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R. 1.
U.S.A 1D,
AM.S,

Ba PPENAS
BAPPEMKA

BIMAS

INMAS
BULOG
DOLOG
B.U.U.D.
AE.S,
LPMA
Rough Rice
Milled Rice

Wet Staltk Pice
(or Padi)

Dry Stalk Rice
(or Padi)

"G LOSSARY™

ABBREVIATIONS AND TERMS

Republic of Indonesia

United States Agency for International Development
United Siates Army Man Service

National Planning Board

District Planning Board

Mass guidance for agiicultural intensification with government credit

at low interoest

Same as BIMAS but without government credit

National agency for price control, stock and distribution of rice

Provincial Agency administering BULOG program

Village Coopurative Unit

Agricuitural [xtension Service

Institute of Hydraulic Engincering

(Gabah) Thieshed rice (with hull), unmilled at 14 percent moisture

fBeras) Rice that is dehulled and polished

- Untheshed rice = still in the panicle (head or ear) - tied in a
bundle, cut 15 to 20 cm below the panicle, not dried.
{Conversion to 1ough rice 59°:)
{Conversion to milled rice 400:)

- Same as above but dried.

(Conversion to rough rice 77%)
{Conversion to milled rice - 529%)



1 meter

2.54 centimeters
0.3048 mete:

1, 000 meters
1.60935 kilometer

1 hectare
1 square kilometer

1 cubic meter

1 cubic meter

1 liter

1,233.5 cubic meters

°c = 5/9 (°r-32)

1 rupiah
115.5. Dollor

1 kilogram

1 metric ton
2,000 pounds

1 kwintal (kw)
1 metric ton (t)
1 liter (rice)

MEASUREMENT AND CONVERSION FACTORS

Ion

o

Length

39.37 incles
1 inch

1 foot

1 kilomet=r

1 statute mile

Area

2.47 acres
100 hectares

Volume

1,000 liters
0.0008107 acre feet
0.2642 gallon

1.0 acre foot

Temperature

Currency

100 sen
414 rupiah

Weight

2.2046 pounds
1,000 kilograms
1 ton

100 kilograms
1,000 kilograms
800 grams

i

H

[ ]

[H |

|||

3.2808 feet

0.6214 statue mile

10, 000 square meters
247 acres

1.308 cubic yards

35.3144 cubic feet
0.03531 cubic foot
325,851 gallons

=9/5 °C +32

$0.0024 U.S. approx.
41,400 sen

2,204.6 pounds
907.18 kilograms
220.463 pounds
2,204 .63 pounds
1.764 pounds



LENGTH:

AREA:

VOLUME:

MASS AND
WEIGHT:

FLOWING
WATER:

METRIC SYSTEM ABBREVIATIONS

Unit

millimeter
centimeter
meter

kilometer

square centimeter
square meter
hectare

square kilometer

cubic meter

liter

million cubic meters

kilogram

metric ton

liter per second

cubic meter per second

Abbreviation or Symbol

MCM

kg

175 or lit/sec

3
cms orm /5 or m

Equivalent of meter

0.001
0.01
1.0
1,000.0

0.0001 m2

1.0 m2
2
10, 000 m
2

1,000, 000 m

1.0m

3 _
1,000 cm™ -
0.001 m

1,000 g
1,000 kg

’
‘sec



CONVERSION RATES FROM STALK RICE {PADI)

TO ROUGH RICE (GABAH) TO MILLED RICE (BERAS)

Klasifikasi Classification Conversion hates: Percent (°:)
T
1. Padi Basah di Desa | cf stalk rice in 100 19 | 122 1123 130 ! 145 154 1156 169 | 250
the village
s
2. Padi Kering di Desa |C7Y Sfolk rice in 84 100 | 103 | 104 109 | 122 | 130 1132 143 | 208
the village
3. Padi Kering Lumbung |=7" stalk rice g2 %7 | 100 {101 106 | 119 | 127 {128 139 | 204
R = stored in village |
di Lesa i _ _ ] IO S S W S
4, Padi Xering Lumbung |Dry stalk rice 81 96 9% 100 105 118 35—1 127 137 200
di Pabrik stored nt mill b ! )
5. Padi Kering Giling Cry stalk rice rec y 77 92 04 95 100 111 119 120 130 192
di Pabrik for milling
5 sch diDess et rough rice i . .
6. Gabeh Bazah éiDesn et raugh rice in 69 82 | 84 | 85 50 ! 100 {106 {108 16 | 169
the villege R N o o
7. Gabah Kering di Desa |Dry rough rice in 65 77 79 80 84 o4 100 101 110 161
the villoge i S R
8. Gabch Kering Lumbung|Prv rough rice stored | : !
_ diDesa in the village 64 76 1 7 | 79 1 83 | 93 | 59 lioo | 109 | 159
:9' vc.bo!* }\.ermg Giling Dr/lrauglm rice 50 20 79 3 | 77 26 < 99 100 147
di Pabrik” reacy for milling® R ! o B
‘10, Beras Milled rice . 40 48 49 50 ‘ 52 59 62 63 68 100
L i
Source:  Petunjuk Pengelolaan Penggilingan Padi Rice Mill Manogement Instrictions

~Dried to 14°:

Peruschaan Pertaniah Negara, Jakarta (1972)

Aoisture.

Government Agricultural Taterprises, Jokarta




CHAPTER |

INTRODUCTION

General

The Citanduy Project Area, consisting of some 446,000 hectares, is composed of two distinct and easily identi-

fiable gecographic areas. They are:

1. The Citanduy Ciseel River System which stretches from the headwaters of the Citanduy
River in the west to the origins of the Cikawung River in the east, and from the head-
waters of the Ciiolang Fiver in the north to the start of the Ciseel River in the south.
The topograph, of the 350,000 hectares encompassed by the system encourages further
subdivision - The upper watershed of the Citanduy and Ciseel Rivers and the lower
Citanduy Ciseel Fiven System, The dividing lines are the points where the two rivers

emerge from the uplands onto thi flood plain.

2. The Segara Anakan and its tiibutarius (other than the Citanduy River System), which
extends from the Sidarcia lowlands and the origin of the Cikujang River in the west to
the Jeruklegi River in the east, and from the headwaters of the Cihaur River in the north
to Nusa Kambangan in the south. Thic portion, including the water areas of the Segara
Anakan and its envitons, covers about 96,000 hectares. Again, both topography and
physiographic .haracteristics of the atea simplify further subdivision - The Segara Anakan
and its environs and the Sidareja and Sidareja East arcas. The fermer is an arca of about
32,500 hectaies, which includes the Segara Anakan itself and the surrounding tidal forest.
The latter includes the balance of the area (63,500 hectaresy.

Each of these four areas, while they constitute separate and apparently independent units, are actually quite
interdependent. This is not meant to imply that development programs cannot be undertaken independently for each
region, but it can be said that their interrelationship is such that any developmental effort expended on one s certain

to produce secondary effects in one or more of the others.

The basic objective is to carry out ¢ amprehensive study to determine an optimal pattern of utilization of water
and land resources which will lead to increased agricultural production and the attendant improvement in the standard

of living of the inhabitants of the area. This, in turn, will be a positive contribution to the national developmental

effort.

During the course of the study, four principal subprojects were identified:

1. A comprehensive water management scheme for the lower Citanduy Ciseel
River System.

2. A comprchensive water management scheme for the upper Citanduy/Ciscel
River System.

3. The reclamation of the Segara Anakan and its environs.

4, A comprehensive water management scheme for the Sidarzja East area.

Each of these four principal subprojects is composed of several work items, some of them common to two or more sub~

projects.
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The one vty basic need, common to all subprojects, is the need for a management system orienting, coordinating,
and divcting the development »fforts, Maturally, because of the great variance in the environment and the respective
problems in cach of *he subproject arcas, it would be desitable if the overall management organization wouid be com=

soned of four toctions, cach dealing with its own peculiar problems.,
¥ ’ 4 $

. . . / .
fonother of the problems common to all subprojects to a greater or lesser degree s that of erosion and ‘or sedimenta-

ton, While common to all, this basic problem manifests itwelf in different ways in the various areas,

Stilt a third land and water problem common to all is irrigation ond drainoge. Again, solutions to this problem

will vary from cubproject to subproject.

ncidental and intangible benefits will be common to all subprojects. Among them are improved public water sup-

ol improved public health and sanitation, and many other improvements both of a social and an infrastructural nature.

. . . . . 7 . . ~
Flood control is a very real need, but it is in the lower Citanduy ‘Ciseel River System that floods create havoce to
a varving degree cach year, To a lesser extent, the Segaia Anakan arca is also menaced by flood preblems, Recommenda-
tions for improvements to handle the tecuriing annual floods include such measures as channel corrections, levee systems,

divrrsion weirs, floodways, multiple-purpose dams and storage reservoirs, and cut-off levees,

Hydroelectric power development is ane activity that is principally associated with the lower Cita nduy ‘Ciseel
i System subproject. Thers are some very minor power production potentials associated with some of the other multiple-

putpose storage dams, but they are so small that they may be essentially dismissed from further consideration.

Vater and land reclamation features are quite well confined to the Segara Anakan area, although there are some
minor problems of this category in thie lower Citanduy “Ciseel River System.  Such features include the transformation of a
faoon from salt water to fiest, creation of new lands by hydraulic fill, flushing of lands suffering from salt water en-

cinnchment, and improved drainag: of presently inigated lands,

Improvement of fluvial and overland transportation are also important considerations of both the Segara Anakan and

e Jower Citanduy Ciseat Biver System,

In all four subprojects, thwie will be concentrated efforts to produce beneficial environmental impacts wherever

nossible, and to mitigate adverse impacts where they cannot be completely avoided.

A of rive subproject features outlined in the previous paragiaphs must receive full attention, but it is doubly im-
oetative that this attention be focusd through a closely coordinated program of integral development. Any less intensive
saram will fail to achiove the potential high level of success that this project area possesses. All of the necessary steps

el anproaches are fully described and amlyzed in this report .

Authorization

Thie Master Plan was prepared as a part of the Scope of “Work of the Contract between the Directorate General of
Lepier Pesource Development of the Ministry of Public Voirks and Electric Power, Republic of Indonesia, and Engineering

sreultants, tne, The contract, signed on July 23, 1973, was for consulting services foi the Citanduy Basin Development

oject. Allwark was performed in accordance with the terms and reauirements of this contract, and as further approved

byt Stoering Committee,
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The purpose of the Citanduy River Development Project is defined as the development and optimum utilization of
the total land, water, and human resources in the Project Area. It involves water management, flood control, irrigation
and drainage, reclamation, water storage, multiple-purpose structures, land use and agricultural practices, erosion and

sedimentation control, inland navigation, and management systems. The objectives of the work and services described

ore:
1. To carry out o comprehensive study to determine an optimal pattern of the utilization
of the water and land resources within the Project Area,
2, To identify rhe management system necessary to achieve tais pattern of utilization.
3% o consider the environmental impacis of the project,
4. To prepare a Master Plan for the step-by=-step development of the Project Area that
will lead to the pattern of utilization identified in the study.
51 To prepare feasibility studies for two selected subprojects in the Master Plan for early
implementation.
Previcus Investigations
According to Indah Karya, L' interest in solving some of the problems which arise with discouraging frequency in
the Citanduy River basin dates back to many years ago. The colutions to these problems would pose a considerable

challenge under the best of conditions, but with the Citanduy River serving as a boundary betwe=n the provinces of

Nest lava and Central Java, the problems are compounded and magnified by such competitive actions as "levee battles".

Most of the developmental efforts to date have been concentrated on either the lower Citanduy/Ciseel River system or the

ara Anakan and its anvirons. In the upper watershed areas efforts have been pretty well confined to smell irrigation

projects and such soil conservation measures as reforestation, the greening progrom, and contour farming.

In 1928, prior to World War I, the West Java Public Works Office proposed a scheme for harnessing the Citanduy

iver based on the construction of a complete levee system supplemented by a series of river channel shortening and

straightening measures and the construction of strategic flood diversion structures. From the study of existing aerial

phatos, it can be readily seen that some of these proposed measures were put into effect. The old channel improvement

measures are oarticularly easy to locate on the photos.

with the exception of the construction of the Pataruman weir, whizh was started by the Jopanese and

er,

Norld Wer I, interest in undertaking any improvement ineasures onabe Citan-

wwbsequent to the termination of

-'..’.-r.'.;1|--

Aoy River lanauished until late in the 1940's, At that time, Blommenstein 2 proposed a plan for the control o

Iﬁ'.'-"" :-..I""J"’flr. S sstem as v ell as the "'C!’TI"F!'.I’:_}.‘. of

Segara Anakan aiea,

Under the Blommenstein plan the Seqora Anakan and the surrrounding tidal forest would be converted into a giant

levering the Citanduy River on both sides and diverting its discharge directly into the Indian Ocean. and by

['lf',lf.l" : I2yec)ng ine

bF g qara Anakan from the sea by means of cut-off levees located at the eastern and western outlets to the

tewt refer to the list of previous reparis studicd and reviewed prior to the _ﬁ!r'r_\lﬂl"”:r)rl of this work ,

enumerated at the end of this czetion.
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sea, respectively, He further pruposed that the resulting pelder be drained by pumping. He concluded that entry of local

rainfall runoff would thus flush the salt water and the area could eventually be converted to productive agriculture .
Subsequent investigations have brought out the impracticability of this plan, principally due te the shortage of
electric power for pumping. Instead, Indah Karya<' proposed that the Segara Anakan should be reclaimed by diverting
o

the flood flows of the Citanduy River into the Segara Anakan. It was estimated that this would result in completely silt-

ing in the Segara Anakan within a period of 28 1o 30 years.,

As a further management measure for the Citanduy River, the Blommenstein proposal included the diversion of a

portion of the Citanduy River flow for irrigation purposes in the Lokbok area of West Jave, while another portion would

be diverted for irrigation purposes in the Sidareja area of Central Java. Runoff water from the basin between the right
side levees of the Citanduy River and the Ciseel River would be channe led to the Scuth Lakbok swamp and passed to the

»egara Anakan area by means of an inverted siphon under the Citanduy River,

Most of the subsequent schemes for the control of the lower Citanduy River system have included treatment of the

Ciseel River as well, but have not included the Segara Anakon as o possible reservoir for the Citanduy flood waters which

might be diverted into Central Java. Reclamation of the Segara Anakan was approached as a separate and distinct project.

2ar Plan by the Government of Indonesia in 1969, the Ministry of

Following the promulaation of the First Five=Y
Public Works and Electrie Pewer issucd certain decrees indicating those projects or areas inwhich the government had an
interest in immediate development, The Segara Anakan and the Citanduy River were included as projects of this category.

The following listed ministerial decrees classified the Citanduy River as being in Group "A", which signified that its con-

trol was in the national economic interest. At this time, only six rivers in the nation met the specifications estaklished

2

for this category.—= Once the C'tanduy Riverwas accorded this classification, a Citanduy River Project organization

was set up by the same decrees:

e 133 l_p'r.', 1969, dated April 1, 1949,
2 134 kpts /1969, dated April 1, 1969,

Early in 1969, P. T. Indah Karya was commissioned to drow up a comprehensive development program for the Citan-

1

duy River basin., |ts report was published almost concurrently with the promulgation of the previously menticied min-

isterial decrecs. |t is interesting to note that one of the principal conclusions was that "It is obvious that nothing can be
done to develop the river basin if no measui=s are fiist taken to tackle the problem of floods, since all developmant

nrojects in the river basin would othérwise carry oo many risks, "

» Indah Karya report acknowledged the importance of the Wanareja swamp as a natural flood control reservoir,

and zlso noted that the railroad fill and bridge 1452 actually served as a control structure for the release of tHood waters

trom the 1 J

vever, it was also noted that this was not the basic tunction of the fill and the bridge and that the

etention of flood waters by these structures was a potential hazard for the stability of these important transportation links.

To relieve this undesirable situation, it was propos: y system of upstream flood control structures be located

on the Citanduy Biver and its principal tributaries. For control of the Citanduy River above its confluence w

tur River, two alternare possibilities were suggested,




n of Tasikmal

located just doewnstream from the

snstruction of a7 emergency spill »and diversion

lirect disposal into

flood flows into the 'Ziwulan River for

mis Dams and reservoirs. The ereation of these two additional

ulan diversion,

reservoirs would diminish the importance of the C

structures were proposed for the Cimuntur River but other land and water management measures such as terracing,

aforestation, and other conservation measures were proposed as flood control possibilities.

¢ the control of floodina on the Ciiolang River, the constiuction of the Matenggena Dam and reservoir was

q vded, This dam site was ecially attractive t F the relatively small amount of cultivated land that
uld be taker or
F 1 ou =y lear ol reservoirs were considered for control of the "TI'I'-'I-‘-""'.'-.‘» River. Inthe first
ct on floodit t it iver is limited by the small size of the river's basin. land-use in-
, i IIES are other adverse features that discourage the creation of large storage reservoirs. Below
nfluer fi induy and the Cikawung Rivers, there are no other suitable locations for the construction of
1 ntrol and reserveirs. In fact, there ore no tributaries of any consequence the Rlvegloimjne
e '.‘I'.' H 11 naaris
! | of an t el, it was considered that the ideal solution would consist entirely of up=
| SIS EY o levees on either side of the Ciseel, The piincipal thought behind this proposal was that

lavees an the Ciseel impede both the natural drainage from rainfall in the lower Ciseel basin, as well as the runoff of

river overtops ar breaks its levees. The Binangun site, just upstream from the Gunung

¢ selected as the {deal location for a flood control dam and reservoir. An alternate paossibility was the

. confluence of the Ciseel and the Cikembana River, This would be a long struc-

jasinan struct

ture that would utilize both the Ciseel and Cikembang Rivers as storage reservoirs. Still o third possibility considered

embang Dam on the river of that name and located just south and east of the town of

was the construction of the C

© 1 - Fhe . . .
This report concluded that upstream flood control alone would be sufficient if the structures just discussed were to
nstiuet he Wanareja swamp to be converted to agricultural lands and the drainage situation
in t out! improved as well,
These upstream flood contral measures would be further supplemented by river training works on the downstream
pot tions of the two principal rivers, the C yy and the Ciseel. Typical river training mecsures proposed were:
] ympletion of chanr jress since 1938.
. 1ising, strengther ind relocating levees.
sarir ’ tion in river banks and levee locations,
1 EFHlict ] , Cilonakrang diversi to divert a maximum of 100 m™ /s
v Hhe River to the Cibeureum Fiver and on into the Seqgara A nakan.
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7
¢ 200 m” s to the
< into the South Lakbol
nioc e J20urn Lako ok

¢ to relieve the flood situation, but also

Construction of divess

Cikujang River and thence into the Segara Anakan, and 20 m”

area, In't was not

ro rorm a

xt step proposed was the development of a sound

 supplied

The amount of additional i!l‘lg’]

ed by the proposed flood control reservairs. In addition to irrigation require-

»sutficient stored water ave to provide:

b ureum "‘I']’! |"|'\'."[ (T""'l areas.

end Cilac ap.

i . Nater sunply UNSPE ifled PUrposes
ile not specifically mentioned in the proposed program, it is assumed that adequate drainage would be deve loped
concurrently with the irrigation rehabilitation and expansion pro Drainage would also have to form an integral part
of the land reclamarion program proposed to be undertaken simultaneously with the irrigation program.

south Lakbok areas was the accelerated

he form of land reclamati

a0

1t was estimated to require from 28 to 35

1 through sedimen

Hydroelactric power development was also includad as an integral part of the overall compiehensive development

scheme. Even thou 1M total ;){.‘--r'r]’:l energy ,',[ﬂr."li-"'i_'_ul- was small, | Il sufficient to he a rFr;qfiF!,r:"r consideration,

but not led narya report took up the matter of adequate I'JIOi"t’.I' management at all levels, Be-

ause the project area lies within the jurisdiction of two different political provinces, it'was proposed that overall compre-

qement should rest inan Exploitation A uthor ity. To insure effecti management, this authority

hensive direction and man

should operats vnder the national government, and not under aither of the two provinces r_|_‘|'.1'|-rn<-r!_ As fast as dictated h,'

this overall Authority should be auagmented by such sub=A uthorities as:

velopment n

1o Flood control authority.
2 Irrigation authority,
3. Land reclamation authority.

Electric pow

v authority.

am for the Citanduy basin, P, N, Indah Karya

144 r I 3
e publication of the camprehensive deyi

.|:'.rJ--|.‘r‘;OL an -’1’.“.‘,_‘.]' of the influence of this developmer! on the harbor at f_.;|-71'.f1;‘_'. Iu ["',H!T'- of this study was |

lished in July 1970, In general, it was concluded that the work an the Citanduy basin and the Seaara Anakan reclo-
mation would not rsely affect t innel in Cil

| .
U.,5.A ., carried out a reconnals=

iver basin was included in the

3
.




{H Development of an intearated proagram involving flood control, irrigation, hydroelectric
f g proeg 9 ' 9 Y

power, reclamation, and water supply for domestic and industrial uses is the proper ap=
proach for developing the Citanduy basin and should produce great benefits.

2 Possible modifications to the suagested plan, outlined in the report cited above (1969
Indah Karya report) which should be incorporated in future feasibility studies include:

Re-examination of site locations chosen for comstruction of dams and
reservoirs. |Indications are that alternative sites are available and
possibly may offer more economical construction advantages when all
elements of a multi-purpose project are considered (type of dam, out-
let works, spillway, powerhouse, irrigation structures, ¢t cetera).

a5 The information available at this time indicates the Citanduy basin has excellent possi-

bilities for successful economic development,

Further studies at a reconnaissance level were initiated by P. N, Indah Karya following publication of the Bovay
report. The rather veluminous report of the results of this study was published in 1971 A2 s interesting to note some
of the introductory remarks presented in this report:

"In developing the Citanduy River Bosin, Social Overhead Capital projects will have the priority

over Direct Productive Activity projects, Social Overhead Capital can be defined as activities
ipal services, of which primary, secondary and tertiory production activities

consisting of prin

Tt o e e o L

can funct

"The development of the Citaduy River Basin by developing water resources and multipurpose
river bacin planning, can also be included as an SQC category which meets the following four

requirements:

1. Development should serve to facilitate, or in a sense as a base, for

developing economic activities.

2 Services provided by Government agencies or private enterprises
under governmental supervision.

‘ C AU BEE S i

'y Services which cannot b& imported,

;1‘ The T"-'h"ll'"fv investment to _:jrovi’fw these services is r'_harr.}cluaizi‘ri

by its indivisib vical and high ratio of output investment."

The principal conclusions presented in this report were as follows:

1% Dams an the Citanduy reduce the magnitude and frequaney of the Citanduy floods

(floods an the Ciseel would still be uncontrolled),

2, Reservoirs will be construeted in the Citanduy and tributary rivers Cijolang and Ciseel.

3 The Citanduy River Basin Project can be azcounted for from the economic as well as
the social point of view ..... the benefit ‘cost ratio is between 1.9 and 2.2 at an
interest rate of 3.25 percent with an estimated life of 50 years.

i 1| e snddetions for further d planning of the Citanduy River basin were:
15 A special study should be carried out to armine construction prioritics of the reser-
vo'rin the Citanduy River Basin.
. A comprelensive study should be made for the development of settlement patterns and
trantportation to quarantee optimum social /‘economic development in the Citanduy

iver Pasin (see also recommendation No.
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3 A survey of sediment, transportation, and redepesition.
4, A survey for design of technical irrigation.
o Hydrological research,
4, Survey for the desianing and planning hydraulic electric power.
5 A special study is required to determine a time schedule for construction and strategy

for the development of the Citanduy River Basin,

During 1970 and 1971, Indah Karya was also preparing a river training program for the Directorate of Rive and
swamps. A report was issued in two parts; one part in 1970, and the second part in 1971.27 This report noted that river
control and training was the first step in an iategral flood control program for the Citanduy River basin. The conclusion
was reached that physical limitations of the Cibeureum River precluded the use of the proposed Cilongkrang diversion as
a significant flood control measure . It was recommended that the capacity of 100 m3 s formerly proposed be reduced to

b |
10 m° /s and its iunction be confined io the supply of irrigation water for the Sidareja area. This report also concluded

that the lever elevations recommended would not be overtopped except by floods of a 20 year frequency. I felt that this

degree of security was sufficient until the flood control structures recomme nded for the Citanduy and Cijolang Rivers could

he future. These conclusions were based on the assumption thot the Nusawuluh diver-

-~

be completed some 8 to 10 years in

i . . . + rr g
sion works would be completed with a =ombined design capacity of 210 m™ /s,

The importance of controlling the Ciseel flood waters in the comprehensive flood control scheme for the Citanduy
River system was early recoanized by Indah Karya, In 1971, this organization contracted with the Directorate of Rivers

and Swamps to conduct a geological and soils mechanies investigation for the location of the proposed Binangun Dam and

neral conclusions reached were:

reservoir, The

oaical formaticns found in the area are quite permeable, and additional

tacte will be reauired to determine what remedial measures would be recommended.

A The soft alluvial clay underlying the proposed dam site is unsuitable as a dam foundation
and must be removed.
q. Uitab le materials for an earthfill dam are readily available at the dam site.
(n 1972, the Dimciorate General of Water Resources Development issued a technical report on principles of flood

This report, written by Ir. Sarkini, 117 Jced the current control program on the Citanduy River as

contro] in Indonesia. T

vistry for the Citanduy included the following steps:

an ‘-j-"'.r".7j|- - ] ¥ I"u oaram out | |.’1r-.']

d flood regulation system were considered to be absolutely essential

apment could be feasible,

2% The second siep was the development of irrigation systems to more intensively support

tural development, especially rice cultivation.

1ata Anakan and its environs to make the land '.1‘.*r1n'.'t]l>[-.' for

A et et et construction of dams and reservoirs for por v upstream flood
ontral, Tor irrigation water for dry season cropping, and for hydropower purposes.




[P o el ae lictinel the report also recognized the importance of reforestation in flood
tral in t i1a basin tep 1 paiticularly important in flood control on both tie Citnuntur and th
kowung rol of t ould be occomplished by a multi-purpose dam located at Mater ‘ng,
. trol pf ( el woul ff dam and reservoir located near Binangun.

report bimated at d < im flood cor | featuros dec rth induy River system wou ld
ai tacttof 1net a t Fapm flood. and that t vibye ' of the upstream contror features would con-

s factor was for levee overtopping only. It did not c

Since thie Matenaaena dam site was given a high priority as a multi-purposz structuie, the |mtitute of Hydraulic

y na lertook a foundation and soil mechanics investigation of the site in 1971. Ingeneral, it was found that
L}
atisfacto {itie isted for the foundation., However, the abutment materials were found to be quite permeable.
yuld call for some special treatment in the desigr structure, Construction materials were judged to be satis-
. factory, although the haul distance might be a disadvant Certain precautions were recommended in the use of some
" t o n Hable material
In 19 |ndat wva underteok a further study to determine a priority of construction for the three dams proposed
ror nst ion on t tanduy River. Their report was published in December | the three dams proposed in
4 1949 reporti(Pasiranaint Manani ind Ciamis) the Pasirangin was eliminated from further consideration because of
he hiah population concentiation ard the large amount of productive farm land found within the projected area to be
: flo the reservair. On the basis of ather considerations, the Manonjaya propos 1l was placed ahead of the original
( site
L
lowever, durina the course of this investigation, another factor was introduced. |t was found that if the Ciamis
0 lam site was moved cam to a point where the Citanduy and the Cikembang Rivers more closely approach one
inother. then there existed the possibility of the construction of two dams (one oneach of the two rivers) with the reser-
irs inter tod by a tunnel system. The flexibility of this possible combination with regard to both flood control
and irriaation was very attractive and the conelusion was reached that first priority for further study should be allocated
& 3 J )
j to th kLembang co nation. It was also noted that the construction of the storage reservoir on the Cikembang,
. in combination with the dam proposed for the Ciseel River at Binangun, would give even further control of the Ciseel
: flood producing aren.
¥ : of the high priority assigned the Manonjaya site in the previously discussed report, a foundation explora-

9

hanics investigation was Undertaken in 1973, It was determined that with certain precautions an ade-

tion and soil

-{l_uf]h- -'j':||“| "-_\'J'\'ll’,l (o1 .j'--'.]’:!‘n 4! tor t i'. [»_’_:r_'.]']’.

n the lattes bhalf of 1273, Ir. Sarbini published an evaluation of the execution of the Citanduy Project flood
¢ " y 12 ] h ’ i l
; control and 0 measures to date, 14 In aeneral, he concluded that the downstream flood control measures had
e
BN setorily implemonted and were serving the local community. He also suggerted that certain irrigation and

kainaae improvements could be undertaken, but that their design must consider the reclamation schedule of the Segara
i 1 pre :

ok
3 \ an and its envitons. Finally, it was recommended that the development of o master plan for the Citanduy Basin
e undertat alona with further investiqative efforts on cartain specific aspects of the developmental program adopted
v‘
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nmental agenc e Directorate General of Water Resources D-.'\.-“ |ap-
development plans for the Citanduy basin. |In 1969, Ir, Soerjono of the Directorate Gen-

i - — Lo b
ariculture published a report on the flood problem of the Citanduy River system. 13

the proposed flood contiol plan of the Directorate General of Water Resources Devel-
so introduced the concent of relocation of the estuary of the Citanduy River so that it
harge directly T

Indian Ocean. The Consultant has included this concept as a part of the activities in-

reclamation of th qara Anakan rather than as a flood contral measure.

pst Java Forestry nina Brigade also cantributed to the accumulating knowledge concerning the Citanduy
[ ke 1 . Vel T - 4 ) 1) 1 .
paswn, Lthelr-paper-on-Ioresiry.o 1 o THE Dasinwas m.-ln_ls‘-.--rf n P-.-"‘,C'll—‘.'- 1? "1. — H:'_- gf'nl‘iﬂ COI"IC.|U:|O-'. on
ntrol was that a etorestatian progrom on the upper watershed areas of the Citanduy River would accom-
a reduction in the sediment o ing at the potential reservoir sites of some 3,250 tons per year.

Faculty of

ical Institute. U.G. M. Yoagvakarta also participated in this program by conduct-
. ' prog

structure Their conclusions and recommendations are presented in three separate
publications

[he reports pre r other consultants and tecnnicians are 1 the following pages. The s
arts contain muc! information. All availabli studies and reports concerning the (l-.»w.'|oprrw:nl of the
Citanduy /Ciseal River system have been carefully considered. The entire range of alternatives suggested in pre-

indicated daesires and preferences of the client have been given further study. The
ost feasible are contained in subsequent sections of this report, along with

and cnvirenmental implications of the _:'unin‘-’_r_

of Previous | eports Studied

tanduy River Basin (including) Segara Anakan and Its Surrounding
1st Edition, 1969, 2nd Edition, October 1972,
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CHAPTER 1[I

GENERAL DESCRIPTION

Physical
Geography

The Citanduy Praject is located on the southern coast of the island of Java, about 300 kilometers southeast of the
capital city of Jakarta, It lies between approximately 7°00" and 7°40" south latitude and 108°15" (west of the town of
Tasikmalaya) and 11 '101':!' east longitude (about the town of Cilacap), It is bounded on the east by the Serayu River
basin: on the north by the Cimanuk River basin; on the north and west b';‘ 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 Qcean

See Plate 11=1 and Plate {1-2),

By the contract, neither Nusa Kambangan nor Cilacap were jncluded within the pioject area. However, subse-
quent studies indicated that both areas had to be considered to a certain degree. MNusa Kambangan cannot be ignored
because the swampy areas on its noith coast must logically be included in the proposed reclemation plan, while at least
two quarty ‘borrow pit sites for the cut-off levee materials will be located on the island. The city of Cilacap's future
fresh water supply is an imporlant justification ‘or the proposed reclamation project, and, should the ieclamation scheme

become a reality, adeguate measures must be teken to avoid any possible undesirable silting effects on Cilacop harbor .

As indicated an Plate |1=2 apd Plate |1=3, t

ie Citanduy Project area is composed of twn distinct and easily identi-

fiable geographic seaments, the names and respective areas of which are:

1% The Citanduy /Ciseel River system 350, 000 ha

ae

. The Segara Anakan and its tributaries 96, 000 ha

other than the rHr]r‘.rJU_,- River system
Total (T:ifl!'!_]ll‘l,r‘ Project area 446, N00 ha

The Citanduy ‘Ciseel River System, as shown on Plate -4, stretches from the headwaters of the Citanduy River

in the west to the origins of the Cikawung River in the east, and from the headwaters of the Cijolang River in the north
to the origins of the Ciseel River and the Cikaso River in the south. The system discharges either into the Segara Ana-
Lan or into the Indian Qeean through the strait between Nusa Kambangan and the mainland, depending upon the pre-

vailing tidal flow. The topography of the area encempassed by the system and the characteristics of the two principal
rivers in the system lend themselves to further subdivision = the upper watershed of the Citanduy/Ciseel System and the
Lower Citanduy ‘Ciseel River System. The dividing lines are the two points where the two rivers emerge from the up-

lands into the flood p'-":fr._ For the Citanduy River and all its _’Jr]m';p-’ﬂ tributaries e xcept the Lf.i‘-f'i.‘l River, the line of

demarcation is further fixed by railroad bridge 1452 on the main line of the railroed from Bandung to Yoqgyakarta. The

respective areas of the bwo subdivisions are:
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Physiography
From the physiographic point of view the Citanduy Basin Froject area is dominated by three prominent features
as on Plate |1-3. These are;
i b, olcano Saw iith a summit elevation of 1,764 m, and lying entirely within the
northwest segment of the project area,
2 The Citanduy River which flows a total length of some 175 km from its origin at eleva-
tion 1,721 m on the northwest slopes of Mount Sawal to its ea-level discharge info the
Indian Ocean, From Banjar to the seq . river broadens into the broad Citanduy Valley
which includes Segara kan in its lower reaches.
2 Tt neren L 1 . | : X " Biehif | b | r [ ey i
: [ eqara Anakan, a b water lagoon which forms the lower end of the Citanduy

v and which, except f
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Valle
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is blocked off
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straits at
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Einally, some 20,500
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Citanduy River Morphology. The headwaters of the Citanduy River are on the north and west slopes of Volcano

|

! Sawal. Its total upper drainage basin, which covers the north, west, and south slopes is about 32,000 ha. The Cimuntur

I River, a principal tributary of the Citanduy River, collects the runoff from the north and east slopes, As can be seen on

I Plate |1-3, the drainage pattern is quite symmetrical in this area, This upper reach of the river has a total length of some
20 km from its origin to a point west of Tasikmalaya. |In this length, the river drops some 1,371 m from its origin to an

elevation of about 350 m.

volecanic material and Tertiary basalt and andesites, Valcanic ash and debris are mixed with the soils. At higher eleva-
a

tions the soils are andasols; at lower elevations the soils are latasols. The unique properties of these two kinds of tropi-

1

|

!

i The drainage pattern in the upper reach of the river is incised in residual soils formed from weathered Quarternary
cal clay soils in the Citanduy River basin have been described by Wesley.*" Because of these relatively deep and
steaply sloping channels, the annual rainfall of some 4, 200 mm (two='hirds of which is considered to be surface runoff)

is snfely carried away with little or no flood danger.

