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PREFACE

The Directorate General 0: Water Resources Development (DG\iRD) of
the ministry of Public Works, Gove~nment of Indonesia (GOI) contracted
PRC Engineering Consultants, Inc. (PRC/ECT) to provide ~onsulting

engineering services for preparing an integrated development pl~, for
~he Tuntang/Jragu:lg Rivers in the Jratunselu.."1a Basin. The study for the
preparation of the plan started on May 16, 1979 and was originally
scheduled to be com?leted on November 30, 1979.

An interim report on the study W2S submitted by PRC/ECl on August 15,
1979 which was reviewed by all the concerned agencies and later
discussed on September 24, 1979 in a meeting held by the DGWRD at
Jakarta. In that meeting and in subsequent discussions between PRC/ECI
and DGWRD, it was the consensus of opinion of all the participants that
it would be very beneficial if the study on the Tuntang/Jragung Rivers
could be modified by including the entire Jrattu,seluna Basin in certain
aspects of the study. In that modified study the interrelationships of
the existing, proposed and the potential development works of the
Tuntang/Jragung Subbasins and those of the adjoining subbasins within
the Jratunseluna Basin should be examined. ThUS, the ffiaster plan for
the development of the Jratunseluna Basil. whic!1 was prepared earlier by
NEDECO in the year 1973, would be reviewed aDd updated insofar as it
related to the development of water resources for providing irrigation
and Municipal and Industrial water suppl5.es to the project areas.

The changes in criter~a and constraints which have occurred and the
large amount of new data which have become available since preparation
of the original master plan would be incorporated in the modified study
fol'"' formUlating a conceptual optimized development plan. The attention
of the reader is drawn to the basic assumptions made in this regard in
the study and described in Section D.I.2. of Part II of this Appendix.
The original contract between Gal and PRe/ECI for the engineering
services was, therefore~ amended to include the revised scope of work
for the modified study.

For the preparation of the integrated development plan for the
Tuntang/Jragung Rivers, as contemplated originally, a report was
prepared on Project Planning for supporting the proposed plan. That
report is being produced as Appendix D- Part I, Project 'Planning~related
to the Tll.'1tC'.llg/Jragung Rivers Basins Integrated I'ave10pment Plan.

The above mentioned modified study to update the Master Plan for
the Jratunseluna Basin was started in December 1979 and completed in
May 1980. The results of that study pertinent to the planning of the
development works done by the consultant to support the proposed plan
are reported in this document as Appendix D- Part II ~ Project Planning,
related to the Tuntang and Related Rivers Basins Development Plan.

Semarang, May 1980 PRC Engineering Consult;nts, Inc.
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INTEGRATED DEVELOPMDtT PLAN
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PROJECT PLANN!NG

D.l.'~ODUCTION

The appendix describes "the ra"tionaJ.e behind, aD'! the methods

used in the planning studies carried out in the Tuntal:,g/Jragung

River Basins. As with most modern wa~er resource development

activities, developmen"t within the subject basin will of D~'''~ssity

require utilization of the basins water for a number of purposes.

Presen"t and potential water uses within "the basin include irrigation,

municipal and industrial water for the city of Semarang and water for

the generation of hydroelectric power.

Basin planning requires tha"t each struc"ture or project element

proposed'be physically and economically viable as an individual

project t but even more important. tha't all planned elements eventually

function effectively together to meet tha ult~ate water and power

requirements of the basin. It is possible that a single project or

element may Le originally designed to serve a particular function

during one period of time, and as other planned project elements are

illlflll;!m~nl;<.1tl. dlillll'.en in thE! opcrtltion of the initial elements allow

it to :~ervc a modi fied or different fUllction.

This part of the report (Appendix D - Part I) serves as a planning

report oovering the many physical, social and economic aspects which are of

necessity considered. This Appendix will deal 1Im'8 specifically with plan

formulation, that is. the procedut'es used tD evaJ.uate all pertinent information

and identify an economically and physically feasible UTay of ~l_ents 80

phased to meet 'the growing watex: requirements of the basins' population.
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SUbjec'ts discussed in detaU in other appeDdices anl1 speci41. rf!loor~.

[3, 4, 5] incJ.ude, hut are not limited to, hydrologic &"ta, examiNi'tion .

of the pattern of existing and fu~ dalands for irrigation water. demand

for municipal. and industrial water supply. existing power generation and

fu1:UI'e poweI' I'equi.I'ements, geologic conditio~ at val'ious potential. storage

sites and the economic data felt the pI'Oject al'ea.

The planning study considers single element developments. various

combinations of development elements. vaI'ious irI'igation service areas,

varying M &I wateI' supply I'ates and transbasin diveI'sions as well as

power geneI'ation and power potential associated with development.

An earlier study of the JI'agung and Tuntang basins was completed

in 1973 by NEDECO when they developed the nJRATUNSELUNA BASIN

DEVELOPMENT PLAN" [1). A number of single element developments were

consideI'ed at that time and a number of these aI'e included herein,

but in conjunction with other elements.

Other studies previously conducted in the b~sin are discussed and

described in detail in the Interim Report, Integrated Development of the

Tuntang/Jragung River Basins submitted by PRe/ECl in August of 1979 [2].
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D.2. BASIN DESCRIPTION

D.2.1. Project Area

The Tuntacg and Jragung Rivers Basins eX1:enCl from the eastern

and southern slopes of the vClJ.cances Ungaran, Telomoyo, and Merbabu

'to the northern coast of Java. The Tuntang and Jragung Rivers are

'two of several rivers draining 'the plain and adja~ent highland to

the east of Semarang and flowing into the Java Sea. The total area

is referred to as the Jratunseluna Basin and has an area of

approximately 7,400 km2 • The word. Jratunseluna originates from the

names of the five major rivers within the basin - JRAgung, TUNtang,

SErang, LUsi and JuaNA.

The location of the project area within the basin is shown in

Figure D-l.

The climate in the project ar~a is c~acterized by two distinct

seasons; the wet season from November through Hay and the dry season

from June through October. The annual rainfall on the coastal plain

averages between 2,000 and 2,500 mm and the average annual precipita­

tion on the upper watershed area is about 2,700 mm.

D.2.2. Water Resources

D.2.2.a. Surface Water

The mean annual discharge of the Jragung River at Borangan bridge

is 3.82 m3/s. This represents an average annual runoff of 1,280 I11III

over the 94 krn2 catchment and an annual runoff volume of 121 x 106 m3•

The mean annual discharge of the Tuntang. River at the proposed

Gunung Wulan damsite is estimated at 2~.~ m3/s. This represents an

D-3
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average annual runoff of 1.150 IIID over the 659 )cm2 catchment and an

average annual runoff volume of 770 x 106 m3 • An additicmaJ.

liO x 106 m3 of loeal inflow reaches the Tuntang between the Gunung

WUlan damsite and the Glapan Weir.

E\1ll information on the basins surface water resources is fC"'.111d

in Appendix A - Part I. Hydrology.

D.2.2.b. Groundwater

The geology of the Jratunseluna Basin has been analyzed on a

number of occasions in attempts to locate or quantify groundwater

supplies or potential. Basic conclusions are that the coastal

plains are unlikely to provide groundwater in suitable quantity ar

quality to be of significance. Groundwater potential is relatively

more favorable in ",he volcanic uplands. These sources are yet

unproven and no attempt has been made in these planning studies to

incorporate groundwater supplies into this basin plan. Further

information on basin groundwater conditions may. however, be found

in Special Report I, Tuntang/Jragung River Basins, ltunicipal and

Industrial Water Supply [3J.

D.2.3. Water Use in Basin

D.2.3.a. Present Use - Irrigation

Water is presently diverted £rom both the Jragung and TUDtang

Rivers at the Jragung and Glapan Weirs, respectively. Full dry

season water supplies are available to some 6,000 ha in the Tuntang

System but dry season supplies are not adequate for any year-round

irrigation in the Jragung System. Current practices and irrigation

usage is discussed in Appendix B-Part I. Irrigation and Agriculture.



D.2.3.b. Present Use - Ml.\nicipal and LndustI'ial Water

The city ..,f Semarang presently uses 805 lis to tLeet a part of

their requirements, out of whicn 303 1/s is derived frau springs,

17 lis from wells and 485 lis .from the Kali Garang. Details are

given in Spec ...al RepoI'"\. tio. I, Tuntang/Jragung River Basins ~

Municipal and Industrial Water Supply [3].

D.2.3.c. Present Use - Hydropower

Two hydro plants are currently operated on the upper reaches of

the Tuntang below Rawa Pening. Combined installed capacity of the

Jelok and Timo Power Plants is 32.5 MW, however, their maximum

generating capacity is limited to about 26.0 MW. Current operation

produces approximately 50 Gwh of firm ene~gy and 110 Gwh of secondary

energy annually. Details are presented in Appendix C-Part I I Dams and

Hydropower.

D-5
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D.3. HEeD FOl WATER RtSOURCES DEVELOPMENT -

D.3.l. rrrig~tion

There are 35,000 ha of lITigable land in the basin bdow the

existing Glapan and Jragung Weirs. Accurate estimates of the number of

hecrtares of 1aDd receiving a :fUll (year-l'Ound) water supply aredi:ffiC\.:~~ to

derive. Present cropping patterns presented in Append.ix B - PU"t I

indicate that some 6 ,000 to 7 ,000 ha could be considered tc have firm

water supplies for two to three rice crops per yearo. Optimum wate:'

resources development in the basin would dictate that the entire

35,000 ha be provided a full water supply if possible.

D.3 • 2. Mu:licipal and Industrial Water

One of the most serious water problems in the basin at present

is the short supply of municipal and industrial water for the city

of Semarang. Projections developed in Special Report No. I ­
Tuntang/Jragung River Basins t Municipal and :::n.lustrial Water Suppl.y (3]

indicate a total need of 6,010 lIs by the year 2000 while the present

supply is only 805 lIs. A portion of these municipal and industrial

water supplies should be developed within the basin. In the planning

proce~s municipal and industrial water is supplied through various

project elements in quantities ranging from 2,000 to ~~OOO lIs at

ultimate development. The maximum amount of M & I watett economicall.y

available from the Tuntang/Jragung Rivers Basins, without unfairly

depriving other potential users is considered to be ~,OOO lIs.

D.4. IDENTIFIED POTENTIAL FOR ACCOMPLISHING REQUIRED DEVELOPMENT

Appendix C·· Part I outlines in detail all sitee with development poten­

tial considered in this planning study. The sites for stOI'age, diversions,

delivery and power generation are shown schemati~ally 1n Fi~ D-2.
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D. 5. BASIN MODEL DEVELOPMENT

D.S.l. General

A compu~er model of the Tuntang/Jragung Basin was developed

to simulate multi-reservoir opera:tion. The plan, or arTangement.

of a water resour<'es project may be considered as a system. The

project formulation of the system is sometimes referred to as

system design. The development of the water resources of the Tuntangl

Jragung Rivers Basins constitutes a relatively complex system which

may be created with different combinatioM of system elemp.nts

(reservoirs, diversions , power pla~ts, canals etc.), levels of output,

and allocation of capac~ty of the units to various purposes at

different times. ThE! objective of system design is to select the

combination of these variables that maximize net benefits in accordance

with requirements of criteria imposed. The maximization is subject to

many constraints. In the case of the Tuntang/Jragung Rivers Basins.

oonstraints are technical s budgetary, social and administrative. The

optimal plan or an array of elements .is su1>ject not only to technical

limitations rot economic and sociopolitical limitations as well.

In the case of this basin a large number of combinations can be

arranged. By utilizing the basin model, it was possible to consider

a large number of different project element combinations simultaneously.

A basin model makes it possible to simulate the behavior of
rel,'it i vely complex water resources elements for periods or any d~sired

length; to perform numerous and repetitive computations needed for

many COmbinations of system variables, and finally to evolve an optimal

or near optimal design of the system.

The basin model of th3 Tuntang/Jragung Basin developed by PRC/ECl

during this study considers storage at foUX' sites. diversion of water

from subbasin to sUbbasin, power generation at two existing and two
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The model utilizes montbl.y inputs of streamflow and i.rC'igation

water requiremen,,;s and in turn computes monthly volumes of reservoir

inflows, reservoir evaporation, irrigation releases, spill a,nd sJ:io:t'tage.

In addition it computes tt-e ending storage and water surface el.evation

at each storage site and the monthly firm and secondary energy produced

at the existing power plants on the upper Tuntang as well as Jragung
and Gunung Wulan Reservoirs.

pE'OpOsed hydroelectric plan1:s. municipal. and iDch.::S1:l'ial va~.. 8U]~J.y

frail 'two points on the system and irrigation de""mds at the Jragung

aDd Glapan Weirs. All studies utilizing the basin model. were pe1'formed

on 'the IBK 370 compute:' system at the DPU Canputer Center in Jalcarta.

0.5.2.a. Storage

Twenty-one years of record were used in simulating operation of

single elements as well as total development packages including a

number of elements. The ways in which the model handles storage,

transbasin diversion, provision of municipal and industrial water,

computes shortages, spills and releases are discussed in the following
section$.

D.5.2. Model Features

As discussedin Appendix C-Part I. fouI'storage sites were identified

as being potentially attractive from both a technical and economical

viewpoint. The model includes the potential for storage of water at

these four points on the system; Rawa Pening, Gunung Wulan and Glapan

sites on the Tuntang and the Jragung damsite on the Jragung River.

Storage capacity at each site may be adjusted from zero (run-of-

river conditions) to toe maximum feasible storage at the site. Releases

from Rawa Pening can be governed by either power or irrigation demands,

while releases from the remaining three sites are governed by tr.rig8tion

;~:·:·$.r;~t·':{:rif.g~~~;;~~~'r:r,~~:,,:~;?:~·:?,::;·_·;
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In addition to the municipal and industrial water for Semaranc

Sediment passing, as discussed. :in Appendix A-Pan I aDd C-Par't I can be

simul.ated at any or all of the downs~ reservoir sites as desired.

D.S.2.b. Transbasin Diversion

An integI'al part of basin development is the 'transfer of water

from the Tuntang Subbasin to the Jragung Subbasin. The model incor­

porates such a diversion to increase water availability as required.

Two operational rules govern the diversion of water in the final
version of the model.

With the exception of the months of March, AprU and M,'iy. water

is diverted to Jragung only if irrigation shortages exist at the

Jragung service area. If storage is provided at Jragung, sediTD€l'lt

would be bypassed during the months of December, January and February

and diversion to the storage in March, April and May is governed by

the storage capacity remaining. In cases where the flow available

at the diversion is of a magnitude less than the total irrigation

demands at Jragung and Tuntang the available flow is proportioned

in direct proportion to the two demands.

D.5.2.c. Municipal and Industrial Water

Provision is made in the model to allow delivery of any amount

of municipal and industrial water from four points in the system.

Municipal and industrial water may be diverted from Muneul Springs,

above Rawa Pening, from Rawa Pening itself, from Jragung at the

reservoir or from river diversion, as well as from Gunung Wulan on
the Tuntang.
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'the 1lOdel. incorporat.es I'iver maintenance flowst.o assure that. I'esidents

pt'esently using the I'iveI' water would have continued use of that. Water

in the event of coostI'Ucted stOI'age on either riveI'.

D.S .2.d. Reservou' Releases

As stated ~ I'eleases from Rawa Pening were governed by power in

some eaI'ly roos. The review by the DiI'ect.oI'at.e General of Wat.er

Resources Development of PRe/Eel's Interim Report [2] am the subsequent

review meet.ing revealed t.hat. if secondary power geneI'ation could be

maintained to between 80 and 90 percent of present production~ Rawa

Pening releases could be governed by irrigation. As a result., all

model runs herein repoI'ted cont1'01 Rawa Pening releases based on

downstream irrigat.ion demands.

Irrigation shortages~as considered by t.he model, occur when that.

mont.h's irrigation demand cannot be met. from the combination of inflow

and storage at. a given site. These monthly short.ages in 106 rn3 are

totaled fOI' each year t the annual t.otals computed and the t.otal annual

shortages subsequently accumulated allowing determinat.ion of t.he average

annual shol:'t.age for the twent.y-one year simulation period. If the.
shortage volume in any given month is gI'eater than 5 peI'cent of t.he

irrigation demand volume for that month a month of shortage is counted.

To compute irrigation firmness the total number of months during which

shortages are counted is divided by 252 (number of months in the simula­

tion period), the quotient representing the peI'cent of time dUI'ing which

shortages occur. Firmness is then 100 percent less the percent of time

which the shortages occur.

In the case of all four reservoir sites, monthly evaporation is

estbnated based on the water surface area and average free wat~ ~ac.

evaporation as described in Appendix A-Part I and is subtracted~

reservoir storage and inflow to relate true available. water supply.

D-10
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At Gwnmg Wulan and Glapan the only reservoir. demand· recognized

is the irrigation demand. If reservoir storage plus monthly inflow

volume meet or exceed that demand theu the controlled release is

equal to that demand. If reservoir storage plus month1y inflow

volume is not equal to the irrigation demand all water is released

from the reservoir and a shortage exists.

In those alternatives where storage at Jragung is provided the

primary demand is the irrigation demand. In addition to the irrigation

demand the reservoir is also called upon to supply municipal and

industrial water at the rate of up to 2,000 lis in some alternatives.

Actual outflows are handled by the model as for the other reservoirs.

Using the stage storage relationships which are included in the model

the ending elevation of the reservoirs water surface for each month

is computed.

D.5.2.e. Hydropower Features

The model includes generation of hydroelectric power at four

points. The existing Jelok and Timo plants on the upper Tuntang are

model elements. As stated previously, the releases from Rawa Pening

are governed hy downstream irrigation demands in the model. The

turbine release to Jelok and Timo is limited to the irrigation release

plUS spill up to the present peaking capacity of 26 MW. The remaining

excess water which cannot be released through the power plant is

discharged to the Tuntang at the weir.

In alternatives where Gunung Wulan and Jragung Dams are considF~ed,

power plant installations of 10 MW and 6 MW respectively are introduced

into the model. At each site the model uses the controlled releases

and excess flows up to the capacity of the plant to compute hydZ'opower

generation. The energy in Gwh which can be generated each month is

determined. The model computes both firm energy and secondary. energy

D-ll
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with firm energy defined as that which can be generated on a COp-r1nuous

basis for 100 percent of the time. Because of :the empty reservoir at

Jragung during sediment by-pass in December, January and February and

because of irrigation release patterns at Gunung Wulan no firm power

is generated at these plants.

0.5.3. Model Inputs

D.5.3.a. Inflows

In computing total monthly inflow at the diversion site, the

model considers the local watershed yield from the catchment area

between Rawa Pening and the diversion point and adds this volume

to that months'release from Rawa Pening.

For sites further downstream similar procedures are used.

Local inflow is added to the release from the upstream structure.

At Jragung the inflow from the Jragung River is added to the

monthly diversion volume to establish the total monthly reservoir

inflow.

Streamflow records for Rawa Pening and Glapan are available for

the period from wateryeqr 1953 through water year 1973. The Rawn

Pening data are presented in Table D-l.

Inflow records at the transbasin diversion site were generated

by reducing the inflows at Glapan using drainage basin ratio to

derive inflows at the site, and subtracting Rawa Pening releases.

Thus, the inflows generated represent only the natural runoff from

the catchment between Rawa Pening and the diversion site. These

records were generated for the period 1953 through 1973 and appear

in Table D-2. In model operation, these flows are added to Rawa Pening

D-12



Inflow records at the Gunung Wulan Dam were also generated for

the same period of time by reducing flows at Glapan by drainage area

pr;,;;portion and subtracting Rawa Pening releases. These data appear

in Table D-3. Using the above procedure re..c:;ultl:Ci in some negative

flow values, which are negligible. These negative values were

retained as they represent a use between Jelo~ Weir and the damsite. 1btal

site inflow volume for a given month is the natural runoff from the

intermediate catchment plus Rawa Pening release less the amount

diverted from the Tuntang to the Jragung.

release to obtain the available flow at the diversion site.

The drainage area between the Gunung Wulan damsite and the

Glapan Weir is 127 km2• The local inflow between Gunung Wulan and

Glapan was generated for the period 1953 to 1973 by subtracting the

Gunung Wulan inflows without release from Rawa Pening from the Glapan

inflows without release from Rawa Pening. These data are presented

in Table 0-4. This procedure also resulted in negative flow values

at the Glapan Weir. These too were retained as they represent an

existing use between the Gunung ~11an site and the Glapan Weir.

Jragung reservoir inflows can come from two sources, the Jragung

River and the Tuntang diversion. Jragung flows for the period of

record were derived by the run~ff-rainfallmodel for the watershed

developed by PRe/Eel in 1976 when updating the Jragung Feasibility

Report [6]. These data are presented in Table 0-5. Total site inflow

is represented in the model by the natural runoff plUS the flow diverted

from the Tuntang.

In developing the basin plan, one major objective was to attempt

to serve the total irrigdble land in the basin. The total area to be

0.5.3.b. Irrigation Requirements
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served is 35,000 ha; 11,625 ha on the Jragung and 23,375 ha OD the

'l'untang. The service areas are shown in Figure D-3. The model .has

the flexibi~ity to allow shifting of lands from one service area to

the other so the above breakdown is simply the mode~s norm.

The cropping patterns projected for the project area in the

future are deVeloped in Appendix B. The water requirements for the

recaDl1lended cropping pattern are entered into the model. as total.

monthly volume demands on each system with the normal areal distribu­
tion of lands.

Irrigation demands expressed as monthly vol.urnes were computed

using an additional program which used as input the comput~ average

monthly evapotranspiration and service area monthly rainfall for the

period l.953 to 1973. The service area monthly rainfall data were

generated in accordance with procedures described in Appendix A~

These data are summarized in Table D-6.

Crop water requirements were reduced by effective rainfall CRE)

which was estimated from the monthly rainfall (Rr) data using the
relationship:

RE = 1.B (RF)O'S

An average overall irrigation efficiency of 50 percent is

assumed on the systems. Fifty percent of the excess water d':'verted,

that is 25 percent of the total diverted can be applied to additional

area as return flow at a total efficiency of 60 percent. Fifteen .pel'Cent

of the total area can thus be served by return fl.ow. Water re~eases

from reservoir sites for irrigation would then be necessary only for

10,095 ha on the Jragung and 20,340 ha on the Tuntang. The balance

of 4,565 ha would be irrigated as return flow areas.
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Using 'the :r:-ecommended Cl'Opping pattern,

tha Jragung and Tuntang (full develepnent) are sUllllllar1zed

Tables D-7 and D-8 respectively. Fer comparison, simllardemands

wel'e generated fer a cropping pattern of two rice crops plus one

upland c:rcp per year. Under this pat:tern, demands. on the Jragung

and Tuntang are summarized in Tables D-9 and D-lO respec'tively.

During the development and refinem~n't ef the basin model and in

the final phase of the study over 1,000 computer runs were made.

A summary of pertinent runs is presented in Table D-42.
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TABLE D-l

MODEL INPUT DATA
MONTHLY INFLOWS INTO RAWA PENING IN 106 rn3

~
Oct Nov Dec Jan Feb Mar Apr ~ Jun Jul Aug Sep

Year -
1952-53 20.09 lJ.5.62 lJ.0.98 40.99 38.95 61.60 69.98 68.57 31.88 25.98 16.87 13.7"

:1953-54 9.91 19.96 28.39 41. 78 39.19 45.00 40.44 39.91 26.96 22.11 30.21 18.66

1954-55 17.95 45.89 43.66 42.32 32.66 52.50 52.76 50.35 3C.07 51.69 33.75 25.66

1955-56 23.84 30.07 32.41 67.23 30.86 40.18 27.99 24.91 44.58 22.77' 27.86 18.14

1956-57 16.87 21.00 39.64 lJ.6.87 27.58 74.19 lJ.6.66 37.77 17.63 42.85 18.lJ.8 16.85

1957-58 13.39 15.81 45.80 45.80 71.85 65.35 76.20 58.12 31.62 45.53 35.35 22.81

1958-59 28.66 23.07 59.73 50.35 62.42 57.05 53.14 67.50 42.51 49.55 21.43 16.07

1959-60 21.70 19.96 41.25 41.25 57.13 43.93 53.65 55.lJ.4 27.73 31.61 17.14. IIf.77

19GO-61 18.75 34.21 30.80 49.55 30.48 39~10 27.96 46.6o. 23.33 23.03 16.61 11.40

t:f 1961-62 11.18 15.81 19.82 38.03 33.81 41.78 58.58 33.49 25.66 21.43 24.11 11.92
.~

en 1962-63 18.75 23.07 31. 31 38.30 33.38 54.10 40.69 28.39 17.CS 14.73 11. 78 14.17

1963-64 12.86 15.03 20.09 23.84 31.57 32.68 35.77 31.87 23.07 16.87 I!L 53 15.55

1964-65 30.53 35.51 27.59 42.85 36.77 36.96 32.66 19.28 14.26 14.73 1~:.12 9.85

1965-66 10.45 14.17 25.18 36.43 43.30 57.32 31.34 26.52 22.03 15.00 1.~f) 11.66

1966-67 . 20.89 19.15 42.32 43.12 48.15 36.96 66.17 31.34 16.85 13.93 12.05 ll.92

1961-68 . 10.98 12.96 21.86 40.4lJ. 46.35 47.94 46.69 54.10 43.03 4lJ..19 48.21 21.00

1968-69 22.50 31.88 lJ.5.~0 53.03 59.03 39.46 72.52 39.37 32.92 22.77 15.53 12•.70

1969-70 13.39 21.22 43.39 31.3lJ. 35.56 54.6lJ. lJ.7.95 46. 31~ 27.73 3l.81 15.27.

1970-71 13.93 26.18 31.07 31.87 38.lJ.7 40.4lJ. 43.03 44.73 36.55 23.57 13.66

1971-72 21+.11 43.03 51.37 39.91 IU.59 57.32 42.25 46.60 22.03 19.28 15.20

.1912-73 10.1+5 14.00 24.31 .42.05 41.61 39.77 44.06 63.lJ.8 39.92 31.01 21.16
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TABLE D-2

HODEL INPUT DATA

MONTHLY FLOWS IN 106 m3 AT TUNTANG DIVERSION SITE WITHOUT RAWA PENING RELEASE

~
Oct Nov Dec Jan Feb Mar Apr Hay ~ Jul Aug Sep

Year

1952-53 1.46 11.59 9.89 13.68 11.01 10.03 18.92 16.64 2.12 1.12 0.00 .20

1953-54 .27 3.94 7.05 11.00 12.04 11.11 9.20 6.48 3.50 1.81 2.09 1.08

1954-55 2.92 10.55 8.50 10.93 8.15 8.27 7.58 4.98 2.26 6.03 7.09 .54

1955-56 1.32 8.69 6.51 17.55 11.99 5.33 1.15 1.50 5.36 .31 1.81 .64

'1956-57 .69 3.27 10.10 7.49 4.40 17.55 8.66 2.23 .57 2.96 -.42 -.80

1957-58 -.28 1.15 10.62 8.25 20.89 20.58 16.34 12.64 3.74 6.62 8.08 1.75

1958-59 2.22 2.76 20.89 18.13 10.72 7.91 15.43 13.54 4.95 8.84 1.67 .24

1959-60 1.39 3.17 16.40 9.67 12.79 9.82 8.83 6.48 .91 1.60 -.14 -.54

1960-61 .41 6.33 4.84 12.99 6.32 11.45 6.03 8.36 .71 0.00 -.35 -.81

1961-62 .68 .61 1.15 69.6 7.74 12.99 15.43 3.65 .37 .63 1.22 -.47

1962..63 .38 6.44 10.31 15.49 6.64 15.25 7.28 1.43 0.00 ... 03 -.14 -.24

1963-64 -.52 .44 5.47 3.76 7.05 7.55 8.02 7.47 1.95 -.14 -.11 -.03

1964-65 3.71 6.50 3.03 10.48 9.37 11.77 7.01 .10 .27 .25 -.07 -.30

1965~66 -.35 3.04 2.82 6.27 5.98 16.50 5.C2 1.53 1.52 .66 -.59 -.17

1966-67 1.57 1.85 11.56 9.12 11.57 6.75 7.99 .87 1.01 1.29 ~1.71 -1.35

1967-68 -.21 .13 4.32 11.63 7.61 10.31 8.93 13.51 8.63 5.64 2.5.. -.06

1968·69 2.68 8.35 6.93 7.66 15.19 15.39 20.05 2.54 1.45 .Slf -.56 .

1969-70 .11 1.78 5.05 3.52 2.7" 13."0 5.42 4.21 1.35 .8lf 0.00

1970-71 .59 2.86 5.36 6.23 8.73 9.37 9.16 6.41 3.81 .45 -.42

1.50 4.78 11.00 14.48 ".15 8.50 11.96 5.22 -.10 .69 -.17

-.16 4.65 9.30 9.26 6.10 10.41 14.46 18.28 3.30 3.24

--
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TABLE 0.3

MODEL INPt1I' DATA

MONTHLY INFLOWS TO GUNUNG WULAN WITHOUT RELEASES FROM RAWA PENING 1rP m3

.~ Oc"t Nov Dec Jan Feb Mar !FE.. Hay "Jun Jul Aug !!E.Year

1952-53 8.4-7 67.14 57.27 79.26 63.76 58.08 109.59 96.40 12.30 6.116 0.00 1.17
1953-54 1.66 22.82 40.81 63.74 69.77 64.34 53.29 37.51 20.30 10.49 12.12 6.25.
1954-55 16.34 61.09 49.21 63.33 47.19 47.90 43.91 28.94 13.0e 34.90 12.10 3.12
195~56 7.67 50.36 37.71 101.65 69.40 30.96 6.64 8.67 _ 31.03 1.82 10.119 3.11

1956-57 4.03 18.93 58.48 43.36 25.50 101.65 50.16 12.91 3.32 17.14 -2.42 -11.68

1957-58 -1.61 6.64 61.51 47.80 121.02 119.20 94.66 73 ...!l 21.66 38.32 46.19 10.15

1958-59 12.91 16.00 121.01 104.99 62.12 45.79 99.39 ';8.45 28.69 51.23 9.68 1.37

1959-60 8.07 18.35 95.00 50.22 74.07 56.87 51.14 37.51 5.27 9.28 -.81 -3.12 - :1":
t='

28.03 75.23 36.61 66.35 34.94 48.40 4.10 0.00 -2.01 -11.68• 1960-61 2.42 36.69....
CD

1.06 -2.131961-62 -3.95 3.51 6.65 40.34 44.81 75.23 89.39 21.17 2.15 3.63

1962-63 2.22 37.32 59.69 89.75 38.44 88.34 42.16 8.27 0.00 -.21 -.81 . -1.37

1963-64 -3.03 2.54 31.66 21.78 40.81 43.76 46.lf.5 If.3.26 11.32 .81 -.61, -0.20

1964-65 21.50 37.67 17.55 60.70 50.28 68.19 If.0.60 .61 1.56 1.4~ -.40 ~1.7~i·! ;,.
~ ;:.-'/.

1965-66 -2.02 -1.76 16.3lf. 36.30 3lf..61 95.59 29.09 8.89 9.78 3.84 -3.43 -0.98<;:'1';
, r· .,!~-.:'

1966-67 9.07 10.73 66.96 52.84 67.0lf. 39.12 46.26 5.0lf. 5.96 7.lf.6 -9.89 . .,·,i:/;;
~_ 4. ';~.~?(

~,; : : :: '.~ :1 1 ; : I

1967-68 -1.21 .78 25.00 67.36 If.lf..08 59.70 51.72 78.25 If.9.97 32.67 1".12 . ..O~<I.'~
~ . '- .... .;.,:.>;-;._~{

1968-69 15.53 48.40 If.0.13 4lf..37 ij7.99 89.14 116.13 14.70 9.39' 4.S4 -3.22 ', ...3.12"1
'," ';;';",'1/1'

1969-70 .61 10.34 29.24 20.37 15.85 77.6lf. 31.42 2lf..lf.1 7.81 4.84 -0.00. ·•..}',6;01
, _.',y,:!,; ~:~'.:l ;',\"

.1970-71. 3.43 16.59 31.06 36.10 50.59 54.25 53.04 37.11 22.06 2.62 -2.42 :;:~~~:
63.71f. 30.26 -0.59

··~'~-:~,i?{~lzf.7
1971-72 8.67 27.72 83.90 2lf..04 If.9.21 69.29 If..03 ...~. 01,}.;fflj.~

-4.lf.3 26.93 53.85 53.65 35.34 60.30 83.73 105.88 19.13 18.76 '2.4·~'" k,j"

,.(,.jf';;~~i
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13.30 3.32

2.75 .44

-.23 -1.02

-.58 -1.5"

2.00 -.89

0.00 - ..."

-.43 -.35·

-1.18-.57

-.77 .... 32
-2.80 -2.55
4.19 -1.28

-.92 .-1,02
;' " ;,J

O. 00 . ,,+.~~~l.~(
-.69 .. ~~.~._""

,):;,::lM~f

Ju1

1.83

2.99

9.94

.51

4.89

10.87

14.56

2.63

0.00

1.03

0.00

.23

.39

1.08

2.12

9.29

1.38

1.3B

.75

1.15

5.32

~ L!:J

Jun

--,
.J

4.03

6.66

:'0.67

10.18

1.09

7.09

9.38

1.72

1.34

.70

0.00

3.70

.51

2.87

1.91

16.33

2.75

2.55

7.21

-.18

6.25

-­"

Hay

1f.21

27.50

10.70

8.22

2.47

3.68

20.81

22.30

10.67

13.76

60.25

2.35

12.42

1.67

2.52

1.44

22.24

6.93

·10.54

8.59

30.09

Apr

36.08

17.47

10.52

2.17

16.45

30.96

29.23

16.72

11.42

29.23

13.78

15.19

13.27

9.55

15.12

16.92

37.97

10.28

30.61

22.65

27.38

Mar

16.57

18.3IJ.

13.63

8.80

28.99

33.87

13.00

16.17

18.86

21.38

25.10

9.85

19.35

27.18

11.11

16.96

25.34

28.76

15~42

13.99

17.14

:/>"

TABLE D-4

Feb

27.48

29.50

19.95

29.35

10.80

50.96

26.20

24.61

15.45

18.90

16.21

17.20

22.90

14.60

28.27

19.60

37.10

6.68

21.41

10.14

14.91

Jan

22.60

18.17

18.06

28.79

12.37

13.58

29.95

14.27

21.37

11.50

25.05

6.19

17.26

10.32

15.02

19.14

12.61

5.79

iO.26

23.84

15.24

Dec

16.34

11..55

14.03

10.76

16.69

17.48

34.36

27.00

7.97

1.90

16.97

9.00

4.98

4.64

19.03

7.12

11.41

8.31

8.83

18.10

15.04

Nov

22.02

7.51

20.03

16.51

6.21

2.17

5.24

5.99

12.00

1.15

0.00

.83

12.31

-.57

3.52

.26

15.83

3.39

5.42

9.06

8.81

HODEL INPUT DATA

MONTHLY FLOWS IN 106 m3 AT GLAPAN BARRAGE GENERATED ON THE CATCHMENT

BETWEEN GUNUNG WULAN AND GLAPJJl

Oct

2.41

1.27

4.65

2.18

1~15

-.46

3.67

2.29

.69

.97

.63

-.85

6.21

2.58

.34

4.41

.17

.97

2.47

1.27

... 57

- -

~th
Year~

1952-53

1953-54

1954-55

1955-56

1956-57

1957-58

1958-59

1959-60

1960-61

1961-62

1962-63

1963-64

1964-65

1965-66

1966-67

1967-68

~~68-69

1,969-70

1910-11
.'.:'~S,;'~j.971-'~



TABLE D-5

MODEL INPUT DATA

MONTHLY FLOWS IN 106 m3 AT JRAGUNG DAMSlTE

Oct Nov Dec Jan Feb Mar Apr May Jun Ju1 Aug Sep

1952-53 3.~O 6.20 10.10 11.70 9.30 17.80 13.30 12.70 .10 1.20 0.00 0.00

1953-51+ 0.00 9.40 7.90 12.50 23.00 ·13.70 7.60 11.60 1.50 1.00 2.00 5.20

1954-55 4.40 28.10 10.10 12.40 32.50 12.50 16.00 14.70 3.30 6.60 3.20 2.20

1955-56 6.60 13.00 14.60 70.90 21.80 15.80 4.10 11.00 6.10 .90 ~.10 0.00

1956-57 1.20 3.80 17.80 16.10 14.30 20.20 7.10 4.70 3.80 5.20 1.~0 0.00

1951-58 2.30 7.50 32.90 15.50 34.10 19.90 17.60 10.60 5.10 12.30 9.40 .30

1958-59 3.70 5.00 16.60 23.60 12.20 10.20 16.30 14.80 2.30 4.80 0.00 1.60
t:J 1959-60 1.70 2.70 19.20 20.00 25.90 7.40 10.00 9.90 1.20 .70 0.00 0.00I
to)

0
1960-61 .50 20.80 8.50 77 .30 9.20 22.50 4.40 13.80 0.00 0.00 0.00 0.00

1961-62 0.00 5.20 11.40 40.40 32.00 36.10 26.70 3.40 2.60 4.10 2.70 0.00

1962-63 6.10 5.80 13.20 63.70 13.50 24.20 11.00 1.40 0.00 0.00 0.00 0.00

1963-64 0.00 2.40 15.00 14.20 17.30 10.10 19.20 9.00 3.90 .90 .70 4.70

19611-65 7.40 18.40 10.70 73.90 18.80 18.20 10.30 4.20 .70 .20 0.00 0.00

1965-66 0.00 4.30 14.00 20.20 31.70 30.80 5.90 4.70 3.40 0.00 0.00 0.00

1966-67 10.60 5.00 12.50 21.70 29.70 17.80 19.00 .70 0.00 0.00 0.00 0.00

1961-68 .30 7.30 13.50 19.00 31.30 11.10 12.90 17.80 15.50 8.50 3.90 .10
1968-69 2.10 9.50 29.20 8.10 10.50 11.20 30.30 .80 .80 0.00 0.00 0.00

l/I ,.•

1969-10 .90 7.00 6.00 13.60 13.80 31.20 13.20 15.80 2.30 3.10 0.00 0.00
1,: 'j~' I

1910-11 2.80 9.70 22.30 33.30 37.10 21.00 il.80 7.50 . 6.10 1.00 0.00 0.00,;"
:,:;,!.'::~·t~:,\

1971-12 6.40 8.90 - 7.20 40.40 11.20 40.50 8.20 .80 0.00 0.00 0.00 ·-O;~·A:f

j :>:,';: >~

I" ,.j>;.>'"

0.00 4.60 10.80 27.40 19.70 18.00 24.10 22.40 5.90 4.00 .10,';'
·····;'!;d;j~

-~;~n_·-. . _ ... .... ,....... _ _ _ _ ~ ,..... ..... '.........,O,,,~"',~fd~~:,
,-' ~. ~l 'CO .- .~... ~... ~ ... _ ::-,."',
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TABLE D-6

MODEL INPUT DATA

SERVICE AREA MONTHLY RAItITAI,L (nun)

Month OCt NoV Dec Jan Feb Mar ~ May Jun Ju1 Aug Sep

Year -
1952-53. 151 255 245 251 227 232 273 145 26 56 13 1

1953-54 32 236 25~ 473 322 190 167 239 113 91 137 lqa

1954-55 174- 422 283 205 376 241 205 151 72 138 136 14

1955-56 158 288 265 421 273 177 93 97 117 63 126 106

----1.956-57 209 181 322 256 2;;~ 274 206 51 33 129 51 17

-. -_.195'1-58. 83 167 306 182 519 332 210 127 74 104 236 96

1958-59 126 155 434 322 178 181 267 121 53 131 14 10

1.95-9'-60 65 197 279 452 364 212 156 120 40 27 0 54

196O-61 86 367 22lj. 651 259 181 207 31lj. 20 3 0 1

3.961-62 3lj. 139 2lj.3 624 458 303 283 26 38 76 111 14

1962-63 140 163 259 764 429 164 250 10 4 0 0 1

19S3-C)1f 43 93 336 228 170 263 266 130 73 17 36 183

19A-6S~ 275 193 325 604 295 202 120 99 63 10 0

1965-66 12 204 272 214 361 203 139 III 109 .. &I

·ut..., 264 127 230 460 367 213 220 30 3 0 12

I917~ft . 109 205 331 595 370 228 160 240 122 189 96

ltd49' 187 355 376 202 325 259 178 40 44 16 8

_t;.?1i., 105 173 220 295 297 281 218 191 37 81 2

110 215 299 391 464 292 239 226 128 7 :2

191 288 316 621 200 41~ 128 124 5 0 17

3 331 _ 296 367 316 414 219 324 123 7" 56

i:l~~~_if:;~ .. '·_; -,-_,-i f,

!I!i:m?t1':7""-,~~;;:T"

cl~~!f;'_· ....... ~
;;·~i·,~' ,~;::;:::;
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TABLE D-7

MODEL INPUT DATA

JRAGUNG MONTHLY IRRIGATION DEMANDS IN 106m3

RECOMMENDED CROPPING PATTERN - NOVEMBER START

~
Oct Nov Dec Jan Feb Mar Apr May Jun Jul ~-i Sep.- - - -Year

1952-53 0.00 29.69 5.42 3.60 0.00 22.63 3.70 14.39 21.13 32.13 30.12 32.38
1953-54 6.09 31.22 4.70 0.00 0.00 26.97 12.45 6. IH 11.94 28.53 16.96 17.77
1954-55 0.00 17.04 2.41 7.36 0.00 21.90 9.21 13.96 15.97 24.11 17.05 24.34
1955-56 0.00 27.08 3.82 0.00 0.00 27.23 19.24 18.66 11.57 31.38 17.97 21.19
U56-57 0.00 35.81 0.00 2.40 0.00 19.26 9.13 23.59 20.27 24.93 25.44 30.90
1957-58 0.55 37.01 0.62 9.30 0.00 14.78 8 79 16.02 15.75 27.27 8.51 22.15
1958-59 0.00 38.07 0.00 0.00 4.10 26.89 4.17 16.58 17.98 24.20 29.97 24.75
1959-60 2.39 34.45 2.72 0.00 0.00 24.28 13.41 16.67 19.44 35.48 32.47 26.45

f 1960-U 0.25 21.07 7.13 0.00 0.00 26.89 9.04 0.51 21.91 38.98 32.47 33.52
~
N 1961-62 5.85 39.50 ~.59 0.00 0.00 17.00 2.91 26.52 19.68 30.03 19.37 31.32

1962-63 0.00 37.36 4.30 0.00 . 0.00 28.36 5.53 2971 24.32 39.71 32.47 33.52

1963-64 4.80 43.81 0.00 5.46 4.79 20.14 4.25 15.75 15.86 36.79 27.15 14.27

1964-65 0.00 34.78 0.00 0.00 0.00 25.11 16.67 18.66 16.91 37.80 32.47 33~82

19&5-66 8.73 33.86 3.27 1.77 0.00 25.03 14.93 17.52 12.32 38.79 31.55 29.34

1966-67 0.00 40.59 6.64 0.00 0.00 24.19 7.97 26.02 24.51 39.71 30.26 33.09

1967-68 0.00 33.76 o.do 0.00 0.00 22.96 13.06 6.33 11.10 19.64 20.80 20.1$

1968-69 0.00 21.97 0.00 7.tU 0.00 20.45 11.50 24.83 18.99 36.92 30.87 26.78
1969-70 0.00 36.49 7.46 0.12 0.00 18.71 9.13 10.39 19.80 29.52 31.94 24.9&,

.. (,:",
1910-71 0.00 32.94 1.16 0.00 0.00 17.35 6.41 7.47 10.55 38.27 31.94 27. 5t:;:,,;~~:·

1'71..12 C.OO 27.08 0.00 0.00 2.23 8.85 15.93 16.30 2li-.14 39.71 29.55 31. ,i;~;;!~:~~
:.".;/l,.:J:J,·

1112.73 10.21 23.77 1.39 0.00 0.00 8.70 8.05 0.00 11.01 30.23 24.89 l~,.f
,:,,:, .~.,.,

._!-;._){~:,:i

',:C;F1.~:j;j~j~~
~~;;~"'.r:_)':'..o!;:",:;,.",.' , t~.
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TABLE D-8

MODEL INPUT DATA

JFAGUNG (11,625 ha) MONTHLY IRRIGATION DEMAND IN 106 m3

CROPPING PATTERN 2 RICE + 1 UPLAND CROP - OCTOBER START

~ Oct Nov Dec Jan Feb Mal' ApI' May Jun Jul Aug Sep
YeaI'

1952:'53 11.80 20.00 6.10 .60 7.50 0.00 0.00 0.00 25.00 45.40 35.30 23.80
1953-54 23.70 21.60 5.40 0.00 0.00 0.00 2.20 0.00 15.90 41.80 22.10 9.20

,~1954-55 9.80 7.40 3.10 4.30 0.00 0.00 0.00 0.00 19.80 37.40 22.20 15.80
1955-56 11.20 17.40 4.50 0.00 3.80 0.00 9.00 2.40 15.40 44.70 23.10 12.60
1956-57 6.80 26.10 .10 0.00 6.90 0.00 0.00 7.10 24.10 38.20 30.60 22.30
1957-58 18.20 '2.7.40 1.30 6.30 0.00 0.00 0.00 0.00 19.60 40.60 13.70 13.60
1958-59 14.10 28.40 0.00 0.00 11.60 0.00 0.00 .10 21.80 37.50 35.20 16.20
1959-60 20.00 24.80 3.40 0.00 0.00 0.00 3.20 .20 23.30 49.90 37.70 17.90
1960-61 17.90 11.40 7.80 0.00 4.90 0.00 0.00 0.00 25.70 52.30 37.70 24.90
1961-62 23.50 29.80 6.30 0.00 1>.00 0.00 0.00 10.00 23.50 1+3.30 24.50 22.70
1962-63 12.80 27.70 5.00 0.00 0.00 0.00 0.00 12.20 28.20 53.00 37.70 24.90.
1963-SIf 22.40 34.20 0.00 2.40 12.30 0.00 0.00 0.00 19.70 50.10 32.30 6.70
1961f-65 1.50 25.10 0.00 0.00 2.00 0.00 6.40 2.20 20.70 51.10 37.70 25.20
1965-66 26.40 24.20 3.90 0.00 0.00 0.00 4.70 1.00 16.20 52.10 36.70 20.80
1966-67 2.1f0 30.90 7.30 0.00 0.00 0.00 0.00 9.50 29.30 53.00 35.40 24.50
1967-68 15.70 24.10 0.00 0.00 0.00 0.00 2.80 0.00 14.90 32.90 26.00 11.60
1968-69 8.70 12.30 0.00 4.60 0.00 0.00 1.30 9.30 22.80 50.20 36.10 18.20

16.00 26.80 8.10 0.00 1.90 0.00 0.00 0.00 23.60 42.80 37.10 16.110
15.60 23.30 1.80 0.00 0.00 0.00 0.00 0.00 11f.40 51.60 37.10 19.00
8.30 17.40 .50 0.00 9.70 0.00 5.70 0.00 29.00 53.00 34.70

27.90 14.10 2.10 0.00 .40 0.00 0.00 0.00 14.90 43.50 30.10
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TABLE D-9

MODEL INPUT DATA

TUNTANG MONTHLY IRRIGATION DEMANDS IN 106m3

RECOMMENDED CROPPING PATTERN - NOVEMBER START

~ Oct Nov Dec Jan Feb Mar Apr May Jun Ju1 Aug Sep-Year

1952-53 0.00 59.82 10.93 7.25 0.00 45.60 7.45 29.00 42.58 64.73 60.68 65.241953-54 12.27 62.91 9.47 0.00 0.00 54.~5 25.08 12.92 24.06 57.48 34.18 35.801954-55 0.00 34.33 4.85 14.83 0.00 44.12 18.56 27.92 32.17 48.57 34.36 49.051955-56 0.00 54.57 7.71 0.00' 0.00 54.87 38.78 37.99 23.31 63.22 36.20 42.591956-57 0.00 72.1ll- 0.00 lI-.83 0.00 38.82 18.39 47.52 40.84 50.22 51.25 62.251957-58 1.11 74.58 1.25 18.75, 0.00 29.78 17.72 32.29 31.76 54.9lf 17,1" "".631958-59 0.00 76.70 0.00 0.00 8.25 54.18 8.40 33.40 36.23 48.7S 60.39 49.88
t:' 1959-60 4.82 69.40 5.48 0,00 0.00 48.91 27.03 33.59 39.18 71.48 65.43 53.30
,
N

1960-61 0.50 42.45 14.37 0.00 0.00 54.18 18.22 1.02 44.15 78.53 65.43 67.53
.f:

1961-62 li.79 79.58 11.25 0.00 0.00 34.26 5.86 53.43 39.65 60.50 39.02 63.101962-63 0.00 75.28 B.67 0.00 0.00 57.14 11.14 57.85 49.00 80.00 65.43 67.53
1963-64 9.67 88.27 0.00 11.00 9.64 40.57 8.56 31.73 31.95 74.12 54.70 28.74
1964-65 0.00 70.08 0.00 0.00 0.00 50.59 33.59 37.60 34.06 76.15 65.43 58.11t
1965-66 17.58 68.22 6.59 3.56 0.00 50.42 30.08 . 35.29 '2lf.82 78.15 63.58 59.121966-67 0.00 81.78 13.38 0.00 0.00 48.74 16.05 52.43 lI-9.38 BO.OO 60.97 66.671967-68 0.00 68.05 0.00 0.00 0.00 46.26 26.32 12.76 22.37 39.58 41.92 40.60 .

