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CHAPTER I 

INTRODUCTION 

General 

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

fiable geographic areas. They are: 

1 . The Citanduy Ciseel River System which stretches from the headwaters of the Citanduy
 

River in tlh,vest to th, origins of the Cikawung River in the east, and from the head­

wat, rs of tfi- Ciiolang Piver in the north to the start of the Ciseel River in the south.
 
furtherThe topograph,, of t h,, 350, 000 hectares encompassed by the system encourages 

subdivision - F[t"' upp ,Iwate shed of the Citanduy and Cisee, Rivets and the lower 

Citanduy Ci,,l 'iv,.i The dividing the points v.hele theSystom. linfs are two rivers 

emerge from the uplands onto tlieflood plain. 

2. 	 The Segara Ana.kan and] itstihutaris (other than the Citanduy River System), which
 

extends from the Sidar ja oriqin of the ng "iw r in the west to
lowlands and tl,,- Cikuj 

the Jeruklegi vi,-in ti,,oast, nd from the h-aiv.aters of the Ciliaw liver in the north 

to Nusa Kambangan in the south. Ti.portion, including tl,ewater areas of the Segara 

Anakan ard itsf nvirons, covets about 96,000 hectaies. Again, both topography and 

physiographic rhaactelisrics of ti,arca simplify furthet subdivision - Thlie Segara Anakan 

and its environs and the Siduia and Sidateia Enst ares. The fcrne is an area of about 

32,500 hectares, which includes the. Segara Anakan itself and the surounding tidal forest. 

TIe latter includs th he alance, of the ata (63,500 hectares). 

Each of these four areas, whi le they coanstitutu 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 is certain 

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

The basic objective is to carry out c mprehensive 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 

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

effort. 

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

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

Rive, System. 

2. 	 A compreihensive water management scheme for the upper Citanduy/Ciseel 

River System. 

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

4. 	 A comprehensive water management scheme for the Sidareja East area. 

Each of these four principal suhprojects is composed of several work items, some of therm common to two or more sub­

projects.
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r- on,. v,.iy basic r, -,d,cormrnon to all 'rrhpraioct',, is t1' H rI'C for a m na-1, nt system ortnting, coordinatino, 

qr~rl irctingr lti de lwop.rni *fors . r Iturally, b,,aus of the great 'eariance in the. environment and the respective 

yr ,b1ins in naci of h1)1suhproi,,ct alfas, it wvould be d1silal if thti ovra I! raanag.,mnt organization would be com­

posed of four te. ctions, each den ian w iti its own peculiar problems. 

A nothre of the piobhems common to all subpiojects to a greater or lesser degree is that of erosion and"or sedimenta­

tion. Vhi common to all, this basic probhem manifests itself in different ways in the various areas. 

Still a third land and water problem common to all is irrigation and drainage. Again, solutions to this problem 

will vary from subproject to subproject. 

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

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

Flood control is a very real need, but it is in the lower Citanduy 'Cisee Piwc System that floods create havoc to 

a var.,in irach . lesser extent, Segara Analan area flood prv ems. Recommenda­dry1,. yeal lo a the is also re naced by 

,irrns for irrpruvnni,ts to kandle, tiet ,curting annual floods include suck measures as ch annrel corrections, levee systems, 

di..-,son .tirs, floodrays, multipl-purpose r]anrs and storage reservoiis, and cut-off levees. 

Hiydroeletctric power de, Iopment is one activity that is principally associated witk the lower Citarduy Ciseel 

ystem subprojec' . Thr or som- very minor power production potentials associated with some of the other multiple­

pie pos storage dams, but they art so small that they may be essentially dismissed from further consideration. 

't, r arid land roclamation featrres are quit,. well confined to the Segara Anakan area, although there are some 

rniltot problems of this category in tir lower Citanduy "Ciseer River System. Such features include the transformation of a 

1erioor trom salt water to fts , creation of new lands by hydroulic fill, flushing of lands suffering from salt water en­

, rr 'roen,,at, and improved driinag' of proe ntly irigated lands. 

Improvemert of fluvial and over[ land transportation are also important considerations of both the Segara Anakan and 

lower Citanduy 'Cisee:,l Pivei Sytm. 

In all four subprojects, t!here will be concentrated efforts to produce beneficial environmental impacts wherever 

emsib I ,, and to mitigah adverse impacts where they cannot Ih- completely avoided. 

' II of rl suprojt'ct features outlinud in the previous pararnapis must receive full attention, but it is doubly im­

,ati,. tkat this att,,ntion be focus' d tirrougir a clos'ly coordnattd program of integral development. Any less intensive 

o;la ,r.rVillfail to achiiev t 01" paterntia Ii igih eve of succe-ss t rat tris project possesses. All of the necessary stepsIl area 


'rrjnroarrn s are full,' nescribird and arnalyzed in this report.
 

Authorization 

iihi Master Plan was pr.pard as a part of th Scope- of r!ork of the Contract between th. Directorate General of 

-'r.source D.-velopTtn of the Ministry of Public rV/oil s and Electric Power, Republ;c of Indonesia, and Engineering 

' _-'ltarnts, Inc. Thr contract, signed on July 23, 1973, was for consulting services foi the Citanduy Basin Development 

CirC. All .vorl, was performe:d in aceordanc, with tir teirms and r,.auirements of this contract, and as further approved 

t tt.iri Committee. 
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Purpose and Scope 

The purpose of the Citanduy River Development Pr-ject 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 

are : 

1. 	 To carry out a comprehensive study to determine an optimal pattern of the utilization
 
of the water and land resources within the Project Area.
 

2. 	 To identify rTlemanagement system necessary to achieve this pattern of utilization. 

3. 	 fo consider the environmental impacts 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.
 

5. 	 To prepare feasibility studies for two selected subprojects in the Master Plan for early
 

implementation.
 

Previcus Investigations 

-
According to Indah Karya, 1 interest in solving some of the problems which arise with discouraging frequency in 

the Citanduy River basin dates back to many years ago. Th .solutions to these problems would pose a considerable 

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

.'est Java 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 

Segara Anakan and its environs. In the upper watershed areas efforts have been pretty well confined to small irrigation 

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

In 1938, prior to World Var II, the West Java Public Works Office poposed a scheme for harnessing the Citanduy 

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

straightenir.g measures and the construction of strategic flood diversion structures. From the study of existinr, aerial 

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

masur(.s oe particularly easy to locate on the photos. 

However, witih the exception of the construction of the Pataruman weir, whi ;h was started by the Japanese and 

completed jubsequent to the termination of World Wc, II, interest in undertaking any improvement neasures on r1. Citan­

dtry River languished until late in the 1940's. At that time, Blommenstern- proposed a plan for the control o: 

lnvt. Citanduy System as vell as the eclamation of the Segara Anakan aea. 

Urdor the Blommenstein plan the Sgara Anakur and the surrrounding tidal forest would be converted into a giant 

polder by I:ve,ing tie Citanduy River on both sides and diverting its discharge directly into the Indian Ocean, and by 

closing of the S -gara Anakan from the sea by means of cut-off levees located at the eastern and western outlets to the 

- N'umbrs in tih text refer to thevlist of previous repcrls studied and reviewed prior to the preparation of this work, 
and which are enumerated at the enrd of this o.ction. 
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sea, respectively. He further pr,.jposed that the resulting polder 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 to the shortage of 

electric power for pumping. Instead, Indah Karya 3 ' proposed that the Segara Anakan should be reclaimed by diverting 

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

ing in the Segara Anakan within a period of 28 to 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 Lakbok area of West Javc, while another portion would 

be di,-rrted fr irrigation purposes in the Sidareja aea of Central Java. Runoff water from the basin between the right 

side levees ot the Citanduy River and the Ciseel River would be channeled to the South Lakbok swamp and passed to the 

5egara Anakan area by means elf 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 Anakan as a possible reservoir for the Citanduy flood waters which 

might bo d,'eted into Central Java. Reclamation of the Segara Anakan was approached as a separate and distinct project. 

Following the promulgation of the First Five-Year Plan by the Government of Indonesia in 1969, the Ministry of 

Public Works and Electric Power issued certain decrees indicating those projects or areas in which the government had an 

intetest 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 sgnified that its con­

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

for this category. 2 ' Once the C'tanduy Riverwas accorded this classification, a Citanduy River Project organization 

was set up by the same decree'. 

I. 133 1kpts./1969, dated April 1, 1969. 
2. 134/kpts/1969, dated April 1,1969. 

Early in 1969, P. T. Indah Karya was commissioned to draw up a comprehensive developmnent program for the Citan­

duy River basin. Itsreport- was published almost concurrently with the promulgation of the previously menticied min­

isterial decre, s. It is interesting to note that one of the princ ipal conclusions was that 'Itis obvious that nothing can be 

done to develop the river basin if no measu, es are fitst taken to tackle the problem of floods, since all development 

projects in the rivel basin would otherwie carry t.j many risks." 

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

and al' noted that the railroad fill and bridge 1452 actually served as a control structure foi the release of flood waters 

from the swamp, However, it was also noted that this was not the basic function of the fill and the bridge and that the 

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

To relieve this undesirable situation, it was proposed that a system of upstream flood contiol structules be located 

on th,. Citand, ' ver and its piincipal tributaries .r For control of the Citanduy River above its confluence with the Cimun­

tur River, wo alternare possibilities were suggested. 

1-4 



5
 
1. 	 Pasiiangin Dam and re-s12rvoir located just downstream from the town of Tasikmalaya. 

This scheme would include the construction of a, emergency spillway and diversion 

canal to divert exceptional flood flows into the ,-iwulan River for direct disposal into 

tire Indian Ocean. 

Manonjiy and Ciamis Dams and reservoirs. The creation of these two additional 

flood stra.'- rcservoirs would diminish the importance of the Ciwulan diversion. 
2 

measures such as terracing,No structures were proposed for the Cimuntur River but other land and water management 

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

For the control of flooding on the Cijolang River, the construction of lie Matenggeng Dam and reservoir was 

This dam site was especially attractive because of the relatively small amount of cultivated land thatrcommended. 


would be taken out of production.
 

For various reasons, no large dams or reservoirs were considered for control of the Cikawung River. In the first 

is limited by the small size of the river's basin. High land-use in­place, th1r effect on floading in the Citanduy River 

tens;ty and population density are other adverse features that discourage the creation of large storage reservoirs. Below 

there no other suitable locations for the construction oftir confluence of the Citanduy and the Cikawung Rivers, are 

'lood contol dams and reservoirs. In fact, there are no tributaries of any consequence until the Ciseel River joins the 

Citanduy Piver at Tunggilis. 

For the conitro o" flooding on the Ciseel, it was considered that the ideal solution would consist entirely of up­

stream control measures, with no levees on either side of the Ciseel . The principal thought behind this proposal was that 

leves on the Ciseel impede both the natural drainage froma rainfall in the lower Ciseel basin, as well as the runoff of 

Citanduy flood waters when that river overtops or breaks its levees. fhe Binangun site, just upstream from the Gunung 

flood control dam and reservoir. An alternate possibility was thePutr i weir, was selected as the ideal location for a 

Pangasinan structure located below the confluence of the Ciseel and the Cikembana River. This would be a long struc­

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

was the construction of the Cikembang Dam on the river of that name and located just south and east of the town of 

Ciamis. 

This report concluded that upstream flood control alone would be sufficient i" the structures just discussed were to 

be constructed. This would allow the Wanareja swamp to be converted to agricultural lands and the drainage situation 

in the South Lakbok swamp would be improved as well. 

These upstream flood control measures would be further supplemented by river training works on the downstream 

pc.. 1 of the two principal rivers, the Citanduy and the Ciseel. Typical river training measures proposed were: 

11.	 Completion of channe I improvements in progress since 1938. 

2. 	 Plaising, strengthening, and relocating levees. 

3. 	 Clfaring of vegetation between river banks and levee locations. 

3 
4. 	 Contruction of the Cilongkrang diversion structure to divert a maximum of 100 m s
 

from the Citanduy River to the Cibeureum River and on into the Segara Anakan.
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5. Construction of diversion works at Nusawuluh to diveit approximately 200 m ,s to the 
3
Cikuiang Ri,.ei and thence into the Segara Anakan, and 20 m s into the South Lakbok 

area. In both cases, the diversion was riot only to relieve the flood situation, but also 
to form a sedimentation project for the reclamation of the existing low swampy areas. 

Following the compltion of adequate flood control measures, the next step proposed was the development of a sound 

irrigation program for the entire flood plain of the two rivers below Baniar . Thi. amount of additionil irrigatisn supplied 

would depend upon the quantity of water stoied by the proposed flood control reservoirs. In addition to irrigation require­

ments, it was felt that there would be sufficient stored water available to provide: 

I. Flush water foi Baniar tcwnship. 

2. Flushing water for desalinization of the soils in the Cibeureum and lower Ciseel areas. 

3. Imprcved inland water transportation between Kalipucang arid Cilacap. 

4. Water supply for unspecified purposes. 

While not specifically mentioned in the proposed program, it is assumed that adequate drainage would be developed 

concurrently with the irrigation rehabilitation and expansion program. Drainage would also have to form an integral part 

of the land reclarnarion progiam proposed to be undertaken sie 'ltaneously with the irrigation program. 

The form of land reclamation proposed for both th, Segara Anakan and the South Lakbok areas was the accelerated 

reclamation through sedimentation. Thu completion of this phase of development was estimated to iequlre from 28 to 35 

years. 

Hydroelectric power development wa, also included as an integral part of the overall compieliensive development 

scheme. Even though total potential energy production was small, it was still sufficient to be a significant consideration. 

Last, but not least, the Indah Karya report took up the matter of adequnte project management at all levels. Be­

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

hensive direction and management should rest in an Exploitation Authority. To insure effective management, this authority 

should operate under the national government, and not under either of the two provinces concerned. As fast as dictated by 

development needs, this overall Authority should Lie aurjmrnted by such sub-A uthori ties as: 

1 . Flood control authority. 

2. Irrigation authority. 

3. Land reclamation authority. 

4. Electric power authority. 

Following the publication of the comprehensive development program for the Citanduy basin, P. N. Indah Karyn 

undertook an analysis of the influrnce of this developmert on the harbor at C lacap. The results of this study was pub­

lished in July 1970.3 In general, it was concluded that th, work on tihe Citanduy basin and the Segara Anakan recla­

motion would not adversel 1 affect tie channel in Cilacap harbor. 

Late in 1970, Bovay Fngintrs, Inc., a consulting firm with harlquarteis in the U. S.A ., cairiud out a reconnais­

sance feasibility study of water rsniuice- development in t".iorre,,in. Trhe Citanduy River basin was included in the 

projects i(eviewed by Bovay'. The pi cipr l conclusions oxprrs.,rh in lhsh iIport were s,afollows: 
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I. 	 Development of an integrated program involving flood control, irrigation, hydroelectric
 

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 suggested 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 contruction of dams and 
reservoirs. Indications are that alternative sites are avnilable and 
possibly may offer more economical construction advantages when all 
elements of a multi-purpose project are considcered (type of dam, out­
let works, spillway, powerhouse, irrigation structures, et cetera). 

3. 	 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 voluminous report of the results of this study was published in 1971.4 It is interesting to note some 

of the introductory remarks presented in this report: 

"Indeveloping the Citanduy River Basin, Social Overhead Capital projects will have thF priority
 

over Direct Productive Activity projects. Social Overhead Capital can be defined as activities
 

consisting of principal services, of which primary, secondary and tertiary production activities 
can function ...............
 

"The development of the Cita-iduy River Basin by developing water resources ard multipurpose
 

river bas'in planning, can also be included as an SOC 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.
 

3. 	 Services which cannot be imported. 

4. 	 The required investment to provide these services is characterized 
by its indivisible technical and high ratio of output investment." 

The principal conclusions presented in this report were as follows: 

1. Dams on the Citanduy reduce the magnitude and frequ.incy of the Citanduy floods
 
(floods on the Ciseel would still be uncontrolled).
 

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

3. 	 The Citanduy River Basin Project can be accounted for from the economic as well as
 

the social point of view ..... the benefiti'cost ratio is between 1 .9 and 2.2 at an
 
interest rate of 3.25 percent with an estimated life of 50 years.
 

The principal recommend, ions for further design and planning of the Citanduy River basin were: 

1. 	 A special study shculd be carried out to determine construction priorities of the reser­
vo'r in the Citanduy River Basin.
 

2. 	 A comprehensive study should be made for the development of settlement patterns and 

transportation to guarantee optimum social 'economic development in the Citanduy 
Rivef Basin (see also recommendation No. 7). 
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3. 	 A survey of sediment, transportation, and redepc'ition. 

4. 	 A survey for design of technical irrigation. 

5. 	 Hydrological research. 

6. 	 Survey for the designing and planning hydraulic electric power. 

7. 	 A special study is required to determine a time schedule for construction and strategy
 

for the development of the Citanduy River Basin.
 

also preparing a river training program for the Directorate of Riv' -3ndDuring 1970 and 1971, Indah Karya was 

in 1971 .Y This report noted that riverSwamps. A report was issued in two parts; one part in 1970, and the second part 

The conclusioncontrol and training was the first step in an integral flood control program for thL Citanduy River basin. 

use of the proposed Cilongkrang diversion as 
was reached 'hat physical limitations of the Cibeureum River precluded the 

3 /
a significant flood control measure . It was recommended that the capacity of 100 m s formerly proposed be reduced to 

10 m, 
3	 

sand its Mnction be confined to the supply of irrigation water for the Sidareja area. This report also concluded 

that the leve( elevations recommended would not be overtopped except by floods of a 20 year frequency. It felt that this 

sufficient until the flood control structures recommended for the Citanduy and Cijolang Rivers coulddegree of secu, ty was 

be completed some 8 to 10 years in the future. These conclusions were based on the assumption that the Nusawuluh diver­

sion works would be completed with a combined design capacity of 210 m3s. 

The importance of controlling the Ciseel flood waters in the comprehensive flood control scheme for the Citanduy 

River system was early recognized by Indah Karya. In 1971, this organization contracted with the Directorate of Rivers 

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

reservoir. The general conclusions reached were: 

in the area are quite permeable, and additional1 . Many of the geological formatins found 


tests will be required to determine ,what remedial measures would be recommended.
 

dam site is unsuitable as a dam foundation 

and must be removed. 
2. 	 The soft alluvial clay underlying the proposed 

3. 	 Suitable materials for an eattifill dam are readily available at the dam site. 

In 1972, the Directorate General of Water Resources Development issued a technical report on principles of flood 

currtn: control program on the Citanduy River ascontrol in Indonesia. This report, written by Ir. Sarbini, 1 1 ' used the 

program outlined by the Ministry foi the Citanduy included the following steps:an example. The 

1. 	 Iiver training and flood regulation system were considered to be absolutely essential
 

before further development cou ld be feasible.
 

2. 	 The second slcp was the development of irrigation systems to more intensively support
 

agtrcultural development, especially rice cultivation.
 

at Ie Segara Analkan and its environs to make the land available for3. 	 The reclnrmtion 

agricultual purposes.
 

4. 	 The fourth step ws the construction of dams and trservoirs for positive upstream flood
 

control, -or irrigation watei for dry season cropp;ng, and for hydropower purposes.
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in addition to the basir steps isted above, the report also recognized the importance of reforestation in flood 

control in the CiTundy basin. Such steps would be pc;ticularly important in flood control on both trie Cirnuntur and thre 

Cikawung Rivers. Control of the Cijolang would be accomplished by a multi-purpose dam located at Matenggeng, while 

control of the Ciseel would be effected by a dam and reservoir located near Binangun. 

This report estimated that downstream flood control featur,-s recommended for the Citanduy River system would 

give protection aganst a twenty-year flood, and that the subsequtent additrorl Of the upstream contro features would con­

siderably incriease the protection offered. However, this safety factor was for levee overtopping only. It did not con­

sider levee failure. 

Since th, Materrgqeng dam site was given a high priority as a multli-purpose structure, the Irstitute of Hydraulic 

Enaineerino undertook a foundation and soil mechanics investigation of the site in 1971 . In genreral, it was found that 

satisfactory conditions existed For the foundation. However, the abutment materials were found to b quite permeable. 

This would call for some special treatment in the design of the structure. Construction materials were judged to be satis­

factory, although the haul distance mig, h, a disadvantage. Certain precautions were recommended in the use of some 

of the available material. 

In 1972, Indah Karya undertook a further study to determine a priority of construction for the three dams proposed 

for construction on the Citanduy River. Their report was published in December 1972.- Of the three dams proposed in 

the 1969 report (Pasirangin. Monanjaya, and Ciamis] the Pasirangn was eliminated frrm further consideration because of 

the high population concentration and the large amount of productive farm land found within the projected area to be 

flooded by tfe resseivoh. On the basis of other considerations, the Manonjaya proposal was placed ahead of tne orignal 

Ciamis site. 

However, during the course of this investigation, another fcctor was introduced. It was . ound that if the Ciamis 

dam site was moved drwnstream to a point where the Citanduy and the Cikembang Rivers more closely approach one 

another, then tiere existed the possibility of the construction of two dams (one on each of the wo rivers, with the reser­

voirs interconnected by a tunnel system. The flexibility of this possible combination with regard to both flood control 

and irrigation was very attractive and the conclusion was reached that first priority for further study should be allocated 

to the Ciarnis-Cikembang combination. It was also noted that the construction of tire sorage reservoir on the Cikembang, 

in combination with the dam proposed for tire Ciseel River at Binangun, would give even further control of the Ciseel 

flood producing area. 

Bec iuse of tie high priority assigned the Manonjaya site in the previously discuss'-d report, a foundation explora­

9,/
tion and soil mechanics in,estigation was cidertaken in 1973.- It was determined that with certain precautions an ade­

quate dam could b designed for this locaticn. 

In the lath._ ,alf of 1973, Ir. Srjbini prrblished an evaluation of the execution of the Citanduy Project flood 

control and reclamation measures to date.]-'! In general, he concluded that the downstream flood control measures Fad 

been sat factorily impl mented arrd were serving the local community. He also sugges-ted that certain irrigation ard 

drainage improvements could he' undertaken, but that their design must consider the reclamation schedule of the Segara 

Anakan and its environs. Finally, it was recommended that trew de,,elopment o a master plan for the Citanduy Basin 

be unde rtae rr along with furthrer investigative efforts on certain specific aspects of thre developmental program adopted 

to date. 
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It is worthy of note that govtrnmental agencies othei than the Directorate General of Water Resources Dev' lop­

ennt are also int,.rested in the d&eilonmen plans for the Citanduy basin. In 1969, I. Soerjono of the Directorate Gen­
3 ' 

report on the flood problem of the Citanduy River system.­
eral of Forestry of the Minishy of Agriculture published a 

In general, this repo t agreed with th? proposed flood control plan of the Directorate General of Water Resources Devel­

opment. However, the r port also introduced the conceot of relocatior of the estuary of the Citanduy River so that it 

Indian 	Ocean. The Consultant has i.ncluderd this concept as a part of the activities in­would discharge directly into th, 


cluded in the reclamation of the Segara Analan rather than as a flood control measure.
 

The Vest Java Forestry Planning Brigade also contributed to the accumulating knowledge concerning tIhe Citanduy 

' 
,ivor basin, Their paper on farestry conditions in the basin was published in March 1974,12 The general conclusion on 

flood control was that a successful reforestation program on the upper watershed areas of the Citanduy River would accom­

plish a reduction in tihe sediment arriving at thie potential reservoir sites of some 3.250 tons per year. 

The Faculty of th Civil Trchnical Institute, U.G.M., Yogyakarta also participated in this program by conduct­

ing sevral model tests on tire NUsawuluh structure . Their conclusions and recommendations are presented in three separate 

publicatons._2 0 21 22 

The reports prepared previously by other consultants and technicians are listed on the following pages. These 

reports contain much useful data and infoirmation. All available studies and reports concerning the development of the 

lower Citanduy 'Cseel PLirer system have been carefully considered. The entire range of alternatives suggested in pre­

vious investigations, as w-ll as th indicated desires and preferences of the client have been given further study. The 

details of the schrt 4 ttr nired to ho tire mest feasible are contained in subsequent sections of this repori, along with 

th, tochnical evaluat olrs ar;d ernomic, social, and environmental implications of the project. 

List of Previous Reports Studied 

D,v I: A r aqr.-mmr for the Citanduy River Basin (including) Segara Anakan and Its Surrounding 

1r!r, P, ri. Indah 1fciyn, 1st Edition, 1969, 2nd Edition, October 1972. 

fF , rlr; '.'otfarwr Plan for the Western Part of Java, Prof. Dr. Ir. W. J. van Blommenstein, 

Dec, mbr 1948. 

3. 	 The Influnce of the Development in the Citanduy Watershed, Segara Anakan, and Surroundings 

toi-rn Cilacap Harhrr, P. N. Indah Karya, July 1970. 

4. 	 Reconnaissance Report for the Develotpment of Citanduy River Basin arn Segara Anakan and Sur­
roundings, P. N. Indah Karya, 1971. 

5. 	 Notes of Explanations and Calculations River Training from Railway Bridge 1452 as Far as tie 

Cise-l ?'-a-nduy--C-onflue nce,- P.N.-nia--rya,--971. 

6. 	 D sign Anr'ysis for Nusawului Floodway, P. N. Indalr Karya, 1971. 

7. 	 Explanatory Notes on Differential Leveling Second 0 der Precision (Spirit Level) and the Installa­

tion of the-Citandry Bnchl"Maks, Based-on tie-Cilacap Mean Sea Level Datnum, N. V. Pancha 

Bawana, 1972. 

8. 	 Cilanry Project, _fhrel! Reservoir Damsites in thre Citanduy Rive, P. N. Indah Karya, December, 1972. 

9. 	 R.rport on tl,.K: Soil Mecharics Investigation for the D,,sgn of Ciahong Reservoir Dam, Manonjaya-

Fastefrn Pi iangon , Institute of Hydraulic Engineering, April-1973. 
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10. 	 A Survey on the Geology and Soil Mechanics of the Gunung Putri Area of the Citanduy Project, 
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CHAPTER II
 

GENERAL DESCRIPTION
 

Physical
 

Geography 

The Citanduy Prnject 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 7000 ' and 7040 ' south latitude and 108015 (west of the town of 

Tasikmalaya) and f"015 ' 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 by the Citarum River basin; and on the south and 

west by the Indian Ocean, the Ciwilas River basin, and several small river basins all discharging into tie Indian Ocean 

(See Plate 1-1 and Plate 11-2). 

By the contract, neither Nusa Kambangan nor Cilacap were included within the project area. However, subse­

quent studies indicated that both areas had to be considered to a certain degree. Nusa Kambangan cannot be ignored 

because the swampy areas on its noith coast must logically be included in the proposed reclamation plan, while at least 

two quaty '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 ror the proposed reclamation project, and, should the reclamation scheme 

become a reality, adequate measures must be taken to avoid any possible undesirable silting effects on Ci lacap harbor. 

As indicated on Plate 11-2 and Plate 11-3, the Citanduy Project area is composed of two distinct and easily identi­

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

1.	 The Citanduy 'Ciseel Rive! system 350, 000 ha 

2. 	 The Segara Anakan and its tributaries 96, 000 ha
 
other than the Citanduy River system
 

Total Citanduy Project area 	 446, 000 ho 

The Citanduy 'Ciseel River System, as shown on Plate 11-4, 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

kan or into the Indian Ocean through the strait between Nusa Kambangan and the mainland, depending upon the pre­

vailing tidal flow. The topography of the area enccmpassed 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 plain. For the Citanduy River and all its principal tributaries except the Ciseel River, tileline of 

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

respective areas of the two subdivisions are: 
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1. 	 Citanduy Ciseel Upper Watershed System 290, 000 ha 

2. 	 Citanduy 'Ciseel Lower System 60,000 ha 

Citanduy 'Cis,_eI River System 	 350,000 ha 

The Segarn Anakan and its ttibu;arres (other than the Citanduy/Ciseel River System), as shown on Plate 11-2, 

extends from the S;dareja Lowlands and the origin of the Cikujang River in the west to the headwaters of the Je!uklJ-l 

River in the east, and from the headwaters of the Cihau River in the north to Nusa Kambangan in the south. Again, the 

-topography and the physiogra-hic nharacteristics of the 96,000 ha encompa!.ed by the area simplify further subdivision 

The Segara Anakan and its envisions and the Sidareja East and North area. This delineation is shown on Plate 11-2, and 

the respective areas are: 

1 .	 The Segara Anakan and its environs 32,500 Ira 

2. 	 The Sidareja East and North area 63,500 ha 

The total Segara Anakoan area 	 96,000 ha 

Each of these four areas, while they constitute separate and aoparently independent units, are actually quite 

interdependent. Tis is not meant to imply that development programs cannot be staged independently for each area, but 

it can be said that their mutual int,.rrelationships are such that any developmental effort expended on one is certain o 

oroduce secondary effects in one or more of the others. Furthermore, in subsequent portions of this report, it will be 

:hown that a certain amount of overlap cannot be avoided in the formulation of subprojects. Fn. lnst7';n- , Plate 11-5 

indicates that for subproject operation purposes the area of the water management scheme proposed for the Lower Citanduy / 

Ciseel system also includes the Matenggeng Dam and its reservoir, which is located some 11 to 12 km north of the conflu­

ence of the Cijolang River end the Citanduy River. Furthermore, the Sidareja area, which is the nothwest tip of the 

Segaro Anakan subproject area, is also included within the Lower Citanduy /Ciseel subpr,3ject area. Finally, some 20,500 

ha along the upper side of the Segara Anakan subproject area arrr common to both this subproject area and the Sidareja 

Enst and Nrth area. 

Physiography 

is dominated by three promirent featuresFrom the physiographic point of view, the Citanduy Basin froject area 

as shown on Plate 11-3. These are: 

1. 	 Volcano Sawal with 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 sea -level discharge into the
 

Indian Ocean. From Baniar to the sea the river broadens into the broad Citanduy Valley, 

which includes Segara Anakan in its lower reaches. 

3. 	 The Segara Anakan, a brackish water lagoon which forms the lower end of the Citandry 

Valley and which, except for two r.crrow straits at the east and the west, is baockled off 
from the Indian Ocean by Nusa Kambangan. 
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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 

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

Plate 11-3, the drainage pattern is quite symmetrical in this area. This upper reach of the river has a total length of some 

20km from its origin toa point west of Tasikmalaya. In this length, the river drops some 1,371 m from its origin to an 

elevation of about 350 m. 

The drainage pattern in the upper reach of the river is incised in residual soils formed from weathered Quarternary 

volcanic material and Tertiary basalt and andesites, Volcanic ash and debris are mixed with the soils. At higher eleva­

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

cal clay soils in the Citanduy River basin have been described by Wesley. 1 / Because of these relatively deep and 

steeply sloping channels, the annual rainfall of some 4,200 mm (two-'hirds of which is considered to be surface runoff) 

;s 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 va;ying 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 mat Banjar. In some parts the river meanders in its own alluvium. 

in which case the average slope is lower, being about 2.5 m 'km. A short distance above Banjar the Citanduy River is 

joined 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. 

l'he dense drainage patterns, other than the symmeirical dra*nage 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 section. On the north­

ern boundary of the basin the hills are the surface expression of an east-west trending anti-clinorium. Below 1,000 m 

elevation the !oils are latosols; above 1,000 mandasols are found. The major tributaries along the northern boundary 

of the basin ar2 t'ie Cimuntur, the Cijolang, and the Cikawung River. 