Downstream from Tasikmalaya the Citanduy River flows through a narrow, V-shaped valley with steep side slopes
and varyina in depth from 75 to 100 m. This midstream section, which terminates at Banjar, has a total length of some

62 km and drops 335 m in elevation to an altitude of 15 m at Banjar. In some parts the river meanders in its own alluvium.

inwhich case the average slope is lower, being about 2.5 m’km. A short distance above Banjar the Citanduy River is
ioined by the Cimuntur River. Below the town of Banjar lies the Citanduy flood plain, which is the area that is plagued

by frequent and devastating floods.

Ihe dense drainage potterns, other than the symmeirical drainage pattern of Mount Sawal, are the drainage sys-
tems of the hills areas in the Citanduy basin. The middle reach of the Citanduy River lies in this seclion. 'On the nor th-
ern boundary of the basin the hills are the surface expression of an east-west trending anti-clinorivm, Below 1,000 m

elevation the soils are latosols: above 1,000 m andasols are found. The major tributaries along the northern boundary

of the basin arz the Cimuntur, the Cijelang, and the Cikawung River.

On the southern boundary of the drainage basin, the most northern slopes of the Southern Mountains drain into

the Cises| River, The headwaters of the Ciseel River are below elevation 1,000 m, and the surrounding soils are latasols.

The Cikembang and the Cikaso River are both tributaries of the Ciseel River, and all come out of the Southern Mountains.

The reaion between the northern and southiern hills is known as the Central Depression Zone, a syncline which
contracts from its widest lateral extent at the mouth of the Citanduy River to a narrow canyon upstream of the Cimuntur

Mver confluence, Within the canyon reach, the Citanduy River is deep

v incised in voleanic rocks and has a slope of

In many cases in this area, small tributary ¢! annetls have been obliterated by r11';r'|r1-|ftu'1| practices. In this land-

hunary basin, farmers transform small tributary channels into a series of cascading rice paddies. Thz slopes flanking the
tributary are also terraced so that the basin brcomes a quiltwork of paddies with anly a very small drainage channel along-
ide the paddies. |In the absence of extreme rainfall, this typ of transformed drainage basin functions very well in that
the reloase of flood waters is well controlled,

[ ] some Basic Engineering Properties of Halloysite and Allophane Clays in Java, Indonesia, L, D. Wesley, Lyon and

o]
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Below the town of Brnjar, the Citanduy River is joined by two additional tributaries, the Cijolang River and the

Cikawung River. At this point, the Citanduy River flows through the Wanareja swamp, an area which has historically

servied as a natural storage area for flood waters racing through the narrow valleys and down the steep gradients which

characterize the upper and middle reaches of the river. As the gradient suddenly flattens and the valley widens into the

flood plain, the river has traditionally sought relief by overflowing into the swamp. This is the beginning of the lower

reach of the Citanduy River, a stretch of about 91km which drops froman e levation of 15 m af Banjar to sea level at the

Indian Ocean. Table |1-1 lists some important guideposts along this reach of the river and the respective channe | widths

at these points. Also included is the same information for the Ciseel River from the point where it emerges from the hills

onto the flood plain (Binangun Ne.. 2 damsite) to its confluence with the Citanduy Ri' er,

T._(.:I_IJ le |1-1

Channel and Flood Plain Widths

Lenath of Bankful Width of

Reach Reach the River Channel
in km in m
Citanduy River from Banjar Dam site (km 90.5) to
the canfluence with the Cijolang River (km 76.0) 14.5 -
; if-'jl‘.filj_. iver from the cor with the
ijolang River (km 6,0) 1452 (km 52.3) 28.7 8
Citanduy River from Bridge 1452 2.3) to the
nroposed cross connection (km 36.0 16.3 80
iver from the proposed cros: connection
t Nt e km 22,5) b Eie] 80

Musawuluh Weir (km 22.5) to

nce with the Cisesl River (km' 14.5) 8.0 85

Cisee | River from Binangun Mo, 2 Damisite { km
ornection (km 18.0 21.0 40

319.0) to the proposed cross ¢

Ciser | River from thi pPropost d cross c onnection

the Citanduy

14.5 8.

vja swamp, the Citanduy River meanders through its flood plain until it reaches the

o flood plai smposed of sodimentary deposits built up from sediment brought down from the upper reaches of
rm of wn section of t ind its flood plain is tynical of such formations; i.e it is inthe
t 1 Flatt Wit f 1y nl to the river sloping away from it instead of toward it. Thi formation
j 1t urery Hooawi werllelitat nain river course, The Ciseel Biver the same pattern after
rot | | I pl i | andered in it 101 raralle! ta il ( RBed slopes of both
1 out the olain. Meither river has the flow carrying eapacity in the lower ret hat it hos in
. sl | Upnas
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Hero i then Tower soneies bhot'oivers mabe thein Sinalvfiod to celiewe the preonune o e How from abou b
spreading out onto the Tower mieas of the flood plain, o the padt, priot to any diwvsopment, the natural storage of flood
waters on the alluvial plain relieved the estiemee lower reachos of the burden of carying large peab flows that are caried
in the higher reaches. The absenee of any levec at all on the right bank of the extreme lowi reaches of the Citanduoy
Fiver along with the absence of any signs of serious flooding in this arca leads to the zonclusion that the 1iver seldom
Floods there brcause it has consistently overcome man's eiforts to confine it to its banks during its journey through the

. .
flood plain.

The Ciscel River joins the Citanduy River near the town of funggilis, which is about 14 km above the mouth of the
principal river, While the Ciseel Piver is fairly small in comparison with the Citanduy River, if the flood crests arrive
simultancously at the confluence, the resultant backwater of both rivers is further inducement for both of them to spread

out over the flood plain as just described.,

It is interesting to not what man has done to date on the Citanduy River in his attempts to bring it under control.
Prior to 1931, the rach ot the Citanduy Piver between ailroad bridge 1452 and its confluence with the Ciseel Kiver had
a meander length of 51 Fm. The valley longth between the sam two locations iv 32 bm, which gives a 1931 sinuosity of
1.6, Our studies indicate that in thissame reach of the river itispossible to identify 13 natuial cotoffs that were probably
made by the river itself0 In Hio came stietch of tiver, 13 man-made cutoffs were constructed after 19350 On the 1971
acrial photogiaphs of the area, it is postible to locate: 264 oxbow laki remnants, which tends to confirm this historical
veord . From 1248 until the disastious flood of 1268, there is no record of any additional river training measures being
undertaken,  Howewver, the river works have educod te sinousity of the previously described reach of the Citanduy River

from 1.6 to 1.2 in 1971. One subivach of this si-ction of the dver is now straignt for a distance of 10 km,

In most casis, the cesporse of any river which is shortened so severely i drastic, The response of the Citanduy
Wiver has been different in that there has been no significant response to a nearly 30-peicent inciease v river slope for
the roach of river inquestion. A study of the 1935 and 1968 survey maps as wellas the 1971 avrial phetographs indicates
that the banklines of meanders not cut of f by developments have remained unchanaed by unstream and downstream cutoffs.

The hank 1ines of cutoff reacine have tetained thein original man-made stiaight form.

I the 32 km each of the Citanduy Piver betwesn Banjar and sailioud bridge 1452 only one cutoff has been
attempted,  This man-made cutoft channel did not dewelop into the main chanrel,  Instead, the river finally formed its
own natural cutoff at anothes location on the goosenveck bend, Todoy, there i flow through the small man-made cutoff

channe! as wall as flow thiouat the natural channel, with an island between the tw

There are no indications of any attempts to alter the cowse of the Ciseel Biver o to introduce any other kind of
iver taining measures,  However, the natuial fow pattern of this ived has been altered by such measores as diverting
e Cikaso Rivir into the Cigeel Biver at the point where the former emerass onto the flond plain and the diversion of the
Cilisung drain into the Ciseel wioor, Howiever, the present situation of patallel river, parallel diains, and parallel
lovees, hoth patural and man-made, hae coeated o nightmeans diainage anangement that functions very inadequately,

il atall,

Aftor passing thiough the flood plain, the Citanduy Eiver finally terminates into o narrow stiait which <eparates

Musa Yambangan from the mainland. The river mouth is unohstiucted by sediment deposits brecause of this nariow sirait

-5
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which is capable of carrying the sediment either in‘o the Segara Anakan , or inte the Indian Ocean, depending

on the pervailing tide,

The Segara Anakan. The name "Segara!

indicates that this once was an inland sea protected from the Indian

The arigin of this inland sea has not been completely established to the satisfaction of all

an by MNuos
concerned, One thiory is that the entire area underwent a subsidence so that it served os a reservoir for the Citanduy

ur River, the Cikande or Jagadenda kiver, and other tributaries to the area.  Tha

River, the Cibeureum Rives he

is that the present level of Seqara Anakan is the result of the woridwide
P g

other theory, and probably the most logical,

glacial age.

occurred following th

Inany event, of that time the Citanduy Velley became an area of progressive sedimentation starting at the upper

s at the head of a long inlet formed by the encroaching sea waters. With the passage of time, sediment has been

deposited by the tributaries, particularly the Citanduy River during high tide periods. This material has not been carried

by the ebb tides, and the water area has gradually been reduced to its present size. Ultimalely, this alluviation

would culminate with the Filling of the waters of the Segara Anakan by the several rivers that carry their sediment loads

ence indicates that the encroachment into the water

and photographic ev

srea has been most pronounced on the east and north sides. During this period of 46 years, it is estimated that the wates

area was redvced by some 1, & About half of this land growth took place on the eastern side.

From an examination of Plate [1=4, it can be seen that the Secam Anokon is not a deep lagoon. The 0.00 con-
tour shown on the plate is LVWS (Low Water Spring), or low water level tide at waxing moon. This is the equivalent to

ter in the loaoon varies from 0.20 mto 2.6 m below MS!.. Of course, there are cer-

-1, 10MS5L. Thus the depth of

a and are used fer inland transportation routes by small boats at the present

tain well-defined channe ls which cross t!

time

surrounding the brackisl water lagoen is @ tidal mangrove forest. Tlhe total area of the Segara Anakan and its

nvirons is:

1 H The Seqgarc Anakan |'1f.1'1:'.\r-r ;'Jln'. ‘.I{_'!er_]‘ll‘, and

ostuaries 8, 150 ha
fads The tidal swamps and forests surrounding the

-;- gara -'-rlr:Ir an ?-’1, "J,r){} :.(1

32,500 ha

The details are shown in

This brackish water logoon has twe openings to the Indian Qcean through which it is subject to tidal action by
this s2a, One opening is a long nariow opening on the ecast and the other is located at the southwest corner of the lagoon.

the more important as it is both shorter and widin than the eastern channel and carries a much great=

The latter is probah

1 proportion of the tidal rung that affect the lagoon,
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regct : vce in
ST ield | .d by colorimetric indicator. In general, bacavse of the wetness
of | ile il oH by colorimetric means was not particularly satisfactory, but wet soil surfaces and water
3 | ted indicated neutral or near neutral reaction. This typical reaction of these
i ls in place 1 «treme contrast with the pH of samples on the lahoratory after drying and oxi-
e Tt |t of portions B aTs
cC 5 i po ins o 15 porrt,
' soils sampled wer nificantly saline in some parts of the profile. The following
£ ral Y 1]
Essentially trat ation wa: osited material to depths of sampling
sually about T40 o 1 m me el
it ;-.f.1 \
e lile NG ~t Faur b syt campling with the excention of tw
ine fn k shell were not found to depths of sampling with the exception of two
sites = T51¢ d | . no doubt very small pieces would not have been ob-
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. ’ ; !
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ld rip ific festimated r ) was found a useful and sig-
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tidal swamp or tidal marsh areas is characteristically nearly neutral,
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w=alpha to 20 cm and

ol
A

Table 11-3

Soil Profile Ripeness Classes

Soil Profi

Detinition

Ripeness Class

to > 20 em and ripe or w-alpha below to > 40 cm; or,

| pt
ripe and w=alpha te > 50 cm with w-nlpha < 20 em thick;
or, ripe and w-gamma or higher w class to > 60 em with w-
alphia < 10 cm rthick and w-beta or w-gamma < 10 em thick.

Half Ripe HR 1 w-alpha to > 50 em; or. w-alpha and w-beta or w-gamma

to 2 70 cm with w-beta < 20 cm thick or w-gamma < 10 cm
thick.

Half Ripe w=beta to > 60 em: or, w-beta and w-gamma fo

Medium with w-gamma < 10 em thick,

Half Ripe HR3 w-beta to > 30 em with w-gamma below to > 60 em; or,

Toward Unripe w~=beta and w-gamma to = 70 em with w-gamma < 20 cm
thick.

Unripe LJF Any profile less ripe than those above; C(‘}mmr)n"_,- w=gamma

throughout or w—gamma over w-delta.

pths are from the soil surface, and the progression of profile classes is

In the definitions shown:in the table, d

the w class designated. Thus a profile with

from ripe to lessvipe. Also, any higher w class can in part take the place

5 em would have a profile ripeness closs HR2. Sands and loamy sands with less than 3

Y, “}fj‘ ta to

percent organic matter, and unrelated firm or hard substratum are not classified, but for ripeness interpretive purposes
they can be considered "ripe", since physical ripening problems associated with these soil materials are expected to be

minimal, Part of the hasis for setting up these special classes is that the uppermost 10 to 15 em of the soil is ordinarily

nuddled b ificantlv

et tillage in preparation for rice transplanting, and this, in effect, is equivalent to creating a s

less "ripe ' physical condition for the uppermost part of the soil,

The soils of tidal swamp aieas that are ripe have relet vely good bearing capacity and can be walked on by a
man without problem. Soils that are half ripe but toward ripe (HR1) can be walked on without difficulty or hazard of
cinking other than a few centimeters. Sails that are medium hal® ripe (HR2) can be walked across with some t‘”f”t_llll‘.f_

sinking perhaps up to 5 or 10 cm or so. Soils that are half ripe but toward unripe (HR3) can be walked across anly

with difficulty, and +"aking in ploces perhaps as much us 15 or 20 cm or so. Soils that are unripe (UR) can only be

hoagreat difficulty, and sinking as much as 30°em or more, Totally unripe material (w-delta), sucl

walred across

as in unveaetated recantly formed mud banks, cannot be walked across by o man because of deep sinking,

ripening of soils in tidal swamp or tidal marsh areas is essentially a dehydration process. To a more

et less dearee, this can be cauvsed through gradual natural changes, or more rapidly through changes in drainage biought

part of sweh soifls is an important factor in their reclomation for

ihe up

tion of highly elayey material in

} r 1
it a rather loose arrangement of the nar-shoped clay

}

veomb structurel On drying, or partial dr ving, thereis a martial

narticles into something akin to a randem micre-hone

=13
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tiucture that is accompanied by a changa in the points of contact of the clay particlas. This

arae i fireversible: consequantly, the loss inwater is in part an irreversible loss. Shrinkage and expansion of o clayey

i il occurs on dryi el 1 Hir but in going from an unripé soil to a ripe soifl, the l-!pf]ﬂsiUfl on I"'-'v’“T'ih(; is not
ta the same volume as that cceupied by the unripe soil, The ripening process, therefc results in an overall decrease in

of land surface sub-

maostly irreversible,  The consequence

Lower Citanduy, Ciseel Systen As nreviously mentioned, a soil map, scale 1:250,000 already exists for the

ol 1. Inaddition, in 19273 a semi-detailed soil survey was pv_'_-[fa:,:r‘.}wri on the left bank of the Citanduy River
from jar to th ara Anol vesults of this work are shown on Plates 11=2, [I=10, and lI=11. The soils on the

hal area, where some 3, 000 hectares of peat soils aro found,

its in the Rawa Lakbok, which is the laisest topogeneous peat marsh in Indo-

riainated ina basin, which to the south and west is bordered by hills, culminating in the Gunung sangkur.

nung MV is situated to the northwest, Those ridges are separated by a depression throug! which the Citanduy
merly flowed into t awa Lakbok, The elevation in the Rawa its 1t varies from 10 meters in the north to 7.5

depth up to six meters.

tore in the sauth. The Rawa cevers a total area of about! 3, 000 hectares and varies i

}
rding to B lack, = it} wa Lakbok existed in o primeval  state until about 1924, n reclamation
| lort sl unt recrult people of the area. Their efforts were apparently quite succe
f [ np ared shrunk tn about 200 heclares, which is a fraction of its original size. However,

-tvpe soil et was conducted in 19 It coviered an area of some 10,500 hectares, which

« that even though rice is grown with some

gt wa Lakbok as wall as its environs. The g neral observation w

irens bordering the peat soil areas, the deeper peat soils are not too good for rice cultivation. |If

adeauate diainaae is installed. the peat soils dry mueh too rapidly during the diy season and the crop suffers for lack of

¢ do nor drain sufficiently to provide the dry environment required

rina .t inening process and the crop sutbters trom too muech water.

Y |rmrf crops ".I.‘('.ll as

the other hand, in the higher and better drained parts in the environs of the s

T AL tc. flouris However, it s evident that o well planned "controlled drainge" system will have to be installed

fore the full production notential of these soils can be realized. Concurrently with the drainage investigations, re=
ould be initiated to detarmine if rice production is the optimum use for these lands, or if they ecould more profit-
iy | ledicatad to the intensivi diy land crops.
tatior
duced by fainfall impe i, mass movement of tesidual soils, and by stream channe| erosion in; the

I ' .
sem o fthe ’.lht:‘.'m

plain. In the

itanduy basin, Thase sediments-are transported by H

4 The Pawa Lakbok  An Eutrophic Topogene s Peat Deposit in Java, B, Polack, Institute for Soil Research,

. Th, White Soils Observation Institute, Bandung, 1738. '
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undeve loped 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,

On a superficial basis, it appears that the main source of supply of suspended load to the rivers is slope wash from
unveaetated soil slopes. The dogree of slope, steep or gentle, probably has little effect on sediment yield rates,  The
primary control appears to be exerted by antecedent soil moisture conditions. Drying of the surface soil layer causes the
aoareaation and separation from the moin soil body of clay particles. These aggregates are easily displaced by rain-drop

ot and rill flow entrains the particles and moves them to the nearest waterway, The thickness of

impact, and overle
this layer of easily detached soil is generally fairly thin, usually under one-half centimeter. This is essentially the maxi-

mum depth that can be removed in one intense rainstorm. If no fairly lengthy period of dry, hot weather intervenes, the

 remave only a nealigible amount -f soil.

The residual soils on Volcano Sawal and the hill areas, which together make up 85 percent of the Ci?cmf.l'L"/ drain-

age basin, are being eroded by rainfall impact and by stream channel cutting. The sediment yield from these headwater

arcas is crudely estimated to be 15 million metric tons per year. That is en average of about 5 mm of soil removed from

over the entire: haadh

iter area each year,

Landslid ind of her m novements of soils and loose rock that reach an acti vatercourse are probably a sig-
ificant source of sediment also as the flowing water easily entrains material from the toes of such masses. The evalua-
H landslide p 1lence inthe b is very difficult becauvse of the land preparations carried out by farmers. As soon

slide, even a small one, moves down, it is terraced and farming ll-vgir\',l frequently fice culture. The slides Qe ne -
1y provide more gentle slopes for this purpose than the pre-existing hill side slopes. Locally, it sometimes appears that
landslides have t leliberately encouraged!
A ctuall § basit s greatly from one small watershed to another. Feor
a1 m Qs stream is red with sediment and bars of silt are deposited along the
1 I th is cascading down a river bed covered with large boulders. |n gen-
e et » of the voleano than from the west side ,
o § leected in the Citanduy River system s that the suspended sediment
; el sin have a very turbid appecrance ., The Citanduy River proper and it
t f im at low flow. Inthe Cijolang River and the Cikowung River, sus-
i rcled {irr 5 cjive tay 10 revis 1Ppearanc
(RALLLI I 1nne| e ere s some active bank=line erosion tal ;ru_1 nlace, n the lower ||-":r'-v-.‘ the
is in the form of slip=circle failures of a few metors of bank=line length. Local reaches of some bank=lines have
I 1 n ne ¢ ha iddenin s} ryv little ebannel miaration because the slin-circle
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climate in the Projoct Area is typified by high and relatively constant temperatures and relative humidity.

A graphical display of the variations of average monthly climatological data is shown on Plate 11-12.

Temperature, The annual temperature range 15 very emall and it wouid be l':iTrl'!'rP.‘[",‘ difficult to attempt to dis-
tinguish season by temperature. The constancy of temperature is due to the hopicni waters which surround Jlava. Mean
monthly temperatures are shown in Table 11=-5 for the four stations previously mentioned, It is interesting to note that the

eneral trend of temperature for Cilacap and for Tasikmalaya 1s the reverse of that for Bandung and Jakarta.

. . — ainy A (=]
he average temperature in the Citanduy basin is approximately 25°C, and monthly average values have ranged

Py P - 10% -~ =ole A . | -0
from 32 C at Cilacap to 18°C at Tasikmalaya. At Bandung, the minimum monthly temperature has fallen to 11.7°C,

ould provide some indication of the higher-elevation lows in the Project Area. The deviation of the mean

{ . o ] . x et e "
nthly from the mean annual temperature is rarely more than 1 C and the difference between maxime and minima is
o

| Vob ool 0~ O, : :
wout 7 C in the Cilacap area and from 6°C to 11°C in the Tasikmalaya area, Based on a very cursory review, tempera-

(o]

|

|

|

:

|

i

|

R tures in indopesia have ranged from 1.6

Table |1=5

Mear Temperature

Dhu Temperature in Degrees Centigrade
Moritt ] o 2 . 2 il = i 7
Cilacap Cilocap & Tasikmalaya 3 Bandung Jakarta =
r - e
- s 2 25.5 22.8 P L)
brLar 27.0 25.8 paAoF 25.6
Marc 26.8 7. 25.8 23.0 26,0
April 243l ) 250 23.4 26.6
Ma e Ll 25.1 23.6 26.6
un :".-.] : ?‘1,‘1 ."?,? 2(].3
: I 25 23.8 22.7 26.1
ug st 24 ¢ 24 .6 23.0 26.6
ptemt 25.2 24.0 23.4 26.6
October ) 25.0 23.5 26,7
November 26.8 .0 23.0 26,4
e combar 27 2 22.8 729009,
10 26.4 26.8 24.9 23.1 26,2
(= 1 1261-1972 As reported
Y 1261-1972 Average of maximum and minimum readings
P71-1973 Average of maximum and minimum readings \
4 1952-1971 As reported
elative humidity is high and relatively constant throughout Indonesia, probebly as a result
' the warm hopical waters surrounding the islands, The average annual humidity in the Project Area is estimated to be
: ,.J" 82 percent. The average monthly humidity in Banduna Yas ranged from 51 percent 1o 86 percent; in Tasikmalaya, from
o
p nt to 84 percent; and in Cilacap. from 78 fo ?1 percent. The values of mean relative humidity are given in
ole ll=6. The method used to calculate most of these values is not known. As humidity varies considerably during the
day, theze values may only generally reflect the mean.
)
o
b

=17
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As reported

Average of readings at 0700 and 1300 hours

Method for estimating mean not

Method for w';.'hu'm'n{: mean not | nown

1
eptember

October

OV 'I'Hl'?'.‘l

int of sunshin

Cpre

hours is st

iin the Project Area are not complete

:' nown

Table [1-7

nor,

in the instance of Tasikmalaya, do they appear to be

Parcent of Sunshine Hours

42

10

R
1971-1973

Percent

v period from 0800 t

las ll malaya ?

40
32
54

59

00

of '.|1r.'1'.flir1|‘ Hours

y 1600 hours.,

9
Bandung =

54

Tasikmalaya,

ywn in Table 11=7 for the stations at Cilacap, Tasikmalaya,

In addition the values do not appear to substantiate the temperature pattern in the

100 percent repres=
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vind,  The lower elevation wind pattein ders not correupond to the regional upper air pattern, Table 11-8 shows
the data at Cilacap and Yasikmalaya. The predominant wind direction is from the southeast quadrant for most of the year

but varies from west to south to east at Cilacap during Janwary through March,

Table |1-8

Wind Direction and Velncity

Cilcu:c:pl ' Tosikmclayaz/
Month - Direction _‘/\ver?ge Velocity Birection Aver?ge Velocity
in knots in knots
January Variable 4.8 E 4.0
February Variable 4.9 E 4.3
March Variable 5.4 SE 4.0
April £ 'SE 6.3 E 4.0
May £ “SE 7.7 E 4.0
June £ SE 8.5 E 4.3
July £ 'SE 9.4 E 4.6
August E'SE 9.9 E 4,6
September SE-E 10.3 E 5.0
QOctober SEE 8.9 E 4.6
November SEE 7.1 S 4.3
December E-'SE 5.3 S 4.3
Average 7.4 4.3

1/ 1961-1972, anemometer 11 m above ground surface

2 1971-1973, anumometer approximately 5 m above ground surface

As shown in the table, average wind velocities along the ocean are much greater than intand,  Suly through
October have substantially higher average velocitios; thuse months coincide with the dry scason or the Southeast Mon-
scon, Inother words, during these months the high altitude winds are traveling in te same divection. The yearly aver-

age wind speeds at Cilacap are bigher than those experienced inland most likely becaus: of the off- and on-shore breeres,

Evaporation.  There ave no cvaporation data recorded inor near to the Praject Area except fiom a station at the

Potaruman weir,  This statico at the weir was established by the Project Office in January, 1974 and uses o pan equiva-

font to the U5, 0BL Class "A' pan.  Mone of the 1ecorded data has vet beenredued.

Data from four stations in Java were located and are shown in Table A=15. In general, these data are from sta-
tions with similar climatologicel and physical characteristics cueh as low elevation, high raintall, and constant, high

avere o humidity,

The data from Cirebon aree eported to be from a D0 Vild balance pan apparatus. The other stations for which
date are avaltabdle ave aleo assumed to bave vsed the same type of anparatus, The 1942 publication of "Observations
thade ar Secondary Stations” by e Doaval Magoetic and Meteoralonical Observator s siates that "Wild's cvaporation

balanc s are used and placed vadeoneatis) not inside *he meteorological scieen,

The project Fodinlonic stodivog, Tnowhich vvaporation dota are used, 1eguire an estimate of lake evaporation.

[ Consultant bnow: of ne empirical elationship betwron lal e cvaporation ar Class 'A™ pan evaporation and De V/ild

H-19



data,

{

1
{
-
>m

ical relation v

2|

Thevelfore:, anestimoate of Class "A!'" pan -_r|1[',;|1.:||:;_;|'| was made wsing an »-mpilicrﬂ |-.'|Llfi0rl'.'-fp

risticnsen.,™
vused to ealeulate evaporation is

evaporalion in inches,

adiation at the top of the atmosphere in units of equivalent evoporation
at 200C in inches, At 7230'S latitude
S ey S Tl

the solar radiation ranges from 14.48

s it Decomber,
temperature coefficient,

wind cocfficit nt,

umidity coellicient far average noontime humidity,
sunshine percentage coefficient,
rlevation coelficient,

station coeflicier

usod to convert wind velocities at the station level to wind ',wlrn’;ii:,' at 10 meters above around

cauation vsed to make this adj tnent s

A=2)

| velocity ot heigl

the wind vielocily at anemomeler height £
ind locity at anemor 1 haight £y,

ertod to noontime humidity vsing the equation

Ly oW

=y et .
H ), 10 i ).4 1 0.18 H 032 H - A A bt = e b gl Al sl . (A=3)
" i m m
10 noontime humidity
mean monthly maximum i,||mi:ii'._,-
N mean monthly minimum humieity
b mean monthly m -.1---..n\.i-Jirl.-
ror ar ceked by one ozr af data consisting of two hourly readings of relative humidity os well
"",,-'|-|'||I m |'|.'-'J nintmum 1L A
10 1% ool 1l o ceofficiornts he refereaced pubi licalion., A co-
as used to ] A pan evaporation to lake evaparation .t The estimates of
1porali s ing tH Tasikmalaya are 1,400 mm and 1,220 mm respectively,  Th
tribution ot hos nnvel vali i vn in Tabl |
f i pordation and i 'I';'n.FJE-' 11 i from Climate Data, ALCI laurnal lirigation and
13w Jun 19¢
M 1h ition al Loss estingation W, 1, g tudies, L.S, ( 1
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Table 11-92

Evaporation Data

Evaporation in mm

Month ; . Persur e = / JE it r

Madiun Evrning p bl |_i-l]||\|’| ! . n|-|r|11\ Tasik malava .

Exp; alo. >

January 127 hH5 60 hé 101 109
Februay 118 &7 418 53 1001 e
Marc! 140 67 18 H8 1004 114
April 152 56 ) 108 17
May 152 /4 h2 76 110 02

June 150 108 /9 el 100 20)
July 144 140 99 11 110 100
August 174 1 122 138 133 114
S ptembe 201 124 141 1464 149 113

O etaber 205 31 l.’g" 126 148 121

My 144 63 93 122 114

Decombye 149 68 had 67 10¢, 112

Tatal 1,844 1, 0?0 1,000 1,074 1,400 1,290
17 19258-1971 2/ 1967-1972 17 1966-1970 47 1936=-1246 5/ Lake Evaporation

Mote:  Station evaporation belicved to be from De Wild evaporimetors. Cilacap and Tasikmalaya values computed by

Christiaonsen and flilllf::l';"'l bvia factor 07

The estimates of evaporution al Cilacap for August and S ptr-ruin"l are high becawse of the correspondinagly hiol
average wind vilocity for these months, Some thought wos given to the ur!iln*.1|’|1r-rn| ol the wind coefficiont becausoe the
s |'"a|t|'|-r.‘ Area is located back from the oeean ane is Fnr\h‘rli-r[ from the [ ""force of the wind |\ MNusa | ‘l”'llr'““ll'll'l
and the relatively higher land at the southwest edae of the j’u_\i’--‘ Area. The ['.)’.n”-i“.’, that the hiah average wind
vilocities were associated with rainfall and . therefore, nat a factor in r'wlp-urfﬂi\m wos alto considered,  This latle
idea was discountod when the dlril_, rainfall at ‘-i[fllfI[l was checked for the same period from which the wind data were

colleeted, Mo adjustment wos made 1o the wind factor.,

Rainfall, Thee network of ainfall staticns in and elose 1o the .“Iuir'(f Area is auite de e, but there is no cover-
age in the higher regions of Voleono Sawal and along the high hills forming the notthern boundary of the basin, Some of
the rainfall records arve lopg=ts im, going back as faras 1879, Thore are 44 stations within the [url:'r ctarea whnich have
at least Five voeats ol consec Ul e feee urr', and F\"I;lr'll". bweenty othor 'P'H;nr\'.‘ ‘1'“"|fr'l|| to he in'l';l-, which were u|’.r\ con=

sidered . The location of most of these stations is shown on Plate 11=13. The network is I}[\r'lflh't! by the Institute of

Metearology and Goophysics which has its main office in Jakarta.

The carlicst stations in the basin were established at Cilac an and f','\r]r\uniil-‘-’il in 18 ")I clowr |y i-||_'||'.'.i'li by a

station ol l-'l'-;l lnrl[rl;r: n 1¢ £\ i-'Iinl', !i:n:n I"-lIITJn ol stations war |'r-.',h1||n~r| }-r-}'.:---r n 1915 and 1717 and then addi-

tional stations Iollowed periodieally after this 1ime,

in mid=1971, the Citanduy Pr \ir-l Oraganization installed Fallman reeording ratn aqages at len rain aaae stations
in th ‘."I'.;ru, Fach of f:u".-'-’:':l[l", i located noxl |rJf:II\-\H“I-’|I','rflal\rlfnlt'l and is mounted on o concrofe lurifil'lr'I and
N 1|}',--r|'E..r1_~'_-¢i|.- fenep

Table [1=-10 lists most of the stations in and near the Project Area and gives some pertinent data for cach of these

stations,
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Adequate

station records have been ill!v'll(l_{z'.--rr r‘.'ru! e

to make them vsable for the | _.'firnl-'_\rlir studies

Data. The

I-[i': S0uUrces:

1= [i--11u'1__r--, ProflDrml e B

of Metearology and Geophy

5 1C5 .

ntenance and replacement of equipment has not been carried out for many raintall stations. As a

on discontinued. Therefore, many stations required intensive

historical monthly rai nfall records for 39 stations were assembled trom the follow-

"Rainfall in Indonesia, 1879-1941" nstitute

Mean Rainfall in Java and

’

"Rain Observations in Indonesia, "

unpub lished files 1271, 1972.

stitute of Meteoroloay and Geophvsics in Jakarta.

availoble for the vear 1949 at any (_1. the 39 stations. Recor ds

ton and r_]"lr-'lf:H', at four or mere afler ‘t:”"r_

The period of missing records
}

2 stitute of Meteorology and Geophysics,
dura, 1931-1960, Meteorological Mote No. 8, Part 1",
L Institute of .*.'.l-h-rjsnlf)(]_,' and l‘_'.-u-.')F',| ‘,-".if_',,
::r\r'.l-c;f volumes 1241 to 1270,
4, Institute of Meteorology and Geophysics,
Fil in the
Mone of the station records is complete. Mo records are
for all ather yoars are available at one
may b yne month or ‘as long as several vears. The't

Dt Iy rainfall records were collected from 2

s leeted Tor thi ;,--|[.‘J.f 1250 1t |-;n|rii 1973. T hest rJ.’}T-:

I records from the ten |
me of +
nod and the data could prove to be useful if t
fuy ject office in Banjar.

].I‘.-' Hl-lifai Causes of

asurement . In somt

Twenty=seven stations wore s ety

the stations,  The time period seloctod for these analyse:

| 11 1 |

{0 Using prot s recommended by | catl
tnis method the mean annual pr 'E:}il.:|:.\r' ',-]ll." & Oroe st
1 I 1€ ( culats { eaualtion:

thly Records. In genaera

eriod of available monthly record for the 39 stations is shown

3 stations located within the basin, |If __'n_)‘.".”)'--, records wers

are on file in the EC| office.

cording rain goges loca

v are processed and kept complete.

instancos

v in the basin are in the form of unprocessed charts,

hese data were made available and were converted to rainfall depths. The selected locations of the gages are

These data are filed in the Citan-

monthly records appear to be reliable as only o few sta-

those erratic deviations from the nurm are thought to be the 1e-

it appears that a partial record has been inserted as

vses bused on the length of record and location of

5 ta Ir’r"?_ Fstimeatos of r-ﬁr.',Tr\.'_]I rn{_]nl'r||-l,r records wore

r Bureau. The normal=ratio method was vsed in most cases. In

vl to wolah caclistation to the index station.