, , -,196&-69 0.00 4l1-.26 0.00 15.34 0.00 41.21 23.17 50.03 3B.25 74.40 62.21 53 96"'" ;;(t-:.': ,. ·'e'·.""
.

.50~.• 3~f,i~;i;';~:':"';'~1969-70 0.00 73.53 15.03 0.25 0.00 37.71 16.38 20.93 39.88 59.lI-8 64.36
0.00 66.38 2.34 0.00 0.00 35.97 12.92 15.06 21.25 77.ll 64.36 '55. 5~':'

.. ;" .. , ~' .. '~)ff)~0.00 5l1-.57 0.00 0.00 lI-.49 17.82 32.10 32.64 48.64 80.00 59.54,~~a
. 20.57 47.90 2.80 0.00 0.00 17.53 16.22 0.00 22.18 50,~,1, ~:::~Q.t~~~ii;'!'6j '-.'.-'.:".,..-,.:,.-..,'.:--
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TABLE D-10

MODEL INPUT DATA

TUNTANG (23,375 hal MONTHLY IRRIGATION DEMAND IN 106m3

CROPPING PATTERN 2 RICE + 1 UPLAND CROP - OCToaER START

~
Oct Nov Dec Jan Feb Mar Apr May Jun Jul ~ Sep

Year -
1952-53 23.20 40.40 12.30 1.10 15.00 0.00 0.00 0.00 50.30 91.50 11.10 48.00
1953-54- 47.80 4-3.40 10.80 0.00 00.00 0.00 4.50 0.00 31.80 84.30 44.60 18.50
1954·55 19.70 14.90 6.20 B.70 0.00 0.00 0.00 0.00 39.90 75.40 44.80 31.BO

.1955-56 22.50 35.10 9.10 0.00 7.,60 0.00 18.20 4.80 31.00 90.00 46.60 25.40
1956-57 13.80 52.70 .10 0.00 13.90 0.00 0.00 14.30 48.60 77.00 61.70 45.00
1957-58 36.60 55.10 2.60 12.60 0.00 0.00 0.00 0.00 39.50 81.70 27.60 27.30
1958·59 29.30 57.20 0.00 0.00 23.30 0.00 0.00 0.20 44.00 75.50 70.80 32.60
1959-60 40.40 49.90 6.80 0.00 0.00 0.00 6.40 .40 46.90 98.30 15.90 36.00
1960-61 36.00 23.00 15.70 0.00 9.80 0.00 0.00 0.00 51.90 105.30 75.90 50.20
1961-62 47.30 60.10 10.30 0.00 0.00 0.00 0.00 20.20 47.40 87.30 49.50 45.80
1962-63 25.80 55.90 10.00 0.00 0.00 0.00 0.00 24.60 56.70 106.80 75.90 50.20
1963-64 45.20 68.80 0.00 4.90 24.70 0.00 0.00 0.00 39.70 100.90 65.10 ll.SO
1964-65 30.00 50.60 0.00 0.00 4.10 0.00 13.00 4.40 41.80 102.90 75.90 50.80
1965-66 53.10 48.80 7.90 0.00 b.OO 0.00 9.50 2.10 32.60 104.90 74.00 41.80
1966-67 4.70 62.30 14.70 0.00 0.00 0.00 0.00 19.20 57.10 106.80 71.40 49.40
1967-68 31.50 48.60 0.00 0.00 . 0.00 0.00 5.70 0.00 30.10 66.40 52.40 23.30
1968-69 17.50 24.80 0.00 9.20 0.00 0.00 0.60 16.80 46.00 101.20 72.60
1969-70 32.30 511-.10 16.40 0.00 3.80 0.00 0.00 0.00 1.1.7.60 86.30 74.80
1970-71 31.30 1.1.6.90 3.70 0.00 0.00 0.00 0.00 0.00 29.00 103.90 74.80

"1971-72. 16.80 35.10 1.10 0.00 19.50 0.00 11.50 0.00 56.40 106.80 70.00
1972-73 56.10 28.1.1.0 4.20 ·0.00 .80 0.00 0.00 0.00 29.90 87.70 60.60

:' ~ :: - ' ." -
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D.6. SPECIAL OPERATION STUDIES

This section describes a number of special. I'U11S conducted far

specific purposes other than evaluation of an element or array of
elements.

D.6.1. Effect of Different Cropping Patterns on Area Irrigated at

95 Percent Firmness

D-26

The cropping pattern developed and recommended for the project

area in Appendix B-Part I was used in nearly all operation s"tUdies. The

Jratunseluna Project.staff requested a comparison of areas which

could be irrigated if Rawa Pening were raised under the PRe/Eel

recommended cropping pattern with a November start and a cropping

pattern consisting of two rice crops and one upland crop.

Assuming the delivery of municipal and industrial water from

Muncul Springs to be 2,000 lIs and Rawa Pening raised to 100 x 106 m3

both cropping patterns were imposed on the system. Reference to

Table D-13 shows that with the recommended cropping pattern 11,000 ha

can be irrigated with 95 percent firmness if 2,000 l/s of municipal

and industrial water is diverted from Muncu1 Spring. Reference to

Figure D-4 shows that with the (2 + I)-cropping pattern only 9,727 ha

can be irrigated at 95 percent firmne~s.

This can be explained by examination of Tables D-9 and D-IO.

The (2 + I)-cropping pattern discussed in Appendix B-Part I imposes much

higher irrigation demands in July and August than does the recommended

cropping pattern. The recommended cropping pattern avoids high use in

late dry season thus making run-of-river or transbasin diversion

flows in those two months more effective in meeting dry season demands.
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Thus only the recanmended cropping patteI'D was considered in the

major part of this study as potentiaL benefits are significantly

greater with the recommended cropping.

D.6.2. Effectiveness of Local Inflow Between Gunung Wulan Damshe and

the Glapan Weir

A second assumption made in all studies discussed in the following

sections, with exception of those incorporating Glapan Barrage, was

that local inflow between the Gunung Wulan damsite and the Glapan Weir

was ineffective for irrigation diversion. In actuality a relatively

large percent of the dry season monthly discharge (insignificant in

volume) and a very small percent of the wet season flows would be

divertab1e. Some conservatism in the studies results from this as­

sumption. Table D-11 compares two conditions, both with, and without

consideration of runoff from the lower 127 Jan2 on the watershed.

Fifty percent of the run-of-river flow is considered divertable.

Consideration of the local inflow is insignificant with respect

to affecting the irrigation firmness established by the model.

D-27



Irrigation
Firmness

77.4 42.5

77.4 42.5

98.4 98.4

98.1f. 98.4

Tuntang Jra~ung

(t) C\)

Area Irrigated

23,375 11,625

23,375 11,625

23,375 11,625

23,375 11,625

Tuntang Jragung

(ha) (ha)

No

No

Yes

Yes

D-28

Local

Flow

Considered

o

o

o

o

EFFECTS OF CONSIDERATION OF LOCAL INFLOWS

BETWEEN GUNUNG WULAN. AND GLAPAN

TABLE D-ll

o

o

-

260

260

Storage Provided

43

125

125

Rawa Gunung
Pening Wulan Jragung

(l06 m3) (l06 m3 ) (106 m3)

No.

917

919

920

918
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D.7.1. Raising of Rawa Pening Reservoir

One step utilized in the p~,nning ~ess was then to isolate

two of the smaller and the large~'t pI'oject canponent and analyze

them as individual projects. All of the projects, as will be shown

later, fit as Ii component in an overall deve10pnent plan analyzed.

D.7. EVAWATI<It OF IHDIVlDUAL~ C!' THE TUHTANG

Ca...-.orying out all works necessary f01' full development of tbe

basin's vater resources would constitu"te a project of considerabJ.e

lIIiIg1:itude. Phasing of deveJ.opuent will be a necessity.

S~1al govermnental. ConstrAints in Indonesia. at the present

time pose to delay the constn·ction of larger dams to an unspecified

future date.

Rawa Pening has been raised in 1912, 1932 and again in 1966.

Further raising was studied in 1972 and 1975. Details are discussed

and past studies cited in Appendix C-Part I. Previous studies have con­

sidered raising Rawa Pening assuming releases would be based ~imarily

on hydroelectric power demands. The present study, however, assumes

releases based on irrigation with resulting decrease in firm power

but no significant reduction in average annual energy production.

This project, or development component appears particularly

attractive with respect to allowing an early relief with respect ,to

supply of municipal and industrial wa1:er supply to Semarang. It is

also attractive from the standpoint of fitting into a number of total

development sch~mes.I
I
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D.7.1.a. Procedures

A large number of operation studies were conducted to invest!gate

Rawa Pening al.one in order to arrive at the optimum development of this

element. The raising of Rawa Pening to provide live storage volumes of

100, 125, 150, 200 and 250 x 106 m3 was considered. Each of thesp

storage volumes were then investigated with an M & I diversion from

Muncul Springs of 250, 500, 1,000, 1,500 and 2,000 lIs. The ir­

rigation area on the Tuntang for each set of conditions was varied in

order 1.c ~etermine the area which could be irrigated at 95 percent

firmness. To arrive at a combination which would result in precisely

95 perc~nt firmness would be very time consuming.

Some pertinent applicable operation studies are summarized in

Table D-12 as an example. As may be noted from Table D-12, in some

cases percent firmness failed to change with an increase or decrease

in M & I diversion rate when storage and irrigation area were held

constant. Compare runs 696 and 697 for'example. It should be noted,

however, that the average annual shortage volume always increased with

increased Muncul diversion, and decreased with decreased Muncul

diversion. This is due to the mann~ in which firmness is computed as

previously explained. In order to assess actual conditions, firmnesses

were nOI'Jllalized with shortages by the following procedure:

For each irrigation area considered, the values of shortage and

firmness were plotted from the computer output for various combinations

of storage and M& I diversions. A regression analysis was then per­

formed to fit a curve through the plotted points. l"rom this curve, the

value of shortage was determined which corresponds to 95 percent firmness.

An index value of shortage times firmness was then computed for 95 percent

fiJ"lllness. Figure D-5 presents an example of this procedure.
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This procedure was repeated for a number of irrigated-areas

resulting in ability too establish an "index value" versus. irrigated

area relationship. This is presented as F~gure D-6. For any ~ea

shortages were thus nomalized to 95 percent fiI'llU1ess.

Using the index values. '1:he curve representing shortage volume

versus irrigated area at an ll'l·igation firmness of 95 percent was

derived. Utilizing the results of numerous operation studIes including

those as summarized in Table D-l2. the relationship of shortage versus

irrigation area for each diversion rate associated with each live

storage volume was plotted. The shortage volume versus irrigated area

curve at 95 percent irrigation firmness was then superimposed on each

set of plots establishing the area which could be irrigated at

95 percent firmness under each set of conditions.

These plots for Rawa Pening live storage volumes of 100. ISO.

200 and 250 K 106 m3 appear at Figure D-7. D-8. D-9 and D-IO respectively.

For 125 x 106 m3 of live storage at Rawa Pening. only the case of

a 1,500 lIs diversion at Munoul Springs was considered. The operation

studies conducted were in a range to allow the setting of the ir,rigated

area by straight line interpolation. The curves and regression analysis

are presented in Figure D-ll.

0.7.1.b. Results

The results of the computer studies and subsequent analysis are

summarized in Table 0-13 which shows for each height of Rawa Pening

the ir~igation area served for five different M & I diversion rates

at Muncul Springs.

Similar data are graphically presented in Figure D-12. Effect.i:ve­

ness of additional storage at Rawa Pening decreases rapidly as the
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s"torage Vo.1.umes increase. As an example, if one assumes an M £ I _.
. . -6 3

diversion rate of 1,000 lIs and storage volumes of ~50 and 200 x 10 . m

the irrigation area served increases from 17,080 ha to 20.580 ha. This

additional 50 x 106 rn3 of live storage increases the potential service

area by 3,580 ha. If, however, the M & I diversion is maintained at

1,000 lIs and an additional 50 x 106 m3 of sto~age is added (200 to

250 x 106 m3) total service area increases to only 21,800 ha. The

second SO x 106 m3 increment considered increased the area served by

only 1,220 ha whereas the same incremental storage in a lower total

volume range increased the potential area served by 3,580 ha.

Providing that all Rawa Pening releases are governed by downstream

irrigation demand, the energy which can be generated at the two existing

power plants (Jelok and Timo) on the upper Tuntang decreases as a result

of three factors - increase in storage at Rawa Pening, increase in the

size of the irrigation areas served and increased M & I diversion from

Muncul Springs (Increased storage at Rawa Penil~ would increase power

potential if ~elease of that storage were governed by power). Large

areas require dl" season releases in excess of the capacity of these

power plant::>. -fherefore. the power plants do not make maximum use of

the stored water. Larger storage reservoirs spill less during the wet

season reducing wet season power generation.

Figure D-13 shows the reduction in power production at the Jelok

and Timo plants as a function of M & I diversion and the storage

provided at Rawa Pening.

The DGWRD has indicated in their review of the Interim Report on

this proiect that power reduct:ions of up to 10 percent would probably

be acceptable. Schemes reSUlting in power reductions of between 10 and

20 percent, if economically viable when the n,~gative benefit of power

loss is considered, should probably be Reriously considered for

implementation.
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Examination of Figure D-~3 shows then. that consideration or
Pening storages grea~er than 150 x 106 m3 have little merit fO'l'~

consideration based on this con::n-aint.

These three consideration coupled with the fact that a given

increase in storage becomes less effective with increased volume

indicate that the consideration of ra~s~ng of Rawa Pening should be

limited to a range of 100 to 125 x 106 m3•

As discussed in Appendix G and Appemix C-Part I, there are two other

factors limiting the height: to which Rawa Pening can be raised.

These are the foundation materi~s on which the levees are to be

constructed and the serious problems caused by raising the lake level.

In both the cases of rdising to 100 or 125 x 106 m3, a four-year

construction period is assumed. Reservoir area would be purchased at

$ 9,600 (Rp. 5.952 x 106 ) per hectare and irrigation system rehabili­

tation costs were estimated at $ 328.00 (Rp. 203,360) per hectare.

The detailed cost estimates for the embankments are contained in
Appendix C-Part I.

The operation and maintenance costs at the dam are set as a

function of the total cost and the annual operation and maintenance

costs for the irrigation system are set at $ 10.00 (Rp. 6,200) per
hectare.

The power losses at the existing Jelok and Timo power plants on

the upper Tuntang are considered a negative benefit and benefits for

municipal and industrial water are taken in accordance with the values

established in Appendix E-Part I. A five-year development period to

achiev~ full production after project implementation is assumed.
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The irrigation benefits as established in Appendix E are used.

"!.... 1! results of the Internal Rate of Return determinations for the

two eases involving this single element are summarized in Ta};-,le D-14.

D.7 .l.c. Summary

The raising of Rawa Pening as an individual project is very

attractive. As will be discussed later, it also is an important

element in the total development array and is worthy of full future

consideration in development of the Tuntang/Jragung Basin.

D.7.2. Construction of Glapan Barrage

In the Jratunseluna Basin Development Plan prepared by NEDECO [1]

in 1973,a damsite was identified at Glapan. This site was studied by

REDECD to feasibility level [7]. The structure proposed as a result

of that study had a gross storage capacity of 320 x 106 m3 with a

reservoir area of 3,000 ha. Twenty one thousand people would have been

displaced from the reservoir area, and the town of K~ungjati inundated.

This site. as indicated in PRC/ECI's Interim Report [2] on this study

was considered as a potential storage site. Since a suitable damsite

which provided greater live storage was identified upstream at Gunung

Wulan and the problems associated with inundation were fewer at that

site, the Glapan site was not given further consideration. Undefined

but relatively severe sedimentation problems were also associated with

the site at Glapan which has an upstream catchment area of approximately

800 km2•

However, in view of the previously mentioned governmental constraints

with respect to construction of large dams, it was proposed that a small

storage facility should be considered at the Glapan site. Such a develop­

ment must be designed tb mitigate potential sedimentation deposition.
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The concept developed was to iN i lei a barrage type s:trw:ture to

provide a gross storage of about ~25 x 106 m3 and allow run-of­

river flow through all gates during the period of OCtober 1 through

Karch 3~. A large percent of the annual sediment load would thus be

passed through the proposed structure. Details on sedimentation consider­

ations at the site may be found in Appendix A-Part Iof this report. the

proposed structure is described in detail in Appendix C-Part I. While the

primary pUrpose of the storage would be for the providing of dry

season irrigation water, the structure would be operated so as to

allow the diversion of up to 1,500 lIs of municipal and industrial

water from Muncul Springs. If such a project were attractive on its

merit it could possibly be considered in conjunction with other

elements in one or more overall development schemes.

D.7.2.a. Procedures

Operation studies were conducted using applicable components of

the basin model. The reSUlting live storage of 87 x 106 rn3 was

considered with three different municipal and industrial diversion

rates from Muncul Springs. Municipal and industrial supplies of

500, 1,000 and 1,500 lIs were considered. The irrigated area on the

Tuntang for each condition was varied by model run and the irrigable

area at 95 percent firmness for each diversion rate was subsequently
established.

Pertinent applicable operation studies are summarized in Table D-15.

As may be noted in Table D-15 in most cases firmness of precisely 95

percent and the corresponding irrigable areas were not established. The

areas at 95 percent firmness were established by linear regression

analyses utilizi.ng data sets from model results. For municipal and

industrial water diversion rates of 500, 1,000 and 1,500 lIs, the 95

percent firm irrigated areas were computed as shown in Figures D-14, D-15

and D-l6 r6~pectively and as previously described for Rawa Pening.
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D.7.2.b. Result8

The results of the compu1:er bas.tu model. runs and subsequent

analyses are summarized in Table D-16 which shows the irrigation

area served for each of the three municipal and industrial diversion

rates at Huncul Springs. A graphical representation of these data
are presented in Figure D-1.7.

Figure D-18 shows the reduction in energy generated at the Jelok

and Tima Pl.ants as a function of M & I diversion with the Gl.apan

Barrage in place. As previously stated the DGWRD has indicated in
their review of PRe/Eel's Intern RePOrt [2] that power reduction of

10 percent wou'!..d be acceptable. It is thought, however, that schemes

result ing in power reduct ions of between 10 and 20 percent should not

be discarded provided the element is economically viable with the

negative benefit of power loss considered in the analysis.

In the economic analysis performed on this partiCUlar element a

four-year construction period was assumed. A flow rate of 1,500 lIs

from Muncul was selected as the required municipal and industrial

water su~ply for the city of Semarang'at completion of the project.

Determination of right-of-way costs was somewhat complex for

this clement as the reservoir inundates land exhibiting four land
uses, i.e. villages, riceland, plantations and forest.

Since the L~rrage gates will be opened from October 1 through

March 31 each year it is considered to be possible to raise one crop

of rice on the ricelands presently existing in the reservoir area.

Outright government purchase of all lands was assumed. The affected

people are expected to relocate at higher elevations around the

maximum pool level and settle there. After acquiring the proprietary

rights, the government would lease back those ricelands in l"etul'n for

one-third of the rice produced over the thirty-year life of the project.
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Using crop values projected for the project area in the future

without project. one-third of the present worth of future (one crop)

rice product ion over a thiI'ty year period is $ .86 x 106 • This val.ue

was subtracted from the financial cost of land pllI'Chased to resuJ.t in

an econOlIlic cost "

Right of way acquisition costs ~e summarized in Table D-17.

Semarang Regency guidelines were u1:llized in set1:ing the puI'chase

price of land falling into the four land use categories outlined
above.

The barrage construction cos1: of 23.9 million dollars is docu­

mented in detail in Appendix C-rart I. Irrigation system rehabilitation

costswere es'timated at $ 328.00 (Rp. 203,360) peI' hec1:are. Operation

and maintenance costs at the dams are set as a function of 1:otal cost

and annual operation and maintenance costs of the rehabilitated

delivery and distribution system are estimated at $ 10.00 (Rp. 6,200)
per hectare.

Power losses at the existing Jelok and Timo power plants on the

Upper Tuntang are considered a negative benefit and benefits for

municipal and industrial wateI' are taken in accordance with the value

es-cablished in Appendix E-Part I. A five-yeal:' development period to full

production after project implementation is used.

Irrigation benefits are established in Appendix E - Part I of this

,report. A summary of the economic ~nalysis performed on this element
is presented in Table D-18.

It should. however, be noted that 1£ both Rawa Pening and Glapan

are constructed in stages. the benefit:s which will then accrue will be

different from the cumQlative benefits derived fram the Glapan Barrage

and the raising of Rawa· Pening. In that case the M & I benefits will
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. depend upon the maximum limit of water that can be draw frail the

Muncul Springs for that purpose and foI' which the needed storage has

been provided. Also, the irrigated area will nat be a sum of the

areas presented for the two cases in the foregoing. The total area

which will be irrigated in that case will be 20,907 ha as discussed

in paragraph D.9.3.6.

D.7.3. Construction of Gunung Wulan Dam Alone

As indicated in the Interim RepoI't [2] the construction of Gunung

Wulan Dam serves as a developnent nucleus if the full potential of

water resources is to be realized in the basin. The site, appurtenant

problems, and dam configuration are presented in detail in Appendix C-Part I.

As individual projects eventually to become array elements were

evaluated, it was deemed advisable to evaluate Gunung Wulan alone

without traDsbasin diversion and without the raising of Rawa Pening.

The first exercise was to evaluate the storage required to irrigate

the full 23,375 ha assigned to the Tuntang as a study norm while

allowing the diversion of 2,000 lis of municipal and industrial water

from Muncul Spring.

Results of applicable model studies are summarized in Table D-19.

The area was held constant for a number of trials to establish the

live storage volume required. Full storage of all sedfment for the

50-year project life is incorpoI'ated as a condition.

From Table D-19 it can be seen that construction of Gunung Wulan

alone to provide a live storage of 190 x 106 m3 , or a gross storage.

of 450 x 106 m3 would irrigate the 23,375 ha sorvice area at just over

95 percent firmness while allowing the diversion of 2,000 lIs of

M & I water from Muncul Springs.
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As discussed Appendix C-Part I, it is now be~ieved 'that the maximum.

~ve storage which can be provided at the Gunung Wulan Site is

260 x ~06 m3 • The rasul.ting gross storage for this condition is set

at apPI'OXimately 520 x 106 m3 • The live storage was set at 260 x ~06 m3 ~

Muncul Springs M & I diversion at 2,000 ~/s and the irrigation area on

the Tuntang varied to reach 95 percent f~ess. Pertinentapp~icable

operation studies are summarized in Table D-20. Unfortunately the

series of runs fai~ed to reach an area sufficient in size to produce

a resu~ting firmness of 95 percent. Projections by regression ana.l.ysis

shown in Figure D-l~ set the area which could be irrigated'at 95 percent

firmness at 32,920. Only 30,900 ha of the tota.1 area of 35,000 ha cou.1d

be served from the Glapan Weir without pumping. .If Gunung Wu.1an were

constructed so as to provide 260 x ~06 rn3 live storage it may safe.1y be

assumed that 30,900 ha of the service area could be irrigated.

In the first case, with .190 x 106 m3 live storage provided and

23,375 ha served,the power reduction at the existing Jelok and Timo

powerplants is 16 percent with a total loss of firm power and a gain

of 24 Gwh annually of secondary energy. An additional 65 Gwh of

secondary energy results from the power plant installation at Gunung

Wulan for a net gain of 85 Gwh of secondary energy annually.

In the case of the construction of 260 x 106 m3 live storage at

Gunung Wulan and the subsequent irrigation of 30,900 ha of land it

was necessary to project the energy generated by linear regression

from the Gunung Wulan energy data presented in Table D-20. The average

annual total energy generated at Gunung Wulan under these conditions is

estimated to be 63 Gwh annual.1y. Generation of energy on the exi.sting

upper Tuntang system is estimated at 134 Gwh annually. Again there is

complete loss of 50 Gwh annUally of firm energy. A gain of 2'" Gwh

annually of secondary energy results on the upper T~ntang and with the

63 Gwh at Gunung Wulan there is a net gain of 87 Gwh annu~ly.
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In both the cases of providing 190 x 106 m3 and 260 x 10~ m3 of

live stoNge at Gunung WUlan a four-year construction period is

assumed. Population in the reservoir area is concentrated in the

lower lands and it is estimated that for either case some 2,850 fa­

milies would of necessity be transmigrated at a cost of $ 2,800 per'

family or a tctal of $ 7.98 x 106• Irrigation system rehabilitation

costs are estimated at $ 328.00 per hectare for Case 1 (190 x 106 m3

of live ~~orage) and also for Case 2 (260 x 106 m3 of live storage).

At that poi~'. 33 percent of the water would be discharged into the

Kali Cahean from where it would flow to the confluence of the Glapan

and the Kali Gemhoyo to be redivertC'c:. at the Guntur Weir. The project

cost including Rowand irrigation rehabilitation costs is estimated

at $ 117.2 x 106 for 190 x 106 m3 live storage and $ 132.7 x 106 for

260 x 106 m3 live storage. Gunung Wulan Power Plant Costs, which are

in addition to the dam cost, are estimated at $ 13.2 x 106• Detailed

cost estimates for the two sizes of dams and the power plant appear

in Appendix C- Part I.

Operation and maintenance costs at the dam are set as a function

of total cost and annual operation and maintenance costs for the

irrigaticn system are set at $ 10.00 per hectare.

Power losses at the existing Jelok and Timo power plants un the

Upper Tuntang are considered a negative benefit and benefits for

municipal and industrial wa~er are taken in accordance with the

values established in Appendix E - Part I. A five-year development

period to full production ·after project implementation is assumed.

Irrigation benefits as established in Appendix E - Part I are

used. Results of the internal rate of return determinations for the

two cases involving this single element are summarized in Table D-2l.
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Average Annual I~igation H &I Diversion Average Annual
Irrigation Fir .z:..._ M cul Total ln81'GY
Shortage mness .u.'Um un U T S

(lo6 ma ) (\) (lis) (am)

TABLE D-12

Controlled
Average .Annual

Release
(106 m3)

Live Storage
at

Rawa Pening
(106 ma).

SUMM.~RY OF SOKE OPERATION STUDIES PERTINENT TO THE RAISING OF RAWA PElIING

TO PROVIDE FOR MUNCUL H & I DIVERSION AND INCREASED IRRIGATION FROM THE TUNTAHG

(RECOMMENDED CROPPING PATTERN)

--

Iwigated Area

Jragung Tuntang
(ha) (ha)

e._iJ

626 0 10,518 100 104.2 3.2 98.4 250 159.0
631 0 12,856 100 122.8 9.8 95.6 - 250 155.8 ; ~

696 0 15,194 100 138.1 20.0 9:l.9 250 152.2
622 0 8,181 100 82.5 0.0 100.0 500 156.0
632 0 12,856 100 121.7 10.8 94.8 500 152.8
697 0 15,194 100 137.6 21.2 92.9 500 149.7
623 0 8,181 100 82.2 .2 99.2 1,000 150.8
628 0 10,518 100 102.1 5.1 96.4 1,000 150.8
633 0 12,856 100 119.3 13.0 94.8 1,000 147.2
624 0 8,181 100 81.2 1.2 98.8 1,500 144.6
629 -0 10,518 100 100.6 6.6 96.4 1,500 144.2
634 0 12,856 100 117.4 15.1 94.4 1,500 141.8
630 0 - 10,518 100 99.1 8.1 96.4 2,000 137.6
700 0 15,194 100 128.7 30.1 90.9 2,000 132.1

876- 0 12,858 125 123.8 8.9 £6.4 1,500 lif1.0
877 0 14,025 125 132.7 13.0 95.2 1,500 138~7

878 O. 15,193 125 141.2 17.7 94.0 1,500 136.5

0 25,193 150 152.0 7.3 96.8 250 149.4 .
0 18,700 150 180.0 19.7 94.8 250 141.8·;'

0 15,193 150 151.2 8.1 96.4 500 146.1'
0 18,700 150 178.7 20.9 94.4 500

~iil%~;i'l0 15,193 150 149.6 9.7 96.4 1,000
0 18,700 150 176.3 23.3 93.7 1,000
0 15,193 150 . 147.9 11.4 96.4 1,500
0 18,700 150 173.7 25.8 93.3 1,500 127';i6rJ

0 15,193 150 1~6.0 13.3 96.0 . . 2,000 ••• 128'ii!·
0 18,700 150 170.9 29.7 92.5 2,000 "'::~2'

:..~:;·1,i·i.,1~,:~iA1~l"

Rtm

No.

.".p:'lIII~!jfJ).~ ;;"j; -- •.



SUMMARY OF SOME OPERATION STUDIES PERTINENT TO THE RAISING OF RAWA PENING
TO PROVIDE FOR MUNCUL M& I DIVERSION AND INCREASED IRRIGATION FROM THE TUN'l'ANG

(RECOMMENDED CROPPING PATTERN)

TABLE D-12 (Cont.)

_f!I'lIII!J~--'----'~~~e=

Rtm Irrigated Area Live Storage r.ontrolled Average Annual Irrigation M & I Diversion Average' Amlual
Jragung Ttmtang at Average hmual Irrigation

Firmness from HWlcul Total EnsrSY
No. Rawa Pening Release Shortage UTS
- (ha) (ha) (106 m3) (106 m3) (106 m3) (\) (lis) (Qwh)

731 a 18,700 200 191.4 8.6 97.6 250 139.1
736 0 23,375 200 228.8 27.4 93.7 250 128.1
732 0 18,700 200 190.4 9.5 96.8 500 136.0
737 0 23,375 200 226.3 29.9 93.7 500 125.~
733 0 18,700 200 188.1 11.8 96.~ 1,000 129.9
738 0 23,375 200 221.1 35.0 92.5 1,000 119.8

.• 'j

734 0 18,700 200 185.1 14.7 96.0 1,500 12... '1,
739 0 23,375 200 214.9 41.0 90.9 l,SOO 1l1;.6
735 0 18,700 200 180.7 19.9 95.6 2,000 128.1
~~ 0 23,375 200 208.7 47.1 89.7 2,000 100.~S '

a 19,869 250 207.3 6.7 98.4 250 ,133.8
0 23,375 250 232.7 23.7 95.2 250 126.5 '
0 19,869 250 205.2 8.7 91.6 500 130.9
0 23,375 250 230.3 26.0 95.1 500 123.6
0 19,869 250 200.5 13.2 96.4 1,000 126.'2
0 23,375 250 225.6 30.6 94.0 1,000 117.6
0 16,362 250 170.3, 2.7 99.2 1,500
0 23,375 250 220.9 35.2 93.3 1,500

----~. -:1- ..~·:,,--/_
0 16,362 250 167.1 5.8 98.0 2,000 • 122.... ;·<'
0 23,375 250 216.3 39.7 92.5 2,000 106:'4"':';'\'

:; >-:~~~:,-,-,)~>~
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TABLE »-13

SUIDL\RY OF ~~IBLE II &.J mL!VERY

FROM dCUL Si'RIJlGS A)lI\ IRRIGATION SERVICE

AREAS BELOW GLAPAH RESULTING FROM RAISING

RAWA PEKING TO VARIOUS HEIGHTS

Live Storage M& I Supply Irrigatim Average Annual Irrigation Average Annualat from
Area Il'1'igation

, Finnness EnergyRawa Paning Muncul ShOl"t~ U T SI ClOB .3) (l/s) (ha) (106 111 ) (\) (Qlh)

100 250 13,6"'0 13.2 95 1511.0

I 100 500 13,290 12.7 95 152.0
100 1,000 12,450 U.8 95 148.0

I 100 1,500 11,540 10.8 95 I1f.3.0
100 2,000 11,COO 10.0 95 137.0

I 125 1,500 14,20'" 1"'.0 95 1,38.7

n
150 250 18,400 19.6 9S 141.!.i
150 500 17,e40 19.0 95 140••/
150 1,000 17,080 17.1 95 137.0'

U 150 1,500 16,480 15.4 95 132.5
150 2,000 16,640 15.4 95 129.0

U 200 250 22,320 23.1 95 130.5
200 500 21,600 22.2 95 129.0

~ 200 1,000 20.590 21.1 95 IH.S
200 1,500 19,640 20.0 95 122.5

I 200 2,000 18,640 18.8 95 119.5

I
250 250 23,640 24.8 95 126.0
250 500 23,000 24.0 95 124.5
250 1,000 21,800 22.7 9S 12J.5I 250 1,500 20,520 21.2 95 120.5.
250 2,000 1.9,*290 19.1 95 117.0

I
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SUMMARY OF RESULTING INTERNAL· RATES OF R£lORNS

FOR RAISING RAWA PEHIlfG ALONE

Irrigated
Live Area M& I Projec't Cost Annual . ID'ternaJ.··Ra'l:e

Storage To'tal He't Wa'ter
($ x 106)

o , MCost of Re1:ur'D
(ha) (ha) (l/s) ($ x 106) (\)

100 11,640 5,640 1,500 23.69 0.10 21.3

125 14,20" 8,204 1,500 31.00 0.14 21.5
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TABLE D-15

SUMMARY OF OPERATION STUDIES PERTINENT TO THE CONSTRUCTION OF GLAPAN BARRAG'l:;

TO PROVIDE FOR MUNCUL M• I DIVERSION AND INCREASED IRRIGATION FROM THE TUNTANG

Run Irrisated Area Live Storage Controlled Average Annual Irrigation M&I Diversion Average
Jragung Tun'tang a't Average Annual Irrigation Fimness from Huncu1 Total Ellel'lY

No. Glapan Release Shortage UTS
_e_ (ha) (ha) (106 m3J (106 m3 ) _(1()6m3 1 (\) (1/s) (Gwb)

9110 0 1,167 87 197.9 5.0 96.8 1,000 1118.3
9~1 0 9,350 97 154.2 .8 98.9 1,000 1117.9
9~2 0 14,025 87 217.5 13.3 95.6 1,000 1118.0
943 0 16,362 87 245.4 23.4 93.3 1,000 148.2

t:J 94J+ 0 11,687 87 186.4 6.5 97.2 1,500 142.0
• 945 0 9,350 87 153.6 1.3 98.8 1,500 1111.7~
CIt 946 0 14,025 87 215.5 15.4 94.0 1,500 141.8

947 0 16,362 97 242.8 26.0 92.5 1,500 1~1.7

9..a 0 11,687 87 189.1 3.8 98.0 500
9481 0 14,025 87 219.8 11.1 96.6 500
9..9 0 16,362 87 248.9 20.8 94.0 500
950 0 18,700 87 273.7 33.0 91.7 500
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TABLE D-16
-

SUMMARY OF POSSIBLE H & I DELIVERIES FROM MUNCUL SPRINGS

AND IRRIGATION SERVICE AREAS RESULTING

FROM THE CONSTRUCTION OF GLAPAN BARRAGE

Live M&I Supply Irrigation Average Annual Irrigation Average Annual.Storage Irrigation Energyat from Muncul Area Shortage Firmness UTSG1apan
(l06 m3)(l06 m3) (lIs) (ha) (%) (Gwh)

87 500 15 t 275 17.5 95 154.0
87 1 1,000 14,341 15.5 95 148.0
87 1,500 13,517 14.6 95 142.0

TABLE D-17

RIGHT OF WAY ACQUISITION COSTS AT GLAPAN

1. EconomIc costs considering rice leaseback. FinancIal Cost is
$ .86 x 106 greater and represents. the present worth of one
third of the future pl'Oduction far the next thirty years at
12 percent.

River Bed & Other 65

·1

r

I

[

I
f

I

Land Use

Villages

Riceland

Plantations

Forest

Totals:

Area
(ha)

280

575

230

350

1,500

Unit Cogt
(R x 10 )

3

5

2

1

Total Cost
($ x 106)

1.35

3.78 1

.74

.56"

6.43 1
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20.8

Internal Rate of
Return
(\)

Annual
o &MCost

($ x 106 )

.14

~ ---. ----...----.

