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PREFACE

The Directorate General of Water Resources Development (DGWRD) of
the ministry of Public Works, Goverrment of Indonesia (GOI) contracted
PRC Engineering Consultants, Inc. (PRC/ECI) to provide censulting
engineering service for preparirg an integrated development plan for
the Tuntang/Jragung Rivers in the Jratunseluna 'asin. The study for the
Preparation of the plan started on May 16, 1979 and was originally
scheduled to be completed on November 30, 1979,

An interim report on the study was submitted by PRC/ECI 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 Jratunseluna 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/Jregung subbasins and those of the adjoining subbasins within
the Jratunseluna Basin should be examined. Thus, the master plan for
the development of the Jratunseluna Basin which was prepared earlier by
NEDECO in the year 1973, would be reviewed and updated. The changes in
criteria 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 stady for formulating
a conceptual optimized development plan. The original contract between
60I and PRC/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 Hydrology for supporting the proposed plan. That report is being
produced as Part I Appendix A - Hydrology, related to the Tuntang/Jragung
Rivers Basins Integrated Development 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 hydrological }
investigations done by the consultant to support the proposed plan are -
reported in this document as Part IT Appendix A - Hydrology, related to'

the Tuntang and Related Rivers Basins Development Plan.

Semarang, May 1980 | PRC Engineering Consultants, Inc.
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TUNTANG/JRAGUNG RIVERS BASINS
INTEGRATED DEVELOPMENT PLAN

APPENDIX A - PART I
HYDROLOGY

‘A.1, DESCRIPTION OF WATERSHEDS

A.1.1, General

- The Tuntang and Jragung watersheds are adjacent ba51ns having
-their headwaters on the slopes of the chain of volcanoes, Merbabu,
fTelomoyo and Ungaran (Flgure A-l) Streams drain down from the volcances®
upper slopes flowing out in a radial pattern, incising their beds into
the volcanic debris.

The Rawa Penlng subba31n is a. natural depresslon at the _upper end
of the Tuntang R1ver watershed.} Surface runoff and groundwater from ’
the subbasin flow into Rawa Penlng lake whlch forms the source of the
Tuntang River as it drains from the lake to the northeast.

Dovmstream from the Rawa Pening subbasmn, a large part of. the
Tuntang River catchment 1s dralned by two major trlbutarles.Ltheﬁsenjoyo
River having a dralnage area of 120 km and the Bancak or Ngromo River -
with a drainage area of 140 km i_ These tributarles ]oin the Tuntang
River immediately upstream from - the Gunuhg Hulan damsite.

Within the Jragung watershed upstream from the proposed dams;te,
the Klampok and Trimo Rlvers comblne to form the Jragung szer. The
drainage area of the KJampok R1ver 1s 60 km and that offthe Trlmo
River is 30 km At the dams;te, the catchment area of the Jragung

ARlver is 9y km .

Subsurface flows w1thin the‘Tuntan‘fandnJragung River systems

may be complicated, partlcularlyJMhythehup erfTuntang watershed where

AL



springs feed into Rawa Pening. Since nothing is known about the movement
of groundwater in the area, it has been necessary to assume that there is
no transfer of groundwater to or from the adjacent catchments. In other
words, the boundaries of the subsurface drainage system are assumed to be
coincident with the boundaries of the surface drainage system. For the
purposes of this report, the area within the drainage system boundaries is
referred to as the watershed, basin, catchment or drainage area.

The catchment areas of the eubbasins are:

_Tuntang River at Glapan Welr
T,Tun1:ang River at Gunung Hulan damsite

fTuntang River at ‘Jelok Weir - (also ref
to as Rawa Penlng watershed)

Jragung R;ver at Jragung damsite
1 Figure A-1.

A summary of the values dee riblng‘t evhydrology'of{the;catchments is
given in Table A-1. ,

A.l.2. Geologz

Jragung, Tuntang, and Serang VRi "fs 'w‘ , n :
of sediment yield data.: The informa,ion wasv bta;ned from geologic maps
prepared by the Geological Survey of Indonesla.

"A.l.2.a. Jragung Catchment




Map Unit Percent of Area
Volcanic products

Young lahar and lava flows 2

Lava flow from Ungaran 65
Sedimentary rocks

Volcanic bre: 21

Marine beds 10

Intrusive rocks 2

100

;Other factors heing equal. it 1s the marine beds which produce the
‘most products of erosion. These are interbedded claystone, marl, sand-
'stone,'conglomerate, volcenic breccla and limestone. . Claystone predomi
nates: ‘and’ s, in part, calcareous and marl. '

The merinebnedsfeneknapped as areas of landslides and talus deposits.