Precipitaticn at

I‘.de:

T
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¥ L] » 1 . » B g . % > v h x . 4P i L, . ol .08,
Annual and Monthly Basin Rainfall [he raintall over the Project Area is primarily choracterized by High
intensity storne of short duration and. limited areal oxtent Tl vusually conveetional inoriain as they are
Vil teaed By worm o aif rising off the land mass in the late alternoon In addition, it is expected that the fopograpl
would produce a loecal oroaqraphic effoct along the pocthorn boundary af the area and on the southeast side of Veledno
o \s mentioned bofore, there is insufficient data to quantitatively estimate the elfect of topoaraphy on tainfall
inn il o hiahor area
1 very general isohyetal mapwas constructod from the available data and rainfall trends based an tHhe
= level rainfall wore folloveed in the Iiaher elevation areas.  Inother wards, §f the rainfall was ine r.-'r,f;” withinlo-
o ation based on lower-clovalion -]-:1-:. thi increase wos assumed bo o Ty into the ur\(:m]--if areas il Yhere wos soms physi-
d . o) ;||'_':'| ation for the continuerd incroase.  The isohyvetal maip byeweed on Vo annual rainfall liom 1215 ta 1972 is
£y | on Plate H=15. The Thedssen Polyaon mothead Tor areal aviraaing of precipitation was used 1o cheek the annua
values obtained from the isabvetal method and to estimate the monthily distribution of the annual values. The mean
- nnucal rainfall on the Py sieal Arca and its sub=basins, estimated by the Theissen Method and from the isohyotal map are
13 1 * - 4
r.' 1 ]
O "1 OW
i
L Toble [1-12
LR
Mean Annual Bainfall in mm
4
AFY
T, Area lsohvetal Maup
{ Upper Basin 3.::21] 3,090
f Cimuntu 280:)7 3,300
i Gl 5in 3.143 3. 500
"
{ Cit 151N 2773 3,100
Ciseel Basin 2. 629
- '---r[:lr-: Analoan I,},IJ!.}‘
i'rr;i- ct Arog 2,870
£ The vealues of monthly and annual rainfall caleulated by the Theissen Moethod Tor the ;1--lieul 1915 to 1972 for all the sub-
ins are shown in Tables A=20 1o A-25 in the Metcoralogy Appendix. The decimal porlion of the average values has
e con dropped by the computer and, thorefore, the sum of the average values as shown does not exaclly equal the total .,
. o
B, The annual rainfall aver th i‘lfli»‘t b Arag is ostimated to be o 3,000 mm. With reference to
.. He areal distiibution of the annual rainfall, some of the laraest rainfall eceurs to the southeast around Cilac ap. Pro-
eding to the northwest, a rain sha is indicated in the Lower Citanduy /C A Rivers area. Rainfall s then assumed
al to increase to the north due to orographic lifting over the hills forming the northern basin boundary. Farther up the Citan-
" el Hiver, the rainfall s areatest on the southeastern side of Voleano Saowal. On the northwestern or lee side of the Val =
o, Hhe o rinfall decreases 1o Hhe dae o tho :'le:'.in, In the southeastern sector of the |'|r\I--!'P Area there is a variation
o innual rainfall of over 1,200 mm even thougl the terrain s o r|w|.1|1',' flat. Within the l.’rr\il-l | Area, there appear to
el be lncalized ich are subjoct to high annval jainfalls and which are in contradiclion with the overall general
wittern,  Fram H teecords of tho 27 statiore solectod for ":"'i"'_."-i'- Hhee maximum recorded annual rr1|"l||f_||| was 6,401 mm
et i el ai (15) in 1248 and the minimum value reportod w P27 mm at 1.1|1r\fu! (245) in 1953,
) two pronounced rainfall seasons in the basin,  The wet season occurs from Blovember throuah
3 Ancil and the diy season covirs July 1'.rr'.||r!| sepltomber,  The ather months can be ineluded in either season.  Individual
1 e
i
1
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‘una Bosin o ~ant part of its catchment are n the high eleve

Cikawung Basin: The Ciko

tion ridaes along the northern barder vannual rainfall is estimated to be 3, 100 mm by the isohvetal method

s about 12 pereent areater than the estimate by the Theissen Merhod. The monthly distribution is shown in Tabie

y mm in 1268 to.a minimum of 1,668 mm in 1963, The maxi-

=13, The annual raintall varied from a maximum of 4, 4

s month rainfall was 695 mm in December 1958 and zero rainfall may occur periodically in the dry period June

in January te 2 pereent in August,

throuah Sentember. The monthly distribution of rainfall ranges from 13 parcen

The main stream ol the Cikawung River flows through o Jy low rainfall producing area of about

their source in thi !'1{‘”[I 2rn inr'ltl'llf&:I, ririf:" % 1 I"f"‘i‘.’>"- f:'hf\l}f

2 800 mm. |Its mojor tributarios owever, all

The Cisenl Basin providas runoff for the Cikembang and Binangun Bams. The mean annual

vage in the Project Area.  The annual rainfall estimates

ppro -'ilrl:.'- Iy . ,-”. Yomm, wl i:' [} 1'-:-- 1\)v.---f.r l.'_-"l.n (

15 1,014 in 1953.

both mathods are very close.,  The maximum annual rainfall was 3,223 mm in 1968 and the minimum v

he monthly distribution of the rainfall is shown in Table 11=13. The moximum menthly basin rainfall was
4 mm i lulyv 195 and H oro which has oceurred inall of the dry mr1:11|:|y distri=
perceant in lanuary to 3 percent in August.

Ciseel Basin is in o severa rain shodow and some areas receive less than 2,400 mm per yoear.

tey same volue over 3,000 mm. It 19 this latter area which would FJlrwff!I

Anakan: The average annual rainfall, estimated by the Theissen Methad, is 20207 mm; the

Ymm in 1948 to 1,654 mm

basin rainfall bas ranged from 4

bution is aiven ir

maximum monthly basin rainfall was in October 1920, Little er no basin rainfall' may be recorded

seeasionally in the dry seasen for periods up to two months and four-month basin rainfalls of less than 12 mm have occuried.

The manthly distribution of rainfall ranaes From 15 percent in Movember to 3 percent in August.

from 3. 500 mm there to

T hi ;i'.i‘:“ is | ;:1.--'.' :;‘-_‘.‘u] e r!'--l:’l‘l‘: the southcaste narea el
about 2,800 mm in the nort ined ahout 2,400 mm in the }
wer Citanduy /Ci [ v stermi St v Arear  This arca is defined as the arca that will receive
¢ ts trom | (AL sirte manaaeme nt e mi Thi area, tol the most p ik, I |r|||:l-‘-! inarain -'.:--lr{rl'.'z u.'m!

alves come of t) awost annual rainfall 1nthe !:r'\i-lf Aroa. The annuel rainfall is estimated to be 2, BOO mm from
' | f anp monthly distiibution. which is shown in Table 11=13, was based on anaverage of the distribu-
ey Fotlye a0 | | the | 1511
Fl=%
s - . e
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Table 11-13

Mean

Annual Rainf
(in millimeters)
Cisecl l.ower CETr]hf]LI':_.‘

Ciseel Basin

Jeqara

Hf.,".if‘ ‘['If:Lf]H

dasin

290 325
307
321
259

3146
330
244

194 206
133 57
117 129

TR 20

87 91
254 216
394 2772
467 404 31

; .';
? .fl f.’)
321
334

3,100 2,629 7 2,800

a |(,”‘[|1.._- '._|||1i.- t and much too |r-r]gf| y o be

of the project area is included in Appendix B = Hydrology. Short

“iseel River System and t n are presented

Citanruy (

Ling order for

located in the poit of Cilacap has not been

seated, There are no other tidal gaging stations within the immediate
f tide gages at several eritical points within the subproject area is now

until the design and pre-construction phase of this proposed sub-

s For the study of the project area must be based on published

veently installed recording gaae in Cilacap hos been superim=

cd and actual tide movements are strikir

Y -,Fr-.u |'1r_:l .

henomenom, and at least a aeneral know ledage of their actions is
truction of any work affeeted by them. The theoretical oscillations of
to the mathematical cosine curve (See Plate [1=17). Bays ond sounds,
ned river estuaries all will exert some offect on net tidal swing (See
mi=diurnal typ inequality. Although the normal time lapse from
L ( i typ ftide - FR doos not mean that the time from high to
ek () that af the aata Anakan, it s the usual thina for in-
inas Hidrografi TH| nakatan = Republik Indonesia.
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H0

ALl tidal predictions for Cilacap are based on ‘.-'.;r‘.fll.'u.rl:nw 110 em below mean sea level (N ), which is about

cate the magnitude of variation that can be expected due to wind
irection, veloeity, and duration: barometiic conditions; proximity to the estuary: ocean currents: and river flood flow
1 " I 4 ind i et} He A tedine te " 1 dabiEildean i 15774
and stoge | 4 incicates the extrems =] ||J-J{-I.. tides o be expectond G Hacap 1n 4
It canbe seen from this table that the maximum difference between hiah and low tides occurs during the months of
March, May, and September for 1974 . However, this mayv not be true for every-yedr. The change of the relationships

¥

of the sun and the moon can cause ','_JI-:‘JII:J' tidal swina. All af whieh umi)".g:r\f_u 5 the frn[u_n‘.u_: of the rapid and offi-

cient installation of the tide gages in the Seqgora Anakan area.

The predicted maximum range of 200 cm represents o |!i{:]| tide ot one meter above mean sea level and a low tid

meoan s¢a |l"."'l_ I;:!' H]HX;:I}[J-’TI I.;H:'K \:I'x!! IL]'-'r") I]l'l .’IUI oCcCcur on H"' same Z]l'l'. » ll"-'.! thus Hiese ronoes

aree not .--pn-:in-n:'_- donone pu;miruf-u dav, Thoy may be '._r_\ru'.--rl as much as two weeks apart; i.e., the maximum higl

tide may occur at

he begirning of the month,while the minimum low tide may not occur until the latier par

[l,‘hlr' ||—11

Monthly Range of Tides at Cilacap (In 1974)

Difference

lanueciry 180 20 160
February 190 10 180
Marel 210 10 200
April 200 10 190
May 210 10 200
lune 200 10 1920
July 190 00 190
August 120 10 180
; 210 10 200
190 (0]0] 150
200 10 190
120 10 180

Yeoarly Average 188

Magnitude and Frequency of Floods

To assist in making an analysis of the benefits aceruing to flood zontrol, an estimate was made of the area flooded
or o given return period and a given level of protection. An analysis of this type was done and published in the Hydrol-

3 { . t r v . - . Q
oqy Appendix. Since that time new and, u-.'_\pu-'ll”',f more valid estimates of area flooded have been obtained . - These

newer data showed sianificant chanaes to the areas flooded,and based on the description of the floods, two events, which

WOre [‘\TJI‘,-’E{}I_I‘,',' |_|-__,-‘_{‘ NOroe . re plr}-‘v--‘i_ :'I‘.-_.. ri-]h; are: snown l'.--|r_‘p.-, = _J'\!', '.llr,\‘.-,'!"_ are --‘.fi|'|-|l|-'. (}l :'h-::L fJ;’,{lr'.l(‘r-- r!--|i\,—.-rf

werage daily discharge at Banjar or Pataruman stream yages and an estimate of the return period for these discharge

vailues.

7/ Catatan Banjar Pada Daeraly Aliran Sungai Citanduy Hilir Dari Tahun 1968, Samg 4

ai Dengan Semester | Tahun 1974,




nalvsiz.  The areas were meduced to allow for the land flooded on the indicated

implomentation ot the project. These londs are in the Wanarejo Swamp and Lowe
el i previous ly mentior d report
Plate 11=19 and it weas assumed from this plot that the existing leves system pro=
| 1
Flaoded.  assuming different levels of protection, were based on the volume of
ieh flows overbank i no lovess are'constructod orwhich flows over and through
d to occur whon the s JOes Wore overtopo el THire snditions Wi :'-':l_-,'.-.]_-
ity al 400°m 2 assuming lowi have beor mtructed sa os lo contain the
constiucted to ntatn the 28=vear runaff For nac b e conditions
i routed throuah H terr
{ 14} I n :I O
Table [1=1¢
pill ylume in MCH
10 I J =\ T 50) }

| ‘e Himate was made of the volume of r|||i for 1.5=yea protection. Using the re-
urn period For various levels of protee Ii:;rur and the relation between volume of ‘._I‘!i”
ction, the final curves of area inundated versus return period for no=-protection,

nd H0~-year protection were developed. These curves are shown in Plate 11=-20.
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all
Table 11=17 indicotes that the total agriculfural land area within the project i 415,086 hectares. Since the total
rolectarea fedds . 000 hectar: t lifleron is accounted for In non-agricultural land and water areas. This project
i : ]
vish les i o compilation am the land u: tatistics for the distriets of Tesikmaloya, Ciamis, and Cjlacap;
4] yje tandh t arca. These district statistics are shown on Tables 11=-18,

ittern of Agricultural Land in the Citanduy Project, 1972

: ind=Use Cateqgories (hectares ‘percent)
I bow land Bic Upland Craps Home Garden ] Forest Plantation Other & Total
i 41, 800 11,247 17,857 48,448 5,214 168,750

2h /e § 10 29 3 100

ilacao 39364 b 599 24.371 52 8R4 11. 206 3,345 187 . 769
2 13 28 ) 100

Facilk malave 18 20 14, 650 2,923 A=1000] 12702 1.121 58 547
3] / 13 22 2 100

]
tatal 101 045 113 .049 79 541 '8 6472 10,450 415,086
27 10 19 17 100

and

t Wartment
Al b
| iste land land
tal project area s 44¢ ) o ditforonce is accounted for in non-oqgricultural land and water arear
ble (=1
el terr } .-:;I.‘rl' Dist ct ;;
=1 qori ol
I 1 s )
! Ll | Crop lome Gardens - Farest Plantation O a1 Total
] B4 ’ 1.4 51 A7 4 RA1

1 ] AL 1 - ) o 2 9]
’ N7 1.325 1,049 25 6,132
T 40 A¢ 67 47 4, 065
a 171 410 - 0 = ), 086
L 1 45] () 1.395 ) y, 603
| ( 10 14 160 ?h5
T | ) 3 { AAD " 17 QO
| | [ e
! ’ . : | ; tation Di toret mallhelder Estates, and
R | g at
Iy | 1e
o




ry 2
L+D)
Fable =19
Land-Use: Pottein for Ciamis District, 19‘(;7

Land-Use Categories (hectares)

1

Suh=Districts

Lowland Kice Uplond Crops Home Gardens Forest Plantation  Other Total

Ciamis 2,394 2,064 1,155 1,144 5,743 91 12,591
Cikoneng 1.55) 1,887 652 1,235 268 37 5,640
Cijeungjing 1,030 1,740 583 - 4,332 4?2 7,727
Panumbangan 1,072 1,066 392 1,100 481 279 4,390
Panjaly 2,570 1,177 440 1,245 2,09 2,119 9,642
Cihauwrbeuti 1,167 1,057 340 2,534 2724 35 5,357
bawali 1,836 7,589 485 115 817 555 6,397
Punaw angan 2,378 7,664 407 217 666 1,226 7.558
Buniscuri 1,454 1,70% 240 274 480 67? 4,219
“ancah 2,593 4,080 335 712 3,71 182 11,713
Cisaga 2,015 7,843 754 2,879 3,563 82 12,136
“ajadesa 1,834 2,527 435 - 374 194 5,364
Banjar 2,882 627 822 592 5,482 348 10,753
Banjarsari 3,610 2,980 1,777 1,774 3,348 89 12,978
Lakbol 6,022 628 827 - 601 88 8,166
Cimaragas 1,226 2,682 632 20 5,030 18 9,608
Pamarican 3,175 4,047 622 1,175 3,873 356 13,248
Padaherang 3,953 2,735 674 735 5,872 65 14,034
talipucang 612 2,698 275 2,106 1,492 46 7,229
Total 43,484 41,800 11,247 17,857 48,448 5,914 168,750

Lourerr Land Use Departments, Agricultural Extension Service, Plantation Ditectorate, Smallholder Estates, and
Forestry Departments.

1 Includes Homes and Yards.

Table 11-20

Land-Use Pattern for Cilacap District, 1972

T loand-Use Categories (hectares) B

ub-Districts Lowland Rice Upland Crops  Home Gard:ns 17 Forest Plantation  Other Total
Cilacap 1,578 274 2,956 14,379 - 383 20,250
Jerktogi 1,198 3,643 1,432 3,208 - 142 9,623
Hawunganten 7,188 3,813 3,674 5,800 1,563 404 22,442
Sidareja 3,482 3,584 3,083 1,385 3,886 336 15,756
Fodungneja 8,093 9272 2,361 4,500 - 778 17, 154
Candrungmangts 4,764 3,492 2.170 3,612 - 26 14,064
barangpucung 1,713 6,579 610 2,708 - 71 11,681
rajenang 3,347 4,914 2,085 5,800 - 83 16,229
Vanarejn 3,230 7,420 2,935 2,510 1,629 423 18,147
Day euhlubu 2,118 13,144 1,359 5,588 2,756 591 25,056
Climangau 7.651 8,114 1,226 3,396 1,872 108 17,367

Jotal 39,362 56,599 24,371 52,886 11,206 3, 345 187,769

avrce: Land=Use Departmends, Agricultural Extension Service, Plantation Dircctorate, Smaltiholder fstates, and
Foresty Departments,

] Includes Homes and Mards.
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L
rop 15 lowland rice, which oceupies 24 sercent of the aaricultural land arca.- The term
it hill areas s |f|'.|] as these 'are ','.'I"I!-'ll'i,‘il_':‘;i:'r'l |r:j"|-;” or ircigation. During Hi
all given to rice crop, bul during the diy seasen ether crops are grown where there is a
ondilions will nermit ! arowing o Crops ather than rice. I is expectoad that diversi=
} : ey | 3 ! ¥ W ¥
1 tar areat or potential thon present ly evident, nat 1s necessary to bring thin
it e v for o ] o 3 | oan rice - |: I' L Ill DCcur as el '.'-'l'-!l]i]l nt ol the er onomy

ich are chiofly grown under rainfed conditions in ::\|'|Ir\!: or hilly terrain,  How=

are not confined exclusively o th "F"[‘:”’{' These crops can b, and are, agrown on the

son). The main upland erops are

b losser importance are peanut soybeans, and table beans, Numerous other food-

I W the agricultural land area. (See Plate 11=21).  All forest land is ;l-gr-‘.---urlr‘-- it

is teak although pine and mahagony exist in small proportions. |1 forests are pro-

or lumher prody tion, Very few, if any, natural stands of timber remain.,

s. The tree plantations largely exist where agecess

coupy rolling foethill lands for the most part.

v by smallholders, occupy 17 pereont of the :)rnf.vrt area. Of the nlanta-

jce the greatest value, Rubber is second in extent and im-

coffee, palm sugar, and citrone The production of these

stem. The land=use data in Table [1=21 was compiled from the subdistriels w

esontoli land=use patier

The derived pereonta

tarea with the fallowing results:

- 16 porcent - 5
184 - 15 pérecent -
= 12 percent
AN e AP
s

11 percent

wctares

100 percent = 23,000 hectares
8} 1 ¥ igh perecentage of their land arca devoted te plantations.  The
i DT | ts land arca in forest, but in fact this land is tidal swamn and
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Land-Use Pattern for the Lower Citanduy "Clseel River System

Distiict cond-Use Catrgorics (hectarcs

percenty T

sb-bistiict  lowland Rice  Upland Crops Hom: Gaiduns!  Forest  Plantation  Other _ Total
Clamise
Banjar 2,892 627 822 592 5,482 348 10,753
27 6 8 5 51 3 100
Banjarsari 3,610 2,980 1,177 1,774 3,348 89 12,978
28 23 9 13 2¢ 1 100
Latbok 6,022 628 827 - 601 88 8,166
74 8 10 0 7 1 100
Padaherang 3,953 2,735 674 735 5,872 65 14,034
28 19 5 5 42 1 100
Subtotal 16,467 6,970 3,500 3,101 15,303 590 45,931
36 15 8 7 33 1 100
Cilacap:
Sidareja 3,482 3,584 3,083 1,385 3,886 336 15,756
22 23 19 9 25 2 100
Vodungreja 8,093 922 2,861 4,500 - 778 17,154
47 5 17 26 0 5 100
Subtotal 11,575 4,506 5,944 5,885 3,886 1,114 32,910
35 14 18 18 12 3 100
Crand Total 28,042 11,476 9,444 8, 986 19,189 1,704 78, 841
36 15 12 N 24 2 100
17 land in villages

Segera Anakan Eeclamation,  The land-use pattern in this area is represented by five subdistricts of the Cilacap
Cistrict. Land=use statistics for these five sub-disteicts are shown in Table [[-22. The percentages shown in the table
indicate the portions of land use categories pncounteied in the whole Seqara Anakan Subpioject area. Within the arco
to be reclaimed from tidal swamps and mangioves, only 25 percent of the lands are being farmed, the remainder being

waste land.

Table 11-22

Land-Use Patferns for the Scgara Anakan Area

Lond-Us (;"; Categories (hectares)

Suh-Di H — PO e e I e s
seosbuiiel  TlowlandRice  Upland  Forcst Lands  Home Gordens T Ofher Tord]
Cilacap 1,578 Q74 14,379 2,936 383 20, 250
Jeruk legi 1,198 3,643 3,708 1,432 142 9,623
Fawynganten 7,188 3,813 5, 800 3,674 1,967 22,442
Fedungreja 8,093 922 4,500 2,861 778 17,154
“endrungmangu 4,764 3,492 3,612 2,170 26 14, 064
Totel 22,821 12,844 31,499 13,073 3,296 83,533

Percent 27.3 15.4 37.7 15.7 3.9

Sourer:  Agricultural Extension Service, Cilacap
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Socio - Economic

Population

The population of the Citanduy Bosinwas 2,5 million persons in 1972, The density was 600 persons per squars
i kilomaeter. he bosin comprises 3 _-1 yrrcent of the i*,|(|nrJ r_}r'. lava (with Madura) and has '?.,"'- percent of its po uilnffnn_
b t P f

it Table 11-23

Ak
ok Population Data - Citanduy River Basin, 1962 and 1972
! = 1962 TR Annual
5 District Area km a Density - Density Crowth
; Population ) Population 2 :
; per km? per km Rate
- - = = = —r -
Tasibmalaya 516 475,351 921 576,818 1,118 15895
5 Ciamis 1,905 890, 392 467 1,073,025 563 1.8%
Cilacap 1,772 647,073 365 840, 135 485 2.88”
- I
Total 4,193 1 2,012,816 480 2,509,978 599 2.24%
: Sources  Bappemka Tasikmalaye and Ciomis. District Government, Cilacap.
; 1/ Combhined area of politi subdivisions lying wholly or largely within the watershed boundarics. Planimetered arca
of Citanduy Basin is 444,000 ha.
i lava itsell is the most densely settled area in the archipelago constituting only 6.6 pereent of the land area com-
prising the Indonesian nation, but having 63.8 percent of the total population.
= Due to the productivity of the land, which varies from place to place, and also to the location with respect to
highway and railroad routes, the density of the population is highly varied, geographically speaking. In the lower reaches
of the basin where the tidal swamps border the Segara Anaken, population is sporse.  Large arees there are not suitable for
habitation at all. The few residents of the Seqara Anakan live in isolated villages wihere most of the houses are constructed
on wood pilings to elevate them above the water level af high tide. The population of these floating villages is reported
to be ebout 8,000 persons.

For the purpose of describing the population conditions that exist within the Segaro Anakan and its environs, a
land area of 24,350 hectares is assumed, This comprises the tidal swamps and forests an ) saline areas. The total popula-
tion is estimated at 25,000 peisons, approximately equally divided between fishing ana farming. This population lives
in t it Floating villages previously mentioned and around the borders of the swames.

Heavier settlement, denoted by more frequent and larger villages, occurs along the highways that traverse the
basin from west ro cast and from northwest te soeutheast along the right and left sides of t e Citanduy valley. The density

1 of subdistricts varies from 193 persens per square kilometer in the Dayeuhlubur subdisitict to 7,370 for the Tasikmalaya
subdistrict.,
\ The pattern o ttlemont here is typical of the entire island of Java, and comsists of inteispersed bloeks of farm-
o
3 land and residential areas. Farmers reside in villages apart from their agricultural holdings, which may consist of several
ey "‘r1|:||, separated }.]r:)‘. . The villoges are ,.ll,.,l._,.l._ sott led and occupy, where nossibl e hiaher areas of around so that
. the lower flot creas can be cropped for rice. The density of the village lands is abast 2,500 te 5, 000 persons per saquare

r 11=35
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kilometer.  The cities ore even more densely occupied and may hove double that population per unit of land area.

The cities of Tasikmalaya, Ciomis, Cilacap, and Banjar are connected by both the major highwoy and the railroad.

Their estimated populations are:

Tasikmalaya - 128,000
Ciamis - 26,000
Banjar - 30,000
Cilacap - 88, 000

Other principal towns in the basin are those constituting the subdistrict headquarters. The population of these smaller

towns is not reported separately .,

Population Crowth, Population records are maintained at the district and subdistrict level. Births and deaths
are recorded and, together with the periodic population censuses, these figures provide relichle population statistics.
The population growth rate for the 1962-1972 decade is 2.24 percent annually . This compares with the reported rate of
1.9 percent for Java and 2.1 percent for Indonesia os a whole. This population growth, on top of the already dense popu-

lation situation, poses the problem of maintaining parallel advancements in employment opportunities.

In the Segara Anakan, due to the relative isolation of the settlements, the people must do without many of the
prequisites of community life that others enjoy, The result of this is that the quality of life is affected by a "time lag".
In other words, conditions affecting these people are about the same as the rest of the populution was living under several
decades ngo. These influences affect life expectancy, educational achievement, and general living conditions . On
purely a judgment basis, it can be assumed that population growth within the area would lag behind the rest of the country

for two main reasons.  Infant mortality and general health conditions have not been improved to the same extent as else-

where. Secondly, lack of opportunity causes the young, mobile sector of the work force to leave the area to seck better

opportunit

Census data do not reveal the characteristies of the population of the Segara Anakan area separately fram the rest
of the Cilacap District. The subdistricts which include the Segara Anakan have 52 percent of their population in the
under 15 age group. It can be assumed that the Segara Anakan has the same proportions. Quite clearly, there will re-
main considerable pressure on the resources of the area as these young people come into the work force and child-bearing

age .

If the present growth rate of the Citanduy Basin were to continue,the basin population would increase to 4.7 mil-
lion persons by year 2000. A continuation of 1his rate of growth would vastly reduce the per copita resources. The means
fo make sufficient offsctting advances in productivity is not in sight, comsidering built=in time lags in both population

control and productivity increases. Consequently, renewed efforts must be made to upgrade agricultural productivity.

The | conomy

Economic activity in the Citanduy River Bosin is dominated by subsistence farming. The main crop is rice which
accounts for three-fourths of agricultural production, Farms are exce: r“n{”y small and labor=intensive due to the extreme
overpopulation that exists throughout the entire arable land area. As a result, there is on observable high degree of un-

employment and underemployment. It follows, too, that there is practically no mechanization in agriculture and industry,
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Aut=mienction, «dueat ion and Lesinieg o and fmproved v ming sestemn such s nniation and drainoege . Hlood mitino-

fiar and bt ten ciee v ties g all tecoasacy hur b qaine from these cannet cone o time to forestall furtber o=

cline in Yving crandarde nnlos G pace of develapmeont g ecbirated, Concoan for the fair distcibution of income must

sty inta deeostapmeeet planning o that the pwarde of e dovelopment process o mincipally o those population sec-

torcehich most necd the help,

Table H=24 shove the cstimated employment situation for the Citanduy Biver basing 1t s bas ed on sparse dat o anc

Bould be viewed onlv s on epproximation.

S0

Table 11-24

bstimated Employment in Citanduy Basin, 1972

I Mot “Porcont of fmployed — Percent of Total
: Jumbers .

o Labor Foree Population

Total population troundeds 2.510. 000 100
Labor Force 778,000 100 31
Employaed in Agiiculruee 622,400 80

Employed in Manufactuing 31,100 4
Employid in Government 70. 000 9
Employed in Othg 54,500 7
Disquised Unemployment 351, 000 14

Residual 1,381,000 55

Source:  Bappemba and Staff E<timates

Tl supply of workvrn icwo qrear for the jobs to 1 distiibuted amang them that large numbers of persons in the
cmployod e force category undaubtedly bave anly Coatial=vear employment at these jobs.  As expluined previously,

frmers engaae in pad=time work off the favm as much s the Tobor mab et will aboorh. 1 the disquised unemploymont

catenoivrerctg he comidened within the fabor foree, it would eprosent 36 pereent of the persons available for gainful

cmployment .,

tis ostimated that 80 pereent af the population are engaged in agriculture as o primary nccupation. The in-
come in this sector is 60 percent of total prssonal income in the basin,  The average annual per capita income in agri-

culture s Ep 16,560 (540y, wherean in all the other nconomic sectors it s kp 44,298 (S1073. These data are shown in

Table 11-25.
The pen capiter income figures in Table =25 compare with cstimates for Indonesio av a whole which varied be-

fecoen 75 and 1000 The Citanduy Yeasin s undecstandobly fov becawe of it isolation from the mainstieam of commer-

cinbactivities inwhich wane and poofits are bigher o The income iy not cquitably distributed among the people . Lsti-

noten indicate that A0 poreent of the egional incame ic veenived By 20 percent of the people, the next 30 pereent of

tepopulation acot 23 pereent of oll ineome, and the lower-paid half of the population yeceives only 27 percent of the

. . , .
agepreagete oo in the region.,
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Table =25

Estimated Personal Income, Citanduy Basin, 1972

Income

Population “Per Coapita Total fmiflions)
B R T
Agriculture 2,007,982 16,560 40 33,244 80.3
Non-agricultural _ 201,99 aa.298 107 22,22 337
Tota! 2.509.978 - - 55,476 134.0
Rounded 21,942 53 55,476 134.0

Source:  Buppemba and Staff Estimates

Managerial and professional people have a wide range of remuneration which moy include housing and utilities,
rice atlotment, household help, and transportation. It is understood that it is fairly common practice for some profes-

sional and managerial workers to have two jobs. Table [1-26 illustrates some represerntative wage lavels.

Cccupation Pp_P‘“'_.DS.Y,g,, - ggx M—ﬂh-s—
Rice field workers:  men 250 .60
womaen 150 .36
Hondicraft industry worke: 80 .20
Tapioca factor y worker 140 .34
Skilled worker, constiuction 350 .85
Truck or bus diives 500 1.20
Mechanic o1 Elochician 1,000 2.50
Office Clerk 6.500 16
High school teachi 20, 000 48
Factory manager 30, 000 72
Professional: ongincer, cte. 31,000 75

Source:  Local survey

Within the Segara Anokan arca. the principal activity is fishing., There are reportedly about 4,000 fishermen in
tooarea. The average cateh per fisherman in 1972 was 123 kilograms valued av Rp 9,745 (524). These figures place the

fislerman in the low income category for the people in the Citanduy basin.

fbout 30 pricent of the lands surrounding the Segara Anakon which at one time were tidal swamp and tida! marsh
areas have been cultivoted on an intermittent and scattered basis. Since these soils are affected by the brackish water
intronions from the Seqaia Anakan to different dogrees, their suitability for agricultural use is highly variable. 1t is esti-
qwsteed that thens are about 3,500 familics engaged in farming here. Most of the farming is carried on within the area
sdministened by the Forestry Department. The production from these lands is gencrally quite low. Due to the salinity,

v iedd of tough rice i only about one ton per hectare in the rainy scason. During the dry season, the effects of

silinity acneally preclude any significant production.

11-38
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THEORETICAL TIDE CURVES
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CHAPTER N

PROBLEMS AND NEEDS

Land and Water Management

Elood Control

Precipitation in the mountains is collected by the dense drainage network and transported in steeply sloping, high
cenacity tiver channels to the alluvial plain. At Banjar, where the Citanduy River enters the flood plain, the river has
dropped about 1,700 meters in 85 kilometers distance. From there to the sea, the river meanders an additional 83 kilo-
meters, but drops only 15 meters. Below Banjar, the Citanduy River flows by the Wanareja Swamp, an area which serves

s a natural storage arca for overbenk dischaiges of flood waters, The flood plain is composed of sedimentary deposits,

and the river channel has aggraded to form ¢ flattened “M" with the arcas adjacent to the river sloping away from it in-
stead of towaids it. This configuration tends to create natural waterways paralle] to the main river course. Near the

town uf Tunggilis, the Citanduy tiver is joined by its last major tributary. the Ciseel River.

In the natural state, the Citonduy and Ciseel Fivers flood prak ottenuation resulted from the natural swamp stor-

age and the relicf resulting from the flood plain overflows.
q g p

The volume of runoff from thw valcano and hills regions is large for two principal reasons. First, the rainfall in
the highlands is large, averaging more than 3, 000 mm ‘year. Secondly, the percent of rainfall which runs off as surface
How is high. On Volcano Sowal, where the annual precipitation ranges as high as 4,200 mm., two-thirds of this rainfall

appear as surface runoff. In the Towar hills, where annual 1ainfall is less, the runoff is about half of the rainfall.

Cn a yearly basis, large volumes of flood waters are delivered to the afluvial plairs as many as a dozen timas.
The distribution of rainfall throughout the year is such that the peak flood tage at Banjar for the year has occurred af

lnast four times in the so-called dry season in the last 23 years.

According to presently available information, some flooding occurs in the lower Citanduy River basin each yeor,
cavsing varying degrees of flood damage . Dircet damages are experienced in terms of loss of human life, losses of farm
and business incomes and property values, hazards to personal and public health, personal inconvenience, damages to

transportation systems, and disruption of all types of activitics.

Agricultural fosses from floods are of ceveral kinds. They include damages to crops; damages to land in the form
of scour, sireambank crosion, qullying and valley trenching, infertile overwash or deposition of sediment and swamping;
damages to buildings, 1ouds. and livestock; damages to irrigation and drainage tacilities; and indirect losses such as

delays in field work and discuption or delays in marki:ting of farm products .

There ave also numerous other indirect costs of flood demages. These include the cost of government aid in re-
storing roads ard other community facilitics, ~meigency provision of food supplies and health services, the disruption of
transportation to and from other areas of the country, pollution of drinking water sources, distuption of educational

services, and hazards of outhreaks of malaria and other diseases.
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Even in the adjacent arcas which are not divectly hit by floods, adverse offocts on the general cconomy are felt
bicause of the disruption of normal government and commercial activities, VWhile emergency help is being given to the
flood:d arcas and while the tramsportation. communication. and clectrical power facilities are being restored, govern-

ment funds 1equired for restoration must bee diverted fiom their regular purposes.,

The gencral location of areas flooded during two major storms of recent occurience (July 1968 and Scptember 1973)
are shown on Plate [1-T and Plate 111-2, respectively. The arco inundated during the July 1968 flood was reported to be
70,700 ha, o1 22 pereent of the subproject arca.  The area inundated during the September 1973 flood was reported to be
18,400 ha, or 20 percent of the project arca. The arcas shown on the plates are affected to some extent by floods every
voar,  The 1968 and 1973 floods were serious because of the long duration of runoff-producing rainfull and the failure of

man-made flood control facilities.

Damage or failure of the flood control levees was a major contributing factor to the extent of the area inundated
by the 1968 and 1973 floods . Damages to the levees usually consist of overtopping, bieaks, o embankment slides. Dur-
irg the July 1968 flood, the levee system was reported damaged or breached in 28 tocations including 5 on the left bank
ol the Citanduy, 8 on the right bank of the Citanduy, 6 on the l:ft bank of the Ciseel, 3 on the 1ight bank of the Ciseel,
and one on the Cilisung diain, Breached sections had o range of from 10 to 100 m in liength. During the September 1973
Hood 21 damaged o bieached sectioms were toported,  The major break occurred on the left bank of the Citanduy River

at bedungdadap, causing the inundation of 2,450 ba in the Sidareja area.