On the southern boundary of the drainage basin, thle most northern slopes of the Southern Mountains drain ;nto 

the Ciseel Piver. 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 region between the northern and southern 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 

River confluence. V'ithin the canyon ieach, the Citanduy River is deeply incised in volcanic rocks and has a slope of 

approximately 8 m'km. 

In many case.-, in this area, small tributary channels have been obliterated by agricultural practices. In this land­

hungry basin, Farmers transform small tributary channels into a series of cascading rice paddies. The slopes flanking the 

flihutary are also terrac d so that the basin be!comes- a guiltwvork of paddies with only a very small drainage channel along­

id( 	 tire Daddies. In tHie absenc: of extiemr' rainfall, trhis type of transfo,,ned drainage basin functions very well in that 

the 	rl as,! of flood waters is well cantoll'd. 

1 	 Sor Brsic Engineering Prooeriies of Halloysite and Allophane Clays in Java, Indonesia, L. D. ''/esley, Lyon and
 
A socictes.
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two additional tributaries, the Cijolang River and the
Below the town of Bnjar,the Citanduy River is joined by 

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

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

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

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

elevation of 15 m at Banjar to sea level at the
reach of the Citanduy River, a stretch of about 91 km which drops from an 

Indian Ocean. Table I1-1 lists some important guideposts along this reach of the river and the respective channel 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 No. 2 dam site) to its confluence with the Citanduy Ri- er. 

Table I1-1 

Channel and Flood Plain Widths 

... Length of Bankful Width of 
Reach Reach the River Channel 

minkm 2in 

Citanduy River from Banjar Dam site (km 90.5) to 
14.5 75the confluence, with the Cijolang River ( km 76.0) 


Citanduy River from the confIren ce with the
 

Cijolang River (kn 76.0) to Bidgle 1452 (km 52.3) 23.7 80
 

Citanduy Rivet from Bridge 1452 (km 52.3) to the
 
16.3 80proposed cross connction (km 36. Or 


Citanduy River from the proposud cross connection
 
13.5 80(km 36.0) to the Nusawuluh %Veir(km 22.51 


Citanduy River from Nusawuluh V/oi( km 22.5) to
 
8.0 85the confluence with the Ciseel Riv[e (km 14.5) 

Ciser I River from Binangun No, 2 Dam srte (km
 

39.0) to the proposed cross cornection (km 18.0) 21.0 40
 

CiseccI P ver from the p-oposed cross connection
 

(km 18.0) to the corrfluence with the Citanduy
 
18.0 40River 1 km 0.0) 

Citanduy iver from the confluence with the
 

Cisel I i,,er ik m 14.5) to the Segara Anakan
 
14.5 8:'km 0.0) 

its flood plain urrti! it reaches the
Upon ':maiina f m the .'nnr, ja swamp, the Citanduy River meanders through 

s.a . Ik, lood plrin is cornposrd of sodimentomy deposits built up from sediment brought down from the upper reaches of 

flood plain is typical of such formations; i.e., it is in the
th,, tiv i. Th irm of t , crao.,s -ctior of the ,vr and its 


the river sloping away from it instead of toward it. This format ion

foarn of C flattenrd 'trt ',l the areas adjacent to 

trnds to crtat,r rtrrar flordwrrys prrr lI to th, arirm river course. The Ciseel Piver has followed the same paltern after 

iver. Bedslopes of both
,n;,vrgir.g onto h floodplains: i., ., it has nearndrred in its course faralle , to the Citanduy 

r'v' ar- about 0.2 r )-r on t plainw. NJither rlivr hs the flow carrying capacity in the lover reaches that it as ir 

th,, middli! ond upcptprena 5. 
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rft -if T c 'rr it I - %''i- ' if'.-! if-', I I-, 

or or to ari. ,i-' lop r , tit , i- riritita stora ,': If local 

In.-[ I I I!,-v' a f o i'. r on ii nO ' If 

orito t - loIo'-' i, i s of t' flood pilirI. I t '' pa-'t,5,oreadiag out 

ti, 0o r l,'s of tit,- 1)uu ca iiy ln ic pt--I flow', ht air car ri v itrs on ti'' rlltuvnI p Ir a iItv- d '<tim rIa r i of f 

l y at allI on the, ,iqIit hars of ttIit txt ern,' Iow. ,,i iac I',- of t),-Citandti it 't, higlI ri a -Ili fie.t-hsryrItrofs, rnco - if any 

rca at c6, to rh ' :c,r clusion that tIf' i .,irs,,'Idomv,,I airing vi,' t , abs- nc'- of arti' ',igr+,s of r .liOtiflooding it) this 


jotr n, 1y t OL t 1F0
floods ftin-i be,cause ti h ats consis tnt Iy ov,'cornt m ari',s t'orts to ror) n,- ;t i t)aI nk duti 1), it 

flood plain. 

The Ciseel Pivtr join the Citanduy iv,-r near the town of runggilis, which is about 14 ,ni above tre mouth of thn 

pli-icipal river. V/ile the Cisefl Pi,,-r is fairly small in compr ison withr the Citanduy Pivei, if th flood crests arrive 

simu1 taneously at thi, conflui'nce,f tre r-sultant backwater o/ both rivlrs is further induc-'ment for both of them to spread 

out ovei, Ir flood plain as juist desc,ibed. 

Citanduy River in his attempts to bring it under control.It is inteir'stinF to not- viai mrn las done to dat or), the 

Prior to 1931, thi' riach or tip' Citandu'! Pivir bt,.w,'en raiload bridge 1452 and its confluence, with tlit Cis,-,I l iver cad 

a meander lienrli of 51 [m. TIhi ,:all,'y I-tifth hotv,,en the. sa, tv.'o locations ik 3?2 m, which gives a 1931 sinuosity of 

1.6. Our studies icdicate that in thiisscrme rench of the river ;t is pos.iblrh to id-atify 13 rnatriul cutoff:, that .,r, plobobly 

mrid, by th- ri,,- its,.f. li t, rtier,-tptcl or iy-i , 13 marl-mad' cortrJict,'d afti 1935. On tie 1971rl cutoffs, wi.' 

anfial photograph's of ti, a-ni, it . nosi , to Incit, 2e, o ko'.' l , trmnants, vwricI, tanr', to confirm this Iiistorical 

p-cord. From 1°48 until the disastrous floor or 19681, t i. is roo tcord of any additionrF rivet ttrinirF; measures being 

rescrib-Id raclr of thf. Citonduy Riverur.at-tal.or. IFow,v-r, ti,.d 'of ia'- ri-cdit'd tF- '.inousity of th, previously 

1971. n,' subruch of tlis s,ction of thrr rivet is now straiqit for a distance, of 10 kim.from 1.6 to 1.2 in 

In most ca'vcs, t i, -'spor' of an rir which is -hoit-eit so s''wI,' isf riasti;C i'rsponse of te Citanduy 

.iv.i has been difierent in that t -- ri- has bear no significant response to a nearly 30-piict itci,,as,' it, river slope for 

us'°,tion. A study of the 1935 an(d 1968 sjiv,-y' maps asw-l as the. 1971 aerial photographs indicatesth, teach of rive in 

that the banklin -s of rnandri" not cut off by dev''lopor' 'ts cry,+ t,.mai,''t an i n-cIy urnst:eam and downstream:dc cutoffs. 

The iank lines of cutoff inc--s 'rrv- rotainesd thwh orinirnal rtrcrl-nfrydr: straight foim. 

In tre 32 -rn i-nc-, of t- C itoadn, -Iivi h',e''tr Barnirt, atrlnaihoud bridgI,' 1452 only one cutoff has br-en 

nttmpteJ . This man-marl,' cutoff c'clinr,-l did not d,-v,'lop into ftr mrin chant' I. Instrad, th, ri'ver finally formed its 

own naturial cutoff crt rrnnti: lorcation on th,, coo',,'rsc,'- hnd. Today, tie',ris flow thIroUal tHie small man-made- cutoff 

c- anl a'swell as"flow throqsr i,' atial cl'cnrl-, -t an islcrrd l tw','rn the two. 

fh ar,1' no iication, of rt ',' att''rnpts to alt-i t,, coins' of the Cis''l liver or to introduc, any other Find of 

i i training measur,,s. llov.','''ir, tite naturl flow pattin of tlis i'''i has br-n altr'id by such M".aI'trs as divcrting 

point wI-r.ifr:- frm r 'm-' ri's , onto fr flond plain and the diver'sion of theth, Cilkcrso i:'iv,,i into ti C s--i Li,' ,, at thr, 

drain into the1 Cis,','l - i 'I. llovev i r, tin' p -int ',ituati'i of pmmlilll riv,,t',, parcall,,l drains, and pyralhdlCilisnin 

,vy,-s, hot i tutril arad nrr-ran'', c+cat, (Ir-a nigriat drri ' ,i a'rang''rn,'nt that Unctions V' ['/ itrlad ,jatc',ly, 

if at all, 

' 
Afte-r passinq tliroual tp, flood plain, tir, Citand'nry Liv' finally ftiminates into a iryarow strait whichi erporotrs 

[lusa Kambalan from th" mainland. Tire river moFth is unobstiUctel hy sedim,nt deposits hecaus, of this narow strait 
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which is capable of carrying the sediment either inlo the Segara Anakan , or into the Indian Ocean, depending 

on the pervailing tide. 

Tihe Segara Anakan. The name "Segara" indicates that this once was an inland sea protected from the Indian 

Ocean by Nusa Kambangan. The rigin of this inlard sea has not been completely established to the satisfaction of all 

concerned. One tht ory is that the entire area underwent a subsidence so that it served as a reservoir for the Citanduy 

River, the Cibeureum livei, the Cihaur River, the Cikande or Jagadenda River, and other tributaries to the area. Th7 

other theory, and probably the most logical, is that the present level of Segara Anakan is the result of the woridwide 

i isc in sea level that occurred following the close of the last glacial age. 

In any event, at that time the Citanduy Vclley became an area of progressive sedimentation s arting at the upper 

reaches at tie head of a long inlet foimed 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 

way by the ebb tides, and the water area has gradually been redirced to its present size. Ultimately, this alluviation 

would culminate with the filling of tie viteis of the Segara Anakan by the several rivers that carry their sediment loads 

into the lagoon. 

During the period 1924 to 1970, map and photographic evidence indicates that the encroachment into the water 

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

area was redL'ced by some 1,800 ha. About half of this land growth took place on the eastern side. 

From an examination of Plate 11-6, it can be seen that the Seaara Anakan is not a deep lagoon. The 0.00 con­

tour shown on the plate is LV'S (Low Water Spring), or low va ter level tide at waxing moon. This is the equivalent to 

-1.10 MSL. Thus tie deptir of water in the lagoon varies from 0.20 m to 2.6 m below MSr.. Of course, there are cer­

tain well-defined channels which cross the are arid are used fcr inland transportalion routes by small boats at the present 

ti e . 

Surrounding the brackish water lagoon is a tidal mangrove forest. TI.- total area of the Segara Anakan and its 

environs is: 

1. The Segara Analkan lagoon, plus slougirs and
 
estuaries 8, 150 ha
 

2. 	 The tidal swamps and faests surrounding the
 

Segara Anakarn 24,350 ha
 

Toti! area Segara Anakan arid environs 	 32, 500 Ira 

The detai Is are shown in Tahl- 11-2. 

This brackish water lagoon has two openings to the Indian Ocean t hrrough which it is subject to tidal act ion by 

this sea. Onf opening is a long narrow opening on the east and the other is located at the southwest corner of the lagoon. 

Th, latter is probably tier morr important as it is both shorter and irv an the easterroi channel and carie.s a much great­

er proportion of the tidal runs tirat affect tir lagoon. 
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Table 11-2 

Areas of Tidal Swamp and Associated Saline Areas, Segara Anakan and Environs 

Landscape Areas (hectare)
 
Tidal Svamp Cultivated Cultivated
 

Tidal Swamp (Formerly Tidal Formerly Formerly Totals 
Zones (Mangiove' Cultivated) Marsh Tidal Swamp Tidal Marsh 

TS(C) CTS CTM 

%Vest Citanduy i19 ..--- 122 --- 241 

Citanduy-Cibeureum 1,928 558 --- 2,658 823 5,967 

Cibeureum-Jagadenda 1,882 294 --- 1,468 721 4,365 
Jagadenida-Lijungalong 4, 128 11 206 510 1,774 6,629 
Ujungalong-Sapureg, 1 2,962 --- --- 2,962 
Sopurege I-Donan 1,564 --- --- 34 41 1,639 

East Donan 844 ..--- 39 41 924 

Nusa Kambangan 1,737 --- --- --- 114 1,851 
Islands in Segura Anakon 390 ---. 390--- ....
 

Toiuis 15 D 863 206 4,831 3,514 24,968 

° Figure :fclude minor waterways, as total reclamation land area is 24,350 ha. 

Geology 

The grrology of Ie Citanduy Basin includes parts of two of the major structural units of Java, the Bandung Zone 

and thre southern Mo,ntc iris. These two units, although once part of the same geanticline, differ considerably with re­

spct to land forms, rock -ypos, and stucture. Their historical development too has been more zomplementary than 

sirilir, with clil,lr:vl y short periods during which lhe two zones acted as a unit. A generalized geologic mop of 

th,,basin is shown on Plate 11-7. 

Geomori-holory. The most important geologic fature of the Citanduy Basin is the Citanduy valley which aver­

r 
ages about 12 km ii ,vidth ond has on ovefrall lengih o some 50 km, inc luding Segaro A nakan . There is another flat, 

rountain-nii ed val'< spaning an area of about 15 by " km, which is drained by the Cikawung R iver, a tributary of 

th,,Citanduy hiv'i . Tits ftibutary v lley is the result of ai structuial bifurcation of the Bandung Zone and is ,he link 

of th, Solo Ion,,, the ,,astsrd continuation of this downdiopped ciest of the Java Geanticlne. 

ioughr, of tw, B rUdun" -one 'orttlrastvard of Baniar is fLdl of volcanic delbris that has erigulfed the former 

Cit 'e the forme r undulationsvOll. floor of the ndu"y Fi,, aind its tibutaris. These lov dipping deposits virtually leveled 

ot the land surfac wltO the dpositki,, of moe than 100 m of volcanic bieccia, tuff, and sand. ile form and relief of 

tod a
pi,r ,positioal I a a, .nkno ,n, b t tli,reli, .,s probably riot as gwiat as that of . The source of the 

5
i.i a rni5 'DlcarsiS !isks w s-'.!cirzar'o S,.ll ,A short dktanc,- b( lcvw its confluence witl thil CimUntijr iver, the 

n r-rl , rea. swt rl tiLaa nicrcs arid!r.rsrcresnd into the broad Banjar Plain, til!uppel end of 

t i r di r , iJ.ll",. 

i.< lr j. 'Pi l ,1a. fhv li' ,] int,>r upt1 dii h ills e u s, ita tif, of th oldor rocks tait under­, cI rI'-ri'r I" oc i .Iv , 


1rv , ' . 'w il ' 11si"l,'l, !m ot', ard Lal I 1I rueidid nrnd ir. composed of volcann; L.ilccia, or 

,ir,.'n n',, roi'' ci 'Lan.i, l'ills or, controlled, prortions of relativ-ly 

vineJ 

t'I f't!,r,; stir thla1 moStly crn'stal 

,n! ,' lrrfsai 's, t-'.' rav h c; i)rdl,''did to 1we r ,Lorial ie'inrrnt , 
of ite nlrer Citaiiduy Vnalley'ystrface. Poc i:of 

ii -; 
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these types also under lie much of thr,watersheds of the Ciseel, C ijolang, and Ckawung Rivers. [and forms in these 

watersheds are tsually s;mph, small scale ridges and valleys within the se-dimentary teiiains or rounded hills in 0, 

volcankts. 

At the southern end of te Citarduy Vall,-y, an island, I Jusa Kambangan, is ':parated fiom the coast line by a 

series of narrow vYatcrways and Segara Anakan. The Segara Anakan is the southern end of a branch of the trough of th. 

Bandung Zoi ' and has been downdropped along the faLrIt or flexture that sep,'ats t from Nusa 1amba ngan. Despite the 

structural subsidence Pli It,,., *e erfg of the lagoon is probably the result of post-glacaldunirny - ':f, rt ubrj nce 

eustatic rise of sea level. 

To tire east of the Citandu, .i-j i.r'' a. :r 1,0rrrrr of inlatively small rw;vs trot eat:r the Segara Anakan dlirectly. 

The area from which these iivets flow is a plain similar to that of the Citanduy Rivei except trat there are a number of areas, 

apparently n:arly suirir..dd by natural levees, that lie at a lower level than their suroundings. These areas ae s;.k ect to 

floods of some duration brcase of the difficulty of tihrflond flows draining from tie irundated areas, 

Ceologic Units. Mos1 oF the geologic units it) tlie bai, are composed of volcanic material, whetihr as thr direct 

rsult or volcanic activity, as units that comprise eroded arid irdeposited volcanic sedimnts, or as weatherd volcanic 

products. Tie ree'.'f mrrire .dmrrts th,, part are thelim.tonr, ciaI tre rT irl south and soutirwestern of the basin essrntially 

only non-volcanic rocks p.rar. 

sferi,s ly 

rcias. Occur :r/c s of ti.e ree4 deposits ar seomIowhat spotty hut tticy do follow particular iizons and the location 

of ot crop is generclly nrat difficrrlt. Tie.' volcanic breccias seem to be more widespread than the carbonate rocks and 

fr,,flr: a,,lluur i Thre and mudstones, form 

Ti,, I im'ston, is of Miocean. ar nd is associated with a of ofte n mar maiine sediments arrd volcanic 

y I unassocint e 'd;tthc. limestones mairi: sandstorwas however, the bulk o' 

tine. rocks,jf/ocene 

Most of tke Plioc1rrr rocl- appear to he marine siltstones and finf-grained sandstones. Lucally a basal conylom­

.tiate is also presrtnt, firse rocds air: Iihr' the Miocene foirrations, locally closely folded arad somrwha'!faulted. Thlre 

a: . a'.o fairl Iylarg: accumultions of P iocUe volcanic rocks, mostly breccia, tuff, and tuff-breccia. 

volcanic brrccias with relatively minor amounts of tuff-breccia and tuffaceous sand­

storrthat wer ,rivcsJ from M,'rir hv. fliese rocks ore found in the nortrwest-rn part of the basin; their extent for 

Sawal toward the sortirest, int;,.(;i,rtian of Bcntcr, is about 30 kilometers. There are also QuateLrInary river deposits, 

allurirl tenracs, arnd tHIe alluvial .. irins of 1;w Citanduy . iver itself. 

The uraternary rocl , irye ! I 

Historical arid tucrtea C>,1ology. Ihi,structural 'gologyof Indonesia is probably the most cornplex of any 

r.garn o' cam!arabhMV iz, in trr. woId. Tre archipelago forms ti,lorder area bet-een the rontirental siields of SoLth­

r t sin annf t
rr 'irrlia at its inctur' s-ith, tire deep sea asins of th rrsteirn Pacific and th, [ast,.in Indian ('ceans. 

i'l,tv; rlrr or I,''stable prais aaf i'rS archipelago are til,' Suerda Shlf, w ,rich eXtends sortrrastni I,' from th, ,strrrr 

pfr to t rl. lay Pir;ns-a and ti adjacent South China S ,a, and thek Saul _-relf, w hicr roiders Australia on thre lortr. 

fur ',:,tn _inrrr of i anri, larit port in fact, is mobil' rrnd tirr earth movemrts v.,ric: began irr the region durinr 

FrIiassic tim, ,IV, cointiIu d ti ouc a to tie prest.nt. Tie geologic history of tire rerirn s- aced in great :etail iiiVan 

Bamme err's clrssic, ",1,Ceology of Irdorrrsia ', and the srurnrIry presanted hereirn is kw-en entirely fror this source. 

II - , 
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TI.' mqU,'-rO verts t O., :n.,d Catectr Java, u,egan in eay Tera time, although the sumr thahogat 

fnilo,, I,.erins dufriina s, middle ~alft 01 Viat :Diod. 

Java is structurally Jorninatd b, a learticl in the south and a geosyncline, lying to its north). These gross 

structurts ut. furtihi sondivid-kd. TV' geaeticlirr, which contcins ti-e entie Citanduy Basin, comprises the Bandung 

. )on,t'. 'outrrrr Mouritains, vich border tie Indian Ocean. in general, the Bandung -one is an north end tkil 
floocSr i foimd by Ike col l of t, cwstal portion of III geanticline, while the Southern Mountains, the southern limb 

of gearti clin., have b-een subjecftd io uplift as rec:ntly as Pleistocene time . The Bandung Zone is an area of Oua­

yrearvolcanism, wvI/i i] thel oatr'r.rn Mountains, 'fl-reas ben essentially no volcanic activity since Pliocene 

tir,, at I4nst in t,h, Cl' a rcliacenrt to the Citanduv Vallev. 

TV,' sequreIce of teoIogic <y,,,i; rrcorded in th-t iocs of tl)e Citanduy Basin stji ts with the subsidence below sea 

,,v.,I of tlie Slon.-,olcanlic noanticlien that hrid be.en formed during the OlIagoceie. Volcanic activity began at this 

trw' )lf', b,', or reor libly, coetnporaneously with, the developn-ent of reefs and tie deposition of marine sedli­

wr.,,r', r':, , thriocorr rrpo its vwi, t1men arch,d up in another geaanticlinal structure toward the end of the Miocene, 

nid pra t" of it,, ci rI arid no V * n limit subsi&d to form thOe hough of tir, Bandurng Zone . The break between the 

rise that follow.s tire north coast of Nusa Kanhangaripra io i, tvountaim'. and t' meBrrrdUnr; .- Orr, is a pronrinent scarp-Iike 

nl 'f k rn un ianrs to ffr sor, srt of thie Citardu' Valle , The(,hills, such as Gunung Sangkur and I abanaran, which 

.t 1 
i olad in , Cirrdev Viale'i ahy "ubsidlarv antilinal str'cturs which developed on thre limbs of the geanli­

i I comprssivr s tir,, upl in the Bandungclilo ,.,)m ,. iolc: at tht, of anoihl t during the Pleistocene. Furtrer subsidence 

nower Iovitdcrid Sa ril ','olcro developer1 and fil led the epp'r ,_nd of tire valley with volcanic debris. Sawal is 

','ismricitl/. A irouar Itorio sia is ilsmically vel/ active, destutictive' cartiquakes have not been common over 

th, , ,,ar!. t ,url, 'aft J n s oc:UI rvery y'e, but most rave, thi1 epicenters in the adjacent seas and the remainder 

(I rkffhibut r a vwi/ rara so tirat earthquake fgje'rc oat a specific place is relatively low. 

orlava inri, rl , has moi eauet and more int'~e'r, ear thqakes than North Java, but the destructive 

Ch 0r,1 proba!I ,i rmiil hcausrk of 11 -t types of neoloair. irmati',n tha' underlie the two regions. North Java com­

i v mostly older, indurated rocks,aisan raltar is Irq,.lry ord)r lnie by young alluvial deposits, ile the south is moife 

Two r:cada ,rogori,.-, of r.,artiquakes can be defined on tir basis or cause, Tire first are related to volcanic activ­

i,'r are 'itrI l t1" sIul of !rapid shbsid,.ncrt of the ground due to Ihe withdrawa I of magmatic material from be nea th 

a etror y vaoccan . ld ty.pr', v/ 'i are normally oa grrater intostity ond affect a rauch broader area, are tec­

!ori;ic "tart rpthua s w1i ch ar" a.it I bh sIhifts which occur duiing tire isostatic readjustment of large blocks within the 

art1'r c i i t/pr or 'ra thn aV, uri,rnl 1rs a f'ar qratr dstructivr potential than the shallow-seated, volcanic 

f 'trir l , 

, 
, r rrr 'v/,ir-, ) '' p' ct'd art,.hIra hors causerd b) rrarfhrrakes is available. The map shows-'..' 

li,n,. o r dI sr'i m c ir ': hrtor, am n !tractiorel xart of graviy,. On this map. tr Citanduy 1Liver basin is portrayed 

v] I'rir,' almost r r , ,tv..,r th,' 0.1 arnd Oj.0 isosisms, witi th,, higr.r value' lin,'!ncompassing the Segara Anakan. 

.
otr:r' rlxjr in I p i:! tier, iiri i i falt most of thin ',a, thnrrr'kr' of rf,cord raywn b,r!n of tse shallow focus type, and
 

thr:t 1, inordudr1e s -co I ie iofroriIII(, srea heve beer -); crinirtensity grealer thar 6.75 or tihe modified Mercalli scale
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Soils 

U;pper %'W'atersheds. A gen, ialknowledge of tie soils of the uptoer watershreds of thie Citanduy Ciseel iLiver systern 

is desirabIc in rder to better understand Hie coileloted phenomena of erosion and runoff in the upper .vatersheds and sedli­

mentation in ti,lower ,wraches o& the systerr. According to the broad soil map o, Java,? the following gen'ral soil 

groups ore found in the upper Citondu Ciseel River watersheds: 

I. Organic Soils 
2. flydromorphic A luvial !Soils 

3. Alluvial Sails 
4. Logosols 

5. Litiosols 
6. l rdosols 

7. Brown Latosolic Soils 
8. 1,eddish-Brown Lrrosolic S-oiis 
9. id-Yello, Podzoi i Soil 

10. Yellow Podzolic Soils 

11. Grumosols 
12. Mediterranea n Soils 

Thet "oils to th'. east of Vclcano Sawal at lower eievations a e Lrddish-Biowr Latosolic Soils. These are thi soil, 

t'lot or., giving tIIe r'dd;sh color to th, ,iiiand stram sediments. They have folrl.] in qighllv Veothered volcanic matte­

rial, the wteatirring bhiq to dkpths of more than 10 rnietts in Places. 

At orot ly high elevations, Bro'.!n Latosol in Soils ar found and at elovations of 1,000 riters or more, darker 

-I, orerrusurally found. soils of irgie r elevatiors in 

. a a than the typical reddish color of the Cijolang and Ciuntur 

or maroe yelowislh-colored Andosols, Regoso and Liliosos These r(esult 

str.am sedime:nts hrving yellowish-gray color rather 

ive s. Tre headwaters of tire Citanduy fiver have their orhrn on the slopes where thfes, rigther elevation soils ao found. 

It appears that altitude ray be the main dr'termininrt, factor in tihe difference in soil color . Also, Ire hirihirr soils 

my riemain wi"longer, with very little drying out, whichilkely is a factor that results in the formation of the more 

rp.ddisl-cr ,red soils of lower elevations. However, length of inn of weather ing may also re a facior, Iire more reddishr 

soils b,:ing formed n older volcanic matrial than the bowner c, mo: yllowistr soils. 

It should also h..mentioned that the Andosols in the hirher elevations rsraoct. aistically have surface soils that 

or,,fairly righ in organic matt,r. Also, in places thiere is evidence of priodic volcanic drposits, with weat her ing and 

soil formation between per iods of deposition . lhe esult is a sequence of butied land surfaces, a 1atho charoct- ristic 

phnomenon in areas of recent volcanic activity. Volcano Sowal showed tHat ther have apparently been sewtcral show­

ofr ash with weatheiring in betwueen layer and dark gray organic soils, which wouldin alternate of orgainc yelow ,oi! 

indicate old buried land surface, a rather chairacteri-tic phenomenon. 

The othrer soils of' the uplandarea%,r egosols, Lit,-sols, Led-Yellow Pod:rolic Soils and Grummsols, are fround 

throughoutt r hilly arrd mountainous areas of ti, Citnrlduy ha,in. The Alluvial Soi Is artefound principally orn the flood 

plain of tii Citanduy 'Ci st r . I Liver systrm, althougjl scattered areas ar found along shcamways in th, hilly ar,as. 

.2' Prtr Tanah lindiarr Propirsis Djawa 3aot dan lr[Oi, Lemboga Penrlitian Tanah, 1966, scale ':250,000. 
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Physical Properties. All of the principal soils encountered in the upper watershed area of the Citanduy 'Ciseel 

River system have been classified according to their erodability. 3i / The following staternnts concerning erosion are 

based mainly on such groupings: 

Andosols - Sometimes called Humid Mountain Soil or Highland Mountain Soil. They are
 
moderately sensitive to gully-type erosion, but are highly permeable.
 

Reddish-Brown Latosolic Soils (also known as latentic soils), Red-Yellow Soils, and Podzolic
 
Mediterranean Soils - They are all sensitive to both shuet and gully erosion when cultivated.
 

Regosols - Sometimes called Volcanic Ash Soils or Crater Ash Soils, since they consist of 
volcanic asl and tuff. They are very sensitive to gully-type erosion, but are highly per­
meable.
 

Lirhosols - Usually contain limestone. This soil is iery easily eroded so that steep reliefs
 
are formed.
 

Grumosols - Very easily eroded by qul~y action, 'DUt resistant to sheet erosion. 

In conisderation of previous classificat! ,ns and discussions, certain conclusions may be drawn as to the erosion 

hazards 1.)Le expected from the tlihutary ba-i:, which affect the downstream poition of the Citandu/ Ciseel Nvel 5)"s­

tem: 

The C;tonduy River above its confluence with the Cijolang River - About 60 percent of the
 

watershed is composed of keddish-Brown and Brown Latosolic Soils and Andosols, 25 peicent
 

is Pegosols, 10 percent is a Red-Yellow Podzolic Soil, Reddish Brown Latosolic Soils, and
 

Lithicsols, and 5 percent is Andosol. Thus, approximrlY ly 95 percent of this watershed is 

sensitive to erosion where dist urbed by cultivation zind otier activi tes of man. 

The Cijolang River - About 75 pccent of this watershed is composed of Red-Yellow Podzolic,
 

Reddish Brown and Brown Latosol in Soils, and Litlosols, and about 20 percent is Regosols.
 

Abot 95 percent of this .,atershed is sensitive to erosion where disturbed by cult:vation or
 

other activities of man. 

The C isee er - Above the po-it wheIe the Ciseei Pivet emeiges ieta tire flood plain of tire
 

Citanduy Rive't, the soi Is are p,edominantly Feddish-Brown and Brown Latosolic Soils, Red-


Ye low and Ylow Poidzolic Soils, Lithosols, ang Regosols. lience , this area is also sensitive
 

to rosion ,.vlere disturbed by cultivation or other activities of man.
 