Project
Cost

($ x l06)

32.77

M& I
Water
(l/s)

1,500

TABLE D-18

SUMMARY OF ECONOMIC ANALYSIS - GLAPAn BARRAGE CONSTRUCTION

Live Irrigated Area
Stora~e Total Net
(106 m-a) (ha) (ha)

87 13,517 7,517

TABLE D-19

SUMMARY OF OPERATION STUDIES PERTINENT TO THE CONSTRUCTION OF GUNUNG WULAN ALONE

TO ALLOW M & I DIVERSION AND IRRIGATION OF 23,375 ha ON THE TUNTANG

Run Irrigated Area Live Storage Gunung Wulan M& I Average Annual
Total Energy

Jragung Tuntang Rawa Gunung Average Annual Average Annual IrrigatIon DiVeI'sion UTS Gunung
No. IrrigationPening Wulan Release

ShoI'ta~e
Firmness' Muncu1 Wulan

(ha) (ha) (l06 m3) (106 m3) (106 m3 ) (l06 m ) (\) <lIs) (Gwh) (Owh)

1018 0 23,375 43 175 369.2 29.0 93 •.7 2,000 133.7 5~.1J

1019 0 23,375 43 190 373.9 24.3 95.2 2,000 134.1 60.7

921 0 23,375 43 260 388.5 9.7 98.4 2,000 134.6 64.9

~Ol2 0 23,375 43 150 345.2 38.8 92.1 2,000 13lJ.Q

lOll. 0 23,375 43 200 376.6 21.6 96.0 2,000 134.1

~~~---.-.-.-.----.



Average AnnualIrrigated Area Live Storage Gunung Wulan Total EnergyRun Jragung Tuntang Rawa Gunung Average Annual Average Annual Irrigation H &I " UTS Gunung
Pening Wulan Release Irrigation

Firmness Diversion
Wu1an

No.
Shortage Huncul(ha) (ha) (1,0 6 m3 )(106 rn3 ) (106 m3) (106 rn3 ) (%) (l/s) (Gwh) (Gwh)

921 0 23,375 43 260 388'.5 9.7 98.4 2,000 134.6 64.9922 0 21,037 43 260 356.5 3.7 98.8 2,000 134.4 65.4923 0 18,700 43 260 322.3 0.0 100.0 2,000 134.6 66.1

SUMMARY OF OPERATION STUDIES PERTINENT TO THE CONSTRUCTION OF GUNUNG WULAN ALONE

TO ALLOW M &I DIVERSION AND IRRIGATION or A MAXIMUM AREA FROM THE TUNTANG

-- -- 1 r. d_ "j £:11 ::J;,:?---..

TABLE D-20

TABLE D-21

SUMMARY OF RESULTING INTERNAL RATES OF RETURNS

RESULTING FROM CONSTRUCTION OF GUNUNG WULAN-TO

TWO DIFFERENT HEIGHTS

-

Lj,ve . Irrigated Area M&I Project Annual Internal
Stor~e Total Net WateI' Cost o &H Cost Rate of Return(m3XlO ) (ha) (ha) (l/s) ($ x 106) ($ x 106) (%)

190 23,375 17,375 2,000 130.38 .. 48 14.1

260 30.900 24.900 2,000 145.85 .50 16.1

----.. ~



D.8.1. Comments on Jragung Dam

D.8. EVALUATION OF INDIVIDUAL PROJECTS ON THE J'RAGUNG

In these planning studies no consideration was given to the

""developnent of Jragung Dam alone, although consideration is given

to incorporate a small Jragung Dam with sediment passing as a part

of the phased developnent with the constraints, imposed by the DGWRD.

The final design of the Jragung Dam Project including all

investigation, design criteria, standards and codes were presented

in the Final Design Report submitted by PRe/Eel in April of 1979 [8].
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D. 9.1. Backgt:ound

On September 21.t, ~979 a meeting was held to discuss the DGWRD's

review of the Tuntang/Jragung Rivers Basins Integrated Developnent

Plan - Interim Report submitted by PRC/ECI in August of 1979.

Because of severu reasons certain constraints were placed on the

basin developnent plan by the reviewing officials. These are

briefly summarized as follows:

D~50

D.9. BASIN DEVELOPMENT WITH DGWRD CONSTRAINTS

The major objectives of this development plan are to pX'Ovide ij,OOO lis

1. It is improbable that the Government of Indonesia will consider
the construction of any "large" dams in the Jratunseluna Basin
within the next ten to twenty years. Sedimentation measurements
are just commencing on the Tuntang River during the present wet
season so it wUl be considerable time before any length of
record will be available to serve as a data ~se in reliably
estimating reservoir sedbnentation rates at Gunung Wulan. ~f

then, as stated in the tnterim l~eport, Gunung Wulan is the major
element in total basin development it should be constructed as
the final phase of the total plan.

2. Based on the constraint given above, consideration was given in
the plan with DGWRD constraints to a small Jragung Dam with
50 to 75 x 106 m3 of live storage as phase 2 of basin developnent
to increase M &I water supplies to Semarang and irrigate additional
area.

3. In initial phases of development prior to the installation of
additional hydropower facilities average annual total e~ergy

generated at the present time at the Jelok and Timo Power Plants
on the upper Tuntang should not be reduced by more than
10 to 20 percent.

D.9.2. The DevelOpment Plan with DGWRD Constraints and Scenario

It was with these constraints and agreement with the client that the

first total development plan was formulated.
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of municipal and industrial water to the city of SElll8rang and maxiMize,
'the irrigated area up to the 35,000 ha of irrigable'land at an acceptable'

Internal Rate of Return.

D.9.2.a. Development Elements

The elements comprising this developnent plan were selected after

considering numerous combinations of elements within the constraints.

outlined above on the basin. It was assumed that the storage at Rawa

Pening would be 100 x 106 m3 for all cases and that 4,000 lIs of

M & I water would ultimately be supplied by the project. At the time

;tudies on this arTay were initiated the severe foundation restraints

at Rawa Pening were not recognized and unfortunately most operation

studies were conducted with Rawa Pening raised to provide 150 x 106 m3

storage. From a minimum number of runs 1I estimates of area irrigable

are made in the following sections.

The components selected for maximum developnent include:

1. The raising of Rawa Pening to 100 x 106 rn3 live storage.

2. Transbasin diversion/Tuntang to Jragung.

3. Construction of Jragung Reservoir to 75 x 106 rn3 live storage
with sediment by passing in December, January and, February.

4. Construction of Jragung Power Plant (6 MW).

5. Construction of Gunung Wulan Reservoir to 260 x 106 m3 •

6. Construction of Gunung Wulan Power Plant (10 MW).

7. Service area rehabilitation.

In their ultimate configuration this s~heme is best represented

by model runs 867 and 868. These are summarized in Table D-22.

From the data presented in Table D-22 it may be seen that a live

storage of 260 x 106 m3 at GUT\ung Wulan would result in fll"llllh',lses of

approximately 93.8 percent on the Jragung and 93.5 percent on the Tuntang.

0-51



D.9.i.b. Phasing

The phasing, interim and final municipal and industl'ial deliveries

and Irrigation service al'eas are shown in Table 0-24.

Time did not allow additional runs for area projection 'to

95 pet'cent firmness. Based on observation of otbel'pt'ojee'tions

irrigahle areas al'e estimated at 22,206 ha of the Tuntang and

11,0"5 ha on the Jragung.

It is recommended that the tota~ project be constructed in three

phases. The first phase would inClude components 1 and a pol'tion of

7 as listed ,in paI'agraph D.9.2.a. The second phase would include

items :2, 3, 4 and a portion of 7 and the third phase would include

elements 5, 6 and the l'emainder of 7.

Adjusting the above data, area is assumed interchangeable provided

the operating rule at diversion is modified accol'dingly. At 95 percent

firmness 17,976 ha cou1d be irrigated. The 11,640 ha irrigated as a

result of phase 1 remains and an additional 6,336 ha is added on the

Jragung.

D-52

Municipal and industrial water supply benefits are not taken until

required. The municipal and industrial requirements as developed in

Special Report No.1 [3] are shown in the project~ons in Figure D-20.

The conditions existing between completion of phases 1 and ~ al'e

derived in the previously analyzed case of Rawa Pening alone at

100 x 106 m3 • Condition~ existing between phases :2 and 3 are

represented by model runs 786, 787 and 788. Unfortunately the Tuntang

area was held constant at 8,181 in these runs rather than at the

11,640 ha service area on the Tuntang established for Phase 1.

(See Tab1e D-13). Results of runs 786, 787 and 78B are shown in

Tabl.e D-23.
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D-53

The elements comprising thi~ development plan were selected after

imposing numerous combiriations of elements within the constraints

outlined above on the basin. It was assumed that Rawa Pening could be

raised to 125 x 106 m3 and that 2~OOO l/s of municipal and industrial

water woul.d eventually be supplied to the city of Semarang by the

projects comprising the development package~

D.g.3.a. DevelopmenL Elements

Total development cost of the development plan - designated as

"Case I" which is analyzed in this section is $ 179.6 x 10
6. With the

DGWRD constraints a grouping of elements was considered~ again including

two smaller projects as first and second phase development. Jragung Dam

was replaced by the Glapan Barrage as phase 2 of this development plan.

D.9.3. The Development Plan with DGWRD Constraints - Case I

Total costs for the development pla~ here con~idered in Section

D.9.2. are estimated to be $ 2~3.01 million. Further consideration is

not given to this plan because its combination of elements results in

lower annual benefits and higher investment costs than the plans sub­

sequently evaluated and designated in this appendix as Cases I~ II, and

III. (Cases II and III are very similar~ the principal difference being

the quantity of M & I water to be supplied.

An economic analysis using a fifty-year project life was conducted

on the total scheme (Phases l~ 2 and 3). Results of the economic

analyses are presented in Table D-25. Capital investment is considerably

greater in this plan than in the other plans of development presented ;n

the following sections. The corresponding internal rate of return is

lower as are the net average annual benefits.

The economic analysis of Phase 1 alone is presomted in Paragrapq

D.7.l. of this appendix. The resulting In'ternal rate of return was

21.5 percent.
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The components selected for developnent include:

1. The raising of Rawa Pening to provide 125 x 106 m~ live storage.

2. Construction of lllapan Barrage to provide 87 x 106 rn3 live storage
on the lower Tuntang.

3. Transbasin diversion/Tuntang to Jragung.

4. Construction of Gunung Wulan Reservoir to 190 x l.06 m3•

5. Construction of Gunung Wulan Power Plant (10 MW).

6. Service area rehabilitation.'

D.9.3.b. Phasing

It is recommended that the total project be constructed in three

phases. The first two phases would be limited to component 1 and 2

and a portion of 6 as listed in paragraph D.9.3.a. The thi~ phase

would include elements 3, 4, 5 and the remainder of 7.

Conditions existing between completion of phases 1 and 2 are

derived in the previously analyzed case of Rawa Pening alone at

125 x 106 m3• Conditions existing between phases 2 and 3 are

represented by basin model runs 965, 966 and 967. Results are

summarized in Table D-26.

By linear regression analysis the area irrigated on the Tuntang

at 95 percent firmness is 20,907 ha. The 14,204 ha irrigated as a

result of phase 1 remains and an additional 6,703 ha is added on the

Tuntang.

The full service area of 35,000 ha would receive a year-round

~dter supply after Phase 3 implementation.

The phasing, interim and fi~al municipal and industrial deliveries

and irrigation service area are shown in Table D-27.
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Cash flow values used in determdning the internal rat( of 'return

for Phase 1 &2 combined and for the total development are summarized

in Tables D-29 and D-30 respectively.

The economic analysi.s of Case I, Phase 1 alone (I.e., raising

Rawa Pening to 125 x 106 m3) is presented in paragraph D. 7.~. of this
Appendix. The resulting rate of return was 21.5 percent.

Economic analyses usi~g a fifty year project life were conduc~ed

on Phases 1 and 2 alone and on the total deve1opmen~ plan (Phases ~,

2 and 3). The IRR for full developmen~ is 17.3 percent • Results are
presented in Table D-28.
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~. Both runs consider 2.000 ~/s from Muncu~ and 2.000 ~/s from Jragungfor M& I.

D-56

TABLE D-23

SUMMARY OF MODEL RUNS 786. 787 AND 788

Irrigation Ave:rage Annual
Run Storage Provided Area lITigated Firmness Energy

Rawa Jragung Tuntang J:ragung Tuntang Jragung UTS JragungNo. Penin~
(106 m ) (l06 rn3 ) (ha) (ha) (%) (%) (Gwh) (Gwh)

786 100 75 8,181 11,625 92.9 92.~ ~27.1 ~9.2

787 100 . 75 8,181 8,719 96.4 96.4 ~3~.3 16.11

788 100 75 8.18~ 5,812 97.6 98.8 ~33.4 ~2.1

TABLE D-22

SUMMARY OF HODEL RUNS 867 AND 8S8 ~

Storage Area IITigated Irrigation
Run Firmness

No. Jawa Paning J:ra~ng Gununl Wu.lan Jragung Tuntang Jragung Tun'tang
(106 m3) (10 m3) (10 m3) (ha) (ha) (\) (%)

867 100 75 250 ll.625 23,375 93.7 93.3

868 100 75 270 1l.625 23.375 94.0 93.7
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lliiASING - D~WriK.DGInm'.c~

feu' Construction M& I S:tpllK
,

Irr4atlild bell Bet M& tConstruc1:ion
Start CO'JIpl.ete MUlicUi ragung 'J\mtaog Jrquog Requirement

(1/8) 0-1.) (ba) (ha) (Us)

1982 Rawa Pening

! 0 0 0 0 500r: 1983

~ 1 1
600198'.

l 1 7001985 Rawa Per.lng 800L 1986 Jragung 1,500 0 1l,6QO 0 1,0001987 &

! 1,150[1 1988 Diversion

1 , 1 1
1,3001989

! 1,4501990 Jl"agung
,~ 1,600

r '
I 1991 Gunung Wulan

!
2,000 0 ll,540 6,336 1,8601992

1 1 1 1
2,1201993

1 2,3801994 Gunung Wulan 2,900

1996 2,000 ~,OOO 22,206 11,045 3,3601997

1 ! I
~

3,8201990

~
~,280

'fABLE D-25

ECOnOMIC Ao-..ALYSIS - INTERIM A.,\" TOTAL

DEVtLOPHENT WITH DGWRD SCENARIO

Item

Phase 1

Total
De'l1elopment
(Phase 1, 2,
and 3)

I",iSate4 Altea H & I Pro:1ec1: Annual IRR
Total Net Delivered Coat Benefits
(ha) (ha) (~/·L ($ xl06) ($x lQ6) (,)

14,204 8.,204 1,500 31.01 12.98 21.5
33,~Sl 27,251 4,000 24-3.01 "'.05 ~2.6
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TABLE D-27

TABLE D-26

SUMMARY or MODEL RUNS 965, 966 AND 967

PHASING - DEVELOPMENT WITH DGWRD CONSTRAINTS

CASE I

Run Storage .t'rovided Area Irrigated Irrigation~.!~~
Rawa

G1apan Tuntang Jragung Tuntang IN.;ung (j1'SNo. peninf- (106 m ) (l06 m3 ) {hal (l-...1 ) (\) '.\j (Gwh)

J65 125 87 16 9 362 91.6 129.7
966 125 87 18 9 700 96.0 127.~

967 125 87 1~,O25 98.~ IH.2

Year Construction Construction M & I Supplied Irrigated Area Net M& I
Start Complete Muncu1 Jragung Tuntaug Jra~g Requirement

(l/s) (lIs) (ha) (ha) (lIs)

1982 RaW'tening I 0 0 0 0 500
1983

1 1 1 1 600
1981f 7(1)
1985 Rawa Pening &00

1986 Glapan

1 if 0 14,20lf. 0 1,000
1987 I 1 1 1

1,150
1988 1,300
1989 t C1apan 1,450

1990 Gunung Wulan 2,000 0 20 9 907 0 1,600
1991 &

I 1 1 ! 1,860
1992 Diversion 2,120 ."1993 1 2,380
1994 Gunung Wulan 2.900

1995 2,000 0 23,375 11,625 3,100
1996 ! ! , l 3,360
1997 " 3,820

&i H & I requIrements after 19S2 met with water from other sourCes.
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TABLE 1>-28

ECONOMIC ANALYSIS - INTERIM AND TOTAL

DEVELOPMENT WITH DGWRD CONSTRAINTS - CASE I

[
•

[ Item lITigated Area M & I Project Annual. IRR
Total Net Delivered CosS Benefi-ts

r

(ha) (ha) (l/s) ($ x 10 ) ($ x 106) (%)

Ph'iSe ~ 14,204 8,204 .'t.SOO 31.0~ 12.98 2~.5

I Phase ~ & 2 20,907 ~4,907 2.000 63.5~ 23.54 20.3

Total 35,000 29.000 2,000 179.61 46.21 17.3
Development
(Phase 1, 2
and 3)
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TABLE D-29

PHASES 1 AND 2
BASIN'DEVELOPMENT PLAN CASE I

INTERNAL RATE OF RETURN

US Dollars 106

Year ~fo. of Cost Benefits ca'sh Flow
Years Construction Total lITigation Power M&I ~

1 1 9.53 9.53 - - - - ,- 9.53
2 1 19.05 19.05 - - - - -19.05
3 1 19.05 19.05 - - - - -19.05.. 1 ]5.88 15.88 - - - - -15.S8
5 1 - .27 ".19 -2.39 4.96 6.76 + 6.49
6 ~ - .27 8.38 -2.39 4.96 10.95 +10.68
7 1 - .27 12.57 -2.39 4.96 15.14 +14.87
8 1 - .27 1.~,76 -2.39 4.96 19.33 +19.06

9-50 1 - .27 20.96 - .47 4.96 23.53 +23.26

IRR = 20.3'



1
2
3
4
5
6
7
8
9

10
11
12
13

14-45
46

41-50

IRR = 17.3\

,....,.---~- ~-j---

TABLE D-30

--

BASIN DEVELOPMENT PLAN CASE I

INTERNAL RATE OF RETURN

US Dollars 106

-

Cost Bene.fits Cash
Construction Total Irrigation Power H &I Flood Control Total Flow--

8.9S 8.98 - - - - - - 8.98
17.96 17.96 - - - - - -17.96
17.96 17.96 - - - - - -17.96
14.37 14.37 - - - - - -14.37
12.57 12.83 4.08 -2.39 4.96 - 6.65 - 6.18
30.17 30.43 8.15 -2.39 4.96 - 10.72 -19.71
30.17 30.43 12.64 -2.39 4.96 - 15.21 -15.22
30.17 30.43 16.72 -2.39 4.96 - 19.29 -1l.14
17.26 17.52 20.79 -2.39 4.96 - 23.36 + 5.84

.72 24.87 - .47 4.96 .95 SO.31 +29.59

.72 28.95 - .47 4-.96 .95 34.39 33.67 .

.72 33.02 - .47 4.96 .95 38.146 37.74

.72 36.69 - .47 4.96 .95 42.13 41.41

.72 40.77 - .47 4.96 .95 46.21 45.49
4.62 5.34 40.77 - .47 4.96 .95 46.21 40.87

.72 40.77 - .47 4.96 .95 46.21 45.49
-<'

-

1
1
1
1
1
1
1
1
1
1
1
1
1

33
1
3

-
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~
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The objeative of this prooposed plan is to deveJ.op to the maximum,

beneficial utilization of the basins water resources to the extent

that it is physically feasible and economically viable. Following

ult~te development either 2,000 lIs or 4,000 lIs of municipal and

industrial water are to be supplied to the city of Semarang and the

irrigation ar~ maximized up, to the available 35,000 ha at an

attractive economic return.

0.10.1. The DevelOpment Plan

or less.

A second variable affecting this series of p~ans is the lack of

subsurface information at Rawa Pening. Conditions are such that

125 x 106 m3 of live storage appears the maximum which could be developed.

Should foundation conditions be found less desirable during future inves­

tigation live storage at Rawa Pening might be reduoed to 100 x J.06 m3

The development elements ::;elected below were combined to form

the system design. UltL~ate delivery of 2,000 or 4,000 lIs of

munici~3l and industrial water to the city of Semarang from the

project Is questionable at this time. It is quite pOBsible that

surface water from outside the basin or groul1dwater could be

utilized to provide the balance of the supply. The groundwater

resources of a limited part of the volcanic uplands are now under

investigation by Nihon Suido Consultants Co., Ltd. of Tokyo, Japan.

The Semarang Graundwater Investigation and Development Project is

financed by the Asian Development Bank. Although an Inception

Report was issued by the Consultants in June of 1979 no conclusions

as to development potential will be available until the completion

of this study and others. Conditions of ultimate municipal and

industrial delive~ies of both 2,000 lis and 4,000 lIs are considered.

- D.10. BASIN DEVELOPMENT PLAN VI'l'HOUT DGWRD CONSTRAINTS

b.··.;!-.·.':PI
~;Et
1'\, .

~"U·, -

!'J

[l

r:
l '
(

!
I
I

I
!

I

I
I
(:

11



Ultimate municipal and industrial delivery of 2,000 1/.

with Rawa Pening at 125 x 106 m3 1ive storage.

Ultimate municipal and industrial delivery of It,OOO 1/8

with Rawa Pening at 125 x ~06 m3 Bve storage.

The components selected are:

Construction of Gunung Wulan Power Plant.

Construc~ion of Gunung Wulan Reservoir with live storage of
260 x 10 m3•

Transbasin diversion/Tuntang to Jragung.

Service area rehabilitation.

The raising qf Rawa Pening to 125 x 106 m3•

D-63

case II

Two alternative plans (here designated as Cases II and UI were. . .

considered. These cases are as follows:

5.

2.

3.

Case III

The combination of elements comprising this development plan

was selected from among numerous combinations of elements under

varying conditions, al~ of which were ana~yzed by use of the com­

puterized model of the basin. Many runs are sUl~ized in Table D-52.

D.10.2. Project Components

1.

4.

These elements form what appears to be one of the best combina­

tions to maximize deve~opment. Jragung Dam was eliminated as an

element when it was found that the Jragung area could be fully or neraly

fully served by transbasin diversion alone and by providing adequate

storage on the Tuntang below the diversion point. In this pun,

raising Rawa P~ning was selected in lieu of additional. downstream
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The benefit of storage at Rawa Pening was discussed in Section

D.7.1. The effectiveness of storage at all three points, Rawa Pening,

Gunung Wulan and Glapan has been evaluated in the previous section.

D.10.3. The Develooment Plan - Case II

D-6.4

sto..~age at the Glapan Barrage fOf' a number of reasons. Firs~. the .

internal rate of re~ generat·~ by raising ~wa Pl!%1ing is grea~er

~han that of Glapan and providing Rawa Pening can be raised to ac­

comodate 125 x lOG ·m3 live storage J the area iwigated in the int~rim

period before completion of phase 2 would be greater thus generating

greater average annual benefit. Storage beJ.ow Gunung Wulan is not

necessary for maximization of irrigated area. Storage above the

diversion point is much more beneficial. This is shown in Table D-31

by comparing the results of model runs 999 and 918.

In this case Rawa Pening is raised to accomodate 125 x 106 rn3

1ive storage, the transbasin diversion is sized at 16.0 m3/s, and

Gllnung Wulan is constructed to elevation 75.6 to afford 260 x 106 rn3

of l.ive storage. Municipal and industrial water is diverted at a

rate of 2,000 lIs fTom Muncul Spring and the full 35,000 ha of area

is irrigated with a firmness of 94.8 percent. Complete operational

data for the !System appears in the computer printout for run no. 918

given at the end of Part I of this appendix.

D.10.3.a. Phasing

It is recommended that the project be constructed in two phases.

The phasing, interim ~d final municipal and industrial deliveries~

and irriga.tion service areas are shown in Table D-32.
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D.10.4. The Development Plan - Case III

D-65

The development plan outlined as Case II is considered excellent

as it allows year-round firm irrigation de~ivery to the 35,000 ha of
irrigable land.

From Table D-34 it should be noted that Gunung Wulan provides

about 70 percent of the av~age annual benefits. A summary of cash

flow for the development is presented in TableD-34.

An economic analysis based.on fifty-year operation was then

conducted on the total ~cheme (Phase 1 & Phase 2) and the resulting

lRR was 17.6 percent. Results of the economic analysis of Case II

are present"!d in Table D-33.

D.lO.3.b. Economics

The econemic analyses for Phase 1 alone is presented inD.7 .~.

of this appendix. The resulting Internal Rate of Return (11m) was
2.1. S percent.

The development plan - Case III assumes that Rawa Pening can be

raised to provide 125 x 106 m3 live storage, and that additional

2,000 lIs of municipal and industrial water for the city of Semarang

are not located outside the basin or available from the uppe~ basins

groundwa-er resources.

All development features and costs remain identical to Case II
except for increased diversion costs and lower irrigation system

rehabilitation costs. Benefits are reallocated in that the irrigation

area is decreased to accomodate the eventual supply of 2,000 lIs

municipal and industrial water from Muncul Springs and 2,000 lIs from

the Jragung River.
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A nUIDbe%> of operation studies~ conducted specifically to

determine the reduction in irrigated area if the 4,000 lIs of

municipal and industrial. water was required. These aI'e sU1IID81'ized
in Table D-35.

Irrigated area at 95 percent firmness in Case III is set at

10,172 ha on Jragung and 20,452 ha on the Tuntang. Total irrigated
area is 30,624 ha.

D.10.4.a. Phasing

The proposed phasing for Case III, interim and final municipal

and industrial deliveries and irrigation service areas are shown in
Table D-36.

D.10.4.b. Economics of Case III

The economic analyses for Phase I (Rawa Pening raised to

125 x 106 m3) are presented in Section D.7.1. ~f this appendix.
The reSUlting IRR was 21.5 percent.

In the economic analysis of the total scheme municipal and

industrial water benefits were foregone until actually required

based on the projections presented in Figure D-20. The rate of

1,500 lIs was used in 1986 and 500 lIs increments added in 1991,

1992 and 1994 with the benefits for the final 1,000 lis being
claimed from 1995 forward.

An economic analysis based on fifty-year operation was then

conducted on the total development (Phase 1 and Phase 2) 8.nd the

resulting IRR was 15 percent. Results of the economic analyses r-f

Ca~e III are presented in Table D-37 and the cash flow in Table D-38.
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TABLE D-31

COMPARISON OF MODEL RUNS 999 AND 918 SHOWING

IMPROVED EFFECTIVENESS OF STORAGE UPSTREAM OF THE

DIVERSION POINT 1.

Area lITigated
Tuntang Jragung
,(ha) (ha)

84.5

94.8

96.8

94.8

Il'I'igation Firmness
'l\tntang Jl'agung

C\) (\)'

11,625

11,625

23,375

_ 23,375

116

o
260

260

Storage Provided

43

125

No.

999

918n

I!I. ,,-'~{
R~ '

~m
,
','";,.',',·,',,r'
, I

, j

Demand
(l/s)

500

I Watezo
Supply
.U/s)

o

ill
Net M &

! ! 0 600
0 700
0 800

14,0~4 0 1,500 1,000

1,500 1,150

! !
1,500 1,300

,1,500 1,450
1,500 1,600 ',:

':~~

23,375 11,625 2,000
.../~ ..'~'~#

1,860, ,f;"'z:,

~
2 120":Jll
2' 380:', <;,:j!
, -:'"f':-1',2,e,P,,",·,t... , _.' .',~.;

lITigation Area
Tuntang Jragung

(ha) (ha)

o 0

! !

M & I SUpplied
Muncul JI'agung
U/s) (lIs)

o 0

1,500 u

2,000 0

PHASING - THE DEVELOPMENT PLAN

CASE II

TABLE D-32

Rawa Pening

Construction

Complete

Year Construction

Start

1982 Rawa Pening
(125)

1983

~1984
1985

1. Both runs consider Muncul H & I divAt'sion of 2,000 lIs

Does not include pzoesent availability of 800,1 S , . "",' ",' ," ",;",' .,:}-~,"
fctr M & I Water frOID 1992 forwazod assumed to ,come fl'o1n O'ther 8OU1'C88FO!e,n~~:'>~f~'~l;{

dev~ped by that time. D-67.· .'.:::;'h;;W;;~H~1~~f.4~~:"'"

1986 Gunung Wulan
(260)

1987 &

!1988 DiveI'sion
(16.0)

1989
1990

~
Gunung Wulan

1991
1992
1993
1994

-n

"r '
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I
I
I
I
I
I
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TABLE D-33

ECONOMIC ANALYSES - INTERIM AND TOTAL

FOR OPTIMUM DEVELOPMENT PLAN - CAnE II

Itelll lITigated Area M&I Project Annual. IRR
Total Net Delivered Cost Benefit
(ha) (ha) (1/s) ($ x 106) ($ x 106) ill-

Phase 1 1~.204 8.20~ 1.500 31.01 °12.9~ 21.47

Total 35.000 29.000 2.000 162.51 46.~9 17.7
Development
(Phase 1 &2)
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IRR = 11.6\
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TABLE D-34

BASIN DEVELOPMENT PLAN - CASE II

INTERNAL RATE OF RETURN

US Dollars 106

---... --............ '-- ....

YeaI' No. of Cost Denefits CashYears Construction Totar ItTigation ~ H &I ~ Flow- -1 1 4.65 4.65 - - - - - 4.652 1 9.30 9.30 - - - - - 9.303 1 9.30 9.30 - - - - - 9.304 1 7.76 7.76 - - - - - 7.76t:I 5 1 13.15 13.29 2.45 -2.27 3.72 3.90 - 9.39
I. en

6 1 32.88 33.02 4.48 -2.27 3.72 5.93 -27.09
co

7 1 32.88 33.02 6.93 -2.27 3.72 8.39 -21J.648 1 32.88 33.02 9.38 -2.27 3.72 10.83 -22.199 1 19.72 19.72 11.42 -2.27 3.72 12.87 - 6.8510 1 - .69 17.53 - .58 4.96 23.25 +22.5611 1 - .69 23.21J - .58 4.96 28.96 +28.2712 1 - .69 28.95 - .59 4.96 34.67 +33.9813 1 - .69 35.06 - .59 4.96 40.79 40.0914-45 33 - .69 40.77 - .58 4.96 46.49 45.8046 1 1J.62 5.19 40.77 - .58 4.96 1J6.49 41.3047-50 3 - .69 40.77 - .58 4.96 46.49 &15.80
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TABLE D-35

SUMKARY OF OPERATION STUDIES CONDUCTED' 'ro SHOW

REDUCTION IN IRRIGATED AREA DUE TO INCREASED

M & I WATER REOOIREMEHTS

DEVELOPMENT PLAN - CASE III

Run Area Irrigated Irrigation F~e3s H • r Water

No. Jragung Tuntang Jragung Tunt~ It.mc:ul. J~agung

(ha) (lla) (t) (\) 1:-' .(1/8) (lIs)
. ,I. \ '.\

883 ll,625 23,375 90.9 91.7 2,000 2e OOO

S8~ 11,O~3 22,:206 93.7 93.7 2,000 2,000

885 10,462 21,037 S4.8 91+.8 2,000 2,000

886 9,DS1 19,868 95.2 95.2 2,000 2,000

8S7 9,300 18,700 96.3 97.6 2,000 2,000
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o 0

20,'652 10,112

Irrip'ted Area
Tuntang Jmaung
(ha) (lia)

o

2,000 *
J

1,500

2,000

M & I-Supp.1ied
ItunCtJl Jl'Ogung
(lIs) -If.t!.L

o 01

J

Construction
CC!IPlote

Gunung Wulan

Gunung Wulan
&

Diversion

~

TABLE 0-36

PHASING - '&1(£ DrvELOPm7 - a.N CASE III

Year Construction
Start

1982 ~wa Pcning

1983 L'ISSa,
1985

1986
1987
1988
1989
1990

1991

r.·:·:~.·"'E;".:..;
'Ii' ."r

~ Availdblo - Sc~ text for u~ili74tion s~hedule.

Phase 1 I'. ,2011 8,2011 1,500 :U.Ol 12.98 21.5

Total 30,6211 24,624 If ,000 111f.l0 "5~26 14.8
Development
Phase 1 &2

TABLE D-37

IRl\

C,)

M& I
Del.ivet'6d

(l/s)

ECONOMIC :lNALYSES - IN1'EtuK .AND~

FOR THE Dt'VELOPMEN'T PLAN CASE..!!!

Irrigated~
Total det
Jha) (hal

Item

(

I
t
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Year No. of Cost Benefits cash
Years Cons'truction Total Il'I'igation POWeI' H & I Total Flow- - - -

1 1 S.lf6 5.lf6
2 1 10.93 10.93
3 1 10.93 10.93
4 1 9.10 9.1
5 1 16.6 16.99 2.31 -2.27 3.72 3.74 -13.25

~ 6 1 41.5 41.89 4.62 -2.27 3.72 6.05 -3S.81f
~ 7 1 1f1.5 &+1.89 6.93 -2.27 3.72 8.36 -33.53

a 1 1f1.5 41.89 9.24 -2.27 3.72 10.67 -31.22
9 1. 21f.9 25.29 1.1..53 -2.27 3.72 12.96 -12.33

10 1 - .63 16.19 - .58 5.0 21..95 -21..32
11 1 - .63 20.85 - .58 6.2 27 81 -27.18
12 1 - .63 25.51 - .58 7.44 33.71 +33.08
13 1 - .63 30.17 - .58 9.92 40.83 40.20
llf 1 - .63 31f. 6 - .58 9.92 1f5.26 44.63

15-4S 31. - .63 34.6 - .58 9.92 1f5.26 44.63
..6 1 4.62 5.28 34.6 - .58 9.92 45.26 39.98

47;.50 4 - .63 34.6 - .58 9.92 45.26 44.63

:.~~

__,"···.·..:f3~'''~

IRR = 14.8\

..~~
..--

TABLE D-38

-

BASIN DEVELOPME~T PLAN CASE III
INTERllAL RATE OF RETURN

US Dollars 106

----
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D.ll.2. Small Construction Projects

0.11.2.a. Grogol SUbproject Area

There are two small projects that could be implemented in the

Tuntang/J~agung area that would improve irrigation and rice production;

(1) Development of the Grogol area (3,950 hal and (2) the study and

construction of some drainage .improvement/reuse facilities.

D.ll. IDENTIFIED MINOR PROJECTS COMPLIMENTARY TO MAJOR DEVELOPMENT

D.ll.l. General

The Ministry of Public Works, in accordance with the latest

Government policy, has decided that more emphasis should be _placed

on small projects, particularly those like the tertiary construction

program that will benefit many small farmers. Since the entire left

bank area of the Tuntang River from Semarang to Gubug ha s been

rehabilitated, the major drainage network is being presently upgraded

and the tertiary system program is being implemented, there are only a

few viable small projects that can be considered.

The developnent of the Grogol Subproject area would bring the

laGt area in the Tuntans~ Project area under irrigation. Under the

present system where direct run-of-river diversions are made. develop­

ment will be l~ited to supplemental irrigation of the wet season rice

crop only as all dry season flows have already been appropriated foI'

other subproject areas, namely Singon Kidul. Gubug and Dang! portions

of the Tuntang Project. The construction and implementation of

irrigation and drainage facilities for the supplemental irrisation of

the wet season rice crop would essentially guarantee the local farmers
one full crop of rice each year. Detailed studies of demalld vel""Jul!I
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the historical wet season flows at Glapan Weir ilClve not been made to

determine the rel.iablli'ty of the irrigi,tion suppl.y. Rice yields in

the Gl'ogol. area cou.ld be lower than the present estimated average

project: yiel.d of 2. S t lha and are probably on the order of l..9 t/ha..

The suppl.enental water woul.d allow future yiel.ds to average 3.6 t/ha.

The increased yiel.d may average from 1.0 t/ha to 1.2 t/ha. The Gregol

Subproject area is estimated to include 3,9~O ha net irrigable land.

Development of the area will be somewhat easier than might be

expected because the combined capacity of the T-l and T-21 canals at

the km 33 control s'trUcture is reportedly 10.261 m3/s. The T-21 canal.

has been over-sized to carry 5.016 m3/s. At the present tim'!! it is

doubtfull that the canal could carry that much water but FOP8%'

maintenance would bring the canal back to design capacity. Developnent

of the Grogol area would require increasing the capacity of the T-39

canal from 4.93 m3/s to 10.5 rn3/s at the km 33 turn-out dotm to 7.5 m3 /rJ

at the turnout for Grogol secondary canal at Boundary 5 which serves the

Grogol East area. Topot>~aphy of the area. was n"t available b~t it was

estimated that 29 Ian of secondary canal would be required to serve the

area with a canal running down both sides of the area serving some

20 turnouts. Drainage would be provided down the center of the area

to the coast. A Salinity control structure on the drain would be re­

quired since the estimated elevation of the area ranges from only

1.5 m M.S.L. to 0.5 m M.S.L. The total cost of enlarging the T-39

canal and constructing the secondary irrigation system was estimated

to be Rp. 485 x 106 • The tertiary devel.opment was estimated to be

Rp. 300 x 106 including minor structures and construction of the ditches

for a total project cost of Rp. 785 x 106 • Benefits reSUlting from ~

net increase in rice production of 1.S t/ha would value Rp. 178.9140 or

$ 289 per hectare for an annual project benefit gf Rp. 705 x 106 Ot'

$ l.l~ xl') f per year after developnent. This appears to be Ii viable
project. The above cost does not include aerial mapping costs.
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1..1l.2.b. Dl'ainage Improvement and Reuse Projects

The reuse of drainage water has not been adequately developed in

'the Tuntang/Jragung Area. Diversion structures like the Guntur, Gaji

and Karangroto Weirs have been constructed 'to utilize drainage flows

on the lat·ger drains but many more could be constructed to reuse

water in the smaller drains. The reuse of water could contribute to

the irrigation of many areas away from the main diversion weirs and

could contribute to reducing the canal carrying capacities serving

the area::;. These structures would replace 'the temporary structure

that local farmers build each year in the drains to irrigate small

areas. An example of this is the ~ocal diversion structure in the

drain near C~lang along the T-21 canal.

The design of reuse structures located in the drains would have

to allow the passage of design floods without causing local flooding.

The use of automatic upstream constant head gates could be considered.

These structures would cost between Rp. 1.5 x 106 and Rp. 15 x 106•

Associated canal and ditch systems would pose additional cost.

The Gaji Weir should be rehabilitated and equipped with automatic

gates to reduce the local flooding now caused by the use of flash­

boards. Even vertical hand operated slide gates would reduce the

local flooding. This water could be used to supply part of the

requirements of the Glapan-Setu area and might reduce the carrying

capacity requirements of the Glapan Barat canal.

N~ estimate of the number or location of reuse structures can be

made until adequate mapping is %l.vailable. Elevations and 'topography

are extremely critical to the design and evaluation of such a:tructures.

As a result, no cost estimates have been made herein. The Gaji Weir

will require foundation exploration and a subsequent testing program

on foundation materials. Estlmates at 1:his time are not WclXTanttd •
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D.1.l.3. Assistance Programs/Projects

There are a number of assistance programs that should be devel.oped

and implemented which could improve irrigation and rice production in

the basin. Some of the.ll would involve reinforcing existing programs

which are not presently functioning at efficient l.e-...els. Others would

be new. These programs would require consul.tants, both local and

expatriate, to provide training and to keep the program on schedule.

Anyone of the progra~s outlined in the following sections will

require firm commitment on the part of the Government of Indonesia

to provide operational funds after program establishment. The

Government must commit financial support for irrigation project

operation and maintenance to perpetuate the project t l .~ its economic

life. The following are a series of programs that should be implemented

with expatri.ate assistance to get the staff trained, programs planned and

to increase the production from irrigated lands in the basin.

D.ll.3.a. Mapping

The entire service area and adjacen~ areas should be mapped at a

scale of 1:2,000 with suitable contour intervals. Efforts should be

made to spot elevate the paddies. The photo should supply the base

with elevations and all other features placed on them in white. Paddy

bunds should be shown as they will affect irrigation design. Inadequate

mapping is a constraint to effective irrigation planning and project

implementation in the basin.

D.ll.3.b. Operation and Maintenance

Additional assistance is required in order to get subprojects

operational and adequate maintenance funded and scheduled. Funding

levels sufficient to develop an effective 0 &Morganization should

D-76
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be l'eViewed. The organization lacks adequately trained field staff.

There is a need for better maintenance records i.! the SemaI'iU1g area.

A commitment for adequate funding and a desire to establish an

effective 0 & Mis required as are expatriates to help plan 9 train 9

solve problems and provide the stimulus necessary to get the organi­

zation running smoothly.
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D.ll.3.c. Tertiary Development

Additional assistance is required in order to implement the

Tertiary Irrigation Project. The project is understaffed, lacks

adequate topography, and requires additional staff with surveying

and design experience. Many of the ditches do not adequately

servE' the intended command area. The improved mapping recommended

in D.ll.3.a. will be required to strengthen the program. Particular

emphasis in this assistance program would be training of the field

staff to properly locate and design ditches. Tertiary irrigation

should be designed in the field and not at office desks. The designers

will require field training. The supervisor of construction will

have to be trained in making field changes from the construction

drawings so that errors in topography can be corrected and adjusted

for at the time of construction. Local surveying techniques can

also be bnproved thrOUGh training.

D.ll.3.d. Integrated Agricultul"te and Water Management Program

A water management program is required to train the farmer in

the more efficient use of water thus increasing his production.

Water management will have to be put forth as a necessary tool to

obtain high yields. The two constraints of high yields are fertility

and water management. Better and more economic use of fertilizers

will have to be developed for each paddy, rice va~iety, lard use

intensity etc. The general recommendations by BtMAS and oth~s do not

D-77
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In addition to' soil fertility testing the laboratory should be

equipped to make leaf analyses fertilit:y requirements. Botb entomology

and plant pathology facilities should be provided to control insects

and diseases.

A regional agricultural laboratory with associated field services

is necessary to support the integrated agricultural program. The

laboratory should be designed to support the local farmers in improving

yields. It should have a soils section that will conduct routine soi1.s

testing for fertflity recommendations. Experimental work will be

limited to obtaining correJ.ation between all the various solls in the

basin and yield levels so that specific recommendation can be made.

The fertility requirement of new variety introductions will be

established. Corrections or variety selection for nutrient deficiencies

will be made.

D.l1.3.e. Regional Agricultural Laboratory

The local farmers have demonstrated that they are ready for the

technology that an integrated agricultural program will provide.

Assistance is required to Get up such a program.

appear valid for high yields and the farmers are aware of "this. More

progressive farmers are already using larger amounts of fertilizer to

,obtain higher yields but no data is available to help the farmers get

maximum crop response for Rupiah spent or for his local conditions.

Programs for insect and disease control must be develope'\ and used by

the farmers. Today, if a farmer goes into the field, discovers an

insect infestation and s~ays; there is a 95 percent chance t:hat be

is already too late and extensive damage will result. The use of

agricultural scouts and fieldmen will become more and more important.
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D.ll..3.f. P:esearch and Development to Establ.ish Design Criteria fol'

Reduction or Passage in Canals with Cohesive Sediments

There are no proven design criteria for canals located in cohesive

clayey-silty sedfments such as those in the Tuntang and Jragung Rivers.

The only criteria available is for sandy sediments devel.oped in the

United States, Pakistan and India. These may not be caupletely cpplicab.le in

Indonesia. A major problem in the conveyance system is the annual

accumulation of sediment. If properly mainta~ned, thousands of tons

of sediment must be removed each year. Present sediment control

systems do not work efficiently as presently designed. New criteria

are needed to reduce the sediment load in the canals. A resea~ch

program should be initiated that would provide the answers necessary

to minimize the problem. A program of suspended sediment measuring,

profile measurement, bed load sampling, detailed study of clay and

silt particles including X-ray defractioD should be formulated.

Assistance is required to set up the program, to plan and guide it,

and to train the staff after the criteria have been developed.

This assistance program will reqaire the expertise to plan,

buad, equip and operate the facility. An extensive program to

train the senior staff and technician staff ,would be a part of

the consultants program.

The agrtCll~~a1. '"feldman ~ 0 ...........- .....l.cl o'Pe'""..... ~ 1""­
facility. If the insect level.s stru't to build towards critical.

levels. warnings can be given in time for the farmers to organize

and get a preventive program into operation before damage progresses

to unmanageable proportions.
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D.1.2. CONCWSIo.~S AND RECOMMENDATIONS

The conclusions drawn herein and the s~sequent recamnendations

are based on seveJ.'a.l analyses of indi,ddual proj ect components and

different combinations of project components. Many such analyses

are net discussed in this section o~ the Appendix which deals

~incipally with conclusions drawn from the many studies and puts

forth recommendations based on those conclusions. The analyses were

previcusly discussed however.

One array of elements noticeably missing from this sec'tion is

that array based on the development sce.nario put forth by the

Directorate General of Water Resources Deveiopment which included

the raising of Rawa Pening with subsequent 'transbasin diversion, a

snall storage provided at Jragung and finally construction of Gunung

Wulan. This particular path of basin development is fully explored

and analyzed in Section D.9. of this Appendix. This array of

elements resulted in lower annual net benefit, a lower internal rate

of return and required greater capital investment than the develop­

ment plans described i:1 the following sections.

D.12.1. Conclusions With Respect to Individual Projects Within the

Tuntang/Jragung Basin

Four individual projects, or plan elements, have been identified

in the basin. three of which are compatible with a total development

array. Thcr-;e elements are: Rawa Pening, Gunung Wulan, TuntanglJragung

transbasi.n diversion and Glapan. They are technically feasible and

economically attracti~e. Considering each of the three storage sites

on their own merit, they are discussed in the following paragraphs.
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D.12.1.a. Pawa Pening

the raising of Rawa Paning appears to have the greates~ mwit as

an individual project for early implementati.on.· Rai.sing of Rav,a Pening

80 as to provide 125 x 106 m3 of live storage would 1'("3ult in the

following:

1. A timely supply of 1,500 l/s of municipal and industrial water to
the city of Semarang from Muncul Springs.

2. A yeaI'-round irrigation water supply for 14,204 ha of land in the
Tuntang service area.

3. Annual net benefits of $ 12.98 x 106 at full. development.

4. An internal rate of return of 21.5 percent.

Capital cost associated with the project in 1979 dollars is

$ 3l.0lx 106• A negative benefit associated with project construction

and r~servoir operation based on irrigation demands results from a loss

of 5.2 MW of firm power. The average annual firm energy loss would be

50 Gwh at the existing Jelok and Timo power plants on the upper Tuntang.

However, there would be an increase in secondary energy production of 29 Gwh

annually resulting in a total average annual energy generation of 135 Gwh

which is a decrease of 13.5 ~rcent of existing energy generation.

, ,

The project appearEl technicc\lly feasible and economically viable.

There ~re, however, two major cor,straints:

1. Poor s\u>surface fo\:ndation conditions along the levee centerline.

2. Sociolog5 cal r.opact on the RaW'i Pening area.

It apr-ears th'lt the first cons'traint can be overcome by prudent

design tel.:hniques a"d the second w:'th well planned mitigation efforts.

Should either constraint limit the magnitude of the project such that

only 100 x 106 m3 of Ih'~ storagl! could be provided the 1,500 lIs of

municipal and industrial wate~ co~ld still be supplied and 11.640 ha

provided with a year-round supp.'.y of irrigation water. Capital costs

would drop to $ 23.69 x 106 and the reSUlting internal !':'!:t~ of ret~l

. .
~'~'."~"--"''''''''''



~;r

}I:'\~ ~
'f1

ilg'.
:7';::
·fi'o
~~ .

,rr::

"0

U

[J

n
l:
r
I
I
I
(

I.
I
!

;~:I
;'';'''j/;.,

would be 21.3 percent. Annual net benefits at full development would '
be $ 9.57 x 106•

D.12.l.b. Glapan Barrage

A second small-size project which on an individual basis would

result in attractive benefits is the construction of Glapan Barrage.

The construction of the barrage on the Tuotang to provide a storage

capacity of 87 x 106 m3 and operating it such that all water and

sediment is bypassed from October 1 to March 31 would result in the
followingl :

1. A timely supply of 1,500 lIs of municipal and industrial water to
the city of Semarang from Muncul Springs.

2. A year-round irrigation water supply for 13,517 ha of land in the
Tuntang service area.

3. Annual net benefits at full development of $ 12.15 x 106•

~. An internal rate of return of 20.8 percent.

Capital cost associated with the project in 1979 dollars is

$ 32.77 x 106• A negative benefit associated with the construction

of the barrage and operation of Rawa Pening based on irrigation

demands results from a 5.2 MW loss in firm power.

The average annual firm energy loss would be 50 Gwh at the existing

Jelok and Tilllo power plants 011 the upper Tuntang. There would however

be an increase in secondary energy geneJ'ation of 32 Gwh annually at the

two plants reSUlting in a total average annual energy generation of

142 Gwh as cOlT'pared to the existing 160 ":~o".

0, ,

1. Assuming the 43 x lOb m3 of exIstIng lIve storage,at Rewa PenIng is
released in accordance with irrigation priority.

0-82
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D.l2.1.c. Gunung Wulan

The project appears technically feasible and economically viable.

Under the p~esent policy of the Government not to build large-size

pl~jects. it is suggested that consideration should be given to the

near_term construction of Glapan with the construction of Gunung Wulan

at a much later date. Capital costs of corr.plete development would be

increased. If such consideration is given it appears possible to assess

a future function of Glapan as a reregulation reservoir for Gun~ng Wulan

allowing some firm power generation at that site.

A third project which could be implemented on an individual basis

is the Gunung Wulan Dam. This project would require a large amount of

capital for implementation.

5. Production of 65 Gwh annually of secondary energy.

Construction of the dam to the height required to provide

190 x 106 m3 of live storage and a lO-MW power plant would produce

the following results:

2. A year-round irrigation water supply for 23.375 ha of irrigated
land in the Tuntang service area.

3. Average annual net benefits of $ 30.27 x 106 •

1. A supply of 2.000 lis of municipal and industrial water would become
available for diversion to the city of Semarang from Muncul Springs.

Capital cost associated with the project in 1979 dollars is

$ 130.38 x IOU. Again a negative benefit associated with implementation

is the los~ of 5.2 MW of firm power on the existing upper Tuntang system.

4. An internal rate of return of 14.1 percent.

The project appears technically feasible and economically attractive.

The project constt~cted to only 190 x 106 m3 of live storage is compatible

with the development plan including Glapan. The proj~ct is not compatible

with current GOI pOlicy on 1arge~ dams.
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Construction of Gunung WUlan alone to afford 2~O ~.1~6 m3

of live storage. therefore becomingcOtn?atible tJ.s an element-in

development plan without Glapan increases theirrlgated area 't.o ,
I I l'30.900 ha and brings the internal rate of r~turn up to 15.? pel'9~t.• ·

Capital costs increase to $ 14.5.85 x ~CS. Because ofthe curr~bt,'sCI

policy on large dams t and l4Iore costl.;' rellabilitation of the irI'igation

systems it is not as attractive as a first ph~se pl~ject in tatal
development as is Ra~~ Pening.

D.l2.1.d. Jragung

Jragung Dam is not required for optimum development of the

Tuntang/Jragung Basin and is, therefore. not considered a viable
individual project.

D.12.1.e. Tuntang/Jragung Diversion

The Tuntang/JI'agung transbasin diversion plays a majoI' I'ole in

integrated development of the two basins. This study shons that

without storage provided on the Jragung significant benefits ~m

diversion occur only when storage is provided a~ Gunung ~ulan

allowing diversion of Tuntang dry season flows to meet dry season

irrigation demands in the Jragung service area.

Therefore. transbasin diversion is considered as an element

to be constructed simult,meously with Gunung WuliJn for optimum
development.
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D.12.2. ~oncl~sions with Respect to Total.·Deve1opHn,{ ,,:,' ·}'.7~~]~:'·;;~~~;"

D.12.2.a. Potential for Full Develot!!len't

Considering ultimate developllent of the basins water re30urces

to result in the ability to provide 2.000 lIs of 1IUnicipal and

industrial watez- and provide a year-round irrigation water supply

to 35,000 ha of land, potential for near maximum developaen1: is both

technically possible and economically attractive. The most serious

physical constraint to total developnent is the lack of restn'VOir

sites aJ lowing adequate storage volumes. One major contri.buting

factor is the estimated severe el'Osion on the upper watersheds and

the subsequent high reseI"/oir sedimentation rates.

It is, however, possible to maximize the utilization of the

basins watez- resources with an economical grouping of projects.

D.12.3. Selected Arrays. of Elements Constituting Maximum DevelOpment

Two near optimum devel~pment plans are presented in the following

sections.

D.12.3.a. Development Plan - Case I

The raising of Rawa Pening to provlde 125 x 106 m3 live stoNce•.

construction of the Glapan Ba~~age to provide 87 x 106 rn3 live st~e

and as a final phase the construc1:ion of Gunung Wulan Dam with

190 x 106 m3 liVe! storage will meet the basins projected water needs

provided that this basin developaent need previde on~y 2,000 1/_ of

municipal and indusU'ial water.



The full 35 :1000 ba would be .aez vad wi'th Y'eilt'-'rCRlDCl iD:~Il'ti:GD.".

suppUes. This group of projects is referred 'to in 'the

appendix as Case I of the developamt plan. A th!rteeD' year .
COUS'truction period is assumed. Total. capital cos-ts assocle:tecl • .ttil
developglent are $ ~80 x 106• This inveS'tmeDt results in'averaP

ammal net benefits of $ 46.2 x l.06 and produces an intemal rate of

return of 17.3 percent.

Table D-39 summarizes the sa.llent and economic features of ca.se I.

Data for each stage of devel.opment are presented. The internal. rates

of return for Phase 1 and Phase 1. p~us Phase 2 were computed assuming

no further development after that particular phase.

D.12.3.b. DevelOpment Plan - Case'II

The raisin~ of Rawa Pening to provide ~2S, x 106 m3 live storaga

with subsequent construction of Gunung Wulan Dam to provide 260 x 106 • 3

live storage and construction of the transbasin diversion with a

capacity of 16 m~/s will. meet the basin's projected water needs

provided that this basin deVelopment need provide o~y 2.000 l/s of

municipal and industria~ water. The full 35.000 ha would be provided

with a year-round irrigation supply. This array is referred. to in the

text of this appendix as Case II of the development plan.

Total capital cost associated with development is $ 162.5 x 106•

This investment results in average annual net benefits of $ _6._9 x 106

and produces an internal rate of return of ~7.6 percent.

The effects of foundation and/or sociologiea.l con.tra~t. as ,~
as the effect of lJossib~e necessity to even'tually provide 4.000·1/aof



am!cipal and lndus~:lal water· 'to the c1~ of ·s.IBr"~,~~~r~~~,i~~~~
OIl this development projeC't were eval.uated. The, &elW,U,r1t:.,

d~veloplDfmt economics 'to these variables. 1& 1Dsign1ficaat.

details aN given in Section 10 of this'report.

Table 1)-40 SUJlllDarizes the salient and ecollCllllic features of

Case II. Data fer both phase 1 and 'total deVelopment are presented.

The internal %'ate of return for phase 1 was computed asSU1l!Dg no

further development after implementation.

D.12.4. Recommended DevelOpment Plan

Comparing Case I and Case II tit is noted that 1) Case I costs

$ 17.1 million mol'e than case II, and 2) that the internal rates of

return aJ.... about the l3alI1e. Either plan is attractive aDd basically

no difference exists, except the difference in project costs. The

recommended development plan considers both alternatives.

If the current: policy of the Government with respect: to lat-ge

darns prevails case I would certainly be favored as it: allows greater

interim development without large dam construction. FeasibiUty

level studies should consider Gunung Wulan/Glapan Barrage as a unit

as well a'S the larger Gunung Wulan storage without: Glapan and when

more definite informat:icu is generated a more logical"choice could
be made.

The development plan herein recommended serves ~he fUll

35,000 ha of irrigated land and provides 2;000 lIs fer municipal

and industrial' water from Muncul Springs.
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Providing that full feasibi.lity leveJ. a1:udies confirm 'the

findings presented herein it may be recCl"'llDeDded that the. to'taJ.

development pl.:"U1 be implemelrted as the benefits to the people

of the basin are badly needed and the benefits to the en'tire of

Indonesia would be highly significant.

To assure tilllely basin development, it may be recCillllDended

that a staged feasibility study with respect to the raising of

Rawa Pening be initiated at the earliest possible date. This is

a key element in total basin development as herein envisioned but

also offers excellent financial returns and economic viability

as a "smaller" individual pI'Oject. To avoid possible un­

necessary expenditure by commencing with full feasibility im­

mediately it is further recommended that feasibility level studies

concentrating only on the major physical constraint be initiated

as a first stage. That constraint is foundation conditions along

the embanlanent centeI'line. One additional item, worthy of inelu­

sion in the first stage of such a feasibility study would be a

study of groundwater conditions in the areas around Rawa Paning

to establish the reliability of ~uncul Springs flows under ,existing

conditions and in the ease of future exploitation of groundwater

resources in the area, as well as to identify and possibly quantify

the additional groundwater inflow to Rawa Pening itself.

It is estimated that the first stage effort would require some

8 months to complete but that preliminary results available at t~

end of 6 months wouJ.d allow a decision as to 'the aclvlsllbl1ity of
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ao!D& 1:0 full feasibility. ProYidiDa''the bdtf.al feasil:IWl1:Y'lMlreJ.:

S1:Udl_ iDdica1:e 'tha't 1Illjor l'eCOgnized eons1:rain'ts caD be OVG'CCDe

the study would be converted 'to a full feasiJ:iU1:y s'tudy.

Concurrently with the staged feasiblli'ty study of RalB Pening

wtlined above i1: is recommended tbat 'the DGWRD eneoarage the ei'ty

of SEDarang to initiate additional studies of possible sources of

1IIUDic ipal and indus1:X'ial water. In addition to 'tbe "s.arang
Groundwater Investigation and Developnent Project'" funded by a loan

from 'the Asian DeveJ.opmen't Bank and described in Section D.1.0.1. of

this Appendix a nwnber of other efforts with regard to identifying

potential shoul.d be undertaken. These include but are not necessarUy

limited to the following:

1. Burns and McDonnell/Trans-Asia [9] reported a groundwater potential
of 1,000 to 1,500 lIs from the basins of the Kali Babon. Kati Garang,
Kali Mangkang and l<a.l.i Blorong. The current study will provide
valuable information on the groundwater potential of the Kali ~rang..
Similar programs should be initiated immediately in the uplands of
the l<ali Babon. l<ali Mangkang. Kali Blorong. l<ali Penglcol. and
Kali Lana Basins.

2. Surface water sources outside the Tuntang/Jragung River Basins
should be considered as municipal and industrial water su~ly

sources to allow full irrigation development on the 'I\lntang/
Jragung. In 1976 Burns and McDonnell/Trans-Asia [9] analyzed in
some detail these reservoir sites for water supply potential.
Penggaron Dam was identified as the most feasible source and
further consideration of this supply will be undertaken as a
component of Part II of this study.

Design should follow the feasibility ~~nediately and construction

could corrunence in 1982.

. The implementation of 'Rawa Pening is scheduled as a fil'at phase

to allow timely dev~lopm~nt and the earliest po~.tble delivery o~

l,SOO lis of municipa~ and industrial water to SemarallK. '('he aecoud

phase, ideally to commence immediately after Phase 1 1IOU.111 Incl\lde.

construction of either Glapan or Gunuftl WuJ.an Dam.
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Table D-41. Slmwnarbes therecc:uaeaa4ed 't.11Ia n-a.~ f'iIIl'tI.,'

stu4y and subsequent basin deftJ.opNUt:.

With or without GovvDIIIent'coostraiD'ts, feaaibUity 1.n'eJ. lI.'badies

shculd canmence on Gummg Wulan with aDd without Glapan as ISOOQ as

studies at Rawa Pening areccmp1.6ted. When the feaalbUi'ty of 1tawa

Pening is cC8pletely '~stablished and the city of Semaraz1I baa ideutifiecl

and proven other sources for theizo supply, operational. requirements at

Gunung lfulan/Glapan can be more firml.y set. In ..Mition to the items

which would normally be included in such a feasibi1.ity study it is

strongly recommended that Glapan Barrage be re-eval:i;,ated set'Ying a ,

major function of re-regulation of power releases at Gummg Wul.an.

By utilizing Glapan for re-regulatian.and allowing the generation of

some firm power at Gunung Wulan in addition to affording stc.....age of

local inflows, its attractiveness as a component in a development

array might possibly be improved even more. If this was to be the

case and the position of the Indonesian Government with respect to

delaying large dam construction prevails it would provide a second

"intermediate sizE'! project" compatible with total development of the

basin which migh't be undertaken at an early date.

If financial, sociological or other constraints restrict

timely commencement of total basin development as envisioned in this

appendix, attention might be,directed toward those minor projects

outlined in Section D.ll.2. as they would be compatible with future

basin development efforts. If a timely effort at basin developnent

as outlined in the proceeding section were undertaken these minor

;'lX'ojects would need not be undertaken as sepaI'ate projects but 'MOUld

be included as a part of iI'l'igatioD system rehabUitation leading to

full basin development. The assistance p rogramB and projects

summarized in Sect ion D.11.3. will of course cClIIIpl_ent any 1..-.1

of development and eould be initiated at any ttm.~ As ...~t.t£oD

resulting f~am what appears to'be an ever increas!DI~"

erosion on the basiDs watersheds is a _j..~.. .,leMi.~,~'.:
... ,: ,_. ':~;; .;:·':-:,t';:,:':-:.::j ;::;;'_7~'::~ ...'· ~,~~:;;_:'.', ::
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as oatli.Dl9d and reccomeDded in AppeDdjx F t are a h.1gh pr1cr1tJ',acd.'dty ,',
regardl.ess of the configuration or ~iming of downstrea ~lOJ It.
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TABLE D-39

THE DEVELO~MENT PLAN - CASE I •

-- -

Avlnll AaQual...... Story. Provlc1ed AI''' Irrtaate4 Irrl,at101l ru.-. ....rll M' I Project .11'''.~... Gu1wDB Glapeu TuntaDI .1rquq TuDt.. JrquDl UTS Gu1IuDI Vater Colt ..t ....~b

_ (~:l~ (~~) {la6• 3)

Wla1_
(be) (ha) (%) (X) (GWb) !9!!!L .ill.!l ($ .106) (I • 10')

1 125 - - 14,204 - 95.0 - 139 - 1,500 '1.01 12." '

1+2 12.5 - 87 20.907 - 9.5.0 - 136 - 2,000 63.51 U.,.
I

'feCal 125 190 87 23.375 11,625 94.8 94.8 136 49 2,000 179.61 ...n ,.
Dwa1op-
.~.
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TABLE D-40

-

THE DEVELOPMENT PLAN - CASE II

-

Aveuae ADDulPIIa.. Stor... Provid.d Area Irr1&ated Irrllatlon '{r.n••• Burn K&t Project Avera.e Aauaual III.... Qmuna Glapaa Tuatua Jraauaa Tuatua JUIUftI UTS
:~ Water Coat Net I..Uta~Wu1aD1 no6.3) (l06.~ ..Jh!l._ (ha) (ha) (ha) (GWh) (GWh) .illH (,! 106) <$ x 106) :m.

1 125 - - 14,204 - 94.8 94.8 139 - 1,500 31.01 U.9I
'local 125 260 - 2~,37S 11,625 95.0 95.0 133 49 2,000 162.51 46.41De9e1op-
..c

'r:~r_;irJ ~ - -



Year Quarter

~:: 1980 1
:§ (] 1980 1

r: 1980 3

1981 1

r 1982 1

1982 1

I 1983 4-

1984 1

r
1985 3

1986 1

I 1990 3

1991 1

I 1995 4-

1
I
I:

:m
~~~~:

TABLE D-41

RECOMMENDED STUDY AND DEVELOPMENT

SCHEDULE - TOTAL EASIN DEVELOPMENT

Commence Staged Feasibility Study - Rawa Pening

Ci~y of Semarang intensifies efforts to identify
ana prove other supply sources.

Phase '- - Rawa Pening Feasibility Study

Design Studies - Rawa Pening

Construction start - Rawa Pening

Commence Feasibility Study on Gunung Wulan and/or
Gunung Wulan/Glapan

Complete Gunung Wulan Feasibility

Commence Gunung Wulan Design Phase

Complete Rawa Pening Construction

Commence Gunung Wulan and Transbasin Diversion
Construction or Glapan Construction

Complete Gunung Wulan or Glapan Construction

In the case of three phase development construction
starts on Gunung Wulan

In the case of three phase development construction
ends at Gunung Wulan.
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m:VT...2'~Q't PLAM

APPENDIX I) - PART II

PROJECT P~ING

D.l. INTRODUCTICIl

0.1.1. Scope of Study

Part II of this appendix describes the ratiouale behind and the

methods used in the planning studies carried out in the Tuntang,

Jragung, Dolok, Penggaron. Lusi. Juana Valley. and Serang Subbasins.

These subbasine fonn what is called the "Jra1:unseluna Basin". As

explained in Part I of this appendix the word Jratunsdluna originates

fran the names of the five major ri'vers within the basin - JRAgung,

TUNtang. SErang, Wsi and JuaNA.

Part I of this appendix deals e~tire17 ~ltb planned integrated

deveJ.opment of the Tuntang and Jragung Riv'tlIl'a. As a Msult of that

development plan it was decided by the D.tr~~torate to extend the

integrated planning effort to the whole of the Jratunseluna Basin.

An earlier study of the total basin was completed in 1973 by NEDECO

when they developed the "JRATUNSELUNA BAGIN DEVELOPMENT PLAN" [1] •

A number of single element developments 1fM.+~ considered at 'tha't 'time

and a number of these are included in this study. This plan updates

previous planning efforts as it considers not only individual pro1ects

bu't the coordinated operation of these projec'ts in conjunction with

one another. As discussed in Part I, basin planning requires that

each structure or project element proposed be technically and eoo­

nOlllically viable as liD indi~1.dual project. but. even 1110!'8 !mpOl'taDt.

that all planned elements eventually funotion toge'tbefl to obta1ft the

optimum benefits from the water resOUI'Oes of the ba.ln. Dt~t
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of the wat8l' resources of the Jratun.e1.una Basin will of nece••lty

require utilization of the basins' water resources for a number of

purposes. Pres30t.and potential. water uses within the basin 1ncl.ude

irrigation, municipal and industrial water .for the ci'ty of Semarang

and water for 'the generation of hydroelectric power.

This appendix deals specifically with plan formulation, that is,

the procedure used to evaluate all pertinent information and to iden­

tify an economically and physically feasible array of elements so

phased as to meet the growing "later requirements of the basins popu­

lation.

D.l.2. Basic ASSUmptions

Due to the 1imited time avail.able for this study, it was possible

only to prepare a conceptual plan for development which Identifi~e

the locations i ~d probable sizes of storage reservoirs and diversions

to derive optim~ benefits by making a coordinated use of the water

resources of all subbasins in the Jratunseluna Basin. The follow up

to this study will consiot of investigations to confirm the technical

feasibility of the elements of the plan, and of detailed economic

analyses. The basic assumptions made in the study are the followiug.

1. Emphasis should be laid on identifying small-size projects which
can yield benefits in the near future and can also function as
elements of an overa1l pla:\ for the entire basin.

2. The development of irrigation and municipal. and industrial water
supply within the subbasins shou1d begin in the near future t and
irrigation and M & I water should be considered the primary
benefits to be derived from any deVelopment plan.

3. Due to PLN' s repoI'ted plans not to upgrade the existing UpPfBr
Tuntang System power genElratlon or to add to th.. lPystem,
hydropower development in the basins should be 81..,'en low pt'iority.
However, the existing hydropower generations should not be reduced
significant1y in the Upper Tuntang System by the implementatIon of
future projects.



4. Hyd.x 0p01nl'Z' po'tentlals at all proposed damsi'tes shoUld be investi­
pted.

s. No basic changes in 'the Serang River Plan as formulated by
SEC [3 J will be made. However. irrigation of maximum area
in the Juana Valley from all posslble SOUl'Ces will be considered.
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D.2. BASIN DESCRIPTION

D-4

The Jratunseluna Basin, some 7.700 ]an2 in size, is defined as

the catchment area of five rivers in the northern part of Central

Java. The five major rivers in the basin are the Jragung, Tun'tang.

Serang, Lusi and Juana. Two other small rivers within the basin

but draining directly into the Java Sea are the Dolok and Penggaron

Rivers. Besides this system of main rivers there are a number of

tributary streams which· 60ntribute to the total water resources of

the basin. All. these main rivers. and the smaller streams originate

from the slopes of the volcanoes Ungaran, Telomoyo, Herbabu ·and Muria

and from 'the central mountain ranges. All water in the basin flows

into the North Java Sea between Semarang and Rembang.

The main feature of the Jratunseluna Basin is its flat coastal

plains. These plains are situated principally in the lower reaches

of the Jragung, Tuntang and Serang Rivers. The Juana River runs to

the east between the Muria slopes and the Kapur Utara Hills. Between

these hills and the Kendeng Mountains which are a part of Java's

central mountain range, is a wide flat valley through which the Lusi

River flows from east to west to its confluence with the Serang.

The Serang River originates on the north slope of the volcano

Merbabu and flows generally northeastward through hilly country

toward the coastal plain. Below the confluence of the Lusi and

Serang the river is called the Lower Serang and flows generally

northward toward the Muria Volcano. At present the Lower Serang is

divided into two watercourses at the Wilalung Structure. All river

flows in excess of 350m3/s are diverted into the Juana Valley via

the structure and drain ultimately into the Java Sea east of Huria.

The main branch of the river, called the Wulan River below Wilalung

continues in a northernly direction and discharges directly into the

Java Sea.
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The Tuntang and Jragung Rivers are described in Part I of this
appendix.

The Penggaron and Dolok Rivers drain the northern slopes of the

volcano Ungaran and flow generally northward to the Java Sea. A basin
location map appears as Figure II-l.

D. 2.1. Rainfall

Mean annual rainfall in the greatest part of the basin is between

2,000 and 2,500 mm. ThE":: northwestern slopes of the Ungaran, Telomoyo

and the Merbabu Volcanoes and the 80uthern slopes of Muria Volcano

receive the greatest amount of rainfall.

The Lusi catchment l'ec~ives the smallest amount of rain; the

Kapur Utara Hi.l.Is receive far less rainfall than the Kendeng Hills on

the south side 01 the Lusi. The eastern portion of the Lusi catchment

is by far the driest area in the basin with an average annual rainfall

of only 1,800 mm.

D.2.2. Water Use in the Basin

D.2.2.a. Present Use - Irrigation

Irrigation water use in the Tuntang and Jragung Subbasins is
discussed in Part I of tUs appendix.

For more than a century, waters from the Serang and Lusi Rivers

have served as the principal source of irrigation water for the

coastal plains east of the city of Seme-rang. A relatively sophisti­

cated irrigation system has been constructed to seItve the Upper and

Lower Sedadi service areas and a part of the Juana Valley. No storage

is provided so the system operates on a run-of-rlvel' basJ.s with

D-S
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D.2.2.b. Present Use - Municipal and Industrial Water

In the past, an area of about 3.700 ha in the Juana Valley was

supplied with perennial irrigation water from the Wilalung structure.

As a result of ineffective maintenance and siltation only some 800 ha

are presently served in the wet season and qOO ha in the dry season.

At present the designated service areas at South Grobogan, Lusi

Left and Lus! Right receive no irrigation supply. Wet season irrigation

water is provided on the Dolok and Penggaron Systems.

diversion at the ex!stlr.g Sedadi. diversion and the Wilalung s'trUctures.

This run-of-river system can provide only very llmited irrigation water

in the dry season. due to low flows in both the Serang and Lusi.

SMEC [2] has estimated that of· the total.· 37.200 ha of potentially

irrigable land in the UppeI' and LoWeI' Sedadi areas about 25,000 ha

receive wet season irrigation water and about 4-,500 ha receive a

perennial supply.

There are areas in other parts of the Juana Valley which are irrigated

under smaller non-technical and semi-technical schemes. Between Prawoto

and Sukolilo, water from springs in the Kapur Utara Hills is used for

vil.lage type irrigation of about 300 hectares. Towards Pati there is a

substantial area, 1,230 hectares mainly of semi-technical irrigation with

water diverted from streams draining the Kapur Utara Hills [2].

The city of Semarang presently uses 805 lIs to meet a part of its

requirements, out of which 303 lIs is drived from springs, 17 lIs

:from wells and 485 lIs from the Kali Garang. Details are given in

Special Report No. I, Tuntang/Jragung River Basins, Municipal and

Industrial Water Supply [4].
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D.2.2.c. Present Use - HydroPOwet'

Two hydro plants are ~U1"rently operated on tbe upper reaches of

the Tuntang River below Rawa Pening. Caublned installed capacity of

the Jelok and Time Power Plants is .32.5 MW. however. their maximum

generating capacity is limited to about 26.0!!W. Current operation

produces approximately 50 GWh of firm energy and liO GWh of secondary

energy annually. Details are presented in Part I of Appendix C.
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D.3. NEED FOR WATER RESOURCES DEVELOPMENT

D.3.l. Irrigation

There are 35,000 hectares of iITigable land in the basin below

the existing Glapan and Jragung Weirs. Accurate estimates of the

number of hectares of land receiving a full (year-round) water supply

are difficult to derive. Present cropping patterns presented in

Appendix B - Part I, indicate that some 6,000 to 7,000 hectares could

be considered to have firm water supplies for two to three rice

crops per year. Optimum water resources development in the 'basin

would be achieved when the entire 35,000 hectares are provided a full

water supply.

SMEC has determined that the potential iITigable area in the

Upper and Lower Serang systems is 37,200 hectares and that out of

this area 4,500 hectares receive perennial irrigation water and

25,000 hectares wet season irrigation supplies at present (2].

Optimum water resources development in the basin would required that

the full 37,200 hectares (19,800 hectares in the Upper Sedadi and

l7,~OO hectares in the lower Sedadi areas) receive perennial

irrigation water supply at a firmness required for successful pro­

duction of three rice crops per year on at least 75 percent of the

area.

4,200 hectares of potentially irrigable land have been identified

on the lef~ bank of the Lusi River. This land is in addition to that

which lies within the area previously identified as the South Grobogan

service area [5]. Likewise 9,600 hectares of potentially irrigable

land have been identified on the right bank of the Lus! River.

Additional land suitable for irrigation may be located in the Upper

Lusi Valley. It is not known at this time whether sites with

sufficient storage capacity can be found in this part of the basin

for an economic irrigation deVelopment of additional areas •
•

D-8
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Optimum development, wo\ll.d also require firm perennial. supplies
for the existing Dolok (1,950 hectares) and Penggaron (4,950 hectares)
service areas which no~ receive only wet season supplies.

All existing and proposed service ax:eas are located on the basin
map presented as }'iguIle II-1. All potential technical irrigation

developments in the Jratunseluna Basin (excepting small projects less

than 1,000 hectares each) are summarized in Table D-l. This table

shows that at best anly 10,900 hectares in the basin receive peren­

nial watel Jupply presently, however an additional 58,200 hectares

receive wet season 1rr4",ation. There are I1fl,lOO hectares of poten­

tially irrfgable land which are identified; additional areas suitable

for irrigation may be found in the future. Should sufficient stcrage

be available at proper points within the basin and if the basin water
resources are properly managed, potentially 114,840 hectares of land

could be de7eloped for perennial irrigation. This may not be accom­

plished in reality because of a number of constraints but 'this number

does set a goal for maximum irrigation development in the Jratunseluna
Basin.

D.3.2. Municipal and Industrial Water

One of the most serious water problems in the basin at present

is the short supply of municipal and industrial water for the city
of Semarang. Projections developed in Special Report No. I _

Tuntang/Jragung River Basins, Muncipal and Industrial Water Supply [3]

indicate a total need of 6,010 lis by the year 2000 while the present

supply is only 805 lis. A portion of this municipal and industrial

water demand should be developed within the basin. In part I of this

stUdy it was found that municipal and industrial water could be S1.1pplied

through various project elements in quantities ranging from 2,000 to

~,OOO lis at or near optimum irrigation development.
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Because of their proximity to the city ·of Semarang an~ their

identification by prGvious investigators as potential sources of

H & I supply for the city this extended study evaluates in detail

the :feasibility of supplying water from both the Dolok and Penggaron

Res8X'Voirs [6]. This is especially important because it was esta­

blished in Part I of this study that a supply of 4,000 lIs that is

2,000 from Muncul Springs above Rawa Pening and 2,000 from the Jragung
River, would require either:

a. A small reduction ~n the Jragung irrigation service area, or

b. Construction of a storage dam at Jragung.
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TABLE D-l

roLL LARGE SCALE TECHNICAL PERENNIAL

IRRIGATION DEVELOPMENT POTENTIAL

IN THE JRATUNSELUNA BASIN

Wet Season Existing Unirrigated Total
Area Perennial Area Development

Service Area to Area To Receive Perennial
Perennial Perennial Area

(ha) (ha) (ha) (hei)

Dolok lt 950 1,950
Penggaron 4,590 4,590
Jragung 11,625 llt625
Tuntang 17,375 6,000 2~,375

Lusi Left 4,200 4,200*
Lusi. Right 9,600 9,600*
Upper Sedadi 15,300 4,500'te 19,800
Lower Sedadi 6,200 11 ,200 17,400
South Grobogan 7,300 7,300
Juana Valley 800 400 13,800 15,000

Basin Totals 57,840 10,900 46,100 114,840

'* Both Lus! Left and Lusi Right proposed it"r'igat:ion service area will get
water from the common ,source, namely, Mid Lusi Divcr'Rion. The boundaries
of the service areas and their' sizes may be adjusted Di'lsed upon the
location of 'the diversion structure and the full supply levels at the
canal offtakes.

** Semi perennial.
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D.4. PREVIOUSLY IDENTIFIED POTENTIAL FOR DEVELOP~"T

A number of past studies and Part I of this study served as 'the

initial source of the list of potentia~ projects which are ~iscussed

fully in PaI't II of Appendix C. In addition a complete and relatively

compl~x plan f~ development of the water resources of the Serang

River has recently been completed by the Snowy Mountains Engineel'ing

Corporation [2, 5, 7].

The main feature of the Serang Plan is the Kedungombo Dam, a

central ea%'th core, rockfill and random fill embanlanent, which

affords 7
'
.9 million cubic meters gross storage or 655 million cubic

meters live storage on the Ser·ang River at a point where the upstream

catchment totals 612 km2• A hydroelectric plant rated at 20 MW is

incorporated in the dams' outlet works. The project as planned

provides perennial i~igation water to 37,200 hectares in the Upper

Sedadi and Lower Sedadi with river diversions at Sedadi and Wilalung,

to 7,300 hectares 01"' "new" land on the right bank of the Serang

designated as the South Grobogan service area (see Figure II-I) and to

!.. 10,000 hectares of "new" land located in the Juana Valley. This'

plan, as agreed with the DGWRD was considered bo.sically fJrm and only

the following changes were considered in any simulation performed

during this study:

1. Operational patterns at the reservoir were changed in that releases
were based only on downstream irrigation demand precluding the
possibility of firm power generation at the power plant.

D-12

2. Based on the consultants' studies and observations throughout the
Jratunseluna Basin it has become apparent that wherever perannial
irrigation water is supplied the majority of local farmera will
try to produce three .crops of rice per year. Thus the recommended
cropping pattern derived in Part I of Appendix B was imposed on
all lands proposed to be served by the Kedungombo Dam. Special
studies outlined in Part I of this Appendix show that, total
demands for 3 crops are not much greater than for a two-pIus-one
c~opping pattern because of flexibility of starting dates, phasing
and sequencing.
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3. Tha eastern most 1.680 hectares in the So\rth Grobogau ser¥J.ce area
were to be se:: wed tro.e the South Grobogan Weir wit11 a SUbs~en't
lift ItatJon at Boloh. The cr ~~c:ity of the pumping statior is
2.3 m Is and the anticipated lJ..ft is 6.5 a. Alternate .0U1'C~8 o£
gravity suppJ.y fC1l.' 'this area are considered in this study for
updating the Jra'tunseluna Basin. Master Plan.



D.S. BASIN MODEL

D.S.l. Gene!'al

The development of the water resources of the Jratunseluna Basin

constitutes a highly complex system. Total development of the water

resources can be accomplished with different c~inations of system

elements (reservoirs, diversions, power plants, canaLs, etc.).

A computer :DOdel of the Jratunseluna Basin was developed to simuJ.ate

multi-reservoir operation and inter-subbasin transfArs of water as
required.

As in the case of preparing the Tuntang/Jragung Rivers Basins

Integr~ted Development Plan, descr.ibed in Part I of this appendix,

a basin model was essential to enable consideration of as many

development schemes as poss.ible in the time available for studying

the entire Jratunseluna Basin. By utillzin,j the basin model it was

possible to consider a large number of different project elements,

a large number of different combinations of elements, and varying

demands on the water resources of the basin.

The ,TRATUNSELUNA BASIN HODEL (JRAT) developed by PRe/ECI during

this study, considers storage at eleven sites, diversion of rlver­

flows at four sites, upstream transbasin diversion from the Tuntang

to Jragung and four different "service area to service area" diver­

sion possibilities. In addition, the model allows the generation of

hydroalectric power at two oxisting and three proposed hydroelectric

plants. Municipal and industrial water for the city of Semarang can

be eupplied from any or all of six different points within the basin.

Nine potential irrigation service ar~as within the basin are &fA

integral part of "JRAT". All otudies of the basin model were per- .

formed on the IBM 370 computer system at the DPU computer complex in

Jakat'ta. A general schematic diagN1li showing basin featUNs and

options .inclUded in the model is presented ~ Ftauzie »-1.

1)-1"
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Site

Banjarejo

Kedungwaru

Bandungharjo

Kedungombo

Penggctron

Dolok

Rawa Pening

Jragung

Gunung Wulan

Glapan

Ngemplak

No.

1

2

3

4

5

6

7

e
9

10

11

The eleven sites within the Jratunseluna Basin where the model

allows storage of water are as follows:

T\fenty-one years of record were used in si.'7Iulating operation of

single elements as well as total development schemes which included

varying numbers of individual projects. All model features are shown

on the schematic diagram (Figure 0-1).

D.5.2. Model Features

D.5.3. Storage

As with the earlier Tuntang/Jragung model, "JRAT" \:tUizea

IDOnthl.y inputs of streamflow and irrigation water requi%'61D8uts as

well 8:'1 munieipal and industrial. demand, and,computes monthly volumes.

of reservoir inflows, reseI"Yoir evaporation. irrigation releases', and

spill or shortage volumes at the reservoirs ~d diversion points.

Ending reservoir storage and elevation are computed fC11' each month as

are firm and secondary energy for each site.
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In the ~e~, the capacity for- storage at any site may be adjusted

fran zero (rtm-of-rh'er- condition) to the maximum feasible storage at

the site. Rel.eases from all st-'t'age points .:sre governed strictly by

irrigation and municipu and industrial watet' demands. Generotion of

hydroelectric power at any site is considered secondary and does not,

in any case, dictate reservoir re~ease patterns.

J>...16

D.5.4. Reservoir Releases and Supply Shortages

As stated, t'e1eases from all reser-voir- sites are governed stt'ictly

by downstream irrigation dema~1s, and, if applicable, the M& I demands.

Irrigation shortages as considered by the model occur when that

month~t irrigation demand cannot be met from the combination of i.nflow

and storage at a given si.te. These monthly shortages in million cubic

meters are totale1 for ~ach year; the annual totals are computed and
the total annual shortage for the twenty one year simulation pet'iOd

is detennined. If the /iilhortage volume in any given tnonth Is greatet'

than 5 percent of the irrigation demand 'tolume. 8 lIIonth of shOZ'tage

At seven of the eleve,l stoMge sites the only demand recognized

is for irrigation. If reservoir storage plUS monthJ.y inflow vo~ume

meet or exceed that demand then the controlled release is eq~ to

that demand. If reservoir storage plus monthly inflow volQ"1Ie is not

equal to the irrigation demand all water is released from the reser­

voir and a shortage is recorded.

Sediment passing, as discussed in Part I of Appendices A and C

is simulated at five of the e~even sites. At Banjarejo, Kedungwaru,

Penggaron and Jragung Reservoir-s, sediment is passed through during

'the months of De-::ember-, January and Febl'Uar-y. At the Glapan Barrage

the model is oper-ated f~r run-of-river- supply into the irrigation

canals from October 1 t('l Mat'ch 31 each year.
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Is coun1:ed. The 1:01:aJ. nUlllber of mon1:hs during which shortages are

c:ounted. is divided by 252 (nU!llber' of months in the silllul.ation pe%'iod),

the quo1:ient I'ept'e3ents the percen1: of time during which shortages

occur. To compute lITigation firmness the p8l"Cent of shot'tage i.s then

subtracted from 100 perr.ent.

Fot' all eleven reservoit' sites, monthly evaporation is es1:imated

based on the water surface area and average free water surface eva­

poration as described in Appendix A, and is subtracted :f1"om

reservoir storage and inflow to give true available water supply.

At Rawa Pening, Jragung, Penggaron and Dolok the primary demand

remains 1:he irrigation demand, but In addition these reservoirs are

also called upon to supply municipal and industrial water at varying

rates of up to 2.000 lIs in some alternatives. Actual outflows are~

handled by the model as for the other reservoirs. Using the stage

storage relationship which is included in the model for each storage

site the ending elevation of the resa~voir water surface is computed

for each month.

n.S.s. Municipal and Industrial Water

Provision is made in the mod01 to allow delivery of municipal

and industrial water In any amount from the following points:

1. Mcncul Springs

2. Rawa Pening

3. Jragung damsite

4. Gunung WUlan

5. Dolok

6. Penggaron

In a'ddition to municip....l and industrial water for 'the city of

Semarang the model also includes provision for river maintenance

D-11
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flows even when irl'igation demands are zero. This assures tha't 'the

population currently using river water would have continued use

'thereof in the event that st0%'8ge is constructed on any of the rivers.

D.~.6. Irrigation Diversion Sites

Because of their pl'Oximity to the proposed storage s1tes, irriga­

tion diversion is assumed to occur directly from the Bandungharjo,

Glapan, Jragung, Dolok and Penggaron damsites. In addition, the model

simulates irrigation diversion from proposed diversion on the middle

Lusi, and at South Grobogan as well as at the existing Sedadi Weir

and Wilalung structure.

D.S.7. Irrigation Service Areas

In development of the model all of the potential irrigation

service area in the Jratunseluna Basin was assumed to be divided into

10 individual service area units. The size of each individual service

unit may be increased, decreased or set to zero in any rarticular

simulation run. The service areas and their normal sizes are as

follows.

Area
Service Area (ha)

1- Tuntang 23,375

2. Jragung 11,625

3. Dolok 1,950

4. Penggaron 4,590

5. Lus! Left Bank 4,200

6. Lus! Right Bank 9,600

7. South Gt'obogan 7,300

8. Upp~r Sedadi 19,800

9. tower Sedadi 17,400

10. Juana Valley 15,000 (Maximum Possible)

T(j~AL: 114,860
=======
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D.~). ~. Diversions and Diversion Rules

D.S.8. Service Areas and Water Sources

Source of Water Supply

Rawa Pening, Gunung Wulan and Glapan

Jra,gung &Rawa Pening

Dolok

Penggaron

Banjarejo ~ Kedungwaru, Mid Lus! Diversi.on
and ~gemplak

Banjarejo~ Kedungwaru and Mid Lusi Diversion

Kedungombo, South Grobogan Weir, Bandungharjo
and Ngemplak

Kedungombo and the Sedadi Weir

Kedungombo and the Wilalung Structure

Kedungombo and the Wilalung Structure

Service Area

l. Tuntang

2. Jragung

3. Dolok

4. Penggaron

5. Lus! Left Bank

6. Lus! Right Bank

7. South Grobogan

8. Upper Sedadi

9. Lower Sedadi

10. Juana Valley

Although the model mdkes allowance for both ~ransbasin and inter­

service area diversions, the principal sources of water supply for each

of the service area~ are ~ummarized below.

1>-19

In cases where the flow available at the diversion site is of a

mar,nitude less than the total irrigation demands at Jragung and Tuntang

the available flow is distributed in direot proportion to the two d~mNlds

J he tl'ilnsbasin diversion from the Tuntang River to the Jragung

River is incorporated in the model. Two operational rules govern the

diveI-den of water. With exception of the months of March, April and

MJy. water i,s divel'ted to Jragung only if shortages exist within the

Jr3gun~ service area. If storage is provided at Jragung, sediment

would be bypassed during the months of December, January and February,

and buHding up of storage in March, AprU and May is governed by the

storage capacity remaining in the reservoir.
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shor~ages a~ Penggaron can bo reduced by inter-service area

diversion from Delek and/or Jragung. The model calls :for DoloJe

spills livailable for diversion ~o Penggaron and i:f shortage at

Pe~ggaron s~ill exists then diversion from Rawa Pening via Jragung

is called for. The water yield and the storage capacity at Dolak

arc enough to meet the irrigation requirements of the designated

Dolak service area and no in~erbasin diversions are needed. However s

if i~ is found feasible to divert M& I water from Dolak to low-lying

eastern areas of Semarang, then some of ~he DoloJe area which can be

served from the Jragung diversion will be added to the Jragung

service area. 1:1 that: case Dolak will supply irrigation water to

only that part of its area which cannot be served from any other source.

Shortag~s at Jragung can be overcome by diversion from the Tuntang

in the model. If a shortage exists at Jragung and there is no shortage

at Glapan, then the Glapan spill plus twenty percent of the ending

storage at Gunung Wulan and Glapan are made available for diversion.

Only the volume required to overcome the shortage is diverted.

Thn most significant inter-service area diversion considered by

the model is the Serang-Tuntang/Jragung Diversion. The amount of

S~~t'ang \lilter available for diversion to the Tuntang/Jragung is based

on spill volumes at both Wilalung and Sedadi •. If the spill at

Wilalung i~ ~~eater than that at Sedadi the total Sedadi spill is

considered available. If the Wilalung spill is less than that at

Sedadi only the volume cf the Wilalung spill Ie considered available.

Only 60 percent of the spill during wet season months is conqidered
divertahle.

0.5.10. Hydropower Features

The model includes generation of hydroelectric power at five

points. The existing Jelok and 'rimo plants on the Upper Tuntang are

1>-20
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_odel eJ.ements. The availabil!ty of water :for power generation at

Jelok and Timo is limited to the irrigatio~ releases from Rawa Pening

plus spill, up to the present peaKing capacity of 26 Mil _ The I"E".maining

excess water which cannot be released through the power plant is dis­

charged to the Tuntang at the weir.

When storage is provided at Gunung Wulan, Jragung and Kedungombo,

power plants of 10 HW. 6 MW and 20 MW respectively are introduced in

the model. At each site the model uses the controlled releases and

excess flows up to the capacit: .)f the plant to compute hydropower

generation_ In the case of all five plants the energy in gegawatt

hours (GWh) which can be generated each month is determined. The

model also generates a ~ecord of the minimum power production and

determines the firm power produced at each pJ.ant during the twenty­

one year simulation period.

D.S.ll. Model Inputs

Model input data include net monthly inflows at each control

point for each month in the 2l-year period and the irrigation

demands for each of the 10 previously defined servIce areas.

In the case of sites where no storage or controJ. point exists

upstream of that site, the inflow values are the river discharge at

that point. For sites which have control points and/o~ storage

upstream, the inflow input is the inflow or runoff generated on the

incremental catchm~nt between the site and the upstream site. Spills

and/or releases from the higher site are added to the incremental
I

inflow in model operation.

Discharge from Rawa Pening, Jragung yield. and incremental yields

at Gunung Wulan, Glapan and the transbasin diversion are presente4 in

Part r of this appendix~

1>-21
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At the seven new storage sites and four new diversion sites

introduced in "JRAT", yields 'We%'e derived as follows:

1. At Banjarejo, Kedungwaru. Bandungharjo, KedUngombo, Dolok aI'd
Penggaron sites,yield is equal to~iver discharge at the si~e.