The damaging o brenching of the Tovin system occurs annually and, although usually within the same general
veachof viver, not at the same locations . The Cilisung diain is an exception to this observation, since it is repeatedly
dameqged or breached just abover its confluence with the Ciscel Fivir and below o sharp bend in alignment. For the pre-
vinwsly mentioned minor storms occuriing betwern the period 1968 1o 1974, the reported number of damaged or broken

R locations varied from 1 to 4; o siqnificant contribution to the cstimated average inundated area of 4,000 ho,/ycor.

The flood of September 1973 indicated that the flood control system as it now stands has its shortcomings.  The
broaches inthe levee and the difficultics encountered in the mobilization of the maintenance and relief crews during

the emergency period would indicat that the overall organization 1equires some realignment .,

A recent brvee profile survey indicates that there is an inconsistency in levee crown,  Differences of fifty
centimeters between the crown elevation on one side of the river and the crown elevation on the other side of the river

have been found.

As is often the case, one of the weakest links in the levee system operation is the maintenance program, or lack
thereof. It is concluded that many of the levee breaches suffered in the 1973 flood could have been avoided if an ade-
quate levee maintenance program had been in effect. There is no substitute for an effective levee maintenance program,

Special emphasis needs to be placed on preventative maintenance.

Irrigotion

Based on construction and method of operation, the irrigation systems in Indonesia may be divided into three

types:
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1. Technical iirigotion systems
2. Semi-technical iirigation systems
3. Simple irrigation systems

The degree of sophistication of each system decreases in the same order as they are listed.

[t can be stated as a general condition that virtually all of the irrigation systems are in need of rehabilitation and
improvement. The principal cause for this has been lack of an adequate maintenance program. The hierarchy for manage-
ment of a maintenance program exists within the Public Works organization, but the limited budget has not permitted the

type of operation and maintenance program which is needed.

The: more common problems are:

1. Siltation has reduced the carrying copacity of canals.

2. Gates on turnout structures do not function properly.

3. Large numbets of illegal bamboo pipe turnouts.

4, Lack of adequate maintenance roads along primary canals,

5. Some of the planned and needed structures and distribution canals are incomplete or never were built,
6. Canal leakage .

7. Deteriorated weirs and gates,

8. Inadequate means of measuring discharges.

9. Shallow crnals.

10. Shortage of irrigation water in dry season.

11. Tertiary distribution nitwork not constructed or constructed incorrectly.

The problem of getting wider coverage with the water supply available during the dry season can be partially
alleviated by improvements to the system so that water conveyoence lostes are minimized. Additionally, installation of

gaqing devices and control structures would result in mere equiichle disiribution of the water among farmers,

The system of financing operation and maintenance by feedback of tax revenues from higher to subsidiary levels
of government gives rise to problems of allocating limited funds, A more direct system of collection and application of
monry specifically for local irrigation facilities is needed. This would foster greatey reliance on self-help and direct

participation at the village level,

In the Lower Citanduy ‘Cisecl Subproject area there are 17,336 hectares under irrigation systems, of which 9,767

hectares are classed as technical, 2,420 hectares semi-technical, and 5, 149 nectares simple.

In the Upper Citanduy ‘Ciseel Subproject arca there are 27,887 hectares under irrigation systems, of which 3,865

hectares are classed as technical, 2,021 hectares semi-technical, and 22, 001 hectares simple .

The Segara Anakan Subproject arna has no major irrigation ot the present time. There are two small technical

inigation systems which irrigate a total of 1,367 hectares.

The Central Java Subproject arca has 4,547 hectares served by technical irrigation systems, 1,100 hectares under

semi-technical systems, and 6,433 hectares under simple systems.  The total area under all systems is 12,080 hectares.

Drainage

The major drainage problem is that the flood plain is very flat. Levees which provide flood protection impede

natural drainaye . There s no outlet for internal drainage water when the Citanduy and Ciseel Rivers are at high stage .
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Thete is an vxisting diainage system carrying storm runoff and irrigation return flow from the North Lakbok arca
to South Lakbok via the Cilisung diainage canal. This diain dischaiges into the Ciscel River. The capacity of this drain-
age system heas boen substantially reduced because of siltation, and the levees have been breached often during high water.
Qe sy y ' ng hig

A large area in South Lakbok is rendered relatively useless because of poor drainage .

The Cirapuan drain above Padakerang has inadequate capacity and has had a cross drainage stiuctuie blocked by

local people.

Flap gates are utilized to prevent backwater flooding from rivers and to discharge waters when stream levels are
low . But in the areas between the Citanduy and the Ciseel Rivers, these structures are inoperative due to poor mainte-

nance. As a consequence, they fail to prevent backwater during high river stages.

In the lower Sidareja arca the flat topography and surfare flooding contribute to poor drainage during high tides.
During the dry season salt water intrusion occurs in this arca, Existing plars call for irrigating the plains above these

poorly drained areas, hut the diainage problem will persist unless relief is afforded through tidal control.

Other areas suffer from impeded surfoce drainage in various degrees. These situations must be improved before
ful, agricultural development can take place.  No program for rehabilitation of irrigation and flood control works can

be fully effective unless accompanied by an adequate surfoce drainage system,

Domestic and Municipal “Waier Supplies

The high rate of annual wairfall and the subsuiface geology contribute to widespread occurrence of shallow
ground water and make it possible to utilize shallow, hand-dug wells for domestic wate: supplies. Hond pumps are usually

used to lift the water but frequent use is made of a bucket and rope, in which case the well is not covered.

According to the Public Health officials, the close proximity of these wells to streams, fish ponds and wasteways,
and their shallowness, give rise to probable poltution from human and enimal wastes. The ponds and open sewers com~
prise the principal disposal system for sewage. Apparently the problem is greater during the dry season, when percolation

fiom surface ponds contributes more to the ground water in the wells,

The problem therefore appears to be not so much the availability of domestic water as the quality. Use of pol-
futed water is o health hazard even if the water is boiled for drinking and cooking. Exposure to illness is quite possible

when the water is used for washing and bathing. It is not customary among most of the local residents to boil their water.

In the lower reaches of the basin the intrusion of salt water into the streams ond ground water during the dry season
results in domestic water supplies of low quality Chemical analysis of ground waters indicates a higher concentration of
soluble salts in the arcas bardering the inland side of the Segara Anaken than elsewhere. The intensity of inis concen~

tration generally varies in inverse proportion to the distance away from the Segora Anokan. In these arcas water for

home use is obtained from surface streams and from catchment of rain water.

Only a few of the towns of the basin have o central water system. It appears from interviews conducted with
public health and public works officials, that this type of development in the Citanduy basin is generally considered low

priority for the rcar future. There have been some exploratory investigations made for a central water supply for the
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city of Cilacap, looking into obtaining water from cither the Jeruklegi or the Serayu Rivers.  There has also been some

progress made in developing natural springs as souices for town water supplies.

Tasikmalaya city |5 1 central water supply and distribution system which was built about 1928, The supply
source is a spring approximately 10 kilometers west of the city. The system consists of a collection system at o natural
spring and about 46 kilometers of distribution pipeline. The distribution system has about 40 points within the city at
which a user can tap into the pipeline ond attach a supply line to his residence. The system operates under gravity

pressure.

The present system nas a capacity of about 10 fiters per second, which is adequate for only about 10, 000 people,
whereas the population of Tasikmalaya is 140,000. Necdless to say the majority of the city residents are not connected

to the system,

The city of Banjar has a contral water system which was installed about two years ago. The system consists of a
cistern at @ spring wource, and a pipeline into town where residents can tap on at specified points. The capacity is §
titers per second which will servie 5,000 prople out of the city population of 40,000. This system delivers untreated

water. During the dry scason the water supply s inadequate.  During heavy rains, the water is turbid.

Cther similar systems are scheduled to be installed af subdistrict capital towns Panjalu and Rancah in the near
future. The water supply program also includes 50 hand=dug wells with manual pumps in other villages. The progress

of this program depends upon the availability of funds.

Public “aste Disposc!

The system of waste disposal in the cities and towns comsists of open sewers and gutters.  In the business section of
the citivs, these sewers are placed in clay pipe undergiound at the cdge of the stieet. The raw sewage is dumped directly
into the nearest natural waterway without treatment.  As would be exprcted. this meons of waste disposal is a source of
bad odor, insects, and watr pollution in the stieams. In the dry season the problems are more: intense because the sup-

sy of flushing water is reduced .
By g

In dealing with the waste disposal problems and meeds, it would be preferable to identify solutions which can be
accommodcted by successive stanis, building upon facilitios that alveady exist. The burying of the sewers probably ought
to have fist priority.  This could be followed by contral sewage tieatment plants. A role that storage reservoirs could
play with respect to sewange disposal would be in stabifizing the flow of sticams so that the supply of flushing water and

dilution water is adequate inall seasons.,

Industrial wastes are not of leige magnitude because: the manufacturing sector s small. Some of the plants dis-
chenging untieated wastes are tubber plantations, batik dyeing works. and spinning mills. In the case of the prrtroleum
efinery under construction at Cilucap, waste treatment and disposal is a coneern in planning for reclamation of the
beaara Anakan. s sponsors Fave given the city of Cilacap assurances that the industrial wastes, will not be allowed

to pollute the weaters of Cilocap barbor.,
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Land ireclamation

trosion.  Approximately 30 percent of the area of the Citanduy Basin is low-lying and flat. This area has
no crosion problem.  Another 50 percent of the basin area lies between 35 and 500 meters elevation and has gently undu-
lating to hilly topography. These fands have small crosion potential because they are mostly terraced for paddy rice cul-
ture, Tor all practical purposes rice paddies are free of vrosion problems. The remaining basin area amounting to 20 per-
cont of the total, is situated above 500 meters elovation. From 500 meters to the top of the watershed divide the slopes
become successiviely steeper. with some arcas having 45 degrece slopes (one meter rise for cach meter horizontal distance),
It is ~timated that about 5 pereent of the aiea of the river basin, or 20,000 hectares, is above elevation 1,000 meters,

and is characterized by exhiemely steep, mountainous topography .

The soils on these steeper slopes are fine~textured and erosive. The high roinfall can erode these !ands extensively
it veqetative cover is not maintained. Originally, all these steep areas were occupied by dense rain forests which served
fo minimize soil crosion. However, at the present time large areos of the steep mountain slopes are lacking adequate
forst cover. Due to the population pressure, annual cropping is practical on nearly all the available clear land areas,

cvien on many of the steeper areas.

Plate 11-21 is @ map depicting the extent of various forestry types in the basin. The areas shown as critical arcas
on the map show severe  erosive characteristics.  The total extent of these critically eroding lands, all of which are at
the higher elevations, s 74,000 ha,  These are the lands which urgently require attention in respect to soil conservation
measures. Thitty=four thousand hectares, or 46 percent of the lands, are under the Forest Service jurisdiction.  The
Forest Servies has the plans and capability to reforest these problem lands, but has been faced with Timited budgets for
accomplishing their program.  The 40,000 hectares in private ownership similarly require reforestation or conservation
measures, but the accomplishment of these remedial measures is made more difficult because the individual owners can-
nut offord to sacrifice the annual food production that they now obtain from the land. The lands are usually planted to
cissava, heing 1oo steep and crosive for rice paddies. Vhere rice paddies are attempted on these steep areas, numerous

slides and breaks occur.

Sedimentation.  Sediments are produced by rainfall impact, mass movements of residual soils, and by stream
channel erosion in the headwater areas of the basin,  These sediments are transported by the river system to the alluvial
alein. Probably the major source of sediment is from the deforested lands that are left in o denuded state or that are
plant d to upland crops. “Vith no protective covering these soils are casily dislodged and hiansported through the river

st

[andslides and other mass movements of soil and Toose rock that reach an active watercourse are probably a sig-
nificant sourc of sediment alsa, as the flowing water casily entrains material from th~ toes of such masses.  The evalua-
vion of landslide proval nce s made difficult by farmers™ land preparations. As soon as a slide moves down, the new

rontiauiction is terraced and farming esumes, so that the evidence of the stide quickly becomes obscured,

P sediment yiceld of the branch wateisheds in the basin varies greatly from one area to another due to the topo-
arapiie charactistics and the aqround cover. Forests and plantations produce little sediment becaus: the direct impact
an anil by rainfall is provented, Rice producing arcas are not large source of sediment because the rainfall is harmlessly

discipated . Built-up arcas, tiails, roads and upland crop lands are large contributors of sediment.,
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The: volume of sediments transported is estimated to be large. Aggradation of the Citanduy stream channel in the
flood plain has been caused by sediment deposition and presents the problem of containing the flood discharges. Sedi-
mentation of the Segara Anckan lagoon is proceeding relatively rapidly, in a geologic time sense, building new land
but at the same time destroying fishery values in the lagoon. In the upper watershed, sedimentation poses a threat to

the storage capacity and therefore the length of useful Tife of potential ruservoirs.,

Saltwater Intrusion.  In the lower reach of the Citanduy basin the extremely low, flat topography permits tidal

action to extend  considerable distances up the Citanduy and the rivers draining into the Segara Anakan lagoon. The
reclamation area of the Segara Anakan comprises about 24,000 hectares of tidal swamps, tidal marshes and partially
zultivated arcas which were formerly tidal londs. These lands are highly salinized, although they are otherwise poten-
tially productive rice lands. A large proportion of these lunds is no higher than the elevation of high tides, and is

therefore periodically inundated by brackish water. In the dry season, the effect is the greatest.,

Infand from this area surrounding the Segara Anakon lagoon, there is an area which is under consideration for
inigation development by diversion of water from the foft bank of the Citanduy. Some 6, 000 hectares of this area are
believed to be influenced adversely by salt water intrusion inasmuch as salt water encroaches up the Cibeurcum River as
far s Sidarcja. Much of the area is affected by tidal influences, high water table, and poor surface drainage. Improved
sutface drainage is a prerequisite to sucenssful firigation.  |n the absence of tidal fluctuations the system of natural drain-

ageways would be more effective in carrying off excess vater and this would permit the salts to be leached out of the soils.

The Cilacap peninsula, being asand spit, has a solt water aguifer throughout. This is overlain by o thin layer of
fiesh water percolate . In the dry season, the fresh water layer is depleted and the shallow domestic water wells become
salty. The rapid growth of the city requires that ¢ central potable water supply system be instatled for domestic, munici-

pal and industrial purposes.

Other minor arcas near the seacoost are similarly offected by salt water and tidal influences. In excess of 30, 000
hectares overall would be favorably influenced by control of the tides in the Segara Anakan subproject and by converting it
into a fresh water logoon,

!
i

Forestry . Forest areas cover approximately 19 percent of the land arca of the basin. Various figures for the area

in forests are: reported by government agencies and it is believed that the 1eason for this lies principally indifferences inclassi-
fications tor cutover land and crop and swamp lands administered by the Forest Service. Plate 11-21 depicts the types of

forest and critical ar~as (so classifind by the Forest Sorvice) in the basin,

The map shows extensive critical vrosion areas which are associated with forestry classifications, These lands are
estimated to cover about 74,000 heetares, They have been denuded by the haivest of timber and not replanted, The
restoration of these lands requices spezial seil conservation practices and replanting either to tiees or permanent grass
cover hecause of the rough, steep topography and vrosive soil. Various proven methods of soil conservation structures
could be implomented . The work forec for this and the capital budget would have to be coordinated hetwoen the West

and Central Java provinces.

The boundaris and lands officially designated forestiy lands are not clearly 1esolved becouse of lack of cadastral
surveys and because of the problem of squatters who cleared the forests for farming. Classification of the 'ands accord-

ing to proper land use s a prereauisite to 1estoration. Matural areas need to be established 1o set aside lands for unique
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types of plants and animals.  Management needs to be intensified to prevent iliegal horvest of timber and firewood. Access

roads “nto the forest areas are badly necded,

Electric Power

The basin area is inadequately supplied with electric power.  This stems from several causes, Due to the fact that
the region is relatively remote from the more well-developed commercial and industrial areas of Java, there has not been
gtrat prossure for development of the infrastructure, which includes electric power. Additionally. even for those areas
sevved by the power system, development of local customer demand has been ietarded in the past by low personal income
Leveels. Al users of electricity have been inhibited by the lack of reliability of the supply of ¢cnergy. At the present
time, nowever, there are clear indicatinns that the demand for electricity is outrunning the supply, and that the economic

and social devi-lopment of the region would benefit significantly from improved power supplies.

source of Electric Power Supplies

The government agency Perusahaan Listrik Negara (PLN) supplies electric power to par's of the basin. Arcas not
wrrved by PLN are either entirely without electiical service (which is most of the area), or they rely upon small diesel
a-nerating units. The basin is included in PLN Administrative Districts 10 and 11, District 10 -overs the Central Java
portion, but PLN power is supplicd only to Cilacap. Districi 11 covers the West Java portion. At present there is no

interconnection between these two districts.

In Distriet 10, the installed capacity is 64 MW, This is reduced to 47 MW during the dry scaton because some of
the qenerating capacity (27.5 M) is hydro. Additions to the system which are already committed consist of turbine and

dicsed peaking units, and a 100 MY/ steam plant at Semarang.

In District 11, which is the rastern portion of West Java, the installed capacity is 60 MV/, of which 58 MW are
hydro. Low water in the dry season limits the system capchility to about 40 MV/. The District obtains some of its power
fiom the Jatiluhur Project, a hydio instatlation with installed copacity of 125 MW.  Jatilubur also supplies power to Dis-
tiict 12, which includes Jakarta. Due to its commitments to supply irrigation water, the Jatiluhur Project is not able to

a-nerate base load at full capacity.

The source of power in the ‘Wost Java portion of the basin is from a 5 MW hydio plant at Plengan, which is about

125 Lm to the west. The West Java area of the Citanduy basin uses about 5 percent of the entire system load in District 11,

Cilacap, in Cential Java, draws power from the Ketenger gencrating system. A new 150 kV  line leading to
Cilacap is already under a loan commitment.  This will provide the power needed to meet the rapidly growing commer-

cial and industrial demand there.

local Power Use

In the Citanduy basin power usage per customer is very small. The West Java area is served out of the Tasikmalaya
PIM office. In 1973, that load center reportedly distributed a total of 21.7 million kWh to 17,971 customers. The aver-

agr delivery per customer was 1,200 kWh, with revenue per customer being Rp. 9,900 ($24) for that year. The service
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reached only about five percent of the homes in the area. Three-fourths of the energy was consumed by households.
Most households are furnished power at a flat rate. The rates are presently under review for increases to catch up to

current operating costs.

Interconnections Between Systens

Service into the West Java portion of the basin is by means of a single circuit 30 kV transmission line from the
hydro generating plant at Plengon. This is a radial system which provides no reserve. Although there are transmission
connections with the rest of District 11, most of the load centers do not have the refiability which would be provided by
a loop tramsmission system. Voltage sag to 90 volts occurs in the evening aimost daily in Banjar, and outages are fre-

quent. This variability is very destructive to electrical equipment, and discourages use.

There are proposed system interconnections which could enhance the capability of both District 10 and 11 gen-
erating and distribution systems. Ore interconnection has been proposed between Tegal and Cirebon along the north
coast. Another possibility would be through Baniar, which is only 33 km from a proposed District 10 transmission line

extension to Majenang.

A recent consultant's report, {Chas. T. Main - West Java Power System Long Range Plan, 1972) contained the

following regarding interconnection: "Interconnection {of the West Java system) with the Central Java system between
Cirebon and Tegal and between Tasikmalaya and Cilacap would enable extensive generation cevelopment in the Cirebon
and Cilacap areas resulting in overall system economics." Therefore, the location of a hydroelectric power project in
the basin would have a special advantage, being midway between the two load centers and approximately on the route

of proposed interconnections.

Future Power Demand

The overall electric power demand in Indonesia is reported to be doubling every five years. PLN has planned to
add 1, 105 MW of generating capacity during the period 1973-1978. While the greatest load growth is taking place in
the Jakarta area (40 percent increase per year), all regions have large potential demands. The demand for peaking
power for West and Central Java was estimated by Chas. T. Main, Inc. to be growing at 13.5 percent annually. It is

understood that this projection is being revised upward by PLN,

Agricultural Deve lopment

General

Throughout the entire Citanduy basin the economy is dominated by agriculture. Eighty percent of the population
is directly engaged in agriculture. The livelihoods of a significant share of the remainder also indirectly relate to agri-

culture through the transportation, processing and marketing of the agricultural output,

Subsistence farming dominates the private agricultural sector. Farms are extremely small (average size is less than
one hectare), crop yields are lower than they should be, and output per man hour in agriculture is extremely low and

poorly rewarded. Annual per capita income in agriculture is only about Rp. 16,500 ($40).
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Land use is reasonably well diversified as shown in the tabulation below; however. lowland rice is the most exten—

sively grown single crop.

Crop Percent of Agricultural Land Area
Lowland Rice 24
Upland Crops 27
Home Gardens 10
Forest 19
Plantations 17
Other __3
Total 100

Low!land Rice

In 1972 lowland rice was grown on 101,000 hectares of land. A total of 170,000 hectares of rice was harvested,
making the land use intensity 168 percent. During the rainy season all of the rice paddies are planted to rice, but during

the dry season areas not having the advantage of irrigation are faced with the risk of failure and reduced yields,

Rice is grown on extremely small plots. Nearly all of the cultural operations are performed by labor intensive
methods, as has been the custom for centuries. Some of the more affluent farmers use water buffalo  to plow and harrow
the land in preparation for new plantings. Harvesting is generally done with the “"ani-ani" knife which is used to cut
each stalk of rice individually. From 200 to 300 days of work are required per hectare of rice, with the whole family

contributing to various operations. Nearly all of the farmers try to grow two crops per year,

The yield of lowland rice averaged 2,257 kilograms of rough rice per hectare harvested in the period 1968 through
1972. The soil and water conditions are quite voriable within the basin, so that the average yields reported by subdistricts
varied between 1,639 kilograms to 2,734 kilograms per hectare. These yields are the average for wet and dry seasons, and

it usually ~ould be expected that the dry season yields would be less and the wet season yields would be higher.

In recent years, Indonesia has had to import over a million tons of milled rice per year to mcet rapidly growing
consumption requirements. The production of rice in the basin now is just sufficient to meet the local demand. While it
is fortunate that such a heavily populated region can be self-sufficient in food (if it were not. more people would prob-
ably leave it), the area cannot prosper until it produces a marketable surplus of products. All of the presently arable land
is in production, but rice production could be increased by improvement and extension of irrigation and by increasing
lowland rice yield per hectare. It would be desirable to have a rice research program within the area. This would enable

concentration on local problems and would be of importance in terms of education and demonstration.

The per hectare yield of lowland rice could readily be doubled. In order to do this the new high yield varieties
(HYV's) should be adopted by all the farmers. It is estimated that 70 percent of the farmers in the Tasikmalaya District
have adopted the HYV's, while 30 percent of farmers in the Ciamis District have done so and less than 30 percent in the

Cilacap District.

To accomplish this widespread conversion, the BIMAS and INMAS programs would have to be expanded to make
the package of HYV seed, pesticide, fertilizer and credit available to all farmers. At the present time, these production

necessities are available only in limited quantity. Where there has been more demand for the BIMAS program than could
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be met with the available supply, it has been restricted to farmers having irrigation because the program gives its maxi-

mum response under irrigated conditions.

Culture! practices could be upgraded by applying the results of crop research performed in Indonesia and else-
where. This includes land preparation. seedling methods, pest and disease control, harvest practices and grain drying
and handling. These improvements are already beirg uccepted by some farmers, but the progress being mode needs to

be hastened by additional guidance through the Agricultural Extension Service.

frrigation and drainage facilities are badly in need of rehabilitation. Some extensions to existing systems could
be made. There are several potential new irrigation areas that :-ould be developed. Inadequate operation and main-
tenance and poor water distribution and management contribute to low efficiencies in the existing irrigation systems,

These factors could be vastly improved, and production w~iild be improved markedly .

Drainage facilities are in poor conditicn. These need to be put back into good operating order and augmented

with additional drains. The drainage problem relates both to irrigation runoff and to flooding from the major rivers.

Flood control is essential for protection of the flood plains, which are largely planted to lowland rice. Floods
cannot be controlled by the existing levee system. Recurrent serious floods significantly reduce agricultural prodiction,

damage irrigation and drainage facilities, and discourage the higher grade use of the land.

Improvements are needed inrice storage, milling, grading and marketing. Some progress is being made, but it
needs to be accelerated. The numbers of extension agents available to carry on guidance programs is far too limited.
Government sources of credit are '*kewise insufficient to meet the full need and obtaining credit involves considerable
official routine. Transportation modes are primitive throughout the basin, except along the highway and the railroad.

Vast areas are not accessikle by motor vehicles.

Upland Crops

Upland crops are those which are chiefly grown under rainfed conditions on rolling or hilly terrain. However,
the so-called upland crops are not confined to the upland. These crops canbe, and are, grown on the lowlands when=-
ever drainage conditions permit {(which is usually restricted to the dry season). The main upland crops are rice, cassava,

corn and sweet potatoes. Of lesser importance are peanuts, soybeans, table beans and numerous other food-type crops.

The upland rice crop represents about 10 percent of the total rice growing area, but only 4 percent of the total
annual production. The average yield is less than half that of lowland rice. Upland rice is grown only during the wet
season. Research workers feel that with improved upland varieties and with better cultural practices the average yield

should more than double. However, most of the research and extension effort has been applied to lowland rice in the

past.

Upland crop production is just sufficient to meet local needs. If production were increased, it would provide an
additional means of increasing farm and non-farm income. Corn, peanuts, cassava and soybeans offer good potential for
cash crops. More supplies of these crops would help to generate demand, particularly if the crops could be produced

more efficiently and at less cost than ot present.
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Nearly all of the described problems and needs relating to lowland rice also apply in varying degrees to upland
crops. Although a large effort is needed to upgrade rice production, a companion program is needed for other crops in
order to diversify the diet of the people, broaden their income opportunities, and contribute to exportable surplus of food

and agricultural products.

Water resource development cannot help upland crop production as much as it can Senefit lowland rice. However,
significant benefits could be gained from drainage farilities inasmuch as these facilities would permit the use of lowland

rice areas for more diversified farming during the dry season.

Plantations and Smallholders Estate Crops

In the Citanduy basin large plantations total nearly 20,000 hectares. Nearly all of the large plantations are
owned by the government and are devoted to rubber production. The range in size of these large plantations is between

30 and 3, 220 hectares.

Smallholder estate c.ops grown in the Ciamis and Tasikmalaya Districts, total 52,000 hectares. Records obtained
from the subdistrict units of the Cilacap District did not include smallholder estate crops, bu! an estimate of 15,000 hec-
tares was derived by apportionment of the Cilacap District total. The area of estate crops grown per smal tholder is not

available, but is likely to be close to the one-sixth hectare average size reported for West Java Province.

The tabulation below shows the breakdown of estate crops grown by smallholders in the Ciamis District in 1972.

This crop distribution pattern is probably representative of the basin as a whole.

Crop Hectare
Coconut 34,732
Rubber 1,658
Clove 899
Tea 186
Coffee 327
Palm Sugar 446
Citronella 1,869

Total 40,117

Only coconut and rubber are produced in sufficient quantity to be exported from the Citanduy Basin. The esti~
mated value of coconut production in 1972 was Rp. 8,219 million ($19,853,000). The value of rubber production was
$1,355 million ($3,272,000).

Most of the basic problems of the plantation crops are recognized by the agricultural officials and are pointed out

in the evaluation of Pelita | (First five year plan). With respect to the rubber crop these are as follows:

1. Lack of incentive to produce high quality because of marketing system.

2, Not sufficient capital for replacement of trees and proper maintenance of trees and
equipment,

3. The need for more research and extension activities.

4. Deficiency in management skills.
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With respect to coconut plantations the main problems involve:

1. Lack of capital for replacement and proper maintenance.

2, The production is low because up to 50 percent of the coconut palms are too old or
are in a damaged condition.

3. Not enough seedlings of the improved varieties to fill requirements.

4. The marketing system is poor.

5. Research and extension programs on coconut production are largely lacking.
6. Management skills need improvement.

The other plantation crops such as citronella, coffee, tea, pepper, vanilla, cacao, etc. suffer these deficiencies
to the same degree or greater than the two major crops. Each of the crops has gone through a series of crises which have

left the industry in a serious situation.

The important decision that has to be made is the extent to which further development in plantation and estate
crops is economically sound. For example, natural rubber has been for several years in less demand due to the lower
cost for synthetic rubber. With the recent increased cost of petroleum, it appears that natural rubber can again be

competitive over at least the short run. The question is how long this situation will last,

Smallholders are disadvantaged in marketing their produ. on. Their volume of output is small, tronsportation
into much of the region is difficult, little knowledge of market conditions is available, product quality is usually poor,

and credit for smallholders operations is costly if available at all.

Livestock

Production from livestock constitutes only a small proportion of farm income in the Citanduy basin. The highly
intensive use of the land for rice production and other food crops preciudes the use of land solely for livestock feed and

grazing. Traditionally, meat and livestock products have not been of primary importance in the Indonesia diet.

The following tabulation shows livestock numbers in the Citanduy basin.

Livestock Numbers
Horses 3,264
Cattle 12, 309
Buffalo 27,376
Goats 169,153
Sheep 119,883
Swine 3,752
Chickens 1,509, 806
Ducks 247,123

Cattle and huffalo are kept primarily for their use as draft animals, and secondarily for meat. When the price of
meat is high, some of the cattle will be butchered even while they are still of a working age. A few cows and heifers
are maintained for breeding, but are not used as draft animals. Most of the cattle and buffalo numbers that slaughtered,

therefore, consist of females and old bulls. There is very little milk production. There is a growing demand for beef,
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particularly for export to Singapere, which makes it difficult to maintain or increase numbers of buffalo and cattle, Water

buffalo are used for field work, but many farmers cannot afford to keep or hire them. They are seldom seen here being used

as dray animals,

Goats and sheep are kept in small numbers for their meat and wool. The goats are not milked. Most of the goats
and sheep are kept in small corrals or cages near the residence and are turned out daily to be herded along the roadsides.

Green forage is also cut and brought to the enclosure sometimes.

The problem of increasing the rumbers of ruminants for meat production is chiefly that of limited available feed.
Due to the demand for food crops, crop land cannot be devoted extensively to livestock feed. Some capacity for expan-

sion of grazing exists in areas such as roadways and rubber and teak plantations.

It is believed that the areas having rough topography and critical erosion problems could be productively used for
livestock pasture, thus increasing the production potential for meat and other livestock products. This use must be eco-
nomically competitive with other existing and potential uses for the land, however. Expansion of livestock production
has not received much attention because of the urgent need for increasing production of rice which is the traditional food

staple. Naturally, rice can more efficiently meet food needs than can livestock, but there remains the requirement for

more animal protein in the diet,

Fisheries

The production of fish in farm fish ponds is a small but important enterprise in the Citanduy basin. Fish are one
of the most iniportant sources of animal protein in the diet. These farm ponds are usually small, in the order of 300 square
meters in area, and less than o meter in depth. The production per hectare of surface area may be as high as two tons in
favorable conditions. In 1973 an average yield of slightly over 2 tons per hectare was reported in the Ciamis District,

and the area of fish ponds was estimated to be about 6,200 hectares. In 1972 the production was about 10,200 tons.

Fish are also produced inrice paddies. The full extent of this kind of fish farming is not available. In the Ciamis
District the reported area used for production of fish in rice paddies was 125 hectares in 1972. The production was reported

to be 47 tons.

Some fish are produced in the natural swamps. In the Ciamis District in 1972 there were 2,500 hectares of swamp
utilized for fish, from which 260 tons of fish were produced. During the rainy season the swamps can be stocked with
fingerlings which will grow to sizeable fish by the end of the dry season when the swamp dries up. This stocking and fish-

ing progrem is sponsored at the village level,

There are a few smal! lakes in the basin but little data is available on their use for fish production. The rivers
and creeks are all heavily fished by the villagers. No program of artificial fish planting in the streams is carried on. The
natural production in streams is low, mainly because of the large amount of sediment carried by the streams. Eels and
shrimp are caught, as well as fish. The eels have some local demand, but most are shipped out to Jakarta. Fishermen in
the region use a wide and ingenious variety of nets, traps, and lines. Reported production from the Citanduy River (west

side only) during 1973 was 37 tons of fish, 15 tons of shrimp, and 9 ters of eels.

The water surface area of the Segara Anakan lagoon, sloughs and estuaries is 8, 150 hectares. The lagoon itself is

4,300 hectares. This is a brackish water body with low fish production. The progressive shallowing of the waters due to

Hi-14



2
deposition of river sediments is graduatiy reducing fish production. In 1972 the cotch was 493 tons, according to the
Fisheries Service. Indah Karya hus reported that the annual production has ranged between 300 and 700 tons of shrimp

and fish. The output is marketed and consumed locally, being little more than needed for the local fishermen families

own use.,

A principal activity at Cilacap is the marketing of the offshore catch of salt water fish along the southern coast
of Java. The coastal waters are productive and are being increasingly exploited by commercial fichermen. Market
facilities and freezing plants for fish and shrimp are being expanded as a part of the regional development program for
Cilacap. In 1972 the catch consisted of 3,799 tens of shrimp and 4, 297 tons of fish. The principal markets are Yog-
yakarta, Jakarta and Bandung. When the new freezing facilities become available it will be possible to export the

shrimp and fish to Japan, where a strong demand exists.

To obtain greater production in farm fish ponds three principal items are needed. The first is an expunded pro-
gram of guidance and assistarice for the farmers in fish culture, and management of the farm ponds. The seund is an
improved year-round water supply source for those ponds which are not within an irrigation system having a dry season

water supply . The third is an improved supply of fingerlings for stocking the rearing ponds.

River fishery would be greatly improved by reducing the quantity of sediment in the streams. Only the hardiest
varieties of fish can live in the extremely turbid water of the Citanduy and its tributaries. Augmentction of stream flows
during the dry season by means of storage reservoirs would be highly beneficial. Additionally, with improved habitat,

it would be profitable to initiate a program of fish stocking on the upgraded streams.

The Segara Anakan fishery will probably be reduced to virtually nothing in another 20 years unless some action is
taken to eliminate the problem of sedimentation of the lagoon. An estimated 4,000 families depend on the Segara Ana-

kan fishery for a livelihood.

The use of irsecticides and pesticides poses o problem to fish being raised in farm ponds and in rice paddies. Low

toxicity chemicals should be used by farmers.

The fishing methods and gear utilized by fishermen in inland waters are crude and primitive. Comsequently, the

productivity per fisherman is limited.,

Legol and [nstitutional Factors

Land Management

There is need for a standardized government-wide system of forestry and land use planning and management. The
procedures and methods used in West Java, which is managed under a governmental type of organization, do not com-
pletely conform with the procedures and methods of Central Java which employs an Enterprise system of management

{Perhutani). The authority and besis for such a revision in organization must come from the central government.