Soils of the rgar a Anakoan. freconnlssance-Ivel soil maps of the area are availabl-. The ' :250,000 scale 

map prodrced by he Soil Vvsearch Institute it- Bogor is a. example. The Segara Anakan art a is found on the Cental 

Ja/a sheet, where it is indicatd that the a:va consists principally of hydromorphic alluvial soils, dalk grey alluvial 

oils, and a small area of ed-,/ellow latools. Howevet, since the lower areas coverd by the alluvial soils wre of 

mor' ina r-ow of r clamna tio, it was decided that son:r !at her random spot checks would be made ofrterst the starndpoint 
t%. soils in ts r'as. he sample, sites as shovn on Plrir h-8vwere not truly selectedat random, as prefere c,',as 

ginon to st.s net to ar f am th bor of :lo(Io hways, rainile on 1tutisis of ,isv access from boits. 

i,-soils sitr s et ren samnpled rind, sinoe all '!the, sit's at'' won, or less rflerncri byatall .,rnrlrnr vn 

Iirodic idal l''''n,, all,II, pt,t ''I l v erItu 0t-tifniisr of st(rrl.t ,1roll.'ction 'e' stu 'tkat in ro'.tnfi:p,tt 

olao ,.es ',',I .,as lov/liand 3urfnarr.v''art rn,,at, 

3 C'irndri. Flood Pro[,!- rsh, Ii . s'' jono, ),lpartOrnt of A rir ltur- Diwctore enrl o< Fo,,.sty, t srv ,­
rc' f i tst , lW9, 
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The reaction or pl of soils in place in salty tidal swamp or tidal marsh areas is characteristically nearly neutral, 

and this was born- out in th, fi,,ld io places where tested by calorimetric indlcater . In general, because of the wetness 

and cla,,,iness of thn. ,oils, soil p!i b, colorimetric means was not particularly satisfactory, but wet soil surfaces and water 

drained 	hrm ougei snnpl,s, ,. , - ,sted, indicated neutral or near neutral reaction. This typical reaction of these 

cont;n;aI ly wet so; Is in plact. may be in extreme contrast with the pH of samples on thu laboratory after drying and oxi­

cation has occuired. [his is discuss-ed in subsequent portions of this report. 

All of the sails sampled we-re hydromorphic and significantly saline in some parts of the profile. The following 

additiona I c nera I observations were made: 

1 .	 Essentially no stratification was observed in deposited material to depths of sampling 

(usually about 140 or 150 crr, although deeper penetrations below 2 meters were made 

in some plac.s). 

2. 	 Pieces of mollusk shell were not found to depths of sampling with the exception of two
 

sites - TS 16B and TS6. However, no doubt very small pieces would rrot have been ob­

served in such lay!y soil material at the time o" sampling.
 

Conc-:tions or nodules were not noticed at any of !ie sites. Very small Uoncretions 

wvould not ave b(en noticed in such clayey soil mcterial at the time of sampling un­

1,1ss thl'!wv 'I suf ficintly abundant and of size easily felt. A few larger concletions 

also could awv gone! undtected at the time of sampling. 

4. 	 Tie contnt of orqoic matter, including only partially decomposed plant remains,
 

Was apprtecabhi in th-, soils, but in general the soil material is definitely mineral
 

rat ,Cr than oagaric. Sample sit, fS2 is the only site with organic matter concentration
 

hin goug;1 in t0- lower subsoil to be classed as organic. But even here the plastic
 

I-whavior of the mateiial was more of clayey than peaty nature.
 

5. 	 The FhId r pursue c lasification (estimated n class) was found to be a useful and sig­

iificant meias of characterizing layers in these continually wet soils . In general,
 

the uppe rmost Ia ye rs are riper (fflimer) than lower layers, and, in general, soils in
 

young tidal swamip areas are distinctly less ripe than those in older tidal swamp areas.
 

e). 	 In ir,,as of mangrovo-type vegetation, the uppCmost 20 cm or so of soil contains a net­

work of both vt.tical and lateral roots, with some roots extending deeper. There are
 

many small ciab and possibly ot ir animal holes. Although distinctly clayey, water
 

moves fairly rapidly thiough tubular openings in tie upper parts of these soils as oh­

s,viwed in sample pits b low water I-,el. No mounds of any significance, such as may 

have beers built by crustaceans, were observed at the sample sites or elsewhere. 

Hio firm selAtt rtm la/irs vre encu ritered except at sites TS20 and TS22 in the east­

ein part. l,",, unreliad fim "blue-gray" mudstone was encountered at rather shallow 

,pt K. ices bio ugjit ur by auger could be crumbled by strong finger pressure. 

S. 	 lidal sIoiinug!, r, -tabli foar many years, as brought out by photo and map compari­

sor-,, n' n -i- a, i it)s in fiel-d. flro/ever, some exceptions or-r-, such as the 

pasTIv, i nf the fw,,,iL I mriinly by re-d growth to th n'ecst of" the Cihaul confluence. 

[idol 'v,,r p ir, ,uj,[-r to distinct tidaI fluctuations have a natural system of drain­

,
' 

'] i,l' - f-c5iv- i) sufac drainage. 

, il Prniht ip, i"s- , .,' nil nuoffl, ripenss classes as- bsed on thu degreew of ripeness of horizons and 

,is useon in lis study is cosiJlred only in conniction witf) paddy ric, production, the 

, rO u h- 1- ar ' St up as a spcial ,,t on the ba;s of a continual I,,, high water table and 

pfJu o padd,,' I 1c.:, o, ',t o ; 

pie-ic *p~l-e 	 -­
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Table 11-3 

Soil Profile i- penss C losses 

Soil Profile 

Ripcness Class Symbol 

Definition 

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

ripe and w-alpha t > 50cm with w-alpha < 20 cm thick; 

or, ripe and w-gamma or higher w closs to > 60 cm with ,­

alpha < 10 cm thick and w-beta or w-gamma < 10 cm thick. 

Half Ripe -PI w-alpha to > 50 ,cm; or, w-alpha and w-beta or w-gamia 

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

thick. 

Half Ripe 
Medium 

HR2 w-beta to> 60 cm; 
with w-gamma < 10 

or, 
cm 

w-beta and w-gamma 
thick. 

to" 

Half Pipe 
Toward Unripe 

HR3 w-beta to > 30 cm with w-gamma below to > 60 cm; or, 
w-beta and w-gamma to > 70 cm with w-gamma < 20 cm 
thick. 

Unripe. LR A ry profile less ripe than those above; 
thrughout or w-gamma over w-dulta. 

commonly w-gamma 

In the defiiticrs shown in the table, depths are from the soilsurface, and the progression of profile classes ;s 

from ripe to less ripe. Also, any highet w class can in part take the place of the w class designated. Thus a profile with 

v.-alpha to 20 urn and w-beta to 65 cm would have a profile ript less class HP.2. Sands and loamy sands with less than 3 

percent organic matter, and unrelated firm or hard substratun are not classified, but for ripeness interpretive purposes 

they can be considered "ripe", since physical ripening problems associated with these soil materia!s are expected to be 

minimal . Part of tile h0asis for setting up these special classes is that the uppermost 10 to 15 cm of the soil is ordinarily 

puddled by wet tillage in preparation for rice transplantinc, and this, in effect, is equivalent to creating a significantly 

less ripe' physical condition for the uppermost part of the soil. 

The soils of tidal swamp areas that are ripe have relct vely good bearing capacity and can bi wilked on by a 

man without problem. Soils that are half ripe but toward ripe (HRI can be walked on without difficulty or hazard of 

sinking otier than a few centimeters. Soils that are medium hal' ripe (HR2) can be walked across with some difficulty, 

and sinking perhaps up to 5 or 10 cm or ,o. Soils that are half ripe but toward unripe (lIR3) can be walked across only 

with difficulty, and *hking in places p.'rlhaps as much as 15 or 20 cm or so. Soils that are unripe (UR) can only be 

waiied across with great difficulty, and sinking as much as 30 cm or more. Totally unripe material (w-delta), such 

as inunvrelated recently formed niud banks, cannot be walked across by a man because of deep sinking. 

Tie physical ripe ning of soils in tidal swamp or tidal marsh areas is essentially a dehydration process. To a more 

cr les, degree, tiis carl be caused through gradual natural changes, or more rapidly thirough changes in drainage hrourjlt 

ribout by man's activities. The firming up of the upp'r part of such soils is an ;mpor tant factor in their reclamation for 

agr iculturrcri use. 

fh .deposition of 'igki, clayf'/' material inwater fivotr, a rather loose arrangement of the lami r-sapedc lay 

particles into something akin to a random micrc-ioneycomb str rcture. On drying, or partial drying, there is u partial 
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cllrapse of ti 1ony,-corb structHre that is accompanied by a change in the points of contact of the clay particles. This 

charrn is i. mveysible; conscjuontl/, the loss in water is in part an irreversible loss. Shrinkage and expansion of a clayey 

ripe soil occurs on drying and r'.- ,ttint, but in going from an unripe soil to a ripe soil, the expansion on rewetting is not 

to t e sam' volunre as that byCicupd[ th(, unripe soil, The ripening process, therefore, results in an overall decrease in 

soil volum, {or irocrrjs, in bulk dinsit y that ismostly irreversible. The consequence is some degree of land surface sub­

sidenc,,. 

Lower Citanduy Cis,-,lSystem. ?As previously mentioned, a soil map, scale 1:250,000 already exists for the 

entire, pi o 'iC 11''.a,In addition, inr1973 a semi-detai .ed soil survey was performed on the left bank of the Citanduy River 

from Binaja to the 5,gaia Ar,raan. The resrits of this work are shown on Plates 11-9, 11-10, and I1-11 . The soils on the 

Lisnn! to Citandu'i-arc similair rexcept some;ql~t of in thi Lakbok area, where 3,000 hectares of peat soils are found, 

Laakbok Peat Areo. The peat deposits in the Lawa Lakbok, which is the la..test topogeneous peat marsh in Indo­

ne sia, oriqina t: d in a basin, which to th south and west is bordered by hills, culminating in the Gunung Sangkur. 

GUn'irj MandalOlar' iSsituatd to t ',northrwest . Those ridges re separated by a depression ttiough which the Citanduy 

'ivi'tormrIly ilowed into t!,,aav, lakbok, The elevation in the Pawa itseIf varies from 10 meters in the north to 7.5 

m.it' ir l'rr sojt!. The anva covers a total area of about 3,000 hectares arid varies in depth up to six meters. 

,ccordir'i to B. Plac, 4_ the :awa Lakok existed ina primeval state until about 1924, when reclamation 

tffoit '., t , h tHie,.undutarj 'oluIntpqs recl inted from people of the area. Their efforts were apparently quite success-

Ul, tor toda' t;1o actual swiamp nt a hat shrunk to about 200 hectares, which is a fraction of' its original size. However, 

V p a nails as a 'rrind of tie!post.r arI still tie'r' ri 

area 

includ -(- thn' awa La I)Lhr a 'v,-1as it ''nvirons. The general observation was that even though rice is grown with some 

,u , .linl thap,at soil areas, the deeper peat soils are not too good for rice cultivation. If 

A conraisrnrc-t'p soil ' ,ivt'y was conducted ;n 1938. It covered an of some 10,500 hectares, which 

iintih hl lsrdi'jn; 

ad,'qun Vt drinag,, is installe. 1Hi- pK.at soils dry much too rapidly during the dry season and the crop suffers for lack of 

ror.i . In th.ws't'a'or, tirse' Io.v-lyinq lands do nor drain sufficiently to provil, the dry environment required 

dii irg t;,,ipeiin pi onrves and tkte crop suffers from too much water 

On tie otter inth, .iq hii btoetter drained parts in the environs of the swamp, dry land crops such asand, rand 

coconuts, 'tc. flourish. Ihw v i, it s esid,,nt that a well planned "controlled drainge" system will have to be installed 

r-forr th,.lull production potential of tiest soils can b. ,alized. Concurrently with the drainage investigations, re­

.r i ould b- initiatod to dtermin if ic prorductiorn isth, optimnum use for these lands, or if th ey could more profit­

nIly r-' ,'rlicat,d to tie rrit'rsrv,' cultivation of dy land crop,. 

dim,,ritati n 

I,' rai irpt mass mov,.m nt of residual soils, channel erosion in tie 

of rtandu ar system to 

ed Irnrits a I nurCr)c rinfall ,I arid by strI am 

'r+.ad lt.r 31 !as iK, basin,I hose s,dinrtnts trainsported by the river the alluvial plain. In the 

4 -i, awa Lakok, ,.nfAhiliophi, hopocn,e usPeat Deposit iri Java, B. Polack, InstitutO For Soil Pesearch, 

B1iiit'zoil, Java. 

S )ois Inv'stirjation o ti, lowi LaAbo Ar en l'iiar Baner , J . Ti-. V/liite, Soils Observation Institute, Bandung, 1938. 
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undeveloped system, some of the sediments were transported directly through to the mouth of the Citanduy River, but a
 

significant portion of the material was temporarily stored on tile flood plain with the flood waters; and some sediments
 

were left as a permanent deposit on tie flood plain.
 

On a superficial basis, it appears that the main source of supply of suspended load to the rivers is slope wash from 

unvegetated soil slopes. The degree of slope, steep or gentle, probably has little effect on sediment yield rates. The 

primary control appears to be exetted by antecedent soil moisture conditions, Drying of the surface sail layer causes the 

aggregation and separation from the main soil body of clay particles. These aggregates are easily displaced by rain-drop 

impact, and overlc.d sheet and rill flow entrains the particles and moves ther to the nearest waterway. The thickness of 

this layer of easily detached soil is gererally fairly thin, usually under one-half centimeter. This is essentially tile maxi­

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

ncxt rainstorm will probably remove only a negligible amount -f soil. 

The residual soils on Volcano Sawal and the hill areas, which together make up 85 percent of the Citanduy drain­

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

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

over the entire headwvater area each, year. 

Landslides and at her mass movements of soils and loose rock that reach an active watercourse are probably a sig­

nifcant source of sedment also as the flowing water easily entrains material from the toes of such masses. Tile evalua­

tion of landslide prevalence in the basin is very difficult because of the land preparations carried out by farmers. As soon 

as a slidte, even a small one, moves down, it is terraced and forming begins, frequently rice culture. The slides gener-

Cilly provc more genfle slopes for this purpose than the pie -existing hill side slopes. Locally, it sometimes appears that 

latidlides rave beoen delibeiately encouraged! 

ActuaIlly, the sediment yield in the Citanduy basin varies greatly from one small watershed to another. For 

example, on the east sid of Volcano Sawal , one stream is red with sediment and bars of silt are deposited along the 

han line-. In the neighbor ing stiearn, clear water is cascading down a river bed covered with large boulders. In gen-

Id, morn' sediments are obtained from the east side of the volcano than from the west sine. 

Anayuss of suspe nded sedirn,. nt samples collected in thr Citanduy River system show that tre suspended sediment 

is mostly !dt. The river watetrs in the Citanduy basin have a very turbid appe,.ance. The Citanduy River proper and its 

trihutrnry, trewCimurrtur K'iver, are rddlisr in color even ct low flow. In the Cijolang River and the Cikawung River, sus­

p,:nd,,d s'd lments give tire water a rrrore grayish appearance. 

,,'/ith;Fr the river channel system tele is sorm, active bank-line erosion taking place. In tire lower reaches, tire 

so,on is in t I". fc''r Ot ,lip-cilicl' fa ilerrs of a few meters of han l-ino length. Local reaches of sorn bank-lines have 

a scallon',,d ane:iarrnce. Their is rro rrlt r;wyr charrnel Widerim and very little chann I migration because the slip-circle 

a1ras fIll in w.itv 's dinent' d,.'positecd 1b, t! river. 

. r~ rIl r'cor! of rest 'I'r rr'-'s-rlt ratles of r'on irton on tHil alluvinl plain. In local spots along the natural 

v,', , r' ar ' ,i It d'posit , iqhnt i rtr f-rf, tiel- tr t rrnirar to rave been dbpited hv one flood. 
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Sedinients delivered to the wouth of tie Citntduy river are Carried itto tie Seylgu r'ur or ooul' to theclk~f 


Indiart ('cean, d-pe di ng on tlie direction of tidal flow. From data availa le, there hIs been la bl' II-ug If Cita: d 

seiirl-e',ts it 'e sfialt C Ct eetli t e - est side of Segul(l AnIakanl to the Irndian HOcean but Telute Bulu to tie v stof 

a chat' ed strip of land aboutPusir a ( im (ia l its shore line completely and a new 200 to 300 meters wide cilong the 

shcre if,( ae J'. 01 ,0, ,000 Djdok- Kidon map slice t is cult ivated to rice. At ebb tide most of the Citanduy 

sediPnl ii e Pi.vered A: i.I, to the Indian Ocean. At rising tide the sediments are first being transported io t li 

Segrara -njkar d ir aIl pe rcentage of the sedirnent load is be ng flushed to the ocean w itHthe out going tide.a ,.aI 

Cl itnate . ihe cli .ate of Indonesia is primarily inflenoticed by the trade winds, whici are, in turn, affected by 

the wontsoons, The riusjolls are steady winds of low to (ioderate intentsi ty that blow over Indonesia from the northwest 

and southeast for about six months the year. Java Northwest and Southeast>: in The climate of western is infliienced by the 

Monsoons. Thie raitnfull associated with the -ortliwest I/"onsoon, from November through April, is usually signi ficanly 

re.r"I".e 

Duin the wet seaU,approxitalt ly Nloveber through April, the North Pacific trade winds are reinforced by 

the winds divergi g from the highpressure centers viich occur at this tie of the year it abuut 300 latitude inboth herii­

spheres. hest: witds puss over the hot equatorial seas icii surface lemperature 29Cpickit g tp moisture cis they go. 

Because of tle block Of conitinenlal air over hado-Chi t lie dlecion of the nonsoonal movement changes to southerly and 

finally to southeasterly while crossing the equator. During the rurnaitting nioith of the year, the Asian tenperature puttern 

causes c reVersal it,the differetial pressure with (l correspond:in, change in the dlrecio mueint of lheair mass. As 

lhe South Pacific trade wind receives a major contribution frIorthe south hemispher vintier in Australia its moisture content 

i larrCer nd the rainfrll in Jcva during this period issignificaftlly loss. II!the Project Area, fhe IOW level wind condi­

tiara tend to be variable to casterl, or ' hs terly for all of tileyear. 

,uo'stbllit the varying climate conditionls within th Proloci Area, clirmatological data were collected fron lile 

i ns Tasikmolaya aiid Ba do The data from Baagere included to give some idea of con­loca ted at Clacap o. 

dinioqs atI: kikJer elevations in tle basin. these stations is aiven in fable 11-1.h,.- ltforniation for 

lohle 11-4 

-, olciical Stations h atd Hoar the froject Ar, eelor , 

"aolLocral nonl evationl--- I2i o Recr 

f si!rn'la>'a o )9, 350 ill I51 1960, 1971-73 
-'.n ie cI) h08 --1 [ 

Ic 1pg" 4,1'S 

o- - 01' i
 

C';1 - 6 nt t.lSt 1961-1970 

h 0 j 

(:I.fC. !"J' 7iA-t 'in cii, 

ll ! s u. 

:lted irqti al il-,. t ir- nje th, :"C; itat s, lii: dlta f!on Ci-acap nf:'pecir tO 

The a rid i "h ' i: lw -,i r t o 1in-lica na l; c:tl.. in th Froject ,ic tat of-t Cilacap, tov.ever, 

is I ,ic t;it- ; o t b,-,Ta, ih if t Area. ( 

P-c t _. ro"iti ccsislenc , uld ,q'ti{g l til (Ire ]I',c: tn lasiltnialu'c, p:'on, ,.tdn-:" I - n tnds o:.cer:v,_l. . Ir v--'re quite 


Sii i-i"'- -r : i :' -'t ' - 1" , L-itt v.,,-wnt i l t-OI i ti
, i : :. " an atIorqted rt I l O ,l Io-cat, of I!,( : atian It: 



The climate in the Project 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. 

Tempeatuie. The annual temperature range is very small and it wot.;d be extremely difficult to attempt to dis­

tinguish season by temperature. The constancy of temperature is due to the tropical waters which surround Java. Mean 

monthly temperatu~res are shown in Table 11-5 for the four stalions previously mentioned. It is interesting to note that the 

general trend of temperature for Cilacap and for Tasikhialaya is the reverse of that for Bandung and Jakarta. 

The average temperature in the Citanduy basin is approximately 25 0 C, and monthly average values have ranged 

0
from 320 C at Cilacap to 18 C at Tasikmalaya. At Bandung, the minimum monthly temperature has fallen to 11 .7 0 C, 

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

monthly fiom the mean annual temperature is rarely more than 10 C and the difference between maxima and minima is 

about 70C in the Cilacap area and fiom 6°C to 110C in the Tasilkmalaya area. Based on a very cursory review, tempera­

tures in ndonesia have ranged from 1.6°C to 38.5 0 C. 

Table 11-5
 

Mean Temperature
 

Temperature in Degrees Centigrade 
Month Cilacap1 Cilocap 2> Tasikmalaya3 Bandung 4/ Jakarta 4 

January 26.7 27.2 25.5 22.8 25.7 

Fobr uar y 27.0 27.6 25.8 22.7 25.6 
Mar ch 26.8 27.4 25.8 23.0 26.0 

A prlI 27.1 27.5 25.1 23.4 26.6 

May 27.1 27.1 25.1 23.6 26.6 
June 26.1 26.3 24.4 23.2 26.3 
July 25.2 25.4 23.8 22.7 26.1 
August 24.6 25.1 24.6 23.0 26.6 
Se.pternbe r 25.2 25.8 24.0 23.4 26.6 

October 26.5 26,6 25.0 23.5 26.7 
November 26.8 27.1 25.0 23.0 26.4 

December 27.8 27.1 25.2 22.8 25.9 

Average 26.4 26.8 24.9 23.1 26.2 

1 1961-1972 As reported 
2 1961-1972 Average of maximum and minimum readings 
3 1971-1973 Average of maximum and minimum readings 
4- 1952-1971 As reported 

Re-lative Humidity. Relative humidity is high and relatively constant throughout Indonesia, probably as a result 

o he warm tropical waters surrounding the islands. The average annual humidity in the Project Area is estimated to be 

82 percent. l,,eaverage monthly humidity in Bandun: I,asranged from 51 percent to 86 percent; in Tasikmalaya, .Iom 

70 percent to 84 perctent; and inCilacap, from 78 o 91 percent. The values of mean relative humidity are given in 

Table 11-6. The me.thod used to calculate most of threse values is not known. As humidity varies considerably during the 

day, thes,, ,/nl s may onl/ geneially reflect the mean. 
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tlum
,liy i Pucr'nt 

Month C ilacap IT........ ... Bri.d.ii 3 J0..[ .. .
 

January 84.5 79 83 86 
February 83.8 80 79 87 
March 84.2 80 78 85 
April 85.8 80 82 84 
May 84.1 82 79 84 
JUn 83.7 80 77 83 
July 83.7 81 75 80 
August 82.7 78 72 78 
Septe rber 81.2 78 70 77 

October 82.9 77 72 79 

November 84.2 81 79 82 
December 85.1 80 81 84 

Averuage 84 80 77 83 

1 1961-1972 As reported 
2' 1971-1973 Average of readings at 0700 arnd 1300 hours 
3' 1952-1971 Method for estimating mean not known 
4! 1866-1935 Method for estimating mean not known 

Sunsh ine . The percent of sunshine hours is shown inTable 11-7 for tle stations at Cilacap, Tasikmalaya, and 

Bandung. The data within the Project Area are not complete nor, in the instance of Tasikmalaya, do they appear to be 

valid for a !ong-time average. In addition the values do not appear to substantiate the temperature pattern in the 

Project Area. 

Table 11-7 

Percent of Surshine Hours 

Percent of Sunshine Hours 
Mon th ... 1.. ..... . . ... . ... -­. . .. . ... . . . . .. ..

Month Cilacap. Tasikmalaya 2 Bandung 3 

January 46 40 53 
February 59 39 54 

March 51 54 57 
April 53 59 60 
May 60 38 65 
June 59 47 70 
July 49 54 69 
A ug ust 66 56 71 

S-ptember 69 39 70 
October 54 40 63 
November 42 43 55 
D,cember 39 34 57 

1 Partial recorlds 1960, 1962-1965 
2 P rtial records 1960, 1971-1973 
3 1952-1971 

At Cilr.rp, 100 prr et srrsiI ir.i 1,onS r1preOserits the period from 0800 to 1600 hours. At Tasikmalaya, 100 percent rep ­

,11- p'r iad roni 0700 to 1600 eou. 
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Wind. The,, lower eevation wind patt-in dcs nat co ,a Ipd to thl,,in l (Ipp:u air patt'rn. fabhtralon 11-8 shows 

the data at Cilacap and 1asikmalaya. lh'' predominant wind direction, is hiom the southeast quadrant for most of th, ye.al 

but varies from west to south to east at Cilacap during January through March. 

Table,: 11-8 

Wind Direction and Velocity 

Cilacap-_/ Tasikmalaya2' 

Month Direction Ave rage Velocity Diection Average Velocity 
inknots in knots 

January Variable 4.8 E 4.0 

February Variable 4.9 E 4.3 

March Valrab le SE5.4 4.0
 

April E"SE 6.3 E 4.0 

Ma y E SE 7.7 E 4.0 

June E SE 8.5 E 4.3 

July E 'SE 9.4 E 4.6 

August E 'SE 9.9 E 4.6 

September SE ,' 10.3 E 5.0 

October SE 'E 8.9 E 4.6 

November SE 'E 7.1 S 4.3 

December E 'SE 5.3 S 4.3 

Average 7.4 4.3 

-1_, 1961-1972, anr.,mometer 11 m above ground surface
 
2' 1971-1973, anemometer approxinately 5 m above ground surface
 

As shown ii the table, averag(! wind velocities along the ocean alrmuch gfeatcr than inland. July through 

Octobfr have substontiall, higher rvearagve locities; th s(,monthes coincide with the dry sefason or the Southeast Mon­

sCon. In othel words, durino th -emonths ti,. hiigh altitude wind' ar tra, ,,ling in t',t sam dii,,ction. The yearly aver­

age wind speeds at -1,: (,aI t"os'' -xpolionc'd inland li 'ly h',,:arrs'' of ti'' off- and on-sh~ore bree.es.Cilacap F:: most 

Evaporation. ','r' or' rO ',anporation data ri'cord,,d inor trarothe. Pri.ct A,,n '.opt flon a station at the 

P'taoimn n w.'- . This staticr at tI,,weir was e'.tablished by tl,Proi-ct Office in Jarmary, 191 and us',s a pan equiva­

th, -. '..B . lone of reruc'-d.I,-nt to j.S. Class ' nan. t'e ier'corde.d data 110s Vt It'' ,d 

Data fhoa fotur i-tiains in Java were, locaternd or' shown in Tahl- A-15. In grt'nral, these data ae from sta­

tions with similar climatologiral I'-,d a',vsical char actfritics c, as L.' elvation, high anifall, arrd constant, high 

1'r11 t,humidity. 

Ih- drta rom Ci'h nrIr ,',pared iob' floa a [, "' ild )alarc'' or apparatus. TI,' other stations fat v.,hich 

'klot, O,,a,.'aiab'e aq', irs,- a'sW ,D-dtO a,'1' usd !! sati' t'p' ar atus. T, 1912 n iblicatiori of ''Obs' vallions 

r tnyal O t thrrt '-vaporatiord,A-"(t ''cora -' h ;(ti Irs' I-' .- I tAagu, tIc arid M,'t'-orol'y"icalt,01tIfr tr. ! r V Id',. 

,alanc s-i r'- I -, rr 'tf i11t , r'tt ' scir' Id anjla rc i I',Ir' , s , I.-h Irntir~al 

,' I, ' of v1i'w woo "' rhr ti t ", , it, .' 1is vapo)tt r , datar Ir,' rsntd, r' -qu i arn strimrt,' la!,' ,w' por atien. 

ft- Consultant lo 's'a'..of 'n, 'rnpirie l r,,lation ,iphetv.',e lial ,' ,vip o ti n or ClInss 'A ' parn 'vapolrIt a Ind De ,'ilr 
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, vupoi iv, data. Thieidoe , an eistIat of Clas "A" pan evaporation was made using an empirical relationship 

rpol _j. F. C ,rlistians, .(I 

The equation used to calculaw,' evaporation is 

0.473 1 Ct C, C, C C .............. ..................................... (A-1)
Ch m 


inwhich
 

E vpoalation in inche, 

solar mndiation at tle top of le atmosphere in units of equivalent evaporation 
at 20 0 C ininchs. At 7030'S latitude, the solar radiation ranges from 14.48 
incles inJun. to 19.09 inches in Decembt,
 

Ct trap, irtn, coefficie-nt,
 

C, wind coefficient, 
humidity coefficient ftoraverage noontime humidity,
 

C sunshine pe r entage coefficient,
 
C11  

s 


C,. ,evation cofficient,
 
Crn stat ion coefI ici,:nl
.
 

Anamrair ical ii-lotion wm ued to convei t wind velocities at the station level to wind velocity at 10 meters above ground 

su ac ,. lire eqL)altion uscd to akiF, this ali .tan t is 

). (A -2) 

Vi tie deiired ,viridvelocity crt X,Frrwight 

1li vitd v,.oci y atait ometer height Z
rnr 
 x
 

Maximun, miinaum, arind ranir.lative humrridity wrie conveted I- noontin!m humidity tisinq the equation 

I 0.1() i, 0.4 Il 0.1 1 .032 II . ....... ............................... (A-3)
i m 


in which 

11 noonti e,hurnidity
n 


II rean rronI Ilh,max imum hurnidi ty
x 

Ii m n oll'k miniur humidity
m 

II rnrri rr.an humidity
rionthly
m 


fih rmalt' tora A-2 wr, circked Fy one .,uz; -fdata consisling of two hourly readings of relative humidity i% wellrIqn 


(Is(v laqe mlaxiitrim and mini ,li(urn ,. 

Pan evapoiution V/as , craIcrilatd e Flrri ccefficit 'Is given in the rfeiwiced piuLl[,..uicn. Aqn A-I ard tI,4 co-

Ificit of 0.;/ vcr, ns.d no convr t the ,.stimat, for Class "A" pan evaporation to lake evapo at ion. The istirnates of 

arei:,ra ,l vrpora;ion usin ih,dala florr r sikralaya are 1,400 rrm aind 1 290 mm respectively. The.... Cilcap rInd 

rnnrtFl,' dr, ihtion oif h, anrual value is 'in in l ahlr 11-9. 

' it i f ., ic, f vaF a iiarilld tvnpoatrr.piratin from Climati Data, A ,CI., Jouinal hliqat ion arndjri,,. .
 

irii', iivsie, Jai,, 1908.
 

0i'flu,M. A. , hat. and ParIf vapotion, -Lo"s iriveticatior, Vol. I, iake ll,.fni Studies, I.S. Ceol. 
0 ,,.Ch-. ?29, ip 127-150, 1952. 
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I l1) 1 - 9 

Evapor.tion [tat. 

F vaipor at io a mmIi 
MvOrtitlM llLl 	 [)aJslrt . ',+1+I! jlar, 4 5""I 

Ma(iiri , igI xp. ta. Ciohor (I p)r fasil ala,ay 

Januar y 127 65 60 56 101 109
 

Felrja y 118 67 48 53 101 99
 
March 140 62 4 B 5 8 106 114
 
April 138 75 56 62 108 113
 
May 152 74 62 76 110 02
 
JrInI' 150 108 79 87 10Y) 90
 
July 146 140 99 111 110 100
 
A ugust 174 ,1 122 138 133 114
 
S' ptamilb" 201 !96 141 146 149 113
 

Octobet 205 d1 134 126 148 121
 
N ov'mbh' 144 63 98 96 122 114
 
Dece'mbr' 149 68 53 67 106 112
 

Fotal , 844 1,090 1,000 1,076 1,400 1,290 

1 1958-1971 2 1967-1972 '3' 1966-1970 4 1936-1946 5 al r' [Vaporaton 

[rot': 	 Station evaporatiol hd ':l'dvt lo b' from I)' /il 'vapol initi'l,. Cilac'ap ai,-d Iir;ikrurlaa valo's co'mprhi,'( by
 
Chi istiansen oafd rnoltipli'd , I arol 0.7.
 