A.1.2.b. Rawa Pening Catchment

The geology of the Rawa Pening catchment has been mapped at: the
1:100,000 scale [1]. This- avee includes the lake and the alluvial plains
to the west and east of the lake. The areas are given below:

Map Unit Percent of Area:
Volcanic products
Lava from Ungaran J12.
Lava from Merbabu 27
Volcanic rocks from other volcanoces 20
Undifferentiated young 1ahar and -3
lava flows
. Sedimentary rocks _
Volcanic breccia 163
Marine beds and cthere e
Intrusive rocks 1
Alluvium 13
“:Lake 1
100

A-3.



In general, the soil produced from volcanic rock is permeable and
resistant to erosion when moist. The soil erodibility values cbtained
for volcanic soils are the lowest of all soils reported by the research
group in Bogor [2].

A.l.2.c. Tuntang Catchment

The geology oi the drainage area upstream from the Glapan damsite,
but excluding Rawa Pening, has been mapped at the 1:500,000 scale (3].
Estimates of the areas of the surficial geologic units are as follows.

Map Unit Percent of Area
Volcanic products
Undifferentiated 43
Young quarternary 1
Volcanic facies
Pleistocene 19
Sedimentary facles »
Pleistocene 2.
Pleiocene 2
Miocene :33.
100

In the Tuntang catchment upstream from the Glapan damsite,-
37 percent of the area is soil originating from sedlmentary rock and
is considered much more erodible than soils formed from volcanlc '

products.

A.1.2.d. Kedungombo Catchment

The drainage area upstreamifrcm»tLe Kedungombo damsite on the Serang

River is 614 km2 This catchm  t is adjacent to and east of the Rawa

* 'Pening and Tuntang catchments.



The sediment yield at the Kedungombo damsite has been estimated
from measurements [#] so the avea is of interest in this study.

The surficial geology of the area has been mapped at the
1:500,000 scale [3). The areas are as follows.,

Map Unit Percent of Area
Volcanic products

Undifferentiated 23

Young quarternary 1

Volcanic facies
Pleistocene .37
Sedimentary facies

. Pleiocene
Miocene

'The percent of area.witn ‘sedimentary rocks m _aﬁé,

more of its area covered with volcani n nroducts.

) ; sel ield fr ”;the Tuntang
area should be similar to that ‘f.rom the Knrhmaombo ..catchment‘;f'

‘A.1.3. Land Use

The land use pattern’i "1975’1n the4Tuntang watershed upstream

ﬁfrom Glapan was presented } DE ‘:Glapan Dam Peas;billty

3Study (5]. Thelr value“are reprod edeE?fellbws:



Land Use Percent of Area

Rice fields
Technical irrigation 4.3
Semi-technical irrigation 1.8
Simple irrigation 8.1
‘Rain dependent 6.3
Dry fields 30.8
Home yards 20.7
Plantations 4,2
Forests 19.7
Others 4,1
100.0

, The forests are located on top of the Gunung Merbabu (mahogany),
- on top of the Gunung Telomoyo (pine), on top of the Gunung Ungaran
’(mahogany), and below elevation 150 m in the lower watershed (teak).

‘ In the Jragung Dam Upgraded Peasibility Study by Englnearlng
Consultants, Inc. [6], “the. land use on the Jragung watershed was
determlned from l 500, 000 ecale land use ‘maps prepared from site
surveys conducted in September 1969. The land use for the watershed :

upstream from the Jragung damsite‘waevas follows.

Land Use | Percent"ofrﬂrea‘
Rice fields .
Dry flelds
Villages
»Teak’fopests
‘Rubbep~plenteti6nsx

A 1 . l+ . River. Profileé‘;

}fhéfﬁﬁdfiieefbfg%he}Tuntang5£Jragung, Klampok and Tbiﬁo'Rivefs'are



shown in Figure A-l. The sluome of the Tuntar ~ River at the Gunung
Wulan damsite is approximately 5 m/km; at the Glapan damslte the slope
is approximately 0.5 m/km. On the Jragung River at the proposed dam-
site, the slope of the riverbed is approximately 4 m/km.

A.l.5. Damsites

The Gunung Wulan demsite on the Tuntang River is situated immediately
downstream of the point where the eastward flowing Tuntang River is joined
_by the northward flowing Bancak River and the Tuntang turns north. The
‘viver channel at the damsite section is approximately B0 m wide.

-The proposed damsite at Glapan 1s located at the end of a straight
reach of the Tuntang River approximately one kilometer upstream from
the Glapan We;r.« The rlver bends from north to east then north again
along the dam axls.? The Tuntang River channel at this point is
approxlmately 50 m wlde.

