the following graph.
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Percent Base Saturation

The cation exchange capacity (CEC) of these soils 1is 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, 1t 18 probable that the clays are
mainly montmorillounitic. Also, an increase in CEC with soill depth
clearly shows that the clay increases in the B horizon, even when
the Organic Matter (OM) is about 1% higher in the upper 0-20 cm of
the soils sampled. It 1s usually safe to assume an increase of

2 me/100 g goil in CEC per each 1% increase in OM.

The salinity hazard 1s very 1low, 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 solls are approximately 60+ percent clay, the
soil water holding capacity should be roughly 50% to 100% water
for soll saturation. Therefore, 1f we multiply the electrical
conductivity (EC) values by a factor of about 5, it will gilve a
more realistic soil salinity value. The sodium hazard is low as
shown by the calculated values of Exchangeable Sodium
Percentage (ESP). These values range from 1.26 to 3.88, with the
lower part of the soil profile sampled (20-40 cm) having greater
ESP values, roughly double that in the surface (0-20 cm).

The percent organic matter (OM) estimates from the percent
nitrogen (N) and percent carbon (C) Ls medium to low with values
ranging from 4% to 1%. The upper part of the soil 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 (PZOS) analysis ranged from
10 to 200 ppm and two soll 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 P205 in the 20-40 cm depth sampled, except for the two high
P valued soils. Phosphate 18 not that mobile 1in acid soill,
especially on a heavy~textured soil. Also, fileld observations
revealed higher iron (Fe) content in the 20-40 cm depth, which
could explain the trend to lower PZOS values with depth, due to
the formation of 1insoluble FeP04 and Fe3(P°4)2 compounds.
Therefore, 1t 1s very improbable that values of 200 ppm
available PZOS could be found at 20-40 cm depth.

Thesa 8oills under the proper fertilizer, tillege and water

management should be very productive soils.

Crops and Cropping Patterns

Present cropping on Banjar Plain 18 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 i{s the
primary crop produced during the rainy season, and a second crop
of rice is produced if water 18 available during the early portion
of the dry season. Low ylelds of most of the crops are due mainly
to planting and management practices, non-use of production Iinputs

and lack of i{rrigatlon water.

Present welghted average ylelds of some crops are shown in
Table IV-3. This 18 based on yleld data for the three
subdistricts of Banjar, Ciamaragas and Pamarican In which the
Banjar Plains service area lies. The wet sgeason rice yleid Is
2,885 kg/ha of dry, rough rice (Gabah), while in the dry season {t
i8 only 1,089 kg/ha. The dry season yleld (8 38 percent of the wet
season yleld, and this 1s due to the paucity of water for the dry

season crop, particularly the later part of it. Present rlice
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varieties grown in the service area during the wet seasor counsist
of local varleties 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 18 moetly limited to local varieties.

An analysis of Table IV-3 shqws 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 three subdistricts. Most of the
second crop 1s made up of mixed upland crops. The predominant
mixed crops are cassava and sweet. potatoes. In the present
condition, the cropping intensity for rice cannot be increased due
to the fact that assured water supply 1is not available for the
second crop. The small amount of land on which a second crop is
grown 18 located in areas which have a rural {irrigation system,
such as the lands on the western portion of the Banjar Plains

gservice 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 13 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 (Palasila)
crop. This crop uses residual moisture and 1s far less sgensitive
to water stress as rice. Thus the resulting cropped area in

future without project 1s estimated as follows:

First Crop Second Crop
rice 605 ha 300 ha
upland -~ 305 ha
garden (one year) 180 ha
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Increaceing the intenuity of rice culture 18 particularly
dependent upon the varieties of rice grown. The local variety is
still a favorite with most farmers because of 1ts taste and
economic considerations. However, the 135 to 145 days of cropping
period for producing local varlety 1s 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
elght 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. I 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 avallable to the farmer. Furthermore,
better distribution of 1labor and more frequent harvests are

required by a good cropping pattern.

With the introduction of technical 1irrigation system, the
farmer will generally prefer a rice-rice cropping pattern because
it 18 the maln food crop and the price of rice tends to be stable.
The fact that nearly 15 percent of rice consumed 1in Java 18
imported 1s an additional factor 1in the nation’s drive and the
farmers’ preference to grow rice. Also, dry rice 1s relatively

easy to store In open space with less insect damage.

The growing of short season upland crops and vegetables
beyond what 1s consumed locally {s always difficult because of
lack of (infrastructural and marketing facilitles and price
fluctuation. The farmers resistance to growing these varietles
beyond the local need 1s inherent aud introduction of a cropping

pattern with a higher {ntensity 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 fileld
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 mailze, peanuts
and soybeans for production of o0il 1s 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 1in production.
Table IV-3 shows crop yield figures for soybeans, peanuts and corn
in recent years, which are low. It 18 not 1inconceivable 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 R1/U2s could be used for cultivation of these crops

in substitution for a limited second rice crop.

Increased rice production on Banjar Plain 18 associated with
the problem of the farmers planting local varieties. A modern
irrigation project requires that, 1In general, high-yielding
varieties be used throughout the area, with planting of seedlings,
maturity periods and harvesting dates kept to a prescribed

schedule.

Several creopping 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 belng
extensively used in various parts of Java in irrigated areas. The
traditional HYV variety of Pelita I/1, and the recently intrnduced
HYV variety of IR-36 were <¢hosen because of their shorter
production period. Both varleties are similar with a 15 day
average difference 1in the crop growing pertod. IR-3% yields

slightly more than Pelita I/l and has higher resistance to plant
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insects and disease. These varieties now being recommended can
change 1in 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 harvesting
will have a 30 day staggering between the first farmer and the
last farmer in the rervice area. This will not only stagger the
peak demand of water, especlally during land preparation, but will
also reduce the size of the distribu;ary system. For a run-of-
the-river system, a staggering method of land preparation will

reduce shortages, aspecially when the river {low s low,

The first cropping rotation shown on Figure 1V-12 18 for two
HYV crops of Pelita I/l, a pattern frequently adopted when
rainfall 18 plent{ful or sufficlent water 1s avallable for
diversion. Land preparation begins about early September and
continues for twenty days, followed by two dayds for transplanting.
The nursery, plant in early September, would grow for a period of
20 to 22 days before seedlings are transplanted. The transplanted
seedlings have a growth period of 105 days bhefore reaching
maturity. Harvesting would begin 1in mid-January and be completed
by mid-February on all project land. The total growth pertiod is
about 125 to 127 days. Preparatfon for the second crop would
begin 1immediately (beginning of February), and the harvesting
completed by mid-July. The most critical period in terms of water
shortage would be the land preparation period for the wet season

crop, and crop water during June for the second crop.

The second cropping rotation 1s a modificatlion of the first

rotation that can be used when a water shortage s expected for

the production of a second crop. A water shortage could be
contemplated {f rainfall during December, January and February
(heaviest rainfall months) 1{s below normal. A mediam growing

season rice varlety (Pelita I/l) 1is used as the first crop,

followed by a shorter growing season rice varlety (IR-36). The
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cultivation procedure for medium season crop (Pelita I/1) 1s the
same as in the first cropping pattern; while the short season crop
(IR-36) cultivation is initially the same, the crop growth 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) 1is approximately 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 1/1) 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~12.

A third cropping pattern combines one crop of medium season
rice (Pelita I/1) followed by any one or a mixture of a variety of
upland crops. This cropping pattern will be suitable for some of
the upland areas classified as U2s/R3s, especlally during yea.s of
below average rainfall. The medium season (Pelita I/1) crop 1is
grown as the wet season crop 1in 125 to 127 days, followed by an
upland crop. A long season upland crop, such as peanut ani
soybeans, will be grown 1immediately following harvesting of the
rice crop if the soil 1s 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 1f a
20 to 30 days period 1is needed to prepare the seedbed and reduce

saturation levels.

The last cropping rotation shown on Figure IV-12 18 a higher
intensity cropping suitable when sufficlent water 1is available {n
the river during the dry period. It consists of two short
duration rice crops (IR-36) followed by a short season upland
crop. It 18 expected that thils cropping pattern will be used by a
small percentage of farmers whose areas lile close to the head

reaches of the canal in years of above average rainfall.
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Of the four cropping rotations 1ndicated, irrigation
requirement for the first and last crop rotation have been

developed in the following paragraphs.

Irrigation Water Requirement

The climatic conditions which are of 1mportance to
irrigation requirement computation and cropping schedule planning
are described in Chrpter II, Hydrology. In the selection of
rainfall data which sre representative for the project area, an
analysis has been made of rainfall data of three rainfall stations

in the vicinity of Banjar Plains area. They are as follows:

Approximate
Station Elevation Period of
Number Rainfall Station (Meters MSL) Record
245 Banjar ard Pataruman 30 1971-1976
245a Cisaga 85 1950-1973
247 Binangun (Gunung Putri) 20 1954-1976

The 1location of the rainfall stations are shown on
Figure II-1. The Banjar/Pataruman station, which 1s 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 1irrigation requirement
estimation. Of the two other ralnfall stations whlch have more
than 20 years of record, the Binangun/Gunung Putri station
correlates the best with the Banjar station. The average monthly
rainfall of Binangun is for 6 out of 12 months within 5 percent of
the average monthly rainfall at Banjar/Pataruman- The average
monthly rainfall at Binangun for the remaining months, generally

in the light rain period, 1is slightly lower than at Banjar.

The rainfall at Binangun, therefore, hag been selected as

representative for the project service area. The use of these
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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 1is presented in the Appendix volume. The average
10 day rainfall fer this period 1is shown in Tables IV-4 and IV-5.
The high rainfall during July second ten-day period 1is 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 18 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 rainfall for these years are shown in Tables IV-4

and 1IV-5.

The annual rainfall varies from 1,405 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 amounts to about 650 mm.
The mean dry year annual rainfall is about 1,746 mm which 1is

68 percent of the mean annual ralnfall.

Based on the rainfall pattern at Binangun, three seasons can

be distinguished using the following criteria:

Wet season with Average monthly rainfall
heavy rainfall: exceeds 200 mm.
Intermediate season Average monthly ralnfall
with light rainfall: between 100 mm and 200 mm.
Dry season: Average monthly rainfall 1s

less than 100 mm or the
majority of the months In
that period have a rainfall
of less than 100 mm.

The seasonal limits of 100 mm and 200 mm were selected for

the following reasons; (a) 200 mm is equal to 5.7 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 1is
nees>d for most upland crops; (c) rainfall between 100 om
(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 1s defined as
the sum of evapotranspiration and percolation during the crop
growing 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 1s constant during the
whole 1land preparation. To obtain equal daily water
requirements the size of the area supplied with land soaking
water must decrease with time. A land preparation time of

30 days was adopted in the p iposed cropplng calendar.

Wen, Ligen; "Development of New Procedure for Determination
of System Capacity of Transplanted Rice'", Utah State University,
Logan, Utah, 1970.
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The amount of water required for soil saturation and
puddling depends on the so0il 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 soill saturation requirement of 130 mm
and 50 mm, respectively, and 50 mm as submergence depth in the
field. The land preparation requirement 1is calculated with Wen’s
formula as shown below.

qQ = IOADt

-(D_/D )n
Ec [E;- e t s-:]

Where: Q - Discharge in m3/day.

- Area in hectare.

D - 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 socaking and puddling
the field, in meters, estimated at 180 mm
and 100 mm, respectively.

E - Conveyance efficiency, assumed to be one.

n - Land preparation period in days.
With 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 FAOg/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: Ke = 1.05
Last 25 days: Kec = 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. Data on
temperature, relative humidity, sunshine and wind velocity for the
project area were derived from the data avallable for Taslkmalaya
and Cilacap meteorological stations (see Chapter-II, Hydrology).
The daily potential evapotransplration on a monthly basls varles

from 3.7 mm to 5.1 mm.

The calculated deep percolation loss 1s estimated to be

1 mm/day for computation of the crop water requlrement.

The crop water requirement 1s defined as:

2
2/ FAO Publication "Crop Water Requirement'", Publicatinon No. 24,

Revised in 1977.
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CWR = K, E'l'p(t) + p(t)

Where: CWR = Crop water requirement in mm/period.
Kc - Crop coefficient.
ETp - Crop evapotranspiration in mm/day.
t - Number of days.

P - Percolation in mm/day.

The CWR 1is shown 1in Tables IV-4 and IV-5 for two different
cropping patterns. Table IV-4 1s for two rice crops of high-
yielding variety shown as number I cropping rotation on Figure IV-
12, while Table 1V-5 is for two short period HYV rice crop and a
short season upland crop, 1dentified as number IV cropping
rotation on Figure IV~12. Irrigation 1is assumed to be shut off
10 days before harvest and the fields are drained. The crop water
requirement 18 presented for a ten~day period with the 30-day

staggering for all cropping operations.

Ef fective Rainfall

Ef fective rainfall is the net amount of rainfall which will
be avallable to satisfy the crop water requirement at a specific
time. There 18 an upper limit to the amount of water that plants
can utilize, under any local climatic conditions. Rainfall
generally diminishes the irrigation demand, but not all rainfall
is effective in meeting the vegetative demand. Effective rainfall
18 also a function of the height of the bunds {mpounding water 1in
the case of rice, the slope of fleld, the irrigation rotation

gschedule and infiltration rate.

The {irrigation requirement for each ten-day period was
worked out for one year duration. Since the Banjar Plains Project
is a diversion project it 1s necessary to determlne the irrigatlion
requirement during the dry rainfall years, rather than for a

normal year. Hence, the effective rainfall was computed based 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 amount that can be
effective 1in 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 18 equal or
less than the crop water requirement 18 counted as

effective.

The magnitude of effective rainfall for the two crop
rotations 18 shown 1in Tables IV-4 and IV-~5. The average
effective rainfall amounts to about 60 perceat of the mean

dry year rainfall.

Irrigation Diversion Rejguirement

The diversion requirement for the two crop rotations is
shown in Tables IV-4 and IV-5. Since all cropping operations
are staggered over a 30-day period, and the 1irrigation
requirement is worked out for each 10-day period, the Tables
have been prepared 1in three |0-day 1increments. The total
irrigation requirement 1is the average depth of water required
for the given period. In computing the 1irrigation
requirement for the upland crop, the residual moisture has

not been accounted for.

The irrigation requirement has been worked out based on
80 percent farm efficiency during land preparation  and
50 percent during crop growth stage. These efflicienciey ara
based on the Consultant’s experlence and data collected on

many projects 1in Southeast Aslan countries. The conveyance
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efficiency, which reflects the losses in the distribution system,
is 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 1in the
Consultant’s report-g/ The Directorate of Irrigation recommends
using an overall efficiency of 65 percent. There are no data
available on the efticiencies in any existing irrigation systems
to substantiate such a high efficiency value. Also, the
efficiencies for run-of-the-river projects, such as the
Banjar Plains, will be conaiderably lower when compared to storage

projects.

Tables IV-4 and IV-5 show the l10-day irrigation requirement
in liters/second per hectare as well as for the total area of
785 ha. Por the two rice crops, the maximum irrigation diversion
requirement 18 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 will 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 1.84 1/s/ha or 1.44 m3/sec for the 785 ha, during tand
preparation in September . This 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 /%% na, It 1is
envisaged that a small part of the area would grow the short
season upland crop, while the two rice crops will be feasible over

the entire 785 ha.

3/

= "Operation and Malntenance Manual-Irrigation and Drainage",
Engineering Consultants, Inc., Denver, Colorado U.S.A.,
November, 1976.
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Symbol

Irrigable
Rl
U3s

Rl
U2s

R3d (1)
U3sd(3s)

|¢= w,c:
N ) [ e
® ®

R3s

Non=Irrigable
6 H
6d
6t

TABLE IV-1

Land Class Inventory

) Present
) Riceland

)
)
Flat
) Upland
)

Net Irrigable

Total Non-Irrigable

Gross Area « o o o s o s s o o s s s s a &
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Hectares

269

407

29

21

950

401
60
42

503

1,453

Percent
of Area

18.5

28.0

2.0

1.5

15. 4

65. 4
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TABLE IV-2

Soil Analysis Reaultsll
(Service Area)

Citrate
pH Base EC (l:5) Soluble Exchange Category

Sample Depth HZO Saturation mmhos/cm. OM¥* oM PZOS me/100g
Number (cm) Paste K31 (%) CEC (2S°C) (2) y4 N c/N (ppm) Ca Mg Na K ESP*x%
185971 0-20 5.4 4.2 54 31.2 0.048 3 1.56 0.17 9 20 107 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 2.91
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 10 175 7.9 0.8 0.2 2.12
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 1.8 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 1l.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

Testing carried out be Soil Research Institute, Bogor, Order No. 3026/1977.
* Approximated values calculaied frouw #N and %C.

*% Calculated values from exchangeable Na and CEC.
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Weighted Average Yields for Various Crops1

TABLE IV-3

Total Hectares Kilograms/Hectare
Weighted

CROP 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  1,845%/
Corn 1,551 203 350 701 1,012 978 1,178 1,036
Cassava 8,276 6,145 3,212 5,878 7,141 6,667 7,326 7,013
Sweet Potato 3,713 2,129 1,030 2,111 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
Mungbean 35 - 8 22 600 - 700 619
1/

Rice yield reported in wet stalk.

Source: Kecamatan Records and Agricultural Extension Service, Ciamise.

To convert to dry rough rice (Gabah), multiply by 0.59.



TABLE 1V-4

Divenicn Requirtement for Two Rice Crop

He = Al

IN

Units = am per Ten Day Period
Dry Total
Mean Year ! 2 3 )3 IR IR
Period ET, K Rainfall Rainfall CWR % IR CWR RE IR CWK RE [ IR 1/ A
Jan 1 “ 0.95 80 130 52 52 0 52 52 0 56 56 0 0 0 0
2 44 0 % N [1} 0 1] 52 52 0 52 52 [+} 0 0 0
3 48 0 13 72 0 0 0 (v} 0 0 57 57 0 0 0 " 0
Feb 1 51 0 9 78 72 62 16 0 0 0 0 . 0 0 5 0.06 48
2 51 0 95 86 72 &9 5 72 69 5 0 0 0 3 0.04 3
3 4 0 56 42 72 34 59 72 34 59 72 M4 59 59 0.48 534
Mor 1 47 |} . 60 &2 ;48 35 72 48 k™ oo 38 e 7 0.43 337
2 47 1.1 81 &9 &2 55 18 62 55 18 72 55 27 b]] v, 24 188
3 2 1.1 a9 74 68 59 23 68 59 23 68 59 2 23 0.27 222
Ape 1 43 1.1 o4 69 57 55 5 57 55 5 57 55 3 5 0.06 48
2 43 1.1 61 62 57 50 18 57 50 18 57 50 18 18 0.1 165
3 43 1.05 43 43 55 kY] 53 57 34 58 57 M 58 56 0.65 510
Moy 1 kl:] 1,05 77 93 50 50 [} 50 50 0 52 52 0 0 0 0
2 38 1.05 56 42 50 34 40 50 34 40 50 34 40 40 0.46 362
3 42 0,95 47 38 51 30 53 55 30 &3 55 30 463 60 0.469 542
Jun 1} 38 Q.95 29 13 44 10 90 46 10 90 50 10 100 93 1.08 848
2 38 54 0 46 0 1ns 46 0 115 77 0.89 899
31 38 50 4 46 3 108 3% 0.42 a3
i

ol v} 37 73 0

2 37 122 0

3 41 o4 0

Avg | 43 45 0

2 43 47 0

3 47 32 0
Sep ! 50 36 0 ?5 0 148 49 0.57 448
2 50 40 0 95 0 148 95 0 148 9 1.15 903
3 50 39 1 95 9 134 95 9 134 95 9 134 134 1.55 Y, 217
Oct 1 47 1.1 73 29 62 23 98 95 23 13 95 23 113 108 1.25 981
2 47 1.} 77 25 62 20 100 62 20 100 95 20 117 106 1,23 965
3 52 1.1 74 37 48 0 95 68 30 95 68 30 95 95 110 864
Nov 1 45 1.1 107 42 60 34 65 60 k7 65 60 34 85 &5 0.75 589
2 45 1.9 {17 7 60 &0 0 60 50 0 60 60 0 0 0 0
3 45 1,05 79 59 58 47 28 60 47 a3 60 47 33 31 0.36 283
Dec ! 43 1.6 89 60 55 48 18 55 48 18 57 48 23 20 0,23 180
2 43 1.05 k74 13 55 55 0 55 55 0 55 55 0 4] 0 0
47 Q.95 & M 56 56 1] 81 61 0 81 61 0 0 0 0

Totai 2,559 1,746 1,017 1,012 1,016 1, 140

Average Ettective Rainfall = 1,015/1,746 = 58%
CWK = Crop woter requirement

RE a thtective roinfall

1R 4 rrigation requirement



TABLE 1V-5

Diversion Requirement for Two Rice and One Upland Crop

Units mm per Ten Doy
Dry 1 2 3 X Total
Mean Year R IR IR
Period £, K, Rainfall Rainfall Cwk RE IR CWR RE R CwR RE 1[4 mm 1/3/ha s
Jan 1 “ 1 80 130 93 93 0 73 73 0 52 52 0 0 0 0
2 44 1.1 96 1 76 73 5 93 73 31 73 73 0 12 0.4 1o
3 48 1.1 113 2 o4 58 15 79 58 33 93 58 55 M4 0.39 06
Feb ! 51 .1 96 78 66 62 10 &6 62 10 80 &2 28 | 1 0.19 149
2 51 1.1 95 8% 66 66 0 &6 66 0 66 &6 0 0 0 0
3 41 (9] 56 42 33 M 48 53 34 48 53 M 48 48 0.56 440
Mar |} 47 .05 56 60 59 48 28 62 48 kL] 62 48 35 a3 0.38 299
2 47 1.05 81 69 59 55 10 59 55 10 &2 55 18 13 0.15 118
3 52 1.05 89 74 &6 59 18 &b 59 18 &6 59 18 18 0.21 165
Apr 1 43 0.95 o4 69 51 51 10 55 51 10 55 51 10 10 0.12 94
2 43 0.95 61 &2 25 25 0 S 50 3 55 50 13 5 0.06 48
3 43 43 43 2 26 0 51 M 43 4 0.6 126
May 1 38 77 93 23 23 0 0 0 1}
2 38 2.65 56 42 25 25 0 0 0 0
3 42 J.65 47 38 27 27 0 27 27 0 0 0 0
Jun 1} 38 .78 29 13 30 10 50 25 10 38 25 10 38 <2 0.49 384
2 38 n.92 54 0 35 0 88 30 0 75 25 0 &3 75 0.87 683
2 3 38 1.05 50 4 40 3 93 35 3 80 30 3 68 80 0.93 720
3 Jul ) 37 1.05 73 0 39 0 98 39 0 98 34 0 as 94 1.09 856
= 2 37 1.05 122 0 39 0 98 39 0 98 39 0 98 98 1113 832
3 4 1.0 54 0 41 0 103 43 0 108 43 0 108 106 1.23 965
Aug 1 43 0.95 45 0 41 0 103 43 ] 108 45 0 113 108 1.25 981
2 43 47 o] 41 0 103 43 0 108 70 0.81 636
3 47 32 0 45 0 1n3 38 0.44 345
Sep 1 50 36 0 98 0 153 51 0.59 463
2 50 o0 0 98 0 153 98 0 153 102 1.18 927
3 50 | 39 1 88 9 198 98 9 139 98 9 139 159 1.84 1,441
Oct 1 47 1.1 73 29 62 23 98 81 23 145 98 23 1"z 120 1.3¢9 1,091
2 47 1.1 77 25 62 20 105 &2 20 105 81 20 153 121 1.40 1,099
3 52 L1 74 37 68 30 95 68 30 95 68 30 95 95 1.10 864
Nov 1 45 1.1 107 42 60 M4 65 o0 34 65 60 34 &5 65 0.75 589
2 45 Lo 102 77 57 57 0 &0 60 0 60 60 0 0 0 0
3 45 1.05 79 59 57 47 25 57 47 25 40 47 33 28 0.32 251
Dec 1 43 1,05 8? ] 55 48 18 55 48 18 55 48 18 18 0.21 165
2 42 0.95 92 103 51 51 0 55 55 4] 55 55 0 0 0 0
3 47 Q.95 85 94 75 75 0 56 56 0 50 60 0 0 0 0
Total | 1,593 2,559 1,746 1,083 1,057 1,064
SO _— _— = -
Averoge Effective Rainfall = 1,068/1,746 = 61%
CWR = Crop wutler requirement
RE = Effective miinfall
IR = lnigotion requisrement
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Chapter V

PROJECT PLANNING

Geperal

The Banjar Plains Project area is located on the right bank
of the Citanduy River upstream of the location where the river
leaves its incised regime and enters the plain. The terrain is
typical of the middle reaches of a river with fairly steep slopes
and 1is not 1ideally suited for a major diversion work or storage
reservoir. For a run-of-the-river project, under 1ideal
conditions, the river should be 1in the plains where a low
diversion structure will command a large area starting immediately
downstream. For storage reservoir, sufficient capacity should be
available with a reasonable dam height. For this, a fan-shaped
valley 1s preferable to the 1incised type of valley the
Citanduy River has in this reach.