Thi, estirr.ites of ivapors ion (it CilIcrip for Augus',t rind Sipt'ribel ali high9 becauise' of Ilit,collospondinq ly hinh 

')oF0 thougit was to thI adiustnwt ofavO ficrjf'wild w'ocity fr lhots' monthrs. 	 vlivI-n tit, wind co'ffticint i a irs'tI', 

lower Proi't Arwn'a is Iocohtd barck floar t ii oci'aa and is p otvchid forr the FL" fotrCe of tlt,wind by ['rosa Kanbriraan 

arid lhe hiiflhland at ii 'otlhw.t (rir'e of the aioi'ct Area. 	 tei hifjh avlag windwIlativ''y w' 	 lhw possibility that 

velocitis weoi' asociated with 	 o, Irfaclo wis o1io consid'red.ainif-ll and, tlri.'fn' not i) i-vopoltOlio 	 uris latr
 

idn was discountd when th' daily lilinall at Cilacap was cfric'did fortli same p,riod Forawhich thi.wind (ala wll, 

call 'rtedH. Fiadi'JO'trar was ril:' to ti, wind factor . 

R - inafol . Hit' nlwo4" of inafa illstatiunis ia and clos' to ti Projr'c Alra is quit' donsi', but therw isno covel­

(cp,,inrtfiihigerr i'qiorrs of Volcano Sawal arid a lon th, fitilh tOlenor 	 basin. Sory ofhills forlrinrJ lirn foundiy of tf1 e 


fh lt roillfi (oin ins TfIiri, thfin havi
rrcolds atie fontl-lor, lad Fara',1879. atr 46 stations within proj :c! ,jwu whi , 

(Il pi(] 	 basil,
ttleast 	tiv y ,ias of consecutiv, wr-cor, haps twirity otlhrstations, adjacrnt t tIn' which we'" also can­

'Ii'rr'id. 1In' location of most of Ihtli,i',ttions is Shown n l lati 11-13. Tin' nivtwok is optat'd by thn Instituit of 

M,:ta!orioioy and Geophysics which has itsmain office, in iakailta. 

h'ear lst stations in tliwoasin w'e,. 'srtblis 'd at Cilacap aid Maionijaya in 1879, rlow flyFol 'rowdby a
 

lasil, ralnya 1885i.A fahly lirrfr of stnlionrs was 	 addi­stati airrt iI 	 nunif.l) install'd betlw''n 1915 and 1'917 andrtlhor 

tionalstations followr'd perilira lly ailtir
this tirr'.
 

,i mit -1971, tire 	 izrotion in, r'carriirclf nit tnirl 'aCilarhy froj.ct C)r qarrit lo flriInan l ain ra1r1i' o ain ga ,o tions 

irrIhr,brsil. Fach of thls' rtl's isfacati'd ire"t to ( idir iy rain qfag', mid ismounrid on ( coricrt foolirtand 

ir lasid by a w ir' frice. 

lalifi' 11-10 lists most of Iwi stntions inr nill(] twat 'l air'ct A in, and gjiv', sor+ pirlii'rI'l intofor 'ch of tihs­

stat iors. 
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lobi,' 11-10 

ir, -;rtt [ljt1 oit I'nin Cag1ilq Starons 

. 

t'tion IIo. L , of ,rAtior fIItvatiron (m) Du ation of 16,c old 

1 Do.', 6 11 A 198 1915 - 1970 

1 " I r q, 180 1950 - 1970.'C I 
,4 h r'roqnI 23 1897 - 1970 

.Vrq' ja 25 1915 - 1970 
.5 (iiulr 100 1918 - 1970 

p ;r5lr1 170 1951 - 1968 
' Monco 1imo 80 1951 - 1969 
6 Ci~jol,'I 72 1917 - 1931 
1,n wloqt.,.0 1931 - 1970 
6 t Ciw"Il 1n 115 1"31 - 1968 

1PIt Trw$.,q 210 1917 - 1969 
q ,'IV. 2 1926 - 1970I) 25 

P ,crlirn 144 
8 o Posi, Cr,,orrlth 25 1921 - 1930 
R h Iafrttq Anyct, 100 1921 - 1970 
8 1Jn~titt 230 1921 - 1945 

Mt,'natnq 91 1951 - 1968 
(".,I 15? 1915 - 1928 

9 a o'mtdi,02 290 1911 - 1970 
10 -nonq Put m.] 50 1915 - 1970 
10o W",orm.ol" 200 1951 - 16P 
10 ) aInl 50 1953 -- i' 

o Cir.. (P' ntrr 1912 - 1970 

51 1915 197011 I unik 

12 id ,oij 26 1915 - 1970 
13 a (irnorrHllo 40 192d 1970 
13 h lrn 1935 - 1970I't;n,t 6 

13 r r l'ritrnt,.,, 4 1951 1968 
13 d i', 40 - 1969joI,d; 1953 
13 .. , rill,rt M nflru 15 1954 - 1970
 

13 r; lomqrrlt,, - 1961 - 1970
 
13 Ir Burniwiio 45 1954 - 1960
 
13 ;j, rtrtI>, - 1961 - 1970
 

205 ,- I1,2 ,110 1921 - 1970
 

23' Gol~t 2 .710 1892 - 1970
 
222 o ,rropot a 418 34 - 1970
 
223 I'rM+fu F "90 1910 - 1973
 
223 0 la i ,, ,fprr 360 1918 -
Ilqi alat 1970
 
223 ) ifv.i 500 1918 - 1970
 
223 , tpijqpnltrl 1 455 1918 - 1973
 

14 f ,wtor t,.n, 75 1915 - 1973
 
15 VuH.vf-,1 1915 - 1973
' 9 
16 Ci locap 6 1879 - 1973 

224 a, F'r w.t c. n - 1939 - 197
 
225 nwal 1 300 1909- 1973
 
226 j.:lr,o, 350 - 1970
1. 1910 

227 "'irtdnrgirmns 465 1913 - 1941
 
228 Bunki'' ri 300 1912 - 1969.
 
228 ,0 D ,uh M.ttr ,rt ' 1333 1926 - 1969
 

229 Lotl,ortmi 200 1915 - 1970
 
229o (a ki, 208 1912 - 1941
 
229 1 iA,,loyn 250 1920 - 1931
 
230 fmi mmltyn (il,fiI'lI 350 1885 - 1972
 

231 tvirtortjoyna 290 1879 - 1970
 
231 1 Po',rntltiqn 252 1917 - 1970
 
2441 I rttjop [onro, 1,I2 '190 1912 - 1957 

?44 o I rt fIipn ,00 913 - 1968
 
25 Iar 1 40 1906 1970
,Vt utrt ­

24', n Cik'ior 139 1950 - 1968
 

24, BqarIlkwno 25 1911 - 1953
 

24/ Rinari ,,l1 20 1911 - 19/0
 
24/ n-o Pnmo it 'if) 2 1939 - 1970
 
?47 h Farrtmmt q 200 1951 - 1970
 
21 I roq, 16 1906 - 1970
 

2t9 Br,,ir,.n, 15 190W, - 198 
250 I) ,-itpa ,100 1939 - 1970
 
253 fA liprIna 19 1913 - 1947
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Adequate niaintetiance and replacement of equiprm, nt has niot been carried out for many rainfall stations. As a 

result, many station records have been interrupted and even discontinued. Therefore, many stations required intensive 

analysis to mak, them usable far t e hydrologic studies. 

Available Data. The histor cal monthly tai nfoll records for 39 stations were assembled from the follow­

irj SOUl COS: 

1. 	 Betlage, Prof. Dr. Ir. I. P. "Rainfall in Indonesia, 1979-1941" institute 

of Meteorology and G+ophysics. 

r2. 	 Institute o Meteorology and Geophysics, "Mean Rainfall in Java and 

Mudura, 1931-1960, Meteorological Note No. 8, Part 1" 

3. 	 Institute of Meteorology and Geophysics, "Rain Observations in Indonesia," 
annual volumes 1961 to 1970. 

4. 	 Institute of Meteorology and Geophysics, unpublished files 1271, 1972. 

5. 	 Files in the Institujt of Meteorology and Geophysics in Jakita. 

ton,, of tH, station cords is complete. No iecords are- available for the year 1949 at any Cf the 39 stations. Records 

for all oth,'r y,,ars ale available at owe station and geneilIly at four or mre after 1915. The pcriod of missing renrds 

me:y b for on, month or as long us 'eve+rl years. Tire peiiod of availabl, monthly record for the 39 stations is shown 

on Plate 11-14. 

Drily rainfallIicords were collected from 25 stations located within the basin. If possible, records were 

calhin ted foi the period 1950 through 1973. 1hese data are or file in the ECI office. 

The incords from the ten i..orditrq rain gages located in the basin are in the loin of unprocessed charts. 

Some of these ita werand, available and were converted to rainfall depths. The selected locations of the gages or, 

good and the data could prove to be, useful if they arr' piocesse.-d and kept complete. Trese data are filed in ti e Citan­

duy Project off; cr in Banjar. 

Evaluation af Monthly Rtcords. In general. tin' monthly records appear to be reliable as only a few sta­

tions iexhii, ited erratic fedeac ies. The major causes of th'se enatic deviations from the ncrm are thought to be tihe ie­

locution of tire gage and ':i ors in measuiement . In soe instances, it appears that a partial record has been inserted as 

a monthly record. 

Twe nty-s(v,'n stations ware.' se lrctad for detailed analyses bsed on the length of record and location of 

thr stutions. The t ime per iod sel ctt-d for rirse analyses is 1915 to 1972. Estimates of missing monthly records were 

nardi, ui;ie proc.-dir's if'comnmndl'd by the U.S . ,"(,athoi ureau. The noarma-raltio met hod was used in most cases. n 

teis m'.tirod thie, r :an annual pi.cripitation values are tused to weigh eacih station to tire index station. Ptecipitaticn at 

0he irldux station ikscnlcun(Itd by tire equation: 

Hi Y Hx Hx 
Px 1 3 Pa -r'i b N - -c.P. ............... ............................. 	 (A-4)
 

P mrnlhly rainfall in mm,
 
t".l rrrrn annura rainfall in ram,
 

l'~ur,5,'its dxi st'fl ion,
 

U~r r, f,r'r'-s, t coriotafion stitori.
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Itis d'si to use thra, stations %,.! icK III,' focatd around tio,stat in with th misin~q data, t1ow-s v.is riotbhI, 1, 

always ooshl, .I na fw cass on(, on,. 'ltion was us,.d. Son'a judqrmnt v.as nr'c-ssary or 5h'ct inrtit- ind.× slations 

in thos- 'rals witIh wry lIrrit'd dnta. xldan w'r- th- sama stat ions usad for th1 ontir, p-i ;od c i w lric Ii I data wika 

mrdf. complh-ta. For p-,- ods vhein no i-cord monthly ba-hd on hlistor ico I',coid %'(s,: atsrS aiy stat ion, tla knv 

m If an axtr,,r, -, -md in a r.i'od, was also clac d v.itdaita from nig ho ing stations and asI, val s statoir it 

acc,,pt ,doi substituted by a ciaorrla ,dv r--,. Much fatitud v-,as giv,,n to the possibility fotan ixtiarm(. ,,,uuibefore 

anY cilaIng't Was rmd. 

Af-i tha missing data in tf,,historical r,.,cord wr, astimahd, a consistnc, ch,,cl, was n j- (I doubla­asinq 

rnss onflysis w.'hich a' ' o par ison of la (ccaMruIrftId annual Pr- ipitation of a sta:tion vitl that of a roup )f fhas " cla­

t ions. Ti.. ci t(air f,) hr fi- ioi af a Oi, udvantagaocisly and !iav,- a ,c!li­, saw has.- stsation t!d it I),: Iocald, ong-t rin, 

(h!(irtcord. Only ,ight stitions out t,2 , aquri a co -drlion duo- to irconsisht ncy and non, of tf;,o(f11-- com-ctions 

chant,'d I K- nonrl valuAs appraciably. 

n, ihi l ltion ids r - r- r1C (90a), I Icrronucurrrl thawali (2251,'nina dIt d acoi fsi ll (10r, uncili 

922', Klkriris r? at . Mriiar': rB21M P,'cmaiican 2474,1 arid Banj(rsar i(249,. 

it,-itii rainr;,-aviug,, nrontlifl- o fori , .27 (wT'v starti s i, -,, -a in Turh, If-11. 
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(,'rag--!Aoni!rl- ,f ioitltlon ol Stations I-,ctl'd in (it,ida '-- v Basi ] 

(Foi Pir od 1P15-- 197?) 

rt1- Ham I-. o if;or;a ti 

r1. in In Jon i,b t-I Apr ( a Juir , Au. ;-p Ccl -y Dec A nnala 

Dr1 -)aI f-Urr 191 3o3 366 390 311 ?36 148 12? 101 117 () 195 432 3,340 
.1 Majinang 28 357 323 346 275 190 127 666? 6 223 362 365 2,790 

C MoncoIinro 80 ,404 358 36? 283 146, 109 96 11? 243 360 - 390 3,068 

- - ,-logdaI -'0 360 230 340 270 184 12P 1 63 82 717 339 349 2,743 

nitite 2I?.5 333 301 332 257 17Q 120 5259 70 214 ",34 334 2,616 

:,sadra 2130 ,128 :387 436 244 260 16i 1i0 11 117 310 444 477 3,566 
10 1'-nrpucirg 50 354 332 349 280 19? 132 '3 61 8"4 24o 357 373 2,341 
"1Oqr Car ui10 355 "27 337 2(8 1 8 12 1"A 80 22? 345 361 2, 763 
11 l hmbii 51 352 "720 3,14 21 209 148 10/ 7/ O0 259 366 380 2,946 
12h Pal i rimau 6 ?46 238 249 2111 lr,9 131 101 72 78 223 260 255 2,235 
1.4 (1rvrunqc (nt' ;,'5 ?6 -28 2 9q P 21.1 284 1 i 1 11 112 319 376 341 2,94? 

15 ia1, gI.i , 10 28 ?99 273 23. ?2? 159 139 1.10 3637 410 361 3,196 
1/ C ifurcap 32q 73 ?97 316 2'T 283 ?37 163 1,11 375 448 400 3, 554 
., 

?23r1 
Pcnjfa!u 
hi ;ro lot 

700 
860 

4 
3,14 

314 
317 

3s1 
343 

287 
1 ,n 

211 
217 

123 
113 

94 
108 

71 
76 

83 191 
o:7 226 

312 
326 

367 
371 

., 758 
2,802 

2?3. (ifpofIr(1 4 5s 381 330 172 2-7.i 1-, 127 139 91 113 259 378 390 3,073 
225 ( I oi 300 4?7 49 213 286 222 146 115 84 103 228 338 118 3,098 

2 (I- I(1 350 431 351 93 296 235 152 104 89 120 240 345 411 3,168 
229 
:1294 

rib sq
rani 

iii ?0 
2£ 

4 9 
39.1 

409 
:371 

433 
3, 

32 
'/ 

0:?C 
1??4 

170 
151 

1.15 
150 

129 
101 

131 
10 

280 
-a9 

368 
310 

469 
391 

3.609 
3,109 

230 frsarinral . 3r -'0 '1-) "ar 0, ,357 16 1)4 126 27' 354 394 3, 2;0 

21, t.rn rir, 1 ,.' ..,', 7 't, 130154 144 -A 109 )2 316 391 3 0,)9 
2.:; ,1,f ,I 1 . 4r 30424."Qqo? 3101 'y ' 0?111r' 6 11 10 9?10; /,oA '2/," f01 2?12 : 10 2 . 3 

94 P05 ... ,0 / "- i,:/ 1( 64 ',I 190 247 282 2, 95 

2A, 
2-19 

,rw''rr 
B8',rirrsr-r r 

1 
127 

4 r 1l1 41, 
:.i2 291 

1 , 1;)I 
1)!11',, 11--

119I 
101; (4 

120 I 'l1 
,Ct !Ir 

398 
225 

,120 
258 

3,4 11 
2,26;0 

2I3 Ir rcn 19 ?424 2 1 211 1 188 100 o4 27 319 1 21992 
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A I I u if ndII(I ',i to I Il . r t A l, p; imot ily - f j h11IhIfM ortItI i [I,I I TI , inkI II ovf II to Proji if(Ii I I'l[ tI:tf 1,' y I 

I i t, ',i Of ';btot dII i toi Ih't.tl d x '(' i ift l, ('ior itt n I ,'nt rs tt rtri tI Iiftf tiI f ' t is li sUlI (y ritn or iqi ri a" th llt' 

Ill- I,'1I '1,'1 Iki finlloff lind ,, oto n. Iodd; tion , is ,xp that opo.i(I IpIy. v r l t II moss in lit I if I I I it c ted t i 

' Ici I ,. u I ott)r p ,dfI . IhI, I 1 I i l ' of t (i ( d t o VoLId ll,( , I ,! pl i t lon tnoir i t , ,1) o O ttt Sottt.Inst sd of no 

', ,rn tioned( t1- in ,t 'stirnIi fhi ct. Atw 'foI,', is, iffiri', datI toifIntititit ivlw'I/ tfe, of topogiop ty on Ivtinft lI 

tn dA vsiy .q ,ttiut isoh ctliop WasVconstict,,d ftomtb ilnhI h, ato tlirnds i)c,,'ul otihit,Iv wov i ininc ll 

Iov,,,-I,.v- I I (Iinf) lI w I, hIIfovw (I'in tfI fihq Iith-tIt i on . In ot II.[ wordIS, if th tiinf all ws incrasirg witi I Iv­

vfit on ivo to ctt t y cicngaged ift was piysi­iot I,w,,,d iower -h Iion djott I, tI, itc f'ts' w(Is uissrr,itI into the ciir(s Iotr somi 

ca jillistif icit iofto IIIllcont tif d in-iI . Th isoityotil moup lod on aortogi annual irinfall fron 1915 to 1972 is 

shov.':t (n Plt,, 11-15. ,, tetihod lo twtltging of piecipittion was titt.rI 0 lvlis-ri Polygon ateal us,d to chocl tinnual 

job tii ft i-t i ' tli',t of t Iw (I nntn Iv( lu(,s. The, mtc'nvt I,I n,'c ora tfe ioh ye-t od lnd to i'st tt' t itmonthity ti)u tion 

l oil iti, ftoj' Ati'nd lhwis'.'i th isohyitonitiil minf t it', stth-basills istirr)Ictd hy i tf' t hio tid ond it, l rtap a 

shown of,ow. 

kikleh 11-12
 

Wot n AnnuO IRcinfll in mm
 

Aitt Tftt' issrtf t& IIho d IioyotulMit-,) 

lJpi'i Cittiodity Basi 3, 121 3,090 
Cirintt i Bisin 2,917 3,300 
Cijolfn, Basin 3, 143 3,500 
Ciicjwiung Basin 2,773 3, 100 
Cis''diafsili 2,629 2. 600 
Soqatcu Antif':ari 2,907 2, 8f50 
Pro,,ct ', 2, 870 3,000 

ht' v,:iiLn's of monthly and ottno iainfall cacuiott'd by t01 [iessen Mitthod for t e period 1915 to 1972 for all thi sub­

bi, (iis sfown in A-25 thito The vcL.stot' b It's A-20 to in Metoology Appndlix. dicimal portlon of tihe tivoroge ics
 

t titopp'd by fitlcompLIti nd, itfote , sun of tiltavfi not exactlfy equil tin totcl.
tit(, vOuti'S cIsshown does 

T' iinnuaf rainfcalli over tihtPtoject A ,i is t'stimattd to be appioximahy 3,000 rmn. With effonce to 

1t, tenil distt ibtion of titiannual iinftll, som" of tItt'oiq,,st iintfall occurs to fite soutlhast around Cilacap. Pro­

'e'di ng t o tfOwnolthtwist, a lain sftihdow is inflicatecd in ti,,i.owti Citanduy /Cis'(l Riv arec . Rainfall is then assumed 

to inclini', to thffnorth clu'to oroglrapyhic lifting ov'r tit hills fomirog ti' noithin basin boundary. Fartli up the Cilan­

dcly Pivt., t!itttainfcli is grtitist on Itrsoutftast'rn sirit of Volcano Siwl. On tII noithw.sten o Ittside of the Vol­

c00o, ith,, tainfall d 'co's,s to thi udg' of tit,basin. In the sonft'cnste n st'ctor of the Projtoct Att'c ther' is cIvaition 

in ttniil 'tinfrill of 1,200 m though Witfhini Pioj(ct Arci, 10 toovtr "Von itrto liin is qoircially flat. tht thc appot'r 

h-. ib. I'dca ron' which ai, ,tbjct to high annual .rinfalls and whii, tir in contitdiction witil the, ovial grneial 

p t h,'trt. I' 'c o' of t h' st, ,ohtc fod ani fYsis , um ini aii w mmForit t,- rIS 27 icir, Ior tfI if moxi i ,'ror'cd ( I( oIl js 6, 601 


ith f'i.l,-:-i (15) in 196"3 tit] tihminiiurn vcu1.' ',i was 922 rimi R ijtr (245) in 1953.
t'poi BO 

hitti' tri,two piorlotirrctr ttinfoll st'(,sons it tit,bcsin. 1!t1 wit stirson Occurs flOrTi N'.ov'rtIli itto0g 

(by ,tosint covetis tiiioUrit otht' III, in scason.A, (ilttd tlft 0t1y Sopti mIbIl . 11w it orflis can includ.d 'ithto Individual 
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liiiq ! os nci s.'ithout rn,-cIslil'Cj rinfcrl I. th' is[Win gi g cit ions in tO. - fhI -if, I v-c -cId n-[ iodiof asric foul

t ont'', r, , o mor Isf 

iong,. f Iosl t _:n i I ui,'lt 11, V.' rio I irfi(I .p :', If'1It5 ''rd 

-0i-lo.i c.t,, r, of n J(1- ,lp ,'",,nsd s',t. t1w iciinfol I on -17 ti, tliiiutily }ci a0cS ) c trci 

ciroic! ot dwr- c: I i, -l;(K -I ' - r 'iiX t r)lI1'Fohy,-tcil v.,r" m fI,'for ,ach a'o b scrcI-on ! ;Kwphysicol ii.(Ir-M -tIiod 


t1 .d 1itIs; t'r'-rin td i ,it i n q ,' ,,. 1i i ontt y I cj S','ihiti ,'stIriat'r l I-, I i n NA, -hoI.t ' , t' u 1|- isti on i',os ',,iss', 

UIpp,-.iCito h'' BIil: 1liT, h -;iti iorlsists of tih'('ihinduy l'iVf hcSi', O ovI' t10 CiMur Ur li,'0 isthI1 'Irid 

itrt chiri nt 'ii . forIl,, i ,, ,tit c( Cis 'TI' n sohy to l, iIts ofplopnc('i rni ft.1,rinonjwiy( iternatiiu Bcniar,l. lhi. isorcwil 

i) , (I-nc is a Istan uLcrI10ii'iiilI 'I!' CIrPrlo.iMo '. , 1 ,, I
. 

] I crI rintIoIll st imclt'd to K,- 3,121 mm, Ic monthly ci liii­

i I ''c1 rom a mu-irnum of 5,17'9 rot in 1968 to a rfiniium of 1,84 rrm 

iin1963. '. r rP'-ir i-I o ,i- ,oinhll v.' 728 rin ili Dc--mW', 10.1'. rainf(ill v.I!I 

tionI;sslo'- 'iFA e -i Ii niOn I-ICIirl(ci11lif,'c 

iil rron't, s -t'io orcisioncilly 

Iw, (':od.d-Ib sin-v irl''111i ot .1 t;', or. It.,rironthly d; it mt,!.i. tf ion of 1ilt., (rinua I pr'ecipitct irii r'ips from 13
 

'C',, -), to it ii l'ft in c-r'i)., .1p-i i-') 

t-- tit of t! .l tl,soutlw-n slopes of 'V' 
)inl!ci.is n Is O.,.): .. it -, C , 00 ram 

"i,'Iriq ,st,-ifo!' or s it: i)ppel' p)i tiori '' ,inor rlcclro 'S..v 
it 01 s . i,, i,'.,' 

,eo its lle, 1ollo. 

r'rrfr:)sn- tCoitcr r ' It 1)CI fI 11 tcrdil opCi I 1 mitIi 0 

probobd lyv )I'c Ioc~ltio,1 1, fill- 1(- td ,., 

Ii -'r' t i J- 'rCrti0ns I iI'i ,oc> 

s:J ~ Bolsirn intfo hi -"Ciw h-irldS 11w irlCirM(,rlt ',LJ: . (im t x ,n th',, l tioly., cilonq noitht Iiourlda y 

v'on i, iJ,qcitl by .i in.. st ticlt r-ol. ,i-nuiCri), i,-', 


tillv,./ tulL'r ficrno ic!,d', ' Ind-'r irout t 9 3200 rmii .lick1 is14 ptic,,nt nor, thfin 1y th(.
 

(irc on ,c::no 'lav l,,,.'.i t' ; cov' r ' (]ir cirrlgt Tih,,- of lainm­

th- ri jt ti,'Stirniit, 


fAi tlocj'-, . lit' i',1jled from 4,823 mm in 192/r to in 191 miximurn ,i:rtori -iirtt'tl 1,H02 mill h.i- ', ,'moint! 

h.'.ir iii ,,, r' I r' ', Cwi,. C:,l y iItill' p ,l't'Ic,urri12> . vvn c , p'rit' mcrioI 

qpcr.t n o o150 C , ' ' n ,iIf,I i I o r '-mb, ',(t1ln.',t n 1ricii'hi, monthly oi st ibuhio oo ri (inrinuol 

iciriOill wry 709 mii - fi ' i:- r t 

tv. CCc nsCio , !,, ,,pt 1 trn.t ; 5i n io 

tii rIl i('t['' -, - tttr ,' 2 p--c,-nt tu, I ',iron ll l utior (lirc1i klli r1 from 14 p,'1 r; tri in Au . y ,i i'u of cnruci i isdlo '. ill 

li-il.1-12. 

Tih,,'' Crtrr ill c -nr homt 3,000 Timrl rronlri tO-- to 2, 0 fl;ni t o ­r -i i,d i,,in ill, .)i i t ovr ' i ' 

'-Itslop-s of V/olcmao Oc'.i o') ccirpnw bournc !.n, th,-n t lr n 


Cijolur )Brrsin: F11- 'xt,wlinto th,. it) 11W ioith-oilti puIt ofCijoluiq Bcsin k morrntill-ri(11,(1 0h0 

Citc.tcir'y ' chi' .'f)lim.1Act' ' ' no o fip's oC:rt '' in t ii cn'Basin and is Ii cath n-of ciii foi 'rx Ir r ir in midcl, p-,, 

''ii,,~c~r,c d ti' hns inisloc(itd on fr, windw ird si, of th' f0mountuinicc ,'.F-orti ' i,'CSOn , Ill. i infnlli;Ilrrll(:l 

%v rs 117ioh,'tcnIsr rn,'thocl. i, innjriinkii is',stimat''d to ki, whidr is If)m,--i mosti b'y Ti-- nn I 3500 amm, 

tl:c Ili,'tim~n' Ky th i-is'v.-' llh-monthly dJilttihUtion is lrtn in T'rhii 11-13. ',' tv­' 1 tlo.t I od. By tio TI.,,i- ,rv lthi,, 

m m 4,_562 piriin 106,. NY)" 12 3 1tin mowrnliin' nirr'i hisin (rnirfall v'-(is a(lo t, ;r;rnlm wC I i 9 . . ' nrc:> ntll,, 

inicnrcillorn nt ''.,, rri1926; z tro 'l t rt''i in il iotitlis 11Mc y find (')(ctolrl . --mt750 mm l'??in i( rtl h K-m, -it', orrti ly 

iht,, ri-i crrMcr (ill is, ha 500 frirl most oi It,, r rn t,1 tIlC rf1n pr-it' inn ili r ' wrhrt's 1t), rf! i-.irs-,srlror 

3, 1)0 filmi''IOw motift' i'iv,'r.of tO, Cijriht" 
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Cikawung Basin: The Clkawung Basin also has a significcint part of its catchment arc:, n the high eeva­

tion ridges a long th, nortr-tn bordei . The mean annual rainfall is estimated to be 3, 100 mm by the isoiiyetal method 

which is about 12 prci,ni grate than the estirriate by the Theissn Method. The monthly dish ibution is shown in hTbift 

11-13, Tii. annual rainfall varied from a maximum of 4,435 mm in 1968 to a minimum of 1 668 mm in 1963. Ti maxi­

mum one nontl rainfall was 695 mr n Decembfi 1958 and zero rainfall may occur p -iodi cally intire dry per iod Jun, 

though September . The montily disti butioinof ainfallianges flom 13 pet,,cnt iniJanuary to 2 pmcnt in August. 

T e main sti.eam of the Cikawung Rivt-i flows through a relativly low rainfall pioducing area of about 

2,800 mm. Its majot hibutaries, however, all have their source in the northtin boundaiy ridge which receives about 

3,500 mm per y-ar. 

CisfeI Busin: Ti, Cis,I Basin piovides; iunoff for Ihe Cikemnbang and Binoangun Dams. The mean annual 

rainfall is approximately 2,629 tim, which is the lowest basin ovelage in tir roject Area. The annual rainfall estimates 

by both methods are, very close. Th, maximum annual rainfall was 3,923 mm in 1968 and the, minimum was 1 014 ir.1953. 

The monthly distlibui ion of the' mon annual rainfall is shown in labI, 11-13. Tlir muximum monthly basin rainfall was 

654 mm in July 1957, andtie minimurm is zero which has occuried in all of thr dry seoson months. The monthly distri­

bution ranges from 13 ptnt in Januaiy to 3 p-rcnt inAugust. 

rhw lower Cis,, IlBasin is in -i seve e ,in shadow and sory, aras receive less than 2,400 mm per year. 

Th, ainfall grocluall, ir:c, as-s to tHe wst up to sam' vllr over 3,000 rnim. It is this latter area wlich would piovide, 

inflow to the, Proposid dar,. 

9,gc0la/unai',nrrl: The average annual rainfall, estimated b,.ythe fhreissi ii Method, is2. 907 mm; the 

monthly distribution is givin inTibl, 11-13. The annual basin inrifall has tanged from 4,678 nim in 198 to 1,654 mm 

in 1953. Frt maxinaum monthly basin rainfall was 808 mnr in Octobe r 1920. Little or no bsin rainfall may be itcoided 

occasironclly in th diy s!'ason for p,,riods up to two months and fouir-montlh basin rainfalls of less than 12 mm have occuL:fd. 

t

The monthly distiibution of rainfall rangs fr 13 prcOnt in Novemberi to 3 picent in August. 

FT irinfall is highest along the ocirin in th soixth,-ashin arfto and decieaseis forn 3,500 mii thir, to 

about 2,800 rnm in tw notih and about 2,400 m in the wes. 