On the Jragung Rlver, the proposed Jragung dams;te 18 located
approxlmately 2.5 kllometers downstream of the confluence of the
Klampok and Trlmo Rlvers. At this point the northwestward flowing .
Jragung River bends to the northeast cutting through a 70 - meter high
ridge. The proposed dam would ‘close the gap in this ridge.
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TABLE A~-1

SUMMARY OF HYDROLOGIC DATA
TUNTANG AND JRAGUNG CATCHMENTS

Unit Tuntang River Tuntang River at Tuntang River Jragung River at
Area ,. at Glapan Weir Gunung Wulan Damsite at Jelok River Jragung Damsite
Catchment Area m? 79 669 282 9%
Rainfall
Mean annual rafnfall m 2,630 2,700 2,720 2,640
Maximum monthly rainfall mm 600 608 612 950
Minimum monthly rainfall m ) 0 0 0
Maximum daily stationra:l.nfall m 400 400 400 306

Probable maximum 24~hr

catchment rainfall 612 680

Runoff o

Mean annual runoff 1,420 1,280

Mean annual volume of runoff - 400 121

Mean annual discharge 12.6 3.82
Floods ' A ‘

Mean annual flood peak 360 280

25-year flood peak 640 560

Flood volume for the - 15 5.6

25-year flood peak ‘

Probable maximum flood peak 5.600 3.000



A.2. RAINFALI

A.2.1. Annual Catchment Rainfall

The mean annual rainfall on the catchments are as follows.

Annual Rainfall

Catchment mm

Rawa Pening upstream from .
Jelok Weir 1,720

‘Tuntang upstream from et
Glapan damsite.

Tuntang upstream from
Gunung Wulan damsite

‘Jragung upstream from
Jragung damsite

The values for the- Rawa Penlng and Tuntang catchments upstream '
from the: Glapan dams;te are for the combined perlods 1916/17 through
19u2/43 and 1950/51 through 1972/73’; The values were determined by
NEDECO us;ng one Thlessen polygon per catchment applied to monthly
rainfall data [5] The yearly rainfall totals for the dlfferent
gages were checked by double mass analysls and “for some of the,
stations, correctlon factors were applled to the monthly and annuall

rainfall values to make thelr records homopeneous

To arrive -at the mean annual ralnfall for the Tuntang catchment
upstream From the Gunung Wulan damsxte, the lower end of the Thiessen
polygon used for the Glapan damSLte catchment was adjusted and then
applied to the same flfty-year perlod of record.‘ The resulting mean
-annual ralnfall on the Gunung Wulan, ~damsite catchment is 2,700 wmn.

“For the Glapan dams1te catchment“}the wettest water year on

record is 1957/58 with 3,356 mm of ain. while the driest is 1962/63
with 2 160 mm.

-A-9



The wettest water year for the Rawa Pening catchment was 1967/68
with 3,478 mm and the driest was 1960/61 with 2,186 mn.

On the catchment upstream from Gunung Wulan damsite, the wettest
water year was 1957/58 with 3,431 mm; the driest was 1965/66 with
2,136 rm.

The mean annuay rainfall on the Jragung catchment above the

; Jragung damsite is 2 »640 mm based on 52.5 years of record. This mean
.fwas obtained from the records of eight raingage stations for the

' perlod 1916 to 1972 and five raingages for the period 1972 to 1979,

as described in the’ Jragung Dam Upgraded Feasibility Study by Engineering
vConsultants Ine, in 1976 [6] and a subsequent update of rainfall records.
The wettest water year on record for the Jragung catchment is 1957/58
“with 3,653 mn | of rainfall and the driest ig 1976/77 with only 1,918 mm.

A.2.2. Monthly Catchment'Rainfalif

Monthly ralnfall data from selected raingage statlons have been
Thiessen-averaged - to arrlve at monthly catchment ralnfall for each of
the catchments. The values of monthly catchment ralnfall on the
Tuntang catchments upstream from “the Glapan and Gunung Wulan damsites
are presented in Tables A2 ‘and ‘A-3, respectlvely. In Table Ay the
monthly rainfall over the Rawa Pening catchment upstream trom the
Jelok Weir is given. The monthly rainfall’ fbr the Jragung catchment
upstream from the Jragung damsite are ahown in Table A- - The Thiessen
polygons used to derive these monthly catchment ralnfall values for
the Glapan, Gunung Wulan, Rawa Pening and Jragung catchments are pre-
sented in Table A-6. '

The mean monthly values for the Rawa'Pening, Gunung Wulan and Glapan
'damsite catchmente are as: follows.

i:A=10:



Lcng-Term Monthly Rainfali
(mm/%)

Rawa Pening Catchment

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual

143 247 351 380 350 380 312 235 127 84 58 57 2,724
5.2 9.1 12,9 14,0 12.8 14.0 1.4 8.6 4.7 3.1 2.1 2.1 100.0

- Lunung Wulan Damsite Catchment

‘;Oct Nov *Decil Jan‘ Teb | Annual
ﬂclsu 256 341 387 aus  au. 2,697
5.7 0.5 12,6 14.4 12.8 4.2 1100,0

'Glapan Damsite Catchment

Oct Nov Dec Jan Fep -

156 258 339 378 336 369"
5.9 9.8 12,9 14,3 12,7 14.0 10,8 .