This chapter describes the planning studies carried out 1in

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
some 785 ha of land and municipal raw water to Banjar town and
surrounding areas. The irrigation service area has been described
in Chapter I-Introduction, and the land wuse and current
agricultural practices are presented in Chapter IV-Agriculture.
The M& I demand was discussed in Chapter III-Municipal and
Industrial Water Supply.
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The municipal water supply in the year 2000 for the Banjar
town and the surrounding hamlets is estimated to be 269 1/s. This
is for a total population of about 99,600, of which it 1is
estimated that B85 percent will be served. The municipal water
demand 1is projected to increase from 66 1/s in year 1980 to
269 1/s in year 2000.

Development of an industrial sector near the town of Banjar
was identified based on 1information supplied by the Ciamis
Planning Board. The industrial water supply demand was estimated
to be 750 1/s. However, as discussed 1in Chapter III, the
development of the industrial sector could not be substantiated
from the Government of Indonesia’s Planning Board, Bapanas, or the
Ministry of Industries. Further, the Directorate of Rivers is of
the opinion that the Banjar Plains Project should not have the
industrial water supply component since the probability of any
major industries coming up 1in the next two decades 1is remote.
Hence, the industrial sector water demand 18 not considered in the

formulation of the project.

Without the 1industrial sector development, an area of
785 hectares can be 1irrigated by the Banjar Plains 1irrigation
system. Chapter IV discussed the type of cropping patterns that
can be adopted for the project. Also, mean 10-day 1irrigation
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 October was discussed 1in
Chapter IV-Agriculture. Because of the sustained large irrigation
requirements during June through October, 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 stages for the rice crop in September. During

years when there is a delay in the start of the rainy season, the
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land preparation for the September rice crop can be delayed by as

much as a month without affectiag the wet season crops.

During years of above average rainfall it will be possible
to grow a short season upland crop on 245 ha of class U land.
However, both the economic analysis and irrigation water demand
discussion is limited to a cropping pattern of two rice crops in a

year.

The maximum 1irrigation diversion demand, assuming 80X mean
dry year rainfall as effective, will be 1.22 m3/s. If there is a
total lack of rainfall 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 1irrigation and
municipal water supply will be 1.49 m3/s. If the rainfall fails
during a peak irrigation demand period, then the total maximum
diversion demand will be 1.87 m3/9. In the event the 1industrial
water supply demand develops, as discussed 1in Chapter III, 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 I1-10. These were developed by establishing a relationship
between known flows and the basin Index precipitation using a
refinement of antecedeni coefficient technique. A review of the
above table indicates that the monthly flows during September are
the lowest. The average monthly flow for September 18

3 in the

42.1 million m3, while the minimum flow 18 5.2 million m
year 1972. The maximum monthly water requirement for 1irrigation
and municipal water supply of 3.23 million m3 occurs during the
month of October. Thus, it i8 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

V-3

\

-



diversion system without a storage reservolr, availability of

water has to be verified based on the minimum flow in the river.

A flow duration analysis based on daily flow from 1970
through 1976 1is presented in Chapter II. During the dry year
of 1972, the minimum river flow was estimated to be 1.6 m3/u in
October. At 95 percent firmness, the magnitude of flow during
September and October 1s estimated to be 1.9 ma/s and 1.7 m3/s,
respectively. Since the maximum diversion demand will be
1.49 I3/l in September, it 1is 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 1irrigation systems called the Upper
Citanduy Irrigation System which utilize the upper Citanduy flows.
This system 1s 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 weilr.
This was verified by carrying out a flow duration analysis of
flows just downstream of the Pataruman weir. This analysis, based
on COSSARR data, indicated that the minimum flows just downstream
of the Pataruman weir exceeds the diverston demand for
Banjar Plains. An overall water balance study for the
Citanduy Basin 18 underway to analyze the water potential of the
basin. However, because of the small size of the Rinjarr Plains
area, its upatream location, and the type of data available, the

study will not provide answers to the water availability or
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shortage to a degree better than has been brought out in the above

analysis.

Headvorks

Previous investigations, as discussed in Chapter I, have
suggeated construction of a storage dam on the Citanduy River
upstream of 1its confluence with the Cimuntur River. A storage
reservoir can provide supplemental irrigation during dry periods
for the downstream areas of North Lokbok and Sidareja-Cihaur in
addition to providing flood protection. This reservoir will not
be able to command the entire area in the Banjar Plains. There
are no good reservoir sites in the upstream reaches, go that the
total Banjar Plaine service area could be brought under command.
Thus, the concept of a storage reservolr as a part of the
Banjar Plains Project was negated because of the terrain,
insufficient flood control benefit, excessive compensation, low
reservolr capacities and a high sediment load. Studies to develop
storages for downstream areas 1in Citanduy Basin, based on
irrigation needs, will be carried out 1in 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 Kayal/ report did 1identify a diversion welr for gravity
diversion to the Banjar Plains Avea.,  Provision of o pamping olant
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 small heads and service

areas off the laterals rather than use pumping plants to serve the

1
’/ Laporan Reconnaissance/Pra Rencana Proyek Irigasi Dataran
Banjar Propinsi Jawa Barat, by P. T. Karpa, Bandung, March, 1973.
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entire aystem. The main reason for this 1s the current
difficulties experienced in the 0 & M of pumping plants and
possibility of shutdowns during a critical {irrigation season,

leading to patﬁial crop failures.

Diversion Weir

The gravity diversion concept was ftirst introduced in
the Reconnaissance Reportl/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 MSL.
Riverbed elevation adjacent to the {irrigation service area 1s
about 25 m ahove MSL. Hence, any structure in this location has
to be more than 25 m high for diversion of water. The riverbed isa
broad and contained by high banks in this reach. Backwater woul..
submerge rice paddies and a number of Kampungs, or settlements.
Thus, there are no suitable diversion sites in the immediate

vicinity of the service area.

Extensive fleld reconnaissance was carried out in the upper
reaches of the river to {identify a suitable location for a
diversion weir. The riverbed drop 1is fairly steep 1in the
10 to 12 km reach upstream of the service area, averaging a slope
of 3 meters per kilometer. Suitable diversion sites are available
in this reach upstream of the service area. The river reach 9 km
above the confluence is in mountainous terrain and a diversion 1in
this reach would need a tunnel to supply water to the main
irrigation canal. Also, steep riverbanks of the narrow gorge
would make supply canal construction difficult and excesssively

costly.

An 1investigation of the river reach upstream of the service
area was carried out to determine a suitable site for a diversion
structure. Three sites, designated as upper, middle and lower
sites were identified. The locations of these sites are shown on

Figure V-1. The upper site is located approximately 8 km upstream
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of the confluence and was originally investigated by the
Directorate of Irrigation. The wmiddle site 1is about 1.8 km
downstream of the upper site, near the village of Panyingkiran.

The lower site 18 about 3.5 km downstream of .he upper site.

Lower Site

The lower site 18 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 1is about 30 meters above mean sea level
with a river channel width of 70 m« The river banks a~e about 3
to 4 meters 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 | in 20. The left abutment, which is the outer

curve of the river, 18 steeper.

The diversion weir can be located on the right bank and
construction of the weir, under s8luices, canal regulator and
desilting basin can be carried out under dry conditions while
using the river channel for carrying the construction period
flood. The s8ite 18 topographically suitable for the welir
construction. The aproach channel will be about 80 m long and
will have an acute approach. The downstream channel, from the
weir to the river will be only 50 m long with a drop of about 14 m
from the welir 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 this site. 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 s8ite: 18 considered

suitable, present surveys and data available do not indicate that

V-1
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this site would be more economical as compared to the upper site.
However, without further investigations, the economic feasibility

of this site over the other sites can not be determined.

Middle Site

The river =zt this location has a series of rapides with rock
outcrops. The riverbed elevation is about 35 meters above ween
sea level and the bed drops over 2 m in a short length of about
400 m« The riverbed at this location 18 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 1indicates that the diversion weir

foundation in the river is 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 weilr 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 wmain s8supply canal by about 2.5 km. Surface
examination 1indicates the foundation conditions at this site
appear to be somewhat more favorable as compared to the upper
site. However, this can only be confirmed after a subsurface
investigation. From the economic point of view, the increase in
cost of the diversion structure at this location as compared to
the upper site is estimated to exceed any saving in cost resulting
from the 2.5 km reduction in 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 1is located on a bend in the river. The
riverbed 1s about 43 m above MSL, and has a width of 40 m. The
left bank of the river rises steeply to an elevation of 60 m. The
right bank above an elevation of 48 m has a gradually sloping
berm, which is typical of the terrain at the convex bend of a
meandering river. The material in this location is mostly river
alluvium and conglomerates. The berm 18 about 120 m wide rising

to El. 55 at the base of a steep slope.

The Directorate of Irrigation has carried out detailed
survey of this site along with surface and subsurface
investigations. The results of these investigations are presented
in two reports.y& 2/ The geology of the area is discussed 1in
Chapter VI, Geology.

A diversion weir at this site can be constructed on the
right bank while using the river channel to carry the construction
period flows. The height of the diversion weir will be about 5 m
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 will be about 12 to 13 m. A layout of the welir
structure and appurtenances ig8 shown on Figures VII-1 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 1investigations need to be
carried out to determine if the cost of the head reaches of the
canal, specifically between the upper and lower site, 18 more than

the increase in cost for building the diversion structure at the

Y Laporan Penyelidikan Geologl Teknik, Pada Rencana, Waduk Ban-
jar, Jawa Barat, Lembaga Penyelidikan Masalah Air, November, 1974.
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lowver site. Of the three sites, the upper site seems to be more
promising at this stage of investigation and was selected for the
location of the diversion weir. Feasibility level designs and
estimates were prepared for this and are presented in Chapters VII
and IX.

The diversion weir proposed at this site has a regulator
with sill at about El. 46.5 and a canal full supply at El. 48.0.
At this sill elevation, nearly 626 ha of land can be commanded in
the service area. Some 159 ha 1is proposed to be irrigated by
providing a relift pump. In order to be able to irrigate the
entire area by gravity, the full supply elevation would have to be
at 55.5 m. 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 159 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.

Pumping Plant

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 hectarea. Considering local availability of oil and the
fact that necessary expertise for constructing and operating
pumping plants exist, 1t 1is appropriate to consider a pumping

plant alternative for the Banjar Plains Project.
The principal advantage of providing a pumping plant ie that

it can be located close to the service area, thus, avoiding over

7 km of supply canal which would be aligned parallel to the
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Citanduy River, traversing steep terrain and requiring expensive
cross~drainage works. Further, {f the pumping plant can be
deaigned as a well-type plant, without a weir to create a pool,
the cost of such a plant will be less than a diversion weir.

However, the O & M costc for a pumping plant will be higher.

Two sites were investigated; the Balokang pumping plant site
and the Bridge 1406 pumping plant asite. These sites are shown on
Figure V-1. The Balokang pumping plant site 18 located about
800 m upstream of the 1406 railroad bridge near the village of
Balokang. The other s8ite 18 about 50 m upstream of the
1406 railroad bridge. The two sites have aimilar geological
conditions. PFrom a rlver morhpology point, the Bridge 1406 site
appears to have a more stable bhank condition because of the
bridge and the steep gorge just upstream of the pumping plant
site. A pumping plant at either site would be capable of
irrigating the total service area except for about 12-15 ha, which
is located on the right bank of the river upstream of the pumping

plant afte.

The pumping plant can be planned to deliver the water
required for {rrigation and muniripal needs either at an elevation
of 52.0, {n which case an area of 775 ha can he commanded by a
gravity delivery sgystem, or it can be delivered at El. 45.0 to
command 616 ha by a gravity system and provide a relift of about
6 m to Irrigate the additional 159 ha. The former case Involves
not only pumping to a higher head for the total water required,
but also the cost of the dfatribution system would be larger. In
the latter case, a rellft to {rrigate 159 ha at the higher

elevations wil! ruquire a small distributfon system.

The Balokang pumping planr s{te {8 consfdered quitable (n
case the water {a to he lifred to Fl. S2.0 without relifting. The
delivery side nf the pumping plant wil! requize a 500 m long plpe

to the npen channel gravity ayatem. 'The desallting basin cannot be
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located adjacent to the pumping plant, but would have to be
located approximately 900 m away in cultivated fields, creating

problems in using a gravity type flushing system.

The bridge 1406 pumping plant site 1is well suvited from
considerations of an economical distribution system with first
stage pumping to El. 45.0. There is sufficient space close to the
pumping plant to provide for a desilting basin with a gravity
flushing system. The proximity of the railroad and a rail yard to
this site 1is a further advantage during construction and

operation.

Distribution system considerations indicated that pumping
firet 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 better suited. A
feasibility level layout and design for this pumping plant site
has been carried out and 18 presented in Chapter VII-Project

Features.
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Chapter VI

GEOLOGY

Gencrall/

The diversion weir for the Banjar Plains Area is located on
the Citanduy River immediately downstream from the emergence of
the Citanduy from the deep, incised canyon to the wider floodplain
reach that is typical of the lower river valley. The riverbed
slope changes from approximately 8 m/km in the canyon reach to
approximately 0.2 m/km on the alluvial plain. Downstream from the
canyon section, the river 1is underlain by progressively thicker
deposits of alluvial material that were derived from the steeper
reaches towards the headwaters. The alluvium is composed of
erosion products from volcanic material and the soils weathered
from volcanic rocks that have been reworked in transportation to
the site of deposition. Typically, the alluvium consists of clays
grading to silts and sands and often contains gravel and boulders
of volcanic rock. The valley walls are of volcanic breccia
intercalated with tuff that has formed a '"plateau'" above the
river. The breccia is composed of angular to semi-angular parti-
cles of andesite and tuff with typical particle sizes between
3 and 10 ecm, although a few may be as large as a meter or more in
diameter. The voicanic breccia overlies a fine to coarse grained
tuff that crops out in a few places in the area near the pump
station site. The breccia overlies a conglomerate at the welr

site.

l/ Most of the information presented herein is taken from geolo—
gic reports prepared by DPMA and the Direktorat Irigasi: ''Laporan
Penjelidikan Geologi Dan Mekanika Tanah Rent jana Bendungan Dataran
Banjar, August, 1971.

Laporen Penyelidikan Geologi Teknik Pada Rencana Waduk Banjar,
November, 1974.
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Upper Weir Site

There are three types of strata found in the area; alluvial
materials which are mapped as either talus or river sediments,
volcanic breccia, and conglomerate which 1s mapped as either
weathered conglomerate or conglomerate. These are shown on the

geologic map, Figure VI-l, and the profile map, Figure VI-2.

Alluvial Material

This is found as either talus, thought to be the
product of slides and weathering, at the foot of the exposed
volcanic breccia or as river deposits. Measured depth to
groundwater in the river deposits ranged from 2.1 to
5.3 meters. k values were found to vary from 1.42 to
4,05 x 10-4cm/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 1is composed of andesite rocks
or tuff fragments, mostly a few centimeters in diameter, but
with some up to 2 m, with s8ilt and ash. The breccia occurs
in layers or 1is {ntercalated with layers of tuff. It 1is
compact and massive, but contains open joints that generally

are at right angles to the bedding plane.

Conglomerate

Cropping out on the north aide of the river valley and
found beneath the alluvial deposits, the conglomerate 1is
composed of rounded gravel to boulder size andesite, tuff

and, occasionally, claystone. The upper part is badly
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weathered and partially changed to clay containing boulders
that are more resistant to weathering. In the unweathered
layers there are grain size changes both laterally and
vertically so that, occasionally, the conglomerate grades to
tuffacesus sandstone or silty tuff. Packer test permeabili-
ties in the weathered conglomerate ranged from 2,84 x 1073 to
1.80 x 10-‘c|/|ec, while the unweathered conglomerate perme-

ability was on the order of 10-3cn/oec.

This asite does not seem to offer any extreme problems
for the proposed structure although a more detailed subsur—
face exploration program is recommended during the design
stage along with laboratory analysis of material. It appears
that the foundation will consist of 10 meters or more of
river sediments and some provision muet be made to prevent
differential settlement in a structure with the mass of the
proposed weir. Suitable materials in adequate quantities for
the embankment portions are available in the vicinity. The
boulders in the alluvium may present some difficulty during

the excavation of the channel.

Pumping Station Site

The geology of this site is similar to that discussed for
the weir site although no conglomerate was found, and the river
sediments overlying the tuff are much thicker (Figure VI-3). All
foundation excavation will probably be in the alluvial sediments,
although detailed investigations should be made at the design
stage to establish the depth to bedrock and the character of the
alluvium. Some difficulty with boulders may be anticipated during
excavation. Groundwater will probably be encountered near the
elevation of the water in the river. Any deep excavations in the
alluvium will require shoring or gentle backslopes with henches

and provisions for dewatering.
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Gravity Supply Canal

At several locations 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 is to be excavated on
very steep existing slopes there must be some provision in the
design to prevent the development of alides. Wide bench excava-
tion and gentle backslopes will probably be adequate to relieve
excessive loading at those locations where the existing side slope
is too steep to be stable. The presence of rock outcrops (brec-
cia) along the proposed route indicates that some rock excavation
may be required although a boring on the top of the breccia ridge
southwest of the 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, Irrigation and Drainage",z/

all major structures shall be designed to withstand the effects of
a 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.

2/ '"Design Report - Irrigation and Drainage", Citanduy Project

Engineering Consutlants, Inc., Denver, Colorado, U.S.A., November 1976
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Chapter VII

PROJECT FEATURES

General

The 4irrigation system for proposed Banjar Plains Project
includes the project features for conveyance of water from the
point of diversion to the area of water use. A gravity diversion
system is presented as the most feasible alternative with a pumped

diversion system as the alternate plan.

Both the gravity and pumped aystems, as proposed, would
incorporate desilting basins for sediment reduction and would
require relift pumping for service to nearly 20 percent of the
project irrigation area. Supply point for municipal raw water and
the 1irrigation water distribution system are identical under
either plan. Annual costs with the gravity diversion plan are
significantly less than for the pumping plan due to lower

operating and maintenance costs.

The gravity system appears to be more attractive than the
pumping syatem from a national viewpoint when energy and fuel
requirements are considered and would probably be preferable to a

pumping plant when local environmental aspects are considered.

Conversely, the gravity system has certain features which
are not attractive. The gravity supply canal route in its head
reaches traverses areas of existing and potential landslides in
combination with steep cross-slopes where bench flumes will be
required for economical conveyance media. Landslides at any of
these location would require aqueduct reconstruction resulting in
periods of total service interruption. Conservative back benching

wvas used in the design of the canal to decrease the landslide
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potential.

Additional geologic and topographic data will be required to
determine relative physical feasibility prior to selection of the
project supply system.

Gravity System

The primary features of the gravity system are grouped
as, (1) Diversion weir; (2) Desilting basin and gravity supply
canal; (3) Main supply canal and distribution system, and
(4) Highline pumping plant and distribution system. " These
proposed features, with appurtenant sub-features, would convey
water of Citanduy River to the Main canal and Highline systems for
delivery and distribution to the lands of Banjar Plains Project.
The point of delivery for the municipal portions of the diverted
vater is assumed to be at the beginning of the Main canal supply
system 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 Main canal and Highline
canal distribution Bsystems are discussed in Chapter VIII~-

Irrigation and Drainage.

Diversion Welr

The diversion weir, the primary feature of the gravity
system, would be constructed across a bend of Citanduy River abnut
6.5 kilometers upstream from the project irrigated area. The
weir, accounting for 55 percent of the gravity system cost, would
be a composite stone masonry-reinforced concrete structure with
reinforced concrete sluiceway and control gate structures. The

regulator 1is designed to divert a minimum flow of 2.0 m3/s at a
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small head loss. Pressure actuated shutter gates are proposed for
the weir crest to provide diversion head during low flow periods.
Plan and section views of the proposed structure are shown on
Figure VII-]1] and VII-2, respectively. Elevations shown on the
plan and section views require verification to coincide with the
elevation of Benchmark KP-4, in the project water use area, upon
vhich hydraulic computations were based. Prior to final design,
the discrepancies in elevationes must be resolved by further survey

and mapping.

Construction of the weir and control works is proposed with
the 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 tc flow through the constructed section.

Desilting Basin

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 1in length and contain
7 sediment storage baya, each 2.5 meters wide and 1.3 meter. “n
depth. Plan and section views of the proposed structure ac: 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 up;; a design condition
of 2.0 cubic meters per second flow with a sediment concentration
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
were 2,220 and 7,200 cubic meters. The main dimensions for the

desilting basin are as follows:
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Elevations:

Top of Structure 48.50 meters
Normal Water Surface 48.00 meters
Floor, Inlet to Sediment Bays 45.55 meters
Floor, Outlet of Sediment Bays 44.55 meters
8lope, Sediment Faysa 0.008

Slope, Sediment Discharge Pipe 0.007

Floor Width 19.50 meters
Top Width 27.00 meters

Gravity Supply Canal

Gravity supply canal, the supply aqueduct for Banjar Plaine
Project, would convey water for 7.32 kilometers from the headworks
to the Main supply canal and distribution system. The alignment
is shown on Figure VII-4. Between the headworks and Highline
pumping station, a distance of 6.78 kilometers, the capacity
requirement averages 1,800 liters per second. Between Highline
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 1.8 m3/s 4,200 meters
Earth Canal Sections 1.6 m3/s 410 meters
Masonry Lined Cuts 1.8 w/s 1,070 meters
Bench Flumes 1.8 m3/s 1,140 meters
Bench Flumes 1.6 m/s 130 meters
Elevated Flumes 1.8 ml/s 220 meters
Desilting Basin 150 meters

Total Length 7,320 meters

VII-4



Earth Canal Sections

Earth canal aections of the gravity asupply canal totals
4,610 meters 1in length, accounting for 63 percent of the total
length. Earth canal sections were selected for minimum deposition

and scour using Kennedy’s relationship for trapezoidal sections:

va = k4064
Wheres Ve = Canal velocity for maximum stability.
d - Canal water depth.
K - 0.55 for clay predominant materials of

Citanduy River Basin.

Hydraulic parameters for the earth canal section of the

gravity supply canal are:

Canal Capacity (m>/s) 1.80 1.60
Tortal Length (km) 4.20 0.41
Base Width (meters) 2.50 2.25
Water Depth (meters) 0.91 0.88
Water Area (m’) 3.517 3.142
Mean Velocity (m/s) 0.51 0.51
Wetted Perimeter (meters) 5.781 5.423
Rydraulic Radius (meters) 0.608 0.579
Mannings Roughness 0.030 0.031
Slope (meters/km) 0.46 0.52
Freeboard (meters) 0.50 0.50
Top Width (meters) 6.73 6.39
Side Slope 1.5H:1V 1.5H:1V

Earth canal sections were used for terrain having no more
than 35 percent croas-slope. Approximately 50 percent of the
earth canal traverses cross-slopes of B percent or greater. The
typical (average earthwork) section for the 1.8 m3/u sections with
a croas-slope of 12 percent, requires 5.58 cubic metera of
excavation and 4.50 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 section of the 1.6 u3/s section with a 16 percent cross-
slope requires 17.8 meters for right-of-way. Unit excavation and
eubankaent quantities are 5.27 and 2.66 cubic meters per meter,

respectively. A typical saction is shown in Figure VII-S.

Bench Flumes and Lined Cuts

Bench flumes and 1ined <canal sections account for
2,340 meters, or 32 percent, of the length of the gravity supply
canal. Bench flumes were used for crossing steep banks, generally
having 80 to 100 percent cross-slopes. These are generally areas
of active or potenti;l landslides and require considerable back
bench cutting to achieve structural stability. Lined canal
sections were used in deep cuts where minimum excavation is a
prerequisite. In the initial 800 meters of canal, between the
headworke and desilting basin, the canal is lined to maintain high
velocity for sediment conveyance. Bench flumes and lined canals
will have 20 centimeter thick stone masonry lining throughout,
wvith 1/4 horizontal to 1.0 vertical sideslopes and would have the
same hydraulic properties. Hydraulic and physical data for these

sections are presented in the following tabulation:

Capacity (-3/3) 1.80 1.60
Length, Bench Flume (km) 1.14 0.13
Length, Lined Section (km) 1.07 -
Base Width (meters) 1.50 1.40
Water Depth (meters) 1.25 1.20
Freeboard (meters) 0.50 0.50
Water Area (m?) 2.27 2.04
Water Perimeter (meters) 4.08 3.92
Hydreulic Radius (meters) 0.56 0.52
Mannings Roughness 0.018 0.018
Slope (m/km) 0.45 0.48
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Elevated Flume Sections

Three elevated flume crossings, totalling 220 meters in
length are proposed for the gravity supply canal. The
superstructures for these crossings would be of reinforced

concrete construction having the following hydraulic and physical

dimensions:
Capacity 1.80 m3/s
Base Width 1.80 meters
Water Depth 1.30 meters
Freeboard 0.50 meters
Water Area 2.34 n?
Wetted Perimeter 4.40 meters
Hydraulic Radius 0.227 meters
Mannings Roughness 0.013
Slope 0.23 u/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
Gross Weight 5,040 kg/meter

Details of the largest of these crossings are shown on

Pipgure VII-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 pilers; maximum pier height, 3.25 meters.
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Waterway Structures

Ancilliary structures of the gravity supply canal 1include
irrigation turnouts, cross drainage culverts and road bridges.
These account for approximately 3 percent of the total gravity

supply aystem costs.

There are three nominally sized irrigation turnouts in the
gravity supply canal reach, serving a total of 15 hectares of rice
landa. PEach turnout would have a stone masonry inlet channel with
double stoplog slots, a removable circular orifice gate and a
concrete pipe 4 meters in length extending through the canal bank.
Checks in the canal will not be required for these turnouts.