Lower Citanrliy CseeI lPiver Systii Subproict Aura: This criei is drlfined (is thIr aea that will receive 

burefits for tlr, comprehensive wat, mnoagurn'nt scl rinie. fi,' aea, for tie most part, is locatld in a rain shadow and 

r(cervrws sonr' of ti. low,st annual r inf(Ill in ti,' Proi-ct irea. Th annual rainfall is -stinnate 4 to be 2,800 mm from 

tie, isOry,,tCIl map. T,- niotithly disti ibutian, which is shown in fable 11-13, was bca'uid on ianavr'agr' of tire distribu­

tons of Ir; ,,geua Anal'an rnd tii,' Ci,, BrIsin. 
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Table 11-13 

Mon.thly Distribution of Mean Annual Rainfall 
0in mi I limet-ers)------ -

Month lpp.i Ctan- Cimunur Cijolang . Cikawung Cisee I Segaia Lover Citand--y"/ 

Month duy Bosire Bisin Bas ;n Basin Basin Anakan Ciseel Basin 

304Ja n 397 449 455 394 330 325
 

Fb 345 370 392 363 316 288 307
 

Mar 379 403 424 384 330 302 321
 

Api 291 307 322 304 244 268 259
 

May 232 241 248 211 194 216 206
 

Jun 142 155 161 143 133 178 157
 
130 93 117 141 129
Jul 133 119 


Aug 94 99 101 71 75 102 90
 

Sep 115 116 119 87 91 112 95
 

Oct 246 248 280 254 216 293 256
 

Nov 350 356 406 394 272 359 321
 
Dec 397 437 462 404 311 344 334
 

Total 3,121 3,300 3,500 3,100 2,629 2.907 2,800
 

IYdi ology. The rydioloq / of th, Citanduy Kivei Basin Project isa complex subiect and much too lengthy to be 

includ'd l r,..A camplete titotm,nt of tireFhydrology of tre project area is included in Appendix B - Hydrology. Short 

';trtm-rmnts on the physiograpl'y (inr of 'Cise Rivet System and the Segora Anakannior pholoq' tIv,Citanduy e are presented 

it) (11' v i,,Iportion of this c ant'r. 

lid's. Uinfoitunt,ly, t trld, fniqinj station locat,d inth,.poit of C;lacap has not be,-,n in .vorking order for 

s-,vIal >y,!ars, arid none of thFrold dlta could h,-. located. Theai an' no other tidal gaging stations within the immediate 

'.icinit' of trew,gain AnrA n. Elit, tid., gages at area isnowinstallation of several ciitical points within the subproje.ct 

undrlw-ay, but significant Wrults will not be available until itie design and pre-construction phase of this proposed sub­

proj,.ct. lhrr,'lo .,ol1 tidril nrriawur'i,mand the study of the project area niust be based on publishedtits movenwrts fo 

pi,diction tab Ifs . - On Fct,, I- 16. the dlata from the, rc'nt ly installid recording gage in Ci lacap has been superi m­

posr,,on Fr' cor ,spond;ng tid'' rib F pw'dictions. Predict.'d and actual tide movements are strikingly similar. 

Fov.,,v' , th,.action of tF . t;r', 
, ik,i c rnplhx plwanom',nom. and at least a gn neoIal knowledge of t eiiactions is 

,',.,.ntiii plannirip and construction of any woki The th oretical oscillations of)..or., und,,rtaking tl. affict(-d by them. 

tinl,"sintie op,'n orCrn rind -r(.nsta votts conform to the mathemratical cosine curve (See Plato 11-17). Bays and sounds, 

ir, p h p,, irild ol tnm,' and vii rstuaries all will exet some' 'ffr'ct on ret tidal swing (Seei of coristrl irrdjntutinns, 

Ph'lt,11-IM. 

1F'' tir-,i t ('lficap rIpp''rris to b,- of tFh,','mi-diurnal type with iniquulity. Although the normal time' lapsn fiom 

!i;v rtn th. hi 1'; far tide, me'n from high tof'rllri,'.'in l ''.'at'r 12.42 Fionirs this type of this dos not that the timi 


. .').v li is ,i,'cr',,s(:i -1,1l In r'.w ';t!,at usai l thingj in­lflorilow to ,. . such of li' i,ai Anakon, itisthi for 

'pioll Fiti, ,'xi,I.sti.r, 


a r' 1;d i rli 1974. FrI I Arrql.utan Ru,,pab ik Indron'sia.. ' ls. Iniri'n,m / ip,'arro , I) iris F fidtoqia{.fi -

II-283
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All tidal predictions for Cilacap air- haes,.d at a daturn plane, 110 cm [) low man sen hnve l (MS L), which isaho.t 

the minrnuni low I. tide tab ls do ird tIe magnitude of var iation tulI c(an b,, expect ed due, to windwater lev Tre ticat 

direction, ,eloc ty. and duration; barometi ic conditions; proximity to the estuary; ocean cullnfts; and wiverflood flows 

and sta 'es. Table 11-14 ind icat,.s th, extreme ii9h and low tides to be expected at Cilacup in 1974 . 

Itcorn be seen from this table that tire maximum difference between high and low tides occurs during tlie months of 

March, May and September for 1974. However tihis may not be true for every year . The change of the relationslips 

of th san and the moon can cause a gradual tidelswing. All of which emphasizes the importance of the rapid and ti­

cien installation of the tide gages in the Se~gala Anakon airea. 

Th,, predicted maximum range- of 200 cnn represents a high tide, of onte meter above mean sea level and a low tir,' 

of one, mi hr be low mean sea leve I. The maximum highs and lows do not occur on the same day, and thus these rainaes 

oie not ,xprfiencoc on one particul ci do., They may be spaced as much as two weeks apalt; i.e. , the ricxirrun hi plh 

tide may occur at the begiirning of the nonth,while the minimum lo.' tide may not occur until the lattelr parl of ci niv-Ir 

Table 11-14 

Mont[hl.y Range of Tiders at Cilacap (In 1974) 

.. .......... id+s+ ti i ... .......... .. .... ........+i- cen: mi+i'f . .
MonthTie (eniers

HgiLovw Difference 

Januai y 180 20 160 
F(ebruary 190 10 180 
March 210 10 200 

Apt il 200 10 190 

May 210 10 200 
June 200 10 190 
July 190 00 190 

August 190 10 180 

September 210 10 200 

O ctobe r 190 00 190 
November 200 10 190 
December 190 10 180
 

Yearly Avercrge 188 

Magnitude and Frequency of Floods 

To assist in making an analysis of the benefits accruing to flooJ :ontrol, an estimate was made of the area flooded 

for a given return period and a given level of protection. An analysis of this type was done and published in the Hydrol­

' ogy Appendix. Since that time new and. hopefully, more valid estimates of area flooded rave been obtained.2 - These 

newer data showed significant changes to tre ares floodedand based on the descriptioi of the floods, two events, which 

wore previously usedl, were replaced. These data are shown below. Also shown are estimates of peak discharge derived 

from average daily discharge at Banja or Pataruman stream gages and an estimate of the return period for these discharge 

VO Iues. 

9" Catatan Baniar Pada Daerah Alian Sungai Citanduy Hill Dar Tahun 1968, Sampai Drmgan Semester I Tahun 1974. 
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li bh" Il- I. 

Duta for fistoric Floods 

Disciaige PtU P,.rA. IrInrht',d in a PoaL P.. n iod 
3 


. w .d in m in y'ors 

J, 1 1968 20, ':.)0 20, 700 1,460 10 

ajo',1969 - 970 710 1.8 

Jul, 197(0 .5,000 530 1.3 

1 9, 1 ,920 5,099 460 1.2191 

Hov. 1971 .1,200 - not Lbk'dl in finnl nliyses 

JIn, l979' , 500 - not used in finul analysis 
Jul, 1973 ,00 6,024 850 2.3 

5., 1923 25,000 18,400 1,400 9 

11,,nwcii r,s. ,,i-nud in tKw orrrlysis. T',areas wi-r , i'duced to allow for th, land flooded on the indicated 

lnt',s tfit ''ill still h,,flood,' i uit ,,irmph''wntation of l1h pro ,ct. Thes' lands art in the V!anarrjo Swamp and Low-_, 

'neoktI' io[ rr'rrs, in,,',,du'-io, '.'.','r' rlso hari','d oS tn' pr'viously m,,ntionr'd itport. 

II a,, 1ci1sti Plat,' 11-19 cind it WOs cisurn('d from tiis plot thut tho ',xistin. hr'srr' system pro­

vid,' piol lion u iuilrst i , 1 *5-y'<ir flood. 

'lta or'' plor tt'd on 

ji,+,,tjrdj,-, to r*,'rlni' i,t (11ni ,, dr, ossurrirg diftt,r'nt litve ', of piotct ion, w.,r' based on lhe volurme of 

4till. 1I11''' 'slk+nof ' ill k thIlk 'fnU vhirh flov's ovr'rIbn l-if no 'v,,s ui'' constuct d or which flows ovi n'sd through 

t',,I v,' n,,,rnihilr . Frilrn' v.'nr r)srmed to Occur vwll, th,'Isv,'%.'i-,ov'itopp'd. flfw' conditions '., ni',u Iiuly7id: 

3
' 'rrrrrrrrnt 11(1I ,.],,,- i r1 1lorr6 ttnc.rprrrcity of 100 m '; (i,csun ngI ,,V,,,slv,, h, 'ri ,or'tuctcl'd so into contain thre 

l0)-, ' rind 's .... +,b c ristrltn'tch l tt- ?5-yrr For ,,ach or thf,'- conditions,t; ,mi ('0 wl'rnir.l '' h v cortcrin Iho rIrimoff. 


.lO-)-,n , 2'-/'+. nrI .-- i ','Ind flow', W '" roUt''d throughr tl,. systhrn.
 

I' spill n,' ort 0n,' shown blow .vero '' condition', Sri' 

T hh,_ 1-16 

SPill \/olunrr' ini MCM 

n0 _or50-,,,tor n lr lO 'y, 25-y..a.. 

ifo flrot,'Ctior 111 157 197 
li-yw,'o Potnction - 79 115 

",-,',iIl P ottion 88 

lily, of , 
• p.','l in was (if th volurn, of spill for I .5-yia prot'clion. Usirg the I(­,'. diti lotl on ''stimuh' rmod,' 

ltiol i vOlirn ! ail ( 1
I ''torn Pr iol for vai ion'. ''vls of protoction, and tie irelation betwen volum' of spill 

or',I ';,' i In ,ht-, i or 1 .5-,+,-r pi or't, lion, th, final c rvi's oi aia inundated versus r'turn piiod for no-ptotection, 

nimrlditi P! ' ,, J--,' r .nr).30-yfrm prolctinn 'ven' ' -,,Iopi'd. rIs, curves r'' fown in Flh, 11-20. 
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Lard 	Use 

Fibl 11-17 indicaIs that th, tntal rclictIltuial land atna within the project is 415, 086 1iectares . Since the total 

proit,,A alo is, wect fcrs, O e diffl lor in non-agiicultural land and water areas. This project446, 	000 1i0!isaccounted 

k (I compiltor hom 11,land Fr;kmalaya.ala land us, taleh I use statistics rot lh districts of Ciamis, and Ci lacap; 

,po tiots of -ach whi- conrl s, t!,'itanduy l'iv'r P joct r i . [l district statistics are, shown on Tables 11-18, 

11-10, nd11 -?0, resp(ctively. 

Fabl I 11-17
 

Use Pattetr of Aq iicu turno lItd ill the Citanduy Pro ect, 1972
 

-	 a nd "- sUs- Ca t e g or ie ( ec tare s per ce nt 
uwlcA' d Clpil I-d-n Foi t Piartation O f .H"wstrct l 1 d i 1 Planl I e 	 ..... 

('.'iran is 43,41 41, 800 11,247 17,857 48, 448 5,914 168,750 
26 25 7 10 29 3 100 

( lacap 39,362 56,599 24,371 52,886 11 ,206 3,345 187,769 
21 '0 13 28 6 2 100
 

I v,lIrnatv aYy 18,20? !4,650 '1,923 7,899 12,702 1,191 58,567 

31 25 7 13 22 2 100 

-
(I.,ellVial 101,4 113,049 39.541 78,642 72,356 10,450 415,086 

24 27 10 19 17 3 100 

-- Ii 	 Se'ivic SmaIlholder Estares, and< cI " 	 land Us, [)Departrent, )%iriculiulial [xt,nsion , Plantation Directorate, 

1:J01str' l(epartm,,nt! . 

I 	 Includ ,'s orlnls and Yards. 
111r II, s , r~ovrnin tlnds, etc. 

1"2 	fota nliect c0l11 is 44c6,000 au. I1hf diff eeirce is accouritd for in non-ni i cultural laid and water oreas . 

Table, 11-18
 

r-,d-lJs, Patterir for TasI malaya District, 19727 

rrri-If , t g o r i ,s 1)Ir0 t a r 

- [itl ri owland .i:, I.plrrid Crops Htom Gardens - Forest Plantation Of!, r Total 

P'alas;q,.-tuI 14 28 1 77? 378 1,420 "551 347 6,881 
3671 3, 1" 540 1,346 543 - 7.943 

(lr)oIlth 1 95-	 115 312 - 603 - 2,917 

C;aronq 2.60/ 902 225 1,325 1 049 25 6, 132 

JrdP -e ,2,9.. 45W, 462 962 5 83 217 6,055 

V,'i!-rrlayal ?' 171 61) - 370 -2,086 

(.rh)'-~i!UrrA 0 1,451 575 .0 1,395 57 5,603 

tv.nan Ira 1 / 51 '3 3, 146 7,9552, 549 107 	 160 

- irrr, 1 ,0?' 	 " 27" 2,689 ,10 355 12,995,ir 4,1 	 ,4, 

1',tllI '?02 13, 60 3,923 7,899 12 ,702 1,191 5F8, 5 

: arir'land 
F:i+"t-a. 

m.,Ii, - r n , /. itrrlil 
I"I,err t c,, hils. 

I ytlrslior 'Service, Plrrntation Dir'ctolatl,, Smlllhold Estats, and 

Irr Itr," In'n,.arnd Y(lld . 
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1 

Land-Us,! Pat t.rf Fo Cium k Dtitrict, 1972 

Land- Is Cai.(or is (oectareIs.
 

'b-Distr icts lw . e UpIId Clop'. Ilo 
,. 'Oald,'ns1 Forest Plantation Other Total 

Ciamis 2,394 2,064 1,155 1,144 5,743 91 12,591 
Ci onrwt9 1. 51 1 887 652 1,235 268 37 5,640 
Ciieong iing 1,030 1,740 583 - 4,332 42 7,727 

Poionmbangan 1,072 1,066 392 1,100 481 279 4,390 
Fn ni<allu 2,570 1,177 440 1,245 2,091 2,119 9,642 
Qia 1,167 340 2,534 224 5,357hamb(uti 1 057 35 
SclwuIi 1,836 2,589 485 115 817 555 6,397 
'(irawarjun 2,378 2. 66A 407 217 666 1, 226 7,558 

[Burlisojui 1,454 1,709 240 274 480 62 4,219 
o'inclh 2,,63 4,080 335 712 3,711 182 11,713 
no 2,015 2,843 754 2,879 3,563 82 12,136 

'iodusa 1,834 2,527 435 - 374 194 5,364 
Kinjar 2,882 627 822 592 5,482 348 10,753 
8cirjoaii 3,610 2,980 1,777 1,774 3,348 89 12,978 
Fal. 6,322 827 601 3,166bo 628 - 88 

C(incrauqas 1,226 2,682 632 20 5,030 18 9,608 
Form icotn 3, 175 4,047 622 1,175 3,873 356 13,248 
(1 c;(, 1(1n( 3,953 2,735 674 735 5,872 65 14,034 

dipucing 612 2,698 275 2,106 1,492 46 7,229 

FtAul 43,484 41,800 11,247 17,857 48,448 5,914 168,750
 

)oi c,.: 	Land Use Depart tne tts, Aciiculuiral Extension Service, Plantation Dir,.ctorat(, Smaillholder Estates, and
 
Foresthy Dpr tn*'nts.
 

Includes Florm's and Yards. 

Table 11-20
 

Land-Use Pattern for Cilaccip District, 1972 

L a nd-lIso Coteiries S
("Ct arI.e 

cts1 	 '
 i _owland Rice. lub-Distc: U.pland Crops 
 Homo Ca,.rdns Fores t Plantation Ot her Tota 

C(ilacID 1,578 974 2,936 14,379 - 383 20,250 

J, Lji 1,198 3,643 1,432 3,208 - 149 9,623 

NiV.urnaintrfn 7,188 3,813 3,674 5,800 1,563 404 22,442 

-,j 3, 482 3,584 3,083 1,385 3,886 336 15,756 
-dourr 1 ria 8,093 922 2,361 4,500 - 778 17, 154 

(-indrrun moini 4 , 764 3,492 2,170 3,612 - 26 14,064 

F'rr(nqpucunlg 1 713 6,579 610 2,708 - 71 11,681 
to"i,,n-anq 3,347 4,914 2,085 5,800 - 83 16,229 

"I rwirK 3,230 7,420 2,935 2,510 1,629 423 18,147 
F)uOr/..lirr 2,118 13,144 1,359 5,588 2,256 591 25,056 
('im r (jrLJu ,651 8,114 1,226 3,396 1,872 108 17,367 

Ioto! 39,362 56,5599 24,371 52,886 11,206 3,34 187,769 

,,lre.	 Fond-Us l)portmrits, Agric lturail [xtension Srvicr, Plantation Dirwctorit,,, Smrllhold,.i slats, (and
 

Forest 7 D.par tint,.
 

I Fh lrids tom,- and '(ai ds. 
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'F,, most ,xth,nsivf" ';in(,11 crop i.' lInwdm,' riic , which occupies 24 prcent of tit ogiicultur(l land area. The toim 

low lnd Irco in CludS I Cic' iicli r ill th-Ilil (II us as lorc as thr-se are waterad by eitho.r ainfal I o: it igat ion. Dur ing the 

lainy susrio such land is rnm1 !y all k .,,t to I ict' crop, lt dul ing the dry scason other crops at: grown whee ther . is a 

' I suipply pro,,rf anl d raIirti condit ions wilI neI nlt th, grow ing o" crops otIeI In Irce. It is ',4pected thut diversi­

lcrtion at' production on lrse, lnds has for .qti i'i pot,ntial huln presnntly evident. V/ht is necessary to hir, this 

talwoit i' t roi, favorable marL,t plic, ielatiorl for crop', othli thn rice . t'his will occur as ievoloprinit of the ,conomy 
pi or -,(,' 

I Iplani-typ, ,op; cit' trosi, which al chiifly grovn under milnfed conditions in oiling a hilly terrain. Ilow­

',.,t , th,a C I Intll pland crops areo not confined i'xclusively to tlit ipland. These crops con be, and are, grown on the 

low.' rian(i; v.'h'ee drainage' conditions per1mit (which is usually restricted to the dry season). The main upland crops are 

clsv"ay, Corn, (incl sw ret potcitoes,- Of l'-'ssr importlince a,r pean ts, soybeans, and tabhI beans. NUm(roiUs other food­

type cros 0?0' gon i9'or local conisumiption. 

Ir~ ,st cinls cov.I 19 pi ffttheU,ugicultural land aiia. (St Plate, 11-21). All forest land is in goveriment 

vi'shlp, ThMerinijo fur el type is teul., although pin- and iruhcgory ,xist in small proportions. The forests are pro­

's,.sorarl ly rniiari(nrJ on ( ;infle.-pupose. lisis for lrmil) pr oduction. Very few, if any, natural stands of timheb remain. 

It, rIrountnin slops", IrIe blren lar(l'y charUd Furfarming by stilhitters. [ho hrt plartations largely exist wheme ciccess 

'as no ptoblr, corliseiieiit ly Hwy occ /pyroll irg fonl ill luId', for the. most port. 

ifrlecur p pjinriwl by smillholdot'., Of thre 

elo ciop', cCcoriut tIli's occpy tlit grlatest ala (ind produce t.i gretatest vIlu', hubbe issecon-j in ,xtent and im­

pot hin,. ( 'i plmIntlion rlrai includ,' cloves, Ir'a, coffer', paim sugcar, and cilionrrll, . T, production of these 

ciop by ,millhordm' havinj only a ftic tion of a Inctar,, is comrmn . 

PlInIltation crop's, thus' v occupy 17 ptccrt of the project aie. planta-

Lowe,- Cilanduy C;'''- ki'v'iSIystr'rn. Thi'' id-us' data in Tablh 11-21 was compil, J ftom tit subdishicts which 

It, irincipolly within thr ;ubpiojrcf nra ord, I rirpi,sentativ The! dri~ive d percrnta;,mt in to obtain land-use pattei. 

',,, thrn cpplied to th.' !oral sripiojrct cmoir with th,, followinq results: 

low in Plic - 36 p,'rccnt - 33,480 lactares 
Upanda [aCrps - 15 perc.nnt - 13,950 hectares 
Ilom Oardons - 12 percent - 11,160 hectares 

Plamntatons - 24 pir c,,nt - 22,320 liectarms 
For',t - I 1 pric,nt - 10,230 hectares 
Otlri - 2 perce-nt - 1,860 hrictales 

1otr 1 100 peicont - 93,000 hectares 

U'' s!)iiriiicis of Biinirr rind Prida,raO ray,' fl high percontcrg- of their land ar'a d-votrrd to plantations. Thr 

rblI t;ho'.v', t hrat ''jir "';iir lct his 26 p''rc'nt if its land vr,-o in fotest, but in fact this luand is tidal swamp arnd'uhdi 

r'iontiov ' w'(i ri i 'm a r ii i rirrli" i i',clic t' Ith i ' ,1tk i io H , iF )ctrpaTtm ,rnt. 
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Land-Use Pattern for th, n,.t Citarrduy C's.l iver Sytem
 

Land-Use Catgaries (Icctaics pecentI) 	 tric 
uh- DistI ict Lowland Rico Upland Crops Homi. Gardens- 1 Forest Plantation Other Total 

I 	 i s: 

627 822 502 5,482 348 10,753B3njar 	 2,802 
27 6 8 5 51 3 100
 

2,980 1,177 1,774 3,348 89 12,978RGanrjaisari 3,610 
28 23 9 13 26 1 100 

- 6,022 628 827 - 601 88 8,166,i-ok 

74 8 10 0 7 1 100
 

Padrherang 3,953 2,735 674 735 5,872 65 14,034 
19 5 5 42 1 100
28 


subtotal 16,467 6,970 3,500 3,101 15,303 590 45,931 
36 15 8 -7 33 1 100 

Cilacup' 

idar a 3,482 3,584 3,083 1,385 3,886 336 15,756 

22 23 19 9 25 2 100 

du'g1Qja 8,093 
47 

922 
5 

2,861 
17 

4,500 
26 

-
0 

778 
5 

17,154 
100 

Suhtotal 11,575 4,506 5,944 5,885 3,886 1,114 32,910 
35 14 18 18 12 3 100 

(,rand Total 28,042 11,476 9,444 8,986 19,189 1,704 78,841 
11 24 2 100
36 15 12 


land in villages 

Srgara Anakan I clamatian. Th . land-use pattern in this ar,,a is rrpres-ente d by five subdistricts of the Cilacap 

istrict. Land-use statistics for ti-sr, five sub-districts are. shown in Taiblr' 11-22. lhr percentages shown in the table 

indicat,, thar portion of land use cartgoti ,s ncourrtr'r in tOr whohe Sejara Anal-an Subproiect area. WI/ithin the area 

to [e reclairr' d from tidal swamps and margovs, only 25 pricrrt of tI r lands aor'h ,ing farmed, the emaindor being 

waste land. 

Table 11-22 

Land-Use Patterns for the Sugara Anakan Area 

SubD-Dist rict Lan d-Us C jtegoar ie s re1~ c t arie s) 
L70wland(Ric -c-C-ff Upand Fore(_st Lrrinds- __Home Garde-ns- Othe-c r Total 

Ci lacap 	 1,578 974 14,379 2,936 383 20,250 

hiruk, hIgi 1,198 3,643 3,208 1,432 142 9,623 
f'awr rvji nt n 7, 188 3,813 5,800 3,674 1,967 22,442 
',.r I,j 922 2,861 17, 154!w 8,093 4,500 778 
rr.rrd rngmangu 4, 74 3,492 3, 612 2, 170 26 14, 4 

Tot;l 	 22,821 12,844 31,499 13,073 3,296 83,533
 

Per ce'nt 	 27.3 15.4 37.7 15.7 3.9 100.0 

Or.: Agricultural Extension Service, Cilacap 
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Socio- Economic 

Population 

The population of the Citanduy Basin was 2.5 million persons in 1972. The density was 600 persons per square 

ki lometer. The basin comprises 3.4 percent of the island of Java (with Madura) and has 3.3 percont of its population. 

Table 11-23 

Population Data - Citanduy River Basin, 1962 and 1972 

----- 19 62 	 1 _9 7 .2 - A n iHV 

Area km 2 Density 	 Density GrowthDist 	:c, km 2Population per km2 Population per 	 Rate 

Tasil ma laya 516 475,351 921 576,818 1,118 1.95%
 

Ciamis 1,905 890,392 467 1,073,025 563 1.89%
 

Cilacap 1,772 647,073 365 860,135 485 2.88%
 

,T 	t a 1 4,1931' 2,012,816 480 2,509,978 599 2.24% 

Source: Bappemka Tasikmalaya and Ciamis. District Govenrnn, Cilacap.
 

1/ 	 Combined area of political subdivisions lying wholly or largely within the watershed boundaries. Planimetered area 

of Citanduy Basin is 446,000 ha. 

Java itself is the most densely settled area in the archipelago constituting only 6.6 percent of the land area com­

prising the Indonesian nation, but having 63.8 percent of the totcl 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, geographlically speaking. In the lower reaches 

of the basin where the tidal swamps boder the Segara Anakan, population is sparse. Large arecs there are not suitable for 

habitation at all. The few residents of the Segara Anakan live in isolated villages where most of the Iiouse are constructed 

on wood pilings to elevate them above the water level at high tide. The population of tlese floating villages is reported 

to be cbout 8,000 persons. 

For the purpose of describing the population conditions that exist within the Segara Anakan and its environs, a 

land area of 24,350 hectares is assumed. This comprises the tidal swamps and forests an I saline areas. The total popula­

tion is estimated at 25,000 persons, approximately equally divided between fishing: ano farming. This population lives 

in the eight floating villages previously mentioned and around the borders of the swamfs. 

Heavier settlement, denoted by more frequent and larger villages, occurs alon ie highways that traverse the 

basin from west o east and from northwest to southeast along the ,ight and left sides of tr Citanduy valley. The density 

of subdistricts varies from 193 persons per square kilorryte, in the Dayeunluhur subdis iict to 7,370 for the Tasikmaloya 

subdistrict. 

The pat tern of settlernment here is typical of the entre island of Java, and consists of intersporsed blocks of falm­

rand and res idential oI4ens. Fwrier.5 reide invillarges apart from their agricul turc holdings, which may consist of severl 

smell, separated plots . The villages are densely settled and occupy, w here possible, tire highI a s of giound so that 

the lewer flat aeas can be croppe d for rice . The density of the village lands is about 2,500 to 5, 000 persons per sIar e 
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kilometer. The cities are even more densely occupied and may have double that population per unit of land area. 

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

Their estimated populations are: 

Tasik malaya - 128,000 
Ciamis - 26,000 
Banjar - 30,000 
C ilacap - 83,000 

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

towis is not reported separately. 

Population Growth. 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 reliable 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 as a while. This population growth, on top of the already dense popu­

lation situration, 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. Trese influences affect life expectancy, educational achievement, and goneral 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 seek better 

opportunities. 

Census data do not reveal the characteristics of the population of the Segara Anakan area separately from the rest 

of the Cilacap District. The subdistricts which include th, Segara Anakan have 52 percent of their population in the 

under 15 age group. It can be assume d that tire Segara Anakan has the same proportions. Quite clearly, the,e will re­

main considerable pressure on the [(,sources of the area as these young people come into the work force 'nd child-bearing 

age. 

If the present growth rate of the Citanduy Basin were to continuethe basin population would increase to 4.7 mil­

lion persons by year 2000. A continuation of this rate of growth would vastly reduce the per capita resources. The means 

to make sufficient offsetting advances in oroductivity is not in sight, considering built-in time lags in both population 

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

The- Economy 

Economic activity in tre Citanduy R,iver Basin is dominated by subsistence farming. The main crop is rice which 

accounts for tikre-fourths of acricultural production. Farms are exceedingly small and labor-intensive due to the extreme 

overpopulation that '!xissthroughout the entire aioable land area. As a result, theie is an observable high degree of un­

employment and undoemployment. It follows, too, that there is practically no mechanization in agriculture and industry, 
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f ,tirnatie Lrnployrn-nt in CitondUy Basin, 1972
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Estimatetd Pfrsonal Inconl... C itonduy.Basin, i _'? 

In r o m a 
Popu lat ion Perf Capita Total (millons) 

. pS 	 1 p S 

Agriculture 2,007,982 16,560 40 33,244 80.3
 

Non-agriculturcl 501,996 44.298 107 22,232 53.7
 

Total 2,509.978 - - 55,476 134.0 

Rounded 	 21,942 53 55,476 134.0 

Source: Bapp-,,mka and Staff Estimates 

Managerial and professional popl, lava a wide lange of remuneration which may include housing and utilities, 

tir., ullotment, household 1 ip, and transportation. It is understood that it is fairly common practice for some pofes­

o cnd manageial workers to ov, tv jobs. TabhI. 11-26 illustrates some represer;tatiV wage levels. 

Table 11-26 

Representative Wage Levels in Selected Occupations 

Pei Month -Per DayOccupat ion 
.. 	 s Rp S 

Rice field wolkers: 	 me n ?50 .60
 
wom,,e n 150 .36
 

Handicraft industry worke 80 .20
 

Tapioca factor y worker 140 .34
 
Skilled worker, construction 350 .85
 

Truck or bus dr iv, 500 1.20 
Mechanic or 1l.crhican 1,000 2.50 

Office ClIll, 6.500 16 

High school t,,ach.l 20,000 48 

Factory manager 30,000 72 

Professional: rnginear, etc. 31,000 75 

Source: Local survoy 

Within threSuga.ia Ana!k an area, the principal activity is fishing. There are reportedly about 4,000 fishermen in 

rr.,a. Th average catch per fisherman in 1972 was 123 kilograms valued a Rp 9,745 (S24). These figures place the 

: irrnrn in th, low incom,, category for the people in the Citanduy basin. 