These data are pre~ented in Tables D-2 through D-7, respectively.

2. The Ngemplak site was introduced into the model at a late da'te and
the yield at this site is computed internally by the model based
on drainage area proportion with the Bandungharjo site on an
adjacent catchment.

3. At the Mid Lusi Diversion, yield was derived by establishing
monthly yield at the diversion site and subtracting the monthly
yield at Kedun~~a~u and Banjarejo. These data are summarized in
Table D-8.

4. At the South Gr.obogan Weir, yield was established from the total.
monthly yield at South Grobogan and subtracting the monthly yield
at Kedungombo. These data are swnma~ized in Table D-9.

5. At the Sedadi Wei~, yield was obtained by establishing the total
monthly yield of the Serang at Sedadi and subtracting the monthly
yield at Kedungornbo arc the monthly yield at Sedadi. These data
are summarized in Table D-lO. .

6. At the Wilalung Structure. yield was established hy computing the
total monthly yield of the Lower Serang at Wilalung and subtra~ting

the tot31 monthly yields at the Mid Lusi Diversion, Bandungharjo,
and the Sedadi Weir. When Ngemplak appears on the model, its
inflow is established from the total monthly yield of the Lower
Serang as a part of model operation. These data, without Ngamplak
inflows subtracted therefrom, appear in Table D-11.

The cropping patterns projected for all irrigated land in the

basin were developed in Part I of Appendix B.

This cropping pattern assumes that 75 percent of the total

irrigated land will be used to produce three crops of rice per year.

Diversion demands expressed as monthly volumes were computed using

additional computer programs which used as input the computed average

monthly ~vapotranspi~ ation and service area monthly rainfall 'fOr the '

period of record. Methodology utilized in generating service area

])-22
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monthly rainfall is described in Appendix A - PaI't II. Crop water

requirements were reduced by effective rainfall (RE) which was esti­

mated from monthly rainfall (RF~ data using the relationship:

RE = 1.8 (RF)·8

Tuntang/Jragung demands and return flow considerations are full.y

explained in Part I of this appendix.

Overall efficiencies of 60 p€rcent are assumed on all new service

areas introduced. Fifty percent of the water lost in application,

that is 20 percent of the total diverted, can be utilized as return

flows in certain instancea where physical conditions permit. The

model accounts for Left LUs!, Right Lusi and South Grobogan return

flows by allowing rediversion of return flows at Wilalung structure.

Upper Sedadi return flow is utilized ~n the Lower Sedad! area.

Return flows from Dolak, Penggaron, Lower Sedadi and Juana Valley

service areas are considered nonreclaimable.

Irrigation demands expressed as monthly volumes, resulting from

imposition of the recommended cropping pattern on the new service areas,

Lus! Left, Lusi Right, South Grobogan, Dolok, Penggaron, Upper Sedadi,

Lower Sedadi, and Juana Valley are shown in Table D-l2 through D-19,

respectively. Irrigation demands expressed as monthly volumes,

resulting from imposition of the two-plus-one cropping pattern on the

Game new s~ice areas are shown in Tables D-20 through D-27,
resp~ctively. Similar data for the Tuntang/Jragung service areas are

presented in Part I of this appendix.
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Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual

1952 . - - 82.5 100.4 95.6 11.1 23.3 3.6 0.8 7.7 9.0 -
1952-'53 ~.6 45.9 44.2 87.6 55.4 59.2 72.8 40.7 1.6 10.1 1.0 0.1 428.2
1953-'54 1.3 32.9 79.8 88.9 108.4 49.6 44.8 35.2 10.9 15.2 8.2 4.9 ~80.1
1954-'55 ],3.9 37.1 38.3 80.4 92.4 66.7 73.1 45.8 24.1 8.1 8.7 3.2 491.8
1955-'55 li.5 59.9 61. 9 72.0 5:;.7 47.1 38.4 34.2 33.2 10.3 23.6 5.2 1+50.0
1956-'57 13.1 17.4 44.2 44.2 1+6.0 110.9 31.9 16.4 1l.4 26.5 5.9 0.1 368.0
1957-'58 2.6 16.8 85.7 65.1 117.3 89.5 38.6 7.6 15.3 13.7 11.0 4.6 467.8
1959-' 59 12.6 19.4 85.2 34.0 76.4 72.0 34.0 62.5 13.2 8.3 0.9 1.8 420.3
1959-'60 2.1 20.7 90.8 77.7 63.4 56.5 46.7 36.4 9.8 2.6 2.2 2.8 411.2
1960-'61 3.5 45.6 64.8 70.4 83.2 46.9 48.0 18.7 7.8 0.9 0.0 ' 0.6 390.4
1961-'62 1.6 16.1 68.6 72.3 92.9 43.4 81.1 6.6 10.1 9.8 6.9 1.5 1+10.9
1962-'63 21.4 34.0 45.8 80.4 106.0 50.4 24.1 8.9 2.6 0.0 0.0 1.4 375.0
1963-'64 3.2 8.8 74.2 32.1 41.1 50.6 46.4 35.7 7.3 12.2 4.6 19.0 335.2
1964-'65 7.5 46.1 50.1 81.2 49.8 67.0 41.2 19.7 1.8 5.1 0.6 0.0 370.1
1965-'66 1.6 12 •.7 90.5 46.9 33.9 79.8 18.1 31.1 12.7 0.9 0.4 5.7 334.3
1966-'67 6.4 23.8 80.4 72.9 33.6 44.5 44.1 6.3 0.0 3.6 0.0 1.9 317.5
1967-'68 6.2 21.0 85.2 69.9 56.1 51.2 41.0 68.8 36.3 31.0 12.7 3.6 483.0
1968-'69 7.8 29.7 62.4 62.9 72.1 79.8 35.6 10.6 8.0 1.3 0.4 6.9 377.7
1969-'70 6.2 21.3 34.0 60.0 47.9 88.7 54.2 23.5 10.9 4.7 0.6 11.5 356.5
1.970-'71 7.8 19.2 49.0 85.4 53.2 47.!l- 22.8 77.9 20.5 13.1 0.0 6.3 402.6
1971-'72 13.7 33.7 59.5 76.3 44.8 76.3 28.5 49.6 2.6 0.0 3.5 0.2 389.1
1.972-'73 0.5 22.6 50.6 57.0 44.5 57.0 57.3 60.5 22.3 17.1 6.9 6.5 402.9

1973 11.8 50.3 75.0 - - - - - - - - - -
Mean 8.3 29.3 62.7 68.3 66.0 67.0 42.5 37.2 12.2 8.8 1f.8 4.4 411.5

MOlfrHLY YIELD - LUSI RIVER AT BANJAREJO DAMSITE

(units in 106 x m3 )
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MONTHLY YIELD

KEDUNGWAP.lJ RIVER AT KEDUUGWARU DAMSlTE

(Units in 106 m3 )

Year Oct Nov Dec Jan Feb Mar Apr Hay Jun Jul Aug Sep Annual

1952 - - - 14-.5 12.0 13.4 I 5.6 2.7 1..0 0.2 1.0 1.B 61.0
1952-1953 1.6 7.5 6.2 9.2 8.2 8.0 12.0 4.0 2.9 1.0 0.1 0.3 61.0
1953-1954 0.9 5.5 8.4- 11.1 I ,16.3 6.5 9.6 ~.8 3.8 1.~ l~. 9 1.9 74.6
195"-1955 2.6 6.7 11.2 14.4 113.4 13.3 15.3 9.2 4.8 5.3 1.5 0.2 103.9
1955-1956 2.5 8.0 11.6 10.7 10.4 10.5 4.5 4.4- 11.4 1.1 3.9 2.1 82.2
1956-1957 3.4 5.0 7.6 6.0 8.1 15.4 7.0 3.7 3.1 9.6 0.9 0.1 76.9
1957-1958 1.5 4.0 13.0 8.5 13.9 25.2 8.9 2.9 1.7 5.5 4.1 0.7 89.9
1958-1959 3.0 2.3 17.4- 11.8 18.7 25.4 4-.0 14-.3 2.2 3.6 0.5 0.5 103.7
1959-1960 1.1 3.3 10.0 18.4 12.a 5.4 10.6 3.7 0.3 C.6 1.2 0.7 68.2
1960-1961 O.B 9.3 13.5 20.2 10.5 7.2 7.6 6.4- 1.5 0.1 a 0 79.1
1961-1g.... ~ 0.6 3.7 7.5 2'2.6 13.4 10.0 10.3 1.7 2.0 5.6 5.2 1.3 81.9
1962-1963 2.7 6.4 9.8 16.4- 14.8 9.7 4.8 3.5 0.7 0 0 0.2 69.0
1963-1964 1.1 2.4 12.5 11.2 11.9 10.5 9.9 7.3 2.4 0.4 1.2 4.5 75.3
1964-1965 4.0 6.3 8.6 19.7 10.2 13.3 4.3 3.4- 0.4 0.9 0.2 0.1 71.4
1965-1966 0 1.0 11.B ':'5.0 11.7 18.0 3.0 5.1 2.7 0.2 0.4 0.8 69.7
1956-1967 1.4 4.0 7.5 19.1 7.3 8.4 11.6 1.1 0 0 0.1 0.2 60.7
1967-1969 1.4 3.1 16.0 13.0 B.7 11.5 7.5 10.5 3.6 9.0 4.5 2.1 90.9
1958-1969 ' 1.5 6.7 li.7 9.1 12.5 17.5 9.3 3.6 1.3 1.3 0.6 0.7 75.8
1959-1970 1.5 3.5 9.5 12.4- 6.2 13.9 9.B 6.3 1.8 0.8 0 1.4 69.1
1970-1971 0.6 5.2 8.0 16.7 14-.8 14.1. 8.6 9.3 5.7 0.4 0 1.1 84.5
1971-1972 4.2 4.8 10.2 18.6 8.7 16.9 5.4 5.7 0 0 1.6 0 76.1
1972-1973 0.2 4.8 9.6 10.4- 11.0 I 16.7 13.3 15.5 3.4- 2.2 1.0 2.5 90.6

1.973 2.4 9.S 23.0 - - - - - - - - - -
Mean 1.8 5.1 11.1 14.0 12.0 1.3.2 B.3 5.9 2.6 2.3 1.5 1.1 78.8,



".:" ..

(Units in 106 m3)
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TABLE D-4

MONTHLY YIELD - GLUGU RIVER AT BANDUNGHARJO DAHSlTE
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Year Oct : Nov Dec Jan Feb fo'.ar Apr May JlU1 Jul Aug Sep Annual

1952 - - - 8.2 6.2 9.6 3.2 1.4 0.5 0.4 1.1 0.4 -1952-' 53 1.3 5.3 4.6 8.0 7.7 5.4 7.0 2.7 0.8 0.9 0.1 1.7 45.5
1953-' 54 0.2 2.7 4.3 8.1 7.4 5.8 5.9 2.8 0.9 2.0 1.3 0.6 41.9
1954-'55 1.1 5.6 3.2 8.2 6.5 3.3 4.2 2.4 1.4 '1.7 0.4 0.6 39.4
1~55-'56 2.2 2.9 4.0 7.2 6.1 5.8 1.9 2.4 4.8 0.2 1.1 0.6 39.2
1956-'57 0.8 2.2 6.1 5.2 5.3 13.2 4.9 0.7 1.0 1.6 0.1 0.0 41.1
1957-'56 1.0 2.6 6.1 6.1 9.2 9.6 3.9 2.5 2.0 3.4 1.5 1.1 42.9
195a-'C;~ 2.6 3.2 7.2 8.7 5.2 6.4 4.6 4.9 2.9 0.8 0.2 0.1 46.7
1959-'60 0.8 2.7 4.5 5.3 5.2 3.3 2.6 3.2 1.2 0.5 0.1 0.6 29.7
1960-'61 0.5 3.8 4.8 5.9 5.5 8.0 2.a 6.3 0.4 0.0 0.0 0.1 37.1
1961-'62 0.6 3.2 3.1 9.2 4.4 4.6 8.0 1.0 2.4 1.0 1.0 1.1 37.0
1962-'63 1.8 2.5 5.4 9.7 6.3 4.9 3.3 0.3 0.3 0.0 0.0 0.0 34.6
1963-'64 C.7 1.7 6.5 2.5 8.2 4.3 3.1 3.0 1.5 0.3 0.5 0.7 33.0
1964-'65 1.6 0.9 3.1 5.4 6.1 6.0 7.8 0.9 0.8 0.3 0.0 0.0 33.0
1965-'66 0.9 2.7 4.8 5.3 3.8 6.2 1.4 1.1 2.4 0.0 0.1 0.0 28.7
1966-'67 1.8 2.7 3.4 8.3 4.7 6.1 4.3 0.6 0.0 0.0 o.l~ , o. a 32.6
1967-'68 1).6 2.8 8.0 6.8 9.5 4.7 4.1 5.5 1.2 3.6 1.2 0.8 51.5
1968-'69 1.2 4.9 3.4 2.8 6.8 5.6 1.7 0.0 0.3 0.9 0.0 0.0 27.6
1969-'70 2.5 2.4 6.0 7.2 6.1 9.7 3.6 3.9 0.4 0.8 0.0 1.0 43.7
1970-'71 1.9 2.9 5.3 11.9 5.5 5.8 4.3 4.7 3.3 0.1 0.5 0.3 40.7
1971-'72 3.2 3.0 5.4 10.9 5.9 5.8 3.e 3.0 0.9 0.0 0.3 0.0 43.6
1972-~73 0.5 3.9 6.0 7.9 7.4 8.3 3.8 8.6 1.3 2.4 1.1 1.3 56.1

1973 1.5 4.3 6.9 - - - - - - - - - -
Mean 1.3 3.1 5.1 7.2 6.3 6.4 4.2 2.8 1.3 1.0 0.5 0.5 39.7



TABLE D-~

MONTHLY YIELD

SERANC RIVER AT KEDUNGOMBO

(Units 106 m3)
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Year Oct Nov Dec Jan Feb Mar Apr May JUll Jul Aug Sep Annual

1952-'53 17.1 i.':::.9 117.4 93.3 77 .3 72.1 92.0 55.6 9.4 17.5 1.8 1.3 670.7
1953-'54 0.7 15.7 54.3 108.8 135.3 77 .8 116.3 82.5 16.4 21.4 7.2 11.2 647.6
1954-'55 27.6 139.1 91.3 182.4 107.5 84.7 114.8 25.8 14.0 35.6 12.9 III .0 849.7
1955-'56 26.1 82.6 74.2 150.0 172.8 92.7 25.8 31.8 31.1 11.0 14.7 10.3 723.1
1950·'57 21.5 38.5 135.1 111.1 67.0 173.5 99.7 25.9 8.5 23.2 4.6 3.1 711.7
1957-'58 2.8 9.2 81.9 93.9 205.9 182.0 121.6 115.9 23.6 58.5 65.1 10.9 971.3
1958-'59 58.7 66.1 171.1 187.9 1IJ~.0 139.7 105.3 ).02.2 28.5 40.3 ll..2 2.6 ilJ)49.6
1959-'60 6.6 49.0 161.8 71.8 145.6 78.4 "17 •8 87.6 18.4 14.4 2.8 1.5 715.7
1960-'61 6.1 59.1 52.3 88.2 86.5 102.9 46.6 108.4 13.0 3.5 0.7 0.4 567.7
-,961-'62 0.5 44.9 52.8 121.5 106.4 75.6 122.2 34.1 16.7 13.8 10.7 1.1 600.3
~962-'63 6.2 58.9 105.4 151.6 109.3 146.3 39.4 11.0 3.0 1.8 0.6 0.2 663.7
1963-'64 1.'2 15.3 49.9 43.1 116.5 104.5 126.8 55.0 25.4 16.2 9.9 0.7 564.5
1964-'65 42.1 44.2 37.5 127.2 135.5 143.5 78.2 18.0 6.1 4.2 0.5 0.4 637.4
1965-'66 '+.4 29.4 53.0 109.3 148.0 214.6 63.9 28.7 48.8 13.4 10.7 2.9 727.0
1966-'67 37.5 u5.3 83.9 173.2 176.9 87.8 73.4 14.0 2.0 0.2 0.2 a.2 694.6
1967-'68 0.2 21. 9 95.9 120.2 179.4 126.6 105.lf 103.4 26.1 45.~ 31.1 7.9 i 863.6
1968-'69 25.2 91.8 108.9 102.2 130.5 94.6 73.8 1€.4 15.1 6.6 1.8 0.9 657.8
1969-'70 20.1 18.9 96.1 57.0 64.6 97.2 40.8 &5.5 18.8 13.6 9.2 29.8 ~/31.6

1970-'71 14.5 35.7 90.7 154.C 105.8 108.6 75.5 83.'3 ll.9.9 1.1 0.2 0.7 720.2
1971-'72 9.7 25.8 82.8 131.8 81.5 63. J 41.0 30.4 10.5 9.9 1.8 0.2 493.5
1972-'73 0.2 24.9 67.2 98.1 132.9 111.1 61.1 120.2 41.0 56.1 a.5 52.1 773.4

Mean 15.7 1~9. 2 68.7 117.9 125.2 113.4 83.4 57.9 20.3 19.4 9.5 7.2 707.8
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MONTHLY YIELD DOLOK RIVER AT B,a.RANG WEIR

(Units in 106 m3 )
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Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total
Annual

1952 - - - 13.8 10.4 9.0 3.4 2.6 0.0 0.0 1.9 0.0 -
1952-'53 1.7 3.2 4.3 3.2 3.1 7.3 3.2 2.9 0.0 O.C 0.0 0.7 29.6
1953-'54 0.0 3.4 3.4 7.0 6.9 5.4 2.4 5.6 0.6 0.4 0.4 0.2 35.7
1954-'55 3.4 9.0 3.4 5.9 10.0 5.9 8.0 5.6 0.7 3.1 1.0 0.0 56.0
1955-'56 1.9 5.8 4.3 16.5 6.0 4.5 2.3 1.1 2.0 0.2 1.0 0.0 44.7
1956-'57 1.2 0.2 6.9 6.1 6.0 7.J 5.4 0.9 0.8 1.7 0.7 0.0 37.2
1957-'58 0.7 1.9 8.7 3.1 17.8 I 7.1 9.2 3.8 0.8 4.1 3.3 0.3 60.8
1958-'59 1.1 2.0 4.3 8.3 4.9 3.9 6.1 4.1 0.5 2.7 0.0 0.0 37.9
1959-'60 C.5 1.1 5.6 a.o 1 .3 2.9 3.8 3.5 0.9 0.0 0.0 0.0 36.6
1960-'61 0.3 6.1 2.9 18.1 :J.1 9.0 3.2 8.2 0.0 0.0 0.0 0.0 50.9
1961-'62 0.0 2.0 3.2 12.2 9.1 17.3 11.2 1.7 0.5 0.6 1.5 0.0 59.3
1962-'63 1.6 1.2 3.4 12.7 5.9 2.7 3.3 0.0 0.0 0.0 0.0 0.5 32.3
1963-'64 0.0 1.2 6.4 3.9 4.2 3.7 7.6 6.0 0.3 0.2 0.3 0.0 44.6
1964-'65 4.6 4.3 5.4 24.2 8.6 6.1 4.5 1.5 1.9 0.0 O.C 0.0 63.l
1965-'66 0.0 2.3 4.2 5.9 12.0 7.7 2.6 2.4 1.9 0.0 . 0.0 0.0 39.0
1966-'67 2.9 2.3 4.3 11.1 8.8 5.8 6.6 0.4 .0.0 0.0 0.0 0.0 42.8
1967-'68 0.3 2.9 7.3 16.6 9.9 5.1 3.1 6.1 2.3 2.5 0.9 0.0 56.9
1968-'69 1.1 9.2 11.7 2.7 7.2 4.8 7.2 0.0 0.5 0.0 0.0 0.0 44.4
1969-'70 0.4 3.9 2.7 :5.1 4.9 11.7 6.0 11.p 0.7 0.7 0.0 0.0 47.0
1970-'71 0.7 3.8 7.8 9.8 11.2 8.1 7.5 4.8 2.7 0.2 0.0 0.0 56.6
1971-'72 2.2 4.4 2.1 13.8 4.4 9.9 3.7 3.4 0.0 0.0 0.0 0.0 43.9
1912-'73 0.0 1.8 5.1 9.1 5.2 6.8 7.6 7.1 2.2 1.7 0.0 2.2 49.9

1973 2.6 7.3 8.1 - - - - - - - - - -
Hean 1.2 3.6 5.1 9.9 7.7 7.0 5.4 3.8 0.9 0.8 0.5 0.2 46.1
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MONTHLY YIELD: PENGGARON RIVER P.T PUCANGGADING

(Units in rn3 x 106)

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total
Annual

1952 - - - 21.5 , 21.8 20.7 I 6.2 7.3 I 0.0 0.1 2.3 1.4 I -
1952-'53 I 1+.5 12.5 10.6 14.0 6.4- 13.9 10.1 7.4 0.6 1.5 0.0 0.0 I 81.5
1953- r 5lj. 0.0 5.7 11.3 12.9 12.4 13.4 8.9 9.3 ' 4.2 1.0 0.9 1.6 81.6
195.4-'55 2.7 13.2 7.5 13.9 19.7 11.7 10.4 8.3 I 3.4 3.6 2.8 l.0 98.2
1955-'56 6.3 13.5 5.1 25.3 15.5 10.3 6.6 2.8 ' 3.7 0.4 1.0 0.0 90.5
1956-'57 3.6 2.6 24.1 21.5 21.6 36.2 14.4 3.0 0.9 4.8 0.2 0.0 132.9
1957-'58 0.2 2.7 23.3 6.1 36.6 19.7 19.2 9.4 2.2 8.2 4.9 0.4 132.9
1958-'59 1.8 5.7 13.9 35.2 18.8 1.5.6 15.9 11.b 3.3 6.0 0.0 0.9 128.5
1959-'60 1.3 2.3 14.9 17.8 19.3 14.5 10.9 7.8 1.4 0.2 0.0 0.0 90.4
1960-'61 0.4 10.7 8.6 31.0 7.5 19.3 6.2 15.8 0.0 0.2 0.0 0.0 93.6
1961-'62 0.0 5.3 5.3 23.1 23.1 26.0 25.0 5.2 3.3 1.2 1.2 0.0 118.7
1962-'63 3.9 4.3 9.9 34.0 13.2 11.8 7.6 1.4 0.0 0.0 0.0 0.0 86.1
1963-'64 0.0 1.2 12.4 9.7 19.6 6.1 13.6 8.2 1.7 O.c. 0.0 3.2 75.7
1964-'65 9.3 25.0 9.6 31.9 10.8 20.9 14.1 1+.5 2.2 0.0 0.0 0.0 128.3
1965-'66 0.0 4.1 11.3 15.7 20.9 18.1 10.3 1+.4 1.2 0.0 0.0 0.0 R6.a
1966·'67 7.1 3.5 7.5 16.1 4.0 16.2 17.8 0.9 0.0 0.0 0.0 0.:> 73.1
1967-'68 0.1 3.8 19.4 25.0 27.9 17.2 7.9 14.1 8.2 6.4 2.3 1.9 131+.2
1968-'69 0.5 8.4 17.4 7.2 29.9 21.8 14.8 0.4 3,.., 0.8 0.0 0.0 104.5
1969-'70 1.9 2.8 7.1 9.8 11.3 18.6 16.2 16.9 2.1 3.3 0.0 0.0 90.0
1970-'71 1.2 6.8 13.4 27.7 22.9 15.7 16.9 8.1 6.9 0.3 0.0 0.0 119.9
1971-'72 1t.5 7.9 11.7 I 29.0 11.3 22.1 4.8 5.4 0.0 0.0 0.0 0.0 96.7
1972-'7~ 0.0 4.0 7.5 I 14.1 6.8 9.3 10.6 15.5 4.2 l.3 0.0 4.3 77.6

1973 4.1 11.6 1/\.0 - - - - - - - - - --
Mean 2.4 7.2 12.1 20.1 17.3 17.2 12.2 7.6 2.1t 1.8 0.7 0.7 101.7
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TABLE D-8

- - ......- ~ ~ .. _'tt'_

NET MONTHLY YIELD OF LUSI RIVER AT MID LUSI DIVERSION SITE

(Units 106 m3 )

f
,':;"w
~r-"o'

~;f{

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sap Annual

1952-'53 9.'+ 40.2 39.8 82.0 82.9 53.6 63.7 38.3 0.0 9.5 0.9 0.0 420.3
1953-'54 0.5 29.7 74.6 81.4 96.4 45.1 37.0 32.8 7.5 13.9 3.6 3.2 425.7
1954-'55 11.9 31.9 28.6 69.2 76.7 56.1 60.7 38.4- 20.3 3.1 7.5 3.1 401.5
1955-'56 9.5 54.3 52.9 64.2 44.4 38.5 35.4 31.2 23.1 9.6 20.6 2.3 386.0
1956- i 57 10;2 13.1 39.4 40.0 39.7 96.9 26.2 13.4 8.8 18.0 5.2 0.0 310.9
1957-'58 1.2 13.5 76.1 59.2 108.1 67.9 3L2 5.0 14.2 8.7 7.3 4.1 396.5
1958-'59 10.1 17.9 71.2 23.6 60.8 49.5 31.4 50.7 11.5 5.8 0.4 1.4 334.3
1959-'60 1.1 18.2 24.4 62.4- 53.1 53.4 38.0 34.2 9.9 2.1 1.1 2.2 300.1
1960-'61 2.8 38.1 53.9 53.0 76.0 41.6 42.3 13.0 6.6 0.8 0.0 0.6 328.7
:a.961-'62 1.1 13.0 57.8 52.6 83.2 35.1 74.0 5.2 8.5 4.6 2.0 0.3 337.4
1962-'63 19.6 19.0 37.8 67.2 95.4 42.7 20.3 5.8 2.0 0.0 0.0 1.3 311.1
1963-'64 2.0 6.a 64.7 22.2 30.8 42.1 38.4 29.8 5.2 12.3 3.6 15.7 273.6
1964-'65 2.8 11.6 43.5 64.7 4:1:.6 56.4 38.5 17.1 1.5 4.4 0.4 0.0 282.5
1965-'66 1.7 12.2 82.3 33.8 23.6 65.0 15.8 27.2 10.5 0.7 0.0 5.1 277.9
1966-'67 0.6 24.2 53.2 56.3 62.5 65.5 27.9 7.4 7.0 0.1 0.0 6.5 317.2
1967-'68 5.3 20.9' 76.1 56.7 27.6 37.9 3~.3 5.5 0.0 3.7 0.0 1.8 269.8
1968-'69 5.0 16.9 72.6 59.7 49.6 41. 7 35.1 61.1 34.2 23.2 8.7 1.6 409.4
1969-'70 4.9 18.7 25.7 50.0 41.6 78.3 46.6 18.1 9.5 4.1 0.6 3.3 301.4
1970-'71 / 7.5 14.9 43.0 72.1 40.5 35.2 15.1 71. 7 15.6 13.2 0.0 5.5 334.3
1971-'72 . . >,lOrO 30.2 51.7 60.8 37.9 62.5 24.2 45.9 2.7 0.0 2.0 0.2 328.1

~.'.~

1972-'73 ' .:~.a 18.7 43.0 49.9 35.3 42.6 46.3 47.4 19.9 15.6 6.2 4.3 338.0

Mean 6.3 22.1 53.0 56.3 57.5 52.7 37.3 28.5 10.4 7.3 3.3 3.0 337.7
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TABLE D-9

NET MONTHLY YIELD SEP~NG RIVER AT SOUTH GROBOGAN DIVERSION

- ........,
• iol ~

"':C'~~I!!'!!>._

IS ''''!'':~T .q
i,:_"

<Units 106 m3)

Year Oct Nov Dec Jan Feb Mar Apr May Jun Ju1 Aug Sap Annual

\ '-

1~2-'53 2.6 17.4- 17.6 14.0 lL6 10.8 13.8 8.3 1.4- 2.6 0.3 0.2 100.6
19S~,":154- 0.1 2.4 8.2 16.3 23.3 11.7 17.5 12.4- 2.5 3.2 1.0 1.7 100.3
1954;:':' 55 4.1 20.9 13.7 27.4 16.2 12.7 17.2 3.9 2.1 5.3 1.9 2.1 127.5
1955-'56 3.9 12.4 11.1 22.5 25.9 13.9 3.9 4.8 4.7 1.7 2.2 1.6 108.6
1956--' 57 3.2 5.8 20.3 16.7 10.1 26.0 15.0 3.9 L3 3.5 0.7 0.5 107.0
195'7-': T 58 0.4- 1.4 12.3 14-.1 30.9 27.3 18.2 17.4- 3.5 8.8 9.8 1.6 145.7
1958-'59 8.8 9.9 25.7 28.2 21.5 21.0 15.8 15.3 4.3 G.O 0.6 0.4 157.5
1959-'60 1.0 7.4 24.3 10.8 21.8 11.8 11. 7 13.1 2.8 2.2 0.4 0.2 107.5
1960-'61 0.9 9.9 7.9 13.2 13.0 15.4 7.0 16.3 2.0 0.5 0.1 0.1 B6.3
1961-'62 0.1 6.7 7.9 19.2 16.0 11.3 18.3 5.1 2.5 2.1 1.6 0.2 91.0
1962-'63 0.9 8.8 15.8 22.7 16.4 22.0 13.4- 1.7 0.5 0.3 0.1 0.0 102.6
1963-'64 0.2 2.3 7.5 6.5 17.5 15.7 19.0 8.3 3.8 2.4- 1.5 0.1 84.8
1964-'65 6.3 6.6 5.6 19.1 20.3 21. 5 11. 7 2.7 0.9 0.6 0.1 0.1 95.5
1965-'66 0.7 4.4- 6.0 16.4- 22.2 32.2 9.6 4.3 7.3 2.0 1.6 0.4 107.1
1966-'67 5.6 6.8 12.6 26.0 26.5 13.2 11.0 2.1 0.3 0.0 0.0 0.0 104.1
1967-'68 0.0 3.3 14.4 18.0 26.9 19.0 15.8 15.5 3.9 6.9 4.7 1.2 129.6
1968-'69 3.9 13.8 16.3 15.3 19.6 14.2 11.1 2.5 2.3 1.0 0.3 0.1 100.4
1969-'70 3.0 2.8 14-.4- 8.6 9.7 14.6 6.1 9.8 2.8 2.0 1.4 4.5 79.7
1970-'71 2.2 5.4- 13.6 23.1 15.9 16.3 11.3 12.6 7.5 0.2 0.0 0.0 108.1

l-,-
1.5 3.9 12.4 19.8 12.2 10.2 6.2 4.6 1.6 1.5 0.3 0.0 74.2191'}..~'72

1972-'73 O.C 3.7 10.1 14.7 19.9 16.7 9.2 18.0 6.2 8.4 1.3 7.6 115.8

Mean 2.4 7.4 13.2 17.8 18.9 17.0 1.2.5 8.7 3.1 2.9 1.4 1.1 106.4

?
w
I-'
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TABLE D-I0

AVLP..A:~;Z mNTHLY fLOW OF THE SERANG AT 3EDADI

- - .......
•.oJ ~ .. 'mr~. I;

t:f
1

~

-:- ~>-

',-

r...;'
;..

(Units 106 m3)

Yec:tr Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 5ep Annual

1952-'53 4.4 30.0 30.4 24.1 19.9 18.7 23.8 14.4 67.5 4.5 u.5 0.3 L.:ld.5
1953-'54 0.2 4.0 14.0 28.1 71.9 20.1 30.0 21.2 4.2 5.5 1.9 2.9 204.0
1954-'55 .7; 2 36.0 23.6 47.1 '27.7 21.8 0.0 6.6 3.6 9.4 1.3 3.6 187.9
1955-'56 6.8 21.4 19.2 37.7 44.7 24.0 6.6 9.2 8.0 2.9 3.8 2.6 185.9
1956-'57 5.6 9.3 34.8 28.7 17.2 43.6 25.7 6.8 2.2 6.0 1.2 0.8 182.5
1957-'58 0.7 2.4 21.2 24.2 53.2 47.1 31.5 30.1 6.1 15.1 16.9 2.8 7.51.3
1958-'59 15.2 17.0 44.3 48.5 36.9 36.0 27.2 26.4 7.4 10.5 1.2 0.7 271.3
1959-'60 1.8 12.6 41. 7 18.5 37.9 20.2 20.1 22.7 4.7 3.6 0.7 0.4 184.9
1960-'61 1.6 14.2 13.4 22.8 22.3 26.6 12.0 27.5 3.4 0.9 0.2 0.0 144.9
1951-'62 0.2 11.6 13.6 30.4 27.4 19.6 3L6 8.8 4.

'
.j. 3.6 2.7 0.3 154.2

1962-'63 1.7 15.1 0.0 0.0 87.9 0.0 103.2 2.9 0.7 0.5 0.3 0.1 212.4
1963-'64 0 ... 3 3.9 12.8 11.0 107.8 27.0 32.8 14.2 6.6 4.2 2.6 11.4 234.6
1964- 1 65 11.0 11.4 9.7 0.0 35.0 37.2 20.3 4.7 1.6 1.2 0.2 0.8 133.1
1965-'56 1.1 36.7 15.6 28.2 3:3.2 55.4 23.7 7.5 12.6 3.5 2.7 0.7 ~20.9

1966-'67 9.7 12.7 21.7 44.7 45.7 22.6 19.0 3.6 0.5 0.1 0.1 0.1 180.5'
'1967- 1 68 0.1 5.6 24.7 31.1 46.4 32.7 27.3 26.8 6.8 11.3 fLO 2.1 .222·.9
1968-'69 6.4 23.7 28.2 26.4 33.7 24.4 19.0 4.2 3.6 1.8 0.5 0.3 172.4
1969-'70 6.2 5.0 24.8 14.8 16.7 25.1 10.6 17.0 4.6 3.6 2.4 7.7 13B.7
1970-'71 3.8 9.2 23.5 38.3 27.4 28.8 19.6 19.7 12.8 0.3 0.1 0.1' 183.6
1971-'72 3.5 6.6 21.4 0.0 21.1 17.6 10.6 7.8 2.7 2.6 0.5 0.1 94.5
1972~'73 0.1 6.14- 17.3 25.4 34.3 20.7 15.7 31.1 10.6 14.6 2.1 13.7 192.0

Mean 4.2 14.1 21. 7 25.2 '+0.4 27.1 24.3 14.9 0.3 5.0 2.4 2.5 190.1
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TABLE D-11

NET MONTHLY YIELDS OF THE SERANG AT SEDADI

- - --.- E-JU CIII
,-;-: H";?';~:n!ir.I::VI't~- _:'~

i~

f
w
co

(Units 106 m3)

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual

1952-'53 45.1 144.4 121.1 118.7 130.3 87.4 238.3 35.? 68.8 33.4 0.9 2.3 1.025.9
1953-'54 12.8 92.0 147.6 167.5 124.9 132.7 129.7 73.4 47.7 27.3 40.3 285.3 1.281. 2
1954-'55 38.9- 123.4 95.2 224.8 256.8 114.6 85.7 74.4 57.7 112.4 17.5 7.9 1.209.3
1955-'56 53.2 109.1 154.7 172.0 155.2 110.2 31.4 29.6 111.6 10.6 25.0 18.6 981.2
1956-'57 36.2 51.6 114.2 70.0 123.7 59.1 136.5 31.0 100.5 93.3 ::r.6 1.3 827.0
1957-'58 25.9 71.6 167.5 124.9 273.4 273.6 145.5 65.3 53.5 93.7 49.9 21.0 1.365.8
1958-'59 69.2 96.7 231. 7 186.2 23~.2 162.9 87.5 147.0 74.4 48.9 13.2 19.4 1.372.3
1959-'60 28.9 74.2 251.0 156.7 205.5 117.6 120.7 52.4 70.6 8.9 8.4 11.1 1.066.0
1960-'61 18.7 129.7 117.0 205.3 178.2 143.6 121. 7 134.9 12.5 7.6 0.2 2.0 1.071.4
1$)61-'62 20.1 72.9 101.7 252.5 238.5 129.6 173.3 19.1 58.7 39.9 30.9 15.4 1.152.6
1962-'63 60.2 100.4 94.0 204.3 112.1 180.8 15.3 30.3 21,1 1.2 0.3 1.1 821.1
1963-'64 41.1 64.7 122.1 123.5 93.5 183.3 45.6 17.8 61.2 19.3 31.2 56.6 859.9
1964-'65 104.6 56.7 98.3 159.4 173.7 167.5 33.2 23.4 33.4 3.3 0.2 0.0 853.7
1965-'66 23.2 94.1 72.9 175.1 176.2 243.7 49.8 41. 7 69.6 3.4 12.7 5.0 967.4
1966-'67 51.1 73.7 57.2 253.4 132.1 168.4 140.2 10.7 6.4 0.0 7.7 1.3 902.2
1967-'68 13.5 69.0 175.7 194.5 244.~ 153.9 145.9 132.9 69.9 134.2 65.4 25.9 1.425.0
1968-'69 50.4 162.0 0.0 172.8 234.6 199.8 81.0 19.3 26.9 0.0 6.5 32.8 986.1
1969-'70 49.1 86.8 149.7 199.9 158.5 238.2 118.0 123.9 40.6 15.0 4.3 41.1 1,225.1
1970-'71 41.6 115.0 106.8 211.2 208.6 147.6 106.5 137.3 26.0 0.0 7.2 11.5 1,119.3
1971-'72 81.2 79.3 155.7 260.1 136.5 157.4 77.7 61.9 13.8 2.1 11.9 0.0 1.037.6
1972-'73 9.5 97.4 142.6 151.6 209.8 299.9 116.8 214.0 81+.9 56.9 31.0 51.6 1.466.0

" .
. -
'.> .. Mean 43.8 93.6 127.5 180.9 181.1 165.3 104.8 70.3 50.6 33.9 17.8 26.4 1.096.0



TABLE D-12

LUSI LEFT DANK SERVICE AREA IRRIGATION DEMANDS - MeM

RECOMMENDED CROPPING PATTEPN WITH NOVEMBER START - 4,000 HA

"',.,,-=-.- ~J - ->t~
. '. \:~

Year Oct Nov Dec Jan Feb Mar Apr May Jun ·lul Aug ~ Annual

1 0.0 9.42 3.15 1.78 0.39 11.45 2.41 6.02 3.29 12.11+ 12.43 12.70 75.19
2 1.90 12.15 1.26 0.0 0.0 10.08 4.39 6.42 6.91 12.18 7.71 9.97 72.98
3 0.0 11.48 4.53 0.0 0.0 10.28 2.93 5.28 6.00 8.57 9.86 11.43 70.36
4 0.0 10.55 0.34 0.83 1. 55 11.17 8.22 8.14 2.32 13.81 7.79 9.€0 74.31
5 0.0 15.27 3.55 5.95 2.10 5.31 I~ .49 9.09 4.44 7.38 10.90 13.11 82.58
6 0.18 14.39 0.0 2.52 0.0 4.34 4.12 8.62 6.53 8.43 7.60 9.32 66.05
7 0.0 13.35 0.0 2.07 0.0 8.58 6.42 1.94 5.61 11.30 11.04 9.81 70.12
8 0.0 11+.60 0.0 0.23 O.G 10.52 4.42 7.39 8.32 14.69 11.39 10.66 82.22t:f
9 1.24 9.72 1.70 0.0 0.0 9.92 5.35 4.42 8.84 14. Sli 12.87 12.77 61.69I

Cl)
10 0.58 14.87 2.63 0.0 0.0 10.49 1.28 10.51 6.91 11.62 8.75 10.35 77.99~

11 0.0 12.89 2.56 0.70 0.0 10.25 6.50 9.39 8.42 15.61 12.87 12.70 92.00
12 0.02 15.54 0.43 3.65 0.85 10.15 4.56 5.14 6.41 14.01 8.95 5.59 75.29
13 0.0 14.32 3.25 0.0 0.72 8.64 8.26 9.22 7.75 14.80 12.66 13.28 92.89
14 0.62 13.72 1.08 1.46 1.52 6.03 8.75 7.70 6.08 15.44 11.34 11,36 85.13
15 0.0 14.36 2.79 0.0 3.13 9.03 4.05 10.87 9.50 15.73 11.60 12.58 93.64
16 0.1+6 14.74 0.0 0.0 0.0 9.68 3.82 2.25 5.30 5.00 5.74 8.78 55.7&
17 0.0 9.63 1.23 0.95 0.0 6.67 6.46 10.12 8.13 14.36 11.82 7.40 76.77
18 0.0 13.25 1.99 0.0 0.75 4.93 3.92 4.39 7.26 13.91 12.30 7.43 70.12
19 0.0 11.80 3.35 0.0 0.0 9.85 5.92 1.62 7.98 1II.69 11.71 10.14 77 .05
20 0.0 13.12 0.1+6 0.0 1.76 8.10 6.61 5.70 8. '35 15.73 10.80 13.28 84.52
21 2.66 12.50 1.26 1.71 0.0 5.88 ,+.02 0.0 5.11 10.54 6.71 6.3~ 58.73

Tot 7.66 272.66 35.68 21.84 12.77 181.35 106.85 134.23 140.07 264.81 218.84 218.64 1,615.39

Avg 0.36 12.98 1.70 1.04 0.61 8.64 5.09 6.39 6.67 12.61 10.42 10. ln 76.92
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TABLE D-13:-1
,

lJ LUSI RIGHT BANK SERVICE AREA IRRIGATION DEMANDS - MeM
:'; RECOMMENDED CROPPING PATTERN WITH NOVEMBER START - 5,000 HA
Li
""!:;

;

Year Jct Nov Dec Jan Feb Mar Apr May Jun Jul Aug ~ Annual

1 0.0 11.78 3.94 2.22 0.48 14.31 3.u2 7.53 ~.11 15.18 15.54 15.8B 93.98
2 2.38 15.18 1.58 0.0 0.0 12.60 5.48 8.03 8.64 15.23 9.64 12.47 91.23
3 0.0 14.35 5.60 0.0 0.0 12.85 3.66 6.60 7.50 10.71 12.33 14.29 87.96
4 0.0 13.18 0.42 1.03 1.94 13.9€ 10.27 10.17 2.90 17.27 9.75 12.01 92.89
5 0.0 20.33 4.44 7.43 2.63 6.f5~ 5.61 11.35 5.34 9.23 13.62 16.39 103.22
6 0.22 17.99 0.0 3.15 0.0 ::;.42 5.15 10.76 8.17 10.54 9.50 11.66 92.57
7 0.0 16.69 0.0 2.58 0.0 :0.72 8.03 2.42 7.01 14.13 13.bO 12.26 87.65

u 8 0.0 18.25 0.0 0.29 0.0 13.15 5.53 9.24 10.41 18.36 IIJ.24 13.3'2 102.78
I

(oJ 9 1.55 12.15 2.13 0.0 0.0 12.39 6.69 5.53 H.OS 18.57 16.08 l.'5. C")6 102.11
(1\

10 0.72 18.59 3.29 0.0 0.0 13.11 L60 13.13 8.64 14.5~ 10.94 12.94 97 .L~8

11 0.0 16.11 3.33 0.88 O.J 1.2.81 8.12 11.74- 10.53 19.52 16.08 15.89 115.00
12 0.03 19.43 0.54 4.57 1.J5 12.69 5.69 6.43 8.01 17.51 11.91 6.9B 94.11
13 0.0 17.90 4.06 0.0 0.90 IG.SO 10.32 11.52 9.69 18.50 15.82 16.60 116.12
14 0.77 17.14 L35 1.82 1.90 7.54 10.94 9.63 7.60 19.31 14.18 14.23 106.41
15 0.0 17.95 3.49 0.0 3.91 .Ll.29 5.06 13.59 11.87 19.67 14.50 15.73 117.05
16 0.57 13.42 0.0 0.0 0.0 12.10 4.77 2.82 £.62 6.25 7.17 10.97 69.70
17 0.0 12.0lt 1.54 1.19 0.0 8.34 8.07 12.65 10.16 17 .95 14.77 9.25 95.96
18 0.0 16.56 2.49 0.0 0.94 6.16 4.89 5.48 9.07 17,39 15.37 9.29 87.64
19 0.0 li+.75 4.19 0.0 0.0 12.31 7.40 2.03 9.98 18.36 14. 61~ 12.6'3 96.32
20 0.0 16.40 0,57 0.0 2.20 10.13 8.26 7.13 11.19 19.67 13.50 16.60 105.65
21 3.32 15.63 1.58 2.1~ 0.0 7.35 5.02 0.0 6.39 13.18 10.89 7.92 73.41

Tot 9.57 340.82 44.60 27.30 15.96 226.68 133.57 167.79 175.09 331.02 213.55 273.30 2,019.23

Avg 0.46 16.23 2.12 '1. 30 0.76 10.79 6.36 7.99 8.34 15.76 13.03 13.01 96.15
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TABLE D-14

-- - - - ~ ";)t1B'~illr!~._! "" .." . "" ;·i·,

SOUTH GROBOGAN SERVICE AREA IRRISATION DEMANDS - MCM

RECOMMENDED CROPPING PATTERN WITH NOVEMBER START - 7,300 HA

Year OCt Nov Dec Jan Feb Mar !:E ~- Jun Jul Aug ~ Annual

1 0.0 17.47 1+.21 1.45 0.53 15.54 2.56 5.88 14.83 17.30 23.46 22.96 126.22
~ 4.06 22.70 1.97 0.0 0.0 15.36 4.93 5.94 9.88 21.35 14.90 13.04 114.13
3 0.0 11.33 2.54 0.0 0.0 19.94 6.66 9.45 12.00 19.17 17.69 14.98 113.75
4 0.0 16.64 0.0 0.0 (J.S9 20.26 12.46 13.85 6.38 25.47 13.94 17.68 127.57
5 0.0 25.34 0.0 8.87 0.0 5.12 9.76 17.67 13.08 15.95 21.27 23.79 140.82
6 0.0 22.99 0.0 0.0 0.0 8.24 4.23 13.99 11.32 15.38 13.19 16.09 105.43
7 0.0 28.04 0.0 0.71 0.0 19.26 7.94 1.99 11. 85 21.06 19.55 17.02 127.41

t:1 8 0.0 24.30 0.0 1.62 0.0 10.90 8.07 11.72 14.66 24.86 20.61 18.51 135.24I
w 9 0.0 17.36 0.95 0.0 1.31 27.93 7.21 5.64 16.34 27.11 23.26 23.30 150.41<It

10 0.0 27.65 8.57 0.0 0.0 19.51 3.13 18.47 11.25 22.69 14.00 21.49 146.76
11 0.0 24.30 4.04- 1.74 1.01 19.20 5.29 17.87 16.55 28.71 23.49 21.31 163.49
12 0.0 24.67 0.0 7.98 1.9a 16.66 10.08 10.34- 11.92 24.03 15.68 9.21 132.55
13 0.0 24.85 4.51 0.0 1.79 11.50 16.50 17.14 15.19 26.21 22.95 23.79 164.44
14 1.13 19.53 4.68 0.0 0.0 4.66 13.29 15.44 8.70 28.71 21.27 22.05 139.46
15 0.0 23.23 0.0 0.0 0.0 16.60 7.21 19.55 16.55 28.49 23.26 23.79 158.67
16 0.18 22.11 0.0 0.0 0.0 18.10 9.76 8.B8 9.39 12.57 10.59 16.02 107.60
17 0.0 17.96 2.25 0.0 0.0 11.28 10.02 19.93 13.08 27.11 20.89 22.75 14.5.29
18 0.0 22.52 2.65 0.65 0.0 16.95 9.83 4.29 13.24- 24.52 21.06 13.77 129.50
19 0.0 21.01 0.0 0.0 0.0 20.26 12.57 0.0 8.77 27.22 21.78 16.09 127.79
20 0.0 23.82 2.54 0.0 0.0 18.52 11.19 16.04 16.98 28.71 21.08 23.79 162.67
21 5.03 20.15 4.57 o.e 0.0 14.50 6.96 0.0 8.03 16.98 17.08 10.01 103.30

Tot 10.40 457.97 43.48 23.02 7.49 330.29 179.75 234.01 260.00 4.83.63 401.02 391.42 2 1 822.50

Avg 0.50 21.81 2.07 l.10 0.36 15.73 8.56 11.14 12.38 23.03 19.10 lA.64 134- ....0
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~ABLE D-15

DOLCK SERVICE ARLA IRRIGATION DEM&~DS - MeM

FLCOMl-1£liDED CRCPPIPG PATTEP.N WITH NOVEMBER START-

Year Oct Nov Dec Jan Feb !',ar Apr May Jun Jul Aug ~ Annual- -

1 0.0 6.19 0.85 1. 70 1.84 2.81 2.66 3.53 3.49 6.04 6.21 r .'t j 41.76
2 1.13 5.20 0.28 0.0 0.0 3.21 1.53 1.10 2.22 5.12 3.40 ":' '"11. 27.00~ ~ t ...