Turnout data are shown in the following tabulation:

Diversion Capacity, liters per second 20
Number of Turnouts

Hectares Served per Turnout

Diameter 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. Inlets
and outlets would have stone masonry headwalls extending 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,

yielding the following relationship:

4 = 0.8ql/2
Where: d - Pipe diameter
Q - Peak discharge in m /s

Peak discharge was estimated on the basis of a single ten-
year frequency storm of one hour duration and 11 centimeters depth

over the watershed, resulting in the following relationship:
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2.4 §0+38 40.76

Q -
Where: Q - Peak discharge, m3/-
8 - Lower semi-basin slope
A - Drainage area in square kilometers

Drainage culvert data are as follows:

Culvert Diameter (centimeters) 100 80 50
Capacity (-3/1) 1.6 1.0 0.4
Number of Culverts 8 2 29
Length of Culvert (meters) 23 22 21

One single lane bridge is 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
superstructure would be a reinforced concrete T-beam section on

stone masonry piers.

The main canal and its distribution system are discussed in

Chapter VIII - Irrigation and Drainage.

Highline Pumping Station

Righline pumping atation, shown on Figure VII-7, would
supply 275 liters per sdecond to the Highline Canal Systenm,
discussed 1in Chapter VIII, for {irrigation of 159 hectares of
ianjar Plains Project lands. The Highline pumping station complex
includes a trashrack and wasteway bay; a wasteway channel; the

pumping station and the delivery pipe to Highline canal.

The trashrack and wasteway bay is the only control structure
on gravity supply cenal after the outlet gate of the desilting
wvorks, and is adaptable as a canal check by inserting rectangular

control gates in the atoplog slots, either ahead of the trashrack
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or after the pumping station intake, as desired. The diagonally
constructed concrete weirs and center-mounted stoplogs of the
vasteway bay provide a total crest length of 4.24 meters, and
provide a maximum diversion capability of 2.0 cubic meters per

second 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 m/s W, = 2.462m V = 4.42 m/s
b = 2.0m ARZ/3 o 0,146 w?/3 h, = 1.0m
d = 0.22m n = 0.018 d, = 1.22m
A = 0.452 m? s = 0.061 H = l.6m

The proposed Highline pumping station would be housed in a
reinforced concrete structure adjacent to the wastewsy and
trashrack bay with a floor elevation of about 44.3 meters. The
pump 1intake 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 driven by
diesel engines are proposed. The pumps would be connected to
steel intake and discharge manifolds. Attendant operation 1is

provided.
The pump discharge line would be a buried steel pipe, 30 cm

in diameter and about 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

fof the Gravity Supply Canal. The irrigation area that would be
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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 systems
are slightly different (1.59 billion Rupiahs for the pump plan
compared to 1.70 billion for the gravity plan).

The primary features of the pumped 8system are: (1) Main
pumping plant; (2) Desilting basin; (3) Relift pumping statiom,
and (4) Link supply canal. The layout of the proposed features is
shown on Figure VII-8.

Main Pumping Station

The main pumping station, the primary feature of the
alternative pumping system, would be constructed on the right bank
of Citanduy River about 50 meters wupstream 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
sysetem cost, would bé a reinforced concrete structure with
appurtenant concrete and stone masonry river intake works. Three
70 cm deep-well pumps with 9 meter vertical columns are proposéd-
Bach pump would have a design capacity of 0.60 m3/a 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 cm 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

a desilting basin.

Hydraulic data for the pumping station are summarized as

followa:
Hydraulic Gradient at Outlet Box El. 45.03 meters
Qutlet Loss 0.12 meters
Discharge Line Loss 0.24 meters
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Manifold Loss 0.28 meters

Manifold Intake Loss 0.08 meters
Hydraulic Gradient at Pump El. 45.75 meters
Water Surface at Intake El. 28.00 meters
Plant Operating Head 17.75 meters

Desilting Basin

The desilting works for the pumped system would be located
within the right-of-way of the pumping station complex. The
propoéed structure would be 120 meters 1in length and contain
five (5) baym, each 2 meters wiiz and 2.50 meters in depth. Plan
and sectional views of the proposed desilting works are shown on
Figure VII-10. The silt bay floor and separator walls would be
sloped to provide super-critical velocity for single bay flushing.
Structure dimensions were based upon a design condition flow of
1.8 cubic meters per second, having a sediment concentration of
1,000 parts per million. A design cycling period of 13.5 days and
a basin detention period of 1 hour were used to calculate basin

dimeneions.

Sediment bay and water prism capacity requirements are 2,000
and 6,300 cubic meters, respectively. Physical data for the

desilting basin are as follows:

Elevations:
Top of Structure 45.50 meters
Normal Water Surface 45.00 meters
Floor, Inlet to Sediment Bays 38.90 meters
Floor, Outlet of Sediment Bays 38.00 meters

Slope of Sediment Bays 0.009

Slops of S1ilt Discharge Line 0.06

Floor Width 11.00 meters

Top Width 21.4 meters
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Relift Pumping Station

Relift pumping station would supply 275 liters per second to
Highline Supply canal through a Link canal for irrigation of
159 hectares of project lands served by Highline canal system.

The relift pumping station would be located within the
right-of-way of the main pumping station-desilting basin complex.
Water supply for the relift station would be diverted from the
desilting basin through a reinforced concrete pipe, 50 cm in
diameter and 5 meters long. The pump house would be a 2-story
concrete structure, 3 by 4 meters in plan, with a basement floor
elevation of 44.0 meters. A tile drain, 10 ¢m in diameter by
20 meters long would provide floor drainage. Two mixed flow pumps,
powered by 12.5 hp diesel engines, would be connected to the
intake and discharge pipes by steel manifolds. The plant
operating head is 7.13 meters. The outlet pipe would be welded
steel, 35 cm in diameter and 20 meters long, terminating 1in a
3 meter by 3 meter stone masonry outlet box. Hydraulic data for

the relift station are summarized as follows:

Hydraulic Gradient at Outlet Box El. 51.00 meters
Discharge Line Friction 0.23 meters
Outlet Loss 0.22 meters
Loss 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 0.1]1 meters
Manifold Loss 0.22 meters

Hydraulic Gradient of Pump Inlet El. 44.6]1 meters

Plant Operating Head 7.13 meters

VII-13



Link Supply Canal

The Link supply canal (See Fig. VII-8), 300 meters in
length, would convey the discharge of Relift Pumping Plant to the
Highline canal system, discussed in Chapter VIII. Two earth canal
sections, totalling 220 meters in length, would be connected by a
lined section 80 meters 1in length. The O & M roads for these
sections would serve as a replacement for an existing public road
in 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 1lining would vary, more or less uniformly,

between 0.5 and 5.5 meters. Hydraulic data for these sections are

as follows:

Farth Section Lined Section

Discharge (liters/sec) 275 275

Base (meters) 0.60 0.65
Depth (meters) 0.55 0.50
Freeboard (meters) 0.40 0.40
Side Slopes 1.50H to 1V 0.25H to 1V
Area (m?) 0.58 0.39
Perimeter (heters) 2.23 1.68
Hydraulic Radius (meters) 0.262 0.230
Mannings Roughness 0.035 0.018
Slope (m/km) 0.77 0.54

Waterway structure of Link Supply Canal would be:

Two single-lane concrete bridges, 2.6 meters span, 40°
skew, 1-50 cm distribution turnout, without check.

The details of the Main canal and 1its distribution system,
along with the Highline canal and {ts distribution system, are

presented in Chapter VIII.
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ENGINEERING CONSULTANTS, INC. FIGURE VII - 6
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Chapter VIII

IRRIGATION AND DRAINAGE

Icrigation

The Banjar Plains Project will 4irrigate 785 ha of land
suitable for lowland rice cultivation. About 350 ha is presently
irrigated from rural systems. TIrrigation water 1s derived from
springs and creeks in the adjacent hills. Many of the canals used
in these small rural irrigation systems are dual purpose and serve
both irrigation and drainage. Except for road crossings, no other
structures exists. In the design of the technical irrigation
system, these existing canals have been 1incorporated, where

possible for irrigation or drainage purposes.

This feasibility proposal divides the proposed 1irrigation
area into two portions served by a main canal and a highline canal
system. The command areas for main and highline canals are
626 and 159 ha, respectively. The gravity supply canal would

serve about 15 ha directly.

Main Canal System

The main canal system service area of 626 ha is comprised of
about 494 ha of riceland and about 132 ha presently planted to
upland crops. The latter lands are mainly located along the
Citanduy River. The highest lands which can be ircigated by thae

main canal have an elevation of about 43 m above mean sea level.

Irrigation water to the lands below elevation 43 m 1e

supplied by the main canal and ite distributaries. The main canal

VIiII-1



ie 14.75 km long and traverses terrain with cross-slopes of up to
100X, averaging about 20X. Design capacities range from 1,500 1/s
at the beginning of the canal to 50 1/s near the tail end. The
design capacity of the canal are based on a water duty rate of
.65 1/s/ha at the farm turnouts increased by the Beepage losses
in each reach. The main canal contains 6 lateral turnouts and
40 turnouts for smaller irrigation units. The achematic layout of
the main canal {irrigation system is shown on Figure VIII-1l, and

the main canal features are given in Table VIII-l.

The proposed main canal 1s 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 Section 0.02 km
Railroad Siphon 0.08 km

Total Main Canal lLength 14.75 km

The earth canal section of the main canal accounts for about
85X of the total length. The sections 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 18 provided along the main canal to
facilitate the operation and maintenance. The earth canal
quantities have been determined based on a balanced cut and fill
cross-gsection; fill comprises 852 of the cut to compensate for
compaction and waste. Approximately 70% of the earth canal

sections traverse terrain with 15X to 402 cross-slopes.

The seepage losses in the earth canals have been computed

using the Moritr [ormula.

s = ¢lf/g
v
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Where: - Loss in 1/8 per km length of canal.

S

Q - Discharge in m3/l.

\ - Mean velocity in m/s.
c

- 4.7 for cley and clayey loam soils.

The rock cut sections are excavated 3 to 4 m into tuff and

have 0.25 horizontal to 1 vertical sideslopes.

Elevated 1lined sections were used where the main canal
traverses some of the low lying rice areas. The elevated sections
are 2.0 to 2.5 m above ground surface and have a total length of
3530 m. The design capacity ranges from 720 down to 120 1/s. The
stone masonry lining is 20 cm thick with a 1/4 to 1 sideslope.
The embankment top width 1is 1.0 m with a 1.5 horizontal to

1 verticel sideslope.

Bench flumes were used in terrain with a 40X to 100% cross-
slope. Generally, these areas may be subject to landslides and

require considerable back cutting.

The elevated flume at main canal station l.l14 has a design
capacity of 1,500 1/s. The rectangular concrete structure cross-
section measures 2.8 x 3.8 m and has a length of 20 m. The
substructures consist of 4 untapered concrete plers with 5-meter

spacing and a maximum pier height of 3.5 m.

The structures in the main canal consist of turnouts, check
structures, wasteways, bridges, drain {inlets 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

structures are given below.

VIII~.



Turnouts

A total of 43 turnouts have been proposcd in the main
canal with capacities ranging from 20 to 300 liters/sec. The
turnouts have reinforced concrete wing walls and stone
masonry inlet floors. The turnouts are provided with orifice
gates of the circular type for discharge of 20 to 100 l/s,
and with a rectangular type for discharges greater than
100 1/a. In addition, timtwr etepleg fecilities have been
provided to be used during repair or replacement of the

orifice gates.

Checks

In order to maintain the required design water surface
elevation in the main canal, 17 checks have been proposed.
The gate mount, weir and bridge would be of reinforced
concrete and the remaining part of the satructure would be
constructed from stone masonry. The checks would have double
stoplog provisions to facilitate repair and replacement of
the control gates. For canals with bottom widths greater tham

1.0 m, double bay check structures are used in the design.

Wasteways

Wasteways are provided downstream of drain inlets in
the main canal and at certain 1locations to facilitate
maintenance of the canal. The wasteway structure will be
similar to the check structure in design, but will have only

timber stoplog provisions.

VIIl=-4



Cross-Drainage

To convey the storm runoff from the surrounding hills
under the main canal, 59 cross-drainage culverts are
provided, ranging from single barrel pipes 0.5 m in diameter
to triple barrel | m diameter pipes. The hydraulic design of

these culverts is diacussed in Chapter VII.

Bridges

Two single-lane and three double-lane bridges are
proposed 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

stone masonry pilers.

Main Canal Laterals

The main canal lateral system includes 6 laterals and one
sublateral, with a total length of 9.29 km. The pertinent
features of the main canal laterals are given 1in Table VIII-2.
The design capacities range from 10 1/s to 312 1/s. The two main
laterals are M2.45L and M8.80L, which have command areas of
182 and 110 ha, respectively. Except for a 10 m long elevated
flume, all lateral canals consist of earth canal sections. The
design water level of the laterals {s assumed at 30 cm above

ground surface.

Farm Distribution System

The farm distribution s8ystem, or the tertiary system,
includes the main farm ditches, farm ditches and farm drains. The

main farm ditches are supplied by farm irrigation canals which

VIII-5
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distribute irrigation water through a division box into the main
farm ditch. Tune total length of main farm ditch 18 34.25 km. The
area served by a farm irrigation canal 1is normally up to 50 ha.
The main farm ditch will convey water to 5 ha plots. From the
main farm ditch, water is conveyed to each field by a farm ditch.
The number of division boxes 1is based on the assumption that
paddy~to-paddy irrigation 1in 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 1/s/ha. The farm distribution system

capacity 1is designed for this duty factor.

Highline Canal System

The highline canal system will {irrigate about 159 ha of land
presently under cultivation. These lands are situated below the
49 m elevation. The highline canal, with a total length of
3.76 km, has a design capacity ranging from 100 to 275 1/8. The

canal, as envisaged, 18 composed of the following waterway

sections:
Earth Section 3.21 km
Elevated L{ned Section 0.30 km
Bench Flume Section 0.16 km
Elevated Flume Section 0.09 km
TOTAL Highline Canal Length 3.76 km

The highline canal system layout {s shown on Figure VIII-|,
and the features are presented {n Table VIII-3. The earth
sections of the highline canal have cross-slopes up to 50X 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

VIII-6



rectangular concrete canal cross-sections of 0.90 m x 0.80 m, and
design capacities of 120 1/s. The substructure consists of
8 tapered and 10 untapered concr2te plers with a spacing of 3 m

and a maximum pier height of 3.0 and 5.0 m, respectively.

The highline canal lateral has a length of 1.72 km. The
lateral HO.56L has a command area of 42 ha. The features of
lateral H0.56L are tabulated in Table VIII-4. The highline canal
system is also provided with a tertiary system. The total length
of the main farm ditch for the highline syatem is 3.42 km.

Drainage

The Banjar Plains Project Area drains into the Citanduy and
Ciraos Rivers. The latter 1is a tributary of the Citanduy River.
The drainage in the project area 1is, for most part, reasonably
good and no flooding is reported in the area, except for an area
of about 50 ha west-southwest of kampung Pamangkolan. During
heavy rains the rapid runoff of the adjacent steep hills cause
flooding in this particular area. No data are available on
frequency, depth and duration of the flooding. In some portions
of the project area the water depth in the rice paddies after
heavy rainfall remains too high for optimum growing conditioms.
The existing drains in the project area require improvements and
new drainse need to be added in order to dispose of the satorm

runoff and irrigation return flow.

Drainage Flow

A design drainage flow intensity for paddy fields and small
hilly catchments has been developed and used in determining the
drainage canal capacities. The peak discharge of the swall hilly
catchments to be used in this feasibility report was estimated on

the basie of a single storm of one-hour duration and 11 cm depth
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over a theoretical watershed, resulting in the relation:

2.‘ 80-33 A°o76

Q -
Wherae: Q - Peak discharge in nl/s.
] - Lower semi-basin slope in m/m.
A - Catchment area in k-z.

For paddy fields where a maximum flood storage of 48 hours
was allowed, the drainage flow intensity for a 10-year design
flood was computed at 6 1/s per hectare. The drainage capacity
was based on the above criteria and was taken from the design

report.l/

Drainage Layout and Features

The layout of the proposed primary and secondary drainage
system 1s presented in Figure VIII-2. Aside from the
Ciraos River, the primary drainage system consists of 4 drains
with a total length of about 16.5 km, and capacitiea ranging from
1 n’/l to 11 -3/-. The secondary drains have a total length of
about 21.5 km and drain capacities vary from 0.5 wl/s to 2.0 n3/o.
About 60X of the designed drains are existing and have to be
improved in order to cope with the design flows. The runoff from
the hills surrounding the lowland rice is conveyed under main and
highline canals and laterals by cross-drainage culverts, and
collected in proposed drainage canals at the toe of the hill

s lopes.

The capacities of the drainage canals wer. determined using
Manning’s forsula. The maximum velocities are governed by the

maximum tractive force for non~scouring velocities. For maximum

1

y "Design Report-Drainage and Irrigation", Citanduy Project,
Engineering Consultants, Inc., Denver, Colorado, U.S.A., Novem
ber, 1976.
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tractive force for non-scouring velocities. For the clayey soils
in the project area, a maximum tractive force of 1.25 kg/u2 vas

adopted. The following relationship for tractive force was used:

T = YR8
Where: T - Tractive force in kg/nz.
Y = Unit weight of water; 1,000 kg/m>.
R = Hydraulic radius in m.
s

- Canal slope.

The minimum design velocity in the drainage canals shall be
not less than 0.5 m/s. The drainage canals would be constructed

below the average natural ground surface.

The structures for the proposed drainage system include
drops, culverts, drain inlets, and sideslope and bed protection.
The number and design capacities are tabulated and shown 1in
Table VIII-5. The drops and drain inlets were designed in stone
masonry. The drainage system consists of 26 road culverts of
which 4 were designed as double barrel box culverts. The
remaining 22 culverts have been designed with reinforced concrete
pipes. Riprap and gravel blankets were used in the design

estimate for the 1,260 m of armored section.
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N
(\L'



1T-1T1IA

TABLE VIII-1
{Continued)

Main Canal Features

Sheet 2 of 2

REACH M-1 M-2 -3 M-4 M-5 M-6 M=-7 M-8
STATION 0.00-2.45 2.45-6.34 6.34-7.90 7.90-8.80 8.80-11.50 11.50-12.47 12.47-14.06 14.06-14.75
Turnout
Q= 201/s 1 8 2 2 1 3
50 1/s 3 5 7 2 3 2
100 1/s 2
200 1/s 1
300 1/s 1
Check 2 4 2 1 3 1 2 2
Q (1/s) 1,150 800 566 400 220 180 135 100
Wasteway 1 1 .2 2 1 1 1
Q (1/s) 1,150 80¢ 566 220 180 135 100
RCP Culvert
@ 0.5 m 8 11 6 6 3 €- 4
1.0 1 3 3 2 1 2
2"” 1.0 m 1 l
3-0 1.0 m 1
Bridge
Single Lane 1 1
Span (m) 6.90 5.92
Double Lane 1 1 1
Span (m) 5.92 3090 3062
Drain lnlet 1 1
FREE-FLOW
Siphon (RR) 1
Length (m) 80
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TABLE VIII-]
Main Canal Features

Sheet 1 of 2

REACH M-1 M-2 M-3 M-4 M-5 M-6 M-7 M-8
STATION 0.00-2.45 2.45-6.34 6.34-7.90 7.90-8.80 8.80-11.50 11.50-12.47 12.47-14.06 14.06-14.75
Length (m) 2,450 3,890 1,560 900 2,700 970 1,5901/ 690
Earth Section
B (m) 2.40 2.00 1.25 1.00 0.80 0.60 %.50 0.40
Q (1/s) 1,500 1,200-875 566-400 400-390 220-180 180-135 135=:22 100-50
L (m) 2,350 3,830 1,280 130 2,550 560 1,370 1,740
X-Slope (X) 6-30 0-40 20-35 20 0-30 15-35 5-30 0-35
Rock Cut Section
B (m) 2.80 1.00
Q (1/s) 1,500 395
L (m) 80 20
Elevated Lined Section
B (m) 1.7 1.00 0.60 0.60 0.50
Q (1/s) 800 461 180 175 120
L (m) 60 220 60 50 140
Bench Flume Section
B (m) 1.00 1.00 0.60 0.60
Q (1/s) 417 395 182 1%
L (m) 60 750 . 80 360
X-Slope (Z) 60 65-75 50 40-100
Elevated Flume Section
B (m) 3.8
Q (1/s) 1,500
L (m) 20

Reach M-7 includes 80 meters of Railroad Siphon.



TABLE VIII-3

Highline Canal Features

Reach H-1

H-2 H-3

H-4

Station

Length (m) 560

Earth Section

0.00-0.56 0.56-0.90 0.90-3.10

340 2,200

B (m) 0.70 0.40

Q (1/8) 195
L (m) 400

100
2,200

X-Slope (%) 0-30 0-50

Elevated Lined Section
B (m)
Q (1/s)
L (m)

Bench Flume Section

0.50
135
340

B (m) 0.50

Q (1/s) 195
L (m) 160
X-Slope (%) 75
Elevated Flume Section
B (m)
Q (1/s)
L (m)
Turnout
Q= 201/s
Q= 501/s
Q=1001/s

Check

Q (1/8) 19
Check - Drop

Q (1/8)

N e s e

Drop
Q (1/s)
Wasteway
Q (1/s)
RCP Culvert
@ 0.50m 3
g 1.00 m

Two-Lane Bridge
Span (m)

SV - = e
(W8]

100

135 100

- W

30 lo—3n 76
660

0.40
75
610

15-35

0.40
65
50

100

VIII-13



CT-I11A

TABLE VIII-2

Main Canal Lateral

End Check

Earth Canal Turnout Rail- Rail-
Lateral Length Q Q Flume road Division Box road and
Name Reach (km) {(1/s8) Check Drop (1/s) X-ing Siphon l1-Way 2-Yay 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 R
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
6 0.22 138 1 1 18
7 0.28 133 1 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
/0.2L 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 1 18
4 0.22 25 1 1 18 1
M6.24L 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
M8.80L 1 0.32 195 1 25
2 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
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-5S

Drainage System

Sideslope
Design Exiating Proposed and Bed
Clgacity Drains Drains Drain Protection
(m~/s) (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 1
11.0 1.10
13.0 3.40
Total 22.50 15.50 36 26 21 1,260
VIIT-15



h1-I1IA

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) (1/s) (1/s) Siphon l1-Way 2-Way Wasteway Culvert
HO.56L 1 0.08 100 1 38 1

2 0.66 87 1 32 1

3 0.61 71 1 32 1 2

4 0.37 53 1 53 1 2
Total Lat. 1.72 17-100 7 17-53 2 2 10




Chapter 1X

PROJECT COSTS

General

The past few years have seen construction costs undergo
major adjustments throughout the world. This abrupt and
continuing rise in costs was triggered principally by the dramatic
increase in the price of crude oil since 1973. Construction cost
estimates have always been subject to inflationary and other
pressures, but the degree of accuracy which was common i~ the past

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 restraints
imposed by the technical engineering and comstruction
specifications 1involved all influence and, indeed, dictate the
choice of the conatruction technology to be used on the various
project features. This, 1in turn, will have a direct bearing on
the relative proportions of labor, material, and equipment coste
as well as the distribution of foreign and domestic currency

components.

The sire and magnitude of the features of the Banjar Plains
Project are 1ideally suited for execution by labor intensive
methods. PFurther, @ 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, diversion wier shutters, regulator gates, major
construction equipment, spare parts for equipment, structural
steel and reinforcing steel, engineering services for a consultant
for construction supervision, along with office and othar
equipment not available in Indonesia. The main elements that will

be financed in domestic currency will be construction equipment
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available in  country, fuel, oil and 1lubricant, inland
transportation, fabrication of satructural steel, cement, lumber
and other construction material, salaries and wages of laborers

and Indonesian staff employed on the project.

The cost estimate has been prepared for the two schemes
discussed in Chapter VII. They are, (1) Gravity System, and
(2) Pumped System. The operation and maintenance costs for the

two schemes have also been estimated.

Project Estimate

Cost items for each feature were considered aseparately and
their costs determined. Most costs were determined by first
computing the quantity from preliminary designs and then applying
the unit price for that item. Some of the items for which quantity
estimates coild not be made were costed on a lump-sum basis. The
identification of the items and quantity evaluation was carried

out to a feasibility level.

Both the Gravity System and the Pumped System were divided
into eleven (11) separate components for estimate purposes. Of
these components, the following seven (7) components are common

between the two systema:

Main Canal - Reach M-] to M-8
Main Canal - laterals

Main Canal - Tertiary System
Highline Canal - Reach H-1 to H-4
Highline Canal - Laterals
Highline Canal -~ Tertiary System

Drainage System

The Main canal and Highline canal systems were divided into

reaches (sub-systems) on the basis of hydraulic size to facilitate
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cost and quantity computation. The drtalled estimate for these
and the Drainage system are included in the Appendix volume. In
forming the estimate for these 1items, 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) Diversion Weir, (2) Desilting Basin, (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) Desilting
Basin, (3) Re:1ft Pumping Plant, and (4) Link Supply Canal. The
detailed estimate for these items {3 presented in Table 1X-5. The
above estimates are based on feasibility level designs discussed

in Chapter VII-Project Features.

Quantities

Quantities for unit price {tems were generally obtained by
direct computation 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 quantities and right-of-way requirements were prepared
for canals and other waterways using size and cross-slopes as
variables. Separate tables were prepared for supply aqueducts
(water prism below natural ground level), for delivery canals In
balanced cut and f1i1ll, and for distribution waterways where the

water surface 18 above cropland.