Ahort 30 p,,ccnt of 	 tre lands surrounding the Sgara Anakan which at one time were tidal swamp and tidal marsh 

,or, h,,n cuItivat od on an intr mitt ,nt and scattroid hasis. Sinca these soils are affected by the brackish water 

hra, s tw. ',la n r,,,nt .+,g th,,h suitability for agricultural use is highly variable. It is esti­tonm Anolckcto rdiff .s, 

, ,d ar 	 I n. arr rare. Most of the farming is carried on areatijt tlr a'bout 3,500 fnmilan in farrming 	 within the 

1)1/tlt.t 1,,str Dpcrtrnri ,'nt. VI, production from thrs, lands is genetally quite low. Due to the salinity, 

- , ,Ir of lough rit,, 	i, only aboAut orW tort pr hrectare in the ainy season. During the dry srason, the effects of 

i,lirlity 7r1 11 0lly prclud ciy significant production. 
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CHAPTER III 

PROBLEMS AND NEEDS 

Land and Water Management 

Flood Control 

Precipitation in the mountains is collected by the dense drainage network and transported in steeply sloping, high 

ccacity river channels to the alluvial plain. At Banijar. 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 Baniar, the Cilanduy River flows by the Wanarejo Swamp, on area which serves 

(is a natural stoag area for ovrrbenk discharges of ffood waterts. The flood plain is composed of sedimentary deposits, 

:nd the iv,i I grrqadd to form c fattend 'M'' with the areas adjacent to the river sloping away from it in­channr (rrs 

at,.adof towards it. This configrration tends to creet n natural watrrways parallel to the main river coure . Near the
 

to%,,.w), Tunggilis, the Citanduy 1 wivr is joi nd by its last maojr tributary, Ciseel .River.
the 

In th' natural stat,, th, Citanduy and Cisoel Pives flood poak attenuation resulted from the natural swamp star­

age,. and the relief resulting from thre f lood plain overflows.
 

The volur of runoff fron t volcano and hills regions is large for two principal reasons. First, the rainfall in
 
th,, highlands is large,, avraginr mor' than 3, 000 mm 'year . Secondly, 
 the percent of rainfall which runs off as surface
 

ifow is high. On Volcano Sawal, wheroe th annual precipitat ion renges as high as 4,200 mm. two-thirds of this rainfall
 

aepeeaCr as surface inoff. In th', low.r hills, 
whete annualia infall is less, the runoff is about half of the rainfall. 

On a yearly basis, large volun es of flood waters are delivered to tir, alluvial pla ins as many as a dozen timrs.
 

r;,!- distribution of rainfall throughout 
 thre year is such that the peal flood tage at Banjar for t!rr' year hras occurred at
 

I,,ast four times in the so-callrd dry season in the lest 23 years.
 

According to presently available information, some flooding occurs in the lower Citanduy River basin each year,
 

causing varying deg 
 e's of flood damage . Direct damages ore expeienced in terms of loss of human life, losses of farm 

(irrr] Inns ness incomes and propcrty valu's, hazards to personal and public heelth, personal inconvrnience, damages to 

trnsportation system,, and disruption of all typ,-s of activitis. 

Agricultuc Ia', s from foods are. of evral kincs. They include damages to crops; damages to land in the form 

of ,coir , sirnambank ' 1oson, lullying (rnd valley trenching, infertile overwash or deposition of sediment and swamping; 

darriag's to brildings, roids. and livstack; damages to irrigation and drainage facilities; and indirect losses such as 

dolays in fir'ld -wor!- and risruption or d,,lays in mark-'ting of farm products. 

Thrnre eve also nunwous o .r indhwct co ts of flood d-mages. These include the cost of government aid in re­

storing roads ar ot- r community facilti s, 'm,,1gerncy provision of rood supplies and health services, the disruption of 

transportation to and from ot;,,'r 	 wis of t, , country, pollution of drinking water sources, disruption of educational 
,services, and hazards of outbr of malaii and other diseases. 
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Even in thre adjacent areas which or, riot dir,,ctly hit by floods, adv.,is, 'ffo'cts on the g,'ne'ral economy ai,, flt
 

b,,caus, of the disruption of normal govinment and commercialactivities. While emergency help is being given to the
 

flooded areas and while the transportation, communication, and electrical power facilities are being restored, govern­

rmlnt fends r1'quired for r,",toration must bf, div''rt,d from thir regular purposes.
 

Fh, 
ge n,eal location of a,,as flooded derling two majol storms of lecent occurtence (July 1968 and September 1973) 

ip,shown on Plate 111-1 and Plate 1I1-2, resp,'ctivly. The: ar''u inundated during the Julv 1968 flood was reported to be 

20, 700 ha, or 22 peice-nt of the subproject aro. The rea inundated during tOe SurPtmbe r 1973 flood was reported to be 

10, 100 ha, 20 perr>nt of projct a. Fir oreas shown onor thw Ti the plates are affecte-d to some extent by floods every 

'-(N . fh, 1968 and 1973 floods wete sf-rious because, of the lon dir Ution of rurroff-prodrci n raitrfull and the failure of
 

rae-Made flood control facilities.
 

Damage' or failur', of th, flood control levees was a major contributing factor to tire extent of tire area inundated 

1Y ti' 1968 and 1973 floods. Damages to the levees usually consist of ovrtopping, bi eaks, o rnbankme nt slides. Dur­

irni th,,July 1968 flood, to I v,', system was reported damaged or breacihrd in 28 location incIuring 5on tI Ie eft bank 

of t!,,Citarnduy, 8 on the iight bank of tir, Citanduy, 6 on th, hfl barn of th, Cis',,I, 9 on 1, fight bunk of the Ciseel, 

indrr,' cinthw Cilisung rain. Br,(.chrd s'ctions hod a rung,' of from 10 to 100 m in h'rqth. During thr,Septimber 1973 

'leaf 21 arfl,;'d or br''aciC',d storm ,r,' '',prted,d fir. rr'eor br,al, occurrrd on th' left bank of the Citanduy River 

t 'flur qrfadap, caiusin tt, in rdet on of 9,450 1,a i t;r,,Slidar,'rjr ea. 

P,.amagirg or bier Ihifg a! ti, h''v,, sys,' occurs arinruIlly and, although usually withrin the same general
 

'',:.of ri,''r, not at ti,' sam, lo atior s. Th., Cilisung drain 
 is an r' c'-ptior to this observation, since it is repeatedly 

dn':;' hrb'rch,'d wit, Cisee I P iv,''r and be liw aci or just abov, its conflenero, thir sharp be nd in alignment. For the pre­

,i,,r,,, rr,,nt b pr ior to tin' 

I,,- locations vari',d from 1 to 6; a siqnlfcant contribution to ti' r'stimat',d oav'rg, inundated arr'a of 4,000 ha/year. 

on,,d minor stnrms occurl ;nrfr i, th,' 1968 1974, irported number of dkmaged or broken 

[u'' flood of Siptmbf-' 1973 iridicat,-d that thf flood control system as it now stands fras its shortcomings. The 

'nrchis in th levr' and th, ri ficulti,es encountered in the mobilization of th mainte nance and relief crews during 

H ' ,rn,,r'rg'ncy per ld would inrlicut,, that the overall organization requires sorre' calignment. 

A recent I wee 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 'he river 

have beri found. 

As is often thr casr , on" of the .veakest 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 erfect. fhere is no substitute for an effective levee maintenance program. 

Special emphasis needs to be placed oi preventative maintenance. 

Irrigation 

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

types: 
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1 . Technical ir gation systems 
2. Semi-techinical ikrigation systems 
3. Simple irrigation systems 

1h, degree of sophistication of ench system decreases in the same order as they are listed. 

It can be stated as a general condition thut virtually all of the irrigation systems are in need of rehabilitation and 

imarovement. The principal cause lotthis has been lack of an adequate mriintenance program. The hierarchy for manage­

rnnt of a maintenance program exists within the Public Works organization, but tle limited budget has not permitted the 

type, of operation and maintenance program which isneeded. 

The more common problems ore: 

1 . Siltation has reduced the carrying capacity of canals. 
2. Gates on turnout structures do not function properly. 
3. Large numbe.rs of ilhf-la bamboo pipe turnouts. 
4. Lack of adequate, maintenance roads along primary canals. 
5. Some. of the plantrid od n,,,,dd structuns and distribution canals are incomplete or never were built. 
6. Canal leakag,. 
7. Deteriorated we irs and pates. 
8. Inadequate( mns of rn'osuring discharge-s. 
9. Shallow cnnals. 
10. Shortag- o irrigation vat,-r in dry season. 
11 . Tertiary distribution rtwork riot constructed or constructed incorrectly. 

The problem of getting wider coverage with the water supply as ailable during the dry season can be partially 

alhviated by irnprovements to the system so that water conveyance los:es are minimized. Additionally, installation of 

pan lng device.s and control structures would result in mr,- equii,ble irstribution of the water among farmers. 

Th system of financing operation and maintenance by feedback of tax revenues from higher to subsidiary levels 

of qoviFnrnent gives rise to problems of allocating limited funds. A more direct system of collection and application of 

mon,ey specifically for local irrigation facilities is needed. This would foster greate, reliance on self-help and direct 

participation at the village level. 

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

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

In the Upper Citanduy 'Cise el Suhproiect area there are 27, 887 hectares under irrigation systems, of which 3,865 

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

Segara Anakan Subproject at'a major irrigation at the present time.rhi has no There are two small technical 

irrigation syste ms which irrigate a total of 1,367 hectares. 

The Central Java Sulproi,,ct aria has 4,54/ iectares served by technical irrigation systems, 1, 100 hectares under 

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

Drainage 

Tire major drainage problem is that the flood plain is very flat. Levees wtich provide flood protection impede 

natural drainage. There is no outlt for internal drainage water when the Citanduy and Ciseel Rivers are at Irigh stage. 
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xistiirr nhj, irrigation return flow from the Northfi,.r+iaian - di a sy t,,m carryinq storm runoff and Lakbok area 

to C t uAkbo.: v; th, Cilisung drainago cancl. This drainrlischarr qes into tic Ciseel iver. The capacity of this drain­

si,. syst.'rn !)'I.hern substantially reduced br-cause of silation, and tire liv(-es have been bleached often during high water. 

A larg, area in South Lalbok is rnderrd relatively useless because of poor drainage. 

The Cirapuan drain above Padaherang has inadequate capacity and has had a cross drainage structure blocked by 

local people. 

Flap gates are utilized to prevent backwater flooding from rivers and to discharge waters when stream levels are 

lo. But in tie areas between tie Cilanduy and flit Ciseel Rivers, these structures are inoperative due to poor mainte­

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

. F-e flooding contribute 

During tho dry season salt wat-,r intrusion occurs in this aurea. Exiting plans call for irrigating the plains above these 

poorly drained areas, but the dlaingr proh em will persist unless rr I ief is afforded through tidal control. 

In the lower Sido,(ja arrthe flat topography and s to poor drainage during high tides. 

Other areas suffer surluco drainogt in various degrees. These must be improved beforefrom irmp,,idr situations 

ful,agricultural developmr. nt carn tak4, plac,. N o program for rehabilitation of irrigation and flood control works can 

f,li'/,effective unli, ccornptnil v an a d.q rate surfacr, drainage system. 

Drornstic and Municipal_ Vr Suppli-s 

Th high rat of arnualrainfall and the subsurface geology contribute to widespread occurrence of shallow 

ground water and make it possibl, to utilize shallow, rand-dug wells for domestic wate supplies. Hand pumps are usually 

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

According to tir, Public Health officials, the close proximity of these wells to strheams, fish ponds anJ wasteways, 

and tfir shallowness, give rise to probable pollution from human and animal wastes. The ponds and open sewers com­

pr iso the principal disposal system for sewage. Appawrntly the piabhem is greater during the dry season, when percolation 

from surface ponds contributes more to tie ground water in the wvells. 

The problem therefore appears to be not so much the availability of domestic water as the quality. Use of pol­

letId water is a health hazard even if the water is boiled for drinking and cooking. Exposure to illness is quite possible 

rrl,,n is used for washing It is not customary among most of the local residents to boil their water.the water and bathirng . 

In the lower reachrs of tir hasin the intrusion of salt water into the streams and ground water during the dry season 

results in dormestic water supplies of low quality.Chemical analysis of ground waters indicates a higher concentration of 

solubhI, salts in tire aras bordering tire inland side of th Segara Anakon than elsewhere . The intensity of iis concen­

tration generally varies in inwr rse proportion to the distance away from the Segara Anakan. In these areas water for 

hrmi use is obtained front surfrrce strwams and fror catchent of rain water. 

Only a few of th, towns of the basin have a central water system. It appears frur interviews conducted with 

pubic Iealth and public works officials, that this type of development in the Citanduy basin is generally considered low 

priority for the rear 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 either the Jeruk:legi or the Serayu Rivers. There has also been some 

progress made in developing natural springs as sources far town water supplies. 

Tasikmalaya citv sI I central water supply and distribution system which was built about 1928. The supply 

source is a spring approximat, ly 10 ki lorete rs west of the city. rhe system consists of a collection system at a natural 

spring and about 46 kilometers of distibution pipeline. The distribution system has about 60 points within the city at 

which a user can tap into th pipelin' and attach a supply line to his residence. The system operates under gravity 

pressure. 

The present system ras a capacity of about 10 liters pet second, which is adequate for only about 10, 000 people, 

whereas the population of Tasikmalaya is 140,000. Needless to say the majority of the city residents are not connected 

to the system. 

The city of Baniaf has a central water system which was installed about two years ago. The system consists of a
 

cistern at a spring -ourc , and a pipelie into town where residents can tap on at spcified points. The capacity is 5
 

liters per second which will sf+rv,- 5,000 people out of the city population of 40, 000. Tis system delivers untreated
 

water. During the dry srason the wutr supply is inadequate. During heavy lains, tie water is turbid.
 

Other similar systms at, scirdu id to be installed at subdistrict capital towns Panijalu and kancalh in the near
 

future. The water supply 
progr rn also includes 50 hand-dug w, llswith manual pumps in other villages. The progress
 

of this program rinpe nds upon tho availability of funds.
 

-Public Va-ste Disposcl 

Th systm of waste disposal in the cities and towns consists of open snwers und guttrs . In the business section of 

the citi,,s, thes,, s,wers an placed in clay pipe undergnqound at the edge of the stiti-. The raw sewage is dumped directly 

into thre ncarost ntualaI Vwat(er.ay without teatme nt. As would be. ixpechd, this means of wast' disposal is a source of 

bad odor, insects, and watri pollution in the streams . In t;,, dry s,asci the, probh-is urn mol intnse be cause the sup­

ply of flushing watri is reducrid. 

Indcalirr withter wels t disposal problems ar- n,eds, it would b- p-rfefrabh to idrntify solutions which can be 

accommodeted by succ,.ssiv- str ,,s, building upon facilities that rohrady exist. Th burying of tie sewers probably ought 

to hove first prjority. i1Kis car)id b, followed by c ntral sw..,ag, tratm, nt plants . A roli that storage reservoirs could 

paw,m' with spct to disspo'a would b, in stabillz nqiiti flow of sttrrms so that th supply of flushing water and 

dilution wat'r is adanrt., irn allsasons. 

.st, rot 

chril.iig tntrt,'atI v,'nsts cm r ribbir plrrtations, bati[, dyi;.nrvo k.s,and spirnniryl mills. In tie. case of the petroleum 

refirrnlry 

Industiril 'icr ar,- of Ir:iqa magnitud bncaILJ' tin manufactrjring sector is sni ll. Some of th plants dis­

rldr CorIstrLJction at Cilacai, v.aste tratm"rnt arr disposal is a coricrn inplrnrrnin for reclarnation of the 

,'rnar Ana rir. Its sp'onrs f'., mvrr ti' city of Cilacap aussurcuric"s that the industrial wrsts, will riot e allowed 

to pollut tIn, '.'ntrs of C ilicp arbor. 
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I nd ic Ilatmaion 

irosion. Approximately 30 percent of the area of the Citanduy Basin is low-lying and flat. This area has 

no 'iosion problem. Another 50 percent of the basin area lies between 35 and 500 meters elevation and has gently undu­

latirv to hilly tapography. Tlis' lands have small erosion potential because they are mastly terraced for paddy rice cul­

tuw,. For all practical purposes rice pddies ar fee of -.iosion problems. The remaining basin aea amounting to 20 per-

Gtirt of t ' total, is situated ahov, 500 mths fhvation. From 500 mehrs to the top of the watershed divide the slopes 

l'cant succ assively st-opr, ,. ith some are as having 45 deqr e slopes (on(- meter rise for each meter horizontal distance). 

It is ,'irmatd that about 5 p,'rcant of tife era of 1;trivei basin, or 20,000 hectares, is above elevation 1,000 meters, 

and is chrtactarzed by axtw'Ily shtep, mountainous topogiaphy. 

Fin' soils on titse ste'-per slope s are fine-textured and erosive. The high rainfall can erode these ands extensively 

if v-,lutaiv' cover is not maintaird. Originally, all these stecp areas were occupied by dense rain forests which served 

to rnirnirr' ' soil erosion. H ,verv,,. at tire present time large- areas of the steep mountain slopes are lacking adequate 

fot coveir. Due to ti, population pressure, annual cropping is practical on nearly all the available clear land areas, 

,.vr, on many of thir st',per areas. 

Pla't,, 11-21 is a rap depicting the extent of various forestry types in the basin. The areas shown as critical areas 

n t Ill a)"ho.' severe 'ros i,'' ch aractristics. The total extent of these critically eroding lands, all of which are at 

t,, j ,., vqt is 74, 000 ha. Tihrs' nr' tire lands which urgently require attention in respect to soil conservation,hwvtions , 

n an s- hity-four thiousnrd P.cta 's, or 46 pec',nt of th, lands, are under the Forest S(trvice jurisdiction. The 

[Fr '.t ,rvic, las thr plan or d canrihilit'/ to ,for0est ti,'sr' problem lands, but har ba'e n faced with limited budgets for 

nrcrornplisring Hftir procrrn. Pi,. 40,000 hrctar,s in private owne'rship similarly require reforestation or conservation 

0'rMUrs , iut tlI accomplis rrr,.ir of tlrs rm,,cdia l rn,'asurts is mad' more difficult because the, individual owners can­

nrt afrrid to sacrific., the annual food production that they now obtain from the land. The lands are usually planted to 

sea,, h,,optoo sti,,'p and 'rosiv,' for tice paddies. hirr rice paddies are attempted on these steep areas, numerous 

a (lin d br rl-s occur. 

'd'm,,ntation. S,dlirn,nts at proclucrd by rainfall impact, mass movements of residual soils, and by stream 

cl rwmI tosion in tie, h,,a'water areas of the basin. These sediments are transported by the rivter system to the alluvial 

l,! it). Prhabaly tioe major sourc,, of sedim.nt is from the defor'sted lands that are left in a denuded state or that are 

paint d to upland crops. V.'.ir no prot,'ctiv,; covering tiese soils are easily dislodged and transported through the river 

,' t '' . 

I snrrlslid,'s and otli.i mrss movmrnts of soil rnd loose rock" that reach an active watercourse arc probably a sig­

, catrt sorurc' of s' 'dim'at rlso, as thi, flowing water e'asi ly ntrains material from tIt toes of such masses. The evalua­

tl , Ir(indslid, pt'wy'.nr, is rarid, difficult by farmers' land prrrparat ions. As soon as a slide moves down, the new 

,.r rrturtrC'tt is t'traot and ft mirinr; tsumets, so that tir avidtic,, of the slidie quickly brcomes obscured. 

1;, s',imon't ,'i,'Id(f t , bratnch wat,isi ,ds in 11- basin varie!s g,"atly from ont' ar, to another due to the topo-

I, Ct M'ra ttristics wrd t'it- around cov-r . iotts rnd plantations produc, litth, sdcimernt beccius,' the dhect impact 

'rl .)il It,' roinfoll k p-,v,,ntwid. Iice aroducing al as are not large source of sedlim'Unt becruse tire rainfall is harmlessly 

dr'.s int',,. Built-up at,.as, trarils, roads and Upland crop lInds or'' large contributors of sediment. 
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Th,, volume+ of sdcliments transpor ted is e-stimated to be Iarg . Aggicadation of tho Citanduy streur channe l in t,
 

flood plain has been caused by st.dime ntdeposition and presents the problem of containing the flood discharges. Sedi­

mentation of the Segaia Anakan lagoon is proceeding relotively rapidly, in a g .ologic time ses,, building new land
 

hut at the, same tirme dlestoying fishery value.s in the lagoon. In the upprr water shed, sedimentation poses a tlreat to
 

H, 'stora.e capacity and th errforr the lngth of useful life of potential re'servohs.
 

Saltvater Intrusion. In the lower reach of the Citonduy hasin the extremely low, flat topography purmits tidal 

action to extend considerah le distanc,,s up the Citanduy and the iivers draining into the Segara Analan lagoon. The 

aeclamation a' a of th, Se'gara Analcan comprises about 24, 000 lrrctares of tidal swamps, tidal maiishes and partially 

ultivat,,d ar,.as which were- for merly tidal lands. Tlrese lands are highly salinized, although they are otherv,'iso poten­

t;ally productiv,, rice (inds. A I(rg',proportion of thsr' Icrds is no rirjl than the elevation of high tides, and is 

t rfor' periodicall, inundclatd by liraclish wat, . In the dry season, the effect is the greatest 

In!and from t ris area srrounding the Segara Anakan lgoon, there is an era which is under consideration for
 

iflation dmv',lopment hy divrs on of vate from tre. left bank of tie, Citanduy. Sone 6, 000 h'ctares of this area are
 

wl i,'vrr to b irflutrced adv',,' ly by solt water intrusion inasmuch as salt water ocoachos up the Cibeureum P iver ns 

foras S!idnn'ja . Much of th rea is affectd by tidal influences, high watehi table, and poor surface rlrainagc. Improved 

surface, drainag' is a pr'requkit' to successful irclation . In thIr abs, nce of tidal fluctuations the syshm of natural drain­

rqf' ways,,.cuulu ci. mare..,f',c tiye inacarrying off excess v.'at er and this would perrnit tH salts to be ho-ached out of thre soils. 

TIre Cilacap pniinsuI-, being a sand spit, has a salt water aquifer througlhout. Tiis is overlair by a thin layer of 

.ater percolcrt, . In the dry season, the Fresh water layer is depleted and the slra low dormstic water wells become 

salty. The rapid grovtlr of t h city requires that v central potable water supply system be installed for domestic, munici­

pal and indushial purposes. 

Other minor arias n,,arthe secoast are similarly affected by salt water and tidal influences. In excess of 30, 000 

rectares overall would b, favorably inf luo nced by control of the tides in the Segara Anakan subproject and by converting it 

ioto a fresh wva'ter lawol. 

Forestry . Foi,,st are!as covei approximately 19 pecent of the land area of th ;asin. Various figures for the areo 

in for ests ar reported by qovernent age nci,'s and it is believecl that the reason for this lies principally in di fferences inclasii­

fications for cutovi land ard crop and 'wamp lands administered by the Forest Srvice. Plate 11-21 depicts the types of 

or'st and ci itical aF-cs (so classified by tkre Forest Servic ') in thre basin. 

TIr- map show , exth.nsiv,, critic(il ,.rosioir ai'as wvich arer associated with forestry c lassificat ions. These lands are 

,.stiratorl to cover about 74, 000 rctor's. Thlw hrav, bern denured by thre hwivest of timber and not replanted. rhe 

rstortion of th,' lncrrd'; reuir ' ,p,,cial soil cornorv.tion practicr's and replanting eitlir to trees or per manent grass 

cover becoms'' of the, rouqh, st,,'p topogr aphv and rrosivr soil. Various provn mrirols of soil conservation structures 

could ,'implm,'1ntf'rl. 011 ..,'Ml folc' for this arnd tOWrcanithll budgfet would hciv to he coordinated between the r,.st 

and Ceintral Javl nrovaces. 

Feli,boandr'i.'s anr1 lands officially r's irqnatd foristry lands ore not cleary resolvwd because of lack of calast a l 

survoys and bec(-ause of tHit. foir'sth for farming, Classification of the 'ands accord­pmobl,,rn of squat ters who ch1alred ther 

ing to proper land use is a p ri' u to r 'storction. Ilatural areas nerd to be e-stablished to set aside lands for uniqu 
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typ"s of p larts and a n ima Is. MNncp 'R nt n1'eds to be intensified to pruvent illegal harvest of timber and firewood. Access 

,o00Is 'nto th forest aias ar' badly nr,,ded. 

Electric Power 

The basin area is inadequately supplied with electric power. This stems from several causes. Due to the fact that 

tih,, reion is relative ly remote from the more well-develope:d commercial and industrial areas of Java, there has not been 

qiat prssur' for divelopi ent of the infrastructure, which inclutk's el ch'tic power. Additionally. even for those areas 

s,,rv-d by the pow ,r system, de yelopmont of local customer duriand has been retarde d in tho. past by low personal income 

r
lvi. All users of *luctricity hav,' he'n inhihitd by the lack of r liability of ti, supply of energy. At the prese nt 

tii'', 	 sov.''vl , thelr are. clear indicuti'vns that Hi deriurd for electricity is outrunning the supply, and that the economic 

,id ;ocial -,-v,, oprnnt of the ieq ion would hi. nef it significantly from improved power supplies. 

'uic- of El,.ctric Pov'rer Supplies 

fh government agency Perusahaan Listrik Negara (PLN) supplies electric power to par's of the basin. Areas not 

, wd by P H are either entirely without elIrctrical serv ice (which is most of the area), or they rely upon small diesel 

a',i,, atinnj Units . The basin is includud in PIN Administrotivi Districts 10 and 11 . District 10 ,overs the Central Java 

poition, but PLN pow'.r is supplied only to Cilacap. Dishi, 11 covers the West Java portion. At present there is no 

nticnnn.t ion betwee,.n these two districts. 

In District 10, the installed capacity is 64 MW. This is reduced to 47 MW during the dry s.aor, because some of 

lnerualing capacity (27.5 MV)i is hydro. Additions to the system which are already committed consist of turbine and 

di,.s'l peak;ng units, and a 100 M'V' steam plant at Semaraig. 

In District 11, which is the asfe n portion of Viest Java, the installed capacity is 60 MV!, of which 58 MW are 

'iydro. Low water in the dry season limits the system capability to about 40 MV/. The District obtains some of its power 

from the Jatiluhu Project, a hydrio instalotion with install'd copacity of 125 MW. Jotiluhui also supplies rower to Dis­

rict 12, which includes Jakarta. Due to its commitments to supply irrigation water, the Jotiluhu Project is not able to 

q,n,-at, base load at full capcrcit . 

Thl, source of power in the .'.est Java portion of the basin is from a 5 MW hydro plant at Plengan, which is about 

I1I iii to thf west. The West Java area of the Citanduy basin uses about 5 percent of the entire system load in District 11. 

Cilocap, in CI'ntral Java, draws power from the Ketenger goerieratirxj system. A new 150 kV line leading to 

Ciki cOp is already under a loan commitment. This will provide the power needed to meet the rapidly growing commer­

cirl ind industrial demand there. 

L.ocol Power Use 

In the Citonduy basin power usage per customer is very small. The West Java area is served out of the Tasikmalaya 

Pr office. In 1973, that load center reportedly distributed a total of 21 .7 million kWh to 17,971 customers. The aver­

age delivery per customer was 1,200 kY/h, with revenue per customer being Rp. 9,900 (S24) 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 hou-eholds are furnished power at a flat rate. The rates are presently under review for increases to catch up to 

current operating costs. 

Interconnections Between Systers 

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 Plengan. This is a radial system which provides no reserve. Although there are transmission 

connections with the rest of District 11, most of the !zod centers do not hove the reliability which would be provided by 

a loop transmission system. Voltage sag to 90 volts occurs in the evening almost daily in Banjar, ond 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. One interconnection has been proposed between Tegal and Cirebon along the north 

coast. Another possibility would be through Ban~ar, which is only 33 km from a proposed District 10 transmission line 

extension to Maienang. 

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 development 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 demnd 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 patential 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 upvard by PLN. 

Agricultural Development 

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 smill (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 

Lowland 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 al 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 veriable within the basin, so that the average yields reported by subdistricts 

varied between 1,639 kilograms to 2,734 kilograms per hectao. 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 m(. t 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 mnrketable 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 

lo;land 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. 

Cultural 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 being uccepted by some farmers, but the progress being made needs to 

be hastened by additional guidance through the Agricultural Extension Service. 

Irrigation 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 :rould 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 '',Id be improved markedly. 

Drainage facilities are in poor condition. 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 prod-iction, 

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

Improvements are needed in rice 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 accessible 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 can be, 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 !esser 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 at 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 "nefit lowland rice. However, 

significant benefits could be gained from drainage faeilities 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..ps 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, buL'an estimate of 15,000 hec­
tares was derived by apportionment of the Cilacap District total. 
 The area of estate crops grown per smallholder 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
 
C itronel la 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 I (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 prodL on. Their volume of output is small, transportation 

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 precludes 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 buffalo 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 Singapore, 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 numbers 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 pond& is a small but important enterprise in the Citanduy basin. Fish are one 

of the most important 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 a 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 in rice paddies. The full extent of this kind of fish farming is not available. In the Ciamis 

District tie 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 tke 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 small lakes in the basin but little data is available on their use for fish production. The rivers 

and creeks are nll 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 tcn- of eels. 

The water surface area of th: 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 

111-14 



deposition of river sediments is gradualy reducin6 fish production. In 1972 the cutch 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 principcfl 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 fi'hermen. 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 tcns 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 expinded pro­

gram of guidance and assistance for the farmers in fish culture, and management of the farm ponds. The se :.nd is an 

improved year-round wuter 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 insecticides and pesticides poses a 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. Consequently, the 

productivity per fisherman is limited. 

Legal and Institutional 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 basis for such a revision in organization must come from the central government. 

Policy for land management should be reviewed and national priorities established. The multiple-use concept of 

minagement 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 policies would have to be written. 
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Following that, indoctrination 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 opcrational programs of land manage­
ment would have to be made abundantly clear. In order to apply new policies it is essential that the field level prac­

tices be modernized. 

Theie are strong indications that a: 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 structoure 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 a 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. 

Water anagement 

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 Ditch 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 ,-olicies and practices. The rw 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 responsibilities for wise use of the irrigation vater, and sharing in the maintenance and costs For 

upkeep of the system. All 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, almost anything doroe to stimulate the 

economic base of the region would have a beneficial effect on community structure cnd public facilities Consequently, 

one could expect land reclamation, reforestation, flood control, irrigation, fisheries and hydroelectric power develop­

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 primaly school is very great as indicated by the fact that only 2 percent of the adult 

population has completed high school. Obviously, high school 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. Tese consist of hospitals, maternity clinics 

and general health care clinics. Nearly all medical personnel - doctors, practical nLrses, 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 health services (clinics) in the Cilacap District. 

The doctors employed by the public hospitals are also allowed to engage in private practice. Following is a tabulation 

of health facilities and personnel in the Citanduy basin: 

Item 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 isfar too few to provide professional care to a broad sector of the population. 

The doctors and the principal hospitals are located at the cities of Tasikmalaya, Banjar, Ciamis and Cilacap and the 

towns of Sidareja and Matenggeng. Data could not be obtained 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 
judging 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 hazards reported in the Citanduy basin in 1972 

are tabulated below: 

Sickness Cases Deaths 

Malaria 1,846 
Cholera 1,193 130 
Typhoid 91 2 
Dysentery 6,707 
Tubercu los is 5,382 
Diarrhea/tnteristis 31,095 

One of the most serious health hazards in the area is malaria which is most prevalent in the lowlands near the 
Segara Anakan. 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 caied out. Death from cholera 
;snot 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 gieatest hazard to health is poor sanitation. Improvements in sanitary water supplies,
 
proper sewage disposal and 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, C;amis 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 shipmenTs 

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 the road 

standards in this region. Secondary roads are usually passable in the dry season but travel 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 Ill. 