Policy for land management should be reviewed and national priorities estublished. The multiple-use concept of
management of forest, grazing lands and plantation lands would be a move in the right direction in order to get the op-

timal production out of land resources. Regulations which would promulgate the new policics would have to be written.
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Following that, indoc*sination training would be necessary to ensure that all administrators and workers are made familiar
with the revisions. The relationship of the Citanduy Multipurpose Authority to the operational programs of land manage-
ment would have to be made abundantly cleor. In order to apply new policies it is essential that the field level prac-

tices be modernized.

Theve are strong indications that ai present most of the agency funds are needed to maintain the administrative
level personnel structure, and too little is left over for field operations. To overcome this problem, management effi-
ciency and structure analyses will have to be made. Additionally, too many projects undertaken simultaneously is bound

to lead to too small an effort on each to be truly efficient,

At the present time there are too many agencies reporting data independently and no official effort to check for
and reconcile discrepuncies. Better organization is needed in data collection, and a central publication agency ( or at
least o coordinated system applied by agencies) should be established so that source material would be published on a
consistent and continuing basis. As it now stands, there are few reliable statistics that can be utilized to record accom=-

plishments of development.

Woter ianagement

Water management cannot be treated as a separate problem from land management. The same problems listed above
in relation to land management confront administrators and planners in water resource development. Some of the problems
of combining the land and water management efforts would be corrected if an overall Citanduy Multipurpose Authority

were established .

National water policy, laws and regulations all need to be modernized and clarified. Much of the law still in-

corporates the old Dutch policies and laws, and would benefit from thorough review in terms of present day objectives.

The time will soon be at hand when conflicts over water appropriation and rights of use will arise. The legal and

institutional apparatus to resolve problems involving competitive water uses will be needed.

Water management activities need to be better coordinated between the several government agencies and the
village sectors. The two provincial governments need to conform their rolicies and practices. The new organization
established as the overall authority will be confror d with this coordination problem and with the necessity to work with-
in the traditional framework which the people can understand and appreciate . Leadership and direction exercised by the

authority must be matched by a responsibility for the results of the program.

Finally, at the grass roots level, the water user must be brought to regard the water resource as something to be
utilized wisely and shared equitably with his neighbors. This means a guidance program to bring about a fuller apprecia-
tion of a farmer's own respensibilities for wise use of the irrigation v-ater, and sharing in the maintenance and costs for
upkeep of the system. Al!l of these things require an appropriate system of incentives, rules, and penalties to make the

organization and practices successful,
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Infrastructure

The infrastructure of the Citanduy basin needs to be strengthened in numerous respects in order to facilitate
economic development and improve the general welfare. The concern herein is chiefly for those elements of the infra-
structure which could be improved through water resource development. However, aimost anything dore to stimulate the
economic base of the region would have o beneficial effect on community structure cnd public facilities. Consequently,
one could expect land reclamation, reforestation, flood control, irrigation, fisheries and hydroelectric power davelop=

ment all to build towards an improved infrastructure. A discussion of the conditions and problems follows.

Public Education

Educational achievement in the region is far below desirable levels. This is due to a long-standing lack of cul-
tural penetration in the isolated communities, a lack of adequate schools and sufficient teachers, and insufficient capital
resources at the government and family levels. Only 44 percent of the children in the eligible age group are attending
school. The drop-out rate beyond primary school is very great as indicated by the fact that only 2 percent of the adult
population has completed high school. Obviously, high schoo! education is not availahle to the majority of the eligible
age students because only 12 out of the 30 subdistricts have a high school within their boundaries, Forty=five percent
of the population is below 17 years of age, meaning that the need for increasing educational tarilities, opportunities,
and participation is already at hand. The progress that the present generation of youth makes will depend on the educa-
tion it will receive in the next decade. Simply attaining literacy will not be sufficient; these young people need to be

educated in modern technological skills and professional fields.

Public Health

Facilities for public health are operated by the district governments. These consist of hospitals, maternity clinics
and general health care clinics. Nearly all medical personnel - doctors, practical nurses, midwives and assistants - are
employed by the public health departments. As far as can be determined the extent of health services performed by the
private sector is quite limited, However, there reportedly are 35 private heaith services (clinics) in the Cilacap District.
The doctors employed by the public hospitals are also allowed to engage in private practice. Following is o tabulation

of health facilities and personnel in the Citanduy basin:

tem Number

Facilities:

Hospitals 6

Clinics 309

Private clinics 35

Maternity clinics 52
Personnel:

Medical doctors 41

Midwives and assistants 483

Quite obviously, the number of doctors is far too few to provide professional care to a broad sector of the population.
The doctors and the principal hospitals ore located at the cities of Tasikmalaya, Banjar, Ciamis and Cilacop and the

towns of Sidarejo and Matenggeng. Data could not be ohtained on infant mortality. However, the general impression
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gained was that the infant mortality rate, although high, is declining and that the improvement has been the principal

cause for the declining median age. The practice of midwifery is long established, and apparently conducted effectively
judgirg from the birth rate figures. The lack of passable roads to most of the villages in the basin undoubtedly precludes
the necessary professional care in many cases of illness. The major health hazords reported in the Citanduy basin in 1972

are tabulated befow:

Sickness Cases Deaths
Malaria 1,846

Cholera 1,193 130
Typhoid 91 2
Dysentery 6,707

Tuberculosis 5,382

Diarrhea/E nteristis 31,095

One of the most serious health hazards in the area is malaria which is most prevalent in the lowlands near the
Segara Anckan. It is reported that the salt water breeding mosquito, Anopholes Sundiacus, is particularly difficult to

control in the isolated reaches of the Segara Anakan.

Another serious hazard is cholera, a sickness caused primarily from polluted drinking water supplies. The shallow
wells are easily polluted from surface sources. The largest source of pollution are the domestic fish ponds, which also
frequently serve as sewage lagoons, Seepage into wells cannot be prevented. The local people do not exercise proper
care in preparing the water for drinking. Chlorination or boiling would be sufficient, if caivied out. Death from cholera
is not uncommon. In 1972 there were 94 reported deaths from cholera in the Cilacap District, 15 in the Tasikmalaya Dis-

trict, and 21 in the Ciamis District.

Generally speaking, the gicatest hazard to health is poor sanitation. Improvements in sanitary water supplies,
proper sewage disposal ond insect and rat control are all badly needed. Additionally, education in hygiene is neces-
sary. To a large degree the heavy incidence of dysentery, diarrhea and cholera which characterize these rural areas

could be controlled by greater cttention to sanitation.

Transportation

The following tabulation shows the extent of transportation routes within the Citanduy basin;

Type Kilometers
Railroad 198
Highway 252
Secondary Road 408
Village Road 1,148

Total 2,006

The railroad connects the major cities. The main railroad crosses Java in an east-west direction and passes
through Tasikmalaya, Ciamis and Banjar. Branch lines extend southeastward from Banjar down the west and east sides of
the Citanduy basin to the coast. The rolling stock is observed to be quite old and is reported to be difficult to maintain.
The condition of the line from Banjar “o Kalipucang is very bad. The railroad is suffering from intense competition with

highway transport, and is likely to experience further reductions in traffic and revenues. The recent installation of a
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petroleum pipeline from the port of Cilacap to points in Central Java has markedly reduced the tonnage of shipmenrs

carried by rail out of Cilacap.

The existing road system is inadequate for efficient movement of goods to market. The main highway needs to be
improved by providing a stronger and wider road base, by eliminating blind curves, by reducing grades, and by upgrading
bridges. The primary road system needs to be extended to all of the subdistrict towns. Secondary roads are needed to
connect all of the villages. Maintenance of roads is poor, and little progress can be seen toward upgrading *he road
standards in this region. Secondary roads are usually passable in the dry season but trave! is slow and rough. In the
rainy season the condition of these roads is not dependable. Village roads are not usually passable except by jeeps and

trucks. The highest road classification in the basin is Class |I1.

A principal difficulty being experienced with highway maintenance lies with the heavy truck and bus traffic,
which is increasing rapidly. Restrictions need to be applied on loaded truck and bus weights. Traffic safety facilities

such as signs, lane marking and stop signs are needed,

The vast areas that remain almost completely isolated from motorized transport are at a severe disadvantage in
communications and marketing. Farmers cannot freely transport their products awoy, and are largely at the mercy of
middlemen who come and buy on their own terms. In-shipments of goods is likely impeded. Services to the communities
cannot be efficiently provided under the present transportation handicaps. For example, agricultural extension services
and public health and family planning are difficult to extend to the remote areas. Increased mobility of the population

and work force is essential to the advancement of the economy.

While surface transportation development is not a primary target of water resource development in the Citanduy
basin, flood control and irrigation development would complement the further improvement of transport services through
the protection which flood cor trol would afford and through the increased commerce which follows irrigation develop-
ment. Transportation improvements will have to proceed hand-in-hand with the other water-related projects if op-

timal progress is to be obtained.

Commercial inland water transportation has been limited to a route from Cilacap through the Segara Anakan to
Kalipucang. A small ferry based in Cilacap makes a daily round trip carrying both passengers and freight. Eight months
of record in 1972 showed that the ferry carried 8,400 passengers and had total revenues for the period amounting to

Rp. 784,116 (51,894).

A large number of dugout canoes ply the waters of the Segara Anakan and the lower reaches of the rivers. These
beats are used for fishing and transport of rice, firewood and other items of local trade. Prospects for expansion of ship-
ping on the waters of the Segara Anckan or the river leading into it appear extremely limited unless reclamation becomes
areality. Then it would be expected that extensive boat traffic would build up to serve the farming sect=., leading to a

need for improvement in small boat landing facilities.

Cilacap is the only ocean part on the southern coast of Java. The condition of the harbor facilities has deteri-
orated in recent years, but arrangements have been made under the Colombo Plan to deepen the harbor and rehabilitate
the port facilities. The economic expansion foreseen for Cilacap is largely based on its role as an ocean shipping point.

Below is a tabulation of the number of ships calling at Cilaccp since 1965.
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Year Number of Ships
1965 72
1966 48
1967 40
1968 58
1969 82
1970 N
1971 143
1972 153

There are presently no commercial aircraft landing facilities in the basin. Emergency landing fields are main-
tained at Tasikmalaya City and near the town of Langensari, about 6 kilometers east of Banjar. A landing strip is planned

at the city of Cilacap.

Marketing

Marketing of the products of agriculture and industry is largely done under the free enterprise system, except in
the cases of government-owned rubber and coconut plantations. So far as could be determined there is no wide-spread
cooperative marketing being carried on. Strong cooperative organizations are precluded by poor communications and
transportation as well as various problems of management and financing. There is a cooperative market batik handicraft
at Tasikmalaya. A cooperative poultry production and marketing association is operating at Ciamis. There are other
local production and marketing crops associated with the government sponsored BUUD cooperatives which make rice pur-
chases from the farmers for the BULOC program, and it is intended that the BUUD cooperatives will include other activi-

ties in behalf of farmers in the future.

Some of the factors that would have to be improved for more effective cooperative marketing would be training
for management, improved communication and transportation, and adequate amounts of operating capital at reasonable
cost. Another serious limitation for which relief is not foreseen in the short run is the fact that subsistence type farming
produces extremely small quantities of farm products surplus to family needs. This is not conductive to efficient coopera-

tive marketing operations.

Each larger village has a central retail market. These markets are owned by the municipality, with nominal rent
being charged for the booths. There is much room for improvement in the sanitary aspects of these :narkets. There is no
running water or refrigeration. There are surprisingly few houseflies, but the passageways are not meintained in clean

condition and the odors are offensive.

Inasmuch as rice is the chief crop, its marketing is of the greatest importance. Improvements needed to make rice
marketing more favorable for producers, chiefly by reducing the marketing margin, include better roads and communica-
tions, education in marketing management and institutions, capital for cooperatives and for farm financing, improved
local milling and storage facilities and introduction of rice driers. Rice marketing would benefit from the use of rice
yrading standards. The system of grades already exists, but is not used to a significant extent. Implementation of the
market grading system would reward gro vers and millers who produce a quality product. When Indonesia enters the world

market as an exporter, the use of grading structure will be mandatory .

Marketing of cepra i handled through middlemen who assemble enough for truck shipment to the central shipping

»s and oil extraction mills. Similarly, middlemen negotiate at the farm level for peanuts, corn, soybeans and other
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minor crops. The bargaining is usually to the disadvantage of the farmer due to his lack of knowledge about market con-

ditions and lack of alternative sales outlets,

For all products in general, farmers need better farm=-to~market roads, improved means of communication to ob-

tain market information, storage, financing, and (cbove all) greater production of marketable goods.

Environmental Considerations

Historizal Sites

The Ciung Wanara Historical Reservation is focated just upstream of Banjar at the confluence of the Citanduy
River and the Cimuntur River. It covers an area of approximately 30 hectares, and is important primarily for the mythi-
cal significance of Ciung Wanara, a legendary character dating back about 900 years. This is a heavily wooded area
having the appearance of very old natural vegetation, but whether it is original forest is questionable. The area is
visited by quite a large number of persons throughout the year, since it is located on the r ain highway and is an attrac-

tive rest stop for travelers,

This reservation is within the orea that would be inundated by the potentia! Banjar Dam. A meeting was held at
Ciamis for the purpose of obtaining the public viewpoint regarding this problem. As would be expected, opinion was
divided, with the elders of the community expressing concern for the preservation of historical sites such as this one,
and others voicing the desire to make adjustments and accommodations in order to facilitate needed developmental pro~

grams. Very careful consideration must be given to this problem if further thought is given to construction of Banjar Dam.

Throughout the area there are scattered many small cemeteries, which are probably in the category of a religious
or holy nature. For instance, the small village at the point where the Citanduy River discharges into the Segara Anakan
has both a mosque and a small cemetery. There is another one which would be affected at the potential Banjar Dam site.
Others undoubtedly exist ot other dam sites in the basin. Care would have to be exercised to ensure that these were not
desecrated during construction. Local civie and religious leaders should be asked to participate in appropriate reloca-

tion planning.

As far as is known at the present, there are no known archeological sites within the areas being considered for
development. Prior to construction of any dams, the reservoir areas would have to be checked out by knowledgeable

authorities in the field of archeology, so that excavations could be performed during corstruction.

Ecology

The ecological systems in the Citanduy Basin have all been profoundly altered by man's long occupancy and in-
tensive use of the area. Few natural remnants exist either of the vegetation or animal life. Consequently, what is of
concern in developmental planning is to avoid further displacements in the present ecological situation to the extent

feasible.

The upper reaches of the watershed are rough, erodible areas which urgently need stabilization of vegetative
growth in order to hold the rock and soil in place and conserve runoff. The ecological balance in these areas has been

severely disrupted by overexploitation of forest resources and conversion of steep land to crop production. The plant

11-21



and animal life and other organisms app.opriate to the environment of these areas have in large measure been replazed
with non-adapted species. The results have been creation of a critical erosion situation and an accompanying high rate
of sediment movement in the rivers and reduction of the productivity of the lands. The problem is to get the areas bock

to a stabilized situation once again.

The middle reaches of the Citanduy River basin are intensively farmed. Rice paddies are perhaps one of the most
effective devices for conserving water and soil in place. Consequently, the large oreas in paddy cultivation are not a
problem. However, cultivation of upland type crops on rolling terrain does create an erosion problem. Contouring ter-
racing and vegetative residues and mulches can all be applied to an advantage on these lands. This is done to a consider-
able extent, but it needs to be extended. There is the question of incentive which affects whether a farmer will take such
protective steps or not. A farmer may fail to see what gain he might receive by putting in greater conservation efiects and
investments. One way to deal with this is through an intensive extension service educational compaign. Another would be

to offer some kind of financial subsidy to farmers who will implement the right kinds of conservation programs on their land.,

The ecology of the Segara Anakan has felt less of the impact of man than the other areas of the basin, although the
rate of sedimentation in the lagoon has accelerated because of the man-made erosion in the upper watershed, Population=
of the area is sparce, being limited to about 8,000 persons in the "floating villages", which are built over the water on
stilts.  The inhabitants of these villages depend chiefly on the fish resources of the lagoon for their livelihoods. It is

likely that the Segara Anakan watei . are over-fished.

The mangrove swamps have a land e levation close to or somewhat above mean high tide level. Pioneer-type man-
grove plants become established in mud banks being built up through sedimentation. Conservative estimates indicate that,
if left unchecked, the sedimentation build-up will continue at a rate such that in a period of 30 to 35 years the entire
Segara Anakan will be filled by mangrove swamps. This will not only render the Segara Anakan useless as a fishery, but
it will bring on the certain deterioration of the higher lands on the inland sice through poor drainage and salt water in-
trusion. The sediments that cause this are derived chiefly from the Citanduy River and its tributaries, and to a lesser ex-
tent from the rivers that are tributary to the lagoon; i.e. the Kayumati, Cibeureum, Cikujang and Jagadenda. The ecology
of the mangrove swamp progresses through an evolutionary cycle during which the mangroves start, mature and eventually
are replaced with other vegetation os sediment is brought onto the land surfaces by overflow of the streams at flood stages .
Through this process upward building of the land surface continues. Eventually over a long period of time, with vegeta-
tion more adapted to fresh water environment, the landscape takes on more of the characteristics of a flood plain. The

changes just described involve the loss of some life systems and the gain of others,

The ecology of Nusa Kambangan island has not been explored because access is restricted. It appears that most
of the island is in a relative ly wild state although it is doubtful whether the forest landscape is original growth. Some
parts may still be in their natural state but these areas appear to be limited based on inspection of aerial photos and recon-
naissance observations, Most of the area has the appearance of being cut over and in secondary growth. The northern
shore, except for a short distance on both the east and west, is bordered by low-lying tidal swamps that border the Segara

Anakan. These tidal areas would be subject to the same changes described earlier for mangrove swamps.

Inland fresh water swamps have a community of plants and animals quite different from either the surrounding farm
lands or the tidal swamps. They serve as nesting and rearing grounds for water birds and are used for fish farming. As

the water surface recedes during the dry season, the areas bordering the swamps are used for rice growing. The North
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Lakbok swamp is a small residual wet area remaining after a lorge swamp forest was cleared and drained about 50 years
ago. About 3,000 hectares of peat soil was exposed in the process. This soil requires forming practices different from
the alluvic! soils prevalent inthe area. Controlled drainage is traditionally considered to be one of the key practices
required for successful utilization of peat soils. Once proper drainage is established, it is quite possible to obtain normal
agricultural production from them, but this does not necessarily mean rice. Investigation of an optimal drainage and
irrigation system is needed, as well as determination of the optimal cropping use. The other swampy areas, should they

be drained in the process of reclamaticn, will experience a significant alteration of their present ecological systems.

Reservoir sites all have an oltered ecology resulting from intensive cultivation and settlement on the lands in-

volved. Inundation of the lands would not raise any problems of destruction of natural plent and animal communities.

Fish and Wildlife

There are very few areas left in the basin that still enjoy the presence of game fish and/or other wildlife. About

the only remaining area of any consequence in this respect is the Segara Anakan. A report entitled Reconnaissance Alter-

nate Study, Reclamation Scheme, Segara Anakan and Its Surrounding Swamps (Especially on the Biological Process), P. N.

Indah Karya, 1973, provided a useful inventory of types of birds, fish, shrimp, plankton, mosquitos and plant life found

within ihe area. Another report, A Study of the Ecological Aspects and Fishery in the Segara Anakan, Research Institute

for Sea Fishery, 1974, deals with the fish catch and production potential and the role of the lagoon in <hi iy production.
As previously discussed, the sedimentution process that is taking place acts to reduce the fish production in +1e lagoon.
The effect on shrimp production, both within the lagoon and offshore, is thought to be less disadvantaged ky the shallow=

ing process, as long 1s the mangrove area remains. Reduction of the mangrove area would likely redu:e the breeding

ground for shrimp.

Few land animals were observed in the Segara Anakan swamps during the investigation probably indicating that
they have been exploited almost to extinction for food. Likewise, throughout the basin there are few wild animals left.
To our knowledge no survey of wild animal population has ever been made anywhere in the basin. It is certain that
the clearing of forest at high elevations has greatly reduced the habitat for wild birds and animals. Restoration of these

forests could result in o significant comeback of wildlife, particularly if given proper pretection from hunters.

The high turbidity of the streams of the Citanduy basin is adverse to fish and the food chain which is essential for
fish production. The range of organisms that can exist in a stream is severely reduced by sediment pollution. Accord-
ingly, the so-called trash species and scavengers such as carp and catfish are best adapted to survival in the streams. Of

course, these are used widely for food in Asia, probably because they are almost the only fish surviving in natural waters.

Human Factors in Environment

Almost all, or possibly essentially all, of the Citanduy basin has been and is under the impact of man. The im-
pacts have been the result primarily of forest cutting and agricultural endeavors. Detrimental operations in the upper por-
tion of the basin have been and are responsible for more intensive runoff and accelerated erosion. The results in the low=
er portions of the basin have been increased sedimentation and flooding. There are only very limited areas that are
natural; that is, undisturbed by man. There are enough well-managed forest lands and crop lands to indicate that, with
proper techniques, the intensity of runoff and the rate of erosion can be minimized. The natural intensity of runoff and

the natural rate of erosion cannot be attained in an absolute serse.
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Thus the primary environmental impacts of the general area are rapid runoff and accelerated erosion. The in-
adequate forest and agricultural practices over a significant area of the Upper Citanduy ‘Ciseel River System cause such

impacts. The inhabitants in the Lower Citanduy ‘Ciseel River System suffer the consequences.

In the case of forestry practices, for example, the clear cutting of the teak and the inadequate re-estab lishme nt
of teak and a ground cover, expose the readily erodible soil to the full impact of intensive periodic precipitation, Run-
off and erosion are excessive. Practices are available to minimize this severe impact on a short=term and on o long-term

basis. Where the forest practices are adequate, the runoff is less intensive and thers is a minimum of erosion and scouring.

There is intensive pressure {o place more land under cultivation for subsistence and ‘or cash crops. Clearings are
made in the forest, even on excessively steep slopes. Often open row crops are cultivated in inadequately designed ter-
races. Such practices result in excessively high runoff and excessive, accelerated erotion. Where slopes arc not too

steep and the terraces are properly designed, the runoff and e osion are evidently not excessive.

In almost all the upiund forests, the forests are not mixed, but rather are reforestat on efforts consisting of one
type of tree to each arca subject to reforestation. The monoculture thus practiced may appear to make economic semse,
but it is potentially a dangerous practice from an o ological point of view. It is understood that to date there has been
no serious epidemic attack in the teak forests. However, that is no reason to feel that a disease or pest cannot or will
not invade and cause a very serious epidemic over large areas. The some comments are also applicable to rubber planta-

tions and other concentrated tree crops.

The pollution of streams with silt as a result of man-caused soil erosion has been mentioned. Stream pollution
also occurs from the discharge of untreated sewage inte natural watercourses. This is a serious source of health hozard
from cholera, gastro-enterities, dysentery and typhoid. The problem persists year-round, but is particularly bad in the
dry season when strecam flow is reduced. The waters of the Segara Anakan are contaminated because the lagoon as a
whole is the sump for disposal of excreta. Yet it is used as a water supply for washing and bathing by the residents. The
Segara Anakan is going to be increasingly subject to industrial pollution from construction and operation of the P, T, Per-
tamina refinery at Cilacap, as well as from the expanded use of the harbor. The creation of the industrial estate at Cila-

cap will also give rise to increased pollution from industrial waste discharges.

Extreme poputlction pressure on the land and water resources of the basin causes degradation of the environment in
different ways from the standpoint of malaria control. For example, the movement of people into and out of the high~
malaria-incidence Segara Anakan area prebably restlts in spread of the disease to other areas. Thus it can have an im-

pact in areas well removed from the Segara Anakan vicinity.

Security needs of the populaiion are not well me’. Haz:wds from flooding expose a large proportion of the res;i-
dents of the flood plain arca to occasional-to-frequent harm or loss of assets. Agricultural resources are stretched too far
among the exceedingly dense population, resulting in low income levals, under— and-unemploym~nt, cnd outmigration of
the younger element ~f the work force. Social unrest can develop out of the dissatisfactions tnat or.. 1.lt, and personal
initiative can be -2duced. The quality of life of all of the residents of the basin is inhitited by virie of ‘he fack of
adequafe potable water, by the absence of proper sanitary facilities, and by the relative isolation and remoteness due

to lack of good roads.
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CHAPTER IV

DEVELOPMENT PLAN

We have previously stated that the Citanduy Project area can be conveniently divided into two distinct geographic
units, and that each of these two principal units can be further subdivided into two subproject areas, Thus it can be said

that the Citanduy Basin Development Project is composed of four subprojects:

1. The upper Citanduy/Ciseel River system,

2, The lower Citanduy/Ciseel River system,

3. The Segara Anakan and its environs,

4, The Seaara Anakan watershed (other than the Citanduy/Ciseel River system).

Each of these four subprojects is an independent unit in many ways, but in other ways each is quite dependent on
the other, There are many problems which are common to all areas; but each individual area has its own unique problems

as well,

In the previous chapter, we identified the problems and needs of the project area. Now we must establish an order
of priority for the solution of these problems, suggest ways and means of solving them, and present a recommended schedule

for their solution.

Since the basic objective of this study is to determine an optimal pattern of utilization of water and land resources
which will lead to increased agricultural production and the attendant increase in the standard of living of the inhabitants
of the area, we have concentrated on the search for solutions to the physical problems of the project area and then have
shown how these solutions would contribute to the improvement of the socio-economic conditions of the area. The princi-

pal physical problems which have received our attention and the attendant socio-economic improvements expected are:

A. Physical

. Erosion and sedimentation,

Flood mitigation.

Land reclamation,

Irrigation and drainage rehabilitation,
lrrigation and drainage extension,
Hydro-electric power development,

. Environmental impacts,

NONO AW —
.

B. Socio-Economic

Increased agricultural production.
Increased employment opportunities,
Improved income distribution,
Improved standard of living.
Improved community development,
Improved management systems.

O U1 WM —
-

During the course of our investigations of the developmental possibilities of the project area and in the identifica-
tion of viable subprojects, it soon became apparent that the logical geographical subdivisions of the area also applied to

subproject formulations. The subprojects identified (in order of priority) were:



1. A comprehensive water management scheme for the Lower Citanduy/Ciseel River system,
2, The reclamation of the Segara Anakan and its eavirons.
3. A comprehensive water management scheme for the Upper Citanduy,/Ciseel River system,
4, A water management scheme for the balance of the project area.
A Comprehensive Water Management Scheme for the Lower Citanduy,/Ciseel River System
General

Lack of flood control inhibits development in all categories; i.e., irrigation, drainage, other improved agricultural
practices, industrial development, and infrastructural improvements. A potential investor will purposely avoid an area where

frequent floods may result in loss of income or purchasing power or, even worse, complete destruction of an investment.

Any system designed to mitiaate flood damage on the lower Citanduy/Ciseel River system should ultimately be composed
of a combination of both upstream and downstream control measures. Furthermore, utilization of all valuable crop land, through
the judicious use of all existing flood control features, both natural and man-made may effect cash flow requirements for the

projects and the economics of the development program.

Despite the pressure for immediate allcviation of the frequent suffering and damage susiained from floods in this system
there appears to be a certain advantage in a two-stage development scheme. The first stage would provide immediate relief
through the upgrading of the existing levee system to provide security against 25-year frequency floods. Included would be
the diversion of the Ciseel River into the Citanduy River o* g point where the Ciseel River emerges from the hills onto the
floodplain and where the distance between the rivers is a matter of a couple of kilometers. The second stage would be the

provision of upstream storage facilities to provide further protection and security against floods of a lower frequency of recurrence,

As shown on Plate 11-5, the portion of the Citand:y River that is included in the plans for Stage | extends from the rivers
moui at the Segara Anakan (km 0+000) to a point in the town of Banjar (k:: 834500). The part of the Ciseel River included
in these plans is that portion from its confluence with the Citanduy River (km 144500 of the Citanduy River = km 04000 of the
Ciseel River) to the point where the river emerges from the hills onto the floodplain (km 39+000), Plate IV-5 (consisting of 3

sheets) and 1V-5A show the selected reaches of both rivers.

The Citanduy River is rather unique in that the lower 52.5 km has only one major tributary, the Ciseel River. However,
for 18 km of its lower length, the Ciseel River parallels the Citanduy River at distances varying from about two to four kilome-
ters. This 18 km length of land between the two rivers has posed a perennial drainage problem caused both by local rainfall

runoff and flood waters from the Citanduy and/or the Ciseel River.

In an effort to improve the North Lakbok drainage as well as to supply irrigation water to portions of South Lakbok, the
Cilisung drain was constructed approximately midway berween the two rivers, with a discharge into the Ciseel River at about
km 10. This move only further compounded the drainage problem, for when the Ciseel River floods, the backwater effects cause
the Cilisung Drain to overflow. In fact, cne of the few areas with a record of repeated levee failures is at the confluence of

the Ciseel River and the Cilisung Drain,
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The 8 km length between the Ciseel River and the Cilisung Drain averages about one kilometer or so in width.
It also suffers from local drainage problems because of the parallel waterways which have levees on both sides. To correct
this situation, another main drain was constructed and its effluent passes under the Cilisung Drain through an inverted si-
phon located just upstream from the confluence of the drain and the Ciseel River. This drain, which has no levee system,
picks up all local drainage below the inverted siphon and dumps it into the Ciscel River af about km 3 through a sluice~

way structure fitted with flap gates. When the Ciseel River is flooding, the drain is unable to function.

Levees along the Ciseel River not only have upset the local drainage situation between it and the Citanduy River,
but they also obstruct the entrance of local drainage from the lands to the west of the Ciseel River. To relieve this situa-
tion, the channel of the Cirapuan River was improved so that it could ntercept the local drainage and dump it into the
Citanduy River below the Ciseel River confluence at about km 13, Since this outlet structure is also equipped with flap

gates, the drain does not function when either the Citanduy River or the Ciseel River is flooding,

The end result of all the previously described piece-meal drcinage works is the creation of a tract of land 18 km
long by 3 to 4 km wide and traversed by four principal drainage ways, three of which do not function when the Ciseel
River is flooding. Furthermore, the adverse effects on drainage are not limited to the area just described, but extend up

into the North Lakbok area as well.

The obvious relief measure would be the diversion of the Ciseel River into the Citanduy River at the point where
the distance between the two rivers is a mirimum, This would leave the present lower Ciseel River channel free to handle
the drainage fromthe Cikaso River as well as the Cilisung Drain. The construction of an inverted siphon under the proposed

Ciseel cutoff would facilitate the normal functioning of the Cilisung Drain,

Flood Routing

The project floods were routed through the river system and peak discharge values were estimated ot various loca-
tions in the river system. The storage routing method was used to determine the lower limit of flood peak attenuation,
while the kinematic wave method was used to determine the travel speed of the flood wave. The solution for both methods
was programmea for the Monroe 1665 desk computer. After a number of hydrographs was routed by means of the computer,
tables of percent attenuation and travel times between points in the river were prepared. These tables greatly simplified the
routing, The routed hydrographs were given a floodpeak travel speed equal to that of the kinematic wave and an attenu-
ation -qual to approximately 60 percent of the attenuation calculated by storage routing. The hydraulic geometry was
determined from information collecte 1 at the stream gaging stations, from 1968 and 1973 topographic surveys, and from

aerial photographs and ceeffizients necessary to the solution of the equations were established.

The routing began at Banjar and from there the Citanduy River hydrograph was routed downstream and combined
with hydrographs from the tributary rivers at the appropriate locatinns., For the routing, it was assumed that the Wanareja
Swamp was available as an off-channe! storage facility, and that the Ciseel River was diverted into the Citanduy River

at km 36.

Many alternative regulations are possible, depending on the number and location of dams considered. To determine

the most suitabi~ and least costly plan, the following conditions were evaluated for the 25-year flood:
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1. Unregulated river system,
2. River system regulated with Banjar Dam, Matenggeng Dam, or Binangun No.
2 Dam,
3. Uncontrolled diversion at the Nusawuluh Weir, controlled diversion to a maximum of 200 m3/s,

or no diversion,
4, Any combination oi the above,

5. With and without the Ciseel connection to the Citanduy River about 15 km upstream from the
existing mouth of the Ciseel River.

The rescitant Houd neaks at several locations in the system generated while roc ting the 25-year flood are shown on Plate
IV-1. “his tabulation docs not include results for the "without Ciceel conncction" condition. From this display of the
results, it can be surmised that a single dam at any of the locations hus no major effect on the floodpeaks except in

the immediate vicinity of the Jam.

Weter surface profiles for flows in the lower reaches of the Citanduy and Ciseel Rivers were computed using the
Water Surface Profile Program HEC-2 developed by the U.S. Army Corps of Engineers. In the reach of the Citanduy
River between RR Bridge 1452 and Banjar, river stages were estimated by employing the Cikawung stream gaging station

rating curve and river cross sections taken in 1968 and 1973,

From these studies, levee heights were assumed and levee and dam costs were estimated, Dam costs were estimated
based on the assumption of a single purpose flood control dam at each site. It is evident from the cost study that a protec-
tion system of levees only at $9.9 millions (Rp. 4,087 milljons) is by far the least costly alternative, The next least costly
alternative which would provide the same protection consists of Matenggeng Dam and levees at a cost of 20 millions
(Rp. 8,300 millions ), Because of the low costs of the "levees only" condition, it was assumed that this would be the soiu-
tion most probably implemented, Therefore, all additional flood routing studies were made for the condition of providing

protection with levees alone,

The 10-year and 50-year floods were then routed through the system and levee profiles were estimated. Hydrographs
at selected points along the Citanduy River for the 10-, 25-, and 50-year floods are shown on Plates V-2, IV-3, and IV-4,
A tabulation of the peak flows and the elevation of the design levees on the Citanduy and Ciseel Rivers are shown on Table
IV-1. The levee profiles for the 10-, 25-, and 50-year floods on the Citanduy ard Ciseel Rivers are shown on Plates V-5
and 1V-5A which are compased of four (4) sheets. Table 1V-1 shows levee elevations assuming the Cisee! -onnection has

been constructed. Plates IV=-5 and IV-5A sinow levee grades for both conditions,

Additional studies were done using the 25-year flood to determine what effect changing the direction of the storm,
or the assumed travel times would have on the flood peaks and the resultant levee heights, In addition, the 2-day storm

was routed to deteimine if the 2nd day, 25-year rainfall would increase the peak discharge.

The result of adding in a second day rainfall was to raise the flood peak by a maximum of 4 percent. The results of
changing the direction of the storm track were ‘o increase the water levels wl.en the storm proceeded in a downstream direc-
tion and to decrease the water levels when the storm track moved upstream. Shortening the travel time or increasing the speed

of the flood wave peak tended to raise the water levels. These results are shown on Table V-2,
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It must be remembered that the return period of the design condition relates to a discharge, not to a rainfall.

Therefore, the higher or lower discharges that resulted from varying the direction of the same storm would be assigned

a larger or a smaller return period. The recommended facilities protect against the design discharge.