Concrete, masonry, steel, timber and similar quantities were
calculated from standard desalgn drawings and from feasibility

designs of features for this Project Report.

Control, orifice and check gates were designed for the

features 1nvolved and their assembled welghts 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 racent years. Some prices
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.

Earthwork prices were obatined from the Citanduy Project
Office and are based on 1976 Project material costs and work
estimates. Adjustments were made for estimated labor requirenments
such as preparing pipe beds, trimming for structures and other

hand labor, to obtain structural excavation prices.

Concrete prices were obtalned from successful bid data. The
bids generally 1included reinforcement costs which were separated
out for this feasibility estimate. Basic concrete cost, including
contractor profit and overhead, was obtalned for {items such as
mass concrete, floors and footings. This was found to average
Rp. 23,200 per m3. adjusted to 1976 price base. Concrete In
supergtructures was found to average Rp. 83,250 per n? (exclusive
of reinforcement) ; the difference representing forming,
scaffolding, and false work costs. Steel reinforcement (smooth
roll, local) was estimated tu cost Rp. 280/kg In place, using the
Project material and work estimates data. Uniic prices used in
this feasibility estimate, with 3some varlations for 9gpecial
conditions, are presentzd 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 1tems are generally estimated from previous bid
items or from estimates of equipment, materials, fuel and labor
over a specified duration. The field facilities 1item for
Banjar Plains weir was taken from costs of office building,
godowns, mandi’s, utilities and similar facilities for previous
welr construction in the Citanduy Basin. Dewatering was estimated
from equipment, fuel and labor costs over the construction period.
Diversion of flow for culverts and drainage structures were
estimated to be 10,000 Rupiahs per structurz, 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 Highline 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 unit bricea
were either available or developed to that base. The estimates
were then updated to reflect the 1977 costs by using a general
cost escalation factor based on Inflation. These factors are
different for domestic and foreign components. An inflation rate
of 20 percent was applied to all domestic {tems, while 7 percent

was used for foreign items.

It was estimated that for main {tems, such as pumping
plantas, the forefgn currency cost component would be 35 percent
while for all other {items, such as diversion welr, desilting
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 1{items,

respectively.
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Contingencies

A contingency factor of 15 percent was applied to the
calculated costs of Banjar Plains features. This factor 1is
required to allow for unforeseen developments such as design
changes, unit cost 1increases, minor 1inflation and changed
conditions. It also 1is required to compensate for minor cost
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

vompensate for adverse data.

Engineering and Administration

Engineering services consist of final design construction
drawings, specifications, construction fleld 1investigations, and
surveying and mapping for final design. Administration services
consist of supervision and inspection of construction, procurement
of required construction goods and services, and general
supervision and coordination of all forces {nvolved {in
constructing 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 mentioned

items.

Cost Summary

Cost estimate «dbstracts for the Gravity System and the
Pumped System are presented in Tables IX-2 and IX-4, respectively.
The detailed estimate for the two systems are prersented 1in
Tables IX~-3 and IX-5. As mentioned earlier, the escalation
factors were first applied to the estimated costs for each of the
major items, depending on the foreign component, to bring the cost

to 1977 base. Over this cost, first a |5 percent Contingency was

I1X-6



applied, followed by a 15 percent Engineering and Administration

cost.

The total cost of the Gravity system is Rp. 1,700,504,000,
vhile that of the Pumped system is Rp. 1,575,522,000.

Operation, Mainucnance and Replacement

Operation, Maintenance and Replacement costs for the project
is dependent on the scheme Belected. A detailed scheme for the
operation and maintenance phase of the project is 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 1{s 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 1if
budget funds 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
costs of operating experience in comparison with work and results

actually accomplished.

.

a "flow through" irrigation system. The "flow through" lrrigation
practice provides several advantages to 0 & M phases of the
system. After the desilting basin removes a major portion of the
suspended silts, the {irrigation canals provide a domestic raw
water supply to nearby villages enroute to the farmers” fields.

Once the system is put 1in operation, a constant flow of water
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through the supply canal 18 maintained resulting in a constant
water level at the tertiary headgates during the growing season of
the rice crop. However, malintenance of the canals and
distributary system to carry the design flows forms the single-~

most important factor in any O & M scheme.

Costs

The annual costs of Banjar Plaine Irrigation system was
estimated based on a 50-year economic life of the major civil
structures 1in accordance with current practice for similar
irrigation projects 1in Indonesia. This economic life is 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 adminietrative
costs are included in this 1item, and they vary from 1% to 10X
of the estimated cost, depending on the {item. The

percentages used for various items 1is shown in Table IX-6.

3. Replacement Costs

Moving parts subject to scour, wear, abrasion, erosion,

cavitation or corrosion 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 operation cost, maintenance cost and
replacement cost for 5, 10, and 25-year replacement periods
for the Gravity system and Pumped system {8 presented in
Tables IX-7 and IX-8, by subheads. The details of these cost
are given in the Appendix volume. It isa 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
18 greater than the Gravity system as seen from Tables IX-7

and IX-8.

O, M & R Cost Comparison

An 0, M & R cost comparison was made between the Gravity
system and the Pumped system to determine the total present worth
of the 0, M & R costs to be expended over the pertiod of analysis.
For this, the 5, I0 and 25-year replacement costs were first
converted to an annual cost at an Interest rate of 12 percent,
assuming the 1{fe of the project to be 50 years. The replacement
costs that occur on the fiftieth year are not considered as the
project 11fe {8 50 years. The annual 0, M & R cost for the
Gravity system {s Rp. 72,627,000 and for the Pumped system it ls
Rp. 133,655,000. This 1s shown In Table TX-9. Thus, the Pumped
gystem will cosat about Rp. 61,028,000 each year more to operate

than to the Gravity system.

The present worth of the 0, M & R cost over the 50 years was
computed from the annual costs, assuming the Intereat rate to
be 127%. This 18 alsn shown in Table TX-9. It la seen that the
present worth of the 0, M & R costs ta Rp. A03,131,000 for the
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Gravity system as compared to Rp. 1,109,938,000 for the Pumped
system, which 18 an 1increase of Rp. 506,807,000 for the Pumped

system.

O & M Coordination

It is vital that an understanding of the continuous 0 & M
responsibility for the Banjar Plains Irrigation system be reached
and agreed upon before the design of the project is completed.

O & M considerations should be reviewed during the design.

A commitment to provide an O & 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 rehabilitation wunnecessary 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 1is based on the capital cost of the project, the Interest
during construction and the present worth of the O, M & R costs.
The capital cost of the two projects 1s given 1in Table IX-2
and 1X-4, and the present worth of the O, M & R in Table IX-9.
The 1interest during construction 1s computed on a three-year
construction basis with capltal outlays of 25%, 45% and 30% during
the first, second and t.'.d year of construction, respectively.

The interest rate 1s taken as 12%.

The cost comparison of the two systems 18 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 is not
favored over a Gravity System 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 1is recommended for the Banjar Plains Priect 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.

Congtruction of the diversion weir, desilting basin, gravity
supply canal, main canal system, highline pumping plant, highline
canal system, and the drainage system i{s 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% aund 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 {s proposed to complete the
foundation worke for the diversion welr, desilting basin, along
with earthwork for the canals. Procurement of construction
materials, ordering for major astructural items such as regulator
gates, weir shutters and pumping plant will be included in the

first year. In the second year, 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 concreting work on the desilting
basin will be undertaken. It 1s expected to complete at least 40%
of the cross-dralnage works on the canal system along with a major
portion of the earthwork for the canal. Work on the highline
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; completion
of all civil work on the canal and drainage' systems. It is
proposed that irrigation water will be supplied to the service

area during the fourth year of the project.

Municipal Water Supply System Cost

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 1/s at full development with provision for overhead

storage to meet the peak daily demand.

Water for the municipal 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 reservolr will be
located just west of the Banjar-Manonjaya road after it crosses
the Banjar-Bandung railroad. The location 18 shown on Figure ITI-

5, in Chapter 1I1I-Municipal and Industrial Water Supply.

The estimate of the annual cost for the municipal water
supply system which includes construction, operation, maintenance

and replacement 18 presented below.
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Annual Equivalent Costs

Construction Cost

O,M & R Cost:
Operation and Administration
Maintenance and Equipment
Replacement:
Annual

Interim
Treatment Chemicals and Supplies
Fuel

Total Annual Cost

Million Rupiahs

609

53
56

103

24
51
5

s

901

The above costs were estimated by present value analysis

using an interest rate of 122 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

congsidered

It

in the economic analysis of the Banjar Plains Project.

is to be emphasized that a separate study 18 required to

develop detailed rplan for the municipal water supply system and

estimate its cost.
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TABLE IX-1

Unit Prices

(1976)
Cost Item Unit Price (Rupiahs)
Excavation n’ 463
Excavation, Structural »d 650%
Compacted Embankment n3 650
Excavation, Rock, Tuff ad 1,080
Excavation, Structural,Rock »l 1,900%
Overhaul ke /m3 1,000
Concrete, Superstructure n3 83,250
Concrete, Columns and Wall n3 53,200*
Concrete, Half-Formed, Finiahed m3 35,000
Concrete Slab, Bulk, Footing 3 23,200
Stone Masonry, Double Face 3 23,700*
Stone Masonry, Single Face a3 15,800
Steel Reinforcement kg 280
Riprap and Gravel Armor -3 3,220
Road Paving, Bituminous 1,750
Road Surfacing, Stone m? 480
Control Gates, Steel Fabricated kg 800
Measuring Tubes, Water Stage Pair 160
Gate Valves, Cast, Machined kg 1,670
Timber in Gates m3 350,000
Timber Stoplogs, Footbridge 3 140,000
Concrete Culvert Pipe, 100 cm m 34,900*
Concrete Culvert Pipe, 80 cm m 27,900*
Concrete Culvert Pipe, 50 cm m 17,450*
Steel Pipe, Welded kg 750
Steel Pipe, Manifolds kg 900
Tile, Concrete or Clay, 10 cm m 1,470
Bridge Rails, Steel, 5 cm m 1,750
Clearing and Stripping n? 50
Right-of-Way ha 166,000

* Varies.
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TABLE IX-2

Cost Estimate

GRAVITY SYSTEM

Inflation
Item Cost 1976 Factor for Cost 1977
No. Item (Million Rp.) 1977 (Million Rp.)
1. Diversion Weir 385.228 1.1766 453,259
2- Deﬂilting WOrka 830115 101766 970793
3. Highline Pumping
Plant 16.593 1.1545 19.157
4. Gravity Supply
Canal 219.222 1.1766 257.937
5. Main Canal, Reach
M-1 to M-8 185.161 1.1766 217.860
6. Main Canal-Laterals 33.675 1.1766 39.622
7. Main Canal-Tertiary
System 59.589 1.1766 70.112
8. Highline Canal,
Reach H-1 to H-4 33.362 1.1766 39.254
9. Highline Canal-
Laterals 6.393 1.1766 7.522
10. Highline Canal-
Tertiary System 6.729 1.1766 7.917
11. Drainage System 64.076 1.1766 75.392
Sub-TOtal . - . . 3 . L) . - Y 3 3 . . 3 . 3 . 3 1’2850825
Contingencies (15%+) 192.874
Field Coet Ll - L . . * L] L) . . L ] L] * L] . . L] . 1’478.699
Engineering and Administration (15%+) 221.805

Total Cost (Million Rupiahs) « « ¢ &« ¢ & & + « & 1,700.504

Total Cost Million U.S. Dollars ($1.00=Rp.415.00) 4.097

Note: The costs presented in the following tables are based upon
questionable topographic maps. Revisions may be necessary when
surveys are completed.
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Cost Estimate (Detail)

TABLE IX-3

Sheet 1 of 15

Gravity System

Diversion Weir

Unit Coat
Item Price (Millions
No. Item Quantity Unit (Rupiahs) Rupiahs)
1. Excavation 167,000 w3 465  77.655
2. Compacted Embankment 26,500 w3 650  17.225
3. Reinforced Concrete~
Superstructure 435 w3 83,250  36.214
4. Concrete, Finished-
Weir and Apron 1,300 u3 35,000  45.500
5. Concrete, Bulk-Weir
and Apron 1,160 m3 23,200  26.912
6. Steel Reinforcement 53,060 k§ 280 14.857
7. Stone Masonry 2,500 m 15,800 39.500
8. Riprap 800 m3 3,220 2.576
9. Weir Shutters Lump Sum 72,625,000 72.625
10. Sluiceway Gate
Frames and Hoists,
One Each 1,600 kg 800 1.280
11. Regulator Gate
Frames and Hoist,
One Each 200 kg 800 0.160
12. Timber in Gates and
Stoplogs 1.72 m3 176,000 0.303
13. Clearing and Strip-
ping 40,000 m? 50 2.000
l4. Dewatering Lump Sum 41,200,000 41.200
15. ROW 6 ha 166,000 0.966
16. Field Facilities Lump Sum 6,225,000 6.223
Total Cost of Diversion Weir . . . o o s e e 385.228
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TABLE IX-3
(Continued)

Cost Estimate (Detail)

Sheet 2 of 15

Gravity System

Desilting Works

Unit Cost
Item Price (Millions
No. Item Quantity Unit (Rupiahs)  Rupiahs)
1. Excavation 8,285 m3 465 3.852
2. Compacted Embankment 1,150 m3 650 0.748
3. Reinforced Concrete 396.8 m3 83,250 33.036
4. Steel Reinforcement 25,120 ks 280 7.034
5. Unreinforced Concrete 644 m 23,200 14.937
6. Stone Masonry 338 m3 15,800 5.338
7. Flushing Gate Frames,
Guides and S1ills 6,826 kg 750 5.120
8. Flushing Gate Pedes~
tals, Stems and Wheels 1,657 kg 900 1.492
9. Canal Outlet Gate
Frames, Guides and
Sills 728 kg 750 0.546
10. Canal Outlet Gate
Pedestals, Stems and
Wheels 184 ks 900 0.165
11. Timber in Gates 4,95 m 350,000 1.732
12. Silt OQutlet Gate,
100 cm. 3176 kg 1,670 0.627
13. Silt Outlet Pipe,
1 m Dia. x 25 m,
Concrete 19 m 15,700 0.296
14. Timber in Stoplogs 10.6 m3 140,000 1.488
15. Clearing and Strip-
ping 6,000 m2 50 0.300
16. ROW 1.08 ha 166,000 0.179
17. Field Facilities Lump Sum 6,225,000 6.225
Total of Desilting Works . . « . . . e e e e e 83.115
IX-17
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TABLE IX-3

(Continued)
Cost Estimate (Detail)

Sheet 3 of 15

Gravity System

Highline Pumping Plant

Unit Cost
Item Price {(Millions
No. Item Quantity Unit (Rupiahs) Rupiahs)
1. Excavation 629 w3 465 0.292
2. Compacted Backfill
and Embankment 469 w3 650 0-305
3. Reinforced Concrete 19.92 m3 83,250 1.658
4, Steel Reinforcement 1,773 k§ 280 0.496
5. Unreinforced Concrete 19.69 m 23,200 0.457
6. Stone Masonry 239.52 w3 15,800 3.784
7. Timber Stoplogs 0.66 m 140,000 0.092
8. Engines and Pumps Lump Sum Lump Sum 8.440
9. Mechanical and Elec-
trical Lump Sum Lump Sum 0.960
10. Clearing and Strip-
ing 1,624 m? 50 0.081
11. ROW 0.16 ha 166,000 0.026
Total of Highline Pumping Plant . . c s e o 16.593
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Sheet 4 of 15

TABLE IX-3
(Continued)

Cost Estimate (Detail)

Gravity System Gravity Supply Canal-Waterways
Unit Cost
Itenm Price (Millions
No. Item Quantity Unit (Rupiahs) Rupiahs)
Earth Canal Section: 4.61 kilometers
1. Excavation 25,267 3 465  11.749
2. Compacted Embankment 18,700 m3 650 12.155
3. Clearing and Strip-
ping 84,000 n? 50 4.200
be ROW 8.4 ha 166,000 1.394

Sub-Total Farth Canal . ¢« « ¢ ¢ ¢ ¢ o ¢ o o s o & 29.498

Lined Canal and Bench Flumes: 2.34 kilometers

l. Excavation, Common 162,912 n’ 465 75.754
2. Structural Excavation 9,714 m3 650 6.314
3. Stone Masonry 2,275 m3 15,800 35.950
4. Clearing and Strip-

ping 42,700 m? 50 2.135
5. ROW 4.27 ha 166,000 0.709

Sub-Total Lined Canal ® o o s s s s e e s o s e 128.471

Elevated Flume Crossings: 0.22 kilometers

1. Structural Excavation 215 m’ 650 0.140
2. Reinforced Concrete 223.3 w3 83,250  18.587
3. Steel Reinforcement 49,605 kg 280 13.890
4. Unreinforced Concrete 233 m 23,200 5.406
5. Stone Masonry 896 m3 15,800  14.157
6. Clearing and Strip-

ping 1,960 m? 50 0.098
7. ROW 0.245 ha 166,000 0.041

Sub—TOtal Elevated Flume . o . . » e . . . s e 52-318

Total of Gravity Supply Canal-Waterways . « . . . 202.679
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TABLE IX-~3

(Continued)

Cost Estimate (Detail)

Sheet S of 15

Gravity System

Gravity Supply Canal-Structures

Unit Cost
Item Price (Millions
No. Item Quantity Unit (Rupiahs) Rupiahs)
Turnouts
1. Excavation, Canal
Bank 7.3 w3 650 0.005
2. Compacted Backfill 4.7 . 650 0.003
3. Stone Masonry 5.6 m3 15,800 0.088
4. Gate Frames, Slides
and Guides 159 kg 750 0.119
5. Stem, Wheel and Mis-
cellaneous Metalwork 35 kg 900 0.033
6. Timber in Gate Frame 0.05 m 350,000 0.017
7. Timber Stoplogs and
Operating Bridge 0.28 o3 140,000 0.039
Sub-Total Turnouts . s v s s s . . e o s e e 0.305
Culverts
1. Excavation of Pipe
Trench 361 m3 1,000 0.361
2.  Compacted Backfill 171 m3 650 0.111
3. Stone Masonry Head-
walls and Outlets 47.2 m3 15,800 0.746
4, 100 cm Dia. RC Pipe 122 m 34,900 4.265
5. 80 cm Dia. RC Pipe 29 m 27,900 0.804
6. 50 cm Dia. RC Pipe 403 m 17,450 7.039
7. Diversion of Drain-
age 19 ea. 10,000 0.189
Sub-Total Culverts e e s e s s . . « s e s e 13.515
Bridges
l. Excavation, Struc-
tural 7 m3 1,000 0.007
2.  Backfill 4.7 ol 650 0.003
3. Reinforced Concrete
Superstructure 6.80 m’ 83,250 0.566
4. Steel Reinforcement 604 k§ 280 0.169
5. Stone Masonry Plers 7.83 m 15,800 0.124
6. Masonry Railings 2.36 w3 23,200 0.055
. . . . .« . 0.924

Sub-Total Bridges . . . . . . .
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Sheet 6 of 15
TABLE IX-3
(Continued)
Cost Estimate (Detail)

Cravity System Gravity Supply Canal-Structures
Unit Cost
Item Price (Mfllions
No. Item Quantity Unit (Rupiahs) Rupiahs)

Parshall Flumes
1. Excavation, Struc-

tural 2 m 1,000 0.002
2. Compacted Backfill 2 3 650 0.001
3.  Concrete 10.58 w’ 83,250 0.881
4. Steel Reinforcement 910 kg 280 0.225
5. Recorder 2 ea 332,000 0.660

Sub-TOtal Patﬂhall Flumes [ . ] . L) . . . . . . . 10792
Sub-Total Gravity Supply Canal-Structures . . « « . 16.543

Total of Gravity Supply Canal . « « « ¢« ¢« & o & » 219,222
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Sheet 7 of 15

TABLE IX-3
(Continued)

Cost Fstimate (Detail)

Gravity System Main Canal
Cost
Item (Millions
No. Item Rupiahs)
Reach M-1: Sta. 0.00 to Sta. 2.45
1. Earth Canals 12.865
2. Elevated Flumes,
B=1.9, d=1.40,
Q=1.16, L=20 meters 3.321
3. Rock Cut, Unlined 4 m
deep includes: Road
(l-lane) L=80 metere 3.651
4. Turnouts, 1-300,
3-50, 1-29 1.061
5. Checks, 2 each,
Q=1,150, B=200 1.530
6. Wasteway, Sta. 2.20 0.623
7. Culverts, 1-1.0,
8-0.50 3.713
8. Bridges, l-single
lane, 6.9 m span 2.195
9. Parshall Flume 0.858
Sub-Total Reach M=]1 .« ¢ ¢ ¢ ¢ ¢ o o « ¢ o s s o & 29.817
Reach M-2: Sta. 2.45 to Sta. 6.34
1. Barth Canals 16.079
2. Elevated Flume,
B=1.25, Q=0.72,
L=60 meters 3.640
3. Turnouts, 8-20,
5-50, 2-100 2.223
4. Checks, 4 Nos., Q=800 2.636
5. Wasteway and Drain
Inlet, Sta. 5.65 0.561
6. Culverts, One-3x1.0,
One-2x1.0, Three-
1.0, Eleven-0.5 9.589
7. Bridges, 1-Single
Lane, 2-Double Lane 10.833
8. Parshall Flume 0.858
Sub-Total Reach M=2 . . & & ¢ ¢ ¢ ¢ o o o o & o o 46.419
Reach M-3: Sta. 6.34 to Sta. 7.90
1. Earth Canals 5.286
2. Elevated Flume,
B=1.0, Q=0.461,
L=220 meters 9.082
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Sheet 8 of 15

TABLE 1IX-3
(Continued)

Cost Estimate (Detail)

Gravity System Main Canal
Cost
Item (Millione
No. . Item Rupiahs)
Reach M-3: Sta. 6.34 to Sta. 7.90 (Continued)
3. Bench Flume, B=»1.0,
* Qw0.417, L=60 meters 1.571
4. Turnouts, 7-50 1.188
5. Checks, 2 Nos. 0.964
6. Wasteways, 2 Nos. 0.596
7. Culverts, 3-1.0,
6-0.50 4.271
Sub-Total Reach M=3 =« & ¢ ¢ ¢« « ¢ o o o o o o o @ 22.958
Reach M-4: Sta. 7.90 to Sta. 8.80
1. Earth Canale 0.381
2. Bench Flumes, B=1.0,
Q=395 25.309
3. Rock Cut, Unlined 0.410
4. Turnout, Lateral
M8.80L 0.431
5. Checks 0.383
Sub~Total Reach M=4 « « ¢ o « ¢ o o o o s o o o o 26.914
Reach M-5: Sta. 8.80 to Sta. 11.50
1. Barth Canals 7.015
2. Bench Flume, B=0.6,
Q=182, L=80 meters 1.089
3. Elevated Flume,
B=0.60, L=60 meters 2.024
4. Turnouts, 2-20,
2-50 0.610
5. Checks, 3 Nos. 0.856
6. Wasteways, 2 Nos. 0.398
7. Culverts, 1-1.0 Dbl,
2-1.0, 6-0.50 4.468
Sub~Total Reach M=5 « &+ « ¢ o ¢ « o o o o o o & o 16.460
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TABLE IX-3
(Continued)

Cost Estimate (Detail)

Sheet 9 of 15

Gravity System Main Canal
Cost
Item (Millions
NO. Item Rupiahs)
Reach M-6: Sta. 11.50 to Sta. 12.47
1. Earth Canals 1.615
2. Bench Flumes, B=0.6,
Q=165, L=360) mcters 16.590
3. Elevated Flume,
B=0.6, L= 50 meters 1.749
4e Turnouts, 2-20,
3-50 0.780
5. Checks 0.246
6. Wasteway 0.170
7. Culverts, 1-1.0,
3-0.5 1.559
Sub-Total Reach M=6 . . « « « ¢« « « & v e e e 22.709
Reach M-7: Sta. 12.47 to 14.06
l. Earth Canals 2.951
2. Elevated Flume,
B=0.5, Q=120,
L=160 meters 4.589
3. Free Flow Siphon-
Rallroad 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 o« e e s s e . « v e e 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 . « o o . e « . 4.288
Total of Main Canal (Reach M~]1 to M-8) . . 185.161




Sheet 10 of 15

TABLE IX-3
(Continued)

Cost Estimate (Detail)

Gravity System

Main Canal-Laterals

Cost
Item (Millions
Ro. Item Rupiahs)
1. Earth Canal, 9.29 km 10.573
2. Checks w/Drop, 9 Nos. 2.518
3. Checks w/o Drop,
22 Nos. 4.519
4. Drops, 12 Nos. 1.702
5. 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

. . L] . L] L] L] . L] L] L] 33'675

IX-25



Sheet 11 of 15

TABLE IX-3
(Continued)

Cost Estimate (Detail)

Gravity System

Main Canal-Tertiary System

Cost
Iten (Millions
No. Item Rupiahs)
1. Earth Canals,
2. Drops 16.006
3. Divieion Boxes 4.907
4. End Checks and Waste-
ways, 62 Nos. 0.907
5. Railroad Siphons,
10 Nos. 5.168
6. Road Siphons, 16 Nos. 1.408
7. Flumes 0.896

Total of Main Canal-Tertiary System .« « o « & « & 59.589
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Sheet 12 of 15

TABLE IX-3
(Continued)

Cost Estimate (Detail)