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 awa/. and are largely at the mercy of 

middlemen who com, and buy on their own terms. In-shipments of goods is likely impeded. Services to the communities 

cannot be efficiently provided under the present transportction 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 develnpment 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 cot.trol would afford and through the increased commerce which follows irrigation develop­

ment. Transportation improvemcnts 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 (S1,894). 

A large number of dugout canoes ply the waters of the Segara Anakan and the lower reaches of the rivers. These 

briats 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 Anakan or the river leading into it appear extremely limited unless reclamation becomes 

a reality. 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 60 
1968 58 
1969 82 
1970 91 
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. 

Marke ting 

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 mcintained 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 roods 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 
grading standards. The system of grades already exists, but is not used toa significant extent. Implementation of the 
market grading system would reward gro ",rsand 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 copra is hand!cd 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 

111-20 



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 (above all) greater production of marketable goods. 

Environmental Considerations 

Histori :al Sites 

The Ciung Wanara Historical Reservation is located 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 legendcry 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 .3in highway and is an attrac­

tive rest stop for travelers. 

This reservation is within the area that would be inundated by the potential 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 at other dam sites in the basin. Care would have to be exercised to ensure that these were not 

desecrated during construction. Local civic 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 reservoi, 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 
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and animal life and other organisms app.opriate to the environment of these areas have in large measure been repla-ed 
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 bcck 
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 areas 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 former may fail to see what gain he might receive by putting in greater conservation effects and 
investments. One way to deal with this is through an intensive extension service educational campaign. 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 water. are over-fished.
 

The mangrove swamps have a land elevation 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 side 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 as 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 relatively 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. TK North 
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Lakbok swamp is a small residual wet area remaining after a large 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 in the area. Controlled drainage is traditionally considered to be one of the key practices 

required for successful utilization of peat soils. Once -roper 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 or their present ecological systems. 

Reservoir sites all have an altered 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 plant 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, Segora 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 ,e area. Another report, A Study of the Ecologicul 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 d,, rroduction. 

As previously discussed, the sedimentation process that is taking place acts to reduce the fish proluctfun in +ie lagoon. 

The effect on shrimp production, both within the lagoon and offshore, is thought to be less disadvantaged L.y the shallow­

ing process, as long is 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 populatinn 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 a significant comeback of wildlife, particularly if given proper protection 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 sense. 
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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-establishment 

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 end on a long-term 

bosis. Where the forest practices are adequate, the runoff is less intensive and there is a minimum of etosion 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 ,exressive, acceleratd ,rosion. V/here slopes arc not too
 
steep and the terraces ar- properly designed, the runoff and e,osion are evidently not excessive.
 

In almost all the uplund forests, the forests are nut mixed, but rather are reforestaton efforts consisting of one
 
type of tree to each area subject to reforestat:on. The monoculture thus practiced may appear to make economic sense,
 
but it is potentially a dangerous practice from 
an e :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 same 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 int_, natural watercourses. This is a serious source of health hazard
 
from cholera, gastro-enterities, dysentery and typhoid. 
 The problem persists year-round, but is particularly bad in the 

dry season when stream 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 frorn 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 populc.ion pressure on the land and water resources of the basin causes degradation of the environment in 

different ways from the standpoint of rilaria control. For example, the movement of people into and out of the high­
malaria-incidenre Segara Anakan area probably resilts 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' . Haznrdq from flooding expose a large proportion of the resi­
dents of the flood plain area to occasional-to-frequent harm or loss of assets. Agricultural resources are stretched too far 

among the exceedinqly dense population, resulting in low income levels, under-and-unemployment, and outmigration of 
the younger element -r the work force. Social unrest can develop out of the dissatisfactions :nat cr. :-It, and personal 

initiative can be - duced. The quality of life of all of the residents of the basin is inhilited b%vir;,.e or he lack of 
adequate potable water, by the absence of proper sanitaty facilities, and by the relative isolation and remoteness Aiue 

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 ST ara 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 The princi­area. 

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

A. Physical 

I . Erosion and sedimentation. 
2. Flood mitigation. 
3. Land reclamation. 
4. Irrigation and drainage rehabilitation. 
5. Irrigation and drainage extension. 
6. Hydro-electric power development. 
7. Environmental impacts. 

B. Socio-Economic 

1. Increased agricultural production. 
2. Increased employment opportunities. 
3. Improved income distribution. 
4. Improved standard of living. 
5. Imroved community development. 
6. Improved management systems. 

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: 
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1. A comprehensive water management scheme for the Lower Citanduy/Ciseel River system.
2. The reclamation of the Segaro Anakan and its environs. 
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 mitipate flood damage on the lower Citanduy/Ciseel River system should ultimately be composed 
of a combination of both upstream and downstream control measuies. Furthermore, utiliLation 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 alleviation of the frequent suffering and damage sustained 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 2 5 -year frequency floods. Included would be 
the diversion of the Ciseel River into the Citanduy River '! a 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 Citandjy River that is included in the plans for Stage I extends from the rivers 
mcu,h at the Segara Anakan (km04000) to a point in the town of Banjar (k!' 83-1500). The part of the Ciseel River included 
in these plans is that portion from its confluence with the Citanduy River (km 14+500 of the Citanduy River = km 0+000 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 IV-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 ;ts 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, one 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 Ciseel River at 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 beween 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 from the 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 at various loca­
tions in the river system. The storage routing method was used to determine the lower limit of flood peak attenuatiun, 

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, 
tibles 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 kinemotic wave and an attenu­

atioi, 'qual to approximately 60 ,ercent 't the attenuation calculated by storage routing. The hydraulic geometry was 
determined from information collecteoI at the stream gaging stations, from 1968 and 1973 topographic surveys, and from 

aerial photographs and ce-.fflc;nts necLssary 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 locations. For the routing, it was assumed that the Wanareja 

Swamp was available as an off-channel 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. 	 L'ncontrolled diversion at the Nusawuluh Weir, controlled diversion to a maximum of 200 m3/s, 
or no diversion. 

4. 	 Any combination Qi 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 reseltant fio,A peaks at several locations in the system generated while ro, ting the 2 5-year flood are shown on Plate
 
IV.-1. This tabulation does not innhide results for the "without Ciseel 
connection" condition. From this display of the 
results, 	 it can be surmised that a single dam at any of the locations has no major effect on the floodpeaks except in 
the immediate vicinity of the lam. 

Wrter 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 
Rier 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 ,08 7 millions) 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 ef the "levees 
only" condition, it was assumed that this would be the solu­
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 IV-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-]. 	 The levee profiles for the 10-, 25-, and 50-year floods on the Citanduy and Ciseel Rivers are shown on Plates IV-5 
and IV-5A which are comp-ised of four (4) sheets. Table IV-I shows levee elevations assuming the Ciseel -onnection has 
been constructed. Plates IV-5 and IV-5A snow 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, 2 5 -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 w!.cn 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 IV-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 IV- ] 

Desigii Discharge and Levee Elevations 

Design DischargeLocation in m3/s 

Citanduy River 

Baniar 
10-year 1,450 

25-year 1,750 

50-year 2,060 

Cijolang 
l0-year 1,600 

25-year 1,900 

50-year 2,080 

Bridge 1452 
10-year 1,440 

25-year 1,710 

50-year 1,910 


Ciseel Connection 
10-ye 1,500 

25-yeo, 1,820 

50-year 2,000 


Nusawuluh W.3ir 
10-year 1,500 

25-year 1,820 

50-year 2,000 


Immediately below Nusawuluh Weir 
10-year 800 

25-year 950 

50-year 1,100 


Ciseel River 

Binvngun No. 2 Damsite 
10-year 430 

25-year 525 

50-year 640 


Confluence with the Ciputrahaji River 
10-year 500 

25-year 570 

50-year 700 


Levee Elevation 
in m MSL 

25.1
 
26.3
 
27.5 

21.0
 
22.0
 
22.7 

13.7
 
14.6
 
15.3
 

10.7
 
11.8
 
12.3
 

8.7
 
9.8
 

10.3
 

6.8
 
7.8
 
8.6
 

20.4
 
21.2
 
22.1
 

14.8
 

15.8
 

16.3
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Table IV-2 

Results of Varying Design Parameters 

Rain from Rain from 2-Day Shortened-l/ Ciseel andDesign
Condition Northwest Southeast Rainfall Travel Time CitanduyPeak Coincide 

Location Levee Water Water Water Water Water 
Q in Elev. 0 in Level Q in Level Q in Level %in Level Q in level 
m3 /s in m m3/s in m r.3/s in m m3/s in m m /s in m m3/s in m 

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 1,900 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 1,500 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
 

I/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 unobstructed fetches. The theoretical levee heights 

for each of the three cases studied were plotted as shown on Plates IV-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 determine the final section selected. 

As shown on Plate IV-7, provisions must be made for passing zones on the levee crown and for access ramps. It is 

recommanded 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 IV-3. Quantities for protection against the 10-, 25-, and 50-year frequency discharges are shown. 
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Table IV-3 

Earthwork Quantities (Compacted Fill) 

Location Levee Length Volume(Meters) (Cubic Meters) 

10 - Year Frequency 

Citanduy River 
0 000 - 22 + 500 36,000 568,000 

22 500 - 52 - 300 59,000 385,000 
52 - 300 - 83 1 500 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 4 500 - 524 300 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 1 000 - 22 + 500 36,000 1,314,103 

22 4 500 - 52 + 300 59,000 1,431,400 
52 4 300 - 83 + 503 26,000 493,000 

Ciseel River 34,000 1,125,400 
Cijolag River 8,000 192,100 
Cikawung River 10,030 204,000 

Totals 173,000 4,760,000 

Levee Costs 

The cost estimates fo, upgrading the existing levee system to provide adequate protection against the 10-, 25-, 

and 50-year frequency discharges are shown in Tables IV-4, IV-5, and IV-6, respectively. This cost estimate, which 

includes all protection measures, averages .obout Rp. 23,600,000/km ($57, IOQkm) for the 25-year frequency protec­

tion. 

The item for "Ex- avation" covers the work involved in the Ciseel River cutoff connection. The ection to be 

excavated included : bottom width of 10 m, side slopes of 1.5: 1, and an average depth of 4 to 5 m. This section 

will provide more earth than that required to :onstruct the levee section proposed ,or each side of the river. 
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Table IV-4 

Levee Construction Cost Su-mury 
(10-Year Frequency) 

Costs 

Item Unit Q.cntity Rp3. (I,003's) US 
-UitTotal Tolal 

Excavation 
Compacted Fill 

m3 

m3 
103,033 

1,734,003 
0.5 
3.6 

50,030 
1,040,403 

120,773 
2,513,043 

Road Surfa:e km 150 621 93,150 225,000 
S*p!io (Cilisung) L.S. --- --- 82,800 200,000 
Bank Protection 
Clearing 

L.S. 
m 2 

---
503,003 

---

3.1 
103,500 
50,003 

250,003 
120,773 

Right-of-W.jy ha 100 1,503 150,030 362,319 

Subtotal 1,569,850 3,791,9053 
Coni ng3 ncies (15%) 2.35,478 56Q,786 
Engineering "nd Administration (12%) 18.3,382 455,029 

Total 1,993,710 4,815,723 

Table IV-5 

Levee Constru:tion Cost S-ummary 
(23 --Year Freq:-' y-') 

Costs 
Item Unit Quantity ... - -,g30's) US____$ 

-Unit Total Total 

Excavation 
Compacted fill 

m3 

M3 
100,033 

3,640,000 
3.5 
'3.6 

50,033 
2,184,000 

120,773 
5,275,362 

Road Surface km 150 621 93,150 225,000 
Sipho.i (Cilisung) L.S. --- --- 82,800 200,000 
Bank Protection 
Clearing 

L.S. 
m 2 

---
1,800,030 

---

3.1 
103,503 
180,000 

250,030 
434,783 

Righlt-of-Wa/ ha 350 1,500 525,000 1,268,116 

Subtotal 3,218,450 7,774,034 
Co.tingencie; (15%) 482,767 1,166,105 
Engineering and Administration (12%) 386,214 932,884 

Total 4,087,431 9,873,023 

Table IV-6 
Levee Construction Cost Summary 

(50 - Year Frequency) 

Costs 
Item Unit Quanfity Rps. (1,000's) _US$ 

Unit To~al Total 

Excavation 
Compacted Fill 
Road Surface 
Siphon (Cilisung) 

m 3 

m3 

krn 
L.S. 

100,000 
4,760,000 

150 
---

3.5 
0.6 

621 
---

50,000 
2,856,000 

93,150 
82,800 

120,773 
6,898,551 

225,000 
200,000 

Bank Protection 
Clearing 
Right-of-way 

L S 
m-
ha 

---
2,160,000 

450 

---
3.1 

1,500 

103,500 
216,000 
675,000 

250,000 
521,739 

1,630,435 
Subtotal 4,076,450 9,846,498 
Contingencies (15%) 611,468 1,476,975 
Engineering and Administration (12%) 489,174 1,181,580 
To,'al 5,177,0?2 12,505,053 
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Table IV-7 shows the results and costs for the flood protection program that could be provided by levee rehabili­

tation and impro,,ement and other proposed works. These values are utilized in the analysis of project justification.
 

Table IV-7 

Flo.>Jing Prevented and Costs for 10-, 25-, and 50-Year Protection Levels* 

Flooding Construction CostPro~ectio.
Poectio _ 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 5,177,092 12,505,053
 

'Flooding prevented is expressed as average annual equivalents. 

For reasons explained in Appendix B - 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. 

Irrigation and Drainage 

The locations of the irrigation systems included in this subproject are shown on Plate IV-8, and they are shown in 

schematic fashion on Plate IV-13. The irrigation system fo:" the Banjar Plains is being designed by the Directorate o. 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 system! are shown on Plate IV-9. The reconimended plan of development consists of the rehabili­

tation or the existing morja! irrigotion c-nd drainage systems and extension of technical irrigation to the South Lakbok and 

the Panulisan areas. These are sho.t-ternn objectives which can be accomplished in the immediate future in conjunctiorn 

with the First stage flood control plan. Further extension or irrigation to the Wonareja swamp, Cikaronjok swamp, new 

Cikaso area, and the sump areas of South Lakbok are loig-range oSjectives. 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 o' waler supply. Development of the swamp areas of 

South Lakbo!<, on the other hand, depends uponi an economical pumped drainage system. Full details of the recommended 

plan are given in Appendix F - Irrigation and Drainage. 

The toal area to 'se rehabilitated is 12,447 ha, which includes extension to some al the existing areas. The irri­

gation systems to be included in the rehabilitation effort are: 

1. No.-th Lakbok 4. Rawa Onom 
2. Gunuig Putri I and II 5. Ciputrahaji 
3. Citalahab 6. Cikaso 

Completion of the recommended rehabilitation and ,econstruction measu-es will result in multiple benefits. The improved 

conveyance system will permit controlled distribution of service water and the introduction of water management measures, 

both o' which are important factors in multiple cropping and in the attainment of higher yields. Completion of the existing 

systems will bring 100 percent of the irrigable area under an effective irrigation system. Improied surface drainage will 

improve production in low-lying areas that are continually 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 'ia and 3,200 :ia respectively. Panulisan can be irrigated from the Cijolang 
River by constructing a new left bank diversion at the exisling Bantarheulang diversion structure. Surface drainage will be 
the most difficult part of the development of this low-lying area. The initial development or South Lakbok will provide irri­
gation for 3,200 ha. An additional area or 2,200 ha could bt developed in the future with the installation o, a pumped
 
drainage systerm. 
 Service water would be diverted from the Citanduy River at the existing Pataruman diversion structure and 
will be conve,/ed to South Lakbok through the Cilisung Drain. There is an existing diversion structure on this drainage canal. 

The mcjor drains shown on Plate IV-9 will be improved to the extent that they will have the capacity to protect
 
against prolonged flooding from surface runoff due to JO-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 on 
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 channel except to
 
construct a closure dike at its confluence with the Citanduy River. The existing levee alo ig the left bank of the channel
 
in the vicinity of the South Lakbok sump areas would be removed. This area would be utilized 3o -tore flood water and 
prevent backwater in the channel when it cannot drain into the Citanduy River. 

Irrigation Costs 

A summary oF the irrigation and drainage construction costs for the recommended immediate lev.el of development is 
given in Table IV-d. The costs are based on 1974 prices, and the total development cost is estimated to be Rp. 2, 180,544 
million ($5.267 million). Annual operation and maintenance costs are based on a unit cost of Rp. 5,500,/ha ($13 . 28/na), 
which gives a total annual cost of Ro. 89,359 million ($215,842). 

Table IV-8 
Summary of Irrigation and Drainage Construction Cost 

Lower Citanduy/Ciseel River S/sten 

Item Total Co'st 
Rupiah (100- Dollars 

Rehabilitation of Existing 
Irrigation Systens 
1. North Lakbok 561,619 1,356,566
2. Rawa Onom 86,064 207,883 
3. Gunung Putri I 28,980 70,000
4. Gunung Putri II 86,940 209,993
5. Ciputrahaji 131,839 318,450
6. Citalahab 44,630 107,800 
7. Cikaso 67,299 162,558 

Subtotal 1,007,371 2,433,255
 

Construction of New
 
Irrigation Systems
 
1. South Lakbok 766,618 1,851,732

2. Panulisan 112,829 272,531 

Subtotal 879,447 2,124,263 
Improvement of Existing 
Major Drains 293,726 709,482 
Total Construction Cost 2, 180,544 5,267,00)0 
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Warer Supply 

The available water supply in the basin nas been studied in two separate bul complementary analyses. The first 
was an o,,e.-all water balance analysis for the Citanduy/Ciseel River system, considering first implementation of projects 

which are being considered For imm-diate development and, secondly, a case of full developmunt at sone future daIte. 

The analysis utilized synthetic, estim-,ted, and reco:ded monthly runoff at key points in ,He system ,oering a period o" 
24 years - 1950 'hroujgy 1973. The econd analyis compared rhe available waer supply, based onl a cropping schedule 

o' two crop; per year o,- 5 2rop; in two /ears, for the irrigaition system recomnnded _o.- development in the Lower Cit­

anduy/Ciseel subprojec. Delils o' bolh analyses are given in Appendix F - Irrigation and Drainage. The irrigation
 

systems included in either analysis are shown schematically oI Plate IV-13.
 

The writer balance analysis considered two cases of development. Case I considers the existing irrigation sys­
tems plus projects that are expected to be implemented in the near future. Case 2 considers the condition wherein ull 

potential irrigation projects have been implemented. Both cases were ;tudied for boh the Citanduy and Ciseel River 
systemF. The Citanduy River System was divided into 'wo areas with the point o diversion being Banjar. The first area 

was called the Citanduy River at Banjar. There is a streamjging station at this point and consequently inflows from 

upstream tributaries, upstream diversions and return flows are accounted 'or in the record. Since no uure increase in 

upstream diversions is expected, the flows at Banjar can bc used as the basis for determining their adeq'jacy for meeting 
future diversions at and below this point. The second area was called the Citanduy River below Banjar. The available 

flows below Banjar consist oF inflows from the C!jo!ang and Cikawung Rivers, local inflows and the net flow from the 
Citanduy River at Banjar. As was the case at Banjar, the inflows take into account the ups, iam diversions and return 

flows in the Cikawung River. rio appreciable future diversions are expected in that area. The Case I and Case 2 

diversion reqirements in the Citandu/ River System can be summarized as follows: 

At Banjar: 

Case 1 - Irrigation diversions f,-.- 11, 120 na
 
Banjar water supply - 1.7 I CM/mo
 

Case 2 - Irrigation diversions fo" 1,320 na
 
Banjar water supply - 1.7 MCM/mo
 

Below Ban jar:
 

Case I - Irrigation diversions foc 6,628 ha
 
Flush writer a: 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 two 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 irrigct,.d from the Ciseel River are Gunung Putri I & 1i, the oew 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 

analysis for the Ciseel River included Gunung Putri I & II and the new Cikaso area, while Case 2 includes the Case 1 
systems plus the fully developed South Lakbok area. Case I 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 I - Irrigation diversions for 4,300 ha
 
Case 2 - Irrigation diversioqis fo: 9,700 ia
 

The Case I and Case 2 diversion requirements are based oi verage conditio-is. 
 That is the irrigation system- in-­
cluded ii, the analysis were assumed to be in various stages o' growth and an average crop factor fo, rice was used. Over­
all irrigation efficiencies were assumed to be 68 percent, 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 reco.d. Table IV-9 shos 
a summary of the occurrence of monthly water sho;'tages that would exist in each case. 

Table IV-9 

Summary of Monthly Water Shortages 

July August 
Case I 

September October July August 
Case 2 

September October 

Citanduy River System 
At Banjar 
Below Banjar 

0 
0 

2 
2 

4 
4 

1 
3 

0 
0 

2 
2 

5 
8 

1 
3 

Ciseel River System 

Tributaries 
Ciseel River 

3 
1 

14 
9 

4 
4 

6 
6 

-
5 

-
16 

-
8 7 

As can be seen from the table, the majority of the shortages occur in August or September. If a .zropping intensity
of 2 crops per year is adopted, these months can be avoided. However, if a more intensive cropping pattern is adcpted, 
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. Thu 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 I 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 efficiencies, in the systems requirinC 	 rehabilitation, ranged from 20 percent to 49 percent, 

depending upon the condition or the system. 

The diversion requirements in each case were compared with the available river flows. The available river flows 

in this cnalysis vere based on flow-duration curves which shov the 	 percent of lime the flow has been available during 

the month. The results of the analysis are shown in Tables IV-10 and IV-1 I As can be seen from the tables, irrigation 

rehabilitation is necessary, particularly in the Ciseel River system. 

Table IV-I0 

Summary of Compurison of Diversion Requirement with Water Available;
 
Without the Project - Lower Citanduy/Ciseel River System
 

System Source of Area 	 Water AvailabilityWater ha 	 2 crops/year 2,5 crops/year 

North Lakbok Citanduy R. 5,700 No problem 	 May be 1 morth prob­
lem in the dry senon 

Rawa Onom Cijolang R. 1,028 No problem 	 No problem 

Gunung Putri I Ciseel R. 750 	 May be 1 month prob- Not enough v.ater for
 
lem in dry season dry season
 

Ciputrahaii Ciputrahaji 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 , iter for
 
cdy season dry season
 

Cikasu Cikaso R. 290 	 Not enough water for Not enough water for
 
dry season dry season
 

Table IV- I I 
Summary of Comparison of Diversion Requirement with Water Available; With the Project 

Source of Area 	 Water Ava yVvater 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 I month prob­

lem in dry season
 
Rawa Onom & Panulisan Cijolang R. 1,628 No problem No problem
 

-Sidareja / Citanduy R. 7,119 N') problem No problem 
Sidareja2/ Citanduy R. 7,119 No problem May be I month prob­

lem in dry season 
Gunung Putri I & II 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 1month prob- Not enough water for 

lem in dry season dry season 
Citalahab Citalahab 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 

j7-Without South Lakbok 	 2/ With South Lakbok 

IV-13 



The results of either analysis support the following conclusions, assuming that the existing systems hL,,,:been re­

habilitated. 

Citanduy River System: 

1. 	 There is enough water available to grow 2 c 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 yeor water shortages could develop in the dry 
sea-on. The shortages would have some significance under the Case 2 level of development. 

3. 	 .%multipurpose dam at Ba~ui would eliminate all water shortages. The Matenggeng Dam would 
eliminate any shortage, Lelow Banjar. 

Ciseel 	River System: 

1. 	 There is enough wcrer available to grow 2 crops of rice per year, although some shortages would 
occur in !he month ot Octo;a!tr. 

2. 	 There is not enough water jvailable in the Ciseel River or its tributaries to grow more than 2 
crops per year. 

3. 	 It is better to irrigate Sruth Lakbok from the Citanduy River. 

4. 	 A storage reservoir on the Ciseel River, either at Biriangun No. 1 or No 7 , would eliminate water 
shortages in t',e 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/Ciseel 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 

1. 	 Pasirangin 
2. 	 Ciamis 
3. 	 Cikembang 
4. 	 Manonjaya 
5. 	 Binangun No. 1 
6. 	 Binangun No. 2 
7. 	 Matenggeng 

B. 	 Single-pur.pose 

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-9of 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 or the proposed damsiies have been studied and analy-,?d and compared with one another at a reconnais­

sance level of investigation. The ninth, Matenggeng, has been studied at the feasibility Ivel. The evaluation factors 

used for the eight darns are shorwn on Plate IV-13, while the coriparison curves are shown on Plate IV-14. Detuiled 

geoln)gical dtscriptioris of the foundation conditions for each damsite nay b2 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, cr all the possibilities, the Matenggeng Dam in combination with a levee system would be the best of the 

pos;bLe combinations. The Pasirangin Dam and Binangun No. 2 Dam have been eliminated as prtential 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 M~nonjaya, 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 world bc achieved with the dam height of 105 meters. This ca.;e would yield an 

average ann'jal generation of 30,700 kW, firm generation of 19,800 kW and rate of return of 13.4%. The cost of the 
9
120 meter dam and power facilities would be Rp 33 x 109; while the smaller development would cost Rp. 27.3 x 10 . 

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 IV-13. 

Table IV-12 

Comparative Costs - Proposed Dam Sites - Citanduy/Ciseel River System 

Total Cost (US S) (1,000's) 
Cost Item Binangun Bincngun Manonjaya Ciamis Cikembang Banjar Banar Banlar Cimuntur 

___________ No. I No. 2 aojy M. P. Alt. 

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 Rights 2,660 6,100 940 880 300 1,280 3,240 440 250 
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Table IV-12 (Continued) 

Cost Item Binangun 
No. I 

Binangun 
No.2 

Total Cost 
Manonjaya Ciamis 

(US 5) (I,000's) 
Cikembang Banjar Banjar 

M.P. 
Ba-iar 
All. 

Cimultur 

8. 
9. 

Power Plant 
Relocations 
(Rail qnd 
Highway) 

---

---
- -

1,500 
4,875 

---

6,370 
---

...---... 
3,000 3,000 

Total Basic Cost 15,157 19,696 21,610 39,275 9,493 14,597 29,260 11.842 5,557 

10. Contingencies 
11. Construction 

Camp 
12. Field 

Investigations 
13. Engineering & 

Administration 

3,031 
303 

758 

1,819 

3,939 
394 

985 

2,364 

4,322 
432 

1,081 

2,593 

7,855 
786 

1,964 

',713 

1,900 
?,0 

475 

1,140 

2,919 
291 

730 

1,752 

5,852 
585 

1,463 

3,511 

2,3-8 
233 

582 

1,397 

1,114 
111 

278 

667 

Total Cost 21,068 27,378 30,038 54,593 13,203 20,289 40,671 16,182 7,727 

Total Cost (Rp .) (I,000,000's) 

Cost Item BinangunNo. 1 Binangun
No. 2 Manonjaya Ciamis Cikembang Banjar Banjar

M.P. 
Banjar
Alt. 

Cimuntur 

1. Embankment 
2. Foundation 

Work 
3. Spillway 
4. Diversion & 

Outlet Works 
5. Mechanical 
6. Reservoir Clear-

ing & Access 
7. Land Rights 
8. Power Plant 
9. Relocations 

(Rail and 
Highway) 

3,043 
457 

761 
608 

213 
91 

1,101 
---
---

2,981 
596 

745 
447 

209 
30 

2,525 

621 

3,633 
726 

908 
908 

254 
109 

389 
2,018 

.........-

7,576 
1,136 

1,894 
1,894 

530 
227 

364 
2,637 

2,608 
391 

---
652 

78 
78 

124 
......... 

3,260 
326 

163 
489 

---
33 

530 

1,242 

5,775 
867 

1,444 
867 

404 
173 

1,341 

1,242 

3,540 
354 

177 
531 

... 
36 

182 
... 
... 

1,677 
167 

84 
252 

... 
17 

104 
... 
... 

Total Basic Cost 6,274 8,154 8,945 16,258 3,931 6,043 12,113 4,820 2,301 

10. Contingencies 
11. Construction 

Camp 
!2. Field 

Investigations 
13. Engineering & 

Administration 

1,255 
125 

314 

753 

1,631 
163 

408 

979 

1,789 
179 

448 

1,073 

3,252 
325 

813 

1,951 

787 
79 

197 

472 

1,208 
120 

302 

725 

2,423 
242 

606 

1,454 

964 
96 

241 

578 

461 
46 

115 

276 

Total Cost 8,721 11,335 12,424 22,599 5,466 8,398 16,838 6, 6,9 3,199 
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Table IV-13 

Matenggeng Dam and Powerplant - Summary of Estimated Costs for Proiect Features
 
Dam Crest Elevation 215 - Dam Height 120 Meter:
 

Item Cost 
Item 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 kin) 298,080 720,000 

Subtotal 23,130,398 55,870,504 
Contingencies (20%) 4,626,082 11,174,096 

Construction Cost 27,756,480 67,044,600 

Construction Cnmo (2%) 555,130 1,340,900 
Field Investigations (0/%) 1,387,820 3,352,200 
Engineering 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 the 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 o' 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 short 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 

low 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 Rnwa 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 secondary energy generation would be
 

slightly more than 69 million kilowatt hours.
 

Although ihe darn does not have a large effet 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 (a minimum of 
1.44 MCM per day) for downstream irrigation, domestic
 

use, or streamflow maintenance as may be required.
 

Construction or 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.
 

Subpro*ect Cost 

Because of their interdependencies, the flood mitigation measures and irrigation and drainage schemes were analyzed
 
in combination. The three cases of 10-, 25-, 25
and 50-year level of protection were considered, but the -year protection
 

level is being recommended for early implementation.
 

The flood control and irrigation and drainage scheme cost, broken down into coreign exchang, and Rupiah costs, is 
shown on Table IV-14. The cost for the flood protection system would be Rp. 4,037 million ($9,874,000). Irrigation and 
drainage works would cost Rp. 2,181 million ($5,266,000) for a combined total program cost o 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

Mill ions Thousands Millions Thousands Mi;! ons Thousands 

Flood Control 3,757 9,078 330 796 4,(097 9,874
 
(25 Year Protection)
 

Irrigation Rehabilitation 836 2,018 172 415 1,003 
 2,433
 

New Irrigation 
 780 1,883 100 
 241 880 2,124
 
Major Drainage lmpro.ements 254 614 39 
 95 293 709
 
Toial 
 5,627 13,593 641 1,547 6,268 15,140
 

All costs are roinded to the nearest one million Rupiahs and the nearest one thousand dollars. 

Environmental Considerations
 

No archeological sites are known to exist 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 Darn 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. Certainy, there are no natural forest areas remaining. Except in the ar-sa sur­

rojnding 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 oppo,-tunity 

will be prouvided fo- the crealon of a national park and,/o. game preserve in the environs of the storage reservoir. This 

should be done to avoid human pollu'ion oC 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 brouight about by the successful 

culmination of this proect. Improved drainage will lower the incidence of malaria and intestinal diseases within the area. 