Table V-1

Design Discharge and Levee Elevations

Locati Design Discharge Levee Elevation
ocatton in m3/s inm MSL
Citanduy River
Banjar
10-year 1,450 25,1
25-year 1,750 26,3
50-year 2,060 27.5
Cijolang
10-year 1,600 21,0
25-year 1,900 22,0
50-year 2,080 22,7
Bridge 1452
10-year 1,440 13.7
25-year 1,710 14,6
50-year 1,910 15.3
Ciseel Connection
10-ye. 1,500 10.7
25-year 1,820 11.8
50-year 2,000 12,3
Nusawuluh Wair '
10-year 1,500 8.7
25-year 1,820 9.8
50-year 2,000 10.3
Immediately below Nusawuluh Weir
10-year 800 6.8
25-year 950 7.8
50-year 1,100 8.6
Ciseel River
Binzngun No, 2 Damsite
10-year 430 20.4
25-year 525 21.2
50-year 640 221
Confluence with the Ciputrahaji River
10-year 500 14.8
25-year 570 15.8
50-year 700 16.3
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Table IV-2

Results of Varying Design Parameters

Design Rain from Rain from 2-Day Shortenedl/ C|'see| and
. . . Citanduy
Condition Northwest Southeast Rainfall Travel Time L
Peak Coincide
Location Levee Water Water Water Water Water
Q in Elev. Qin level Q in Level Q_ in Level Q}in tevel Qin level
m3/5 inm m3/s inm r'.3/s inm m3/s inm  m’/s inm m3/s inm
MSL MSL MSL MSL MSL MSL
Banjar
km 83 1,750 26,3 1,750 25.8 1,750 25.8 1,750  25.8 1,750 25.8
Cijolang River
km 72 1,90 22,0 2,000 21.9 1,740 21,0 1,900 21.5 2,100 22.0
Bridge 1452
km 56 1,710 14,6 1,920 14,8 1,480 13.3 1,740 14,2 2,020 15,1
Ciseel Connection
km 36 1,820 11.8 2,100 12,1 1,50 10,2 1,900 11.5 2,260 12.6 2,300 12.7
Nusawuluh Weir .
km 22,5 1,820 9.8 2,040 10.0 1,450 8.0 1,900 9.5 2,200 10.5 2,230 10.5

1/ Travel Times of wave peak reduced by one-half.

Levee Design

It was determined that a freeboard of 50 cm would be adequate for each of the selected discharge frequencies, No
allowance was made for wave runup because of the limited lengths of uncbstructed fetches. The theoretical levee heights

for each of the three cases studied were plottad as shown on Plates V-5 and IV-5A,

However, before the quantities of new earthwork could be calculated, it was first necessary to plot the height of the
existing bank lines and the crown heights of the existing levee systems. Once these profiles had been determined, typical
levee sections were plotted so that volumes of both the existing earthwork as well as the proposed earthwork could be cal-

culated.

For purposes of calculating earthwork, it was necessary to adopt some standard cross section for the proposed new
levee work, Those adopted for the Citanduy and Ciseel Rivers are shown on Plate IV-6, It must be recognized that these
are typical sections and no more, Field conditions such as foundation and embankment materials, height of levee, avail-

able compactive effort, and berm and borrow pit conditions will detemine the final section selected.

As shown on Plate [V-7, provisions must be made for passing zones on the levee crown and for access ramps. It is

recommznded that a wide section to serve both purposes be placed at intervals no greater than 5 km.

Total estimated earthwork quantities involved in the proposed scheme to upgrade the existing levees are shown in

Table 1V-3. Quantities for protection against the 10-, 25-, and 50-year frequency discharges are shown,
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Table V-3
Earthwork Quantities (Compacted Fill)

Locatio Levee Length Volume
ocation (Meters) (Cubic Meters)

10 - Year Frequency

Citanduy River

0+ 000 - 22 + 500 36,000 568,000

22 + 500 - 52 4 300 59,000 385,000

52 + 300 - 83 + 500 26,000 110,000

Ciseel River 34,000 550,000
Cijolang River 8,000 55,000
Cikawung River 10,000 66,000
Totals 173,000 1,734,000

25 - Year Frequency

Citanduy River

0+ 000 - 22 + 500 36,000 1,004,900

22 + 500 - 52 + 300 59,000 1,094, 600

52 + 300 - 83 + 500 26,000 377,000

Ciseel River 34,000 860, 600
Cijolang River 8,000 146, 900
Cikawung River 10,000 156,000
Totals 173,000 3,640,000

50 - Year Frequency

Citanduy River

0+ 000 - 22 + 500 36,000 1,314,100

22 + 500 - 52 + 300 59,000 1,431,400

52 + 300 - 83 + 500 26,000 493,000

Ciseel River 34,000 1,125,400
Cijolang River 8,000 192,100
Cikawung River 10,000 204,000
Totals 173,000 4,760,000

Levee Costs

The cost estimates for upgrading the existing levee system to provide adequate protection against the 10-, 25-,
and 50-year frequency discharges are shown in Tables IV~4, [V-5, and V-6, respectively. This cost estimate, which
includes all protection measures, averages about Rp. 23,600,000/km ($ 57,10G/km) for the 25-year frequency protec-

tion.

The item for "Ex-:avation" covers the work involved in the Ciseel River cu*off connection. The section to be
excavated included a bottom width of 10 m, side slopes of 1.5:1, and an average depth of 4 to 5m. This section

will provide more earth than that required to construct the levee section proposed ior each side of the river.
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Table V-4

Levee Construction Cost Sunmary

(10-Year Frequency)

R Costs
ltem Unit Quantity _Ros. (1,000') _Uss
______ _ B Uit Total Total
Excavation m> 100,022 0.5 50,000 120,773
Compacted Fill m3 1,734,000 2.6 1,040, 400 2,513,043
Road Surfaze km 150 621 93,150 225,000
Siphon (Cilisung) L.S. - —— 82,800 200,030
Bank Protection L.S. -—- --- 103, 500 250,000
Clearing m?2 509,003 2.1 50,009 120,773
Right-of-Way ha 100 1,500 150,000 352,319
Subtotal 1,559,850 3,791,908
Contingzncies (15%) 235,478 569,786
Enginearing and Administration (12%) 183,382 455,029
Total 1,993,710 4,815,723
Tdble IvV-5
Levee Construction Cost Summary
77725 “Year Frequenzy)
S S oF-P1 —=
Item Unit Quantity _Ros, (1,0007s) - 05§
e I L L Total ____Total
Excavation m3 100,020 2.5 50,092 120,773
Compacted Ffill md 3,640,000 2.6 2,184,000 5,275,362
Road Surface km 150 621 93,150 225,000
Siphoa (Cilisung) L.S. --- - 82,800 200,000
Bank Protection L.S. ——- —-——— 103, 500 250,020
Clearing m? 1,809,000 2.1 180,000 434,783
Right-of-Wuy ha 350 1,500 525,000 1,268,116
Subtotal 3,218,450 7,774,034
Coatingencies (15%) 482,767 1,165,105
Engineering and Administration (12%) _ 385,214 _ 932,884
Total 4,087,431 9,873,023
Toble V-6
Levee Construction Cost Summary
(50 - Year Frequancy)
T _ T__ Costs
ltem Unit Quantity Rps. (1,000's) Us §
Unit To*al Total
Excavation m3 100,000 3.5 50,000 120,773
Compacted Fill m3 4,760,000 0.6 2,856,000 6,898, 551
Road Surface km 150 521 93,150 225,000
Siphon (Cilisung) L.S. ——- --- 82,800 200,000
Bank Protection L.S" -—- -—- 103, 500 250,000
Clearing m+ 2,160,000 J.1 216,000 521,739
Right-of-way ha 450 1,500 675,000 1,630,435
Subtotal 4,076,450 9,845,498
Coatingencies (15%) 611,468 1,476,975
Engineering and Administration (12%) 489,174 1,181,580
Total 5,177,072 12,505,053
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Table 1V-7 shows the results and costs for the flood protection program that could be provided by levee rehabili-

tation and improvement and other proposed works. These values are utilized in the analysis of project justification.

Table V-7

Flooding Prevented and Costs for 10-, 25-, and 50-Year Protection Levels*

Protecti Flooding Construction Cost

rerection Prevented (ha) Rp. (1,000's) us$
10-Year 5,236 1,993,710 4,815,723
25-Year 5,923 4,037,431 9,873,023
50-Year 6,139 5,177,072 12,505,053

*Flooding prevented is expressed as average annual equivalents,
I p p

For reasons explained in Appendix 8 - Hydrology and in Appendix J - Dams and Levees, the 25-year level of pro-
tection has been selected as being the most appropriate for the comprehensive water management scheme for the Lower

Citanduy/Ciseel River system.

The lozatios of the irrigation systems included in this subproject are shown on Plate 1V-8, and they are shown in
schematic fashion o Plate IV-1J. The irrigation system fo: the Banjar Plains is being designed by the Directorate of Irri-
gation hence is considered to be an existing project and is excluded from discussion of potential projects for the Master
Flan. The major drainage systems are shown oa Plate V-9, The reconmended plan of development coasists of the rehabili-
tation of the existing major irrigation and drainage systems and extension of technical irrigation to the South Lakbok and
the Panulisan areas. These are shoqt-term objectives which can be accomplished in the immediate future in conjunction
with the first stage flood control plan. Further extension of irrigation to the Wanareja swamp, Cikaronjok swamp, new
Cikaso area, and the sump areas of South Lakbok are loag-range objectives. Development of the Wanareja swamp re-
quires further flood control measures on the Citanduy River, while the development of the new Cikaso area requires in-
tensive surface drainage measures and development of a source of water supply. Development of the swamp areas of
South Lakbolk, on the other hand, depends upaa an economical pumped drainage system. Full details of the recommended

plat are given in Appendix F - Irrigation and Drainage.

The to*al area to e rehahilitated is 12,447 ha, which includes extension to some o the existing areas, The irri-

gation systems to be included in the rehabilitation effort are:

1. Nec:-th Lakbok 4, Rawz Orom
2, Gunuag Putri [ and Il 5. Ciputrahaji
3. Citaldhab 6. Cikaso

Completion of the recommendad rehabilitation and :econstruction measues will result in multiple benefits. The improved
conveyance system will permit coatrolled distribution of service water and the introduction of water management measures,
both of which are important factors in multiple cropping and in the attainment of higher yields, Completion of the existing
systems will bring 100 parcent of the irrigable area uader an effective irrigation system. Improved surface drainage will

improve production in low-lying areas tha! are coatinually wet, especially in the rainy season,
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The implementation of an effective flood control and drainage program will permit extension of irrigation to Panulisan
and South Lakbok. The irrigable areas are 600 ha and 3,200 ha respectively. Panulisan can be irrigated from the Cijolang
River by constructing a new left bank diversion at the existing Bantarheulang diversion structure. Surface drainage will be
the most difficult part of the development of this low-lying area, The initia! development of South Lakbok will provide irri-
gation for 3,200 ha, An additional area of 2,200 ha could be developed in the future with the installation of a pumped
drainage system. Service water would be diverted from the Citanduy River at the existing Pataruman diversion structure and

will be convesed to South Lakbok through the Cilisung Drain, There is an existing diversion structure on this drainage canal ,

The mejor drains shown on Plate V-9 will be improved to the exteat that they will have the capacity to protect
against prolonged flooding from surface runoff due to 10-year rainfall. Drains to be improved include the Kalen Kendal,
Kelapa Sawit, Cigaron, Cilisung, and Cirapuan. The proposed diversion of the Ciseel River to the Citanduy River will re -
lieve the pressure oa the South Lakbok area. The Ciseel River channel will serve as the main collector drain for the Cikaso
River and the No-th Lakbok drainage area. No further improvements ure required in that reach of the chaanel except to
construct a closure dike at its confluence with the Citanduy River. The existing levee alo1g the left bank of the channel
in the vicinity of the South Lakbok sump areas would be removed. This area would be utilized io store flood water and

prevent backwater in the channel when it canno* drain into the Citanduy River,

Irrigation Costs

A summary o the irrigation and drainage construction costs for the recommended immediate le-el of developmsnt is
given in Table IV-d. The costs are based on 1974 prices, and the toal development cost is estimated to be Rp. 2,180,544
mitlion ($5.267 million). Annual operation and maintenance costs are based on a unit cost of Rp. 5,500/ha (313.28/ha),

which gives a total annual cost of Rn. 89,359 million (8215,842),

Table 1V-8

summary of Irrigation and Drainage Construction Cost
Lower Citanduy/Ciseel River System

Total Cojt

It ‘

o Ruptah {1000) Dollars

Rehabilitation of Existing

lirigation Systems

1. North Lakbok 561,619 1,355,565

2. Rawa Orom 86,054 207,833

3. Gunauag Putri | 23,980 70,000

4, Guaung Putri I 86,940 207,993

5. Ciputrahaji 131,839 318,450

6. Citalahab 44,630 107,800

7. Cikaso 67,299 162,558
Subtotal 1,007,371 2,433,235

Construstion of New

Irrigation Systems

1. South Lakbok 765,618 1,851,732

2, Panulisan 112,829 272,531
Subtotal 879,447 2,124,253

Improvement of Existing

Major Drains 293,726 _709,482

Total Coastruction Cost 2,180,544 5,267,000
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Wa-er Supply

The available water supply in *he basin has been studied in two separate bu* complementary analyses. The First
was an ove:all watzr balance analysis for the Citanduy/Ciseel River system, considering first implementation of projects
which are being coasidzred for immediate development and, secondly, a case of full development at some fu*ure date.,
The analysis utilized synthetic, estimated, and reco:ded moathly runoff at key points in the system zovering a period of
24 years - 1950 *hrough 1973, The second analysis compared the available water supply, based on a cropping schedule
of two crop; per year or 5 :rops in two years, for the irrigation systems recommended ‘o, development in the Lower Cit-
anduy/Ciseel subproject. Letails of both analyses are given in Appzndix F - Irrigatioa and Drainage. The irrigation

systems included in either analysis are shown schematically oa Plate IV-12,

The water halance analysis considered two cases of develonmant, Case 1 considers the existing irrigation sys—
Y P

tems plus projects that are expected to be implemented in the near future. Case 2 coasiders the coadition wherein ull
potential irrigation projects have been implemented. Both cases were studied for both the Citanduy and Ciseel River
systems, The Citanduy River System was divided into *wo areas with the point of diversion being Banjar. The first area
was called the Citanduy River at Banjar. There is a streamgaging station at this point and consequently inflows from
upstream tributaries, upstream diversions and return flows are accounted “or in the record. Since no fu*ure increase in
upstream diversioas is expected, the flowz at Banjar can be used as the basis for detemining their adequacy for meeting
future diversions at and selow this point, The secoad area was called the Citanduy River below Banjar. The available
flows below Banjar coasist of inflows from the Cijolang and Cikawnag Rivers, local inflows and the net flow from the
Citanduy River ot Banjar. As was the case at Banjar, the inflows take into account the upst, 2am diversions and return
flows in the Cikawung River. !lo appreciable future diversions are expected in that area. The Cose 1 and Case 2

diversion requirements in the Citanduy River System can be summarized as follows:

At Banjar:

Case 1 - lrrigation diversions for 11,120 ha
Banjar water supply - 1.7 MCM/mo

Case 2 - Irrigation diversions for 17,320 ha
Banjar water supply - 1.7 MCM/mo

Below Banjar:

Case 1 - lrrigation diversions for 6,628 ha

Flush water o; Segara Anakan supplement - 26 MCM /mo
Case 2 - Irrigation diversions for 11,228 ha

Flush water or Segara Anakan supplement - 26 MCM/mo

The Ciseel River system was also divided into *wo areas. The first was the areas irrigated by the Ciseel River tri-
butaries and the second the areas irrigated directly from the Ciseel River. The tributary areas include the Citalahab,
Ciputrahaji and Cikaso Rivers, There will be no future diversions from these rivers therefore, there is no Case 2. The
areas that can be irrig=ted from the Ciseel River are Guaung Putri | & 11, the new Cikaso area, and South Lakbok.

South Lakbok can also be irrigated from the Citanduy River and was included in the analysis of that system. The Case 1
analysis for the Ciseel River included Gunuag Putri | & !l and the new Cikaso area, while Case 2 includes the Case 1
systems plus the fully developed South Lakbok area. Case 1 and Case 2 diversion requirements in the Ciseel River System

can be summarized as follows:
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Ciseel River Tributaries:

Case 1 - Irrigation diversions fo: 2,886 ha

Ciseel River:

Case 1~ Irrigation diversions for 4,300 ha
Case 2~ Irrigation diversions for 9,700 ha

The Tase 1 and Case 2 diversion requiremsts are based oa average conditions. That is the irrigation systems in-
cluded i the analysis were assumed fo be in varjous stages of growth and an average crop factor for rice was wed. Over-
all irrigation efficiencies were assumed to be 68 parcent, assuming that all systems are either rehabilitated or new. The
diversion requirements were compared with the available dry season river flows for 24 years of record. Table IV-9 shows

a summary of the occurrence of monthly water shostages that would exist in each case,

Table 1V-9
Summary of Monthly Water Shortages

Case | Case 2
July August  September  October July — August  September  October

Citanduy River System

At Banjar 0 2 4 1 0 2 5 1

Below Banjar 0 2 4 3 0 2 8 3
Ciseel River System

Tributaries 3 14 4 6 - - - -

Ciseel River 1 9 4 6 5 16 8 7

As can be seen from the table, the majority of the shortages occur in August or September. If a sropping intensity
of 2 crops per year is adopted, these months can be avoided. However, if a more intensive cropping pattern is adupted,
i.e. 5 crops in 2 years or 3 crops per year, the shortages become more serious. A separate analysis showed that storage

reservoirs could eliminate shortages in both river systems.

Average monthly diversion requirements were computed for the irrigation systems in the Lower Citanduy/Ciseel sub-
project. The systems include all the case 1 systems shown on Plate IV-8 with the exception of Banjar Plains and the new
Cikaso area. The diversion requirements were based on a cropping intensity of 2 crops per year and 5 crops in 2 years,

The cropping schedule was assumed to be as follows:

For 2 crops per year:

Crop 1 October through February
Crop 2 March through July

For 5 crops in 2 years:

Crop 1 November through mid-March
Crop 2 Mid-March through July

Crop 3 September through mid-January
Crop 4 Mid-January through May
Crop 5 June through mid-October
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The diversion requirements were calculated for both the "without" and “with" subproject situations. For the "with" sub-
project situation the overall irr"gation efficiency was assumed to be 68 percent. For the "without" subproject situation
the assumed overall irrigation =fficiencies, in the systems requiring rehabilitation, ranged from 20 percent to 49 percent,

depending uvpon the condition of ihe system,

The diversion requirements in each cose were compared with the available river flows. The available river flows
in this enalysis were based on flow-duration curves which show the percent of *ime the flow has been available during
the month. The results of the analysis are shown in Tables 1V-10 and IV-11. As can be seen from the tables, irrigation

rehabilitation is necessary, particularly in the Ciseel River system,

Teble IV-10

Summary of Comparison of Diversion Requirement with Water Available;
Without the Project - Lower Citanduy/Ciseel River System

System Source of Area Water Availability
4 Water ha 2 crops/year 2.5 crops/year
North Lakhok Citanduy R. 5,700 No problem May be 1 morth prob-
lem in the dry season
Rawa Onom Cijolang R, 1,028 No problem No problem
Gunung Putri | Ciseel R, 750 May be 1 month prob- Not enough v.ater for

lem in dry season dry season

Ciputrahaii Ciputrchaii R. 1,706 Not enough water for Not encugh water for
dry season dry season

Citalahab Citalahab R. 630 Not enough water for Not enough - ater for
¢y season dry season

Cikasc Cikaso R, 290 Not enough water for Not enough water for
dry season dry season

Table 1V-11
Summary of Comparison of Diversion Requirement with Water Available; With the Project
System Source of Area Water Availability
4 Water ha 2 crops/year 2.5 crops/year
North Lakbok Citanduy R. 7,033 No problem No problem
North and South Lakbok Citanduy R. 10,233 No problem May be 1 month prob-
lem in dry season

Rawa Onom & Panulisan  Cijolang R. 1,628 No problem No problem

Sidareio—]/ Citanduy R, 7,119 No problem No problem

Sidareio—z/ Citanduy R, 7,119 No problem May be 1 month prob-

lem in dry season

Gunung Putri | & I Ciseel R, 1,500 May be 1 month prob- Not enough water for
lem in dry season dry season

Ciputrahaji Ciputrahaji R. 1,706 May be 1 month prob- Not enough water for
lem in dry season diy season

Citalahab Citalchab R. 630 May be 2 month prob- Not enough water for
lem in dry season dry season

Cikaso Cikaso R. 550 May be 2 month Not enough water for

problem

dry season

1/ Without South Lakbok
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The results of either analysis support the following conclusions, assuming that the existing systems huve been re~

habilitated,

Citanduy River System:

1. There is enough water available to grow 2 ¢ ops of rice per year both for the Case 1 and Case 2

level of development,

2, For a cropping intensity of more than 2 crops per year water shortages could develop in the dry
seazon, The shortages would have some significance under the Case 2 level of development,

3. A multipurpose dam at Banjur would climinate all water shortages. The Matenggeng Dam would
eliminate any shortages Lelow Banjar.

Ciseel River System:

1. There is enough wzrer available to grow 2 crops of rice per year, although some shortages would
occur in the month ot Octobnr,

2. There is not enough water available in the Ciseel River or ifs tributaries to yrow more than 2
crops per year,

3. It is better to irrigate Sccth Lakbok from the Citanduy River.

4, A storage reservoir on the Ciseel River, either at Binangun No. 1 or No 2, would eliminate water
shortages in the Cisee. River.

5. South Lakbok could be irrigated from the Ciseel River if a storage reservoir is built.

Storage Reservoirs

We have already established that storage reservoirs for flood mitigation on the Citanduy/Cisee! River system cannot

be justified from an economical point of view. However, this does not mean that they would not be feasible for storage of

irrigation water and/or hydroelectric power generation,

Nine potential damsites have been identified in the Citanduy River Basin; two of the nine are single-purpose flood

control reservoirs, ard the balance are of multi-purpose catecory. They are as follows:

A. Multi-purpose

Pasirangin
Ciamis
Cikernbang
Manonjaya
Binangun No. 1
Binangun No. 2
Matenggeng

NONOHh WA —

B. Single-purmose
1. Banjar
2, Banjar Alternative (including Cimuntur)
All of the potential damsites are shown on Plate IV-11 except the Banjar Alternative. Banjar Alternative (which is really two

dams - Banjar Alternative and Cimuntur)is shown on Plate J-9 of the Dams and Levees Appendix, Plate IV-12 is a schematic
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representation of the respective drainage areas of eight of the proposed damsites. Banjar Alternative is not shown

because the sum of the Banjar Alternative plus the Cimuntur Dam is practically the same as the Banjar Dam.

Eight of the proposed damsiies have been studied and analy~ed and compared with one another at a reconnais-
sance level of investigation, The ninth, Matenggeng, has been studied at the feasibility level. The evaluarion factors
used for the eight dams are shown on Plate V=13, while the comparison curves arc shown on Plate 1V-14. Detuiled

geolngical duscriptions of the foundation conditions for each damsite may bz found in Appendix C - Geology.

As we have pointed out previously, rone of the proposed dams can be justified as a flood control structure alone.
However, ct all the possibilities, the Matenggeng Dam in combination with a levee system would be the best of the
possibie combinations. The Pasirangin Dam and Binangun No, 2 Dam have been eliminated as petential sites because
of the large amount of cultivable land that would be inundated, the large number of families that would be dispossessed,
and the high cost of relocation of utilities. The Mcnonjaya, Ciamis and Cikembang sites were eliminated from further
consideration because of limited storage capacities as well as low power potentials. The Banjar and Banjar Alternative

possibilities were bypassed principally because of the high cost of utility relocation and other socio-economic factors.,

Binangun No. 1 damsite deserves further investigation as a possible source of additional water for bringing more

land under irrigarion in the areas downstreom of its location on the Ciseel system.

Matenggeng Dam was studied at the feasibility level for its potential primarily as a hydro-electric power installa-
tion. It proved to be economically justified, The maximum development at the site (dam height of 120 meters) would
yield an average annual power generation of 32,200 kW, firm generation of 24,500 kW and internal rate of return equal
to 12,6%. The maximum rate of return would be achieved with the dam height of 105 meters. This case would yield an
average annual generation of 30,700 kW, firm generation of 19,800 kW and rate of return of 13.4%. The cost of the
120 meter dam and power facilities would be Rp 33 x 109; while the smaller development would cost Rp, 27.3 x 107,

This dam also serves to a limited extent as a storage reservoir for irrigation water and localized flood control.

Seven of the proposed damsites were also compared on the basis of cost estimates in which the embankment cost was
the basic parameter, Table IV-12 presents a cost comparison for the dams considered. The cost estimate for Matenggeng

Dam is shown on Table 1V-13,

Table 1V-12

Comparative Costs - Proposed Dam Sites - Citanduy/Ciseel River System

Total Cost (US §) (1,000's)

Cost ltem B'r:gigl]m Bl:;:)rjg;n Manonjaya  Ciamis  Cikembang Banjor i:.nls.r BOAT:?r Cimuntur
1. Embankment 7,350 7,200 8,775 18,300 6,300 7,875 13,950 8,550 4,050
2, Foundation 1,103 1,440 1,775 2,745 945 788 2,093 855 405
Work
3. Spillway 1,838 1,800 2,194 4,575 -—- 394 3,488 428 177
4, Diversion & 1,470 1,080 2,194 4,575 1,575 1,181 2,093 1,283 608
Outlet Works
5.  Mechanical 515 504 614 1,281 189 - 977 - -
6. Reservoir Clear- 221 72 263 549 189 79 419 86 41
ing and Access
7. Land Right: 2,660 6,100 940 880 300 1,280 3,240 440 250
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Table 1V-12 (Continued)

Total Cost (US $)  (1,000's)
T N Meneiers Gl Gentory ponier T ST cime
8. Power Plant -—- -—- 4,875 6,370 -—- -—- --- --- ---
9. Relocations --- 1,500 -—- --- -—- 3,000 3,000 -~ -—-
(Rail Aand
Highway)
Total Basic Cost 15,157 19,696 21,610 39,275 9,493 14,597 29,260 11,842 5,557
10, Contingencies 3,031 3,939 4,322 7,855 1,900 2,919 5,852 2,328 1,114
11, Construction 303 394 432 786 1,0 291 585 233 [N
Camp
12, Field 758 985 1,081 1,964 475 739 1,463 582 278
Investigations
i3. Engineering & 1,819 2,364 2,593 ‘713 1,140 1,752 3,511 1,397 667
Administration
Total Cost 21,068 27,378 30,038 54,593 13,203 20,289 40,671 16,182 7,727
_ Total Cost (Rp.) (1,000,000's)
Cost Item BI[ZC:)H.QL;H Bn;:]c;rig;n Manonjaya Ciamis Cikembang  Banjar 2:3'7? ij?,'m Cimuntur
1. Embankment 3,043 2,981 2,633 7,576 2,608 3,260 5,775 3,540 1,677
2. Foundation 457 596 726 1,136 391 326 867 354 167
Work
3. Spillway 761 745 908 1,894 —-- 163 1,444 177 84
4, Diversion & 608 447 908 1,894 652 439 867 531 252
Outlet Works
5.  Mechanicadl 213 209 254 530 78 —— 404 -—- ——-
6. Reservoir Clear- 91 30 109 227 78 33 173 36 17
ing & Access
7. Land Rights 1,101 2,525 389 364 124 530 1,341 182 104
8. Power Plant -—- --- 2,018 2,637 -—- —-— -—- -—- -—-
9. Relocations -—- 621 -—- - -—- 1,242 1,242 -—- -—-
(Rail and
Highway)
Total Basic Cost 6,274 8,154 8,945 16,258 3,931 6,043 12,113 4,820 2,301
10, Contingencies 1,255 1,631 1,789 3,252 787 1,200 2,423 964 461
11, Construction 125 163 179 325 79 120 242 96 46
Camp
12. Field 314 408 448 813 197 302 606 241 115
Investigations
13. Engineering & 753 979 1,073 1,951 472 725 1,454 578 276
Administration
Total Cost 8,721 11,335 12,424 22,599 5,466 8,398 16,838 6,672 3,199

IV-16



Table 1V-13

Matenggeng Dam and Powerplant - Summary of Estimated Costs for Project Features
Dam Crest Elevation 215 - Dam Height 120 Meter:

It Cost
em Rp. (1000) Dollars

Land and Rights (2,700 hectares) 2,525,000 6,099,000
Access Roads and Bridges 455,400 1,100,000
Construct Dam Embankment 9,831,337 23,747,190
Construct Diversion and Spillway Structures 1,477,72: 3,569,374
Construct Emergency Spillway 128,340 310,000
Consiruct Outlet Works 500, 550 1,209,070
Construct Power Intake Structure and Approach Channel 462,616 1,117,430
Construct Power Waterways 3,061,754 7,395,540
Construct Power Facilities Complete with Equipment 4,389,600 10,602,900
Construct Transmission Line to Main System (8 km) 298,080 720,000
Subtotal 23,130,398 55,870,504
Centingencies (20°0) 4,626,082 11,174,096
Construction Cost 27,756,480 67,044,600

Construction Camo (2%) 555,130 1,340,900

Field Investigations (9%) 1,387,820 3,352,200

£ngineering and administration (12%) 3,330,780 8,045,400
Total Subproject Cost 33,030,210 79,783,100

Hydroelectric Power Facilities

The proposed Matenggeng Dam and Powerplant would be located on the Cijolang River about 10 kilometers north
of the confluence of the Cijolang and Citanduy rivers. This is t he most favorable site for a major dam in the Citanduy

basin because of the site topography and the relatively less-populated area that would be inundated,

The dam would be 120 meters high with a crest length of 650 meters, A power outlet tunnel would lead from an
arm of the reservoir to a powerhouse downstream of the dam in order to maximize the operating head. The design turbine
head is 175 meters. It is anticipated that a rockfill dam with an impervious core would be selected for construction at
this site. The volume of fill would amount to 7.6 million cubic meters. All materials necessary to construct an earth-

or rockfill dam are available within chort distances of the proposed damsite.

The powerplant would consist of four power units each rated at 25,000 kilowatts, for a total installed capacity
of 100,000 kilowatts. The plant factor would be 24 percent, based on the plant's firm power capability. The relatively
fow plant factor is proposed for the installation in order to allow for peaking generation during periods of high load de-
mand in the national power system. The four installed units allow for flexibility in meeting the power load demand as

well as providing flexibility in maintenance procedures without appreciably affecting the total plant output.

The powerhouse would be located slightly upstream of the Bantarheulang weir off the left bank of the Cijolang
River, thereby allowing for delivery of irrigation water to the existing Rawa Onom irrigation system, The powerhouse
location will also allow for water delivery to the newly proposed Panulisan irrigation tract which is discussed elsewhere

in this report,
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The average annual power output of the plant will be about 32,000 kilowatts considering energy capabilities.
Annual firm generation would be 215 million kilowatt hours. Average annual sezondary energy generation would be

slightly more than 69 million kilowatt hours,

Although the dam does not have a large effect on attenuation of flood peaks on the main Citanduy river system,
there would be some beneficial effects in the local area downstream of the dam. The storage and releases through the
powerplant will provide a regulated water supply (@ minimum of 1.44 MCM per day) for downstream irrigation, domestic

use, or streamflow maintenance as may be reguired.

Construction of the dam and powerplant would cost Rp. 33,030 million ($79,783,003) and take four years.

Operation and maintenance costs would amount to Rp. 66.24 million ($160,000) annually,

Subproject Cost

Because of their interdependencies, the flood mitigation measures and irrigation and drainage schemes were analyzed
in combination. The three cases of 10-, 25-, and 50-year level of protection were considered, but the 25-year protection

level is being recommended for early implementation.

The flood coatrol and irrigation und drainage scheme cost, broken down into foreign exchang - und Rupiah costs, is
shown on Table 1V-14, The cost for the flood protection system would be Rp. 4,037 millioa ($9,874,000). lIrrigation and
drainage woiks would cost Rp. 2,181 million (§5,266,000) for a combined total program cost of Rp. 6,268 million ($15,140,000).

Table IV-14

Domestic and Foreign Cost Summary Flood Control and Irrigation and Drainage Scheme

Domestic Cost Foreign Cost Total Cost
Item Rupiah Dollars Rupiah Dollars Rupiah Dollars
Millions Thousands Millions Thousands Miilions Thousands

Flood Control 3,757 9,078 330 796 4,087 9,874
(25 Year Protection)
[rrigation Rehabilitation 836 2,018 172 415 1,003 2,433
New lrrigation 780 1,883 100 241 880 2,124
Major Drainage Improsemants 254 614 39 95 293 707
Toial 5,627 13,593 641 1,547 6,268 15,140

All costs are rounded to the nearest one million Rupiahs and the nearest one thousand dollars.

Environmental Considerations

No archeological sites are known to 2xist in the subproject area, but the Ciung Wanara historical site is located
just upstream of the confluence of the Citanduy and Cimuntur Rivers. its location is just outside the subproject area, but
it would be inundated should the Banjar Dam become a reality, It is highly unlikely that the Banjar Dam would be built,

but if this should come to pass, special measures will have to be developed to safeguard this site,
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Since this is a densely populated area that has been under intensive cultivation for quite some time, it is felt that
the existence of wildlife is insignificant, Certainiy, there are no aatural forest areas remaining. Except in the arza sur-
rounding the sites for the proposed dams, especially for the Matenggeng Dam, little or nothing can be done to greatly
affect the environment as it now exists. However, should the Matenggeng Dam become a reality, an excellent opportunity
will be provided fo: the crea*ion of a national park and/o: game preserve in the environs of the storage reservoir. This

should be doae to avoid human pollution of the waters of the reservoir as well as for esthetic and recreational reasons.

It is in the environmental impact on the human element that great benefits will be brought about by the successful
culmination of this proiect. Improved drainage will lower the incidence of malaria and intestinal diseases within the area.
Public health in general will benefit from the improved water supply and waste disposal conditions. Malnutrition and other

health hazards which accompany flooding conditions will be materially reduced by the proposed flosd mitigation measures.

Reduction in the potential for damage or complete loss of crops, livestock, and/or real estate through reduction
in flood hazard will add immeasurably to the security of the small farmers and businessmen who inhabit the area. Not only
will this additional security assist him in the realization of his physiological needs, but will also serve as an added incen-
tive to invest time, labor, and capital in improving the production obtained from the land which he works, The end result

should se the more equitable distribution of sozial and economic opportunities for the rural people who inhabit the su-

proiect area,

The Reclamation of the Segara Anakan and lts Environs

General

As its name implies, the Segara Anakan subproject is @ comprehensive reclamation scheme involving both land
and water, Its basic objective is to make more arable land available to the people of the subproject area and surround-
ing areas, thereby improving no* oaly the living standard; of the subproject inhabitants, but also contributing to the

national development effort through increased agricu'tural production and through other economic and social benefits.

The problem in the Segara Anakan and its associated tidal swamps and marshes is one of too much salt water from
the Indian Ocean and insufficient drainage. The many square kilometers of low terrain surrounding the Segara Anakan
are easilv inuadated by even moderately high tides. Even the higher grounds above the areas subject to inuadation by
the tides are adve-cely affected as a result of tidal action to a varying degree. Here again the principa) problem is one of

inadequate drainage and the salinity problems associated with this deficiency. There are possible sciutions to the problem:

1. Prevent the tidal flows from entering the lagooa and traveling up the estuaries and sloughs.
2, Fill in the lowlands so that the ground elevation is higher than the tidal elevations.