Gravity System Highline Canal
Cost
Item (Millions
No. Item Rupiahs)
Reach H-1: Sta. 0.00 to Sta. 0.56
1. Earth Canal 0.529
2. Bench Flume 5.101
3. Turnouts 0.287
4. Check 0.252
5. Culverts, 3-0.50 0.917
Sub=-Total Reach H=1 . « ¢ o ¢ ¢ s o o o o o « o = 7.086
Reach H-2: Sta. 0.56 to Sta. 0.90
| Elevated Flume 10.341
2. Turnouts 0.201
3. Check and Wasteway
Drop 0.434

SUb‘TOtal Reach H-2 » o o ® & & & ° 8 s 6 ¢ o o & 10.976

Reach H-3: Sta. 0.90 to Sta. 3.10

1. Earth Canal 3.239
2. Turnouts 0.687
3. Checks 0.570
4. Wasteway 0.131
5. Culverts 3.812
6. Bridges 2.143

Sub-TOtal Reach H"3 e &6 e ® s 6 s s e ¢ e * e s 0 10-582

Reach H-4: Sta. 3.10 to Sta. 3.76

1. Earth Canal 1.144
2. Elevated Flume 2.440
3. Turnouts 0.305
4 Checks 0.164
5. Culverts 0.545
6. Wasteway 0.120

Sub-Total Reach H=4 + « ¢ ¢ o o ¢ o o o ¢ o & o 4.718

Total of Highline Canal (Reach H-1 to H-4) . . . . 33.362
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Sheet 13 of 15
TABLE IX-3
(Continued)

Cost Estimate (Detail)

Gravity System Highline Canal-Laterals
Cost
Item (Millione
No. Item Rupiahs)
1. Earth Canal, 2.66 km 2.119
2. Checks 0.661
3. Turnouts 0.436
h. End Checks and Waste-
way 0.017
5. Cross Drainage Cul-
vart 2.952
6. Road Siphon 0.208
Total of Highline Canal-Laterals « « « ¢« « &« ¢ + & 6.393
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TABLE IX-3
(Continued)

Cost Estimate (Detail)

Sheet 14 of 15

Gravity System

Highline Canal-Tertiary System

Cost
Item (Millions
No. Item Rupiahs)
1. Earth Canal, 7.23 km 2.996
2. Drops 2.770
3. Division Boxes 0.664
4. End Checks and Waste-
wvays 0.194
5. Road Stphons 0.105
Total of Highline Canal-Tertiary System . .« . 6.729
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TABLE IX-3

(Continued)

Sheet 15 of 15

Cost Estimate (Detail)

Gravity System

Drainage System

Cost

Item (Millions

No. Item Rupishs)
1. Barth Canal, Water-

vays 37.420

2. Road Culverts, RCP 3.660

3. Road Culverts, Box 5.802

4. Drops 8.999
5. 8ide Slope and Bed

Protection 7.760

6. Drajin Inlets 0.435

Total of Drainéﬁg syﬂtem T R I T T S B R ] 64.076
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TABLE IX-4

Cost Estimate

Pumped System

Inflation
Item Cost 1976 Factor for Cost 1977
No. Item (Million Rp.) 1977 (Million Rp.)
1. Main Pumping Plant 543.201 1.1545 627.126
2. Desilting Works 73.075 1.1766 85.980
3. Relift Pumping Plant 13.120 1.1545 15.147
4. Link Supply Canal 4.580 1.1766 5.389
5. Main Canal, Reach
M-1 to M-8 185.161 1.1766 217.860
6. Main Canal-Laterals 33.675 1.1766 39.622
7. Main Canal-Tertiary
System 59.589 1.1766 70.112
8. Highline Canal-Reach
H-1 to H-4 33.362 1.1766 39.254
9. Highline Canal-
Laterals 6.393 1.1766 7.522
10 Highline Canel-
Tertiary System 6.729 1.1766 7.917
1l1. Drainage System 64.076 1.1766 75.392
sub-Total L] L) L] » - L L L . . L] L L] . . . L] - L] 1'1910321
Contingencies (152+) 178.698
Field Cost L L) L] L] L] L] L . L] - L] 1 ] . . L] L] L) . 1.370.019
Engineering and Administration (15Z+) 205.503

"Total Cost (Million Rupiahs) . . « ¢« « « o ¢ o & 1,575.522

Total Cost Million U.S. Dollars ($1.00=Rp. 415.00) 3.796
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TABLE IX-5

Cost Estimate (Detail)

Sheet 1 of 4

Pumped System Pumping Plants
Unit Cost
Item Price (Millions
No. Item Quantity Unit (Rupiahs) Rupiahs)
Main Pumping Plant: Q=1.82 m>/s
1. Excavation 2,580 m3 465 1.200
2.  Backfill 1,755 md 650 1.142
3. Concrete 977 n3 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 Valves,
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 . . . . e v e s e 543.201
Relift Pumping Plant: Q=0.28 mj/s
1. Excavation, Pipe
Trench and Structural 200 m3 650 0.130
2. Compacted Backflill 132 m3 650 0.086
3.  Concrete 14.36 md 83,250 1.196
4. Steel Reinforcement 1,278 k§ 280 0.357
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 cm-1.0 20 m 1,470 0.029
8. Steel Pipe,
50 ¢m x 0.002 20 m 19,700 0.394
9. Engines and Puwmps 2 ea 4,797,400 9.595
10. Mechanical, Elec-
trical, Fuel Storage,
Etc. Lump Sum 1.110
Sub-Total Relift Pumping Plant . . o . e 13.120
Total of Pumping Stations . . . .« o e e 556.321
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Sheet 2 of 4
TABLE IX-5
(Continued)

Cost Estimate (Detail)

Pumped System Desilting Works
Unit Cost

Item Price (Millions
No. Item Quantity Unit (Rupiahs) Rupiahs)
Desilting Works

1. Excavation 9,962 m3 465 4.633

2. Compacted Embankment 1,256 o3 650 0.817

3. Retnuforced Concrete 351 m3 83,250 29.237

4. Steel Reinforcement 31,250 kg 280 8.752

5. Unreinforced Concrete 285 m 23,200 6.620

6. Stone Masonry 505 o3 15,800 7.976

7. Flushing Gate Frames,

Guides, S1l1l18 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 kg 900 0.190
11. Treated Timber in

Gates 5.35 m> 350,000 1.875
12. Silt OQutlet Gate,

1 m Dia. 490 kg 1,670 0.818
13. Silt Outlet Pipe,

1 m Dia. x 175 meters 175 m 15,700 2.748
14. Timber in Stoplogs 12.1  md 140,000 1.696

15. Clearing and Strip-
ping (includes Pump

Stations) 8,750 m? 50 0.438
16.  ROW 2.8  ha 166,000 0.465
17. Road Relocation 312 m 1,930 0.602

Total of Desilting Worka . « + « + ¢« ¢ & o ¢ &« + 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)
Farth Canal Section
1. Excavation 783 m3 465 0.364
2. Compacted Embankment 392 m3 650 0.255
3. Roadway Surfacing 770 n? 485 0.343
4. Clearing and Strip-
ping 4,000 m? 50 0.220
5. ROW 0.55 ha 166,000 0.091
Sub-Total Earth Canal Section .+ « « s o« « o o o « 1.273
Lined Canal Section: L=80 m
1. Excavation, Common 2,590 m3 465 1.204
2. Excavation, Struc-
tural 162 m 650 0.106
3. Stone Masonry Lining 52.95 mo 15,800 0.836
4. Roadway Surfacing 280 m? 485 0.136
5. Clearing and Strip-~
ping 1,600 m? 50 0.080
6. ROW 0.16 ha 166,000 ,_9'027
Sub-Total Lined Canal Section . . « « ¢« + « & & & 2.389
Total of Link Supply Capnal-Waterwdys « « o o « o 3.662
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TABLE IX-5
(Continued)

Cost Estimate (Detail)

Sheet 4 of 4

Pumped System

Link Supply Canal-Structures

Unit Cost
Item Price (Millione
No. Item Quantity Unit (Rupiahs) Rupiahs)
Concrete Bridges Span
1. Excavation, Struc-
tural 6.93 m 650 0.005
2. Compacted Backfill 4.62 m3 650 0.003
3. Reinforced Concrete
Superstructure 6.77 wd 83,250 0.563
4. Steel Reinforcement 602 k§ 280 0.169
5. Stone Masonry Piers 7.80 m 15,800 0.123
6. Stone Masonry Rail-
ings 2.37 md 23,200 0.055
Sub-Total Link Supply Canal-Structures . . « s+ « . 0.918
Total of Link Supply Canal-Waterways and Structures 4,580
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TABLE IX-6

Estimated Annual Maintenance Costs

Annual Maintenance Expense
Useful Life Percent of Construction Cost

Iten (Years) "As Built"
Primary Canals, Unlined 50 3
Primary Canals, Lined 50 2
Diversion Works 50 1
Desilting Works 50 1
Pipelines 25 1
Structures, Major 50 4
Structures, Minor 10 2
Pumping Station:
Building 50 1
Elec. & Mech. 25 1 + 2%
Engines & Pumps 10 2 + 3%
Stationary Parts 10 2 4+ 3%
Rotating Parts 5 2 + 3%
Gates 10 2 + 3%
Stoplogs 5 5
Culverts 50 2
Bridges 50 1
Field Facilities, Bldg. 25 2
Drainage Waterways 50 5
Drain Inlets 5 10
Riprap 5 2

* Additional Costs due to difficulty and time factor of spare parts
delivery through gshipping distances and Customs.
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TABLE IX-7

O, M &R Estimated Cost - Gravity System

Unit: Million Rugiaha

Annual Replacement Cost
Item Cost-1977* Operation Maintenance 5-Years 10-Years 25-Years
Gravity Supply
Diversion Weir . 599.435 15.461 4.012 115.730 9.683
Desilting Basin 129.331 3.106 2.318 15.061 10.142
Gravity Sup-
ply Canal 341.122 6.836 0.059 0.27) -
Highline Pump
Plant 25.335 0.894 4.083 9.189 _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
Highline Canal 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 1,700.503 14.919 42.932 315.452 160.077 21.860

*The 1977 Cost of each feature {ncludes the Contingencies, as well as
Engineering and Administrative Costs.
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O, M &R Estimated Cost - Pumped System

TABLE IX-8

Unit: Million Rupilahs
Annual Replacement Cost
Item Cost-1977*% Operation Maintenance 5-Years 10-Years 25-~Years

Pumped Supply
Main Pumping

Plant 829.374 33.261 151.701 353.981 80.388
Desilting Works 113.709 1.766 2.586 13.877 4.191
Relift Pumping

Plant 20.032 0.820 4,399 10.252 1.697
Link Supply

Canal 7.127 0.173 - - -
Sub~Total 970.242  26.474 36.020 158.686 1378.110 86.276
Distribution
Maln Canal 433.243 10.835 10.837 17.590 0.541
Highline Canal 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 52.655 183.666 397.936 86.817

*The 1977 Cost of each feature includes the Cdntingencies, as well as
Englneering and Administration Costs.
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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 « + « « o o+ o« 72.627 133.655
Present Worth of O, M & R* . . 603.131 1,109.938
*Interest Rate = 122
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TABLE IX-1D

Total Cost of Gravicy and Pumped System

Unit: Million Rupiahs

Gravity System Pumped System
Capital Cost of Project 1,700.504 1,575.522
Interest During Consttuctionl/' 2/ 428.026 396.567
Present Worth of 0, M & R Coats2/ 603.131 1,109.938
Total Cost 2,731.661 3,082.027

Based on Three-Year Construction period with a capital outlay
of 25%, 45% and 30% for the three years.

Interest rate = 12%.
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Chapter X

PROJECT BENEFITS

General

The national objective is the development and optimum
utilization of land, water and human resources. There 1is a
desperate need to {improve productivity i4in agriculture and to
enhance the welfare of the rural farm population. The project

benefit will, to a large extent, be available to this sector.

The Banjar Plainas Project, as formulated, has two direct
benefits. They are: (1) Irrigation of 785 ha of land in the
Banjar Plains Area, and (2) Provision of municipal water to the
Banjar region. Although an industrial water demand was identified
as a future possibility, the project, as envisaged now, does not

include this component.

Apart from the above two direct benefits, the project will
provide a number of indirect benefits such as an {increase 1in
employment, {mproved health, setting up of small-scale 1indus-
tries, etc. These are discussed in Chapter XI1-Social
Beneficiaries. This chapter identifies the annual benefit due to
irrigation and municipal supply, which 1s used in the economic

analysis.



Irrigation Benefit

Rice 18 the chief staple diet and 18 the main crop grown in
the project area. The primary goal of Indonesia’s five-year plan
is to achieve self-gufficiency in rice. Currtenély. over 15 per-
cent of the rice consumed 1is 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. Data collected from the Ciamis sub-district indicates that
the consumption of rice in the Banjar sub-district, in 1976, far
exceeded the production. The shortfall was about 23 percent.
Thus, there is a compelling reason for increasing the rice produc-

tion.

In the benefit studies, rice has been chosen as the mosat
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 zrow 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 as well as crop and

fertilizer prices. These are discussed in the following pages.
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To develop the economic benefits derived from the project
for the irrigation component, rice yield studies were carried out

to identify average yields with and without the proposed schene.

Present 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 as
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~l1. The yields 1indicated in this Table are in wet
stalk rice in the village (Padi Basah di Desa). It 18 seen
from Table X-1 that only 4.3% of the rice cropped area 1is
under rice during both the wet and dry season. Most of the
dry season rice is grown in the villages of Balokang, Banjar
and Binangun where small rural {irrigation systems provide
some water for the second crop. The rural irrigation systems
in this area collect the delayed runoff through collection
ditches skirting the hills and supplying the fields. The
amount of water available in the ditch is dependent on the
rainfall and {8 very limited. The shortage of water for the
dry season crop is reflected in the low ylelds, as seen from
Table X-1. The dry season average yield for the three years

varies from 30 to 45 percent of the wet season average yield.

From the yield data, the welighted average yield for the
wet and dry season, both in wet stalk rice and dry rough rice
(Gabah), have been computed and are shown in 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 as the baseline yields in Banjar Plains Service

Area.



The Banjar Plain Service Area covers five villages.
These are Banjar, Balokang, Situbatu, Binangun and Batula-
wang. Of these, the service area covers fully the village of
Banjar and Balokang. The area irrigated in each village 1is

shown on Table X-3.

The BIMAS and INMAS programs are currently available in
the service area. From the data available from Kriya Bank,
the enrollment for BIMAS program for the 1976/77 wet season
was nearly 1002 in the villages of Banjar, Balokang and
Batulawang, while for the 1977/78 wet season it 1is only 20%
as of February, 1978. During the dry season about 33X 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 implementetion in terms of application of proper
quantities of fertilizers 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% pelita variety
making up the rest during the wet season. During the dry
season, only local varleties are grown. The present level of
on-farm management in the area 1is 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
caugses 1In lowering of ylelds during the wet season.
Currently, there appears to be no constralints on improving
farm management with an active extension service program,

except lack of dependable irrigation water supply.

Future Without Project

Based on the survey of the cultivable land {n the
service area, the land use pattern and the land classi-
fication, 1t was determined that without the {ndustrial

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 in Chapter IV
- Agriculture, the resulting cropped area 1in 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 yleld in the future without the
project has to be based on factoras such as the historical
yield trends; increasing use of HYV’s; better agricultural
practices; improved on-farm management; proper application of
fertilizer, {nsecticides and rodent control measures; and
availability of credit facilities as well as storage and
marketing facilities. The main constraint i{n improving yleld

will be avallability of {rrigation water.

The yield projections for without project condition was
made separately for each of the crops on the 605 ba 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
agricultural practices and input as can be applied to rural
{rrigation system and rainfed areas, the wet season yleld for
the area under the rural {irrigation system i8 estimated to
increase from the present average yleld of 2,885 kg/ha to
3,600 kg/ha, an increase of 25 percent. The dry season yleld
for this area 18 estimated to Increase from the present
average yield of 1,088 kg/ha to 1,300 kg/ha, an {ncrease of

20 percent.



The low yield in the dry season, mentioned above, 1s
primarily due to the lack of moisture at the trans-
planting/growth stage of the crop. Even with complete
acceptance 1in practice of the BIMAS/INMAS, it 1s believed
that this factor (shortage of water) will negate the
beneficial aspects of all other 1inputs and, hence, will not
increase the dry season ylelds more than the projected

26 percent.

It 1is possible that a variety of upland crops can be
grown on part of the area during the dry season. Without the
project it 1is 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 1is
grown, the estimated future yield is taken to be 1,000 kg/ha
of kopra, because of coconut being the predominant crop.
Conversion of these garden crop lands to ricelands 1s not
anticipated without the project. Most of this land 18 U

class land.

Future With Project

The Banjar Plains Area, with a technical {rriga-
tion/drainage system, and with prevention of occasional
flooding by rain, will enjoy the opportunity to fully exploit
its potential to maximize crop production. It 1s expected
that with assaured {rrigation water supplies, greater confi-
dence will be generated in the minds of the farmers, and they
will invest {n the proper and necessary inputs to ensure the

higher yielde 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 18 sufficient water ‘available from rainfall or
irrigation. With the advent of the new HYV‘;, with a
relatively short season, the possibility of producing two
crops per year with 1limited water supply has become a
reality. 1If there 1is water available all year, three crops

per year are possible.

The Banjar Plains Project, which 18 a diversion
project, has to depend on the river flow. It has been
estimated, from the pattern of river flow and 1ts 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 entire 785 ha. This would mean that the cropping
intensity for rice will 1increase from 1.77 without the

project to 2.0 with the project, a modest increase.

To derive the {irrigation benefits, rice yleld projec-
tions were made to a point in time when the project 1is fully
completed. This would mean 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 completion of the physical
facilities, or within a short period thereafter, when the
non-gstructural features are fully functional. Further growth
in yield during the life of the project that normally occurs
due to social and technological development is not considered

in computing the irrigation benefits.
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The projected rice ylelds are shown graphically on
Figure X-1. 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 average yield per crop 1is estimated to quadruple
from the without project yileld of 1,300 kg/ha, to an average
of 5,500 kg/ha. This yield projection, although seemingly
excessive, 18 a realistic yleld, considering that the wet
season average yleld now is around 3,000 kg/ha. The main
factors that contribute to this 1increase 1in the dry season

ares

1. Availability of irrigation water where there was

a near total lack of moisture.

2. Favorable conditions thut are normally assoclated

with dry season irrigation.

3. Suitability of soll for rice cultivation.

4a Better drainage conditions.

It 18 concelvable that this increase in yield will be
in stages for the dry season rice crop. It is to be pointed
out that the yleld filgures discussed above =zre in gabah,

which 18 dry rough rice ready for milling, with 14% moisture.

The yield projection made with the project in place 1s

based on various factors which include both sgtructural and

non-structural items. These are:

1. Availability of 1{irrigation water for two rice
crops at 95% firmness. Hydrologic analysis has shown

that this 1is avallable.



2. Provision of an efficient distribution system,
including tertiaries for plots of 20 ha. Provision in
the cost estimate has been made for 8such a tertiary

system.

Experience in 1irrigation systems with and without
tertiaries indicate that this 1{s one of the single most
important factors 1in Iincreasing 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, especlally in years when flow is

below normal in the river.

3. Adequate drainage system: Provision has been
made in the estimate for a drainage 3system. The drainage
system 18 designed to accommodate a 10-year frequency
flood. With the provision of such drainage, water-
logging and rain-flooding during the wet season on parts
of the lowland are eliminated. During the dry season
this permits a more efficlent water use. Also, the
build-up of soluble salts in the soil {s minimized. All
these factors will greatly improve the yleld as compared

to an irrigation system without proper dralnage.

4. A comprehensive water management program: For
optimizing yields, efficlent water management is
necessary. This would require sacheduling of water
deliveries to each 0.5 ha on a rotational basis. A
scheduling based on a 30-day staggering of crops over
the entire area has been 1identified. The road
communication system available 1in the Banjar Plains
service area 18 adequate for the ditch rider, the
Ulu Ulu’s and 111 I1i‘°s, to perform their duties of

water scheduling.
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Provision has been made in the cost estimate for
water measurem2nt structures in the distribution system
and propertional flow dividers in the tertiary system to
improve water management. In the absence of a technical
irrigation system, there is normally little or no water

management.

S A land management program: Provision of
technical 1irrigation permits 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
activities in the area are confined mostly to admini-
stering the BIMAS and INMAS programs and data collec~
tion, with agricultural practices limited to those of
rainfed agriculture. Use of HYV’s 1s currently limited
to 50X of the wet geason 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 1in Pilot Demonstration Areas now underway, and
expanding their cadre 1in the North Lakbok irrigation
area, a sufficlient number of trained PPL’s should be
available to {mplement the irrigated agricultural

practice in the Banjar service area by 1985.

7. A sound 0 & M system: An extremely important
consideration to obtain the projected yield and sustain
it, 1s the provision nf funds for an adequate O & M
system. Many of the exlsting irrigation systems have
not shown increases in ylelds partly due to the lack of
0 &§ M funding. The Banjar Plains cost estimate provides

for adequate O & M.



8. Credit facilities: The improvement in yields {is
intimately related to the credit facility available to
the farmer. An adequate supply of seeds, fertilizers,
insecticides, farm implements and spraying facilities
should be provided. The present BIMAS 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 has been recognized that in any effort to
increase yields, encouragement of the farmer plays an
important role. This encouragement must provide for
identifying the leading 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. Education of the farmer in improved agricul-
tural techniques by the Extension Service personnel
should be carried out by holding village group

discussions.

10. Service area: The compactness of the
Banjar Plains service area {8 an asset. Much of the
infrastructure needed for implementation of some of the
functions {identified above exists at the present time.
The area has a fairly good system of roads 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, 1t 1is
visualized that the projected yield of 4,500 kg/ha during the wet
eeason, 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 1is largely dependent on thae
establishment 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 18 considered that the predicted yields can be obtained within

two years after completion of the project.

In arriving at the projected yield, data from irrigated
areas in the Citanduy region and from LPPP, Bogor, were collected.
These ylelds are presented below to substantiate the projected

ylelds.

The Feasibility Reportl/on C.tanduy River Basin Development,
presents rice yleld data for irrigated lowland under BIMAS program
in the district of Cilamis, Cilacap and Taslkmalaya for the
period 1971 to 1974. This 1s presented in Table X-4. The
weighted average yleld 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 1s 1irrigated, planted with HYV’s
using fertilizers and pesticides, and produced with technical
supervision of progressive farmers. With the introduction of the
tertiary system and further 1intensification of agricultural
inputs, these average yield levels can reach the range of 4,500 to

5,500 kg/ha by 1985.

Y,
"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/l variety for two
crops with irrigation. For conditions of the farmers cropping
pattern and farmers cropping pattern without conatraints, the
average wet and dry season yields reported were 6,315 kg/ha and
6,000 kg/ha, respectively, of dry rough rice. The studies being
carried out at Indramayu in West Java by LPPP are not experiment
station test plot results, but they do have a high level of
technical supervision. The 1976 crop was partially affected by
insect problems and this reduced the yield. It 1s conceivable
that the best farmers in the Banjar Plains area can achieve yields
of over 6,000 kg/ha by 1984-1986. The average yield for the
region 1s expected to be 1in 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 ylelds 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 18 only a part of the development
effort which also includes many other vital factors. It 1is
therefore imperative that the works be malintained and operated
properly; that on-farm development be carried out under a syste-~
matic land and water management program; and that agricultural
extenslon services including technical guidance be made available
to the farmers, to introduce advanced agricultural techniques, and
that credit facilities and other operations and elements for
increasing crop ylield be provided under a well-defined and
effective program. Fallure 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.



Crop and Fertilizer Prices

Rice 18 an 1important commodity widely traded 1in inter-
national markets. There 18 currently a short supply of rice in
Indonesia, neceasitating 1import from 1international 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 s8should be valued at {its import substitution value
rather than from the local price. This 1s because the prices
prevailin; in the local marketplace are influenced by government

regulation and subsidy-

The rice price 1s developed using the I.B.R.D. (Inter-

national Bank for Reconstruction and Development) projection
for 1985, 1in 1977 constant U.S. Dollars. The price quoted is
f.o.b. Bangkok and 1is for 20 to 25 percent broken milled rice.
This price 1is $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 $1B3 per metric ton (gabah) or

Rp. 75,945. This price has been used in all the farm budgets.

The cropping calendar in future without project in dry
season identified an area of 305 ha to be planted to an upland
crop and a garden crop over the 180 ha presently under coconut,
cossave, malre, etc. A soybean crop 18 considered here to
represent the income froﬁ 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 fertilizers, especially phosphate, is normally imported
into the country but it 1is reported that Indonesia will achieve
self sufficlency in nitrogen fertilizers in the near future. The
current prices of fertilizers 1in Indonesia do have an elcment of
subsidy. Hence, farm—gate prices for fertilizer were also
developed based on international pricea as projected for 1985 at

1977 constant U.S. Dollars by I1.B.R.D., f.o.b. U.S. Gulf ports.
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Table X-8 shows the farm-gate economic price for Urea and
T.S.P. fertilizers which 1s 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 18 a total absence of mechanization of
field work at present. The amount of labor 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 [nclude
use of buffalo power, 18 considered to bhe 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 40N-women days for each
hectare of land. The cost of hiring a buffalo and driver {s
Rp. 900/day, while wages for men and women laborers i{s taken Lo be
Rp. 250 and Rp. 150, respectively. The total cost of land
preparation per hectare amounts to about Rp. 1,000 per day for the

25 days.