The long-term: values for the: Jragung catchment 'is very similar to
those monthly rainfall flgures given above.

On the average, January is: ‘the wettest month with about 380 mm of
ralnfall on the Tuntang catchments and 422 mm of rain on the Jragung
catchment. August is the. driest month wzth an average of less then
60 nm of rainfall on each of the catchments.‘ The largest monthly raln-
falls recorded in the Tuntang catchments upstream from the Glapan dam-
,51te, the Gunung WUlan dam81te and the Jelok HEIP were 600 mm in
January 1931, 606 mm in January 1931, and 612 om 1n March 1928, respec-
itlvely. On the Jragung catchment upstream from the Jragung damsite,
,the largest monthly ralnfall was 950 mm’ which occurred in January 1965.
*Many dry ‘season months have had zenn wainfa1l

A-11



A.2.3. Daily Rainfall

Daily rainfall data are published by the Institute of Meteorology
and Geophysics in their yearly "Rain Observations in Indonesia".
Presently, raingages in Indonesia are read each morning at 0700 hours,
so the value recorded for a given day is actually the rainfall total
from 0700 hours of the previous day to 0700 on the day of the reading.
Some historical records of daily rainfall are based on readings taken
at 0600 hours. Interestingly, instructions to raingage readers around
the turn of the 20th century allowed observers to choose their own times
.for taking the daily reading, as long as they remained consistent.
Nearly all raingages during that time were read between 0600 and 1200

vhours.

The daily ralnfall values for the s1x raingages 1n the Jragung
catchment ‘for the period from l January 1976 to. 30. June 1979 ﬂdwh'!ﬁﬂd
in Appendlx H.-

A.2.3.a. Maximum Daily Station Rainfall

From the forty raingage stations in or n ar_the}Tuntantfcatchment

records for frequency analysis_,f maximum daily rainfall_in their Glapan
feasibility report [S]ll Stations requiring correction faotors were
excluded from the frequency calculations. In the present'analysis of
maximum daily rainfall, two additional stations were inclnded.i

The annual maximum: daily rainfall values ‘for each’ of the raingages
.for the period of record were transcribed from the original files of
daily and monthly rainfall_data published by the Institute of Meteorology
:and Geophy81cs (L ﬁ(j )din Jakarta [8] ~ The raingage stations' periods
{of record ranged from 31 to 85 years ~dating as far back as 1879. The
'maximumfdaily rainfalls recorded at theseraingagesare glven in Table A—7.
'The mean“of these maximum values is 251 mm.

A-12



On the Jragung catchment, values of maximum daily rainfall for
raingage stations in the vicinity of the catchment were compiled by
Engineering Consultants, Inc. [6]. These data are reproduced in Table
A-8. The mean of these values is 241 mm,

A.2.3.b. Daily Basin Rainfall

The maximum recorded daily rainfall over the Tuntang catchment
upstream from the Glapan damsite and over the Rawa Pening catchment
upstream from Jelok Weir were calculated by NEDECO using the available
fifteen years of record, but only for the months November through July.
The Glapan damsite catchment had a maximum daily rainfall of 132 mm on
2 July 1959. The Rawa Pening catchment upstream from Jelok- Weir has a
maximum recorded daily rainfall of 113 mm on the same day. It was
noted that generally heavy rainfail during severe storms is localized
‘over part of the catchment only, w1th normal to low rainfall over the
remainder of the catchment.

NEDECO determined that the: 1argest recorded daily besin-averaged
rainfall on the Jragung catchment was 180 mm baeed on eighteen years
of records [9].

A.2.4, Probable Maximum Rainfall’

The propap.ie maximum 24-nour rainfallsgover the Tuntang and
Jragung catchments were estimated by using Hershfield's method [10]
The annual maximum daily recorded rainfall values for selected raingage“
stations within and near the catchments were compiled for analysisf '

‘The probable maximum daily rainfall at each station was calculated;as
‘follows:

PHP x (1 + 15 c )

in:wnicn: - PMP =

:probable maximum ~daily rainfall-
” nnual maximum daily rainfall at the station

fficient of variation for the annual
X imum daily rainfall at the station. .

A-13


http:proDa.De

For the Tuntang catchment, data from fourteen raingage stations
having an average petiod of record of 57 years, were used to arrive
at an estimate of probable maximum daily station rainfall within the
catchment. In Table A-9, a summary of the analysis is presented.

The estimate for probable maximum daily rainfall is 626 mm. This value
is for a daily period with fixed time limits from 0700 to 0700 hours.
Tc convent to a 24-hour period with floating time limits, a factor of
1.11 has been applied which gives a probable maximum 24-hour point
ralnfall of 695 mm. This factor was derived by Snowy Mountains
Engineerlng Corporatlon [4] from dailly and automatic rainfall records
for the Kunti station in the adjacent Serang River basin.