3 C.O 3.52 2.22 1.83 0.0 4.15 0.97 2.90 2.04 3.78 3.47 3.78 29.67
4 0.0 4.77 1.47 0.0 O.H 4.48 2.95 4.69 2.29 6.44 3.74 4.88 35.86
5 0.0 8.26 0.94 0.36 0.63 3.57 1.16 4.93 4.16 4.48 3.74 5.84 38.06'
6 0.03 5.83 0.0 3.21 0.0 2.07 0.13 2.27 3.78 4.43 1.12 4.64 27.51

C1 7 0.0 7.35 0.0 C.O 0.0 5.36 0.0 1.65 3.85 4.38 5.50 5.01 33.10, a 0.0 6.62 0.40 0.0 0.0 5.43 1.65 2.73 3.01 7.03 6.17 5.17 38.21Co)
..,) 9 0.0 4.07 2.37 0.0 0.25 3.24 1.89 0.0 4.60 7.24 6.27 6.53 36.47

10 0.88 6.78 1.80 0.0 0.0 2.16 0.0 3.89 3.31 4.92 3.14 6.11 32.98
II 0.0 6.65 1.83 0.0 0.0 5.B7 1.13 5.3B 4.82 7.67 6.27 6.53 46.15
12 1.37 8.33 0.0 1.42 0.86 4.29 0.20 1.44 4.01 6.66 5.15 2.64 36.39
13 v.O 5.37 1.20 0.0 0.0 3.64 1.32 3.74 2.27 6.62 6.27 6.53 . 36.96
liJ 1.97 7.17 1.47 0.65 0.0 3.55 2.06 2.68 ~.OO 7.67 5.96 4.47 39.65
15 0.0 6.32 0.66 0.0 0.0 4.54 1.04 5.30 4.82 7.61 5.66 6.29 42.23
16 0.0 6.44 0.22 0.0 0.0 4.90 2.51 0.68 1.90 3.49 3.36 4.72 28.22
17 0.0 5.29 0.0 3.01 0.0 3.83 1.55 5.1+0 2.77 6.33 5.79 5.76 39.74
18 C.O 6.93 1.65 0.27 1.35 2.93 1.48 0.53 3.02 4.92 5.39 3.87 32.33
19 0.0 6.90 0.0 C.O 0.0 3.52 0,0 1.01 2.25 6.29 6.06 4.94 30.97
20 0.0 5.23 0.25 0.0 0.68 2.59 1.41 2.56 4.63 7.67 5.22 6.53 36.77
21 1.80 5.91 0.60 0.0 0.84 3.54 0.79 0.0 2.33 5.40 4.75 2.00 28.02

Tot 7.19 129.13 18.24 12.44 6.59 79.67 26.53 56.40 67.54 124.20 102.65 106.48 737.06

Avg 0.34 6.15 0.87 0.59 0.31 3.79 1.26 2.69 3.22 5.91 4.89 5.07 35.10
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TABLE D-16

PENGGARON SERVICE AREA IRRIGATION DEMANDS - MCM

RECOMMENDED CROPPING PATTERN WITH NOVEMBER START

Year Oct Nov Dec Jan Feb Mar A"r May Jun JuJ. Aug ~ Annual
-~

1 0.0 15.19 1.92 0.0 2.96 10.93 6.58 8.06 9.31 15.87 14.47 14.43 100.72
2 2.11+ 15.06 2.85 0.0 0.0 10.19 5.36 2.86 5.28 11.56 8.09 6.17 ~9.56

3 0.0 6.67 4.56 4.80 0.0 7.95 3.19 7.64 5.53 9.83 6.92 8.40 65.50
1+ 0.0 12.11 0.93 0.0 0.0 12.10 6.70 8.02 5.83 14.22 8.01 9.40 77.33
5 0.0 15.13 4.07 0.0 0.0 9.80 4.07 9.24 9.95 9.79 9.49 11t.16 85.70
6 0.0 15.58 3.00 7.36 0.0 5.81 2.36 5.05 6.62 11.61 3.04 11.65 72.07
7 0.0 15.21 0.0 0.0 0.0 12.96 0.0 8.40 10.01 1.1. 82 12.'.2 11.65 &2.46
a 0.83 16.38 0.79 0.0 0.0 13.36 3.92 7.68 8.11 15.17 13.05 12.97 92.27
9 1.64 8.77 4.29 0.0 0.0 9.65 2.97 0.81 10.54 16.78 14.47 15.07 85.00

10 2.82 17.77 4.44 0.0 0.0 8.48 0.47 9.94 7 •~ ') 10.23 7.89 14.51 93.93
11 0.0 14-.57 4.98 0.0 0.0 11.31 1.44 12.29 10.92 17.70 14.47 15.07 102.76
12 3.45 19.40 1.18 J~.07 1.44 7.71 4.67 4.22 7.21 16.34 11.05 4.83 85.56
13 0.0 15.09 4.79 0.0 0.0 10.82 5.82 B.58 8.41 16.59 14.47 15.07 99.65
14 4.47 15.96 5.21 0.75 0.0 11.99 7.06 6.50 3.34 17.70 13.83 11.31 98.12
15 0.0 14.39 0.0 0.0 0.0 11.83 4.86 12.05 10.61 17.56 13.23 14.59 99.13
16 0.0 17.57 0.24 0.0 0.0 9.90 3.92 0.47 4.87 5.07 8.55 11.31 61.89
17 0.0 14.03 0.0 3.66 0.0 10.05 4.33 12.11 6.05 15.76 H,", 13.02 93.15
18 0.0 18.51 5.52 1.67 2.37 9.76 2.39 5.78 7.58 10.79 13.76 9.02 87.16
19 0.07 18.30 2.85 0.0 0.0 6.79 1.16 3.74 5.66 14.03 14.47 12.04 79.10
20 0.0 11+.32 0.0 0.0 1.41 3.77 4.41 7.27 10.40 17.70 11.14 14.94 85.35
21 4.31 13.214- 2.56 0.0 0.0 7.09 4.29 0.0 5.79 13.38 10.76 5.68 67.ll

19.73 314.22 54.18 195.15 a.17 202.24 79.94 140.69 159.43 289.50 237.77 245.31 1,773.51

0.94- 14.96 2.58 9.29 0.39 9.63 3.81 6.70 7.59 13.79 11.32 11.68 64.45
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TABLE D-18

LOw"ER SEDADI SEEVICE AREA IRRIGATION DEMANDS - MeM

RECOMMENDED CROPPING PATTERN WITH NOVEMBER START - 17,400 HA

fear Oct Nov Dec Jan Feb Mar Apr May Jun' /';ul Aug Sep Annual

1 2.52 44.67 0.0 0.0 0.0 26.76 4.07 34.36 38.70 62.03 55.06 56.10 321+.29
2 13.35 45.61 19.69 0.0 0.0 38.58 24.96 26.05 28.78 54.08 1+1.43 38.01 330.52
3- 0.0 11.02 0.0 0.0 0.0 28.35 24.50 32.67 27.70 51.23 39.99 50.78 266.24
4 0.0 46.95 0.0 0.0 0.0 28.88 38.60 37.88 28.42 57.86 38.93 46.35 323.99
5 0.0 65.76 0.0 0.0 0.0 30.62 33.51 51.20 36.43 44.08 48.25 58.29 369.13
6 14.05 71.08 12.86 0.0 0.0 16.72 26.20 41.81 30.62 53.54 35.5'> 49.Q4 352.33
7 0.0 07.45 0.0 0.0 0.0 20.66 12.32 39.15 26.46 51.40 53.49 50.36 321.30

~ 8 13.81 60.83 0.0 0.0 0.0 52.42 24.19 27.15 38.46 64.38 54.71 50.78 386.74I• 9 9.47 44.01 5.09 0.0 0.0 60.19 18.64 30.19 41.02 66.96 55.97 58.29 399.730
10 14.05 75.34 19.10 0.0 0.0 54.94 5.96 51.87 35.99 58.26 45.19 55.00 415.70
11 0.0 65.46 0.0 0.0 0.0 32.92 22.21 51.87 40.21 65.96 55.97 57.38 391.98
12 11.56 71.24 '+.55 10.68 0.0 45.47 15.16 32.50 35.36 65.41 51.66 25.18 368.76
13 0.0 58.07 1.33 0.0 0.0 34.69 42.20 38.24 35.15 67.92 55.45 58.29 391. 31f
14 15.B2 60.93 0.0 6.20 0.0 33.46 34.88 32.83 31.76 67.92 55.45 56.10 395.25
15 0.0 62.46 12.15 0.0 13.60 39.28 17.61 47.28 41.31 68.44 50.47 54.74 407.33
16 9.67 62.75 0.0 0.0 0.0 45.32 21.91 12.88 14.91 39.24 41.61 42.07 290.96
17 4.67 48.44 0.0 0.0 0.0 27.29 15.44 47.74 32.33 67.18 52.60 50.15 345.93
18 3.05 49.39 10.05 0.0 0.0 29.82 7.05 21.61 3l..56 55.00 53.49 49.73 310.75
19 8.67 61.57 0.0 0.0 0.0 8.28 26.99 26.20 31.56 67.53 55.97 52.56 339.32
20 0.0 43.74 5.23 0.0 0.0 0.0 36.27 38.24 40.74 '".;'; .44 55.06 57.03 31f4.76n 18.85 60.25 5.23 0.0 0.0 0.0 26.52 13.45 25.25 :;0.26 39.64 27.72 275.16

Tot 139.55 1,1.76.93 95.28 16.88 13.60 654.61 479.20 735.16 692.73 4255.00 !p36.CO ~O45.45 7,340.30

A\rg 6.65 56.04 4.54 0.80 G.E5 31.17 22.82 3S.01 32.99 59.76 49.33 49.7a 349.54



TABLE D-19

JU&~A VALLEY SERVICE AREA IRRIGATION DEMft~DS - MeM

RECOMMENDED CROPPING PATTERN WITH NOVEMBER START - 15,000 HA

Lu"3 L;;!.& ~:':~.

Year OCt Nov Dec Jan Feb Mar ApI' ~Iay Jun Ju1 Aug Sep Annual

1 0.0 1j.8.83 4.63 1.81 0.0 38.06 5.1j.9 25.05 32.36 45.53 46.12 44.72 292.59
2 9.60 .40.59 12.32 0.0 0.0 35.45 22.59 It>.98 27, 5'~ 49.37 25.71• 34.67 268.85
3 0.0 35.33 5.92 0.0 0.0 34.71 17.73 28.31 22.66 43.57 30.77 40.29 259.28
4 0.0 34.54 0.0 0.0 0.0 ~0.98 26.87 31.73 9.47 53.09 29.06 39.15 264.88
5 0.0 58.42 8.30 14.46 0.0 20.25 23.e1 33.12 29.41 30.71 37.63 46.36 304.49
6 8.69 56.04 0.0 6.78 0.0 21.83 18.50 35.05 26.88 41.81 28.08 411.91 298.56
7 0.0 58.42 0.0 0.0 0.0 11.06 7.62 17.08 21.92 40.37 46.12 40.62 243.21

e;,
8 8.34 52.69 1.61 0.0 0.0 34.59 11.09 20.59 32.16 53.28 45.41 39.96 ~92.73t

~
9 0.0 27.37 0.0 0.0 0.0 35.70 19.02 22.59 30.12 56.62 48.25 49.47 289.13...

10 7.47 61.97 2.53 0.0 0.0 34.23 0.0 37.94 26.07 44.31 31.93 45.91 292.36
11 0.0 5.29 6.39 0.0 0.0 39.58 18.63 35.38 36.14 58.55 48.25 47.87 296.07
12 3.87 49.94 12.32 12.94 0.0 35.20 13.93 24.08 27.21 47.57 42.:n 14.64 294.06
13 0.0 34.43 2.99 0.0 0.0 33.13 34.07 32.81 28.89 53.86 47.80 49.47 317.45
14 9.97 53.97 0.0 9.60 0.0 19.03 21.65 28.31 17.19 54.86 45.87 42.34 301.78
15 0.0 53.64 0.0 (J.O 0.0 27.56 9.41 34.72 36.42 59.0C 47.80 48.89 317.63
16 0.0 45.91 0.0 0.0 0.0 38.18 12.33 5.02 7.06 19.11 23.87 27.61 179.09
17 0.0 38.51 0.0 5.70 0.0 26.51 13.56 38.12 23.73 59.00 46.12 38.98 290.23
18 0.0 46.39 9.63 0.0 0.0 17.48 6.79 10.98 22.66 48.06 45.41 36.78 244.18
19 1.87 40.24 0.0 0.0 0.0 11.28 16.58 12.33 22.36 5?.72 48.25 2.68 ~08.30

20 0.0 41.41 0.57 0.0 0.0 5.25 23.54 30.Bl 37.05 59.00 47.80 50.25 ~95.68

21 15.47 57.09 3.57 0.0 0.0 17.37 14.31 1.10 22.66 46.78 36.50 23.90 238.74

65.27 941. 20 70.78 50.29 0.0 577.43 330.51 516.09 539.98 1,017.18 849.11 011.47 5,769.29

3.11 1j.4.82 3.3'/ 2.39 0.0 27.50 15.74 24.58 25.71 4&.114 40.43 38.611 274.73



TABLE 1)-20

LUSI LEFT BANK SERVICE AREA IPJUGATIOU nr:MAtWs - MCM

r~o PLUS ONE CROPPING PATTE~i WITH OCTOBER START - 4,000 HA

Year Oct Nov Dec Jan feb Mar Apr May Jun Jul Aug ~ Annual

1 15.98 0.49 3.49 0.0 7.12 5.98 2.81 2.82 0.0 8.74 li.77 6.57 65.77
2 20.50 3.21 1. SO 0.0 5.86 4.62 4.79 3.22 0.0 8.78 7.04 3.84 63.47
3 16.72 2.55 4.86 0.0 3.22 4.82 3.33 2.08 0.0 5.17 9.~0 5.30 57.23
4 15.19 1.61 0.67 0.0 8.29 5.70 8.62 4.91.+ 0.0 1~.41 7.1.:' 3.47 66.02
5 16.97 7.33 3.88 3.08 8.84 0.0 4.89 5.89 0.0 3.98 10.23 6.98 72.07
6 18.78 5.46 0.0 0.0 1.92 0.0 4.52 5.42 0.0 5.03 6.93 3.19 5L25
7 14.12 4.42 0.0 0.0 4.64 3.11 6.82 0.0 0.0 7.90 10.38 3.68 55.07

? 8 18.54 5.66 0.27 0.0 6.02 5.05 4.82 4.19 0.0 11.29 10.73 4.52 71.10
~ 9 19.84 0.79 2.04 0.0 5.93 4.45 5.75 1.22 0.0 11.46 12.20 6.63 70.31
N 10 19.18 5.94 2.96 0.0 3.82 5.02 1.68 7.31 0.0 8,22 8.08 4.22 66.43

11 14.78 3.96 3.00 0.0 5.55 4.78 6.90 6.19 0.0 12.21 12.20 6.57 76.14
12 18.62 6.61 0.76 0.79 7.58 4.68 4.96 1.94 0.0 10.61 8.28 0.0 64.83
13 13.44 5.39 3.58 0.0 7.45 ~.18 8.66 6.02 0.0 11.40 11.99 7.15 78.25
14 19.22 4.78 1.41 0.0 8.25 0.56 9.15 ll-.50 0.0 12.04 10.67 5.25 75.B5
15 . 16.33 5.42 3.13 0.0 9.86 3.56 4.45 7.67 0.43 12.33 10.93 6.45 80.56
16 19.06 5.BO 0.0 0.0 5.08 4.22 4.22 0.0 0.0 1.60 5.07 2.64 47.68
17 15.70 0.70 1.57 0.0 4.67 1.20 6.86 6.92 0.0 10.96 11.15 1.27 61.00
18 16.15 4.32 2.32 0.0 7.48 0.0 4.32 1.19 0.0 10.51 11.63 1.30 59.22
19 16.50 2.86 3.68 0.0 5.96 4.38 5.32 0.0 0.0 11.29 11.04 4.01 66.011
20 11.64 4.19 0.79 0.0 8.49 2.63 7.01 2.50 0.0 12.33 10.14 7.15 66.87
21 21.26 3.57 1.60 0.0 6.34 0.41 4.42 0.0 0.0 7.14 e.04 0.20 52.98

Tot 358.50 85.06 41.62 3.97 132.37 68.37 115.25 74.02 0.43 193.41 204.84 90.39 1,368.13

Avg 17.07 4.05 1.98 0.18 6.30 3.26 5.49 3.52 0.02 9.21 10.42 4.30 65.15

,;.. :
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TABLE D-21

LUSI RIGHT BANK SERVICE AREA IRRIGATION DEMANDS - HCM

TWO PLUS ONE CROPPING PATTEFN WITH OCTOBER START - 5 t OOO HA

Y-:ar Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep, Annual

1 19.57 0.61 4.36 0.0 8.90 7.48 3.52 3.53 0.0 10.93 14.71 8.21 82.21
2 25.63 I{.02 2.00 0.0 7.33 5.77 5.98 4.03 0.0 10.98 8.81 4.80 79.33
3 20.9o. 3.1l! 6.08 0.0 4.02 6.02 4.16 2.60 0.0 6.46 11.49 6.62 71.53
4- 18.98 2.02 1).84 0.0 10.36 7.13 10.77 6.17 0.0 13.02 8.90 4.34 82. !i2
5 21.21 9.17 4-.C"i 3.85 11.05 0.0 6.11 7.36 0.0 4.98 12.79 8.72 90.08
6 23.47 5.82 0.0 0.0 2.40 0.0 5.65 6.78 0.0 6.29 ,3.67 3.99 64.06
7 17.65 5.52 0.0 0.0 5.80 3. ag- 8.53 0.0 0.0 9.88 12.97 4.59 68.84

t1 8 23.18 7.08 0.34 0.0 7.53 6.32 6.03 5.24 0.0 14.11 13.41 5.65 88.88I
.J: 9 ~4.80 0.99 2.55 0.0 7.41 5.56 7.19 1.53 0.0 14.32 15.25 8.29 87.88w

10 23.97 7.43 3.71 0.0 4.77 6.27 2.10 9.13 0.0 10.27 10.11 5.27 83.04
11 18.48 4.95 3.75 0.0 6.93 5.9B 8.62 7.74- 0.0 15.27 15.25 8.21 35.17
12 23.28 8.26 0.95 0.98 9.48 5.85 6.19 2.43 0.0 13.26 10.35 0.0 81.04
13 16.80 6.74- 4.48 0.0 9.31 3.97 10.82 7.52 0.0 14.25 14.99 8.93 97.81
14 24.02 5.98 1.76 O.C 10.32 0.71 11.44 5.63 0.0 15.06 13.34 6.56 94.62
15 20.41 6.78 3.91 0.0 12.32 4.45 5.56 9.59 0.54- 15.42 13.67 8.06 100.71
16 23.82 7.25 0.0 0.0 6.35 5.27 5.27 0.0 0.0 2.0 6.34 3.30 59.60
17 19.62 0.87 1.96 0.0 5.84 1.50 8.57 8.65 0.0 13.70 13.94 1.58 76.25
18 20.19 5.40 2.90 0.0 9.35 0.0 5.39 1.48 0.0 13.14 14.54- 1.63 74.02
19 20.63 3.58 4.60 C.O 7.45 5.4-8 7.90 0.0 0.0 14.11 13.80 5.01 82.55
20 14.55 5.23 0.99 0.0 10.62 3.29 8.76 3.13 0.0 15.42 12.67 13.93 83.59
21 26.57 4.45- 2.00 0.0 7.93 0.52 '5.52 0.0 0.0 8.93 10.06 0.26 66.23

Tot 448.13 106.32 52.02 4.83 165.47 85.46 144.07 92.52 0.54 241.77 256.05 112.98 1 t 710.16

Avg 21.34 5.06 2.48 0.23 7.88 4.07 6.86 4.41 0.03 11.51 B.03 5.36 81.44



TABLE D-22

SOUTH GROBOGAN SERVICE AREA IRRIGATION DEMANDS - HCM

TWO PLUS ONE CROPPING PATTE~~ WITH OCTOBER START - 7,300 HA

- ~ .........'illlliiillll
-,.,~........ ~~ ~ ..

,­
t,

Year Oct Nov Dec Jan Feb Mar Apr ~1ay Jun Jul Aug Sep Annual

1 27.28 1.16 4.32 0.0 12.82 5.56 3.29 0.04 0.0 11.10 22.26 11.77 100.11
2 3B.no 6.39 2.57 0.0 2.75 5.39 5.66 0.10 0.0 15.14 13.69 1.85 91.55
3 26.43 0.0 3.14 0.0 4.30 9.97 7.39 3.61 0.0 12.96 16.47 3.78 8a.06
4- 29.79 0-~!;. 0.0 0.0 13.17 10.28 13.19 8.01 0.0 19.27 12.72 6.48 113.26
5 26.01 9.03 0.0 3.64 11.93 0.0 10.49 11.78 0.0 9.75 20.05 12.60 115.29
6 32.58 6.69 0.0 0.0 1.23 0.0 4.96 8.15 0.0 . 9.18 11.98 4.89 79.65
7 25.23 11.74- 0.0 0.0 10.64 9.28 8.67 0.0 0.0 14.85 18.33 5.82 104.57

0 8 33.63 9.00 0.44 0.0 9.95 0.92 8.80 5.88 0.0 18.66 19.39 7.31 112.99
} 9 32.93 1.05 1.56 0.0 13.60 17.96 7.94 0.0 0.0 20.91 22.05 12.11 130.09
-l:

10 33.49 11.35 9.18 0.0 2.33 9.53 3.86 12.63 0.0 16.48 12.79 10.29 121.93
11 25.47 8.00 ',.65 0.0 13.29 9.22 6.02 12.03 0.0 22.51 22.26 10.11 133.57
12 33.00 8.36 0.0 2.75 14.26 6.68 10.81 4.50 0.0 17.82 14.47 0.0 112.66
13 25.29 8.55 5.12 0.0 14.08 1.53 17.23 11.30 0.0 20.01 21.74 12.60 137.'-l4
14 35.08 3.23 5.29 0.0 11.34 0.0 14.02 9.60 0.0 22.51 20.05 10.86 131.97
15 26.13 6.92 0.0 0.0 10.64 6.62 7.94 13.71 0.0 22.29 22.05 12.60 128.89

'. 16 34.13 5.81 0.0 0.0 10.24 8.12 10.49 3.04 0.0 5.36 9.38 4.82 92.38r:",

Ii 27.78 1.66 2.86 0.0 6.14 l.31 10.75 14.09 0.0 20.91 19.67 11.55 116.72
18 28.97 6.22 3.26 0.0 11.69 6.98 10.56 0.0 0.0 18.32 19.86 2.57 108.42
19 21.87 4.71 0.0 0.0 6.86 10.28 13.40 0.0 0.0 21.02 20.56 4.89 103.59
20 28.90 7.52 3.14 0.0 12.04 8.55 11.92 10.20 0.43 22.51 19.86 12.60 131.68
21 38;98 3.85 5.18 O.C 5.87 4.52 7.69 0.0 0.0 10.77 15.86 0.0 92.72

Tot 630.95 120.57 51.22 6.39 199.19 132.69 195.08 128.65 0.43 353.33 375.48 159.52 2,353.52

Avg 30.05 5.74 2.44 0.30 9.49 6.32 9.29 6.13 0.02 16.83 19.10 7.60 112.07 ./"'.~

\ ,,A
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DGLOK SERVICE AF£A IRRIGATION DEM&~DS - MCM

TWO PLUS ONE CROPPING PATTERN WITH OCTOBER START

Year Oct Nov Dec Jan Feb Mar Apr May Jun Ju1 Aug ~ Annual

1 8.31 1.83 1.01 0.30 5.13 0.1'+ 2.85 1.97 0.0 4.38 5.89 3.44 35.26
2 10.20 0.85 0.45 0.0 2.35 0.54 1.83 0.0 0.0 3.46 3.07 0.72 23.48
3 6.85' 0.0 2.39 0.43 1.66 1.49 1.17 1.34 0.0 2.12 3.15 0.79 21.38
4 7.72 0.41 1.64 0.0 3.42 1.82 3.J 5 3.13 0.0 4.78 3.42 1.89 31.38

5 6.32 3.90 1.10 0.0 3.91 0.90 1.36 3.37 0.0 2.83 3.42 2.85 29.95
6 9.10 1.47 0.07 1.81 0.0 0.0 0.32 0.71 0.0 2.77 0.79 1.65 18.71
7 7.69 3.00 0.0 0.0 2.77 2.70 0.0 0.09 0.0 2.72 5.18 2.02 26.15

t' B 8.93 2.27 0.57 0.0 1.58 2.76 1.85 1.17 0.0 5.37 5.85 2.18 32.5:!
I

-1= 9 9.06 0.0 2.54 0.0 3.54 0.57 2.09 0.0 0.18 5.59 5.95 3.54 33.04
Ul

10 9.95 2.43 1.96 0.0 0.85 0.0 0.09 2.33 0.0 3.26 2.81 3.12 26.79

11 8.08 2.30 1.99 0.0 2.87 3.21 1.32 3.82 0.40 6.01 5. ~~5 3.54 39.49

12 10.44 3.98 0.0 0.02 4.14 1.63 0.40 0.0 0.0 5.01 4.83 0.0 3J.44

13 5.22 1.01 1.37 0.0 2.10 0.98 1.51 2.18 0.0 4.96 5.95 3.54 28.81

14 11.04 2.81 1.64 0.0 1.32 0.89 2.25 1.12 0.0 6.01 5.64 1.48 34.19

15 6.06 1.96 0.82 0.0 1.25 ) .88 1.23 3.74 0.40 5.95 5.33 3.30 31.92

16 8.25 2.09 0.39 0.0 0.92 2.23 2.70 0.0 0.0 1.83 3.04 1.73 23 •.1B
17 8.40 0.9u 0.0 1.61 1.26 1.16 1.75 3.84 0.0 4.67 5.46 2.77 31.88

18 8.80 2.58 1.81 0.0 4.63 0.26 1.67 0.0 0.0 3.26 5.05 0.80 28.95

19 8.96 2.54 0.02 0.0 0.0 0.86 0.0 0.0 0.0 4.63 5.74 1.95 24.70
20 a.Ol 0.88 0.42 O.~ 3.96 0.0 1.61 1.00 0.21 6.01 4.90 3.54 30.53

21 10.87 1.55 0.76 0.0 4.12 0.87 0.99 0.0 0.0 3.74 4.42 0.0 2'7.33

.
178.23 38.80 20.93 !LIa 51.78 24.89 30.13 29.80 1.18 89.39 95.83 44.96 610.08

8.49 1.35 1.00 0.20 2.47 1.1'J 1.43 1.42 0.06 4.26 4.56 2.14 29.05

"



0 _

1··
···"·.'·.····-·:·"­.~~?' ~

!

B'JIIII! -- ....- -

TABLE D-24

PENGGARON SERVICE AREA IRRIGATION DEMANDS - MCH

TWO PLUS ONE CROPPING PATTERN WITH OCTOBER START

- ~.... CJi f...::i ..

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug ~ Annual

1 17.20 6.14 2.29 0.0 10.53 4.78 7.03 4.46 0.0 12.05 13.72 7.53 85.74
2 23.06 5.01 3.23 0.0 5.54 4.04 5.81 0.0 0.0 7.74 7.34 0.0 61.77
3 16.97 0.0 4.93 1.58 1.15 1.80 3.64 4.04 0.0 6.01 6.17 1.50 47.79
4 17.16 2.06 1.31 0.0 5.99 5.95 7.15 4.42 0.0 10.40 7.26 2.50 64.20
5 16.78 5.08 4.44 0.0 7.53 3.65 4.52 5.64 0.0 5.97 8.74 7.26 69.61
6 20.43 5.53 3.37 4.14 0.0 0.0 2.81 1.45 0.0 7.78 2.29 4.75 52.54

t:f
7 18.57 5.16 0.0 0.0 7.32 5.81 0.0 4.80 0.0 7.99 11.67 4.75 67.06, a 21.76 6.33 1.17 0.0 6.06 7.21 4.37 4.08 0.0 11.34 12.30 6.07 80.70

~

9 22.57 0.0 4.67 0.0 6.03 3.50 3.42 0.0 0.34 ).2.96 13.72 8.17 75.37en
10 23.75 7.72 4.82 0.0 1.28 2.33 0.92 6.34 0.0 6.40 7.14 7.61 68.29
11 19.63 4.52 5.35 0.0 2.02 5.16 1.89 8.69 0.72 13.87 13.72 8.17 83.96
12 24.38 9.35 1.55 0.85 9.02 1.56 5.12 0.62 0.0 12.51 10.30 0.0 75.25
13 12.34 5.04 5.16 0.0 5.64 4.67 6.27 4.98 0.0 12.76 13.72 8.17 78.77
14 25.39 5.91 5.58 0.0 2.09 5.84 7.51 2.90 0.0 13.87 13.08 4.41 86.59
15 13.90 4.34 0.0 0.0 2.12 5.68 5.31 8.45 0.41 13.74 12.!t8 7.69 7!t.13
16 18.21 7.52 0.62 0.0 3.02 3.75 4.37 0.0 0.0 1.2!t 7.80 4.41 '50.94
17 19.54 3.98 0.0 O.!t3 7~13 3.90 4.78 8.51 0.0 11.93 13.40 6.12 79.73
18 20.69 8.46 5.89 0.0 9.94 3.61 2.84 2.18 0.0 6.96 13.01 2.12 . 75.71
19 20.99 8.25 3.23 0.0 0.0 0.64 1.61 0.14 0.0 10.21 13.72 5.14 63.92
20 18.53 4.27 0.0 0.0 8.98 0.0 4.86 3.67 0.20 13.87 10.39 0.04 72.80
21 25.23 3.19 2.94 0.0 6.74 0.94 4.74 0.0 0.0 9.56 10.01 0.0 63.35

Tot 417.27 107.84 60.55 6.99 108.14 75.82 88.94 75.36 1.67 298.57 222.02 104.43 1.478.2C

Avg 19.87 5.14 2.88 0.33 5.15 3.61 4.24 3.59 0.08 14.22 10.57 4.97 70.39
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TABLE D-25

UPPER SI:DAtl SERVICE AP.EA IRRIGATION DEMANDS - HCM

r,.;o PLUS ONE CROPPING PATTERN 'NnB OCTOBER START - 1'3,800 HA

- ... .--.,
~ ~....... "~ w;.•.;..!i mill

Year Oct Nov Dec Jan Feb Mar Apr Mav Jun Ju1 Aug ~ Annual---- -- -
1 84.35 12.1It 4.84 0.0 25.29 17.00 13.93 12.39 0.0 48.57 51.12 27.19 296.80
2 89.87 14.33 13.08 0.0 12.83 28.75 17.28 0.0 0.0 1H.25 29.79 9,16 262,3~

3 57.79 0.0 5.91 0.0 0.0 23.34 12.82 4.70 0.0 37.59 27.58 12.99 182.73
4 88.93 0.48 0.0 0.0 25.13 24.51 37.26 23.07 0.0 53.5.0 29.S? 27.43 310.28
5 66.52 17.66 7.45 5.07 26.84 0.0 25.04 32.41 0.0 31.88 51.61 33.15 297.61
6 87.26 1.9.75 2.56 0.0 0.0 0.0 29.16 19.07 0.0 39.31 26.99 18.19 242.29
7 80.99 37.21 0.0 0.0 29.49 17.80 7.84 16.13 0.0 33.69 51.05 24.16 299.15

t:1
8 97.81 18.78 6.83 0.0 12.98 23.51 32.87 13.62 0.0 54.52 50.89 22.17 333.98I

~ 9 81.34 4.95 8.22 0.0 21.62 33.12 12.51 0.0 0.0 57.01 60.39 35.38 314.52~

10 102.16 37.02 31.55 0.0 0.0 22.35 0.0 35.68 0.0 51.78 31.5& 24.84 336.96
11 71.85 16.22 0.0 0.0 0.0 24.01 20.37 31.07 0.0 60.46 59.80 3~.94 318.72
12 97.60 41.32 6.06 1.07 38.36 17.96 30.56 5.04 0.0 50.38 44.68 0.0 333.01
13 54.46 4.05 4.53 0.0 13.27 20.71 50.45 25.43 0.0 61.05 59.80 35.97 329.73
14 105.22 18.62 0.0 7.ll 16.81 10.70 32.33 14.69 0.0 61.05 58.96 25.76 351.26
15 54.76 11.06 0.0 0.0 13.13 9.93 19.07 36.92 0.0 61.05 59.36 35.3A 300.64
16 94.73 9.98 3.77 0.0 26.52 15.88 15.68 0.0 0.0 25.07 35.24 9.71 236.58
17 65.56 0.0 0.0 0.0 9.05 9.16 23.69 40.78 0.0 58.23 59.80 14.82 281.09
18 88.93 16.22 6.98 0.0 23.45 12.10 14.56 3.21 0.0 117.69 54.39 8.43 275.96
19 90.82 3.60 0.0 0.0 7.90 7.94 35.04 4.54 0.0 54.52 59.80 17.79 2e~.• 95
20 66.68 7.98 7.45 0.0 34.27 0.0 39.15 29.35 3.19 61.05 53.86 27.43 33(;.42
21 106.48 10.75 9.00 0.0 21. 01 0.0 17.28 0.0 0.0 38.35 39.82 0.0 242.'69

Tot 1,734.10 302.13 118.22 13.25 357.96 318.77 486.89 348.09 3.19 1,034.(,0 997.35 444.76 6,158.70

Avg 82.58 14.39 5.63 0.63 17.05 15.18 23.19 16.58 0.15 49.24- 50.79 21.18 293.27
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TABLE D-26

LO~~~ SEDADI SERVICE AFEA IRRIGATION DEMANDS - MCM

TWO PLUS ONE CROPPING PATTERN WITH OCTOBER START - 17,1+00 HA

Year Oct Nov Dec Jan Feb l1ar Apr Hay Jun Jul Au~ Sep Annual

1 83.43 5.81 0.0 0.0 13.21 2.98 5.81 20.1+4 0.0 47.24 52.16 29.42 260~51

2 94.26 6.75 21.14 0.0 0.0 14.BO 26.70 12.13 0.0 39.29 38.53 11.33 264.92
:I 72.40 0.0 0.0 0.0 0.0 4.57 26.24 18.7.5 0.0 36.44 37.09 24.10 219.59
'+ 71.33 8.09 0.0 0.0 0.0 5.10 1+0.31+ 23.96 0.0 43.07 36.03 19.E,., 253.00
5 68.89 26.90 0.0 0.0 16.22 6.84 35.25 37.28 0.0 23.29 1+5.35 31.61 297.62
6 94.96 32.22 14.31 0.0 0.0 0.0 27.94- 27.89 0.0 38.75 32.62 23.26 291.95
7 75.72 28.59 0.0 O.G 21.41 0.0 14.06 25.23 0.0 36.61 50.59 23.68 275.90

t=' 8 \:14.72 21.97 0.0 0.0 0.0 28.64 25.93 13.23 0.0 49.59 51.81 24.10 309.99
I 9 90.38 5.15 6.54 0.0 1:.'.44 36.41 20.38 16.27 1.58 52.07 53.07 31.61 325.90.t:

CD 10 94.96 36.48 20.55 0.0 0.0 31.16 7.70 37.95 0.0 43.47 42.29 28.32 31t2.B8
II 80.32 26.60 1.19 0.0 0.0 9.14 23.95 37.95 0.77 51.17 53.07 30.70 314.86
12 92.47 32.38 6.00 0.0 18.86 21.69 16.90 18.58 0.0 50.62 48.76 0.0 306.25
13 53.35 19.21 2.78 0.0 22 .63 10.91 '~3.94 24.32 0.0 53.13 52.55 31.61 314.43
14 96.73 21.97 0.0 0.0 11.92 9.68 36.62 18.91 0.0 53.13 52.55 29.42 330.93
15 71.02 23.60 13.60 0.0 42.89 15.50 19.35 33.36 1.87 53.65 47.57 28.06 350.46
16 90.58 23.89 0.0 0.0 12.95 21.54 23.65 0.0 0.0 24.45 3B.71 15.99 251.76
17 85.58 9.58 0.0 0.0 10.51 3.51 17.18 33.82 0.0 52.39 49.78 23.47 285.82
18 83.96 10.53 11.50 0.0 0.0 6.04 8.79 7.69 0.0 40.21 50.59 23.05 242.36
19 89.58 22.71 0.0 .0.0 0.0 0.0 28.73 12.28 0.0 52.74 53.07 25.88 284.98
20 65.33 4.88 6.68 0.0 17.67 0.0 38.01 24.32 1.30 53.65 52.16 30.35 294.36
21 99.76 21.39 6.68 0.0 1.07 0.0 28.26 0.0 0.0 4~.47 36.74 1.04 238.40

Tot 1,755.73 388.71 110.97 0.0 201.79 228.48 515.74 441+.35 5.53 944.41 975.10 486.67 6,057.47

Avg 83.61 18.51 5.28 0.0 9.61 10.88 24.56 21.16 0.26 44.97 49.33 23.17 288.45
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JUANA VAL4FY SERVICE AREA IRRIGATION DEMAUDS - MeM
TWO PLUS ONE CROPPING PATTERN WITH OCTOBER START - 15,000 HA

Year Oct Nov Dec Jan Feb Mar Apr May ·JlJn Jul Aug ~ Annual

1 62.69 15.33 5.88 0.0 22.46 17.56 6.99 13.05 0.0 32.78 43.62 21.72 242.07
2 79.35 7.09 13.57 0.0 9.61 14.95 24.09 0.0 0.0 36.62 23.24 11.67 220.19
3 54.93 1.83 7.17 0.0 0.0 14.21 19.23 16.31 0.0 30.82 28.27 17.29 190.05
1;. 61.75 1.04 0.34 0.0 20.57 20.48 28.37 19.73 0.0 40.34 26.56 16.15 235.32
5 62.59 24.92 9.55 3.71 12.29 0.0 25.31 21.12 0.0 17.96 35.13 25.36 238.04

" 6 78.44 22.54 0.46 0.0 1.03 1.33 20.00 23.05 0.0 29.')6 25.58 21.91 223.39
7 57.71 24.92 ~.O 0.0 17.88 0.0 9.12 5.08 0.0 27.62 43.62 17.62 203.57

t::' 8 75~O9 19.19 2.86 0.0 0.0 14.09 5.59 8.59 0.0 40.53 42.91 16.95 228.81
I
.r:- 9 68 .• 66 0.0 0.0 0.0 8.40 15.20 20.52 10.59 0.0 43.87 45.75 26.47 239.45
10

10 77.22 28.47 3.78 0.0 0.0 13.73 0.0 25.94 0.0 31.56 29.43 22.91 233.04
11 59.65 0.0 7.64 0.0 0.0 19.08 20.13 23.38 2.14 45.80 45.75 24.87 248.lJ3
12 73.62 16.44 13.57 2.19 16.95 14.70 15.43 12.08 0.0 34.82 39.84 0.0 239.65
13 \ . 39.99 0.93 4. 21~ 0.0 10.94 12.63 35.57 20.81 0.0 41.11 45.30 26.47 236.9~

14 79.71 20.47 1.25 0.0 11.39 0.0 23.15 16.31 0.0 42.11 43.37 19.34 257.11
15 58.10 20.34- 0.0 0.0 9.72 7.06 10.91 22.72 2.42 46.25 45.30 25.89 248.70
16 58.al 12.41 0.0 0.0 14.55 17.68 13.83 0.0 0.0 6.36 21.37 4.£1 159.61
17 66.67 5.01 0.0 0.0 5.66 6.01 15.06 25.12 0.0 46.25 43.62 15.98 230.38
18 £5.13 12.89 10.88 0.0 17.18 0.0 8.29 0.0 0.0 35.31 42.91 13.78 206.37
19 71.62 6.74- 0.0 0.0 0.0 0.0 18.08 0.33 0.0 39.97 45.75 0.0 182.48
20 47.05 7.91 1.82 0.0 20.68 0.0 25.04 113081 3.05 46.25 45.30 27.25 243.17
21 85.22 23.59 4.82 0.0 10.61 0.0 15.81 0.0 0.0 34.03 34.00 0.90 .208.98

Toi: 1,396.08 272.05 87.83 5.90 209.93 188.72 350.51 284.01 7.60 749.43 796.61 357.15 4,715.82

Avg 66.48 12.95 4.18 0.28 10.00 8.99 17.17 13.52 0.36 35.69 40.43 17.01 224.56
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D.6. MODEL OPERATION

The model operation begins with placing all input data in arrays

for reference during the run. Operations at ea~h site are considered

separately; should operation of a site have an effect on one previously

considered, necessary changes in operation are made.