Harvesting 18, at present, done by hand with the ani-ani
knife and threshing by hand labor. However, the trend in rice
production technology in the country is towards the use of sickle
harvesting and machine thrashing. Since the magnitude of labor
for harvesting will depend on the yleld, 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.



Farm Budget

Farm budgets were prepared for without and with project
conditions. The budgets prepared are for a farm size of one
hectare and for one crop. The one hectare size 1is simply a unit
of area used for determining the net irrigation benefit and is not
to be considered as a recommended size of farm. Farm sizes in the
project area vary; the median size in the different village varies
from 0.53 to 0.74 ha. 1In preparing the farm budget and arriving
at the net farm income, family labor has not been considered as an

expense.

Four farm budgets have been prepared for the future
condition without project. The 605 ha of present ricelands will
produce in the wet season a 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
18 considered representative, an average yleld 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%, 1in addition to the various
other expenses discussed. The quantity of fertiiizer and insec-
ticide for the crops are based on the recommended levels of
production inputs in the BIMAS 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 18 presented
in Table X-13. The projected farm income 18 estimated to be

Rp. 263,072 per crop per hectare.

X-16



Annual Irrigation Benefit

The annual 1irrigation benefit is defined as the difference
between the projected net benefit with the project and without the
project. This {is shown in Table X-1¢/ The total farm 1income
without the project 1is expected to be Rp. 143.312 million while
with the project this will be Rp. 413.023 million. Thus, the
annual {rrigation benefit will be Rp. 269.711 million which {s

uged in the project economic analysis.

Municipal Water Supply Benefit

The municipal water supply benefit 18 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 18 estimated that the municipal
demand will increase from 106 1/s in 1984 to 269 1/s in year 2000.
Without the project, the municipal demands can only be met by

construction of an alternative project.

The benefits from supplying municipal 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
alternat{ve water supply system for the needed amount of water.
The least expensive alternative which would be needed in the
absence of the Banjar Plains Project was taken to be a municipal
pumping plant located on the Citauduy River near Banjar. This
pumping plant 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
constructinn, operation and maintenance of this alternative water
supply system since these costs will not be {incurred 1if the
Banjar Plains Project 18 constructed. The annual benefits were

computed using an interest rate of 12X per year.



It was 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 ]|984 demand. The total annual cost,
including capital repayment, operation and maintenance cost for
the alternative pumping plant and the appurtenant structures are
shown 1in Table X-15. The wuniform annual repayment costs,
excluding fuel costs for a 50-year project life, and 12X 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 I1I. 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/m> in 1984, drops to Rp. 9.83/m> in 2001, as

the demand on the system Iincreases.

It is anticipated that with the building of the project the
municipal demand would increase at a more rapid pace than pro-
Jected {f the necessary capital for municipal distribution system

18 made available.
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TABLE X~-1

Rice Yields for Three Kecamatan in the

Banjar Plains Service Area

Total Area in Rice (ha)

Wet Stalk Rice Yield in kg/ha

Crop 1974 1975 1976 1974 1975 1976
Padi Sawah
(Wet Season) 14,960 14,228 11,709 4,681 5,079 4,923
Padi 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/ha

Dry Rough
Wet Stalk Rice
Crop Computation Rice (Gabah)

Padi Sawah (14960x4681)+(14228x5079)+(11709x4923) 4,889 2,885

(Wet) (14960+14228+11709)
Padi Gogo (561x1396)+(623x2270)+(334x1805) 1,845 1,088
(Dry) (5614623+334)

l. Conversion factor of 0.59 is used to convert wet stalk rice to
Gabah (dry rough rice ready for milling with 4% 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. Binangun 99
5. Batulawang 32

Total 785
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TABLE X-41/

Yieldzl of Irrigated Lowland Rice With BIMAS Program
in Three Districts of the Citanduy Basin (1971-1973)

Unit: kg/ha

Season - Wet (W) and Dry (D)

Districts 71-(D) 71/72-(W) 72-(D) 72/73-(W) 73-(D)
Ciamia:

Harvested (ha) 6,987 10,048 6,912 16,267 9,936

Yield (kg/ha) 4,350 4,574 4,428 5,059 4,658
Cilacap:

Harvested (ha) 1,653 2,794 1,142 4,692 2,610

Yield (kg/ha) 3,919 3,365 3,431 3,570 3,209
Taslkmalaya:

Harvested (ha) 5,833 7,610 - 8,529 2,951

Yield (kg/ha) 4,127 4,343 -- 3,927 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-
malaya. (Revised 10/11/74 to fnclude additional Cilacap
data.)

Frow The Citanduy River Basin Development Project, "Feasibility
Report"”, Engineering Consultants, Inc., Denver, Colorado, U.S.A.,
March, 1975.

Rough rice at 142 motisture; kilogram/hectare.

'
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TABLE X-5

Rice Price Structure, 1977, Indonesaia
(Per Metric Ton)

International Price, f.o.b. Export Pointl/ $ 270

Fee on Freight and Insurance 20
Imported Price 290
Port Handling Prices 10
Transportation to Selling Center 3
Less Transportation from Mill - 5
Price Export - Mill 2908
Conversion to Gabah (x .63) 188

Less Milling Costszl

and Transportation from Farm - 5
Farm-Gate Economic Price, Dollars/1,000 kg $ 183. (Gabah)
Farm-Gate Economic Price, Rupiahs/1,000 kg Rp. 75,945.

1
Y Rice f.o.b. Bangkok, 1985 I.B.R.D. projection in 1977 Constant
Dollars for 25-30% broken milled rice.

2/

Rice milling by products equals milling zost.

1 $ =Rp 415
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TABLE X-6

Soybean Price Structure, Indonesia (per Metric ton)

Soybeans

International price, f.o.b. export point 1/ $ 281
Ocean freight and insurance 27
Imported price S 308
Port handling charges 10
Transport to selling center 3
Less 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

1/ Soybean f.o.b. Gulf port U.S.A., 1985 IBRD 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 1/
Less insurance & freight differential 42X
Imported price

Port Handling Charges

Transport to oil mill

Farm Gate Economic Price

Rp. per ton

$ 397.3
-15-9

381.6

10.0

Rp. 163,759

1/ 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, Indonesis
(Per Metric Ton)

Urea T.S.P.
International Price, f.o.b. U.S. Gulf’portsl/ $ 185§ 8 165
Ocean Freight and Insurance 36 36
Imported Price 221 201
Port Handling Charges 6 6
Transpcertation to Distribution Center 5 5
Handling at Distribution Center 6 6
Transportation to Farm 4 4
Farm-Gate Economic Price Dollars/1,000 kg $ 242§ 222
Farm~Gate Economic Price Rupiahs/1,000 kg Rp. 100,430 Rp.92,130

1
y Price f.o.b. U.S. Gulf Ports, 1985 [.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

Cost/Uni: Totel Cost
Quantity (Rupiahs) (Rupiahs)

Receipt

Rice

Expenses

Land Preparation

3.6 ¢t 75,945 273,402

25 days 1,000 25,000

Urea 260 kg 100 25,000
T.S.P. 60 kg 92 5,520
Insecticide 3 liter 1,230 3,690
Rodenticide 0.2 11iter 2,300 460
Seed 25 kg 150 3,750
Spraying Cost L.S. 1,000
Harvesting Cost 10X of Crop Value 27,340
Rice Storage 3.6 t 2,000 7,200
Interest on Operating
Capital Rp. 39,420 (52)
for One Year 1,971
Total Expense Rp.$100,931
Net Farm Income per Crop Rp. 172,471
$ 415.59

Note:

Famiiy labor has not been expensed in arriving at net farm

income.

$ 1.00 = Rp 415
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TABLE X-10

Farm Budget, Future Without the Project, 1.3 t/ha Yield

Dry Season Rice Crop

Cost/Unit Total Cost
Quantity (Rupiahs) (Rupiahs)

Receipt

Rice

Expenses

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 98,729

25 days 1,000 £,000
115 kg 100 11,500
35 kg 92 3,220
2 liter 1,230 2,460
0.2 liter 2,300 460
25 kg 150 3,750
L.S. 1,000
10% of Crop Value 9,873
1.3 ¢t 2,000 2,600
1,120
60,983

Rp. 37,746

$ 90.95

Note:

Family labor has not been
income.

$ 1.00 = Rp 415

expensed {n arriving at net farm
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TABLE X-11

Farm Budget, Future Without the Project 950 kg/ha yield

Dry Season Soybean Crop

Cost/Unit Total Cost
Quantity (Rupiahs) (Rupiahs)

Receipt

Soybean 0.950 ¢t 127,820 121,429
Expenses
Labor

Man Plowing 20 days 375 7,500

Other 106 days 340 36,040

Woman other 65 days 300 19,500
Material

Seed 30 kg 200 6,000

Fertilizer - TSP 40 kg 92 3,680

Insecticide 4 1 900 3,600

76,320

Contingencies

102 of all Expenses
Total Expenses

Net Farm Income per crop/ha

Rp. 7,632
Rp. 83,952

Rp. 37,477

Note:
farm income.

$ 1.00 = Rp. 415
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TABLE X-12

Farm Budget, Future Without the Project 1000 kg/ha yield

Annual Kopra Crop

Cost/Unit Total Cost

Quantity (Rupiahs) (Rupiahs)
Receint
Kopra 1.0 ¢ 163,759 163,759
Expenses

The annual expenses will include
replanting, cost of seelling,
insecticide, weed clearince,
harvesting, hulking & drying of
coconut, storing

Assumed as 45% of crop value

Net Farm Iucome per Crop per ha

73,692
Rp. 90,067
$ 217.03

Note: The 1972 Kopra average yleld according to Data Statistik
Perkebunan was 710 kg/ha. for Tndonesia. The data between
1954 to 1972 does not show any increase.
A 40% increase in yield 18 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

Cost/Unit Total Cost
Quantity (Rupiahs) (Rupiahs)

Receipt
Rice 5.0 t 75,945 379,725
Expenses
Land Preparation 25 days 1,000 25,000
Urea 258 kg 100 25,800
T.S.P. 75 kg 92 6,900
Insecticide 3 liter 1,230 3,690
Rodenticide 0.2 liter 2,300 460
Seed 25 kg 150 3,750
Spraying Cost L.S. 1,000
Harvesting Cost 10% of Crop Value 37,973
Rice Storage 5t 2,000 10,000

Interest on Operating
Capital Rp. 41,600 @ (5%)

for One Year 2,080
Total Expense 116,653

Net Farm Income per Crop Rp. 263,072
$ 636.32

Note: Family labor has not been expensed in arriving at net farm
{ncome.
$ 1.00 = Rp 415
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TABLE X-14

Projected Annual Irvigation Benefits

Irrigated Net Farm Total Income
Ares Income/ha/Crop (Milldions
(ha) (Rupiahs) Rupiahs)
Tuture With Project
Two Crops/Year, 5 t/ha 788 263,072 413.02)
Yuture Without Project
Yirst Crop
rice, 3.6 t/ha 603 172,471 104.345
Second Crop
rice, 1.3 t/ha 300 37,740 11.324
upland, 0.93 t/ha 305 37,477 11.431
Garden Crop,!1.0 t/hn 180 90,067 16,212
Total Without Project 143.312
Net Annual Irrigation Benefit 269.711
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TABLE X~-13

Alternative Municipal Water Supply Cost
(Pumping Plant)

Interest

During Construction

Construction Interest Construction Cost Including

Year of Cost (Million Period @ 12% (Mil- 1I.D.C.(Million
Construction Rupiahs) (Years) lion Rupiahs) Rupiahs)
1981 69.97 2.5 23.07 93.04
1982 125.94 1.5 23.58 149,52
1983 83.96 0.5 5.04 89.00

Present Worth at the end of construction of all costs, excluding
fuel cost, computed for 50-year project life and 12X interest rate.

Item Million Rupiahs
Construction Cost plus 1.D.C. 331.56
Annual O & M excluding Fuel Cost 173.93
Roplace;ent Cost: 5-Years - 59.71
10~-Years 51.04
25-Years _1.18
Total « ¢ o+ ¢ ¢ ¢ s+ ¢ s o o 617.42

Uniform Annual Repayment Costs,
excluding fuel cost, in Million
Rupiahs equals: 617.42 x 0.120417 Rp. 74.35
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TABLE X-16

Municipal Water Supply Benefit

Annual Total
Annual Puel Annual® Annual
Cost Cost Cost Municipal

(Million (Million (Million Demand Unit Cost
Year Rupiahs) Rupiahs) Rupiahs) 1/s Million wd Rp/-3
1984 74.35 3.60 77.95 106 3.343 23.32
1985 74.35 3.96 78.31 116 3.658 21.41
1986-90 74.35 5.15 79.50 143 4.510 17.63
1991-95 74.35 6.91 81.26 192 6.055 13.42
1996-2000 74.35 8.71 83.06 242 7.632 10.88
2001-2033 74.35 9.00 83.35 269 8.483 9.83

* This column will represent the municipal benefit for

X-34
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Chapter X1

ECONOMIC AND FINANCIAL ANALYSIS

General

The econumic and financial aspects of providing an ascured

vater supply in the Banjar Plains Area for 1irrigation and

municipal purposes are analyzed in this chapter. The project
selected for this analysis is the Gravity System discussed in the
previous chapters, because of its lower total coet, including

0, M & R, in comparison to the total cost of the Pumped System.

The project, as pfoposed, is based on an economically sound
plan for maximum development and utilization of the natural
resources of the service area. Exhaustive examinations were made
of the various alternatives before selecting the present scheme
which combines full utilization of the land and water resources

with realization of maximum economic benefits.

The primary objective of the project 1is to improve living
standards of the people by stabilizing and increasing agricultural
production in the service area. Other objectives are to improve
supplies of water for domestic and municipal use, and enhance
sanitary 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 a desilting basin and a 7.32 km long gravity supply canal.
An area of 15 ha will be irrigated in this reach. The gravity
supply canal feeds the main canal system for an irrigation area of

626 ha producing two rice crops per year. A highline pumping

XI-1
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plant on the mainline canal, and a highline canal system will
supply irrigation water to 159 ha to irrigate two rice crops.
Provision has been made to supply a municipal water demand of

269 liters per second from the main canal.

The 1irrigation service area lies mostly in the villages 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, mnstly in the villages of Banjar,
Balokang and the surrounding area. The service area consists
mainly of subsistance furms, which are small in areal extent. The
per capita income 1in the area is low. Infrastructural, demo-
graphic and agricultural data, as well as the socio-economic
conditions prevailing 1in the service area, 18 presented 1in

Chapter XII-Social Beneficiaries.

Economic Analysis

The economic justification for the Banjar Plains Project is
presented in terms of 1internal rate of return (IRR), benefit to
cost ratios and net benefita;' 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 the viewpoint of the overall
national economy. Therefore, only '"real" costs are {ncluded.
Items which are transfers in the economy, such as taxes, custom

duties, and social welfare outlays are disregarded.

The national viewpoint embraces long-run effects, assumes
the absence of war or severe economic depressiona, and requires
application of known technology in management of project con-
struction and operation. This {nfers conventional economic rates

of progress in construction ana operation of the project.

XI-2
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Construction of the project 1s expected to be carried on by
using appropriate technology for the situation. This would
involve a proper combination of labor-intensive and capital-

intensive methods.

The determination of who receives the benefits and who
incurs the costs is immaterial to the economic analysis. So long
as all benefits and all cos*s occur within the national economy
«"¢ are internalized in the economic study, it is of no conse-
quence, in the national economic viewpoint, to whom the benefits
accrue. However, it 1s of coneiderable interest, from the
national wsocial viewpoint, whether the benefits are distributed
among the lower income groups of soclety. The Bsocio-economic and
indirect benefits were studied in order to ascertain the degraze of
social equity that would result from the Project. These studies

are presented in Chapter XII-Social Beneficiaries.

Stemming from the 1increase 1in 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.

Proiect Costs

The recommended project (Gravity System) has been estimated
to cost Rp. 1,700,504,000 to construct at the 1977 price level.
The details of the estimate are presented in Chapter IX. Consi-
dering the project size, it was recommended that the project be
constructed 1in three years with a capital outlay of 25%,
45X and 30X in the first, second and third years of construction,

respectively.
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The O, M & R cost for the Gravity System was also estimated,
based on a project service life of 50 years. Apart from the annual
costs of operation and maintenance, replacement costs of certain
items at 5, 10, and 25 years intervals were identified. A project
ccst stream for the 53 years, which includes 3 years of construc-
tion and 50 -years of project life, is given in Table XI-l. The
cost stream shown does not include the interest duting‘conutruc—
tion. For the 1internal rate of return analysis, the interest
during construction does not have to be calculated separately,
insasmuch as it 1z automatically figured in the discounting

process.

The conversion of land presently under garden crop to rica
(180 ha) 1s proposed to be carried out in three years beginning
from the first year of project operation. A land development cost
of Rp 100,000 per hectare has been included as capital cost to
convert the 180 ha to rice land. This amount to Rp 6.0 million

per year for the three years.

Project Benefits

The two main benefits from the project which are considered
in the economic analysis are benefits from providing irrigation
water for two rice crops annually on 785 ha of land and providing
a wnmunicipal raw water supply. The magnitude of benefits are

presanted 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. This is the net benefit derived from irrigating
two rice crops anaually on 785 ha. The net benefits at other crop

yields will vary and are given in Table XI-2.
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The annual municipal water supply benefit is related to the
population growth and the projected demand pattern. Hence, the
benefit stream will depend on the calendar year when the project
is completed or when the municipal hookup is ready. The municipal
benefit stream is given in Table X-13, Project Benefit Chapter.

The project benefit stream is shown in Table XI-2. A three
year build-up will occur in the development of irrigation. With a
three year construction period for the project, as mentioned
above, the full irrigation benefit will occur on the seventh year
from the start of .construction on the projects The municpal
benefit 1is assumed to commence two years after the project is

constructed.

Economic Evaluation

The project was analyzed to determine the internal rate of
return and the benefit-cost ratio. The 4internal rate of
return (IRR) calculation 1is the discount (interest) rate at which
the benefit-to-cost ratio 18 one-to-one, and is the wmeans of
ascertaining the rate of interest return on the investment. For
the henefit-cost analysis, an intereat rate of twelve percent was
assumed. It 1is believed that this rate probably represents the
minimum acceptable rate of return on investments of thias type in

Indonesia.

It is assumed that the project construction will start in
1981, and be completed in three years. The project will be
operational in 1984.

The 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 XI-3 summarizes the calculation. At the
tvelve percent 1interest rate, the benefit-cost ratio for the

project is one to one.
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The economic analysis is based on 1977 prices for both costs
and benefits and an exchange rate of $1.00 = Rp.415. The analysis
does not attempt to account for the effect of inflation on the
estimated cost of conetruction and the benefits over the 50-year
period of analysis. The usual practice for evaluation of engi-
neering projects is to carry out the anlysis with price and cost
levels at a given point in time, which normally assumes the
current price level without consideration for inflation. With
past rates of inflation having fluctuated between wide limits, 1t
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 basis, 1f the same inflation rate were to be applied to
both benefits and cuats, the effects on benefits would obviously
be more than the effect on costs, including those associated with
operation, maintenance and replacement. 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
economics of the project would not be significantly changed unless
there would be a change in the scope of the work. The benefits
and costes 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 as
it is likely to be affected by inflation during the intervening

years.

Highline System — Incremental Analysis

An incremental analysis was carried out to determine if the
highline canal pumping plant and the distribution system 1isa
economically justifiable. This system irrigates 159 ha of land
located at elevations above 45.0. Without the project 1t 1is
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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yesr, while the remaining 48 ha would produce one garden crop per

year.

The capital cost of the highline canal pumping plant,
highline canal system and the separable costs included in the
diversion wveir, desilting basin and gravity supply canal 1s
estimated at Rp. 231,282,000, The annual O, M & R cost 1is esti-
nated to be Rp. 13,890,000. The annual benefit from irrigation
for the highline component amounts to Rp. 56,015,000.

The incrementel internal rate of return for the Highline
pumping plant and its distribution system works out to 11.8% which
is very close to the IRR of the total project. The incremental
B/C ratio at 12X interest will be slightly less than 1.0.

Sensitivity Analysis

The economic justification of the project 1s further
analysed by a series of senaitivity analyses. These analyses
‘provide an understanding of the project economics as a result of

variations in the basic economic assumptions.

The economic analysis is based on many assumptions necessary
to estimate the project costs and future benefits. These assump-
tions include coste 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 benefits for domestic and municipal water supply
there must exist an actual need for such services. In the case of
the domestic and municipal water supply, the need is obvious. The
question is only how high a priority the domestic water supply
should have in the national development program. This is a policy
question which can only be answered by the proper authority in the

Government.
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As the basic economic assumptions for the feasibility study
are subject to change, either due to the fundamental uncertainties
connected with all future projections, or due to government
policies, sensitivity analyses have been made for the most
important variables to show the effect on project economice of

such changes.

The internal rates of return for specific cases are pre-
sented in Table XI-4. Based on the present study and considering
the capabilities of the various departments 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 each case.

Financial Analysis

The financial analysis portion of the report presents the
cost allocation of the project between the two purposes of
irrigation and municipal, as well as 1identifying the capital

requirement.

Cost Allocation

Cost allocation in multiple purpose water resource projects
involves the division of the cost of the project among the
purposes served. Cost allocations are necessary to arrive at
equitable sharea of cost for reimbursement by project benefi-

ciaries.

The costs allocated to a project purpose are not the costs
to consider when deciding whether that purpose should be included
in the plan. Instead, the relationship between benefits and costs
of possible variations in purpose, size, or means of development
is tested by an incremental analysis to determine their advantages

and disadvantages.
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The need for a cost allocation arises only when a plan
includes joint costs of structure which produce several kinde of
service. This 10 the case of the Banjar Plains Project. Assign-
ment of costs for reimbursement by beneficiaries can be made using
the results of the costs allocations presented herein. Also, any
purpoc2 served by the project which might, according to national
law or policy, be conetrued as non-reimburseable, can be assigned
an equitable share o! the cost. The basic data necessary for cost

allocation is contained in Chapter IX.

The proposed Banjar Plains Project serves the two functions
of irrigation and municipal raw water supply. To determine an
equitable distribution of cost between irrigation and municipal
water supply functions, the "Separable Costs-Remaining Benefits"
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 O & M costs. An interest rate

of 12 percent was used in the computation.

The separable cost-remaining benefits method limits the
allocation to any function to the justifiable expenditure, which
is the lesser of either the benefits or the cost of securing the
same benefits through the most economical alternative umeans.
After determining the justifiable expenditure, the separable costs
are subtracted from the total justifiable expenditure to obtain
the remaining justifiable expenditure, which 1is 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 a function 18 the separable cost for that purpose

plus the allocated portion of the remaining joint costs.

The amount of the cost included 1in the multiple purpose
project to serve only a given function (separable cost) 1is 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 4 joint facility.
Various parts of it may become 'separable costs" associated with
specific functions. The "joint" cost under the separable cost-
remaining benefits procedure, thus, becomes the cost that remains
after identifying and subtracting the separable cost for each

function.

It should be noted that the '"separable cost" used in the
separable cost-remaining benefits allocation procedure are not
necessarily associated with any particular physical facility. The

terms refer only to '"costs added" and '"costs remaining".

The results of the alliocation, based upon the separable
coasts-remaining benefi{ts procedure, are presented in Table XI-5.
The resulting allocation percentages which will be applicable to
the total project cost, including 0, 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 18 necessary to
estimate a 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.
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The capital requirements are worked out for a specific
construction schedule and the calendar year construction will
begin. Tha construction on the Banjar Piains Project 1is proposed
to be started in the year 1981. Thie will provide about two years
in which arrangement for finance, coustruction drawings, specifi-
cations, construction planning, tenders, etc., can be completed.
The project will be constructed in a three-yesar period and bde
operational in 1984, The percentage of capital cost required will
be 25X in the first year, 45% in the second year and 30X in the
third year.

Based on the above mentioned construction schedule, the
foreign and domestic capital requireuments have been worked out and
adjusted for future 1inflation rates. The future foreign and
domestic inflation rates were developed based on research by
international agencies, and the Consultant’s own investigation and
judgment. These are shown below with the corresponding cost index

factors based on 1977 prices applicable in Indonesia.

Estimated Percent Inflation Rate Cost Index (apply to 1977 cost)
Years Domestic Foreign Domestic Foreign
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 13t.7
1981 - 1982 10 7.0 177.7 140.9
1982 - 1983 10 7.0 195.5 150.8

The forelgn exchange component 18 estimated to be 35% of the total
cost for the highline canal pumping plant, and 18 for all other
items. The overall foreign exchange component works out to

18.25 percent.
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Based on the above inflation rates, foreign exchange
component and the proposed construction schedule, the total
project cost, excluding interest charges, is estimated to increase
from Rp. 1,700,504,000 at 1977 prices to Rp. 2,927,931,000 at the
time of construction. This represents a cost increase of
72 percent due to 1inflation. The construction cost schedule
expressed in 1977 Rupiah values and in variable Rupiah values
adjusted for inflation is shown in Table XI-8. It 1s to be
indicated that the escalated cost 1is for the identified con-
struction sachedule. Any change 1in the proposed schedule will

change the variable Rupiah value.