Ehe raingage stations used in the ana1y81s are welL distributed
~over the Tuntang catchment area w;th six statlons withln or ‘nea the
Rawa Pening catchmeut. In order to arrive at an estlmate of probable
maximum 24-hour ralnfall over an entlre catchment dlfferent aﬁeal
reduction factors were applled depend1ng on the area of the partlcular
catchment being 1nvest1gated. The reduction factors to- convevt point
rainfall to rainfall over an area were derived from a. survey of areal
reduction factors being used in Java.‘ The values or ba31n~averaged
probable maxiimum 24-hour rainfall are: 612 mm for the Rawa Pening
catchment, 598 mm for the catchment upstream from Gunung Wulan dams;ie
and 577 mm for the catchment upstream from Glapan dam51te.

On the Jragung catchment, the probable maximum 24-hour rainfall
has been estimated by Englneerlng Consultants,Inc.[S] 1n 1976,u51ng
the samé method. The records of eight ralngages 1n ‘or adjacent toﬁthe
catchment above Jragung dam51te were used. The probable maxi Lim :
. By applylng‘a areiJ

24~hour p01nt rainfall was. estlmated as 750 mm

.hable maximum 24-hour ralnfall over: the Jragung catchmek“WRfi ?ﬁ:i
from the Jragung damsmte.,
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A.2,5. Annual Service Area Rainfall

The designated Project service area has an estimated total net
irrigable area of approximately 35,000 hectares. The mean -annual
rainfall on this area is 2,208 mm. This value was obtained by em-
pPloying the records of seven raingages to form a Thiessen network
over the entire area (Table A-6). The period of record was 1952 to
1973, which coincides with the period used for the reservoir operation
studies, Missing data were simulated by averaging values measured at

'adjacent raingages.
The annual station rainfall for the seven raingages varies from ’
,171 mm to u 108 mm durzng the. period of record. The annual rainfall

over ‘the Project service area varies from 1 722 mm to 2,762 mm.

A.2,6. Monthly Service Area Rainfall

The Thiessen averaged values of . monthly rainfallioverfthe Pro:e’tf
service area, based on seven ralngage stations withlnfthe ‘are t
presented ‘in Table A-lo.‘ The stations used Ln the analysis'are lzstedi
in Table A-6. The mean monthly values are as follows.

Average Monthly - Rainfall
(om/%)

Oct Nov  Dec Jan . Febf: Mar . Apr.

127 229 297 W15 322 252 197 18
5.8 10.4 13.4 18.8 14.6 .1l.4 .8.9:6.2.

2.7 2. 6 2.4 2.8 100,0

On the averagey’, January -is -the: wettest,month wWith 415 mm of rain and
August is the drlest with onlm'52,mm~¢in the’ period 1952 to 1973,

= A=15



A.3. STREAMFLOW

A.8.1. Tuntang River at Glapan Weir

In 1859, the construction of thé Glapan Weir and the Glapan Timur
(East) and Barat (West) canals was completed on the Tuntang River at
_Glapan. '

The _Glapan Weir is 100 meters long with an ogee crest. The discharge
‘capacity of ‘the . Glapan Timur canal is 16 m /s. ‘The canal intake, situated
ilOO meters upstream from the weir on the right bank, consists of six 3-
"fmeter w1de undershot gates. The Glapan Barat main canal takes off from
the left bank of the Tuntang River about 400 meters upstream from the
" weir. -The intake. structure. reconstructed in 1971, consists of two gated -
openings, each 2.46 meters w1de. 'The discharge,capacity of the Glapan
Barat canal is 10 m /s. |

The surface drainage area upstream from the weir is 796 km , in-
cluding the 282 km Rawa Pening drainage area upstream‘from the Jelok Weir.
Streamflow of the Tuntang River is influenced by the Rawa Pen:ng suhbasin
as runoff is first stored in the lake before being discharged over the o
Jelok Weir. The drainage area upstream from Glapan Weir ‘but uncontrolled
by Rawa Pening is 514 km .

Water level observations and computed discharges over. thetweir and
in the irrigation canals are available since January‘l, 1952.“' ",v;_
NEDECO upgraded all of the discharge records for_thevperiod January l,'
1952 to September 30, 1973 using revxsed rating curves at the‘.eir and;
canal intake and the observed water: levels.

For the 22 years of daily streamflow data reported by NEDECO [ll],
fthe mean annual discharge of the Tuntang River at Glapan, 1nc1ud1ng '
ﬁdiversions to the Glapan Timur and Glapan Barat canals, is 28.3 m /s.
ffThis value corresponds to an average annual runoff of 1,120 mm over

?the total drainage avea upstream from the Glapan Weir.
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In Table A-11, monthly dischargeés™of the’ Tuntang River at Glapan
for the period of record, 1952 through 1973 are presented. Those long-
term monthly streamflows are summarized below.