Hodel operation starts at Bandungharjo which is responsible only

for that portion of the South Grobogan Service Area which cannot be

served by gravity from the proposed South Grobogan Weir.

The model next considers operation at Ngemplak, an Upper Lusi

tributar-] designated to serve the Lusi left bank service area and, in

the case Bandungharjo Dam does not appear in the model, approximately

23 percent of the designated South Grobogan se~vice area. If Bandung­

harjo is considered, shortages at the Upper S~uth Grobogan area al~

made up from Ngerrplak. Available water consisting of anyone months'

inflow plus the storage at the beginning of the month, ls weighed

against that months' demands in the service area or areas men:=ioned

above. The releases, spills and shortages for that particular montll

are computed. The model then considers the combined operation of

Banjarejo and :<edungwaru damsites. The demands on those two sites

are the balance: of Lusi Left not served from Ngemplak plus Lusi Right

demands minus the river flow at the Mid Lusi Diversion site. Monthly

spills, shortages, releases, ending storage and water surface eleva­

tions at the two reservoirs are then computed. Releases are not

called for ft~om Kedungwaru unless a shortage exists at Banjarejo.

Banjarejo releases are called for only if river flow at the diversion

does not meet the demand.

Operations at the Mid Lusi Diversion are considered next with

the total demand being that of Lus! Left and Lus! Right less Ngemplak

discharges. Monthly releases, spills and shortages are computed.

The monthly values for every site are added to obtain the cumulative

annual totals.

D-50
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Operations are t,en considered at Kedungombo where the lITigation

demand is that: of the Upper Sedadi, South Grobogan, Lower Sedadi and

Juana Valley service areas less incremental river flows at the re­

spective diversion sites ano the South Grobogan supply from Ngemplak

and/or Bandungharjo. Power generated as a result of the irrigation

release and water that otherwise l'o-ould have been spilled is computed.

Operations at the three downstream diversions, namely. South

Grobogan. Sedadi and Wilalung on the Serang Fl~ver are then considered.

At each point diverted volumes, spills, and irrigation shortages are

computed.

Model operations then switch to the western portion of the basin

considering first operation of Dolok reservoir and secondly Penggaron

reservoir. Shortages at Penggaron are made up from Dolok if possible

as previollsly described.

Operations at Rawa Pening are considered based on requirements

at Glapan and Jragung (transbasin diversion) as well as any remaining

Penggaron shortage. Operations at ,jragung are considered np,xt with

provision of diversion to Penggarc,n in the case shortage still exists

at Penggaron. Finally operations at Glapan and Gunung Wulan are

considered. Provision of water from Glapan and/or Gunung Wulan is

made if possible to make up shortages in the Jragung service area, a

limit of 20 percent of the remaining storage at the two sites is

imposed on diversion to Jragung.

The model then assesses Tuntang and/or Jragung shortages and,

if they occur, calls for diversion of water from the Serang to the

extent it is available. and re-evaluates shortages in the Tuntang/

.Jragung service areas. Fower is computed in the UTS, Gunung Wulan

and Jragung.

During basin operation the model makes full use of anticipated

irrigation return fl.ows, where applicable as previousl.y d'.&sc'OAssed.

D-5l
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D.7. EVALUATION or INDIVIDUAL PROJECTS

Carrying out all works necessary far full devel.opment of the

water resources constitutes a project of considerable magnitude.

One step utilized in the planning process was to isolate individual.

projects and analyze them on their own merit. Later, compatjbil.ity

of that project with other planned projects was established.

D.7.1. Dolok Reservoir

The Dolok dam~ite was identified by NEDECO [2J in their 1973

study [1]. Th~ site was also considered as a municipal and indus­

trial wat~r storage site by Burns and McDonnell/trans-Asia in their

1976 study, "Water Supply Master Plan for the city of Semarang".

As discussed in Appendix C - Part II t Dolok isa technically

attractive site with the basic constraint to the development being

the small drainage area of only 34 km2 abv'e the damsite. Examination

of existing topographic maps has shown that transbasin diversion of

water to the Dolok above the damsite does not appear possible.

D.7.l.a. Operations

A number of operation studies were conducted on this element

alone using the "JRAT" model. Utilization of Dol.ok for irrigation

only and in combination with varying municipal and industrial water

demands was considered. Results of pertinent operation studies are

summarized in Table D-28. In simulations the live storage provided

at the site was initially set at 43 million cubic meters which was

late~ reduced to 35 miliion cubic meters.

Straight line interpolation was utilized to determine the area

irrigated at 95 percent firmness except in cases where the computed

firmness was between 94.8 and 95.2 percent. In those cases computed

D-52



Construction cost of Dolok Dam and appurtenances are.estimated

in Appendix C as $ 14.8 million (excluding land) for 35 million cu­

bic meters live storage, and $ 17.2 million for 43 million cubic me­

ters live storage. The entire reservoir area is covered by teak

forest. Land aquisition costs for 350 ha is estimated at $ .56 million.

System rehabilitation costs to allow for perennial irrigation are be­

lieved similar to those established for Tuntang/Jragung or $ 328/ha.

If 35 million cubic meters of live storage and 500 lIs of M & I water

are provided (Alternative A) service area costs are set at $ .34 million.

In the case of 35 million cubic meters of live storage and irrigation

only (Alternative B) and a service area of 1,950 hectares rehabilitation

cost~ total $ .64 million. The project costs for the two alternatives

considered are, therefore, $ 15.7 million and $ 16.0 million. respecti~ely.
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service area figures wer~ o,ot changed. Results are summarized in

Table D-29.

Without the need to supply municipa~ and industrial watel" to

SemaI'ang, and with diversion to the Penggaron service area l.imited

to Dolok spill volume, the ful.l 1,950 hectares Dolok service area

could be served perennially at an irrigation firmness of 95 percent.

Should 250 lIs of municipal and industrial water be supplied to the

city of Semarang, 1,560 hectares of the Dolok service area could

be served at 95 percent firmness.

For a municipal and industrial diversion rates of 500 and 750 lIs

from Dolok, irrigated areas at 95 percent firmness are 996 hectares,

and 725 hectares respectively. If 1,000 lIs of municipal and indus­

trial water was to be supplied from Dolok, no dependable perennial

irrigation in the Dolok system would be possible.

D.7.1.b. Economics

(i) Costs

D-S3
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The operation and maintenance costs for the dam are taken as a

fraction of the to'tal. cost. and the annual operation and

maintenance costs for the iITigation system ~e set at

$ lO.OOIha. Total. costs for Alternative A are summarized in

Table D-30 and total costs for Alternative B are summarized

in Table 0-31.

(U) Benefits

Irrigation benefits are assumed similar to those derived

for'the Jragung service area and are set at $ l.406/hectare

annually at full development. MG 1 benefits are based on the

raw water value established in Appendix E with an annual benefit

of $ 2,481 Il/s. Fo~ Alternative A annual benefits are

$ 1.40 million for i~igation and $ 1.24 million for M&I.

The flood control benefits are estimated at $ .29 million.

The total annual benefits at full development are estimated at

$ 2.93 million.

(iii) Internal Rate of Return

A f~~ year consTruction period is assumed for Dolok with

a fifteen. thirty. thirty, and twenty-five pe:e-cent dist:e-ibution annual
capital outlay ti1rough the consTruction period. Full irrigation

development is assumed to occur five years after project completion.

Summaries of cash flow utilized in computing the Internal Rate of

Return are shown in Table D-32 and D-33 for Alternative A and B.

and a summary of the economic analyses is presented in Table D-34.

A fifty year project life is assumed. The inte~nal rate of

return for Alternative A is 11.3 and the ~sulting internal rate

of return for Alternative B is 9.5. Average annual benefits

are $ 2.9 million and $ 3.1 million respectively.
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D.7.1.c. Project Viability

It is recognized that the computed IRR of only 11. 3 percent for

Alternative A (500 lIs of M & I) marks Dolok as a marginal project.

~~i~ed and complete M & I supply economics could raise the IRR

considerable. For example, if- water supply from Dolok Reservoir is

increased to 750 1/s by reducing perennial irrigation area to 650 ha

(a third alternative), the economics of the project improves and the

IRR increases to 14.6 percent. Dolok Dam project is technically

attractive and affords the best opportunity for increasing development

:'n the western subbasins, and thus warrants detailed study. It was

therefore retained in a number of development alternatives studied

later in the project period.

0.7.2. Penggaron Rese~voir

Because of limitations posed by the catchment size, sediment

yield, and reservoir size the Penggaron Reservoir must be so operated

to bypass wet season flows and sediment during three months out of a

year.

0.7.2.a. Operations

A nunibc.r of op~ration studies were conducted on this element

using the "JRAT" mode1. Utilization of water for irrigation only,

and in conjunction with varying municipal and industrial demands

from Semarang were considered. Results of pertinent operation

studies are summarized in Table D-35. Str~ight line interpolation

was used to determine the area hrigated at 95 percent firmness.

Results are summarized in Table D-36. No diversion to the Penggaron

Reservoir from either Dolok or Jragung is allowed in these particular

simulations. Without diversion from either Dolok or Jragung and a

live storage capacity of 57 million cubic meters at the Penggaron

Res~rvoir with sediment and flow bypassed in December t January and
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February, only 1.584 hectares of land could be irrigated perennial.ly.

For municipal and industrial diversions of 250 and 500 lIs, the

-irrigated area drops to 1,285 and 1,056 hectares, respectively.

D.7.2.b. Project Viahil.tty

. No economic analyses were conducted of this project. Based on

the results of the above mentioned operation studies, it was determined

early in the project period that further consideration should not be

given to the development of the Penggaron damsite. The following

reasons precluded r~ther consideration.

1. The site geolo~ica~ conditions are marginal.

2. Sediment yield of the watershed is high. If ~ediment bypass is
provided, it will greatly reduce reservoir storage capacity and
its effectiveness to stor~ water for dry season, irrigation.

3. More than half (342 hec~ares) of the reservoir area is presently
used for irrigated ric!J production. The negative benefits of
building this project will be substantial on account of permanently
losing the irrigated area to the reservoir.

4. Reservoir area is highly populated. The villages which occupy
about 125 hectares of the area would require relocation and high
cost compensation.

5. Anticipated costs of the project, due to the above given reasons,
are very high while the anticipated benefits are low.

D.7.3. Bandungharjo Rese~·oir

The Serang ~iver plan calls for irrigation of 7,300 hectares in

the designated South Grobogan service area. Out of these, 1.690 hec­

tares in the eastern portion of the area would require construction

and operation of a low-lift pump station. The Bandungharjo Reservoir

as conceived and analyzed by NEDECO was not particularly attractive.

However, because of its ability to serve by gravity flow the above

mentioned 1,680 hectares, without pumping, it was considered a
potential element in the present study.
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D.7.3.a. Operations

A number of operation studies were conducted on this element

alone using the "JRAT" model. Results of pertinent operation studies

are summarized in Table D-37. In all cases the live storage simulated

at the site was 22 m.illion cubic meters. As can be seen from the data

presented in the tablet Bandungharjo cannot meet the irrigation demands

of the It680 hectares at 95 percent firmness; the irrigation demands of

only It333 hectares at 95 percent firmness can be met. p

D.7.3.b. Project Viability

No economic analysis was performed on the construction of

Bandungharjo Dam alone. Results of the opf.i'ation studies show that

Bandungharjo should not be considered alone because of its inability

to serve by gravity at 95 percent irrigation firmness the full

1,680 hectares in the South Grobogan service area. The reservoiI'

should be consideI'ed in parallel with the Ngemplak Reservoir to

determine combined capacity for serving the 1,680 hectares in

question plus the 4 t 200 hectares of area on Lusi Left without

dIversion from the main stream of the Lusi River.

D.7.4. Ngemplak Reservoir

This proposed reservoir is located on the Peganjing River which

is a tributary of the Lusi River and drains the watershed adjoining

the Bandungharjo watershed. Storage provided at this location also

affords the possibility of irrigation of the eastern portion of the

South Grobogan area by gravity for which diversion from Bandungharjo

was considered iT the preceding section. Because of the larger

catchment and larger annual yield coupled with a significantly

higher live storage capacity of 68 million cubic meters, possibilities

existed that the entire lt680 hectares of the South Grobogan area

coald be served from this source. AdditionallYt a poI'tion of the

Lus! left bank area could also be developed for perennial irrigation

by this project.
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D.7.4.a. Operations

A number of operation studies were conducted on this e1ement

alone using the "JR.6,T" modeL Areas irrigated were determined both

for Ngemp1ak a10ne and in conjunction with tOle Mid Lusi Diversion with

no storage provided upstream from the diversion. Results of pertinent

simulations are summarized in Table D-38.

Without supplemental water from the Mid Lusi Diversion, storage

at Ngemplak could serve a total service area of 2,880 hectares,

(l~680 hectares in the South Grobogan area plus 1,200 hectares of

the Lusi 1eft bank area), with perennial irrigation water at 95 percent

firmness. Also, with this storage available in the system, an ad­

ditional 3,000 hectares on the Lus! Left could be irrigated perennially

if Mid Lusi run-of-river diversions were made only on the left even

without providing any storage on the Lusi River or its upper tributaries.

D.7.4.b. Economics

As may be noted from Table D-38, two approaches of Ngemplak

operation were considered. In these cases where releases from

Ngemplak and Lusi Diversions to the left compliment each other, the

1,680 hectares portion of South Grobogan and the entire 4,200 hec­

tares of potential on the Lusi left bank can be irrigated. Con­

struction of the Mid Lusi Diversion will however also benefit some

area (to be established later in this appendix) on the right bank

of the Lusi River. Costs associated with this development would be

prorated. No economic analysis was conducted on this combination

as it is considered later in the analyses of different project

element combinations. Ngemplak alone with an associated irrigation

area of 2,880 hectares was subjected to economic analysis.
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(i) Costs

Construction cost of Ngemplak Dam and appurtenances including

a diversion structure on the I'eganjing River is estimated at

$ 11.3 million. Land aquisition costs are derived in Table 0-39

and total $ 3.95 million. All land to be irrigated is presently

unirrigated. Escalated from SMEC estimates [5] service area costs

including primary and secondary delivery as well as tertiary

development should approximate $ l,230.00/hectare or $ 3.54 million

for the 2,880 hectares service area. 0 & Mcosts are derived in

the same manner as was done for the Dolok Oam project. Total

project costs are summarized in Table 0-39.

( ii) Benents

Benefits as established in Appendix E are $ 1,S8g/hectare!

annum for irrigation of new lands in the proposed service ar~a.

Total annual benefits at full development would then be $ 4.58 million.

(iii) Internal Rate of Return

A four - year construction period is assumed for the Ngemplak

Dam with a fifteen, thirty, thirty, and twenty-five percent cost distri­

tion through the construction period. Full irrigation development

is assumed to occur five years after project completion. Summaries

of cash flow utilized in computing the internal rate of return are

shown in Table D_LW. Total project costs are $18.79 million.

Average annual benefits over the fifty year period are $ 4.58

million, and the internal rate of return is 14.0. A fifty

year project life was assumed in the analysis.
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D.7 .~.c. Project Viability

The Ngemplak Dam is one of the most' at'tract'ive small project's

identified in the Jratunseluna Basin. Based on its low initial in­

vestment of $ 18.79 million and a favorable IRR of Iq.O it was re­

tained in the deVelopment plan. Its effectiveness when utilized with

the Mid Lusi Diversion makes it an important element ~~d warrants its

consideration for early implementation. Elimination of the necessity

for pump lift irrigation to the upper portion of the South G~obogan

service area is an important benefit which adds to the attractiveness

of this project.

D.7.5. Banjarejo Reservoir

The development of the Lusi S,ilibasin is most severely limited

by lack of adequate storage sites in the main system. The Banjarejo

damsite has a catchment area of 506 km2 which calls for a large

storage at this location. But' unfortunately the maximum live storage

capacity at the damsite, which is the only storage s~te,

is only 77 million cubic meters. This is insufficient, even

with sediment bypass to reduce need for the dead storage. Water
stored at Banjarejo could be beneficially used by diversion at the

Mid Lusi Diversion site. However, if the incremental river flows

generated between Banjarejo and the Mid Lusi Diversion were not used

in conjunction with the Banjarejo storage, the effectiveness of that

storage would be seriously limited. Hence Banjarejo storage is

considered only in conjunction with the Mid Lusi Diversion.

D.7.5.a. Operations

A number of operation studies simUlating this configuration

were conducted using the "JRAT" model. Results of the pertinent

runs are summarized in Table D-41.
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Straight line interpolation of the results shows that an area of

4,642 hectares on the right bank and 3,714 hectares on the left bank

of the Lusi River could be perennially irrigated at 95 percent

firmness with water from Banjarejo Reservoir.

D.7.5.b. EconoWoics

As explained above Banjarejo is ccnsidered only in conjunction

with a Mid Lusi Diversion. Therefore, the analysis of the project

economy includes the costs and benefits of the Mid Lusi Diversion.

(i) Costs

Construction cost of the Mid Lusi Diversion and Banjarejo

Dam and appurtenances is estimated at $ 31.2 million in

Appendix C - Part II. Land aquisition costs based on a re­

quired 1,300 hectare~ aquisition are derived in Table D-42

and total $ 6.81 million. All land to be irrigated is presently

unirrigated. Escalated from SMEC estimates [5], service area

costs including primary and secondary delivery as well as

teritary development should approximate $ 1,230.00/hectare

or ~ 10.3 million for the 8,356 hectares service area. The

total project cost is estimated at $ 48.29. 0 ~ M costs are

derived on the same basis as for the Dolok Dam project.

Construction costs are summarized in Table D-43.

(ii) Benefits

Benefits as established in Appendix E - Part II are

$ 1,589/hectare/annum for irrigation of new land in the

proposed service area. Total annual benefits at full

development would be $ 13.28 million.
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(iii) Internal Rate of Re~

A four-yea!' constructio:l pe!'i\Xl is asslDIled fo!' Banjarejo

wi'th a fifteen, thirty, thirty, and twenty-fh-e persent cost distrib·.l'tion

thI'ough the construction period. Full irrigation development is

assumed to occur five years after p!'Oject completion. SU1IIlIIaries

of cash flow utilized in computing the internal rate of !'eturn

a!'e shown in Table D-4~. Total prOject costs are $ q.a.29 million.

Average annual benefits over the thirty year period assumed for

the economic analysis are $ 13.28 million and the internal rate of

return is 16.1.

D.7.S.c. Project Viability

This project, in conjunction with Mid Lusi Diversion would supply

irrigation water to a total of 8,356 hectares of service area. The

project is feasible as analyzed with the available information;

however, de~ailed foundations and material investigations for the dam

must be done to substantiate the assumtions made in this study.

The project service area is presently rainf~d and will all be

new to the proposed perennial irrigation. Therefore, it is advisable

to first develop that area for technical irrigation and supplement

wet-SE:ason irl'igation and then at a later stage arrange to supply dry

season irrigation. Keeping this consideration in view, the construction

of Banjarejo Dam is proposed in the second stage of development;

however Mid rAtsi Diversion is proposed to be studied in detail and

considered for implementation as a high priority project.

D.7.6. Kedungwaru ReserVoir

As in the case of Banjarejo, storage at Kedungwaru could be

most beneficially exploited, if ,~sed only to over~ome shortages in

the river flows at the Mid Lusi'i)i~~~iori point. 'fhe storage at
I .,,,' •
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Kedungwaru was considex-ed for t1JO reasons: 1) it produces the

laregest wa"ter yield of all downstream Lusi tributaries and

2) its confluence with the Lusi River is upstream of the Mid Lusi

Diversion site. It was felt that even a small live storage of

19 million cubic meters could be beneficial in overcoming shortages

at Banjarejo if the two reservoirs ~~e used in conjunction with

one another.

D.7.6.a. Operations

A number of operation studies simulating this scheme w~re

conducted. Results of the pertinent runs are summarized in Table D-45.

Straight line interpolation of the results shows that an area of

1,328 hectares on the Lusi left bank and 1,660 hectares on the Lusi

right bank could be perennially irrigated at 95 percent firmness.

(in coordination with Lusi River flows).

D.7.6.b. Economics

As explained above, Kedungwaru, like Banjarejo is considered only

in conjunction with a Mid Lusi Diversion. Therefore diversion cost is

assumed a part of project cost.

(i) Costs---

Construction cost of the Kedungwaru Dam and appurtenances

is estimated at $ 14.7 million in Appendtx C- Part II.

Construction cost of the diversion is estimated at $ 1.5 million.

Land aquisition costs based on a required ~OO hectares lost to

the reservoir are derived in Table D-~6 and total $ 1.61 million.

All of the 2,988 hectares of land to be irrigated is presently un­

irrigated. EscalatM from SMEC estimates [5] service area c::>sts inclu­

ding primary and secoOOary delivery as well as tertiary deve.lopment shouJ.d
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ap~roximate $ 1,230.00/hectare or $ 3.68 million for the

.2,988 hectares service area. 0 & M costs are derived on the

same basis as done for the Dolok Dam project. Construction

costs are s~~marized in Table D-47.

(if) Benefits

Benefits as established in Appendix E - Part II are

$ l,589.00/hectare/annum for irrigation of these new lands.

Total annual benefits at full development would be $ 3.68 million.

(iii) Internal Rate of Return

A four-year construction period is assUlJled for Banjarejo

with a fifteen, thirty, thirty, and twenty-five percent cost dis­

tribution through the construction period. Full irrigation develop­

ment is assumed to occur five years after project completion.

Summaries of cash flow utilized in computing the internal rate of

return are shown in Table D-43. Total project costs are $ 21.49

million. Average annual benefits over the fifty-year period as­

sumed for the economic analysis are $ 4.75 million ;"nd the internal

rate 0 f return is 11. q percent. (For Kedunr,l-larU Dam alone. without

the Hid Lusi. Diversion. the internal "('ate of return ie, 8.0 percent).

D.7.6.c. Project Viability

If considered in an individual capacity, the project does not

show a favorable economic rate of return. However, in conjunction

with the Banjarejo Darn and the Mid Lusi Diversion, the storage at

Kedungwaru would increase the perennial irrigation service area

along Lusi by about 1,660 hectares. Therefore, due to the same

reasons given for the Banja~ejo Dam, this project may be considered

for implementation at a later stage after the rainfed service area

along thp. Lusi has been converted int~. technically irrigated area.
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TAB~ D-2B

OPERATION STUDIES ON THE DOLOK RESERVOIR

Run No. Irrigated Area Irrigation Firmness M &I Supplied
(ha) (%) (l/s)

1 1,950 95.2 0

2 2,lIt5 91.7 0

3 2,340 86.5 0

9 1,755 90.1 250

10 1,560 94.8 250

II 1,365 96.8 250

14 1,560 84.5 500

15 1,170 92.9 500

16 780 97.E- 500

19 975 91.1 750

20 585 96.8 750

23 780 79.4 1,000

24 390 90.9 1,000

TABLE D-29

POSSIBLE MULTIPLE USE OF DOLaK WATERS

M & I Diversion Irrigated Area Irri.ga'tion Firmness
(l/s) (ha) (%)

0 1,950 95.2

250 1,560 94.8

500 996 95.0

750 725 95.0
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TABLE D-30

PROJECT COSTS - DOLOK RESERVOIR (35 x 106 rn3 ) - IRRIGATION OF 996 ba

WITH 500 L/S M~ I SUPPLY

ALTERNATIVE A

Cost
No. Item ($xl06 )

l. Land Aquistion .56

2. Dam and Appurtences 14-.80

3. Service Area Rehabilitation .34

Total: 15.70

TABLE D-31

PROJECT COSTS - DOLOK RESE~VOIR (35 x 106 rn3) - IRRIGATION OF 1.950 ha

NO M & I SUPPLY

ALTERNATIVE B

I
(

(

I;
I
I

Cost
No. Item ($xI06)

l. Land Aquisition .56

2. Dum and Appurtences H.BO

3. Sel'vice Area Rehabilitation .64---
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TABLE D-32
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DOLOK - IRRIGATION PLUS 500 lIs M & I (ALTERNATIVE A)

CASH FLOW

Year Costs Benefits Cash Flow Number of
Construction Total Irrigation Power M&I Flood Control Total Years--

1 2.4 2.4 - - - - - -2.4 ~

2 4.7 4.7 - - - - - -4.7 1

3 4.7 4.7 - - - - - -4.7 1
~
I 4 3.9 3.9 -3.9 1en - - - - -
~

5 - 0.5 .28 - 1.24 .29 1.81 1.76 1

G - 0.5 .56 - 1.24 .29 2.09 2.04 1

7 - 0.5 .84 - 1.24 .29 2.27 2.32 1

0.5 1.12 - 1.24 .29 2.65 2.6 1

0.5 1.4 - 1.24 .29 2.93 2.88 23

IRR = 11.3 '\
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TABLE D-33
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DOLaK - IRRIGATION ONLY - (ALTERNATIVE B)

CASH FLOW

Year Costs Benefits cash Flow Nwnber of Years&nstt'uction Total Irrigation Power floOd Control Total-
1 20-4 2.4 - - - - -2.4 1

2 4.8 l+.8 - - - - -1+.8 1

3 l+.B 4.B - - - - -4.8 1
'=',

4 4.0 4.0 - - - - -4.0 1Gt
CD

5 - 0.6 .55 - .29 .84 + .78 1

6 - 0.6 1.10 - .29 1.39 +1.33 1

7 - 0.6 1.64 - .29 1.93 1.87 1

8 - 0.6 2.19 - .29 2.I+B 2.42 1

9- 30 - 0.6 2.74 - .29 3.03 2.97 42

IRR =' ,9.53\
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TABU; D-31f

ECONOMIC ANALYSES - DOLOK ALONE

ALTERNATIVES A & B

Live Storage Project Annual Benefits M& I Irrigated IRR
Alternative Cost Area

(106 m3 ) ($ x 106 ) ($ x 106) (lis) (ha) (\)

A 35 15.8 2.9 500.0 996 li.3

B 43 l.6.u 3.0 0.0 1,950 9.5



­
I
I
i
I
I
U

IT

l~

TABLE D-35

OPERATION STUDIES ON THE PENGGARON RESERVOIR

Run No. Irrigated Arca Irrigation Firmness M& I Supplied
(ha) (%) (1./s)

51 3,960 75.0 0

52 2,970 83.7 0

53 1,g80 91.3 0

54 990 98.8 0

55 2,970 79.1.4- 250

56 1,980 87.3 250

57 990 98.4 250

58 1,980 85.7 500

59 990 95.6 500

60 445 98.8 500

TABLE D-36

POSSIBLE MULTIPLE USE OF PENGGARON WATERS

M& I Diversion
(lIs)

Irrigated Area
(ha)

I~lgation Firmness
(%)

I
I
I
I

o
250

500

1,584

1,285

1,056

D-70

95.0

'35.0

95.0



TABLE D-37

OPERATION STUDIES ON BANDUNGHARJO RESERVOIR

Run No. Irrigated Area Irrigation Firmness
(ha) (t)

40 1,333 95.2
~, - 1,007 100.0~.

TABLE D-38

OPERATION STUDIES ON NGEMPLAK RESERVOIR

WITH AND WITHOUT HID LUS1 DIVERSION

*Run Ngemplak Alone Ngemplak ~ith Mid Lusi Diversion.
Irrigated Area Irrigation Irrigated Area Irrigation

No. South Lusi Left Firmness South Lusi Left FirmnessGrobogan Grobogan
(ha) (ha) (%) (ha) (ha) (%)

50 1,680 4,000 67.5 1,680 4,000 100.0

B2-B 1,680 3,600 69.8 1,680 3,600 100.0

83 1,680 3,200 72.2 1,680 3,200 100.0

84 1,680 2,800 75.8 1,680 2,800 100.0

91 1,680 2,000 83.7 1,680 2,000 100.0

93 1,680 1,200 95.2 1,680 1,200 100.0

WNo storage upstream of Mid Lus! D!va~~ion
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TABLE D-39

TOTAI. COSTS NGEMPLAK DAM PROJECT

1. LAND AQUISITION COSTS - NGEMPLAK - 1,000 hectares

Land Use Unit Price Area Cost
(Rp x lO6/ba) (ha) (Rp x 106)

Irrigation Rice1and 5 200 1,000

Dry Fields 2 200 400

Villages 3 200 600

Forest 1 450 450

Total: 2,450

$ 3.95 x 106

2. PROJECT COSTS ( IRRIGATION AREA 2,8BO ~!ctares)

I

I
l
(

I
I:

I
I

No. Item Cost
($ x 106 )

1 Land Aquisiton 3.95

2 Dam &Appurtenances 11.3

3 Delivery &Dist. 3.54
System

Total: 18.79

D-12
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TABLE D-40

NGEMPLAK ALONE

CALCULATION OF INTERNAL RATE OF RETURN (IRR)

- - ~
I J-:"'fII

I :..IiI - •

Year
Costs Benefits Cash Flow Number of YearsConstruction Total lITigation Power M £. 1 Total--

1 2.82 2.82 - - - - -2.82 1

2 5.64 5.64 - - - - -5.64 1

'=' 3 5.64 5.64 - - - - -5.64 1
I
~
Col

1+ 4.69 4.69 -4.69 1- - - -
5 - .06 .92 - - .92 .86 1

6 - .06 1.93 - - 1.83 1.77 1

7 - .06 2.75 - - 2.75 2.69 1

8 - .06 3.66 - - 3.66 3.60 1

9 - 5~ - .0 4.58 - - 4.58 4.52 42

1RR = 11+.0
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TABLE D-41

OPERATION STUDIES ON BANJAREJO RESERVOIR

WITH MID LUSI DIVERSION

Run No. Irrigated Area Irrigation Firmness
Lusi Left Lusi Right Lusi Left Lusi Right

(ha) (ha) (%) (%)

29 7,200 9,000 79.8 79.8

28 6,400 8,000 86.1 86.1:

25 4,000 5,000 94.0 94.0

30 3,200 4,000 96.8 96.8

31 2,400 3,000 99.6 99.6

TABLE D-42

[.AND AQUISITION COSTS - BANJAREJO - 1,300 ha

I

I

[

I

[

t,

I

Land Use Percent of Unit Price Area Cost
Area (Rp x 106/ha) (ha) (Rp x 106 )

Villages ~O 3 260 780

Irrigated Rice 40 5 520 2,600

Dry Fields 25 2 325 650

Forest 15 1 195 195

Total: Rp 4,225 x 106

$ 6.81 x 106
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TABLE D-43

PROJECT COSTS - BANJAREJO DAM PROJECT

INCLUDING MID LUSI DIVERSION

No. Item Cost
($ x 106 )

1 Land Aquisition 6.81

2 Dam and APpurtenances}
31.20

3 Diversion Dam

4 Service Area Irrigation System 10.28

Total: 48.29

D-75
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TABLE D-44

BANJAREJO DAM PROJECT

INTERNAL RATE OF RETURN

~ ~

," ~' .....

~

Year Costs Benefits Cash Flow Number of Years
Construction Total lITigation Power M& I Total-- --

1 "7.24 7.24 - - - - -7.24 1

2 14.49 14.49 - - - - -14.49 1

3 14.49 14.49 - - - - -14.49 1
t:1
J
~ 4 12.07 12.07 - - - - -12.07 1en

5 - .16 2.66 - - 2.66 +2.46 1

6 - .16 5.31 - - 5.31 +5.15 1

7 - .16 7.97 - - 7.97 +7.81 1

.16 10.62 - - 10.62 +10.46 1

.16 13.28 - - 13.28 +13.12 42

1RR = 16.1%
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TABLE D-lI-5

OPERATION STUDIES ON KEDUNGWARU RESERVOIR

WITH MID LUSI DIVERSION

Run No. Irrigated Area Irrigation Firmness
Lusi Left Lusi Right Lusi Left Lusi Right

(ha) (ha) (%) (%)

34 2,400 3,000 89.3 89.3

35 1,600 2,000 93.3 93.~

36 800 1,000 98.8 98.8

37 400 500 100.0 100.0

TABLE D-46

LAND AQUISITION COSTS AT KEDL~GWARU

I
I
r

r
I:
I
I
~,"~b,~i;2,i,·:'.:

Land Use Percent of Unit Price Area Cost
Area (Rp x 106/ha) (ha) (Rp x 106)

Villages 10 3 40 120

Irrigated Rice 30 5 120 600

Dry Fields 10 2 40 80

Forest 50 1 200 200

Total: Rp 1,000 x 106

$ 1.61 x 106
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TABLE D-4B

KEDUNGWARU DAM & MID LOSI DIVERSION

INTERNAL RATE OF RETURN

Year Cost Benefits Cash Flow YearsConst:!:'Uction Total Irrigation Total-- --
1 3.22 3.22 -3.22 1

2 6.45 6.45 -6.45 1

3 6.45 6.45 -6.lJ.5 1

4 5.37 5.37 -5.37 1

5 .07 .95 .95 + .88 1

6 .07 1.9 1.9 + .83 1

7 .07 2.85 2.85 +2.78 1

8 .07 3.8 3.B +3.73 1

9 - 50 .07 4.75 lJ..75 +4.68 42
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No.

1

2

3

lJ.

TABLE D-lJ.7

PROJECT COSTS KEDUNGWARU DAM PROJECT

Item

Land Aquisition

Dam and Appurtenances

Diversion Dam

Service Area Irrigation System

Total:

D-78

1.61

14.7

1.5

3.68

21.49

IRR = 11.9%
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0.8. EFFECTS OF SERANG - TUNTANG DIVERSION ON PLANS DEVELOPED

IN THE TUNTANG/JRAGUNG INTEGRATED DEVELOPMENT PLAN

In the Tuntang/Jragung Integrated Development Plan in Part I of

this appendix" it was determined that if Rawa Pening were raised to

aft.'I'd, 125 million cubic meters of live storage and Glapan Barrage

cons\~cted so as to provide 87 million cubic meters of live storage"

20,,901 hectares of the Tuntang/Jragung service areas could receive

perennial irrigation water at 95 percent firmness.

D.8.l. Operations

Runs number 61, 62 and 63 simulated this condition but allowed

for the possibility of diversion from the Serang to the Tuntangl

Jragung system to make up shortages in that system. The Serang River

Development Plan as proposed by SMEC [3] was imposed on the eastern

side of the basin. Runs number 65" 66, 67 and 68 simulated similar

conditions but considered only 10,000 hectares rather than

15,000 hectares in the Juana Valley served from the Serang system.

Results are summarized in Table D-48.

In the case where 15,,000 hectares are irrigated in the Juana

Valley, straight line interpolation of results of runs shows that

l4,87~ hectares on the !untang and 7,6~9 hectares on the Jragung

could be irrigated at 95 percent firmness with annual average diver­

sion of only around 1 million cubic meters from the Serang River.

In many years shortages do not occur, thus, actual volume diverted

during any shortage period would be greater than the average annual.

The total area on the T;u.,tang!Jragung system of 22,523 hectares

represents an incr~ase of only 1,616 hectares or 7 percent as a

result of Serang-Tuntang Diversion.

Note: ThIs result has to be compared to something to came up with the
finding that there is a distinct advantage of not diverting to
Tuntang/Jragung.
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Runs 65 through 68 summarized in Table !)-49 show tha't with the

present operational rules appHed in the model for diversion, any

reduction in demand at Wilalung simply firms up supplies at Serang

Diversion points does not increase firmness at Jragung or Tuntang.

The differences in firmness at South Grobogan, Upper Sedadi and

Wllalung is noticeable. This is due to 'the. operational rules governing

Kedungombo releases and selection of service area diversion points.

Since the firmness averages ~ 95 percent, these differences would not

affect insignificantly the result of this study.

0.8.2. Findings

The findings presented above indicate a distinct increase of

benefits in the use of excess Lusi/Serang waters, which would spill

at Wilalung, for an expanded Lusi development as ~ompared to a Serang

to Tuntang Diversion.
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TABLE D-U'.}

OPERJI.T!O'! STU~IES TO DETE?-:~r:!r. BE::-::n7S fi10 l.: :r:?;,:;~rrl]:rr!l::'l!Jr.fIGlj:;GDIV!:RSIO~I

:1::':: :;S?.A::G PtA:: A!:;j fHAsrs 1 Arm 2

or Ai':::: lU::TJ..::G!JiW:;U;::; i'L;.:: n:?L::IX:l'rED

Average HI

~U~
5-::Jr:!.:~ Ca:",.:..::~ies Irrikatec Areas .• :::rri'pt ien firmness Annual

;(.:!:"·;!'l1- ;~\... ; Slapan South Upper Lower ;u~na Tllntang Jragung South Uppor ~i1n1unr. Tuntang Jragung Ser-Tun Hwi

::~.
c;::o ;Et~:'::il Grobcgan Secadi Sedadi Valley Gro::.og.Jn 5edadi Div.

i:~~ ".:~ (.!:-= ,":".J) (1.::~ n 3 ) (ha) (ha) (ha) (1-.a) (ha.L (ha) (9.,) ..ill._ _..~ l1L._ (\) (106 m3) ..9

al a~: ' ~ S7 7,300 19,eOO 17,1+00 15.0CO 18.700 9,300 96.0 93.3 95.2 90.5 92.5 4.2 2.

? 62 555 1:: 67 7,3CO 19.800 17.400 15,000 14.025 6.975 95.0 33.3 (jS.2 36.0 96.0 .6 2,

Q) fJ €:5 l.~ 87 7,300 19,eOO 17,400 15,COO 11,688 5,813 ',J1S.a 93.3 95.2 99.2 96.8 ,5 2,
~

a5 ass ;.. 87 7.300 19,800 17,400 10.000 23,375 11,625 97.2 g~.9 9F..8 SIl.S 87.7 14.2 2.

Sf ~55 ~2 97 7.300 19,800 17."00 10.000 18.700 9,300 97.2 C]u.9 96.8 90.S 92.5 ".6 2

is; ~~: H 87 7,3CO 19.800 17,1+00 10,000 14.205 6,975 9!j.~ '34.6 96.8 96 96 .6 '".,
~3 -:55 1:< 57 7,300 19,800 17,1+00 lO.COO 11,68& 5.81.3 ~7.2 ~4.8 96.8 99.2 96.8 .5 2,
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D. 9. MAXIMIZING DEVELOPMENT ON THE LUSI RIVER

Consideration was given to the possibility that maximization of

development' a10ng the Lusi River might have adverse effects on the

Serang River project in which the Lusi run-of-river flows at Wilalung

are used. Therefore, the following planning steps were taken.

1. ~ook at different packages of projects on the Lusi River and its
tributaries.

2. Select with reason an attractive package of projects and operate
for optimization of sizes and capacities.

3. Impose the selected 2~ay and the Serang River project on the model
and evaluate the effect of the Lusi Development on the Serang
project.

4. Reduce the irrigated area in the Juana Valley (reduce or eliminate
lift area if necessary) until desired firmness is obtained
throughout the Serang system.

D. 9.1. Ngemplak and Bandungharjo in Parallel to Serve the Lusi Left Bank

As previously established Bandungharjo Reservoir alone will not meet

the irrigation demands of the upper l~680 hectares of South Grobogan

dlone and it appears not necessary to give further attention to

Bandungharjo. Likewise it was established that Ngemplak alone could

serve the 1,680 hectares of South Grobogan plUS 1,200 hectares of the

Lusi left bank area without any diversion from the main stream of the

Lusi River. It was further established in D.7.q.a. that Ngemplak

complimented by Mid Lus! Diversion to the left bank could easily

serve the full Mid Lusi area of 4,200 hectares plUS the 1,680 hectares

South Grobogan area. A check was made, then, to ascertain if Ngemplak

in parallel with Bandungharjo could meet both Lus! left bank and Upper

South Grobogan demands without diversion from the Lusi.

~:..i;.:~'
iilEtl1l>i",
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D.g.l.a. Operations

Runs 9lf., 95 al,d 9f, were made for this determination. In each

run live storages of 22 ~ill:on cubic rneter~ and 68 mi~ion cubic

meters were provided at BandU11gharjo an~ Ngempl~k, respectively.

The results of the runs are summarized in Tabl.e D- 5u.

Straight line in~~polation shows that these two sites together

could serve the 1,680 hectares of South Grobogan plus 2,9Slf. hectares

of the Lusi left service area with perennial irrigation water at

35 percent firmness.

To irrigate the total left bank area diversion from the Lusi

would be required.

D.9.I.b. Project Viability

It is apparent that diversion from Mid Lusi is necessary even

with the two reservoirs if the 4,200 hectares of potential irrigation

area identified on the left bank of the Lusi River are to be adequately

served,

As discussed in Appendix C, Bandungharjo is at best a marginal

s5ce. Considerable upstream blanketing of the abutment ridges is

required to ensure safety of the dam. To protect Desa Klampit which

is located very close to the only site available for the spillway,

an elaborate spillway structure is necessary. Due to these reasons

and the fact that diversion at Mid Lusi would still be required if

the total area on the Lusi left bank is to be supplied with perennial

irrigation, the Bandungharjo site was dropped from further considera-

tion.
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p.9.2. Ngemplak, Banjarejo and 'the Mid Lust Diversion

Two storage !Sites, Ngemplak and Banjarejo and the Hid Lusi

Diversion were considered in conjunction with each other with respect

to serving the upper 1,680 hectiU"'tS of South GI'obogan, which require

pumped irrigation if served :from the Serang River, and both the Lus!

left bank and tus.! right bank service areas.

D.9.2.a. Operations

A number of operation studies were run simulating the particular

Combination. These are summarized in Table D-51. This particular

array of elements will effectively serve the upper 1,680 hectares of

land in South Grobogan, the 4,200 hectares on the left bank and

5,700 hectares on the right bank of the Lusi River. Total. area thus

served is 11,580 hectares.

D.9.2.b. Economics

(1) Costs

The construction costs for all the elements of this com­

bination are summarized in Table D-52. Total cost is estimated

at $ 68.5 million.

(ii) Benefits

Benefits as established in Appendix E - Part I are

$ 1,589 /hectare/annum for irrigation of·these new lands. Total

annual benefits at full development would then be ~ 18.4 mUlion.
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(iii> Internal Rate of Return

A four- year constr\:ction parlod is assumed for Mid Lusi,

and three and four years cons1:1'uction periods are assumed for

the Ngemplak and the Banjare:.:- '~<:'.ns respectively. The Mid Lusi

Diversion is started first followed after two years by the

Banjarejo Dam and the Ngemplak Dam.

Full irrigation development for each phase is assumed to

occur five years after project completion. Summaries of cash

flows used in computing the internal rate of return are shown

in Table 0-54. Phasing of the development is shown in Table 0-53.

Total costs are $ 68.5 million. Average annual benefits over

the fifty year period are $ 18. q. million and the internal rate

of return is 15.9.

0.9.2. Sub-Development Viability

The project shows an acceptable internal rate of return and is compatible

with the overall development objectives of the T..usi Basin. After the

Mid Lusi Diversion has been constructed and the irrigation service

areas are adapted to technical irrigation, dry season flows from the

Banjarejo and the Ngemplak Reservoirs would convert 11,580 hectares

of wet season irrigation areas to perennial irrigation areas. The

project, therefore, warrants consideration and should be phased in

the earlier years of implementation of the overall development plan.

D. 9.3. Ngemplak, Banjarejo, Kedungwaru and the Mid Lusi Diversion

In this study three storage sites and the Mid Lusi Diversion

were considered in conjunction with one another with respect to

set'Ving the upper 1,680 hectares of South Gr\)bogan and both the Lusi

left bank and the tus! right bank areas. The objective b to increase

perennial irrigation area from the Mid Lusi Diversion.
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D.9.3.a. Operations

A number of operations studies were performed simulating this

particular canbination of elements. These are summarized in Tab~e D-55.