Public health in general will benefit from the improved wuter supply and waste disposal conditions. Malnutrition and other 

health hazards which accompany flooding conditions will be materially reduced by the proposed Flood 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 be the more equitable distribution oF social and economic oppot.tuiities for the rural people who inhabit the sub­

project area. 

The Reclamation of the Segara Anakan and Its Environs 

General 

As its name implies, the Segara Anakan subpro'ect is a comprehensive reclamation scheme involving both land 

and water. Its basic objective is to make more arable land .vailable to the people of the subprolect area and surround­

ing areas, thereby improving no, only the living standard; of the subproject inhabitants, bu. also contributing to the 

national development effort through increased agricultural production and through other economic and social benefits. 

The problem in the Segara Anakan and its associated fidal swamps and marshes is one of too much salt water from 
the Indian Ocean and insufficient drainage. The many square kilometers oc IoN terrain surrounding the S.gara Anakan 

are easily inundated by even moderately high tides. Even the higher grounds above the areas subject to :nudatioi, by 

the tides are adve-cely affected as a result of tidal action to a varying degree. Here again the principal problem is one of 

inadequate drainage and the salinity problems associated with this deficiency. There are possible sr,utions to the problem: 

1 Prevent the tidal flows from entering the lagoon 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 praoduction. 

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 Segara 

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 o' the selected scheme mut include two alternatives. The first allows for the inelu. ioi oF a dvwr­
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 additional 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 Citinduy 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 wter level criterion in the Segara Anakan is that the writer level sho.uld no exceed an elevation 
or +0.3 m MSL for mo,'e han ten days for proper drainage, and that paddies should not be inundated for more than three days. 

The selected tide gate ;ize is 4 m by 1.5 m. The gate opening would operate as an orifice with an o.ifice discharge coeffi­

cient of 0.65; and the gate would -e designed for a gate coefficient of 0.8. 

A capacity curve for the Segara Anakan and 'he land :rea up to 1.0 in MSL was developed "rorn the 1:5,000 m:atp 

sheets and from sounding data. Some assumpfions were necessary concerning the effects of the recomm.ended land fill pro.­

gram on the capacity of the flood poo!. Capacities at selected elevations are shown below:
 

Elevation in m MSL 	 Capacity of Segara Anakan and 
Flooded Areas (MCM) 

1.0 216.0 
0.3 134.5 
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 monthly 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 Get at +0.5 m MSL and -0.7 m MSL based on tide prediction tables. 

Routing the flood hydrographs through the Segara Anakan and ,he tide gates was accomplished by a reiterative trial 
and error procedure. The routing was done fo,"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 a 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 IV-15. 
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If the water level is raised to +0.2m MSL at the beginning of the dry season to make more water available for dry 

season irrigation, the water level would rise a little higher for a little longer but the conclusions would still be valid. 

Conversion from Salt Wafer to Fresh Water 

An estimate o'the length of time required to desalinize the Segara Anakan lagoon was based on two hypothetical 

model studies. In the first model, a known volume of pure water enters the salty reservoir and is completely mixed thus 

diluting the concentration. After complete mixing, the same volume is removed. This process is repeated and eventually, 

the salt coicentration approaches the salt concentration or the inflow. In the second model, the inflow, mixing, and 

outfloNv all occur simultaneously. Under actual conditions, the inflow and mixing are continuous and he outflow is peri­

odi c. 

The effective fresh water to be used as inflow was estimated 'obe the volume of runoff from the entire catchme-It 

less the amount originating on the tidal swnrnp and associated saline land areas. The runoff was estimated as rainfall 

less evapotranspiration or evaporation de ending on the land use. The runoff was estimated For both average rainfall and,
 

for the lowest basin rainfall of record during the period 1915 to 1973.
 

Estimales of the time for conversion wc;e made using initial salt concentrations of 25,000 ppm and 40,000 ppm. 
r
The results ofthe model analysis are ;hiow.; in Table !V-15. The two models provide essentially the same results. The
 

following comm-its should be kept in mind when evaluating these results:
 

1. 	 There is no complete mixing or 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 fresher water gradually increasing. 

Ion 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 coisidered significant in the reclamation of associated land areas 
oC paddy rice so long as the upper part of the lake water is no' significantly saline fo; a 
sufficient depth. Even so, the overall trend ;n time would be fo. a continuing decrease in 
salinity throughout the lake waters. 

2. 	 The fresh water is assumed -o be pure for the model, whereas it actually contains a very low 
:o.icentration oc salts. 

3. 	 The mode! does not involve any gradual movrnent or ion diffusion of salt from the lover parts 
of so*ls, below the perpetually wst level, into sloughs or channels. 

There is no doubt thai this will occur at some very slowly decreasIng rate, possibly over a 
number of years. This need not be o concern under prevailing raintcll conditions so long as 
the upper pa-ts or the ,oils are sufficiently free or salt for paddy rice production. Once 
reclaimed, rainfall is expec.ted to be sufficient to maintain the upper parts of the soils rela­
tively free of salts 'odep'hs required for unaffected paddy production. 

Although these differences slightly modify the precise applicability of the models to wh't may be actual condi­

tions, and even allowing for considerably lowc.;-than.-average runoff, it seems very probable that the Segara Anakan 

can be essentially desalinized within a 2-year period trom the start o operations of tide gates and cut-off levees. 

A program iu°jswritten for the Moiroe 1665 Program-n.ble Desk Computer whlch allowed a variation in the salt 
cconcentration o the inflow. The program wa-s written for a process similar to Model 1. If the total dissolved solids 

concentration of the inflow is assumred to be 200 ppm, the number of months to achieve a total concentration of less 

than 400 ppm in the lagoon increases by I or 2 months from the values shown in Table IV-15. 
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Table IV-15 

Desalinizatio.i or the Segara Anakan 

Beginning Month Initial Concentration No. oC Months to Coicentration 
___in ppm Less thai 403 ppm 

Modej I - Average Conditions 

September 25,000 4 (4) 
40,000 .4 (5) 

December 25,000 4 (5) 
40,000 4 (5) 

Model I - Dry Conditions 

September 25,000 6 (6) 
40,000 - - (7) 

December 25,000 8 (13) 
40,003 11 (12) 

Modal 2 - Average Conditions 

September 25,000 4 
.... 40,000
 

December 	 25,000 4
 

40,000 .3
 

Model 2 - Dry Conditions 

September 25,000 6 
40,000 6 

December 25,000 

40,000 11 

Assume; inflow concentration of 200 ppm. 

Hydrolo / 

The hydrologic studies associated vith the reclamition of the Sgara Anakan include the estim ition o.average 

runo.f values and -3n operatio.i study to evaluate the dry season irrigalonl need;. 

There are no flow reco-ds available ;n the Segara Anakan catchment, therefo e, monthly ruiolf w-js estimated 

Dy using a combination or w 'Aerbudget nethod and the antecedent coefficient technique. The total a:-e.':ontribu'ing 

to 'u.ioff is 960 km 2 . For the purpose of estimating ruio.f and water use, estimales were mode of present and fu'ure laid 

rate ,v-As to each or the different land 

It was assumed that rainfall first went to .rnset the ,-eeds of the varioas laid uses. The contributioi or the reniining oa 

use. A writer use assigned 	 use catego,-ies. Average runoff cond;tioIs were a~sum-sd. 

excess rainfall to ruioff was determiied by applying coefficien's which define the fractionol contr;butioni of the ;:,'rent 

o," preceding mo.iths e<cess rainfall to .uioff. 

Estim-ites of mo.ithly ru-ioff were also made by applying -31 area-precipitalion Factor to the synthetic runoff for 

the Citanduy River at Banjar. 

The runoff calculated using the water budaet method is coisidered more rep:e;en+ative oF the basin. The e;tim:1tes 

of runoff are shown ;n Table IV-16. 
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Table !V-16 

Avraje Moithly Ruloff fro!n the Segara nakjn W:! ershed 

Month Runoff from Waier Ruioff from Citanduy 
Budget Method inMCM River Correlation in MCM 

January 172 221
 
Februa-y 153 178
 
March 153 201
 
April 134 150
 
May 94 147
 
June 64 103
 
July 31 76
 
August 11 62
 
September 5 39
 
October 1)4 100
 
November 132 133 
De:ember 199 195 

To'al 1 301 1,605 

Two nethod3 were used while estimating the dry season supplemental irrigation needs. The first method considered 

mo.ithly rainfall of a :ertain probability of occurrence. The second method made use of the estimated historic basin rain­

fall. The studies were doie for a cropping calendar or 2 crops per year. 

Rainfall on the catchment area is the source of irrigation water. it is used as effective precipita­.rijor Initially, 

tion; the remainder flows into the Segara Anakan where a po.tion is retained and the rest flows to the ocean. The vo!ume 

of woiler in the Segara Anakan available Fo: irrigation is 23 MCM. If, 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 Ji­

verted from the Citandjy River at Manganti. 

The water use is equal to the crop vater 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 floN back ;nto the Segara Anakan and are again available for 

diversion. Groundwater was not considered in the analysis. 

Based on a moithly distribution or annual low rainfall for return periods or 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 supplemental diversion from the Citanduy of 13 n3 /s. This quantity is approximately equal to the amount 

o water that wr)ld reach the Segara Anakan from the planned d;version of 20 m 3 /s at Manganti for the Sidareja Irriga­

tion Scheme. 

Cut-Off Dikes 

Cut-off dikes would be required at bo+ the west and the 2ast oulets of the Segara Anakan, and on the Donan River 

as wall. The exact locations must be comnp'tible 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 lo:a'ons at each of the three proposed cut-off dike sites are shown on Plate IV-17 for the Dona,i River 
and Sapuregel River sites, and on Plate IV-18 fo: the western outlet site. Echo sounding; were taken at each 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 River site 	 - Site C 
2. Sopuregel site 	 - Site B 
3. Western outlet 	 - Scheme B 

The typical dike cross section selected for this proposed operation is shown on Plate IV-20. It is a zoned-type stru:­
ture consisting or the following features: 

1. Rockfill zone 
2. Transition zone 
3. Impervious zone 
4. Dike crest elevation - +2.0 m MSL 
5. Dike crest width - 10 m 
6. 	 Dike side slopes - Ocean side - 2:1
 

- Lake side -5:1
 

Control Gates and Structures 

The cul-off dikes must include some type of tide gate structure so that the water level of the fresh water lake could 
be contro!led while prohibiting the entrance o c salty water from the ocean. We have already discussed the tide gate
 
routing study that was performed. 
 Plate IV-21 shows the typical tide gate structure. It will be constru:ted in uits o' three
 
gates and, if at all possible, 
 will be constructed "in the dry" on solid rock foundations. Maximum number required would 
be 99, and the minimum number would be 75. The structures would be so designed that a one-lane road :ould pass over the 
top oc them. If desired, cantilever sections could be proided so that ultimately a two-lane road could be accommodated. 

Tide Control Dikes 

As explained in Appendix 	J - Dams and Levees, and as shown on Plate IV-B3, a tidal action control 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 Cil:induy 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 

Item S chem- A 
Total Cost (Millions) 

Scheme B 
R. $p. 

East Outlet (Donan River) 986. 169 2.382 986. 169 2.382 

East Outlet (Sapuregel R:ver) 995.485 2.380 985.485 2.380 

West Outlet (Citanduy River) 2,889.736 6.980 3,407.633 8.231 

Subtotal 4,861.390 11.742 5,379.287 12.993 

Contingencies 	(15%) 729.209 1.761 806.893 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 area; the Sidareja Plains and the 

proposed reclamation area surrounding the Segara Anakan. Their respective locations are shown on Plate IV-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 turn, 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 proposed for the reclamation area. Therefore, it would be best to ex­

clude the 2,200 ha from the Sidareja system and consider 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 which will benatural waterways, are fed by the runoff from the entire watershed, 

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. Diver-ions 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 servL 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 demand, 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 widl be served by a mr* , or subfarrn ditch, The ditches would be sized for the maximum pump 
discharge of 227 m3 /hour. Concrete diversion boxe- 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 I/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), whi'.h includes 0 & M for the low-lift pumps. 

Table IV-18 

Irrigation and Drainage System Construction Cost - Segara Anakan Reclamation Area 

Unit Price Total Cost 
Item Unit Quantity Rupiah 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 mfllion 
U.S. $ 3.75 million 
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Domestic, Municipal and Industrial Water Supply 

The stabilized fresh water reservoir resulting from the Segara Anakan re:lamaion represents ine most adequate and 

economic supply of all the alternative wa.,or sources proposed ', the city of Cilacap. To avail itseir of the water supply, 

it is merely necessay tor the city to construct an intake in the Segara Anakan and a pipeline to an nnshore treatment plant. 

No storage facility would he ruquired tn oliain the water supr,f. The pipeline and treatment plant would be necessary 

for any potential waler supply developrunt, such us that proposed in tie lndah Karya report, "Jeroklegi Rservoir As A 

Potential Source for Cilacap Water Supply", Suptember 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 ar"a 

inthe 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. [lie present population of Cilucap is 88,000 persons. 

Settlement of Subproiect 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. Development of he 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 ;'r 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 issubject to future determination of farm family income objectives by the national government. 

Inorder 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 infarming inand 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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Fisheri,., Nildlife, and Recreation
 

There are reportedly about 4,000 fishermen presently engaged in fishing the Segara Arakan. 
 The 1972 catch of 
fish was reported to be 493 tons, which prmvided each fisherman with gross inome of Rp. 9,745 (524). 

Because of the continuous process of sed mentation that is taking place without the project, tile fishery values are 
expected to dccline fiore the present levels -o zero in about 20 yecrs. 

After reclamationrnanagmrnt of the water area of the Sgara Arakan for commercial fishery is expected to pro­
duce a significant increase in fish production. A conservative average yield per hectare wodld be 1,000 kilograms per 
hectare, if proper fish stocking and manacieme nt techniques are carried out. rte subproject includes these provisiuns. 

The arca h corof Ike cu a Auka mias liiile wildlife othe, than small amphibians, monkeys and birds. These
 
would be d'splaced 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 Karobangan 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 some of the reclaimed land area for .arks,
 
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 expected to be free of pollution and the water will not contain the amount of
 

suspended sediment now present. 

Subproject Cost
 

The total subproject cost, broken down into foreign exchange and Rupiah costs, 
 is shown on Table IV-19. It is a
 
total of Rp. 11,035.171 million ($26,654,999).
 

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 ',.inq 

to this area will be accompanied by sac ial benefits io the extent that living standards of the inhabitants will be greatly 

improved. 

Table IV- 19 

Fcreign and Domestic Costs Summary 
(Scheme B and With Nusawuluh in Place) 

Foreign Currency Domestic Currency 
Item Unit Quantity Unit Cost Amount Unit Cost AmountRp. (000) Rp. (000) S Rp. (000) Rp. (000) 

Major Structures: 

1. 
2 a. 
2b. 
3. 

Tide gates 
Excav. Earth 
Excav. Rock 
Concreie,Struct. 

ea 
m 3 

m 3 

m3 

99 
1,530,200 

161,300 
12,810 

1775.0 
0.290 
1.050 
9.600 

175,725 
443,758 
169,365 
122,976 

424,457 
1,071,879 
409,094 
297,043 

295.0 
0.124 
0.450 

23.520 

29,205 
189,745 
72,585 

301,291 

70,543 
458,321 
i75,326 
727,757 

4. Steel, Rein t 578 224.00 129,472 312,734 24.400 14,103 34,066 
5. 
6. 
7. 
8. 
9 a. 
9b. 
10. 

Misc. Metal 
Rockfill 
Transition Fill 
Impervious Fill 
Excava.Rock 
Excava.Earth 
Levee,Earthfill 

t 
m 3 

m 3 

m 3 

m 3 

m 3 

m 3 

132 
507,900 
144,900 
254,000 
702,000 
421,400 
125,000 

559.0 
2.325 
.820 
.700 

1.000 
0.290 
0.700 

73,788 
1,180,868 

118,818 
177,800 
702,000 
122,206 
87,500 

178,232 
2,852,337 
287,000 
429,469 

1,695,652 
295,184 
211,353 

62.0 
1.194 
0.422 
0.335 
0.500 
0.124 
0.335 

8,184 
606,433 
61,148 
85,07,0 

351,000 
52,254 
41,875 

19,768 
1,464,813 

147,700 
205,531 
847,826 
126,216 
101,147 

11. levee, Rockfill m 3 60,000 0.400 42,000 101,449 0.335 20,100 48,551 

Subtotal 3,546,276 8,565,883 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 Clearing 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 

IV-29 



A Comprehensive Water Management Scheme for the Upper CitanduyiCiseel 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 tale place, it will be ne-essary to approach the planning and use a 

the Citanduy River b'-sin resources in a comprehensive way, emphasizing the water relations among the various resources anc 

the effects the development of one resource will have on the other resources. Poor management of one resource may well 

exeri adverse Offects not 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 rnvcrs , to destructin of vIldlife, aund ioothc i ;ul physicul .ivi,- umi,it. Therefore, it is essential 

to plan and manage all resources 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 exces-ive erosion and runoff on the so-called critical lands or' the upper watershed have 

reduced crop yields by as much as one-third of the.& tormer productivity. Thus the basic problem on the upper watershed 

lands is to teach the landowner the value of rranaging his resources for a stable and productive operation. Pressure to in­

crease 	crop production on one iand 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 

1. 	 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 eco-iomic 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 an 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 cni a total
 

budget cost of Rp. 844.17 million ($2,039,060).
 

Irrigation and Drainage 

TIe location of the irrigation system included in this subproject area is shown on Plate IV-8. Lue 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 suLiroject development plan. The 

total service area f the systems to be rehabilitated is 5,926 la. Rehabilit~ation irprovements will include rebuilding of 

diversion structules, canal improvements including banL stabilIi riobilitation of dist 7,id provi­sation, ibution structures, 

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 season water shortages. 

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 could 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 -,.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 community participation in the improvement of the system. Public Works should 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 0 & M cost would be Rp. 32.6 million 

($78,744), based on a unit cost of Rp. 5,500/ha ($13.28/ 1). 

Subproject 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 IV-20. 
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Table IV-20 

Cost Estimate for Rehabilitation of Major Irrigation Systems - Upper Citanduy/Ciseel River System 

Area 	 Unit Cost Total CostSystem 	 ha Rp/hia Rp (000) 

1. Cimulu 	 1,950 70,000 136,500 
2. Cipalih/Hagawiru 	 730 70,000 51,100 
3. 	 Citanduy - Indihliang 500 70,000 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. 	Jagabaya 600 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 ($1.35 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 area. 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 IV-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 IV-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 Manganti
 
Diversion structure, which is presently under construction, and conveyed to the Cbeureum 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 total 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.
 

Subproject Costs 

Table IV-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 

12 0 & M cost is estimated to be Rp. 26.04 million ($62,898). The unit cost would be Rp. , 4 0 0 /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 IV-21
 

Cost Estimate for Rehabilitation of Major Irrigation Systems - Central Java Areas
 

System Area 
ha 

Unit Cost 
Rp/ha 

Total Cost 
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. Pohonjean 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 IV-22 

Cost Estimate for Proposed Cihaur Irrigation System 

Cost 
Item Unit 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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RESULTS OF ECONOMIC ANALYSIS 
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SCHEMATIC DIAGRAM
 

PROPOSED CIHAUR IRRIGATION SYSTEM.
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CHAPTER V 

ECONOMIC ANALYSES 

Lower Citanduv/Ciseel River System 

Economic Analysis of Recommended Plan 

There are two ubprojects in the recommended plan for the Lower Citanduy/Ciseel River System. One subproject 

is the combincd Flood Control and irrigation and Dra" go Scheme . The other subproject is the proposed Matenggeng 

Dam and Power plaot. The economic analysis treats these two subprojects separately. 

Combined Flood Control and Irrigation and Drainage Scheme. For the optimum beneficial effect in the Lower Cit­

anduy/Ciseel aoa, a combination program of flood control and irrigation improvements is necessary. Consequently, the 

two components are combined hn 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 0 & M (Incrementil): 

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 agricultu.'e, 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 benefits of the irrigation and drainage program are based on increases in the net income accruing 

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 drainage 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 t3 a common time basis, the internal rate 
of return is 15 percent. The primary beneficiaries of the subproject would be the low income group of peop!e - 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 feasle and should be undertaken without furtlher delay.
 

Matenggeng Dam and Powefplant. The economic justification of the dam and powerplant is based on a comparison 

with the most likely alternative generatng plant capable of producing a comparable type and quantity of electric power. 

A demonstration that the hydroelectric 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 likely alternative 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 con 'ruction cost includes Rp. 2,525 million ($6,099,000) for land acquisition. Also included are con­

struction access roads and a transmission line to deliver the output to an interconnection point on the rain 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 ;ndonesia 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- '0rlues derived for the benefit analysis of Matenggeng hydroelectric plant are Rp. 5,246 (S12.67) 

per kilowatt of installed capacity, Rp. 17.79 (42.98 mills) per kilowatt hour of firm peaking enercy 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 la 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 benefits will amount to Rp. 173 million per year after the irrigation development period.
 

Internal Rateof Returo. The internal rnte 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 favorablr 

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 Plon 

The rehabilitation of the irrigation and drainoge systems in the upper basin has been studied at a reconnaissance 

level of detail . Consequently, the economic analysis must drav from data developed for the rehabilitation of irrigation 

and drainage systems in the lower Citanduy/Ciseel area . The lower and upper areas are similar with respect to agricul­

tural potential and farming practices. The pi'.icpal crop grown under irrigation is rice. The upstream area has the ad­

vantage over the downstream area of being relatively free froi, flooding damages because i. !inds do not lay in a major 

floodplain. On the other hand, the more hilly upstream area probably requires more labor and gr( ater care for maintain­

ing the rice paddies and terraces. Economic justification is analyzed on the basis of future increased costs and benefits 

relative to the projected future situation without the subprcject. 

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 season because of improvements in irrigation water supply and drainage faci!ities, 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 against the irrigation benefit account. A buildup period of 5 years after construction is complete on e-ach 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 promote economic 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 industrial 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) S(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 ($364) 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 (S7,644,000).
 

Fishery benefits would be proportional to the volume of water contained in the fresh water lagoon. 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 benefit would be Rp. 433 million (S1,046,000). 

In addition to the direct, tangible benefits on which the economic analysis is based, :here 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 Java 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 es;'rnated to be Rp. 393 million (S949,275). It is proposed that this work would be divided into three approxi­

mately equal stages and accomplished over a four year construction peiod. The increased 0 & M costs would amount 

to Rp. 16.645 million ($40,206) which is Rp. 2,948 ($7.12) per hectare. These 0 & 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 th, reasibility 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/Ciieel study there were eight systems hav*ng a wide assotment 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 areas. 

It is on this basis 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 initiated as quickly as possible. 

Economic Analysis of Cihaur Irrigation 

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. 

Ben:efits. Estimated subproject benefits are based on the feasibility study of irrigation rehabilitation and extension 

in the Loyer Citanduy/Ciseel area. Major improvements could be expected from irrigation in the dry season. In the wet 

season, tere would be some yield improvement from irrigation and drainage. Salt water intrusion into the area would be 

prevented 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 a 10 year 

buildup period would be needed to reach full development. Total benefits would be Rp. 212 million ($512,400). 

Irternal Rate of Return. Development of the Cihaur new land irrigation system would yield an internal rate of re­

turn of 14 fercent. 
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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, especially 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 
and 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 vari­
ous departments of the g3vernment. Some coordination has been accomplished between the departments, but because of 
differing objectives and 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 and water products. Furtfhermore, 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 natir'-al 
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 if efficient and effective management is to be achieved. 

Once the Authority is established, ther i 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-I. 

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 office down to the subdistrict level with officials 
who make regular visits to the villages and community complexes. The Authority organizalion 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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V1I 
Organization 

Board of Directors 

The Board, compaed of from four to seven members, should be appointed by the Minister of Public 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, L.ower Citanduy/Cisee: subproject; and the Manager, 
 Segara Anakan subproject. This is 
outlined on Plate VI-I. 

Subproject Manager 

As shown on the organizational chart, earth 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 0 & M staff would gradually build-up to full strength. The Construction staff would 
gradually be redi -ed as the works become operational. At the end of the construction period the Construction staff would 
be disbanded and the 0 & 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 function of the staff members wil l 
 be to coordinate the work of agency people 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 development 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. Additional 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. 	 Plan and initiate a forest economy that will assist and improve the income of the people
 
in these areas.
 

3. 	 Program activities to inthnsify the use of irrigation water and to develop irrigation and
 
drainage programs that use water resources in an effective manner.
 

4. 	 Undertake 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 . 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 especially 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 0 & 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 0 & 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

pcir jobs. 

In order to overcome these inherent difficulties that plague the proper 0 & 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 available water. These activities would be coor­

dinated by the irrigation 0 & 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 seek 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 0 & M 

scheme. Also, any funds generated by the Authority could be made available for tertiary maintenance work when needed. 
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CHAPTER VII 

CONSTRUCTION SCHEDULING AND CASH FLOW 

Construction Schedule 

Plate VII-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 activities be started imme­

diately and that they be planned for completion within two years. At the end of the first year it is estimated that the plans 

and specifications will be far enough advanced to allow the initiation of construction work on all phases of the subproject. 

Drainage rehabilitation is scheduled for completion within four years, while both irrigat ion rehabilitation and new construc­

tion as well as flood control work is scheduled for completion over a period of five years. 

For Matenggeng Duim, the engineering and preconstruction work has been programmed over a ;iod of 2 years 

starting in 1981 . Construction work is scheduled for comkletion in four years starting in 1983. 

Reclamation of the Segara Anakon and Its 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. Initiation of construction is scheduled for the 

year 197.7 and for completion within 10 years. 

Comprehensive Water Management Scheme for the Upper Citanduy/Ciseel River System 

As explained elsewhere, the balance o' the work contemplated forthe project area 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 s-ieduled 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 maintenance costs, which will start slow at the beginning of the project and then increase to a set annual figure 
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th,.-eafter, are shown on Table VHI-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 datc. A complete summary of both construction costs and opera­

tion and maintenance costs is shown on Table VI-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 Vl-4. There are some very minor discrepancies in the conversion from U.S. dollars to Rupiahs be­

cause of rounding. The total cost of the Citanduy River Basin development is Rp. 19,680 millions ($47.5 millions) of 

which approximately 36 percent or ! p. 7, 152 millions ($17.3 millions) would be in foreign exchange and 64% or Rp. 

12,528 millions (S30.2 millions) could he in the domestic trurren-y 

Table VII-1 

Schedule of Construction Costs for Citanduy Basin Development Project 
(TAiffions of Pupiahs) 

SuI"p(. ie C 

Year Flood 
aLower C y/iseel

Irrigation Matenggeng 
SaUpper
Anaan Ci ancuy/ 

Central
Java 

Total
Costs 

C.,,,trol and Drain g e Darn Ciseel Areas 

1975 81 .75 43 .6-1 220.7(, 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 
78 784.79 442.44 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 1,8.38.11
 
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 0 & M Costs for Citanduy Basin Development Projec.
 
(Millions of Rupials) 

r ' -:---Tota 
Year [oweJ CitaiuCsee Segaia Upper Citan- Central ot 

Flood Control Irrigation & Dra-inage Mateiggeng Darn Anakan duy/Ciseel Java Areas 

1975 
76 
7 
78 42.00 42.00 
79 79.07 42.00 41.40 162.47 

1980 158.15 56.67 124.20 339.02 
81 
82 

237.22 89.32 207.00 
269.10 

533.54 
595.64 

83 300.15 626.69 
84 10.35 637.04 
85 10.86 20.70 658.25 
86 
87 66.24 

21.72 
32.58 

31.06 
39.74 

679.47 
765.25 

88 48.42 773.93 
89 57.10 782.61 

1990 
91 

782.61 
782.61 

92 782.61 
93 782.61 
94 782.61 
95 782.61 
96 782.61 
97 925.70' 1,408.16 
98 
99 

925.70 
925.70 

1,408.16 
1,408.16 

Total 4,744.40 1,837.75 861.12 7,620.90 456.12 778.37 16,298.66 
j/ Increase due to dredging costs if Nusawuluh weir is not closed. 

Table VII-3 
Schedule of Total Costs for Citandu Basin Development Project 

(Milions of Rupiahis 

Year Lower Citanduy/Cseel Segara Upper Citan- Central Total 
Flood Control Irrigation & Drainage Matenggeng Dam Anakan rIty/Ciseol 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 1,372.92 168.88 2,747.61 

1980 	 746.74 357.24 1,486.40 168.88 2,759.26
 
81 237.22 
 89.32 971.47 809.88 11.18 7.86 2,126.93

82 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 
 782.61

97 	 925.70 1,408.16 
98 
 925.70 	 1,408.16
 
99 .
 925.70 1,408.16 

Total 8, K3'.85 4,018.29 33,891.33 18,654.90 1,859.52 1,753.37 69,009.26 
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I 

Iable VI1-4 

Domestic and Foreign Currency Requirements 

Domestic CurrYec Fareign Currency Total Cost 
Item Rupiahs Dc IIirs ,upiahs Dollars Rupiahs Dollars 

millions thousanids iIIi Drs th ousands mi lions thousandsrr, 


Water Management Scheme for the Lower Citanduy'Ciseei River System: 

Flood Control 
(25 -year protection) 3,757 9,078 330 796 4,087 9,874
 

Rehabilitaton of [xisting
 
Irrigation Systems 
 836 2,018 172 415 1,008 2,233 

New Irrigation Systems 780 1,883 10 241 880 2,124 
Major Drainage Improvements 254 614 95 70939 293 

cubtotal 5,627 13,593 641 1,547 6,268 15,140
 

Reclamation of the Segara Anakan and its Environs: 

Major Structures 2,105 4,2535,084 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 
Other 1 / 

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 Exi'ting 
Irrigation Systems 446 1,077 112 558
271 1,348 

Water Management F ogram 682 1,648 162 391 844 2,039
 

uftotnl 1,128 2,725 274 662 1,402 3,387
 

Water Management Scheme for Balance of Project Area: 

Rehabilitation of Existing 
Irrigation Systems 314 758 191 94979 393 


New Irrigation Systems 515 1,244 67 
 162 582 1,406
 

Subtotal 829 2,002 146 
 353 975 2,355
 

TOTAL 12,528 30,263 7,152 17,274 19,680 47,537 

1/ee item listing in Table IV-19. 
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ENGINEERING CONSULTANTS, iNC.
 

CONSTRUCTION SCHEDULE FOR C 

SUBPROJECT 
1975 1980 

LOWER CITANDUY CISEEL 

Flood Control 

Design & Preconstruction 

Construction 

Irrigation P, Drainage 

Design V Preconstruction 

Rehabilitation 

New Construction 

Drainage Rehabilitation 

1 

Matenggeng Dam 

Design P Preconstruction 
Construction 

SEGARA ANAKAN 

Design a Preconstruction 

Construction 

1 

UPPER CITANDUY/CISEEL 

Management Program 

Irrigation & Drainage 

Design & Preconstruction 

Rehabilitation 

CENTRAL JAVA AREAS 

Irrigation & Drainage Rehabilitation 

Design & Preconstruction 

Rehabi litation 

Cihaur Irrigation System 
Design & Preconstruction 
Construction L 
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PLATE V1l-I
 

ANDUY BASIN DEVELOPMENT PROJECT 
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