3. A combination of the first two suggested approaches.

4, Reclamation of the area solely for fish production.

The tide control alternative, including cut-off levees, the diversion of the Citanduy River to direct discharge into
the Indian Ocean, and tide gates to relieve the local inflow of fresh water from the balance of the tributaries of the Segaro
Anakan, has been selected as the best reclamation scheme. The tangible and intangible benefits occurring to the subproj-

ect, and the speed with which these benefits can be realized, far outweigh the disadvantages.
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The evaluation of the selected scheme must include two alternatives. The first allows for the inclusion of a diver-
sion of 200 m3/s flood flows from the Citanduy River. Ramifications of the diversion are an increased sediment load into
the Segara Anakan, resulting in additio=al costs for dredging and for disposing of the dredged spoil. The second alterna-
tive is to eliminate the Nusawuluh Diversion, and to construct levees along the Citanduy River so as to provide the same
protection as was afforded by the diversion. If the diversion is removed, fewer tide gates would be required to pass the

flood discharge and dredging will not be required to preserve the capacity of the lake.

Flood Routing Through Tide Gates

The upper limit water level criterion in the Segara Anakan is that the water level should no* exceed an elevation
o +0.3 m MSL for mose than ten days for proper drainage, and that paddies should not be inundated for more than three days.
The selected tids gate size is 4 m by 1.5m. The gate opening would operate as an orifice with an ovifice discharge coeffi-

cient of 0,65; and the gate would be designed for a gate coefficient of 0.8,

A capacity curve for the Segara Anakan and -he land area up to 1.0 m MSL. was developed irom the 1:5,000 map
sheets and from sounding data, Some assumptions were necessary concerning the effects of the recommanded land Ffill pro-

gram on the capacity of the flood pool. Capacities at selected elevations are shown below:

Capacity of Segara Anakan and

Elevation in m MSL _____Flooded Areas (MCM)
1.0 216.0
. 134.5
MSL 111.6
-0.3 89.6
-2.1 18.6

Runoff hydrographs were developed from 3-day rainfall for return periods of 10 years, 25 years, and 50 years. The

base flow was estimated to be equal to 150 percent of the maximum average moathly runoff,

The tidal cycle was represented by a cosine curve with the high tides and the low tides 12 hours apart. Average

high and low tides were set at +0.5 m MSL and -0.7 m MSL based oa tide prediction tables,

Routing the flood hydrographs through the Segara Anakan and the tide gates was accomplished by a reiterative trial
and error procedure. The routing was done for two conditions; first that Nusawuluh Diversion was operating with a maxi-
mum diversion of 200 m3,/s and second that the Diversion was inoperative o removed, No routing was done for the case

of uncontrolled diversion at Nusawuluh.
From these routing studies it is concluded that:

1. One hundred gates will provide total protection from the 25-year rainfall on the Segara Anakan
catchment plus @ maximum diversion of 200 m3/s from the Citanduy River.,

2. Seventy five gates will provide total protection from the 25-year rainfall on the Segara Anakan

catchment if the Nusawuluh Diversion has been removed,

The results of the studies are shown on Plate V=15,

V=20



If the water levzl is raised to 0.2 m MSL at the beginning of the dry season to make more water available for dry

seasoa irrigation, the water level would rise a little higher for a little loager but the coaclusions would still be valid.

Conversion from Salt Water to Fresh Water

An estimate of the length of time required to desalinize the Segara Anakan lagoon was based on two hypothetical
model studies. In the first madel, a known volume of pure water enters the salty reservoir and is completely mixad thus
diluting the coacentration. After complete mixing, the same volume is removed. This process is repcated and eventually,
the salt concentration approaches the salt concentratioa of the inflow. In the second model, the inflow, mixing, and
outflow all ozcur simultaneously.  Under actual conditions, the inflow and mixing are continuous and “he outflow is peri-

odic.

The effective fresh water to be used as inflow was estimated o be the volume of runoff from *he entire catchment
less the amount originating on the tidal swams and associated saline land areas. The runoff was estimated as rainfall
less evapotranspiration or evaporation depending on the land use. The runoff was estimated for both average rainfall and

for the lowest basin rainfall of record during the period 1215 to 1973,

Estimates of the time for conversion were made using initial salt concentrations of 25,000 ppm and 40,000 ppm,
The results of the mode! analysis are show. in Table IV-15. The two models provide essentially the same results., The

following comms ats should be kept in mind when evaluating these results:

1. There is no complete mixing of fresh water with salty water, No doubt some partial mixing
would occur, but to a considerable degree the lighter, fresher water would rend to ride over
the heavier, saltier water, the depth of the ‘resher water gradually increasing.

lon diffusion plus some mixing would gradually decrease the salt concentrations in deeper
places, but some of these deeper places may remain significantly salty for a long period of
time, These need not be coasidered significant in the reclamation of associated land areas
of paddy rice 50 long as the upper part of the lake water is no* significantly saline for a
sufficieat depth, Even so, the overall trend in time would be for a continuing decrease in
salinity throughout the lake waters,

2, The fresh water is assumed io be pure for the model, whereas it actually contains a very low
zoncentration of salts,

3, The mode! does not involve any gradual movzament or jon diffusion of salt from the lower parts
of soils, below the perpetually wet level, into sloughs or channels,

There is no doubt tha* this wiil occur at some very slowly decreasing rate, possibly over a
number of years, This need not be of concern under prevailing raintc!l conditions so long as
the upper pa-ts of the <oils are sufficiently free of salt for paddy rice preduction. Onee
reclaimed, rainfall is expested to be sufficient to maintain the upper parts of the soils rela-
tively free of salts *o depths required for unaffected paddy production,

Although these differences slightly modify the precise applicability of the models to what may be actual condi-
tions, and even allowing for considerably lowe:~than-average runcff, it seems very probable that the Segara Anakan

can be essentially desalinized within a 2-year period from the start of operations of tide gates and cut-off levees,

A program w5 written for the Moaroe 1665 Programnable Desk Comauter which allowed a variation in the salt
concentration of the inflow. The program waus written for a prozess similar to Model 1, If the total dissolved solids
concentration of the inflow is assumed to be 200 ppm, the aumber of months to achieve a total concentration of less

than 400 ppm in the lagoon increases by 1 or 2 months from the values shown in Table I1V-15,
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Table IV-15

Desalinization of the Segara Anakan

Beqinni Initia) Concentration No. of Months to Coacentratioa
eginning Moath )
in ppm Less tha1 40D ppm
Modzi 1 - Average Conditions
September 25,000 4 (4)
40,000 4 ) )
December 25,000 4 (5)
40,000 4 (5)
Model 1 - Dry Conditions
September 25,000 5 (6)
4000 3 @
December 25,000 8 (13)
40,002 11 (12)
Modz] 2 - Average Conditions
September 25,000 4
— —— Mo Y -
December 25,000 4
40,009 3
Mcdal 2 - Dry Conditions
September 25,000 5
o 40,000 5 e
December 25,000 ?
40,000 1

() Assumes inflow conceatration of 200 ppm,

Hydrolog/

The hydrologic studies associated with the reclamation of the Szgara Anakan includs the estimation of average

rurof values and an operatioa study to avaluate the dry season irrigation needs.

There are no flow recosds available in the Segara Anakan catchment, therefore, moathly rua0ff was estimated
by using a comhination of water budget method and the antecedent coefficien* technique, The total area zontributing
to runoff is 960 km?, For the purpose of estimating rutoff and water use, estimates were made of present and Future land
use., A water use rate wus assigned to each of the different land use categosies. Average ruaoff conditions were assumad.
It was assumed that rainfall first went to meet the aeads of the various land uses. The contributiar of the remaining or
exczess rainfall to runoff was determined by applying coefficients which define the frastional contribution of the current

or preceding months e<cess rainfall to ju1off,

Estimates of moathly vu1off were also made by applying an area-precipitation factor to the synthetic ruaoff for

the Citanduy River at Banjar.

The runoff calculated using the water budget method is coasidered more representative of the basin, The estimates

of runoff are shown in Table IV-16,
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Table V-16

Avzrage _.’:/\om‘hL):’{:Jiw_clff_f[clgr_m_f_‘\fzv‘s?ggr_g _A\_nal-:nn Watershed

Month Runoff from Warer Runoff from Citanduy
e Budget Method in MCM River Correlation in MCM
January 172 221
Februa-y 153 178
March 153 201
April 134 150
May 94 147
June 44 103
July 31 76
August 11 62
September 5 39
October 104 190
November 132 133
Dezembher _ 198 _ 19
Total 1 301 1,605

Two methods were used while estimating the dry season supplemental irrigation needs. The first method considered
monthly rainfall of a certain probability of ozcurrence, The second method made use of the estimated historic basin rain-

fall. The studies were doe for a cropping calendar of 2 crops per year,

Rainfall on the catchment area is the major source of irrigation water, Initially, it is used as effective precipita-
tion; the remainder flows into the Segara Anakan where a postion is retained and the rest flows to the ocean. The vo'ume
of witer in the Segara Anakan available fo: irrigation is 23 MCM. [F, at the beginning of the dry season, the water level
is allowed o rise 0.2 m, the available storage becomes 37 MCM, The final source included in the analysis was flow di-

verted from the Citanday River at Manganti.

The water use is equal to the crop water requirement; the domestic, municipal, and industrial use for Cilacap
(which is 2.6 MCM/mo), and the evaporation. The irrigation system is essentially a closed one and almost no water is
lost. Deep percolation, return flows, and system losses all flow back into the Segara Anakan and are again available for

diversion., Grouadwater was not considered in the analysis,

Based 0a a monthly distribution of annual low rainfall for return periods of 20-, 13-, and 5-years, only minor
shortages occurred. Using over 50 years of historic basic rainfall, it was estimated that three crops would have failed
assuming a suppleme atal diversion from the Citanduy of 13 m3/s. This quantity s approximately equual to the amount
of water that would reach the Segara Anakan from the planned diversion of 20 m3/s at Manganti for the Sidareja Irriga-

tion Scheme,

Cut-Off Dikes

Cut-off dikes would be required at bo*h the west and the =ast ou*lets of the Sagara Anakan, and on the Doaan River

as wall. The exact locations must be compatible with such engineering and other design criteria as:
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1. Technical soundness.

2. Practical construction considerations.

3. Economic considerations.

4, Areas p-oposed for future industrial complex in Cilacap.

Alternate lozations at each of the three proposed cut-off dike sites are shown on Plate IV-17 for the Dasan River
and Sapuregel River sites, and on Plate IV-18 fo; the western outlet site. Echo soundings were taken at eazh of the selected
alternate sites. The resulting profiles are shown on Plate IV-19, Those sites selected as being the most desirable of the vari-

ous alternatives considered were:

1. Donan Riversite -~  Site C
2. Sapuregel site - Site B
3. Western outlet -~ Scheme B

The typical dike cross section selected for this proposed operatioa is shown oa Plate [V-20, It is a zoned-type struz-

ture consisting of the following features:

Rockfill zone

Transition zone

Impervious zone

Dike crest elevation - +2.0 m MSL
Dike crest width - 19 m

. Dike side slopes -  Ocean side - 2:1
-  Lakeside -5;1

O~ BWN —

Control Gates and Structures

The cu*-off dikes must include some type of tide gate structure so that the water level of the fresh water lake could
be controlled while prohibiting the entrance of salty water from the ocean., We have already discussed the tide gate
routing study that was performed. Plate 1V-21 shows the typical tide gate structure, It will be construzted in uaits of three
gates and, if at all possible, will be coastructed "in the dry" on solid rock foundations, Mauximum number required would
be 99, and the minimum number would be 75, The struztures would be so designed that a one-lane road zould pass over the

top of them. If desired, cantilever sections could e provided so that ultimately a two-lane road could be accommodated.

Tide Control Dikes

As explained in Appendix J - Dums and Levees, and as shown on Plate IV-13, a tidal action coatro! dike will be
required between the mainland and Nusa Were. This dike would be a dumped rock fill type and about 700 m in length.

Its basic purpose is to prevent sediment deposition of the Citanduy River in the tide gate discharge channel.

Protection Levees

As shown on Plate IV-17, a protection levee will be required between the cut-off dike on the Donan River and the
cut-off dike on the Sapuregel River. Furthermore, as shown on Plate IV-18, protection levees will be required on the east

side of the new Ciianduy River channel to prohibit that river from spilling over into the Segara Anakan during flood time,
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Final levee section for these locations will be determined during the design procedures, but in general they will

be about the same as that recommended for the Citanduy River protection levees,

Civil Works Costs

As shown on Table IV-17, total construction costs for the Scheme B closure are Rp. 6,804,798 million

($16,436,000),

Table IV-17

Cost Summary Comparison

Total Cost (Millions)

Item Scheme A - Scheme B _

L ) Ro. 5 Rp. S
East Outlet {Donan River) 986,169 2.382 986,169 2.382
cast Qutlet (Sapuregel River) 985,485 2.380 V85,485 2.380
West Qutlet (Citanduy River) 2,889.736 _¢.980 3,407,533 8.231
Subtotal 4,861,390 11.742 5,379.287 12.993
Contingencies (15%) - 729.209 1761 __806.893 _1.949
Subtotal 5,590,599 13,503 6,186,180 14,942
Engineering and Administration (10%) 559.060 1.350 618,618 _1.494
Total Construction Cost 6,148,659 14,853 6,804,798 16,436

Irrigation and Drainage

Two areas have been identified for immediate development within the subproject areq; the Sidareja Plains and the

proposed reclamation area surrounding the Segara Anakan. Their respective locations are shown on Plate [V-22.

The successful development of either depends upon control of tidal fluctuations in the Segara Anakan caused by
the Indian Ocean and improvement of surface drainage. An irrigation system has already been designed fer the Sidareja
Plains which would serve an area of 7,119 ha. The success of the Sidareja system is highly dependent on improved sur-
face drainage which, in tumn, is dependent on tidal control. Approximately 2,200 ha of the proposed service area fclls

within the boundaries of the proposed reclamation area, and must be reclaimed before it can be irrigated,

The area could be reclaimed by the implementation of the Segara Anakan subproject. Furthermore, the area could
be irrigated for less cost per hectare by the methods propesed for the reclamation area, Therefore, it would be best to ex-
clude the 2,200 ha from the Sidareja system and consicler expanding the service area in the vicinity of the town of

Sidareja.

The recommended irrigation and drainage system for the Segara Anakan reclamation area is discussed in detail in
Appendix F - Irrigation and Drainage. There is a natural aendritic pattern of rivers and channels in the reclamation area
surrounding the Segara Anakan. These natural waterways, which are fed by the runoff from the entire watershed, will be

used as a source of irrigation water for the reclaimed area. Furthermore, since tidal fluctuations will be eliminated, they
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will serve effectively as the main drainage channels carrying the surface runoff from the field drains. Divercions from the
natural channels to main farm ditches will be made by small, lowlift pumps. The pumps would be either permanently mounted,
or mcunted on barges for portability, and each would serve an area of approximately 40 ha. The total irrigable area is

21,000 ha, therefore 525 low-lift pumps would be required.

Each low-lift pump would have a capacity of 227 m3/hour (1,000 GPM) and would require a 5 to 10 HP diseel en-
gine. The pump size should be particularly well suited to the reclamation area. One pump serving an area of 40 ha can
meet the normal irrigation requirements with 10 hours of pumping per day, and during periods of maximum demund, with

21 hours of pumping.

Farm ditches will be provided to convey the water to the farmers' field ditches. The field ditches would be located
such that any 5-hectare unit wiil be served by a me”, or subfarm ditch. The ditches would be sized for the maximum pump

discharge of 227 m3/hour. Concrete diversion boxer will be provided at the junction of the main and sub-farm ditches.

Full development of the reclamation area depends upon adequate drainage. In the absence of tidal fluctuations in
the Segara Anakan, the preseni system of natural channels should be quite effective in carrying off excess runoff in a matter
of hours. New drainage measures will consist of deepening or widening existing channels and the development of a surface
drainage system in conjunction with the irrigation system. Surface drains will be located to pick up surface runoff from each

field and carry it to a natural drainage channel for disposal . The surface drains would have a capacity of 6.0 |/s/ha.

Estimated irrigation and drainage system construction costs, based on 1974 prices, are given in Table IV-18, The
total cost is estimated to be Rp. 1,552 m’llion ($3.75 million). Annual operation and maintenance costs are estimated to

be Rp. 186.921 million ($451,500), whixh includes O & M for the low-lift pumps,

Table 1V-18

Irrigation and Drainage System Construction Cost - Segara Anakan Reclamation Area

Unit Price Total Cost
ltem Unit Quantity Rupich Rupiah Dollars
(1,000) (1,000) (1,000)
Low-lift Pumps Distribution each 525 1,449 760,725 1,837.5
System and Drains ha 21,000 25.84 521,640 1,260.0
Subtotal 1,262,365 3,097.5
Contingencies (10%) 128,236 309.7
Subtotal 1,410,601 3,407.2
Engineering & Administration (10%) 141,071 340.8
Total Construction Cost 1,551,672 3,748.0

Use:  Rp. 1,552 million
U.S. $3.75 million

IV-26



i?".\
L

Domestic, Municipal and Industrial Water Supply

The stabilized fresh water reservoir resulting from the Segara Anakan re zlamation represents 1ae most odequate and
economic supply of all the alternative wa'er sources proposed “u - the city of Cilacap. To avail itseir of the water suoply,
it is merely necessary for the city to construct an intake in the Segara Anakan and a pipeline to an onshore treatment plant,
No storage facility would be required to obtain the water supply . The pipeline and treatiment plant veould be necessary
for any potential water supply development, such as that proposed in the Indah ilarya report, “Jerukleqi Reservoir As A

Potential Source frr Cilacap Water Supply”, Scptember 1971, Consequently, they are not included in this study,

An intake gallery would be placed at some point either in the river bed, or in a sump on the adjacent land area
in the Segara Anakan where the water table would be stable and free from pollution and salt water intrusion. The quan-

tity of water required is small in relation to the total available in the reclaimed lake, but it has nevertheless been included

in the operation studies.

The initial requirement has been established as 1,000 liters per second, which amounts to about 225 gallons per

day per capita for a population of 100,000 people. (he present population of Cilucap is 88,000 persons.

Settlement of Subproject Lands

It has been estimated that it would require about 2 years to convert the salty lagoon waters to a fresh water lake,
At the conclusion of this period, a part of the area which is already under cultivation for lowland rice will begin to re-
ceive the benefits of the reclamation. Developmeit of the land will be spread out over a period of some eight to ten
years, with the area now covered by mangroves taking the longest development time because of the more difficult clear-

ing and land preparation problems, and the need for allowing the upper ;ait of such soils to firm up.

The lands to be reclaimed would be settled by new farm families recruited from Central and West Java. The first
priority for new settlers should be given to families living on lands that will be required for future subprojects in the Cit-
anduy basin, A tentative assumption has been made in this analysis that the farms would be one hectcre in size. This

matter is subject to future determination of farm family income objectives by the national government.

In order to give proper direction to the new farming operations in the reclamation area, an intensive program of
agricultural extension and farmer education must be developed for the farmers of the area. The subproject plan provides

for this,

About 3,500 families are engaged in farming in and around the area at present. Another estimated 17,500 ! .

families would be needed to develop the 21,000 hectares of reclaimed land.

Provision is made for establishment of about 14 new villages within the reclamation area. The total new popula-
tion, including the farmers and additional families needed to provide community services, would be about 145,000

persons,
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Fisheric., Nildlife, and Recreation

There are reportedly ahout 4,000 fishermen presently engaged in fishing the Segara Anakan. The 1972 catch of

fish was reported to be 493 tons, which provided each fisherman with gross inzome of Rp. 9,745 (524),

Because of the continuous process of sedimentation that is faking place without the roject, the fishery values are
f gp proj ’ )

expected to decline from the present levels *o z¢ro in about 20 years.

After reclamation,manag. ment of the water arca of the segara Anakan for commercial fishery is expected to pro-
duce a significant increase in fish production. A conservative average yield per hectare would be 1,000 kilograms per

hectare, if proper fish stocking and management techniques are carried out, The subproject includes these provisions,

The arca of the Seyara Andkan coniains litile wildlife othe: than smoll amphibians, monkeys and birds, These
would be displaced by the reclamation process, but mitigation of these losses could be provided by reserving an area to
be established as a wildlife sanctuary. The island of Nusa Kambangan should have its wildlife protected if any parts of

the island are occupied or utilized in any way during and after the reclamation activity,

Recreation activity is certain to be increased in the area because creation of the stabilized fresh water lake will
promote a large day-use visitation for fishing and boating. Reservation of sore of the reclaimed land areq for parks,
picnic grounds and nature study areas would attract people from the mairland areas, particularly at Cilacap, Swimming
would also be possible, since the lagoon is expecied to be free of pollution and the water will not contain the amount of

suspended sedimenr now present,

Subproject Cost

The total subproject cost, broken down into foreign exchange and Rupiah costs, is shown on Table IV-19, It isa

total of Rp. 11,035,171 million (526,654, 999).

Environmental Considerations

No historical sites nor archeological sites have been reported within the subproject area. However, there are a

number of burial sites which will have to be properly protected.,

It is acknowledged that the conversion of a salt-water lagoon to a fresh water lake will irreversibly alter the eco-
logical environment of the Segara Anakan. However, the consultant feels that the beneficial impacts to be had from the
conversion will far outweigh any adverse impacts. This is not a unique area as far as Indonesia is concerned. Therefore,
elimination of the salt water environment will not necessarily mean the complete loss of such a natural phenomenon. In
any event, if left completely to the devices of nature, the ecology would naturally undergo drastic changes, for it is esti-

mated that under present rates of buildup, within 35 to 40 years the Segara Anakan will be completely silted shut,

It is a matter of record that the fishing industry is presently on the decline. One of the objectives of this subproj-

ect is to replace the declining salt-water fishing industry with a well-managed fresh water fishery,

As with other subprojects within the Citanduy Basin project area, the beneficial environmental impacts on the human

element will be truly significant. At the present time, many of the infrastructural amenities normally supplied by the govern-
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ment are lacking within the subproject area for such reasons as lack of adequate transportation and communication, lack
of proper housing facilities, low individual incomes, etc. The economic and other benefits which this subproject can “.iing

to this area will be accompanied by social benefits 1o the extent that living standards of the inhabitants will be greatly

improved,
Table 1v-19
Fereign and Domestic Costs Summary
(Scheme B and With Nusawuluh in Place)
Forecign Currency Domestic Currency
Iitem Unit  Quantity Unit Cost Amount Unit Cost Amount
Rp. (000) Rp. (000) 5 Rp.(000)  Rp.(000) 3
Major Structures:
1. Tide gates ea 99  1775.0 175,725 424,457 295.0 29,205 70, 543
2a. Excav. Earth m3 1,530,200 0.290 443,758 1,071,879 0.124 189,745 458,321
2b. Excav. Rock m3 161,300 1.050 169,365 409,094 0.450 72,585 175,326
3. Concrete, Struct, m3 12,810 9.600 122,976 297,043  23.520 301,291 727,757
4, Steel, Rein t 578 224,00 129,472 312,734 24,400 14,103 34,066
5. Misc. Metal t 132 559.0 73,788 178,232 62.0 8,184 19,768
6. Rockfill m3 507, 900 2.325 1,180,848 2,852,337 1.194 606,433 1,464,813
7. Transition Fill m3 144,900 .820 118,818 287,000 0.422 61,148 147,700
8. Impervious Fill m3 254,000 .700 177,800 429,469 0.335 £5,050 205,531
9a, Excava.Rock m3 702,000 1.000 702,000 1,695,652 0.500 351,000 847,826
9. Excava.Earth m3 421,400 0.290 122,206 295,184 0.124 52,254 126,216
10. lLevee,Earthfill m3 125,000 0.700 87,500 211,353 0.335 41,875 101,147
11, levee, Rockfill m3 60,000 0.400 42,000 101,449 0.335 20,100 48,551
Subtotal 3,546,276 8,565,833 1,833,013 4,427,565
Irrigation Drainage:
1. Low-lift Pumps ea 525 1,035 543,375 1,312,500 414.0 217,350 525,000
2, Distribution ha 21,000 ——— —- -—— 2484 521,640 1,260,000
System and Drains Subtotals 543,375 1,312,500 738,990 1,785,000
Miscellaneous:
1. Relocation 82.80 41,400 100,000
2. Land Clearinrg ha 16,000 20,70 331, 200 800,000
3. Land Filling m3 4,600,000 0.214 984,400 2,377,778 0.200 920,000 2,222,222
4, Surveys ha 25,000 2,898 72,450 175,000
5. Settler Assistance ha 25,000 8.280 207,000 500,000
6. Fish Stocking ha 4,000 30,636 122,544 296,000
Subtotals 984,400 2,377,778 1,694,594 4,093,222
Totals, Direct Items 5,074,051 12,256,161 4,266,597 10,305,787
Contingencies & Engineering Costs (Des.& Superv,) 1,016,714 2,455,831 677,809 1,637,220
Total Project 6,090,765 14,711,992 4,944,406 11,943,007
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A Comprehensive Water Management Scheme for the Upper Citanduy, Ciseel River System

General

Land, water, and iorest programs are frequently closely related and the development of one will have effects on the
development of the others. If orderly development is to take place, it will be ne~essary to approach the planning and use o
the Citanduy River brsin resources in a comprehensive way, emphasizing the water relations among the various resources anc
the effects the develooment of one resource will have on the other resources. Poor management of one resource may well

exeri adverse effects rot only on that resource, but on related resources as well,

The indiscriminate cutting of forests in the past has contributed greatly to erosion and resultant heavy sediment loads
in the basin's rivers, to destruction of wildlife, and to other chunges inthe physical envivonment., Therefore, it is essential
to plan and manage all rescurces in a comprehensive way; evaluating the costs and benefits of using one resource not only

in relation to economic factors, but also in relation to possible social impacts and costs to other resources.

It has been estimated that excescive erosion and runoff on the so-called critical lands of the upper watershed have
reduced crop yields by as much as one-third of thei, tormer productivity, Thus the basic problem on the upper watershed
lands is to teach the landowner the value ot managing his rescurces for a stable and productive operation. Pressure to in-
crease crop production on one nand and declining water and land resources on the other are on a headlong collission course.

New ideas and recommendations must be developed and demonstrations planned to show how soil and water can be conserved

Upstream Water Management Program

The objectives of an upstream water management improvement program include, but are not limited to, the following

T. To strengthen the government's capacity for watershed plannirg, managing, and developing
critical land areas.

2. To prepare detailed watershed management plans for at least four subwatersheds for demon-
strations of good conservation methods and practices, Each of these to be about 250 ha in
size,

3. To execute the plans so developed including the construction of terraces, waterways, and

check dams; modification of agricultural and estate practices; reforestation and the related
greening movement; and other indicated erosion and flood mitigation measures necessary
to demonstrate how conservation measures can help the manager of the land.

4, To develop improved cultural techniques, through applied research in forestry, rainfed
farm crops, and horticulture, that will facilitate optimum land use and rural develop~
ment, giving special attention to social and economic requirements,

5. To strengthen the capacity of the government to progressively apply results to other areas
and to build a cadre of professional and subprofessional workers by overseas and on-the-
job training and short technical training sessions.

6., To instill in the local people on appreciation of the real nature and condition of the prob-
lems they face, and to demonstrate methods of attacking them. Thus local people will
become involved in the decision making process and will thereby learn to make their own
decisions for the improvement of their individual status,

7. To assess the extent to which population pressures on land can be relieved as a consequence

of transmigration and family planning and to relate these conditions to the rehabilitated soil
and water resources.
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It is estimated that the execution of a plan of the magnitude proposed will require five years anu a toral

budget cost of Rp. 844.17 million (52,039,060).

Irrigation and Drainage

The location of the irrigation system included in this subproject area is shown on Plate 1V-8. [ue primarily to
the lack of adequate maintenance, most of the systems are in need of major rehabilitation, Therefore, the rehabilitation
of ten existing technical or semi-~technical irrigation sysrcms has been included in the subroject development plan. The
total service area of the systems to be rehabilitated is 5,926 ha,  Rehabilitation improvements will include rebuilding of
diversion structures, canal improvements including bank ctabilization, reliabilitation of distiibution structures, and provi-
sions of new gates and gaging equipment, These measures will allow proper management of the system and reduce water

losses, which will help to alleviate dry scason water shortages.
' f ry 9

Extension of irrigation in this subproject area, primarily in rural systems or rainfed areas, has been implemented
through the use of INPRES budgets, This policy should be continued. However, some improvements cculd be made. For
example, budget analyses need to be more detailed with respect to the quantities of work involved and the time required
for the completion of the work. The budgets should be adequate to insure that construction, once undertaken, can be

completed within a reasonable length of time .,

The only major irrigation system that could be constructed in the subproject area is in the Banjar Plains. The Irri-
gation Service is in the process of designing a technical irrigation system which will serve an area of 887 ha. A diversion
structure will be built on the Citanduy River and, in addition to the irrigation diversions, an additional 1,7 MCM/mo will

be diverted for water supply and flush water for the city of Banjar.

Rural or simple irrigation systems are also in need of rehabilitation, especialiy i. prevent water losses in the canals.
Maintenance of these systems is the responsibility of the local farmers. However, a system is required whereby Public Works
can upgrade communily participation in the improvement of the system, Public Works shou!d advise the community in all

the technical matters and supervise the implementation of a rehabilitation program.

A cost estimate for rehabilitation of the ten major irrigation systems is given in Table IV-20, The total cost would
be Rp. 558 million ($1.35 million), based on 1974 prices. The estimated annual O & M cost would be Rp. 32.6 million
($78,744), based on a unit cost of Rp. 5,500/ha (§13.28/F 1),

SubEro'lect Cost

It is estimated that the total development program recommended for this subproject will cost Rp. 1,302,49 million

($3.148 million). The cost detail is shown in Table 1V~20.
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Table IV-20

Cost Estimate for Rehabilitation of Major Irrigation Systems - Upper Citanduy/Ciseel River System

St Area Unit Cost Total Cost
ystem ha Rp/ha Rp (000)
1. Cimulu 1,950 70,000 136,500
2, Cipalih/Magawiru 730 7G,000 51,100
3. Citanduy - Indihiang 500 70,009 35,000
4. Wangundireja 376 70,000 26,320
5. Cikalang 110 70,000 7,700
6. Cigede 869 70,000 60, 830
7. Cigayam 382 70,000 26,740
8. logabaya &00 70,000 42,000
9. Ciloganti 220 70,000 15,400
10. Cimarongmong 189 70,000 13,230
Subtotal 414,820
Contingencies (20%) 82,964
497,784
Engineering and Administration (12%) 59,734
Total 557,518

Use: Rp. 558 million (51,35 million)

Environmental Impact

Soil and water conservaiion measures recommended for the upper watersheds will have beneficial impacts on both
the biological resources and the ecological systems as they now exist, We do not foresee any detrimental impacts in this

cutegory.,

The recommended sedimentation control measures should improve the visual appearance of the streams and rivers

within the subproject area. This should also improve the environment for river fishing.

As with the subprojects previously discussed, perhaps the greatest environmental impact of direct benefit to the human
element will be the improvement in land and water quality. The entire basin is a rural area and there are no expectations
that the subprojects will cause any significant changes in air quality or sound level, Certainly the measures recommended in

this plan will enhance the visual aspects of the entire project area.

A Water Management Scheme for the Balance of the Project Area

General

For the most part, the area included in this subproject is located in Central Java and is composed of the upper portions
of the Segara Anakan drainage basin, In other words, those areas that are not included in the Segara Anakan reclamation
subproject, nor in the Lower Citanduy/Ciseel subproject, The 7,119 ha Sidareja Plains irrigation system is under construction

by the government, so is excluded from the discussion of potential projects for the Master Plan.
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Irrigation and Drainage

A well planned rehabilitation program is necessary for the development of this subproject orea. The existing major
systems should be brought up to full technical standards. Rural irrigation systems need assistance from Public Works in the
form of technical guidance programs. Furthermore, a sound program of operation and maintenance must be implemented

and adequate budgetary funds must be made available,

All of the major irrigation systems need rehabilitation in one form or another. The locations of the systems are
shown on Plate 1V-22, Rehabilitation measures will allow proper water management of the systems, reduce water losses,
and help to alleviate dry season water shortages. Rehabilitation improvements will include desilting of canals, structure
repairs, and provision of new gates and gaging equipment. There are eight major irrigationsystems to be rehabilitated,

and the total area involved is 5,647 ha,

The rural or simple irrigation systems also need some rehabilitation. Maintenance of these systems is the responsi-
bility of the local farmers. However, a system is required whereby Public Works can upgrade community participation
in improving the systems, They should advise the community in all technical matters and supervise the implementation of

a rehabilitation program. INPRES budgets can be used to rehabilitate or construct new simple irrigation systems.

The Cihaur area, shown on Plate 1V-23, could be developed in the future. The water balance analysis indicates
that there is enough water available in the Citanduy River to supply irrigation water to the area, if a cropping intensity
of 2 rice crops per year is used, The primary drawback to immediate development is poor surface drainage and salt water
intrusion caused by the tidal effects of the Indian Ocean through the Segara Anakan. These problems can only be solved

if measures are implemented to control the tidal effects such as the recommended Segara Anakan subproject.

The source of water for the Cihaur area would be the Citanduy River. Diversions could be made at the Monganti
Diversion structure, which is presently under construction, and conveyed to the Cibeureum River through the proposed
Sidareja canal system. A check dam and pumping station would be required on the Cibeureum River to serve the proposed
2,100 ha service area. A tofal lift of approximately 8 m would be required to serve the entire area. As shown on Plate
IV-23, two lifts are recommended. The first would be a lift of 3 m at the Cibeureum River which would command an area

of 1,255 ha. A relift of 5 m would be required to irrigate the remainder of the area.

SubEro’!ect Costs

Table 1V-21 shows the estimated cost for rehabilitation of the major irrigation systems, based on 1974 prices. The
estimated total cost is Rp. 393 million ($949,275). The total area to be rehabilitated is 5,647 ha. Annual operation and
maintenance costs would be Rp, 31,06 million ($75,020) based on a unit cost of Rp. 5,500/ha ($13.28/ha).