XI1-12



TABLF, XI-1

Project Cost Stream -~ Gravity System
(Million Rupiahs)

Year Cost Remarks Year Cost Remarks
1 425.126 Constiuction Cost 28 115.163 0, M&R
2 765.227 Construction Cost 29 57.851 O&M
3 510.151 Construction Cost 30 57.851 O&M
4 63.851 0 &§ M and Land Development
5 63.851 os&mM " " " 31 57.851 O&M

32 57.851 O&M
6 63.851 o&M " " " 33 253.380 0, M&R
7 57.851 O&M 34 57.851 O&M
8 93.303 O, M&R 35 57.851 0O& M
9 57.851 O& M
10 57.851 O&M 36 57.851 O& M
37 57.851 O&M
11 57.851 O&M 38 93.303 0, M&R
12 57.851 0O& M 39 57.851 O&M
13 253.380 0, M&R 40 57.851 O&M
14 57.851 0&M
15 57.851 0O& M 41 57.851 O&M
, 42 57.851 O&M
16 57.851 O& M 43  253.380 0, M&R
17 57.851 O&M 44 57.851 O&M
18 93.303 0, M&R 45 57.851 0O& M
19 57.851 O& M
20 57.851 O&M 46 57.851 O& M
47 57.851 O& M
21 57.851 0O&M 48 93.303 0, M&R
22 57.851 O& M 49 57.851 O& M
23  253.380 0, M&R 50 57.851 O& M
24 57.851 O&M
25 57.851 0O&M 51 57.851 O&M
52 57.851 O&M
26 57.851 0O&M 53 57.851 0O& M
27 57.851 O&M

0, M &R for Years 8, 18, 38 and 48 includes 5-year replacement costs.

0, M &R for Years 13, 23, 33 and 43 includes 5- and 10-year replace-
ment coets.

0, M & R for Year 28 includes 5- and 25-year replacement costs.

Land Development Costs for conversion of 180 ha. of garden to ricelands
included in year 4, S5 and 6.
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TABLE XI-2

Annual Project Benefit Stream

(5.0 t/ha crop yield)

IRRIGATION
Year Rice Area Garden Total Benefit Mun. Total Remarks
from brought Area Con- Area Million Million Million
start under verted to Under Rp. Rp. Rp.
of Irrigation Rice Irr.
Comnstruc. (Ha) (Ha) (Ha)
1-3 0 0 0 0 0 0 Construction
4 300 0 300 94.818 0 94.818 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 Mun.
Benefit
7 605 180 785 269.711 81.260 350.971 Pull Irr. &
Mun. Benefit
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 Cost
(X) 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 8,383.468 204.5513 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
16 1,258.879 1,672.724 -413.845 -66.241 0.753

Internal Rate of Return = [2.06 Percent
Notes: The Benefits are assumed to occur at the middle of the year.
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TABLE XI-4

Sensitivity Analysis

Sr.
No.

Case

At 127 Interest

Present Worth

of Net

Benefit B/C
(Million Rp.) Ratio

Internal
Rate of
Return

Probabilityll

la.

Ce

d.

2.

3.

3-yr. Construction;
3~yr. Development
lag for Irrigation,
2-yr. Delay in Muni-
cipal Benefit. Yield
5,500 kg/ha/crop

Same as la. with
Yield
5,000 kg/ha/crop

Same as la. with
Yield
4,500 kg/ha/crop

Same as la. with
Yield
4,000 kg/ha/crop

3-yr. Construction;

No lag in Irrigation
and Municipal Bene-

fit. Yield

5,000 kg/ha/crop

4-yr. Construction;
3~yr. Development
lag for Irrigation,
2~yr. Delay in Muni-
cipal Benefit. Yield
5,000 kg/ha/crop

297.239 1.16

9.294 1.00

negative «85

negative

311.836 1.16

negative <97

XI-16

13.94

12.06

10.03

7.83

14.38

11.61

High

Very High

High

Very Low

Low

High



TABLE XI-4
(Continued)

Sensitivity Analysis

At 122 Intereat
Present Worth

of Net Internal
Sr. Benefit B/C Rate of
No. Case (Million Rp.) Ratio Return Probnbilityl/

‘o Same as lb- with
Rice Pricu Reduced
10 percent negative .86 1¢.'9 Low

b. Same as 1L, with

Rice Price Increased
10 percent 274.876  l.14 13.80 High

ce. Same as lb. with
Rice Price Increased

20 percent 541.193 1.28 15.45 Low
5. Same as 7a. with

Yield

5,000 kg/ha/crop negative .80 9.27 High

1/

A probability ranking of Very Low, Low, High and Very High has
biren used to assist in the project economic evaluation.
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TABLE XI-5

Coat Allocation

(Million Rupiahs)

No. Item Municipal Irrigation Totalas
l. Cost to be Allocated 1.88611
a. Capital Cost (1,408)
b. Capitalized O, M & R (478)
2. Capitalized Benefits 4042/ 1,502 1,906
3. Alternative Costs 404 1.8493/ 2,253
4. Justifiable Expenditure 404 1,502 1,906
5. Separable Costs 37 1,482 1.5194/
a. Capital Cost (31) (1,107) (1,138)
b. Capitalized O, M & R (6) (375) (381)
6. Remaining Justiftiable
Expenditure 367 20 3875/
7. Percent Distribution 95 5 100.0
8. Remaining Joint Costs 349 18 36751
9. Total Allocated Costs 386 1,500 1,886
a. Capital Cost (1,408)
b. Capitalized O, M & R (54) (424) (478)
10. Allocation Percentages 20.5 79.5 100.0
11. B/C Ratio 1.0h 1.00 1.01
Note: Interest rate - 12 percent.

All prices are 1977.

Y Present Worth of Project Cost plua'o, M &R,

Y Present Worth of Alternative Pumpiﬁg Plant Cost plus 0, M & R.

y Present Worth of Single-Purpose Irrlgation Project Cost plus 0, M&R
Y Total Cost-Alternative Cost for Other Purposes.

3/ No. 4-5.

J No. 1-5.

1

Ratio Of No. 2 and 9-
XI-18



TABLE XI-6

Construction Cost Schedule
(Millions of Rupiahs)

At Constant 1977 Price

Escalated Costs

Year Domestic Foreign Total Year Domestic Foreign 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
3 417.932 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
XI-19
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Chapter XII

SOCIAL BENEFICIARIES

The Banjar Plains Project has two main components of
benefits. The project will provide irrigation benefits to 785 ha
of rice land in five villages and municipal raw water supply
benefit to a population of over 60,000 mainly in five villages.
The beneficiaries of these two components differ to some extent.
However, majority of irrigation beneficiaries are part of the
municipal beneficiaries. An industrial raw water supply compomnent
has been 1identified as a possible future development. This has

not been included as part of the recommended project.

The 1irrigation service area covers the villages of Ranjar
and Balokang and partly the villages of Binangun, Situbatu and
Batulawang. Of these three villages, the area irrigated 1in
~ Binangun is 28 percent of the present rice area while in the other
two villages it is very small. The area of land irrigated in the
five villages 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 municipal raw water supply 18 intended to cover the
village of Banjar, Balokang and extends to some of the subvillages
on both banks 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 social beneficiary discussion to follow, is presented in
terms of the saservice area and population group directly or

indirectly benefited by the project.

Demography

With over 135 million people, Indonesia is the fifth most
populous nation in the world. The average density of 51 persons
per square kilometer 1is deceptively low in as much as 65 percent
of the population live on only 6.6 percent of the nation’s land
surface on Java and Madura. The population of Western Java in
1961 was 11.4 million, 18 percent of the total population; by 1971
the population had risen to 21.8 million, a density of 440 people
per square kilometer. The population in 1976-77 within the
irrigation service area 1is estimated to be about 41,000 out of a
total population of 59,709 for the five villages of which the
service area is a part. The population of the municipal water

service area is about 61,770.

The service area 1includes 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 1lie in the service area,
discussing the average population density of the service area is

not proper.

Table XII-1 presents available population statistics for the
five villages for the years 1966-1976. The growth rate fo;
Weest Java for the years 1971 to 1976 was 2.1 percent. The growth
rates {n the five villages are s8significantly 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 multipurpose project in this

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 in three of the four remaining
villages indicates the amount of emigration from those villages,
presumably to Banjar. Based on the growth rates developed as
shown in Table XII-1 the total population in the five villages has
been projected to the year 2005, which is shown ia 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 8mall portions of the other three villages, the
population of the project area is assumed to be slightly greater
than the sum of the populations of Balokang and Banjar and wmost
discussions will focus on those two villages. dowever, demographic

statistics are presented for all the five viilages.

A breakdown of population by age groupa 1is presented in
Table XII-3. The percentage of the 55 and older age groups in
each village 1is an indication of migration 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 18 taken to be the economically active portion of
the population. Table XII-4 presents the population of the five
villageas into three general groups, pre-school and school age 0=
14, economically active age 15-54, and generally non-working or
pensioned, 55 and older. The table also presents the number and
percentage of people employed either continuously or 1inter-
mittently in each village. Only in Situbatu 1is the number of

employed less than the 15~54 age group.
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If the economically active group 1ism adjusted for the 0-14
age group and those enrolled in school through senior high, the
labor force under 55 years of age in Banjar is 15,621 (49 percent
of the population) and in Balokang 1is 3,525 (46 percent of the
population). This indicates that almost everyone under the age of
55 who wants a job 1a employed either partly or fully, but the
figures undoubtedly overiooks 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 seeking
work (6.7 percent of the population). It would appear that the
employment situation in the project area i3 slightly superior to
that in the Province. There is probably a great deal of disguised
unemp loyment in these figurea. 1t 1is generally felt that agricul-
tural labor 1is only employed 30 percent of the time, but the
remaining time does not represent idleness. The Village Chief of
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 is 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

as shown in Table XII-6.

Project Labor Potential

The project will aid in providing addictional employment in
two ways. Directly, because of the additional acreage coming
under rice cultivation, the project will require sufficient yearly
labor to farm 180 ha of rice in wet season and 485 ha 1in 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.

Table XII-7 shows the without-project and with-project ascenario.

The direct increase in labor requirement will be for the
31,440 in the dry season and 14,040 in the wet season, which is a
direct increase of 45,480 man-days per year. The indirect, 1f the
assumed 1increases 1in production are maintained, will be about
215,380 man-days. Thus, the additional labor required will be
260,860 man-days per year. A total of 16,625 Buffalo days is also

anticipated.

In s#ddition to the increase on labor requirements directly
attributed to agriculture there may be an 1increase in non-
agricultursl 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 8atill 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-8. 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-1 presents the income received by the agricul-
tural and non-agricultural sectors since 1968 in Ciamis District.
The 1increase 1in non-agricultural 1income has been dramatic. The
income received by the non-agricultural sector 1is 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 indicates both an absolute and a
relative decline in the economic position of farmers. Figure XI1I-
1 also clearly indicates that per capita agricultural income in
Clamie District (approximately US $40) 1is far below the A.I.D.
poverty benchmark of $190 adjusted by the I.B.R.D. Agricultural
incomes in the Banjar Plains Project Area can be assumed to be

below the Ciamis District average.

The major expenditures as percentage of income are shown in
Figure XII-2. Over the past eight years 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
consumer rupiah spent in other categories has remained fairly
constant. The increase in housing costs would reflect not only
increase in costs of materials but also increases in labor wage
rates. The decrease in the percentage of the consumer rupiah
spent on food 18 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 in the five villages is shown in
Table XII-9. It 1is noted that B3 percent of the land in the
project is found in Banjar and Balokang villages, 13 percent in
Binangun village and only 4 percent in Situbatu and Batulawang

villages. The change in land use has been discuased previously.

Table XI1I-10 shows the breakdown of land holdings 1in the
five villages as taken from village records. In Banjar the median
lowland i{s in the 0.5-1.0 ha range; the median dryland 1is less
than 0.51 ha. In Balokang both the median lowland size and the
median dryland size are 1in the 0.5 ha range. Calculating a
weighted average for size of land holdings in Banjar and Balokang

gives the following:
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Lowland Dryland

Banjar 0.74 0.75
Balokang 0.53 0.61
Binangun 0.99 1.33

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 eatimate for the size of rice land

owned.

Share cropping 1is prevalent in all these villages. Share
cropping operates on a 50-50 basis of the net proceeds excluding
taxes and the share cropper’s labor input. All other inputs are
deducted. The capital 18 usually supplieé 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 2589 in the Banjar

Plains Service Area.

The number of agricultural families that rent land 1is
considerably smaller. 1In Banjar village about 20 percent of the
families involved in agriculture rent land while 1in Balokang
village it 1s only 3 percent. Land rents vary with the class of
land. The class of land referred to herein 18 used in the village
records and is based on the crop yield magnitude. Class I land 1ia
the highest yielding land, while Class V is the lowest yielding
land. Class I land rents for Rp.150 per bata (712
bata = ]| hectare) or Rp.106,800 per hectare in Balokang. This
would be a thirty to forty-year payout on the present purchase
price of Class I land. At this rate, rental for Class II land
would be about Rp.65,000 per hectare or about 60 percent of the

Class I rental. Land is only rented when the land owner 18 1in

need of cash.
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The families that own land and cultivate in Banjar village
form the major percentage of the families involved in agricultural
operation (about 51 percent). In Balokang village this percentage

ie only 31 percent.

The lands to be upgraded from garden to paddy are exclu-
sively in Banjar and Balokeng villages along the lower, riverside
edge of the project area. Once year-round water is supplied to
these 180 hectares its class value will change to Class I land.
This will increase the value of this land, for sale or for rent,
by at least 50 percent. Also the Class II to Class IV rice lands
in the 605 ha portion will be upgraded to Class I with the pro-
vision of technical irrigation. This 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. 1In
1976 there was a deficit of 5,497 tons of rice in Banjar Subdis-
trict. Table XII-~11 shows 1976 production and consumption sta-
tistics for Banjar and two other subdistricts in which the project
area lies or borders and statistice for the district of Cilamis.
While there is a surplus of 24,000 tons 1in the district, the
Banjar subdistrict shows a deficit of 5,500 tons. It 1is obvious
that an increase of 5,300 tons will help offset the yearly deficit

in the area.

XT11-8



The assumed per capita consumption is 250 kg drystalk padi
per capita per year. This approximates 350 grams of rice a day
per person. Based on this, Table XII-12 shows rice demand in the
affected villages over the next 30 years. If the population
inccease follows the projections 1in Table XII-2, rice demand
within the area will greatly exceed production by 1985, even with
the project. Of course, the projections serve only as a general
guide for planning and they will need to be modified over time to
reflect continuing cheanges. 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, 1.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 Btorage 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 as 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 1is reported that Banjar Subdistrict contains 16 mills.
One mill is operated by the KUD; 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 reputation
for doing quality work. Seven mills are located in Balokang,
eight are in Banjar, and one 1is 1in Langensari outside of the
project area. The distribution {s such that a farmer {n the

project area would have little difficulty getting his crop to a
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mill for processing or for sale. Milling prices are Rp.3 per
kilogram at the KUD mill and up to Rp.l0 per kilogram at the
private mills.

Storage facilities appear adequate with one
20 m x 10m x 6 m storage facility in each of the 48 KUDs {in
Ciamis District. Banjar Subdistrict has two KUD storage facili-
ties in addition to the large BULOG storage facility. There is no
information on the total number of private facilities but storage

is thought to be adequate.

Municipal Water

The project in addition to providing irrigation water for
785 hectares will alro supply municipal raw water. The plan is 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 distributory 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 1II-Municipal
and Industrial Water Supply. In summary, most domestic water
comes from hand-dug wells or the river. During the dry season the
ground water supplies diminiah and shortages develop and reliance
increases on river water as a source of supply. During these
periods the Banjar town dwellers purchase water from becak drivers
or portera. People in Banjar are forced to purchase water since
the municipal system installed in 1973 (exploiting a supply of
water from a spring), is limited to a small percentage of the
population. Furthermore, the lack of maintenance has further

reduced 1ite service.

XI1-10



In the dry season untreated water sells for Rp.l1.25 to
Rp.1.75 a 1liter. Average annual cost varies from Rp.3750 to

Rp.5250 per person.

As discussed in Chapter III, the District Planning Office
hopes to attract additional industry to locate in the Banjar area.
One of the requisites for industrial development is the uninter-
rupted supply of good quality water. The three industries pre-
sently considered are a rayon fiber textile mill, a non-urea
fertilizer factory and an activated carbon-fibered rubber factory.
These would require about 700 liters of water per second at full
development. Provision of M & I water by the Project should

facilitate the location of new industry in the Banjar area.

Transportation

At the start of Pelita IT (the second five-year plan) road
gystems throughout the Ciamis district were {improved. The
District Planning Office (BAPPEMKA) cites this as one of the
factors in the dramatic improvement 1in 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 repair. All road
building energies in the area are presently focused on the new
Bandung to Cilacap highway. Table XII-13 summarizes the type of

roads in the Banjar Plains service area.

Often overlooked 1in 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 saub-districts of Banjar, Pamarican and
Cimaragas are shown in Table XII-14. Although a small part of the
Pamarican sub-district {s included in the Banjar Plains Area, this
sub-district 1is adjacent to the service area and the health
facilities would be available to some of the population. Among the
most frequent 1illnesses reported were 1influenza, bronchitis,
gastroenteritis and tuberculosis. Over 26,00C patients were
treated in the clinics during 1976. With the provision of traated
water it is believed that the number of persons affected by water-

borne diseases would be reduced, i1f 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 students
attended various schools 1in 1975, manned by 306 teachers. This

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 1is primarily
concentrated at the elementary school level (grades 1 to 6) since
this 1level constituted 67 percent (not 1including religious
achools) of the total school attendance. The level of literacy

in 1975 in the five villages was about 23 percent.

Summary

The foregoing discussion has sought to present those facets
of the cultural environment where assumptions of benefits received
by and through the project are more tangible and substantiated

quantitatively. Although the surface area covers all or parts 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 1s confined to Banjar

and Balokang.

Economically Active .- Summary and Benefits

Banjar 1is essentially urban in character with that segment
of the population working in the agricultural sector commuting the
few kilometers to the fields. Balokang 18 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 1s much
disguised unemployment and underemployment. It 18 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 1industrial employment are some of the jobs sought

after seeding and before harvest.

Projected population increases are significant. By the time
the project 18 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 Balokang wiil have increased
by 6 percent. Offsetting this excess 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 18 assumed to be 110 days, 1.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-
fifthe 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 million each vear. 1In the past 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

much of the increase will disappear because of inflation.

The construction of the project {tself will require an
average of about 600 laborers and 50 skilled laborers over a
three-year period, 1981-1984. This will bring in about Rp.180

million each year during the construction.

The municipal water treatment plant and distribution system
will require construction labor. No estimates of costs or labor

requirements have been made but the benefits must be considered.

The possible development of an industrial sector in the
future if raw water is made available, will generate an additional
6,700 permanent and part-time jobs as indicated before. This
amounts to 92 percent of the projected 1985 excess labor force.
It is 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 honme
as the number one priority i{item in their 1list of personal
possessions. This 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 as more
nmoney 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

conaidered.

Land Tenure - Summary and Benefits

Rice 1is the primary food crop and production is consumed
locally. VFarms are small and the agricultural economy borders on
the subsistance level. The improved weter supply will bring all

land affected to the Class I level as soon as the water is in the
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canal. It is estimated that project land which is not Class I at
present is the 180 hectares of the "U" class land and about 40
percent of the 605 hectares of the "R" class land. The project
will raise the classification of this land to Class I and increase
its value from an average of Rp.2,136,000 per hectare to
Rp.4,272,000 per hectare. Thia immediate increase 1in asssets
would 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.l1.37 willion or a total of about Rp.900

million for the service area.

Individuals knowing of the project may seek to speculate on
the 1increase in land value. Additionally, the increased land
value and rental costs may further increase the growing disparity

between land owners and landlesa laborers.

Cropping Pattern and Farm Income ~ Summary and Benefits

The principal lowland crop 18 rice and it 1s grown whenever
sufficient water 1s available. This project will provide irri-
gation water to 785 hectares of rice land. The discussions and
economic benefits have focused on increased ylelds 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
million 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 increase in soil moisture levels at the start of the
dry season and some water available for irrigation in the dry
season, there exists the possibility of growing a Palawija crop on
at least 25 percent of the area. Benefit values for such a crop
have not been identified as the economic analysis wae based on two

rice crops a year.

Marketing and Processing - Summary and Benefits

The present marketing and processing facilities appear to be
sufficient to handle the increase in rice production. The 16 rice
milles in Banjar Subdistrict have a combined capacity of about 60
tons of rice per day. Bhould additional capacity be required, it
is believed th;t the phasing~in of the hectarage affected by the
project‘ over a three-year period will allow the usual market

forée- to adjust to the increased aupply.

The additional rice production with the project will amount
to 5,300 tons. At an average milling price of Rp.7 per kilogram,
it is estimated that the millers in the local area will receive an

additional income of Rp.37 million.

Stérage should be no problem. Present storage at the farm,
in KUD and private storage facilities, and the daily demand of
about ‘14 tons of rice will not be stressed by additional pro-

duction.

Municipal -~ Summary and Benefits

The project will provide 269 liters per-.-second of raw water
for municfpal wuses 1in the town of Banjar and surrourding areas.
Present conditions require tha populaton to purchase water during
the dry season. Yearly costs per person average Rp.4500.
Projected over the approximately 35,000 people to be affected, the
amount of savinge will ba Rp.157.5 million per year.
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The municipal water supply will have a beneficial effect on
the health of the people in the area. By and large the population
of the project area enjoy conditions healthier than other areas of

West Java.

However, gastro-intestinal problems do occur 1including
Chidera, which is listed under this general headings in health
standarde . They are particularly prevalent in the dry secaon as
the ground water supply diminishes and the effluent from toilets
and drains may get into wells and water courses undiluted. The
improved health of the population becsuse of additional water im
the dry season is an unquantifiable benefit as 1is the greater

efficiency of laborers whose health is improved.

Transportation - Summary and Benefits

Table XI1I-13 summarizes the number of kilometers of roads in
the five villages of the project area. The inclusion in the
project of °5 kilometers of road along canals and laterals should
ald communication allowing the rural population to reach potential
markets [for their agricultural products and any home industry
products. Also rural people will have greater acceas to Banjar
for shopping and acquiring producta cheaper through the larger

urban stores.

As previously mentioned, the District Planning Office cites
increased communication and ease of movement brought about by the
nev roads con:tructed through Pelita I1 as an important factor im
the rapid growth of non-agricultural income in the middle 1970's.
Of the Rp.60,000 per capita increase in annual non-farm wages
realized in the period 1972-1976, 1t ie not possible to quantify
the part attributed to new roads. Common sense tells us an

improved transportation net is vital to a progressive economy.
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Conclusions

Table XII-16 summarizes the benefit discussed herein.
Quantifiable irrigation and water supply benefits amount to over
Rp.549.2 million per year after the project is completed; short
term benefits over a three-year construction schedule amount to
Rp.378 million per year. The long-term benefits include direct
increases to the agriculture sector through increases in rice
yields. These are discussed in depth in another section of the

report.

Unquantified benefits also accrue to the project. In
Table XII-16 no estimates were made on the construction and
operation of the municipal water plant or on the potential for a
housing construction boom. The probable error in making an
estimate with no available information 1is too great. Suffice to
let them remain as unquantified at this time. Another benefit in
this same category is the costs of importing rice into the rice
deficient dietricte e.g. Banjar. Subsequent surveys, if necessary
can pinpoint the amount of rice imported and ite transportation

cost.

Improved health, greater work efficiency, the value of
increased transportation facilities are unquentifiable, but have
been discussed. Other 1items, not discussed, because of the
difficulty in assigning benefits is the general literacy of the

population.

For example, 1if 1t {is true that financial considerations
affect s8chool attendance, then an increase in family income
brought about by greater opportunity will increase the chances of
youngsters to obtain an education. This 1s seenrn through the
increase in expenditures for education shown in Figura XII-2 since
1973. Purther, the more students in the 10-20 year old age group,
the fewer the number seeking employment.
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Other items not discussed but just as certainty benefits are
the increased profits to fertilizer, pesticide and seed dealers,
wholesalers and manufacturers brought about by an increase of
these {items. The tertiary, or ripple effect, of dintroducing
additional 1industry into the area has not been discussed at
length. The director of BAPPEMKA in his letter to the project
manager mentioned a 15 to | multiplier effect and the possibility
of 20,000 additional jobes. An attempt to quantify these
"benefits"” and add them to the benefit list would not be appro-

priate without more study.

The 1increased payroll in agricultural labor will amount to
Rp.85 million per year. Added to the labor benefits are an
increase in the assets Rp.900 million for about 1,226 farmers 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 moat of the
benefit from this project goes to the agricultural sector, whose
average annual income per capita iz 20 percent of the non-

agricultural sector.
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TABLE XII-1

Population of Villages in Which Project is Located (1966-1976)

Growth Bouseholds

Village 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 Rate  1975-1976
Percent persons per

household
1. Banjar 6872 7393 8550 10001 17253 25764 27047 28330 29613 29575 32142  4.5% 234
2. Balokang 7157 7266 7258 7359 7491 7489 7562 7964 7648 7666 7666 0.7 1%15-
3. Binangun 5214 5224 5247 5302 5348 5395 5590 5762 5632 5669 5669 0.8 18
4. Situbatu 4455 4513 4543 4539 4605 4685 4712 4765 4825 4942 4942 1.2 lgéf-
S. Batulawang 6565 4586 4636 4707 4867 5527 5687 5617 5707 8272 9290  2.8#% l%%%

* Calculated since 1971
*% Calculated 1966 - 1974

Source: Ciamis District Records. Adjustments made in 1971 and 1976 are
based on the Population Census snd Election Census respectively.