Long-Term Monthly Streamflow at Glapan
(m3/s and $)

Octt,»N Dec  Feb Mar Apr May Jun Jul Aug Sep Annual

110 l 21 7 35 6 44 5 4“-4 48 4 H4, 3 32, 9 17.7 17.1 13.2 9.5 2¢.3
s 3 0 6. u 10 5 ‘13, 1 13.1 lu 3 13, 0 «9.7-_ 5.2 5.0 3.9 2.8 100.0

‘A.3.2. Tuntang River at Jelok Weir

The Tuntang River is the only surface outlet for runoff from the
Rawa Pening catchment. Jelok Weir i"”situated approxima ely one kilo-
meter downstream from the' source ofj, e[Tuntang River, which flows
from the northeast side of- Rawa Pening lake.

The lake is fed by 19 small rivers and rivulets and six springs
[12]. The springs flow all year. Muncul Springs, located on the ]
southern end of the lake is the largest, yielding approximately 2.5 m /s
continuously with little variation in flow throughout the year. At
present, the maximum storage level of the lake is at elevation 463 4. m
on S.P. which corresponds to a storage capacity of 48 x 106 3 . The

surface area of the lake at this elevation is 27 km2.

The existing Jelok Weir, built in 1937 has five gated openings
each 5 meters wide, and one, gated opening 3 meters wide. The weir
dlverts flow from the Tuntang River to “the Jelok and Timo powerplants.
Discharges over the weir and through the Jelok powerplant have been
recalculated by NEDECO [ll] for the period January 1, 1952 through
September 30 1973 so as to have simultaneous streamflow data with
that athlapan.

1/ Hean monthly values derived from streamflows generated from rainfall
“data’for the period of record (1952 thru 1973)
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The mean annual discharge of the Tuntang River at Jelok Weir for
the 22-year period of interest is 12.6 m /s. This discharge is equiVe‘
alent to an average of 1,420 mmn of runoff over the Rawe Pening catchment
annually. The average monthly discharges of the Tuntang River at Jelok
for the period 1952 through 1973 are given in Table A-12. A summary is
as follows.

Long-term Monthly Streamflow at Jelok Weir
(n°/s and %)

Qct Nov Dec Jén Feb Mar Apr May Jun Jul Aug Sep Annual

7.6 9.3 12.2 14.5 15.5 15.0 16.1 15.3 11.9 12.4 11.3 9.3 12.6
5.1 6.2 8.1 9.6 0.3 10.0 0.7 10.2 7.9 8,2 7.5 6.2 1.00.0

A.3.3, Tuntang River at Gunung Wulan Damsite

'Honthly streamflow of the Tuntang River at the Gunung Wulan damsite
héslbeen estimated by proportioning the runoff from the uncontrolled
\éatchment upstream of Glapan Weir according to drainage area. Values
- of average monthly runoff from the uncontrolled Tuntang drainage area
‘upstteam from the Glapan Weir (514 km2) wevre taken as the discharge
vélue for the Tuntang River at Glapan (Table A-10) minus the discharge
value at Jelok Weir (Table A-11). A drainage area reduction factor of
387 kn® (the uncontrolled dralnage area at the Gunung Wulan damsite)
divided by 514 km was applled to the Glapan uncontrolled drainage
area values to glve runoff from the uncontrolled drainage area upstream
from the Gunung Wulan damsite. These values were added to the monthly
discharges at- Jelok Weir to arrlve at the monthly discharges of the
Tumtang River at:Gunung Wulan damsite. These data are presented in
Table A-13 for the period 1952 to 1973.

The mean annual discharge of the Tuntang River at the Gunung Wulan

damsite 1s estimated to be 24.u.m3/s, or an average of 1,150 mm of runoff
over the drainage area upstreum from Gunung Wulan damsite annually.
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Monthly values are summarized below

Long-Term Monthly Streamflow at Gunung Wulan Damsite
(n° /s and %)

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual

9.5 18.6 29.7 36.4 37,2 38.4 38,2 29.5 16.8 16.4 12.8 9.4 2u.4
3.2 6.4 10,1 12.4 12.7 13.2 13,0 10.1 5.7 5.6 4.4 3.2 100.0

~A.3.4, Jragung River at Jragung Damsite

‘Monthly streamflows of the Jragung River at the Jragung damsite
were simulated by Engineering Consultants, Inc. in their Upgraded
eraaibility Study [6] and in the Jragung Final Design Report [12],
‘The streamflows were later updated in 1979 (Appendix H).