These three storage sites together will irrigate 12,880 hectares

comprising 1,680 hectares on the Upper South Grobogan, 4,200 hectares

on the Lusi left bank and, 7,000 hectares on the Lusi right bank.

This totals only 1,300 hactares more than the area served by the

same combination of elements but without Kedungwaru which is disccused

in the preceding Section D.9.2.

D.9.3.b. Economics

Construction costs of $ 86.4- milliC'n for all applicable array

items are summarized in Table D-56.

(li) BeDf.~fits

Bf"mefits as established in Appendix E - Part I are $ 1,589/

hectare/annum for irrigation of these new lands. Total annual

benefits at full development would then be $ 20.4-7 million.

(iii) Internal Rate of Return

The phasing of the projects and the period of construction

of each project are shown in Table D-57. Full irrigation

development for each phase of the sub-development is assumed to

occur five years after project completion. The phasing of the

development proposed is also shown in Table D-57. A summary of

cash flow used in computing the internal rate of return is shown

in Table D-58. Total costs are $ 86.4-1 million.
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AVeI'age annual benefits over the fifty year peI'iod are

$ 20.5 ffiillion and the internal rate of return is 14.8.

D.9.3.e. Sub-Development Viabi~ity

The Kedungwaru Dam, as an individual project, is not economically

attractive. However, in conjunction with the Banjarejo and the

Ngemplak Reservoirs, it can increase the irrigation service area off

Mid Lusi Diversion by 1,300 hectares.

The implementation of this project should depend upon the success

achieved in developing the areas around the Lusi River from rainfed

to technical irrigation. If those areas show good development poten­

tial, Kedungwaru Darn may become a desirable project to increase

perennial irrigation. The ecoDomic rate of return of this overall

scheme is faV01' ible.

D. 9.4. Evaluation of the E:L~.~ts of Maximum Mid Lusi Deveh'.pment

on the Serang River Project as Planned

D..a7

The maximum development considered on the Lu~i was exemplified

in the sUb-development array analyzed in Section D.9.3. that

consisted of provision of storage at Ngemplak, Banjarejo and Kedung­

waru in combination with construction of the Mid Lusi Diversion.

A total perennially irrigated area of 12,880 hectares can be served.

As agreed early in these planning studies no basic changes in the

existing Serang River Development Plan should be made. The Serang

River plan basically provides 655 million cubic meters of live

storage at Kedungombo a~d is projected to serve 7,300 hectares at

South Grobogan, 19,800 hectares in the Upper Sedadi, 17,400 hectares

in the Lower Sedadi and between 10,000 and 15,000 hectares in the

Juana Valley. Approximately 1,690 hectares of the proposed South

Grobogan service area and 5,000 hectares of the Juana Valley sarvice
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area would require low lift pump s1:ations to achieve command. .. The

plan called for maximum beneficial use of run-of-river flows of the

Lusi and LoweI' Serang at Wi1alung by diverting at that poin't to both

'the Juana Valley and the Lower Sedadi area.

Either Lusi development scheme, discussed in Section D.9.2. and

Section D.9.3. could have adverse effects on the plan in that flows

at Wi1alung below the Serang-Lusi confluence would be reduced thus

increasing the demands on storage at Kedungombo. On the other hand

demand on Kedungombo from South Grobogan is reduced with the in­

troduction of Ngemplak which would serve approximately 23 percent

of the designated South Grobogan area. Appropriate studies imposing

maximum Lusi Development and the Serang River plan on the combined

water resources of the Lusi-Serang Subbasins were conduc'ted.

D.9.4.1. Operation Studies

Several operation studies were conducted to establish the com­

patibility of the Lusi Developmen't with the planned Serang Development.

These are summarized in Table D-59.

As pointed out earlier, firmness at South Grobogan, Upper Sedadi,

Lower Sedadi and the Juana Valley vary slightly due to operational

rules established at the Kedungornbo Reservoir and the South Grobogan.

Sedadi and Wilalung Diversion structures. Average firmness obtaIned

of perennial irrigation is neal' 95 percent.

0.-88

Run 98 simulates development on the Serang River as currently

planned. The only changes introduced are 1) the same cropping

pattern of 3 rice crops on 75 percent of the area at full development

as on the Tuntang system is applied to the Serang areas and;
2) the reservoir operation at Kedungombo is based strictly on down­

stream irrigation demand, with no requirement for 'the generation of

f!rm po'"er.

I
I
I
I
I
~r~~~~~'!'",:
!lr.:iIIl·;fili~·ili1t·iili~~$li:ii~···liiii'··'O;·....;.,........-.-;...----~~~~·~··~.,~-

I
I
t

,



In Run number l3l, it is evident that if full developme~~ vf

projected areas in South Grobogan, along the Lusi River, Upper and

Lower Sedadi and the Juana Valley is considered, the available

storages cannot meet the irrigation requirements at or about 9S percent

firmness.

Referring again to Table D-S9, Run number l3l, the maximum !.usi

development estab~iBhed in Section D. 9.3. is imposed on the Serang

Plan simulated in Run number 98. Irrigation firmness at South

Grol:>ogan increases because of the additional water from Ngemplak.

Approximately 20 percent of the water released from Kedungombo in

Run number 98 specifically for South Grobogan is available at

Wilalung.

A portion of the Juana Valley area wi11 require pumped irrigation.

Therefore, to make up shortages in the other irrigation service areas

the logical choice would be to reduce the Juana Valley area. This

was done in Runs number 148 and 149. All proposed irrigation areas

can be served with perennial water at or about 95 percent firmenss

if the Juana Valley area is reduced to 12,000 hectares. The boundary

between the Upper'and Lower Sedadi areas is adjustable; therefore

irrigation firmness in both the areas will average 95 percent.

Thus, the combination of storage, diversion and irrigation service

areas shown in Run number 148 is the optimum solution for development

of water resources of the aestern part of the Jratunseluna Basin,

namely the Serang and Lusi River Subbasins.
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TABLE D-50

OPl::RATION STUDIES - NGEMPLAl< AND BANDONGHJ\RJO IN PARALLEL

WITHOUT LUSI DIVERSION

Run No. Storage Provided Area Irrigated Irrigation
Bandungharjo Ngemplak South Grobogan Lusi Left Firmness

006 rn3) (l06 rn3 ) (ha) (ha) (%)

94 22 68 1,680 4,000 81.7

95 22 68 1,680 3,200 92.9

96 22 68 1,680 2,400 96.8

TABLE D-51

OPERATION STUDIES, BANJAREJO, NGEHPLAK AND MID LUSI DIVERSION

IN CONJUNCTION WITH ONE ANOTHER

Run Area Irrigated Irrigation Firmness
Lusi Left Lusi Right South Lusi Left Lusi Right South

No. Grobogan Grobogan
(ha) (ha) (ha) (%) (%) (%)

108 4,000 5,000 1,680 96.4 96.4 100.0

109 3,600 4,500 1,680 98.8 98.8 100.0

110 * 4,400 5,500 1,680 95.2 95.2 100.0

111 4,800 6,000 1,680 94.0 94.0 100.0

112 5,600 7,000 1,680 90.9 90.9 100.0

~ Any area over 4,200 ha on Left Bank may be transferred to right bank.

i.e. Run 110 results would be applicable to 4,200 ha on the left bank

and 5,700 ha on the right bank.
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68.5

3.95

6.81

11.30

27.9

14.2

Mid Lusi Diversion (land& structure) 4.30

TABLE D-52

Description

TABLE D-53

Total:

Land aquisition Ngemplak

Land aquisiton Banjarejo

Construction Ngemplak

Construction Banjarejo

Distribution and Delivery

PHASING - SUB-DEVELOPMENT INVOLVING

BANJAREJO, NGEMPLAK AND THE MID LUS1 DIVERSION

COSTS - BANJAREJO + NGEMPLAK + MID LUS1 DIVERSION

6

2.

5.

3.

4.

Item No.

Year Construction Irrigated Area

Start Complete South Lusi Left Lusi Right
Grobogan

(ha) (ha) (ha)

1 Banjarejo & Mid Lusi !2 l3 Banjar!:!jo & Mid Lusi
4 Ngemplak ~ 3,000 5,356
5 • Ngemplak 3,000 5,356
6 1,680 L. ,200 5,356
7 1,680 4,200 5,356
8 t ~ ~
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TABLE D-54

NGEMPLAl<, BANJAREJO & MID LUS1 DIVERSION

CASH FLOW

Year Costs Benefits
Ca~h Flow YearsConstruction* Total Irrigation Total-- --

1 10.28 10.28 -10.28 1

2 20.55 20.55 -20.55 1

3 20.55 20.55 -20.55 1

I; 17.30 17.30 -17.33 1

5 .23 3.68 3.68 + :.L45 1

6 7.36 7.36 + 7.13 1

7 11.04 11.04 +10.81 1

B 14.72 14.72 +14.49 1

9 - 50 18.4 18.4 +18.17 42

1RR = 15.9%

* Concurrent construction of the components is shown here for
computing the IRR. The proposed phasing of the components is
discussed in D.9.2.



95

95

95

,Hc Estimated.

Irrigation Firmness

4.30
3.95
6.81
1.6

11.30
27.9
17.91

-!..l±.:..L
86.41

(%) (%)

96.0 96.0

94.8 94.8

93.7 93.7

Lusi Left Lusi Right South
Grobogan*i:

(%)

Description

TABLE 0-56

TABLE D-55

Mid I,usi Diversion (land & structure)
Land Aquisition Ngemplak
Land Aquisition Banjarejo
Land Aquisition Kedungwaru
Construction Ngemplak
Construction Banjarejo
Construction Kedungwaru
Distribution and Delivery

Total:

COSTS - BANJAREJO + NGF.MPI~K + MID LUSI DIVERSION

OPERATION STUDIES

BAN,JAREJO, NGEMPLAK, KEOUNGWARU AND THE MID LUSI DIVERSION

IN COMBINATION it

1.
2.
3.
4.
5.
6.
7.
8.

Run Area Irrigated
Lusi Left Lusi Right South

No. Grobogan
(ha) (ha) (ha)

125 4,200 6,000 1,680

126 4,200 7,000 1,680

123 4,200 9,000 1,680

ff Live Storage: Banjarejo 77 x 106 m3
Kedungwaru - 19 x 106 m3
Ngemplak 68 x 106 m3

Item No.
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TABLE D-57

PHASING - SUB-DEVELOPMENT INVOLVING

BANJAP.EJO, NGI:MPLAK, KEDli'NGWARU AND THE MID LUSI DIVERSION

u
[~

r
I'
I
I
I
I
(

I
(

('

I
I

ear Construction Irrigated Area
South Lusi Left Lusi Right

Start COJDP.lete Grobogan
(ha) (ha) (ha)

1 Banjarejo IMid Lusi 12
3 '.

oJ Banjarejo & Mid Lusi 3,000 5,356
5 Ngemp1ak f, Kedungwaru 3,000 5,356
5 Ngernp1ak & Kedungwaru 1,680 4,200 7,000
7 1,680 4,200 7,000
3 ~ • ~
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TABLE D-58

NGEMPLAK, BANJAREJ0 9 KEDUNGWARU & HID WSI DIVERSION

CASH FLOW

Yea%' Costs Benefits Cash Flow YearsConstruction* Total Irrigation Total ---
I 12.97 12.97 -12.97 1

2 25.92 25.92 -25.92 1

3 25.92 25.92 -25.92 1

~ 21.60 21.60 -21.60 1

5 .27 4.09 4.09 + 3.82 1

6 .27 8.19 9.18 + 7.91 1

7 .27 12.27 12.27 +12.0 1

8 .27 16.36 16.36 +16.09 1

9 - 50 .27 20.~7 20.47 +20.20 ~2

IRR :: 1~.8%

~ Concur~ent construction of the components is shown here for
computing the IRR, the proposed phasing is discussed in D.9.3.



SUMMARY OF MODEL RUlIS CHECKING COMPATIBILITY or SERANG AND LUSI DEVELOPMEnT

Run Storage lITigated Area IITigation Firmness Pc
Kedung- Ngem- Banja- Kedung- South Lusi Lusi Upper Lower Juana South Lusi Lusi Upper Lower Juana K4

No. ombo p1ak rejo waru Grobogan Left Right Sedadi Sedadi Valley Grob:>gan Left Right Sedadi Sedadi Valley (

Q06 rn3 ) (ioG'uf) O!Pm3) 0.06 m'3) (ha) (ha) (ha) (ha) (ha) (ha) (%) l!L (%) (%) (%) (%) .1

98 655 0 0 0 7,300 ° 0 19,800 17,400 15,000 96.0 - - 93.3 95.2 95.2

131 655 68 77 19 7,300 4,200 7,000 19,800 17,400 15,000 96.8 94.8 94.8 92.9 94.0 94.0

148 655 68 77 19 7,300 4,200 7,000 19,800 17,400 12,000 97.2 94.8 94.8 94.4 95.6 95.6

149 655 68 77 19 7,300 4,200 7,000 19,800 17,400 10,050 98.0 94.8 94.8 94.8 96.0 96.0

""".·.""""F""'..".".".""""'.","rl\l~"."" ~'.'.'...,J,:>':'-:,".-d. l~"".({c,~_I,,,ly,{,;r;-.rC1'!. __ .•~+~;, ,'" _
- - ·,'i--, ~
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D.10. ~MIZtltG DEWLOPI£NT IN THE TUNTANG/JRAGtniG/DOLOl</PENGGAROH

SUBBASINS

Part I of the study dealt specifically with the iu~egra~ed

de~elopt:lent of the Tuntang and Jragung Rivers. In this extended

,;tudy little effort was expended on these two subbasins isolated

from the remainder of basin as ~hese pt')ssibilities ware fully

explored and are the exclusive subject of part I of ~his appendix.

Findings reached and discussed in Section D.S. indicate a distinct

advantage iu total benefits which can be obtained front a maximum

Lusi Riv~ developmen~ ratb~~ than from attempting to make excess

Serang project wate~ available to the Tuntang/Jragung/?enggaron/

Dolok development. Therefore, the integrated development of

TuntanglJragung ~j th Penggaron 3nd Dolok may for ,all prac~:lcal

purposes be considered separately from development of the tusi/Serang.

D.~O.l. Qeeration Studies - West Side Maximum Development

The following discussion deals with the Tuntang-Jr~~~gDevelop­

ment Plan which is presented for three conditions; case I, case II

and Case III.

Case I includes live storage capaci~y of 175 million cubic meters

at Rawa Pening, 190 million cubic meters at Gunung Vulan and 87 mdllion

cubic meters a~ Clapan. and a tr~n&~asin diversion from the Tuntang

River to 'the Jragung River. The s~orage provided a't ~l(,1c is

35 million cubic meters.

In this cas/!, it is assumed ~hat sociological and practical

constrain~s to rai~ing of Rawa Pening without levees can be overcome.
As discusded in section ~.7.2. a decieion was reached early in these

planning studies that further consideration should not be given ~o

toe consU'Uc't ion of PenggU'OD Dam and Feservo.lr. I t also was .8~ab­

lished in Part I of these studies ~Mt furthe." considera'tion should
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not be given to the construction of JNgung Dam and Rese1"IOir if

alternative storage sites at Rawa Pening, Glapan and ul.tillate1.y at

Gummg Wul.an will be provided. Maximum d~velopment of the fOUl'

suhbasincs then consists of raising of Rawa Pening and cons'truction

of Glapan Barrage, Gunung Wulan and Dolok.

In case II, IIve storage capac!ties of 125 million cubic meters

and 260 mil1ion cubic meters were pl~vided at Rawa Pening and Gunung

Wulan, respectively. The transbasin diversion from Tuntang to

Jregung is also incluced in this case. Both schemes p!'Ovided iden­

tical benefits, i.'<!. perennial irrigation at 95 percent firmness of

35,000 hectares and 2,OeO lIs of H F. I lroiter from Kuncul Springs. For

the origina~ study the development of the Dolok and Penggaron

Subbasin~ was not considered.

In Caso II! Rawa Pening remains at its present storage capctc1ty

of 143 million cubic metC!l's. Storage reservoirs are provided at

Jragung and Cunung Wul.an with ~apacitles of 75 million and 260 million

cubic meters, respectively. The Tuntang to Jragung Diversion is part

of this case. Perennial irrigation is provided to 9,300 hectares in

the Tuntang service aroa and ll,625 hectares at Jragung. Water to

Semarang can be delivered from Jragung, Muncul Springs and Dolok at

the 1'OCiuired a.,OOO lIs.

D.10.l.l. Operations

For updating the development plan fOl' the Jratunseluna Basin,

all the subbasins were included in the study. In the western part

of the basin, the Dolok and Penggaron Subbasins W8l'O grouped with

the Tun~acg/JragungSubbasins 10X' which an integN\ted development

plan Md earlier been proposed and operation study ~ied out.

A dam on the Penggaron River, due to reasons explained elsewhere in

this t'eport, was dropped from further consideration. The operation

D-98
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study vas thus conflrCled to the reservoirs on the TWltang, JraguDg

aDd the Dolak Rivers. The results of the operation study show that

if Dolok Dam is constructed for irrigation only with 43 million cubic

meters of live storage and caDbinf'd with the wiginal development

plan of the Tun1:ang/Jragung Rivers, an area of 36,950 hectares is

perennially irrigated at 95 percent firmness. However, as she»m in

D.7.1. economics of constructing Dolok Dam for irrigation alone are

not encouraging.

The Dolok Dam project was then called upon to provide M & I

water supply to the city C'~ Semarang in addition to providing

perennial irrigation to ar '!as to which water cannot be di','erted from

the adjoining subbasins.

D.10 •2. t anomics of "Maximum DevelOpment - West Subbas in case I II

(i) Cocts

Cost associated with this combination are as follows: For

construction of Rawa .Yening, $ 1.0 million; construction of

Gl.apan Barrage t $ 23.9 million; construction of Dolok, $ 14.8

million; cons'truction of Gunung Wulan t $ 103.5 million plus

$ 13.2 million far the power house. (total construction costs

of $ 156.4 million). In the 36th year after cnmpletion of

Gunung Wulan Dam, power plant replacement would cost $ 4.62

million. For land acquisition at Rawa Pening, $ 39.0 million;.

land fot' Glapan Barrage, $ 6.4 million; land fOt:' Dolok $ 0.56

million; and land for Gunung Wulan I $ 7.98 million. (total land

aquisition costs of $ 53.94). Rehabilitation of the irrigation

system on 30,950 hectares at $ 328/hectare, $ 10.15 million.

(total costs for land, construction excluding power house re­

p~acement, and irrigation system rehabilitation, $ 220. ZJ9 million).

o &M costs as a percentage of construction costs are $ 0.39 million;
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(Ii) Benefits

(iii) Internal Rate of Return

D.IO.3. Maxi,~ Development - West Side Subbasins case II

D-lOO

plus $ lO/hectare fO%' the irrigation system. $ 0.31 million; and

$ O. OS million for power plant 0 & H. (total 0 & H, $ 0.75 million).

~~ internal rate of return of the case I development plan

in the W~stern Subbasins is 16.4 percent.

Irrigation benefits accruing from an increase of $ 1.406 in

net farm income per hectare on 30,950 hectares amount to $ 43.5

million. Full benefits should accrue after a development period

of five years. H & I water benefits accruing from the project

are estimated to be $ 9.92 million. Flood control ben~fits are

expected to be $ 1.25 million. 50 GWh of firm power and 110 GWh

of secondary power would be lost because ot this development plan,

but 184.5 GWh of secondary power would be generated, so the net

effect would be an annual loss amounting to $ 0.48 million.

This case assumes that social and political problems associated

with the' raising of Rawa Pening without levees cannot be overcome

but that levees to the limits established in Part I of this study

can be constructed. 125 million cubic meters of storage is proVided

at Rawa Pening; 260 million cubic meters of live storage is provided

at Gunung Wulan (260 million cubic meters storage at Gunung Wulan is

in all cases interchangeable with 190 million cubic meters at Gunung

Wulan and 87 million cubic meters live storage at Glapan). 35 million

cubic meters of live storage is available from Dolok. Again no

consideration is given to construction of Jragung Reservoir.
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D.10.3.2. Economics

D.10.3.l. Operations

Construction costs associated with this combination are:

$ 24.0 mil.lion for raising Rawa Pening; $ 14.8 million for Dolok;

and $ 116.5 million for Gunung Wulan Dam plus $ 13.2 million for

the power house. (total construction costs of $ 169.5 million).

Land aquisition costs for the three compoDe~ts would be $ 12.86

million ($ 4.88 million for Rawa Pening and Dolok, and $ 7.9

million for Gunung Wulan). Rehabilitation of the irrigation

system on 28,833 hectares at $ 328/hectare, would cost $ 9.46

million. (total costs for land, construction, and irrigation

system rehabilitation are $ 190.82 million). 0 & M costs as a

percentage of construction are $ 0.36 million; plus power house

o & M of $ 0.05 millJon, and 0 &H of the irrigation 'system at

$ lO/hectare. amounting to $ 0.29 million. (total 0 &H,
$ 0.70 million). After 35 years of use, power plant replace­

ment at Gunung Wulpn would cost $ 4.62 million.

D-101.

A number of runs were made to simulate this array, however

irrigation f~ess achieved at Gunung Wulan and Glapan resulted

from Serang-Tuntang Diversion because no development on the Lusi­

Serang was simulated in the operation. These firmness val.ues were

corrected to values without diversion from Serang as established in

Part I of this study. The data are summarized in Table D-61. Full

development under this array would allow perennial irrigation of the

full Tuntang service area, 10,~60 hectares in the Jragung s~ice

area (90\) and 996 hectares on Dolok while providing ~,OOO lIs of

M& I water to Semarang.
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(U) Benefits

Irrigation llc.l)efits accruing from the "Case II" development

in the Western Subbasins would be an increase of $ 1,406 in the

net farm income per hectal~e on 28,833 hectares, amounting to

$ 40.5~ million. This level of benefits would be reached after

5 years of growth in equal annual increments. M & I water supply

benefits are estimated to be $ 9.92 million; and flood control

. benefits $ 1.25 million. 50 GWh of firm power and 110 GWh of

secondary power would be lost, but 20~.2 GWh would be generated,

so the net effect cn power would be a gain amounti~g to $ 0.95

per year.

<iii) Internal Rate of Return

The internal rate of return of the Case II development plan

in the Western Subbasins is 16.4 percent.

D.IO.3.3. Sub-Development ViabilIty

TLe internal rat~ of return fer Case I Development, as described

in Section D.I0.2., was also 16.4 percent, the same rate as for Case

II. Project costs for Case I were $ 220.5 million and for Case II

they were $ 190.8 million. Evaluated solely on economic aspects,

Case II with lower costs Hould be preferable, hut non-economic

aspects associated with raising Rawa Penine with or without levees

cause the difference in costs. Benefits accruing from irrigation

are greater for Case I than Case II, because of the additional

number of hectares benefited. Both Case I and case II are economi­

cally feasible.
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D.IO.~. Maximum Development - West Side Subbasins Case III

A knowlegeable and justifiable selection of Case I (0.10.3)

or Case II (D.10.2) as the preferred development array cannot be

made until the results of d full feasibility level study at Rawa

Pening are available. The feasibility of overcoming social and

political constraints associated with the implementation of Case I

and of solving the foundation and drainage problems in the implemen­

tation of Case 2 need to be carefully analyz~J and confirmed for

decision making.

It is foreseen that a resolution of the sociological and poli­

tical problems which are connected with ti!e raising of Rawa Pening

will be extremely difficult and time consuming. As the key element

in the development plan for the western subbasins the status of

Rawa Pening, however, has to be established before a sensible orderly

and economically sound program for project implementation can be

drawn up. Despite the economic benefits that could be realized from

the development of Rawa Pening it may be advisable, in this case,

to forego the goal of optimum utilization of the water resources fpr

a scheme of development that produces somewhat fewer economic

benefits, but eliminates emotional, cultural, environmental and

political factors that are likely to delay and, possibly, block

implementation. The critical water supply situation in Semarang

demands a quick decision. Excellent water is available from Muncul

Springs, without treatment and with plenty of hydraulic head for

delivery to the highest locations in Sernarang. As shown in Part I

of the study, withdrawal of M & I water at Rawa Pening requires that

storage is provided at the Tuntang and the Jragung Rivers. The storage

requirements depend on the amount of water taken from Muncul Springs.

For economic and practical reasons the water Bupply from Muncu1 Springs

should be maximized, which is possJble with ~he introduction of a

storage dam at Jragung.
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Case III investigates the existing conditions at Rawa Pening

with a life storage of 43 mdl~ion cubic meters.

0.10.4.1. Operations

Under these conditions to maintain an acceptable area of irriga­

tion development Jragung II is introduced back into the system.

Run number 163 with "JRAT" assumed storage of 43 million cubic meters

at Rawa Pening, 75 million cubic meters at Jragung and 35 million cubic

meters at Dolok. A full 4,000 lIs M & I water is provided to the

city of Semarang. 500 lis is provided by Dolok, 1,500 lIs is

diverted from the Jragung and 2,000 lIs is diverted from ~ncul

Springs above Rawa Pening. The ful.l Tuntang service area is served,

9,300 hectares of the 11,625 hectares Jragung area i~ served and

996 hectares of the Dolok area is served witr. perennial water.

D.IO.4.2. Sub-Development Viability

This particular array ~·f elements would be considered only if

the proposed and forthcoming full feasibility investigation of Rawa

Pening should result in a decision to not increase present capacity

at Rawa Pening.

D.10.S. Maximum Development of Perennial Irrigation and M& I Water

Supply in the Jratunseluna Basin

The plan of development in Section D.9. is presently considered

to constitute maximum development in the tusi-Serang Subbasins. The

combination of projects consists of provision of storage at Ngemplak.

Danjarejo and Kedungwaru to supplement river diversions at the Mid

Lusi Diversion site. This array as shown in Section 0.9. will. serve

a total 12,880 hectares of land with a peren."'1ial irrlgati.on supply.
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The Serang River Development Plan is to be implemented as proposed

by SMEC with exception that the area of the South Groboganservice

area to be served from l<edungombo and the South Grobogan Weir ~s

reduced from 7,300 to 5,620 hectares and the area served in the

Juana Valley is limited to 12,000 hectar~s total. Of these

12,000 hectares, ~,750 hectares will require pump irrigation based

on results obtained by SMEC [~] in their latest studies of irrigation

development potential in the Juana Valley.

In Se~tion D.IO.~ the maximum development to be considered

for the western subbasins is explored. Three possibilities of

development at Rawa Pening, and. the subsequent effects on the

integrated development of the subbasins, were explored.

In the selection of elements to maximize basin development

to feasible limits, the optimum conditions at Rawa Pening were

obtained with storage increased to 175 million cubic meters.

Therefore, the conditions described in Section 0.10.1. were

assumed in the maximum development scheme for the Jratunseluna

Basin. The west side elements imposed for the overall operation

include the raising of Rawa Pening to 175 million cubic meters

without levees, construction of Gunung Wulan to provide 260 million

cubic meters live storage (or Glapan plUS Gunung Wulan), construction

of the Tuntang to Jragung transbasin diversion with a capacity of

18 cubic ~eters per second and constl'uction of Dolok Reservoir to

provide 35 million cubic meters of storage. All features

D-IOS
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of ~he development plan and physical benefi~s are summarized helow:

Area Area Perennially
Site Storage Provided Service Area IrI'iga~ed a~ 9St

(106 m3) Firnmess (ha)

Penggaron 0 Penggaron °
Dolok 35 Dolok 1,950

Jragung 0 Jragung 11,625

Gunung Wulan 260 Tuntang 23,375

Kedungombo 655 South Grobogan 7,300

Ngemplak 68 Upper Sedadi 19,800

Banjarejo 77 Lower Sedadi 17,400

Kedungwaru 19 Juana Valley 12,000

Rawa Pening 175 Lusi Left 4,200

Lusi Right 7,000

Total: 1,289 Total: 104,600

M& I Water

Supply Point Rate
(l/s)

Muncul 2,000

Jragung 1,50;)

Dolak 500

Total: 4,000
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D.10.S.l. Development Economics

(i) Costs

As indicated in Section D.IO.3.2., the total costs of

maximum development in the Western Subbasins (Case II) would be

$ 220.5 million. Maximum development in the Eastern Subbasins,

~s indicated in Section D.9.3.b.~ would be 86.4 million. The

total cost for maximum development in the entire Jratunseluna

Basin would thus be $ 306.9 million.

(ii) Benefits

The benefits in both basins of maximum development would be

$ 73.2 million per year, consisting of $ 52.7 per year' in the

Western Subbasins and $ 20.5 million in the Eastern Subbasins.

•
(iii) Analyses

Since the maximum development plans for the two subbasins

are separate plans which are not linked in any way for purposes

of implementation, each plan shOUld evaluated separately. As

previously indicated the internal rate of return for development

in the Western Subbasins is 16.4 percent; in the Eastern Subbasins

the internal rate of return is 14.8 percent.
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TABLE D-60

HAXlMUM DEVELOPliENT - WEST SIDE SUB-BASINS - RAWA PENING

LIMITED'TO 125 x 106 rn3 AND NO STORAGE PROVIDED AT JRAGUNG

(In all cases M & I is provided as follows: Muncul - 2,000 lIs, Dolok - 500 lIs, Jragung - 1,500 lIs)

Run No. Storage Provided Area Irrigated Irrigation Firmness Energy
Rawa )'I Gunung Dolok Tuntang Jragung Dolok: Tuntang Jragung Dolok U T S Gunung

penin~ Wulan Wulan
(l06 m ) (106 m3) (l06 m3) (ha) (ha) (ha) (%) (%) .J!L (GWh) (GWh)

150 125 260 35 23,375 12,787 996 93.7 92.9 95.6 133.3 80.2

151 125 260 35 23,375 10,462 996 94.8 94.8 95.6 141.4 80.2

152 125 260 35 23,375 8,137 996 96.0 94.8 95.6 139.9 80.2

• Gunung Wulan @260 x 106 m3 may be replaced by Gunung Wulan @260 x 106 rn3 and Glapan @87 x 106 m3•
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D.ll. CONCLUSIONS

The conclusions derlve~ fr~ the planniDg study related to the

Jratunseluna Basin Updnteci Development Plan are recorded hereunder.

1. The development of individual subbasins and the integrated develop­
ment of all subbasins in the Jratunseluna Basin were studied in
accordance with the special conditions specified by the Directorate
G~neral of Water Resources Development. These special conditions
are:

a. Large projects should not be proposed for tmplementations in the
JratuDseluna Basin during the near-term (10 years) p~riod;

however, development of irrigation and municipal water supply
within the basin should begin in the near future for which only
small-size, low-cost projects should be considered.

b. Hydropower development in the basin has low priority. Generation
at existing power plants should not be reduced significantly.

2. In view of the special conditions stated in (1) above. the Consultant
identified small-size, low-cost projects which are technically and
economically feasible and which can be recommended for early implemen­
tatIon. These small-size development projects have the potential to
beC()ml~ a part of thE' scheme for the overall development of the total
basi.n.

The Rtatus of these small-size projects in the overall development
plan was also examincd for the case that the abovemcntioned constraints
would be removed.

3. The upJntcd development plan is presented in three alternatives. Out
of thirteen indivldunl projects identified i,o the Jratunseluna Basin,
ten are compatible with the alternative development plans proposed.
The proJect!,; nre: I) Raising of Rawa Pening, 2) Gunung Wulan Dam,
3) Tuntang - Jrngllng Trnnsbnsin Diversion, 4) Glapan Barrage • 5) I)olok
!lam, &) Jragung D3m. 7) Kedullgombo Dam. 8) Ngemplak Onm, 9) BanJarcjo
Dam, :lnd 10) Mid Lm;i niversion Structure. A design report for these
structures is given in Appendix C.

I
I
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3. Tuntan6-Jragung
Transbasin
Diversion 2.40 (In conjunction with Projects 1, 2 and 4)

4. Glapan Barrage 87 32.77 13,517 1,500 " 12.15 20.8

5. Dolok Dam 35 15.73 996 500 2.93 11.3

6. Jragung Dam 75 71.39 8,200 1,500 15.63 13.8

7. Kedungombo Dam~1 655 207.2 44,500 39.90 14.1

8. Ngemplak Dam 68 18.79 2,880 4.58 14.0

9. B;mjarejo Dam 77 48.29 8,356 13.28 16.1

10. Mid Lust Diversion
Structure 3.3 (In conjunction with Projer.ts 8 and 9)

Project IRR

(%)

21.5
21.0

14.1

1. Raising of
Rawa Pening

2. Gunung Wulan Dam

All of these projects were analyzed individually and are technic­
ally feasible with the exc~ptions stated in paragraph {4}. The
salient features of the projects are tabulated below.

1/
Live Benefits -~._~_-:--

Storage Project Irrigation Ii & I Water Annual
Capacity Cost 95% Firmness Supply Value
(106 m3) (US $ J06) (ha) (l/s) ~US $)

125 31.01 14,204 1 9 500 12.98
175 43.96 18,060 1,500 17.98

190 130.38 23,375, 2,000 30.27

11
(i

I

~
~···:m~'~.;.....
l'~ '.~E

~.'•.'.:.'.." ";\ li

1/ At full development. 'l:l December 1978 Analysis by 'SMEC (11).

I
I
I
f

I
f

I.
(;

The planning reports and the economic analyses for the above
listed projects are given in Appendices D and E, respectively.

4. The individual small, low-cost projects which are recommended for
detailed study and early implementation are listed as follows.

a. Raising of Rawa Pening

This project, for the different storage capacities analyzed,
• is very attractive e~onomlcal1y. However, certnin technical and

sociological problems need to be investigated and resolved before
embarking upon the final design "and construction of the works.
These problems are identified as follows.

(1) For raising the level and the gtorage capacity of the lake.
dikes are proposed to protect the adjoining agricultural lands
and urban and rural areas from flooding. The results of
limited exploration and material testing show that the found­
ations for the dikes nre weak and susceptible to large
settlements.
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(i1) The dlspcsr \ of drainage by gravity from behind the levees
appears to be prohlematic. uecause of lack of adequate mapa
for the area, a workable dr' '"age systp..m could .~Qt be proposed.
It Is known however, that al~ are&s behind the dikes cannot be
dr.:ained by gravity. and that pumped drainage migbt be required.

(iii) If ~Ja Pening is raised witho~t dikes. large tracts of vslu­
able agricul~ural lands and 17 villages around the. lake viII
be flooded. More than fifty ~housand people will be directly
or Indir~~tly affected by th~ raising of the lake. The soclo­
iogical problems associated with large scnlc relocations may
be prohibitive.

The storage at Rawa Pening Is very attractive a~d sl~utd

be exploited to the extent possible. Therefore. three alter­
native plans were s~udied for the following c~nditlons:

- Live Storage Capacity incr~ased by uiking to 125 million
cubic meters. This is the optimum size of storage at Rawa
Pening. (See Appendix D - Part I).

- Live StoTage capacity increased to 175 million cubic meters
without dikes. This will flood all agricultural lands and
populated area around the lake.

- Live Storage Cap~city maintained at 43 m'llion cubic meters.
the existing capacity of the 13ke.

(lv) It is felt th:tt the ~u.;essful implementation of raising Haw;)
PC'ning is dCjl~ndl.!nt on res\:Jlution of the dispute whlch arose
from damage claims filed nfter the previous In\'rens~ of the
water levpl In 1966. Without 11 settlement of that disputl~

the project will not receive support from the local population.
As Rawa Pening is a key element in development of the w~stcrn

subbasins. whose implementation affpct~ selection and sizing
of other projects and their priority in the development
program. an early resolution of the con~'lict of interests is
ner.es~ary. Based on ~trictly engln~ering and economic consider­
ations the raising of Rawa P~inB is recommended.

b. Dolok Dam

Constructing a dam and storage reservoir on th~ Dolak River
is an attractive proje~t. This project can supply 500 lit~rs r
second ~f mu~,cipal and industrial ~ater to the low-lying eastern
part of the ~.i.ty of SemaTang and also provide pere~;nial irrigation
wat~r to the upper 99b hectares of t~e present Dolok Service Area.
It appeal's that the balance of the service area could be served
from the Jragung Diversion after full development on the weRt side
of the Jratu!1seJ.una Basin. However, fot' in erim development.

D-l11
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assuTed water for two crops per year could be supplied to tbe
entlTe Dolok Service Area. in lieu of the perennial irrigation
water supply le' the upper 996 hectares. the 500 liters per second
M & I water supply to the city of Semarang remains the same.
If M & I water ~uppJy 15 increased to 750 liter6 per second. the
corresponding service area for perennial irrigation will decrease
to 650 hectar~s.

The reservoir created by this project will flood forest
plantations. The ~conomic implications have not been investigated
as yet. The fact that this reservo".r area has very few inhabitants,
eliminates most of the sociological problems associated with
storage reservoir~ in almost all other projects in the development
plan.

c. Clapan Barrage

The bl1rragl~ at the originally proposed site for the Clapan Dam
qhould be constructed for a full supply level at E1. 30.0 M.S.L.
with s Jive storage capacity of 87 million cubic meters. This
capacity out of the inlti:1' gross capacity of 125 million cubic
meters can only be maintained throughout the 50-year life of the
project If all wet season flows with high :~2diment concentrations
are passed through the b~rrage from Octobe-r 1 to r.·~rch 31 every year.

d. Tuntang-Jragung T~ansbasln Diversion

Withdrawing wat~r from the Huncul SpTing for H & I water supply
would reduce water avallable in Raws Pening for hydropower generation
itt the existing Upper Tuntang System (JeJok and Timo power plants)
und at the potential third pDwer plant at S3mbirejo. Diversion of
H Eo I w:lter ilt 3 point below the power plants w01lld not result
In pOWL3f losses. Therefore. diversion of Tuntang water for M & I
water de~lnds in the city of Semarang. nnd augmenting Jragung River
flows fo!' irrigation In the western subbasins is proposed at a
poln':" below the potential third power plant of the urS. This
diversion is an important component in any scheme in which raising
of R3wa Pening is planned. The economic evaluation of this diver­
~ion scheme should include a comparison of the energy lost in the
UTS with the energy required for pumping and water treatment which
woulrl not be needed if the Muncul Spring water was fed directly
into the Semarang distribution system.

D-l12
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e. Lust River Development

Development of perennial irrigation of about 13,800 hectares
along both the right bank and the left banks of the Lusi River
above its confluence with the Ser.ang River appears attracti.ve
and should be pursued. The components of thla development are:

(i) A diversion at Mid Lusi can provide wet season irrigation to
areas both on the left and the right banks of the river. The
areas which can be served, without significantly reducing
existing wet season use of Lusi River water at Wilalung, are
4,200 hectares on the left bank and 7,000 hectares on the
right bnnk.

(it) The construction of Ngemplak Dam, with or without Kedun~;.'aru

Dam, may be considered for early implementation as it has
insignificant effects on the present downstream use of Lus1
waters at the Wilalung Diversion for the Lower Sedadi areas.
Ngemplak is especially attractive because of its ability to
serve the upper 1,680 hectares of the South Grobogan Service
Area .~ich are presently planned for pumped irrigation In the
Serang River Project. The Ngemplak Dam Project, without Mid
Lusi Diversion, can provide perennial water to 2,880 hectares
of potential irrigation service areas.

Mid Lllsi Diversion flows in conjunction with the Ngemplak
Reservoir could supply perennial iL'rigation water to 2,520 hectares
in the Lusi Left Service Area, in adJition to 1,680 hectares in the
South Grobogan Area, even if no other storage is provided on the
Upper Lusi and its t.ributaries. However, in that case no water
will b~ available for diversion to the Lusi Right Service Area.

As indicated in the overall development plan. an area of
5,700 hectares on the Lusi Right Bank can eventually be supplied
with perEnnial irrigation water from the Mid Lusi Diversion at
ill11 development, i.f'. after storage at Banjarejo has been provided.

An alternative fir-heme for Lusi River development is to combine
!klll.1nrejo Dam wi tit loUd LlIst niversion without Ngl!mplak Dam. l'hitJ
ca~c is shown Ils Proj ect Ntl. 9 in the preceding pnragraph (3).

ThE' irrigat c~ 'Irea on the Lusi Right Bank could be increased
by providing arldU ......nal storage on the Lusi tributaries at the
possible damsites, namely Kedungwaru, Tirto and Bandungharjo. In
the present study construction of dams, as indi.vidual projects, at
these site was not found feasible.

The estimated costs and economics of small projects pro~oBed

above for early implementation are given in the p~eceding para­
graph (3).
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5. The Jragung Dam Project design~d to pass sediment during a part of
the wet season is technically feasible but economically marginal if
used for irrigation only. This project can be justified as an
element in the overall development of the Jratunscluna Basin ii Rawa
Pening cannot be raised due to technical and/or sociological reasons.

6. A storage dam on the Penggaron River was proposed in the original
Developme~t Plan of 1973. The present study found that the Penggaron
project should be eliminated from the development plan due to the
following reasons.

a. Marginal site geological ~onditions.

b. Sediment yield of the w3tc~~hed is high. If the reservoir Is
operated for passing sedi~nt through the reservoir during the
wet seaso,. it will greatly reduce reservoir effectiveness.

c. More than half (342 hectares) of the reservoir area is presently
used for irrigated rice production.

d. Reservoir area J:,:; highly populated. Villages occupy scout 125
hectares of the .:>~ea. Evacuation and ..-esettlement would be
reflui red.

e. Anticipated costs of th~ project are very high in comparison to
the anticipated benefits.

7. The integrated usc of the waters of thp. western subbasins, namely
Tuntang-Jragung-Dolok-Penggaron. and the eastern subbaAins, namely
Lu~i and Serang has been studied. Duc to lack of viable storage
sites in the western subbasins for meeting projected needs for irri­
galion and demands for M & I water. the d::'version of water from the
Tuntang to the Seran~Luf?i Rivers is not desirable. It has beEn
found also that periods of high demand and of irrigation shortages
coincide in both subbasins. which makes diversIon of water from the
Scrang to cover Tuntang-Jragung shortages ineffective. Therefore.
tllp. develnpment on the Lu~i-Serang Systt'm And the Tuntang-Jragung­
I'l'llggaron-Dolok System have been considered indcpmldently in this
stu:{y.

8. In the previous study done by SMJ-:C for the development of the Serang
River System. the cropping pattern used for the irrigation service
area of the Kedungombo Project was two rice crops and one upland
crop every year. In updating the development plan, it has been
found that by adopting a cropping pattern of three crops of rice
in 75 percent of the irrigated area in the Serang-Lus! System.
similar to the cropping pattern in the Tuntang-Jragung System, the
irrigation service area will not be decreased. provided that the
Kedungombo releases are governed by 'rrigation demands only.
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9. The updated Jratunseluna Basin Development Plan is presented in
three alternatives shown in Tables 0-61, D-62, and D-63.

Due to reasons stated in the prece4ing paragraph (4) of this
chapter, the development plan for Rawa Pening is not yet finalized.
As a key project in the overall basin development, this unknown
factor necessitated the development of possible alternative scheDes.
The alternative schemes for the proposed Development Plan, therefore,
are based on the three caoes proposed for the Rawa Pening development
listed in Paragraph 4.a. (iIi).

10. Municipal and Industrial (M & I) water supply to the city of Semarang
can be supplied from the Muncul Spring up to maximum of 2,000 liters
per second if storage i& prOVided on the Tuntang River or at Rawa
Pening. The amounts of withdrawal for M & I and the corresponding
irrigation areas, for different combinations of projects, arc given
below.

Element
Volume Diverted

from Muncul
(l/s)

Irrigated
Area
(ha)

~,wa Pening Storage
Capacity 125 x 106 m3
(F.S.L. El. 467.0 M.S.L.)

Clapan Barrage

Gunung Wu!an Dam

500
1,000
1,500

500
1,000
1,500

2,000

15,500
14,700
14,204

15,200
14,500
13,800

23,775

I

I
I
I
_I

If 500 liters per second of water are diverted froDt Muncul
without prOViding adequate storage on the Tuntang River, the area
presently receiving year - round irrigation at Clapan will be reduced
hy ~bout 800 hectares.

11. A total of 4,000 liters per second of water for M & I demands in
~,emarang cnn be prOVided from the surface waters of the Jratunseluna
dasin if and when the full development plan is implemented.
Proposed schedules fitting a 20-year developing period are shown
in Tahles D-61, D-62, and D-63.
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TABLE D-61
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