TABLE XII-2

Population Projections Through Year 2003 for
Villages in which the Project is Located

Village Rate X 1976 1985 1995 2008

Banjar 2.1% 32,142 38,753 47,705 58,725
Balokang 0.7 7,666 8,163 8,733 9,383
Binangun 0.8 5,669 6,090 6,596 7,143
81 tubatu 1.2 4,942 5,502 6,199 6,985
Batulawvang 2.8 9,290 11,911 15,699 20,693

* Rate based on average for West Java, 1967-1971
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TABLE XII-3

Village Population By Age Group & Sex

A ge & S ex G roup

Village 0 -4 5 - 14 15 - 24 25 - 54 55 & over Total Total
M F M F M F M F M F M ) 4

Banjarl/ 2426 2675 4139 4553 2745 3129 4122 4578 1591 2184 15,023 17,119 32,142

Balokanggl 514 547 479 580 431 451 1322 1310 1013 1019 3,759 3,907 7,666

Binangung/ 196 179 778 764 597 701 762 767 434 491 2,767 2,902 5,669

Situbacu?’/ 320 320 447 464 622 616 567 567 518 506 2,474 2,473 4,947

Baculavang;/ 738 786 425 502 548 697 1417 1572 763 824 3,891 4,381 8,272

1/ From village data for 1976/77

2/ prom village data for 1975/76
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TABLE XIi-4

Population b e Gr
Banjar Balokang Binangun Situbatu Batulawvang
Age No. b4 POP- No. Z Pop. No. p 4 Pop. No. Z Pop. No. z Pop.
0 - 14 13,793 43 2,120 28 1,917 34 1,551 31 2,45 30
15 - 54 14,574 45 3,514 46 2,827 50 2,372 48 4,234 51
55 & over 3,775 12 2,032 27 925 16 1,024 21 1,587 19
Employed 14,915 46 3,867 S0 3,104 35 1,452 29 4,721 57

Source: Village Records
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TABLE XII-5

Labor Distribution (1975-1976)

Livestock Labor Employer
Village Farmers Salesman Business Breeder & Army Total
Fisherman Farm Industry Services
Banjar 1869 1506 1489 - 4444 2907 2700 14,915
Bolokang 2139 129 11 - 1256 41 291 3,867
Binangun 1309 15 7 55 1480 141 97 3,104
Situbatu 823 21 4 - 452 - 152 1,452
Batulawang 338! 129 8 195 525 411 72 4,721

Source: Sub-District Records



TABLE XII-6

Projected Labor FYorce to 2005 - Banjar and Balokang

Labor Yorce

X Labor

Desa of Pop. 1985 1995 2005

Banjar * 46 17,826 21,944 26,013
Employed 1976 14,915
Increase in Labor 12,098

Potential

Balokang #* 50 4,082 4,376 4,692
Employed 1976 3,867
Increase in Labor 825

Potential

* Based on population growth rate of 2.1% (W. Java)

#% Based on popul: tion growth rate of 0.7%
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TABLE XII-?

Requirements Without- and With-Project

Without Proiect With Project Additionci
Yearly Labor Rice Upland Garden Total Total ° Laboxr Regd.

Number Ha farmed 6054300 303 180 1,390 (783 x 2)=1570

Mandays labor/ha 118 60 80 255»
Totel man-days 106,790 18,300 14,400 139,490 400,350 260,860
Buffalo labor/ha 25 0 0 25

Total Buffalo-
days 22,625 0 0 22,625 39,250 16,625

*Eaiimated increase in harvest labor based on an average yield of 5 T/ha
(Gabah) and converting 10 percent-of-crop harvest charge provided in the
farm budget to addition man-days required.
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TABLE XII-8

Possible Industries in Banjar Showing Labor Requirements and
Potential Ancillary Labor Requirements

Approximate
Construction
Industry Cost Labor to Potential
(million) New Jobs Supply Ancillary
U.S. § in Plant Raw Mat’1l Labor
Textile/fibers 8 25 600 NA 1300
Non Urea Fertilizer $ 5 400 1300 700
Activated Carbon $ 25 360 5600 NA
Fibered Rubber
Total $ 55 1360 6900 2000

Source: BAPPEAKA, Clamis

NA: Not Available
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TABLE XII 9

Land Use Pattern - 1977

Mixed

Total Settle- Road, River Others Land
Village Land Ricefield Garden Plantation ment Fishpond and Stream in

(ha) (ha) Upland, Fallow (ha) (ha) Project
Banjar 1029.1 311.9 389.6 25%.2 12.6 49.5 6.3 420
Binangun 1365.9 365.4 871.3 80.6 7.7 31.9 9.0 99
Situb&tu 745.6 99- 7 620-0 12.3 - 5.6 8-0 36
Batulawvang 1968.6 105.7 1188.0 139.5 57.8 28.0 449.5 32

Source: Village Records
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TABLE XII-10

Land Holdings -~ 1975

(Bectares)
vill 0 - 0.5 ha 0.5 - 1.0 ha 1.0 - 3 ha 3 ~5ha > 5 ha
48¢  Lowland Dryland Lowland Dryland Lowland Dryland Lowland Drylamd Lowland Dryland
Banjar 108 118 113 65 16 21 2 2 5 5
Balokang 341 491 210 286 31 94 - 1 - 1
Binangun 447 631 486 261 245 313 64 88 1 7
Situbatu 421 1160 50 230 5 105 - 7 - -
Batulavang 382 984 76 483 8 328 - 36 - -

Source: Village Records
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TABLE XIX-11

Production and Consumption of Rice (1976) for Ciamis District and
Selected Subdistricts

Production (tom) Consumption Surplus

Location Sawah  Gogo  Total ToPulation e Seed Total (eficit)
Subdistrict

Banjar 18,870 0 18,870 96,815 24,206 164 24,368 (5,497)

Cimaragas 10,000 34 10,041 28,810 -7,203 72 7,275 2,766

Pamarican 16,088 687 16,776 69,492 17,373 228 17,601 (826)
District

Ciamis 349,342 5,744 355,085 1,304,951 326,238 4,500 330,738 24,347

Source: District Records
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Projected Rice Demand Based on 250 Kilogra-s[getton[!eat

TABLE XII-12

for Five Villages in Project Area

Demand in Touns Per Year

Desa

1976 1985 1995 2005
Banjar 8,036 9,688 11,926 14,681
Balokang 1,917 2,041 2,188 2,346
Binangun 1,417 1,522 1,649 1,786
Situbatu 1,236 1,376 1,550 1,746
Batulawang 2,068 2,978 3,925 5,133

Banjar Subdistrict

Demand: 24,206 27,155 29,965 31,355
Production 18,870




TABLE XII-13

Kilometers of Roads by Type
Banjar Plains Service Area, 1

Village Asphalt# Gravel Macadam* Earth
Banjar 14 9 6 1
Balokang ) 10 1 8
Binangun 12 0 0 14
Situbatu 4 2 4 7
Total 34 21 11 30

#*For purposes of this distinction, asphalt roads are prepared with a base
of stone, then layers of asphalt & sand are applied. Macadam roads are
road surfaces covered by a gravel-asphalt mix; durability 1is poor.
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TABLE XTI-14

Medical Facilities in the Area - 1976

Type of Medical Facility

Public Health Mother Family

Center or and Chiid Planning Drug

Clinic Clinic Clinic Stores Ambulance
Sub-District (No.) (No.) (No.) (No.) (No.)
Banjar 11/ 5 & 5 1
Pamarican 12/ 2 1 - -
Cimaragas 12/ 1 1 - -
Total 3 8 6 5 1

Source: BAPPEMKA,

1
y 60 Beds.

2
‘/ Without Beds.

Cianis, 1977.
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TABLE XII-15

Educational Pacilities

Students by Type of School

Village Schools Rooms Elementary Junior High Senior High Religious Total Teachers
Banjar 47 178 4,715 1,600 1,330 219 7,823 254
Balokang 12 48 1,016 32 -— 179 1,287 52
Source: Village Records.



TABLE XII-16

Summary of Benefits

Segment of Man-Day Annual
Population Number Annual Rate Benefit
Event Benefited Benefit Subsegment Affected Man-Days (Days) (Rp.Millior)
(Rp)
Irrigation Water Economically Job Availa- Agriculture Labor 2,370 260,860 325 85
Supply Active bility
1/
Project Comstruction™
Skilled 50 45,000 1,200 54.0
x Unskilled 60C 540,000 600 324.0
) 2/
o Industrial— 6,700 1,300,000 1,000 1,300.0
Municipal Water Plant No Estimates Made
House Construction No Estimstes Made
3/
Land Owner Increase in Owner of other = thamn 1,226 900.0
Value of Class I land whose Farmers
Land land will be made

Class 1 by provision
of year-round water

Cultivator Increase in Tenants/Owners and 2,322 Net Increase of 269.7
Crops Renters Cultiva- Rp. 116,000/Farmer
tors per year on Rice
Increase in Pro-~ Millers Increase in Rp. 7 x 5,300,000 kg 37.0
duction Workload
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TABLE XII-16
(Continued)

Summary of Benefits

Segment of Mas-Day Annusl
Population Number Anmual Rate Benefit
Bvent Benefited Benefit Subsegment Affected Man-Days (Day) (Rp.Milliom)
(Rp)
Provision of Population Lower Dry
Mumicipal Water of Banjar & Season Water Approx.
those along Costs 35,000
Canal People € Rp. 4,500 157.5

Roads Along
Canals and
Major Laterals

Rural Popu-
lation

Improved Health

Greater work efficiency
because of improved
health & general well
being

Increase in transportation net
will allow greater access to
shops and stores of Banjar,
aiding general market economy-.
Also, allow ease of transpor-
ting home industry products to
potential wmarket.

No Estimates Made

No Estimates Made

Ho Estimates Made

1/

2/

Banefits to run for the estimated three-year coastruction period.

= This component is not in the recommended project, but is possible developmeat ia the future.

3/

= Ome time benefit.



12141S10 SIWNVID

JWOINI

AVHNLINIINOV-NON 8 IvHNLIND YOV

L.6] - 8961

123r0dd SNIVId dHVFNVE

TOTAL ANNUAL INCOME PER YEAR IN BILLION RUPIAHS

24

INCOME PER CAPITA IN 1000 RUPIAHS

120

TOTAL ANNUAL

NON-AGRICULTURAL INCOME

4
00 TOTAL ANNUAL —
L~ -~
AGRICULTURAL INCOME ~ / /
L~
80
——“—”’
60 -
=
° \ANNUAL PER CAPITA
7z I
e S P NON-AGRICULTURAL INCOME
40 T I N
v { | T
_1.7 ANNUAL PER CAPITA
/7 AGRICULTURAL INCOME
20 . T __~l
”Z e PELETA I e PELETA II —t—3m
1968 1969 1970 1971 1972 1973 1974 1975 1976
YEAR

"ON| ‘SLNVLINSNOD 9NIYI3NION3T

| ~IX 38N9Id



ENGINEERING CONSULTANTS,INC. ~ FIGURE XI-2

B

INCOME

[+)]
o

PERCENTAGE OF

100

80

40

20

OTHERS

SAVINGS

EDUCATION

"RECREATION

1.

~_FURNIstiNGS
——V_IA

CLOTHING
K l

|
AR

HOUSING

FOOD

1969 1971 1973 1975 1977
YEAR

BANJAR PLAINS PROJECT
MAJOR EXPENDITURES AS
PERCENTAGE OF INCOME

1969 ~ 1977
CIAMIS DISTRICT




Chapter XI1II

ENVIRONMENTAL ASPECTS

Genara

Irrigation of Banjar Plains Area will improve food produc-
tion on lands already under rainfed cultivation and partly under a
rainfed rural {rrigation system. Increased food production means
principally increased rice production from a more intensive
farming pattern, changing from a single rice crop to a double rice
crop per year and increasing yields on double rice crop areas as

discussed in Chapter X-Project Benefits.

The proposed {irrigation system 18 considered as a supple-
mental water supply to extend and improve irrigation efficiency
- over the existing rainfed system to the extent that water 1is
available in the Citanduy River. The proposed system, 1f
constructed, 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 gross area of approximately
3,000 ha, with approximately 30X, or 900 ha, between 50 and 28 m
in elevation, with about 600 ha of this area usually planted to
rice at the beginning of the rainy season, 1in October and
November. A new irrigation and water supply project will improve
and enhance the quality of life and social benefits in this area

of the Citanduy Basin. The following environmental coneiderations
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of Historics#l, Ecological, Fish and Wildlife, and Human Pactors in
the Environment is presented as an evaluation of the problems and

needs that would be influenced by the anticipated improvements.

Historical

As far as is known at the time of this writing, there are no
known archaeological sites within the areas to be occupied by the
physical facilities of the proposed Banjar Plains Project. A
survey of the area and conferences with the Village Chief of
Balokang, indicate that there are no visible problems or conflicts

with historical or sacred sites in the neighborhood.

Nearby is the Ciung Wanara Historical Reservation; however,
it would not be affected by the project construction or operation.
Design 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

artifacts, 1f 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 preconstruction 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 cultivation. An attempt is made to identify
two major problems and needs of the area that may evolve through

the impact of additional supplemental irrigation water supply.
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Planning for the future in anticipation of these potential
changes 1is considered absolutely essential, and the planning for
land use controls should begin concurrently with the design and
preconstruction pheses of this project. The two important land
use considerations which should be recognized in the planning of

the Project are:

1) Planning should be considered that would insure the
stability of the Banjar Plains area as a ‘greenbelt’,
protected from expansion of the City of Banjar into the
adjacent agricultural lands. Unregulated city expansion
would cause a 1land use change from a village farming
community to a municipal city, and would frusrrate the
purposes of the proposed constant supplemental irrigation and
drainage system. The 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 1is 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 1in the project. Since increased food production
has been 1identified as 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 second problem and a need of the Banjar Plains Area
that will also require concurrent planning in anticipation of
a land use change that will occur with the importation of a
supplemental water supply 1is the change in the land use
pattern of the adjacent steep hillside lands presently used
as catchment areas for the Banjar Plains Area rice paddy-

lands. The existing rainfed irrigation system is an
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outstanding use of existing resources. The surrounding steep
hillside land forms several independent catchment areas to
supply rain waters to irrigate adjacent rice paddylands.
Also, the upper rice paddylands drain and provide additional
catchment areas for lower rice paddylands. After an
aliternate irrigation system is constructed and made opera-
tional, one can anticipate a '"short-stopping” of the
diversion of rainfall/runoff waters now utilized from these
hilleide catchment areas to develop ''new lahd" for {rrigation
of these same steep hillside lands. This event would consti-
tute a major change in land use. These asteep hillside lands
are now apparently well-covered with coconut and banana
plantings, with adequate ground cover so that erosion of the

steep hillsides 18 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 1in the hillside gullies and build new tertiary
irrigation ditches to serve newly terraced hillside slopes of the
foreat 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, intensified 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 carcy the increased sediment load
back into the Citanduy River. The process 1is evident throughout
Java, and may be inevitable, regardless of whether the project is
built; however, it 1s {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 steep hillside
farming practices in the Citanduy River Basin, one can conclude

that this erosion will occur if these changes are permitted.
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It 1{s considered extremely important that the proper water-
shed conservation and management practices, through proper
planning and land use regulation, be implemented and enforced
before erosion becomes a major problem. Recommended conservation
and wvatershed management practices have been 1identified and
published in ECI’s report.d/ The Land Capability Classifications
discussed in that report supplement and complement the critical
land use and soil classifications discussed 1in detail 1in
Chapter IV of this report. The change of land use from "tropical
forest" to intensive crop production use requires the most careful

planning of soil, water and plant conservation practices.

Fish and Wildlife

At the present time, there is little evidence of game fish
or other wildlife. Game fish simply cannot exist in the silty
waters of the majr streams and rivers of the Citanduy River Basin.
After construction of the project, water from the Citanduy River
will pass through a desilting basin cthat will encourage an
increase of fishponds in the area by providing a water supply
necessary for an 1increase 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

Y Panawangan Pilot Watershed Conservation and Development Project",
Final Design Report, Engineering Consultants, Inc., Denver, Colo-
tldo. U.S.A., OCtOber’ 1976.
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Human Factors in the Environment

People of ihe Banjar Plains area are the primary concerm in
the evaluation of environmental impact. Pressures and problems of
population growth and public health are discussed in some detail
in this report. A supplemental, alternate 1irrigation and
municipal water supply from the proposed Banjar Plains Project
will provide positive benefits to the people of the area. These

benefits are considered and listed as follows.
1) Increased food production.

2) An increase in personal income of people in the area
will promote economic stability in all the commercial and
infrastructural activities which relate to the agricultural

base.

3 Improved public health, through an improved municipal

raw water supply.

One needs to identify the needs of the area by reference to

the following factors:

1) The need to control 8oll 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 sewage 18 the source of such diseases as
cholera, gastro-enterities, dysentery and typhoid fever. The
danger of epidemics becomes more critical during the dry

geason when streamflow is reduced or becomes nonexistant.
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3) The need of '"greenbelt" and open-space areas will also
influence the way that people will respcnd to this protection

of economic and human resources of the Banjar Plains Area.

Conclusions

To the extent that water is available to divert from the
Citanduy River, the quality of life for the people of the
Banjar Plains area will be enhanced through improved food produc~
tion, 1increased personal income, and improved public health.

Environmental and ecological damage is considered to be minimal.
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EXHIBIT

Ciamis, November, 1977

TO: Mr. Jack Earl Farmer/ECI
FROM: Rachlan/Bappemka, Ciamis
SUBJECT: Comment of the Feasibility Report—-Banjar Plains Project

I. INTRODUCTION

1. This written comment on the Feasibility Report of
the Banjar Plains Project is to meet the request of Ir. Sudaryoko,
Chairman of the Steering Committee Meeting held in Ciamis on
November 2 to 4, 1977.

2. The purpose of the comment {8 to render some
information thought to be relevant to the Feasibility Report of
the Banjar Plains Project, particularly concerning the intangible
benefit of the proposed project.

11, 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 Basin.

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

l. 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 (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).



NOTE: The number of tourista coming to
Pangandaran increases by 22.5X annually.

The number of tourists coming 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

Motorcylces 7,310

1.2 Railway Lines:

a. Main Line: Jakarta~Banjar-Surabaya
b, Feeder Line: Banjar-Cijulang

Cirebon, Bandung, Purwokerto =acnd
Cilacap are 1in effective distance by car
(+120 to 150 km from Banjar).

Jakarta, Yogyakarta, Surabaya are
in effective distance by train. Tourists from
Jakarta, Yogyakarta, Surabaya coming by car to
Pangandaran are usually travelling with
packaged tour.

2. The town of Banjar has no competing towns 1in
between Cirebon, Bandung, Purwokerto and Cilacap as far
as the concentration of people are concerned. By the
exception of Tasikmalaya which main funtion 18 a central
place i{n the extreme western part of the Citanduy River
Basin.

b. The Function of the Town of Banjar in the
Regional Development

1. The hinterland 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
ie the central place for the hinterland products.

2, Being located in the converging point of the

main and collector roads, main and feeder railway lines,
having a profitable access to bigger towns within
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effective distance, Banjar 1is turning rapidly into a
terminal center for transportation. 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 Citanduy River
Basin by providing:

a. Good and adequate inter-regional roads
connecting bigger towns which are now being built
by the Department of Public Works and Electric
Power (DPWEP (Cilacap-Banjar-Bandung and Banjar-
Pangandaran for Class Il 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 1in the town of Ciamis and soon be followed by
Banjar.

d. Automatic telephone system in Banjar now
in the process of implementation.

e. Better rallroad transportation through
the wupgrading of the tracks, locomotives and
carriages now belng considered by the Department of
Transportation and Communication.

f. Enough land for the industrial activi-
ties decided by the Directorate General of Cipta
Karya/DPWEP, The only development factor lacking
to turn the town of Banjar into a strong growth
center 18 water for 1industrial wusage, drinking
water and flushing water for the town.

4, Because the town of Banjar has no rival
towns in the whole Citanduy KRiver Basin and, therefore,
automatically:

a. Is independent of smaller towns lying
between Banjar and Cilacap, Cirebon, Bandung,
Purwokerto, Pangandaran.

b. Has direct transitiveness to bigger
towns within effective distance by roads or ralil-
roads and, hence, gubordinate only to those towns.

Banjar will grow into a central place of the whole

Citanduy region, the transit-trade center and at the same time a
growth center. These three functions {n one town will quickly
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broaden the economic threshold demand and demand range, and these,
in turn, will propel the town of Banjar into a place of strong
poeition in the regional economic development. The economic
position and the future of Banjar has been recognized by the
planners in West Java and, hence, this town has been projected as
nodal Class 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 Plaina Project 18 an integral part of the
comprehensive Citanduy River Basin Developuent 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 1intangible benefits of the project. The tangible
benefits have been stated in the Feasibility Report and 1 think {1t
proper for me to concentrate my comment on the 1intangible
benefits, particularly those concerning:

l. The consistency of the project
2. The desirability of the project
3. The intangible benefits of the project

4. The feasibility of the project which 18 actually
the summing up of the consiatency, the desirability and the

benefits of the project.

ad. 1. The Banjar Plains Project 18 consistent with
the Naticunal 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 1{s also consistent with the Regional
Long~Term Prospective Plan that determines the town of Banjar to
be the central place, transit-trade center and growth center in
the Citanduy River Basin. The industries proposed to be located 1in
the town of Banjar are:

l. 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 1in 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 {1s
calculated to the amount of U.S. $5,000,000. This industry
will create 400 new permanent Jjobs 1iIn the factory and
1,300 partial and permanent new jobs 1in the supply of raw
material for the industry. The spread and multiplying
effects of the factory will create 700 new jobs.

3. The Carbon Active and Fibered Rubber
Industry

‘The factory’s construction cost 1is to
amount to U.S. $25,000,000. It will create 360 new permanent
jobs in the factory and 5,600 new partial and permanent jobs
in the supply of half-finished goods for the industry. The
raw material for the carbon active and fibered rubber is, for
the biggest part, waste product of coconut which is now still
considered as of uneconomic value. The calculation shows
that the people of Ciamis will receive U.S. &!§,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 cenral place, transit-trade center and growth
center of the Citanduy River Basin will turn the town into a
big people concentration. The bigger the concentration the
bigger the need for water supply, both for drinking and
flushing water. The drinking water purification plant 1in
Banjar will cost at least U.S. $7,500,000. The new permanent
jobs created will be 100. The flushing water and healthy
drinking water will decrzase expenses spent on the curation
of diseases and man-days 1lost from illness.

ad. 2. The Desirability of the Banjar Plains
Project

Considered from the {ntangible benefits, the
constrution cost of the Banjar Plains Project {s actually an
inicial {investment and stimulant to the other kinds of economic
activities, particularly industries that ensure the {ncrease of
the regional and personal 1income, the creation of permanent and
partial jobs in the urban and rural areas.

Jobs in the Citanduy River Basin 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 something
good for other fellow people does not only establish their sense
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of responsibility, theilr sense of participation and helonging, but
it is the most important investment for the continuation of the
self-propelling growth, both materially and spiritually. Logic-
ally, the longer the process of reaching the finished goods, the
more expensive the spread and multiplying effects of the indus-
trial activities.

Based on this argumentation, the Ban-
jar Plains Project {s 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 Banjar Plains

Project

The tangible benefit of the Banjar Plains
Project In the form of the henefit-cost ratio of 1.06 to 1 has
been stated in the Feasibility Report based on the assumption that
the cost of the project 1s about U.S. $4,000,000. Compared with
the 1initial 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 18 clearly of high benefit. 1In 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 materfal and half-finished goods of 8,900 show us clearly
of the intangible bhenefit of tha project. 1t is not an overesti-
mate that the spread and multiplying effect nf the Industries will
create also not less than 20,000 new jobs. But it should be bnrne
in mind that those industries depend entirely on the realization
of the Banjar Plains Project, bhecause without water from the
project those industries are not feasible.

Other indirect henefits are the decrease of
expenses spent on the curation of dfseases closely assoclated with
water and man-days lost from 1llness. :The promotion of rhe will
of the people to take an active part {n the development as insur-
ance for the continuation of the self-propelling growth materfally
and spiritually, the feeling of security for the peonple’s economic
and social life, mutual welfare and broadening of job opportunity
of various kinds 1in the influence area of the town of RHanjar are
other {mportant {ntanglbhle benefits of the project.

ad. 4. The Feasibility nf the Banjar Plains Project

The feasibility of cthe project as far as the
location, the technology and the tangible benefits are concerned,
has heen declared by ECI. The Intangible benefits, in my point of
velw, are the summing up of the sev:ral aspects mentioned in my
comment on:

l. The consistency of the project consi-
dered from:



a. The National Economic Policy;

b. The Regional and Local medium—term
prospective plan.

2. The desirability of the project consi-
dered from:

a. The 1increase of new permanent and
partial jobs very badly needed today and in the future
both for material and spiritual satisfaction in the
uvbar and rural areas within and outside the Citan-
duy River Basin.

b. The {ncrease of the regional and
personal income coupled with a better distribution of
wealth.

3. The intangible 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) times as
much as the cost of the Banjar Plains Project 1itself.

b. The fact that the project will be
the starting point for the realization of better econo-
mic and social 1life within the Citanduy River Basin, and
to some extent, 1in some areas surrounding the river
basin.

/S/
RACHLAN
BAPPEMKA CIAMIS