The streamflow simulation is based on a model which relates
‘evapotranspiration and total rainfall over the basin. Using five
years of actual streamflow records from a streamgaging station on the_
Jfagung River at Borangan Bridge, 2.5 kilometers'downstream from the
damsite, average monthly discharge‘?alues at the damsite for the
52 year perlod of recorded rainfall were derived. The results are
presented in Table A-lu. The measured values of streamflow at the
Borangan Bridge- are.givan in Table A-15,

The values listed in Table A-lu fbr May 1973 and subsequent months
are monthly volumes of streamflow measured'a ¢the Borangan Br;dge but
reduced by the ratio of the catchment area upstream from the damsxte-
(94 kn? ) to ‘the area at the bridge’ (101 Jn2 )

The long-term mean annual discharge of the Jragung River at the
Jragung ‘damsite is 3.8 m /s. This value is equivalent to an average
‘of l 280 mm of runoff from the Jragung catchment annually.
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MONTHLY RAINFALL

TAMLE A-2

TUNTANG CATCHHENT UPSTREAM FROM CLAPAN DAMSITE

(Unite of wm)

Year Oct Nov Dec Jan Feb Max. Apr MYay Jun Jul Aug Sep Total
1916-1917 | 250 | 262 | 383 | s43 a0 | 3 | 402 | 193 | 166 24 66 | 186 | 3094
19073918 | 277 | 290 | 355 | 336 | 499 | 287 | 235 | mo| ‘20 12 21 11 | 2454
1918-1919 70| 236 | 407 | a25 | 320| 217 | m2 | mm | m 27 2 | 83| 258
1919-1920 | 21 | 435 | so3 | 315 | me | 37 | 305 8 | 6 18 | 286 | -a9s | 2923
1920-3921 | 403 | 213 | 242 | 391 | 314 | as2 | 196 72| 100 | 103 35 | 123 | 2636
1921-1922 | 205 | 196 | axs | 379 | 327 | 349 | 337 | 274 | 223 89 22 29 | 2844
1922-1923 | 168 | 191 | 55 | 285 | 3s0 | 276 | 222 | 159} 184 | an ) o { 2561
1923-1924 0 | 200 | 266 | 327 | 360 ] 367 | 389 | 197 | s 72 | 33 | 258 2559
1926-1925 | 395 | 356 | 2905 | 360 | 300 | 396 | 216 13 1 1 1 1| 2405
1925-1926 37 | 19 | 288 | s | 268 | 511 | 109 | 328 I 4 21 43 | 2306
1926-1927 { 120 | 197 | saz | sa9 | 302 | 3s6 | s | 30 24 39 28 8 | 2946
19271928 | 141 | 33 | 403 | 378 | 9 | 519 | 224 | 119 | 169 6 | 189 19 | 2810
1926-1929 | 104 | 308 | s13 | 319 | 241 | 496 | 149 391 62 0 1 33 | 2265
1929-1930 | 100 | 134 | 422 | 36 | 425 | 449 | s | 3713 ] 16 82 7 11 | 2698
1930-1931 | 188 | 185 | 400 | eo0 | 202 | 376.| 308 | 200 | 44 2 23 12 | 2656
19311932 | 248 | 227 | 238 | 265 | 320 | 33 | 350 | 262 | 135 6 5 713 | 2382
19321933 | 170 | 202 | 245 | 370 | 39 | 390 | 232 | 326 | 136 21 | 122 | 158 | 26m
1933393 | 240 | 2% | 36 | s08 | amn | 380 | 319 8 | 52 35 7 13 | 2m1
1934-1935 | 168 | 375 | 195 | 396 | 394 | 33 | 230 | 163 ] &7 o] 4 1| 230
1935-193 | 161 | 297 | 212 | 385 | a6 | 395 | 398 | 222 | 98 53.1 15 ss | 2710
19361937 | 147 | 353 | 192 | 417 | 260 | 203 | 348 | 235 | 217 27 9| 1 | 2604
1937-1938 91 | 148 | 418 | 457 | a1 | 286 | 128 | 283 | 190 | 135 ]. 78 | .48 | 2679
1938-1939 | 128 | 349 | 425 | 296. ] 366 | 354 | 262 | 119 | 275 |-287 | 100 | 47 | 3008
19391960 | 162 | 171 | 2 | 330 | 257 | 3:m | 300 | 209 f 13 | 5] 2’ 7 | 2239
1940-1941 41 | 163 | 8 | 466 f 365 | 530 | 325 | 359 | 192 | 39| .20 51 | 2878
19412962 | 122 | 282 | as0 | 477 | 3ss | 266 | 215 | 215 | s | 48] 33| .s0 | 25%
1942-1943 | 208 | 276 | 184 | 28 | 35| s79c| m2 | 307 | 218 | 121 | ‘248 12 | 295
1950-1951 | 213 | 379 | 250 | 33 | 267 | 177 | ass | wme ] a9 |-aa2° | 95 ] 7 | 2560
1951-1952 80 | 104 | 413 | 433 | 388 | 4w | 179 | 189 | 85 | 21| 128 70 { 2564
1952-1953 | 200 | 402 | 286 | 203 | 292 | 33 | ama | 322) 78 ) 5] 0 2 | 2729
1953-1954 25 | 287 | 33 | 399 | 353 | 320 | 286 | 273} 100 }-103 | 167 | 140 | 2795
1954-1955 | 217 | a4y | 273 | 380 | 23 | 205 | 330 | 251 | 134 | 270 | 104 | 110 | 3048
1955~1956 212 360 | 27 | se8 | 200 | 217 |12 | as3| 208 f. e | 187 101 2844
1956-1957 | 138 | 218 | 355 | 341 | 178 | se0 | a | 125 | 47 |Sarlom.ol 36 | 2597
1957-1958 73| 166 | as0 | 31 | 53 |7 423 367 | 09| 79 |raer-] 247 | 120 | 3356
1958-1959 | 164 | 145 | 537 | 5 | 364 | 299 | 357 | 258 | me | 243} 23 22 | 2843
1959-1960 | 203 | 205 | 42 | 295 | 470°| 261 | 300 | 285 ) 70| - 76.f 19 | 26 | 2653
1960-1961 | 165 | 359 | 284 | 422 | 208 { 288 | s | 2| s |i:m |3 6| 220
1961-1962 61 | 19 | 258 | 320 | 294 | aw | 318 | 6o | 66 | 95 ) 257 | 1 | 2339
1962-1963 | 182 | 246 | 327 | 393 | 277 | 425 | 260 60 f 9| o:}-el 17 2160
1963-1964 17 | 185 | 296 | 229 | wma | 32 | 345 | 250 | 136 | 36 | 95 | 129 | 238
1964-1965 | 299 | 275 | 257 | 377 | 304 | 296 | 236 | 60 | 45 |- 38 1 4| 2192
1965-1066 | 40 | 155 | 314 | 362 |:aes:| aso |97 | 120 207 | 2 7 2 | 2n
1966-1967 | 238 | 219 | 351 | 358|392} 249 | 300 | s9) -7 A 7 4 | 2209
1967-1968 63 | 238 | 200 | as3 | 349 | 384 | 290 | 373 ] 237 | 223 | 202 9 | 3199
1968-1969 | 185 | 366 | 363 | 423 | a33 | 379 | 405 61| 83 | 66 26 29 | 28337
1969-1970 | 119 | 244 262 252 | s18.| 264 | 265 | 93 | 13: 1 97 | 2684
1970-1971 '} 126 | 261 '} 329| 308 | a0 | 325 | 290 | 286 | 177 55 9 29 | 25m
1971-1972 | 259 | ‘270 | 3571 370 | 227 | 338 | .163 | 234 8 0 10 1| 2237
1972-1973 | 26| 312°) ‘320 | 38 | 340 | 359.[ 4s6 | 428 | 181 | 106 n | 29| 36
Mean 156 |28 b3 | are | 336 | 369 | 288 | 209 1n 7] s 66 | 2638
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TANLE A -}