Table IV-22 shows the estimated cost of the proposed Cihaur irrigation system. The estimated total cost is Rp, 581
million ($1.406 million). The cost includes the check dam, pumping plants, and the distribution system. The total annual
O & M cost is estimated to be Rp, 26.04 million (562,898). The unit cost would be Rp. 12,400/ha ($29.95/ha) and con-
sists of Rp. 6,900/ha ($16.67/ha) for the pumps, etc. and Rp. 5,500/ha ($13.28/ha) for the distribution system,
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Table 1V-21

Cost Estimate for Rehabilitation of Major Irrigation Systems -~ Central Java Areas

Syste Area Unit Cost Total Cost
ystem ha Rp/ha Rp. (000)

1. Cileumpuyang 400 60,000 24,000
2, Cilopadang 237 60,000 14,220
3. Cileumeuh 1,549 30,000 46,470
4, Pahonjean 300 60,000 18,000
5. Sindangsari 561 60,000 33,660
6. Cijalu 1,449 60,000 86, 940
7. Cilaca 751 60,000 45,060
8, Wanareja 400 60,000 24,000
Subtotal 292,350
Contingencies (20%) 58,470
350,820
Engineering & Administration (12%) 42,098
Total 392,918

Use: Rp. 393 million ($949, 275)

Table 1V-22
Cost Estimate for Proposed Cihaur Irrigation System
Cost

Item tnit Quantity Unit Total
Rp Rp (000)
Pumping Plants ha 2,100 60,000 126,000
Primary & Secondary Canals ha 2,100 90,000 189,000
Major Structures ha 2,100 18,000 37,800
Minor Structures ha 2,100 8,000 16,800
Tertiary System ha 2,100 30,000 63,000
Subtotal 432,600
Contingencies (20%) 86,520
519,120
Engineering & Administration (12%) 62,294
Total 581,414

Use: Rp. 582 million ($1.406 million)
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Dam Emb. Yol Yolume |
MSL m ha MCM MCM MCEM MCM MCM
Manonjaya Cltanduy | Citanduy 208 80 470 120 3.9 n ) 55 14 Lo
S u |
| ; )
Ciamis Citanduy | Citanduy 180 100 440 160 6.1 2¢ -] 78 k] g
Banjar Citanduy | Citanduy 80 $0 1,620 480 6.2 7% 3 290 1) 2
Multipurpose . |
f _ —
Dinangun No. 1 Ciseel Ciseel L1 3 1,330 270 2.5 110 2 154 83 :
e e :
i ; i
Binangun No.2 Ciseel Ciseel L1 28 3,0%0 (1.1 2.4 I 202 | 220 92 !
SO D .
i
Cikembang 180 70 150 k1] 21 17 7 18 ; 9 1
q Ciamis- Citanduy
Citanduy [} 180 — 590 195 8.2 24 6 96 12 [
Cikembang Cik embang

FLOOD CONTROL DAMS

ENGINEERING . FL
Elevation| Height Total Storage Control
Damsite watershed | River Top of of Reservoir [Storage |Embank- |Cap. per Drainage |Flood Pro-
Dam Dam Area |Capacity \;g‘l;’:'t. E“g:trvoo'L Rank Area [dudngArea| Ra
MStL m ha MCM MCM MCM kmé %
Banjar Citanduy | Citanduy 70 50 1,280 282 3.5 80 1 1,300 52 Pt
U S b
1
Alternate Citanduy | Citanduy 80 85 440 1s 28 30 3 630 T I
Danjar |
— - i
Cimuntur Citanduy {Cimuntur 80 33 250 60 1.8 R k] 2 435 17




MULTIPLE PURPOSE DAMS

"HGINEERING WATER SUPPLY FLOOD CONTR(
: Totatl Storage Active Act.Storage Firm FWY per Control Flood Fld. St
Reservoir | Storage [Embankment|Cap. per Storage !VYolume per Water MCM of Drainage | Flood Pro- Surcharge | Storag
Area Capacity | Volume MCM of Rank Volume | MCMEmb. | Rank Yield Embankment| Rank Area jducingArea | Rank Storage per N
b. Yol. | Yolyme Volume ; Yoiyme tmb.
ha MEM MCM MEM MCM MCM ! MCM]mg  MCM][mo wm? T * MCM [71d]
. ! I
470 120 3.9 | k] k & 55 14 L4 26 7 [ 500 : 24 [ n 8
| J 1 \ |
O — ‘ - - N S e T e S R
; i
440 - 180 [N 28 Ps 78 13 5 kY 5 S 650 26 4 45 7
- S =
| H
| I !
1,620 | 480 | 6.2 74 l 3 290 &7 3 85 14 1 1,300 52 2 80 13
o | |
1,330 270 2.9 110 [ ] 154 ; 63 2 22 9 k] 190 e 3 N n
' !
% [ R UU NP I SIS SRR SRR SR —————
3,0%0 485 2.4 202 1 220 .9 1 N 14 1 340 69 1 70 29
; - f [ S NN SO S —_— J S JESURSOR S
10 | 38 29 17 | 7 18 9 7 4 2 7 94 19 7 15 7
| ; —
]
580 195 8.2 24 |6 96 12 6 34 4 6 650 26 ) 60 7
FLOOD CONTROL DAMS
ENGINEERING FLOOD CONTROL
"t Total Storage Control Flood F lood Stor. Reduction
Reservoir |Storage | Embank- |Cap. per Drainage |Flood Pro- Storage Yol. per of Flood
Area |Capacity vg:‘c‘v:rl" EMPE;fvogl Rank Area |dudngArea) Rank | voiyme EM"(‘:: %'. Rank Poo:\:“:lt“ Rank
ha MGCM MCM MCM k mé e MCM
1,280 282 3.5 80 1 1,300 52 1 230 66 1 93 |
R o U !
L40 ns 3.8 30 k] 690 28 2 98 26 2 86 2
250 60 1.8 3 2 435 17 3 46 26 2 80 k]




PLATE IV~-I3

S5E DAMS

?..Y FLOOD CONTROL POWER

%Flrm ] FWY per , iConlroI Flood Fld.Surch’qI Reduction

Hater MCM of Drainage| Flood Pro-~ Surcharge | Storage Vol. ot Flood Firm Instalied Annual

Yield Embankment! Rank Area \ducingArea | Rank | Storage er MCM | Rank Peak at Rank Power Capacity Energy Rank
} Volume : ! Volyme mb. Yol Damsite

X M]mg | MCM] mo km?Z . *h | MCM MEM *s Mw Mw Kwh
T 1 1 ! ; T
| ! | ! i .
| . I :

6 1 4 600 s n o8 ) 10 3 4 13 32x 0t )

U S S N e RS U UV O NS -
S | T
) s s 650 | 26 4 4 7 ‘ 15 5 9 1) b 2
4 ; - +--

(1] TR 1,300 52 2 80 13 2 52 1 _— —_ _ ] —
SO U -+ — -

22 9 k] 190 38 3 k)] 13 2 62 2 -_— _— -_— —_

i

kK] 14 vt 340 69 1 70 29 1 90 1 — — —_— -_—
e s _ N JRE—

4 | 7 94 19 7 15 7 4 5 7 e —_— — —

N !

T34 4 6 650 26 4 60 7 4 20 4 10 35 79x 108 1

NOTES:
1 The tigures shown are based on a preliminary analysis of
.. each site.

CONTROL 2. Firm water yieids and firm power are based on dry period
Flood Flood Stor. Reduction reservoir inflows for 24 yoars of synthesized tlow records.
torage Vol. per of Filood
Volume | MCM ot Rank | Peak at | Rank 3. The percent control of the flood producing area is the ratio ot
ENCM Emb. Yol. Damsite the drainage area conmrolled to the total area producing major
i flonds.

230 66 | o 93 ! 4. The flood producing area of the CHanduy watershed is 2,500 km?

: ; 4 measured from railroad bridge No.1452
| j X The tlood producing area of the Ciseel water hed is 500 wm
98 i 26 ;2 ! 86 2
| S The percent reduction of ficod peaxs at the damsite is a measure
R S A of the available flood storage capacity and the attenuation of
major flood peaks by reservoir routing.
46 [ 26 2 80 3
l In the case of multiple purpose reservolrg, they were asasumed to
i be at maximum poct when the storm occured.
6 This table shows the maximum values at each, See Flate No.J-11
for variations inthe parameters with height ot dam.
7 The reservoir area includes all land within the elevation of the
top of dam
- S— —mnné
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NOTES:
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topographic maps.
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tor which only 1:50.000 maps are availabls.
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total construction cost including all
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PLATE

IV-15

PRESENT WORTH OF COSTS & BENEFITS

RESULTS OF ECONOMIC ANALYSIS

Flood Control and Irrigation & Drainage

( 25 year tlood protection )
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CHAPTER V

ECONOMIC ANALYSES

Lower Citanduy/Ciseel River System

Economic Analysis of Recommended Plan

There are two subprojects in the recommended plan for the Lower Citanduy/Ciseel River System. One subproject
is the combincd Flsod Control and Irrigation and Dro” - ge Scheme. The other subproject is the pronosed Matenggeng

Dam and Puwer ploat. The economic analysis treats these two subprojects separately .

Combined Flood Contrel and Irrigation and Drainage Scheme. For the optimum beneficial effect in the Lower Cit-

anduy/Cisecl area, o combination program of flood conirol and irrigation improvements is necessary . Consequently, the
two components are combined in the economic analysis. The flood control plan being recommended will provide protec~

tion against floods having a return period of 25 years.

Costs. The economic costs for the total scheme follows:

Rp. (1,000) $
Construction:
Flood Protection 4,087,431 9,873,023
Irrigation and Drainage 2,180,543 5,267,010
Annual O & M (Incremental):
Flood Protection 132,066 319,000
Irrigation and Drainage 57,701 139,374

Benefits. The annual benefits of the flood control facilities would be Rp. 1,064 million ($2,570,000).
These benefits include prevention of damages in agricultuve, industry and government. No estimate could be made of
intangible values such as human safety, inconvenience and health, or of the negative impacts of flood hazards on regional

economic and social development .

The annual benetits of the irrigation and drainage program are based on increases in the net income uccruing
to farmers as a result of the improved and extended facilities. At full development, after a buildup period of five years for
each development block, the annual benefits would amount to Rp. 1081 millions ($2,611,000). However, because the flood
control and irrigation and drainuge facilities cover much of the same area, the irrigation and drainage benefits must be re-
duced to eliminate any possible double~counting of benefits. This is done by limiting irrigation and drainage benefits to the

costs for the irrigation and drainage facilities.

At full development the combined benefits from the Lower Citanduy/Ciseel Flood Control and Irrigation

Drainage Scheme would amount to:

Rp. (1,000) $
Annual Benefits 1,323,000 3,195,682
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Internal Rate of Return. When costs and benefits are converted t5 a comman time basis, the internal rate

of return is 15 percent. The primary beneficiaries of the subproject would be the low income group of people - the rural
people = whose annual incomes are less than half of the average national per capita income. The scheme is both techni-

cally and economically feasible and should be undertaken without further delay .

Matenggeng Dam and Powerplant. The economic justification of the dam and powerplant is based on a comparison

with the most likely alternative generating plant capable of producing o comparable type and quantity of electric power,
A demonstration that the hydroeleciric project would produce power at a lower cost than the most likely alternative shows
the project to be justified. At any positive internal rate of return, the hydroelectric plant is economically superior to the

alternative .

The powerplant is capable of producing for peak load, which is higher value power than base load . Therefore,

Matenggeng was compared with the most likeiy altemative thermal peaking plant, which is an oil-fired gas turbine plant,

Costs. A summary of cost (1974) is as follows:

Rp. (Thousands) $
Construction 33,030,210 79,783,100
Annual operation and maintenance 66,240 160, 000
Replacement Costs (in 35th year) 3,229,000 7,800,000

The conciruction cost includes Rp. 2,525 million ($6,099,000) for land acquisition. Also included are con=
struction access roads and a transmissior. line to deliver the output to an interconnection paint on the main system. Construc-

tion would require four years.

Power Benefits. The price of petroleum fuel used in the analysis of the alternate comparison is Rp. 4,140
($10.00) per barrel. The current price for turbine fuel in indonesia is Rp. 6,446 ($15.57). By assuming that the long-term

fuel price will be about one-third lower than the present price, the analysis of benefits appears to be conservative.

The powe- “alues derived for the benefit analysis of Matenggeng hydraelectric nlant are Rp. 5,246 (512.,67)
per kilowatt of installed capacity, Rp. 17.79 (42.98 wills) per kilowatt hour of firm peaking energy generated and Rp. 8.9

per kilowatt hour of secondary energy. The annual project benefits are calculated as follows:

Rp. (1,000 S
Capacity: 100 x 103 KW at Rp. 5,246 524,600 1,267,150
Firm Energy: 214.6 x 106 KWH at Rp. 17.79 3,817,700 9,221,500
Total Firm Energy Benefits 4,342,300 10,488, 650
Secondary Energy = 69 x 106 KWH at Rp. 8.9 = 614,100 1,483,350
Total Power Benefits 4,956,400 11,972,000

Irrigation and Flood Control Benefits. Minor irrigation benefits will accrue to Matenggeng Dam because

the power releases from the reservoir during the dry season can be used to alleviate irrigation shortages downstream of the
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dam. However, realization of these benefits will not occur until after the irrigation systems are operating effi=-
ciently.

Flood control benefits attributable 10 Matenggeng Dam will be limited to the rice land along the Cijo-
lang River downstream of the dam and thus are srrall when compared to power benefits. The total value of irrigation

and flood control benetits will amount to Rp. 173 million per year after the irrigation development period.

Internal Rate of Returis. The internal rate of return is 12,6 percent at maximum power development. This

economic analysis is based on firm power generation, secondary energy, irrigation and flood control. Other favorabl=
incidental effects of the project which have not been evaluated include recreation, fishery streamflow regulation, environ=
mental protection (air pollution) and gains accruing to the national balance=of~payments account. These values may be

quite significant.

Upper Citanduy/Ciseel River Sysiem

Economic Analysis of Recommended Plun

The rehabilitation of the irrigation and drainage systems in the upper basin has been studied at a reconnaissance
level of detail. Consequently, the economic analysis must draw from data developed for the rehabilitation of irrigation
and drainage systems in the lower Citanduy/Ciseel area. The lower and upper areas ore similar with respect to agricul-
tural potential and farming practices. The grincipal crop grown under irrigation is rice. The upstream area has the ad-
vantage over the downstream area of being relatively free from flooding damages because its ands do not lay in a major
floodplain. On the other hand, the more hilly upstream area probably requires more labar and greater care for maintain-
ing the rice paddies and terraces. Economic justification is analyzed on the basis of future increased costs and benefits

relotive to the projected future situation without the subprciect .

Costs. Rehabilitation of the irrigation and drainage facilities would cost Rp. 559 millions ($1,350,000) and re-
quire four years time . Increased operation and maintenance costs would amount to Rp. 32.58 million ($78,700) at full

development .,

Benefits. The estimate of increased net income realized by the farmers under these systems considers the adequacy
of the irrigation systems without and with the subproject. With the rehabilitation completed, some yield improvement is
anticipated for the wet szason because of improvements in irrigation water supply and drainage facilities, the greatest
gains from the subproject would accrue because of the improvement in irrigation coverage in the dry season. The crop
yield data and irrigation water supply correlations developed for the Lower Citanduy/Ciseel area were utilized in esti=

mating increased crop yields and net farm income for the upstream irrigation systems proposed to be rehabilitated .

During the period of constructicn when the irrigation facilities are disrupted, appropriate reductions in farm income
are charged ogainst the irrigation benefit account. A buildup period of 5 years after construction is complete on cach sys=
tem is assumed necessary to attain  full scale benefits. At full development, the project benefits would amount to Rp.
358,200 thousand ($865,200). These income benefits constitute the direct effects of the project on the farmers. In addi-
tion, secondary and intangible benefits would be significant. The subproject would promate econamic growth in the re-
gion, add to the much-necaed domestic production of rice, and provide employment for a large, otherwise underemployed,

work force during construction.
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Internal Rate of Return. The internal rate of return for this subproject is 22 percent. This program should be

undertaken immediately .

Reclamation of the Segara Anakan and its Environs

Economic Analysis of Recommended Plan

The costs of the subproject are analyzed in comparison with the benefits from land reclamation, fishery and domes=-
tic, municipal and industria! water supply benefits to determine the internal rate of return. The analysis covers a period of

50 years,

Costs. A summary of costs is as follows:

Rp. (Millions) $(Thousands)
Construction 10, 633.470 25,684
Surveys and Settler Assistance 279 .450 675
Initial Fish Stocking 122 544 296

11,036.464 26,655
Annual Operation and Maintenance 254.971 616
Replacement costs for pumps, once every 12 years 543.375 1,313
Annual fish restocking and Management 45,126 109
Annual Dredging after year 20 625.554 1,511

Benefits. Agricultural benefits from land reclamation would amount to Rp. 150,717 (5364) per hectare at full develop~
ment . Farmers could grow two or more crops of rice per year because irrigation would be provided. The development of the
newly reclaimed land would proceed by stages and full production levels would be achieved in ten years. These benefits total

Rp. 3,165 million (57,644,000).

Fishery benefits would be proportional to the volume of water contained in the fresh water lagcon. After initial
stocking the fish harvest would build up to give a net gain in fish production of Rp. 300 million ($725,000) in the 9th year
of operation. Thereafter production would decrease due to sedimentation unless Nusawuluh weir were closed. A stable fish-
ery benefit of Rp. 207 million ($500,000) would be maintained continuously after year 20. If Nusawuluh weir would be closed

to stop the sediment contributions from the Citanduy River, the fishery benefits in the long run would be twice as great.

Water supply for Cilacap is valued at the cost savings from avoiding construction and operation of the potential Jeru-

klegi reservoir on the Donan River upstream from Cilacap. The annual equivalent benelit would be Rp. 433 million (51,046, 000).

In addition to the direct, tangible benefits on which the economic analysis is based, there would be many other favor-
able effects. These include increases in domestically-produced rice, improved public health, higher income levels for the
low=income rural people, potential transportation improvements, recreational opportunities and employment impacts during

and after construction.

Internal Rate of Return. The test of economic justification is made by discounting costs and benefits to place them on a

common time basis. The difference between the costs and benefits becomes zero when the cost and benefit streams are discounted
at 18 percent . This is the rate of yield on the project costs, or the internal rate of return. This subproject is both technically

and economically feasible and should be undertaken as quickly as possible.
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Central Javc Areas

Economic Analysis of the Rehabilitation Scheme

The rehabilitation scheme and the Cihaur new land irrigation scheme are unrelated to each other in that they

could be handled independently . Therefore, the economic analysis treats them separately.

Costs. The cost of rehabilitating the 5,647 hectares under eight major technical and semi-technical irrigation

systems is esi'mated to be Rp. 393 million (5949,275). 1t is proposed that this work would be divided into three approxi-
mately equal stages and accomplished over a four year construction pe:iod. The increased O 8 M costs would amount
to Rp. 16.445 million (340,206) which is Rp. 2,948 (87.12) per hectare. These O & M costs would commence upon

completion of construction of each stage of the rehabilitation work .

Benefits, The beneficial effects of irrigation and drainage rehabilitation are based on the feasibility grade study
of a similar proposed program in the Lower Citanduy/Ciseel area. Crop yield assumptions are necessarily related to
water supply conditions. In the Lower Citanduy/Ciseel study there were eight systems having a wide assortment of water
supply situations ranging from rainfed conditions on land having drainage deficiencies, through partial water supplies in
both the wet and the dry seasons, to fully adequate water supplies and no remaining drainage deficiencies. This array
of conditions provided a sufficient basis for associating crop yields with the water situtations in the Central Java creas.
It is on this bosis that the increased net farm income is estimated . After allowing for a 5 year buildup period, the annual

benefits for the total system would amount to Rp. 360.18 million ($870,000).

Internal Rate of Return. This rehabilitation of irrigation and drainage works would give an internal rate of return

amounting to 27 percent. It is felt that this program should be initicted as quickly as possible.

Economic Analysis of Cihaur [rrigation

Introduction of irrigation to this area would improve crop production in both the wet and dry seasons. The estimates
of costs and benefits assume that the Segara Anakan subproject would be built first, thus providing the requisite control of

tidal effects. If this necessary control is not provided, the benefits of irrigation would be significantly less than shown here.

Costs. The estimated costs to construct the Cihaur system is Rp. 582 million ($1,406,000). This includes all con=
veyance and drainage works. The period of construction would be four years. Annual operation and maintenance costs

are estimated to be Rp. 12,400 ($29.95) per hectare, or Rp. 26 million ($62,898) for the project .

Berefits. Estimated subproject benefits are based on the feasibility study of irrigation rehabilitation and extension
in the Lower Citanduy/Ciseel area. Major improvements could be expected from irrigation in the dry season. In the wet
season, there would be some yield improvement from irrigation and drainage. Salt water intrusion into the area would be

prevenied by construction of the Segara Anakan, but benefits were not claimed in the Segara Anakan feasibility report .

At full development the annual benefit per hectare would be Rp. 101, 016 ($244). It is estimated that o 10 year
buildup period would be needed to reach full development. Total benefits would be Rp. 212 million ($512,400).

Internal Rate of Return. Developraent of the Cihaur new land irrigation system would yield an internal rate of re~

turn of 14 rercent.
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CHAPTER VI

MANAGEMENT

General

It has been the opinion of many authorities for some time that the critical erosion and flood problems arising in
the Citanduy River Basin and the other tributaries to the Segara Anakan have become extremely serious to the inhabitants
living in the basin, espacially those living in the downstream areas . The geographical location of the river divides the
two provinces of West and Central Java, This has caused some problems in the overall management of the river system
ond in the solution of many of its difficulties. Work done to date in the river basin by the two provinces has not been
coordinated and no common objectives have been developed. Most of the river work that has been done was to protect
the interests of the people on either side of the river by building a system of ievees, each side building their structures
a little higher to prevent the river from overflowing into their respective side. This has caused each province to be on

the defensive, completely disregarding the immense potentials that could be developed under a coordinated program.

Concurrently, the development of the land and water resources has also been the concern of a number of the varj-
ous departments of the government. Some coordination has been accomplished between the departments, but because of
differing objectives ond individual problems, activities have not always been coordinated for the most effective develop=
ment of the resources. The result has been that conflict of interest have frequently occurred among the developers and
the consumers of land ard water products. Furthermore, in the provinces, different appreaches to the administration of

land and water problems has caused conflict of interests and, in some cases, direct countermanding directives .

To avoid the continuation of situations and problems such as these and others that might arise and may have far-
reaching consequences, it is important that policies and legal authorizations be formulated by one directing body so that
land and water resources may be developed in an orderly fashion for both the good of the local people and in the naticral

interest .

Most of the program for the development of the land and water resources for the Citanduy River Basin would come
under the direct supervision of the Minister of Public Works and Electric Power. It thus appears logical that the authority

for the Citanduy Basin be established under this ministry it efficient and effective management is to be achjeved..

Once the Authority is established, ther a central committee of the several ministries involved would have to be
established to coordinate their services. Together the various ministers provide the Minister of Public Works and Electric
Power with information upon which to formulate policy and directives to the board of directors of the watershed authority .

This is shown on Plate Vi-1,

The several ministries and services have local branches down to the different levels of government depending on
the nature of the service. For example, the Ministry of Agriculture has offices down to the subdistrict level with officials
who make regular visits to the villages and community complexes. The Authority organization recommended is structured

to provide a direct line of administration to the managers carrying out the orders at the site or project level ,
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Organization

Board of Directors

The Board, composed of from four to seven members, should be appointed by the Minister of Puklic Works and
Electric Power. The members should be men of wide experience in carrying out policies from above and formulating
these policies into direct action plans for implementation within the overall objectives and purposes of the authority .
Agency coordination is done at this level so that assistance below this level is under the direction of the General Man-

ager through his lines of administration.

General Manager

The General Manager would have a staff commensurate with the number of programs or subprojects in operation
within the basin. At the moment it is envisaged that his three principal assistants would be the Manager, Upstream
Development; the Manager, lLower Citanduy/Cisee! subproject; and the Manager, Segara Anakan subproject. This is

outlined on Plate VI-1,

Subproject Manager

As shown on the organizational chart, each subproject Manager would initially have two functioning staffs:
Construction and Operation and Maintenance . Naturally, in the early stages the former would be the dominant group,
As construction progresses, the O & M staff would gradually build=up to full strength.  The Construction staff would
gradually be red: ed as the works become operational. At the end of the construction period the Construction stoff would

be disbanded and the O & M staff would then handle all operations .

Operations

Coordination, stimulation, and participation in executing all the programs or subprojects will be done through the
managers' level. Each manager will have a technical staff that can work directly with the landowner, or in construction
development, to assure technical soundness, and adapting the programs and policies to the situations as they may arise
from day to day. However, the main functica of the staff members wi [l be to coordinate the work of agency prople so
that all benefits now established on a nationwide basis will also be made available to the residents of the area supervised

by the Authority.

Loans and grants would be made available to the Authority by the central government. These would be for specific

purposes during the construction and uevelopment stages of the program.

The Authority would also have the power through the Ministry to make assessments for its goods and services. Such
funds could be used for the operation and maintenance of the activities of the authority. The Authority would not levee

taxes, but could recommend increases to maintain its works of improvements .

To plan and encourage increased agricultural production is an obligation of the Authority in accordance with the
government program of self-support. The Authority would introduce the cultivation of industrial crops of higher value than
that of rice that could stimulate processing industries, and which could also improve labor potentials. Additioral respon-

sibilities of the Authority would include the following:
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1. Plar and stimulate activities to maintain and upgrade soil qualities and tc reduce erosion.

2, Plon and initiate a forest economy that will assist and improve the income of the people
in these areas.

3. Program activities to intensify the use of irrigation water and to develop iirigation and
drainage programs that use water resources in an effective monner.

4, IUndertake and stimulate fisheries and recreation as a use of reservoir waters.

5, Establish and maintain a flood warning system and an adequate levee maintenance and repair

organization .

The successful operation of any or all of these activities implies participation b~ the local people. This is shown graphi-

cally on Plate Vi-1 and, more specifically for irrigation organization, on Plate VI-2,

Proper operation and maintenance of irrigation systems is an aspecially important responsibility of the Authority,
for it is the lack of this important operation that has been the principal factor in the deterioration of the present irriga-
tion systems. The O & M of the principal canals and structures will be handled by the Irrigation Service and coordinated
by the Irrigation and Drainage staff member of the Authority . However, traditionally O & M has broken down at the level
of the tertiary canal systems, principally because the operation and maintenance of these highly important features of the
system has been the responsibility of the individual farmers. Improper handling of this responsibility is not necessarily due
to a lack of enthusiasm on the part of the individual farmers, but rather it is more often due to a lack of training on how

to carry out these functions as well as a chronic shortage of funds to enable them to perform even the more rudimentary re-

peir jobs.

In order to overcome these inherent difficulties that plague the proper O & M of irrigation systems at the water
application level, it is suggested that in every subproject at least one demonstration irrigation plot be established . The
Agriculture Extension Service of the Ministry of Agriculture would be asked to assume the responsibility for the manage-
ment of these demonstration areas and to carry out short—term on=farm training courses for the local farmers. The objec-
tives would include not only the training in proper maintenance methods, but also the proper application of irrigation
water in order to obtain optimum benefits from a minimum amount of availoble water, These activities would be coor-
dinated by the irrigation O & M staff member of the authority, who would also see that all participating farmers would
be well informed as to whom they should turn to seck further assistance, both technical as well as financic!. As indicated
on Plate VI-2, an agricultural credit bank accessible to the local small farmer would be an integral part of the O & M

scheme. Also, any funds generated by the Authority could be made available for tertiary maintenance work when needed .
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CHAPTER V1|

CONSTRUCTION SCHEDULING AND CASH FLOW

Construction Schedule

Plate V1i-1 has been prepared to show the scheduling recommended for all the component parts of the proposed

development program for the Citanduy River Basin Project. The respective costs and the cash flows are shown on follow=

ing pages.

Comprehensive Water Management Scheme for the Lower Citanduy/Ciseel River System

For this top priority project, it is recommended that the engineering and preconstruction octivities be started imme-
diately and that they be planned for completion within two years. At the end of the first year it is estimared that the plans
and specifications will be far enough advanced to allow the initiation of construction work on all phases of the subproject .
Droinage rehabilitation is scheduled for completion within four years, while both irrigution rehabilitation and new construc-

tion as well as flood control work is scheduled for completion over u period of five years.

For Matenggeng Dun, the engineering and preconstruction work has been programmed over a; 1od of 2 yeors

starting in 1981. Construction work is scheduled for comi.letion in four years starting in 1983.

Reclamation of the Segara Anakan and lts Environs

For reasons explained elsewhere, the design and preconstruction activities for this subproject, even though recom-
mended for immediate initiation, will be spread over a period of six years. Initiction of construction is scheduled for the

year 1977 and for completion within 10 years.

Comprehensive Water Management Scheme for the Upper Citanduy/Ciscel River System

As explained elsewhere, the balance o the work contemplated forthe project arca has been lumped under this head-
ing for management and scheduling convenience. The land management demonstration areas have been scheduled for im-

plementation as quickly as possible. This program is presently scheduled to run over a period of five years.

The design and preconstruction work for both the new irrigation as well as the rehabilitation work has been scheduled
for 1981, with construction spread over a period of four years. Since the successful implementation of the Cihaur Irrigation
system depends upon scheduled improvements in drainage, the implementation of this project is not foreseen until at least

1985,

Cash Flow

The expenditure of construction funds for the subprojects scheduled in Plate VII-1 is shown on Table VII=1, Opera-

tion and maintenonce costs, which will start slow at the beginning of the project and then increase to a set annual figure
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thereafter, are shown on Table VII-2, For convenience, the costs were not carried past the end of this century, even

though the life of the project will extend weli past this date. A complete summary of both construction costs and opera=-

tion ond maintenance costs is shown on Table VII=3. Again, for the sake of convenience, the total cost table does not

extend past the end of this century.

Domestic and Foreign Currency Requirements

The domestic and foreign currency requirements for each of the subprojects and for the total plan of development

are shown in Table VI!'=4, There are some very minor discrepancies in the conversion from U.S, dollars to Rupichs be=-

cause of rounding. The total cost of the Citarduy River Basin development is Rp. 19,680 millions (547.5 millions) of

which approximately 36 percent or Rp. 7,152 millions (517.3 millions) would be in foreign exchange and 64% or Rp.

12,528 millions ($30.2 milliens) could be in the domestic currency .

Table VII-1

Schedule of Construction Costs for Citanduy Basin Development Project

(MiTlions of Rupiahs)

Subproject

v Lower Citondunyiscel Upper Central Total
ear - Segara .
Flood Irrigation Matenggeng Anak Citanduy/ Java Costs
Cunitrol and Drainage Dam nakan Ciscel Areas

1975 81.75 43,610 220.70 346.06
76 1,062.74 543.70 220.70 168.88 1,996.02
77 980.99 354.07 3,641.28 148.88 5,145.22
78 784.79 442,44 3,549.12 168.88 4,945.23
79 588.59 496.15 1,331.52 168.88 2,585.14

1980 588.59 300.57 1,362.20 168.88 2,420.24
81 971.47 602 .88 11.18 7.86 1,593.39
82 1,637 .63 29.76 100.46 70.26 1,838.11
83 6,217 .46 27 .84 178.56 149 .04 6,572.90
84 7,605.28 24,00 178.56 188.16 7,996.00

1985 10,380.91 16.32 90.24 187.20 10,674 .67
86 6,217 .46 7.68 186.24 6,411.38
87 123.84 123 .84
88 62 .40 62 .40
89

Total 4,087.45 2,180.54 33,030.21 11,034.00 1,403.40 975.00 52,710.60
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Table VII-2

Schedule of O & M Costs for Citanduy Basin Devel opment Project
{Milliens of Rupiahs)

Subpiojecty Total
Year Lower Citanduy Cisccl Segara Upper Citan-  Central Costs
Flood Control Irrigation & Droinage Matenggeng Cam  Anakan duy ‘Ciscel  Java Areas

1975
76
77
7 42.00 42.00
79 79.07 42.00 41.40 162 .47
1980 158.15 56.67 124.20 339.02
8l 237.22 89.32 207.00 533 .54
82 269.10 595 .64
& 300.15 526 .69
84 10.35 637 .04
85 10.86 20.70 658.25
85 21.72 31.06 679.47
87 66.24 32.58 39.74 765 .25
88 48.42 773 .93
89 57.10 782.61
1990 732.61
91 78261
92 782 .61
93 782.61
94 782.61
95 782.61
9% Y 782.61
97 925.701/ 1,408.16
98 925.70 17408.16
99 Y y Y 925.70 Y '’ 1740816
Toral 774440 T837.75 86T, 12 7,620.90  456.12 778.37  15.298.56

1/ lIncrease due to dredging costs if Nusawuluh weir is not closed.

Table VI{-3

Schedu!s of Total Costs for Citanduy Basin Development Project
(Millions of Rupiahs)

Subproject
Year Lower Citanduy /Ciscel Segara  Upper Citan~ Central Total
Flood Control lrrigation & Drainage  Matenggeng Dam ~ Anakan  duy/Ciseel Java Areas Costs
1975 81.75 43.61 220.70 346.06
76 1,062.74 543.70 220.70 168.88 1,996.02
77 980.99 354.07 3,641.28 168.88 5,145.22
78 784.79 484 .44 3,549.12 168.88 4,987.23
79 667 .66 538.15 1,372.92 148.88 2,747.61
1980 746.74 357.24 1,486.40 168.88 2,759.2¢
81 237.22 89.32 971.47 809.88 11.18 7.86 2,126.93
&2 . 1,637.63 298.86  100.46 70.26  2.433.75
83 6,217 .46 327 .99 178.56 149.04 7,199.59
84 7,605.28 324.15 178.56 198.51 8,633.04
85 10,380.91 316.47 101.10 207 .90 11,332.92
86 6,217 .46 307.83 21,72 217.30  7.090.85
87 66.24 300.15 32.58 163.58 889.09
88 110.82 836.33
89 57.10 782.61
1990 782.61
91 782.61
92 782.61
93 782.61
94 782.61
95 782.61
96 ! Y 782.61
97 925.70 1,408.16
98 v 4v 925.70 1,408.16
29 . _ ] 975.70 1,408.16
Total 8,83 .67 4,018.29 33,891.33  18,654.90 1,859.52 1,753.37  69,009.
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Domestic and Foreign Currency Reauirements

Domestic Currency Foreign Currency Total Cost
ltem Rupiahs Lotlors Fupiahs Dollars Rupiahs Dollars
millions thousands millions thousands millions thousands
Water Management Scheme for the Lower Citanduy /Cisec| Piver System:
Flood Control
(25-year protection) 3,757 9,078 330 796 4,087 9,874
Rehabilitation of Lxisting
Irrigation Systems 836 2,018 172 415 1,008 2,433
New Irrigation Systems 780 1,883 109 241 880 2,124
Major Drainage Improvements 254 614 39 95 293 709
Subtotal 5,627 13,593 641 1,547 6,268 15,140
Reclamation of the Seqara Anakan and its Environs:
Major Structures 2,105 5,084 4,253 10,273 6,358 15,357
Irrigation ~ Drainage 894 2,160 658 1,589 1,552 3,749
Land Filling 1,056 2,551 1,180 2,850 2,236 5,401
Otherl/ 889 2,148 - - 889 2,148
Subtotal 4,944 11,943 6,091 14,712 11,035 26,655
Water Management Scheme for the Upper Citanduy /Ciseel River System:
Rehabilitation of Exicting
Irrigation Systems 446 1,077 112 271 558 1,348
Water Management Fiogram 682 1,648 162 391 844 2,039
Subtotal 1,128 2,725 274 662 1,402 3,387
Water Management Scheme for Balance of Project Area:
Rehabilitation of Existing
Irrigation Systems 314 758 79 191 393 949
New Irrigation Systems 515 1,244 67 162 582 1,406
Subtctal 829 z,002 146 353 975 2,355
TOTAL 12,528 30,263 7,152 17,274 19,680 47,537

1/ See item listing in Table |V-19,

Vil-4
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