MONTULY RATNFPALL TUNTANG CATCHMENT UPSTHEAM FROM CUNUNG WULAR DAMSITE

S
]

-21

(Units of wm)

Year Oct | Wov Dec Jan’ Feb Mar | Apr May Jun Jul Aug Sep Total
1916-1917 231 | 263 406 413 | 422 m | e 208 | 187 27 50 157 3184
1917-1918 282 | 285 | 352 { .329 491 299 250 | 116 23 10 20 9 2666
1918-1919 57 | 230 403 836 | 307 288 218 319 87 28 0 86 2589
1919-1920 18 | 459 519 306 333 | 400 306 98 70 18 302 195 3024
1920-1921 399 | 213 253 94 320 487 210 76 | 102 107 36 124 2723
1921-1922 216 | 185 431 375 351 340 358 286 | 234 9% 14 3 2915
1922-1923 153 | 190 358 288 392 292 227 166 | 207 340 [ 0 2613
1923-1924 29 | 199 271 330 365 381 408 202 S0 69 n 288 2623
1924-1925 411 | 361 295 368 311 405 213 74 1 11 1 1 2452
1925-1926 37| 189 260 420 | 287 554 208 340 4 s | 22 Y 2398
1926-1927 126 | 195 555 524 321 368 358 306 | 151 37 26 37 3004
1927~1928 140 | 334 405 399 356 575 232 128 | 186 6 158 16 2935
1928-1929 101 { 304 533 323 | 252 543 158 38 66 0 1 33 2352
1929~1930 9 | 109 424 38 | a4y 469 316 405 16 86 5 9 | 215
1930-1931 183 | 187 400 606 | 305 382 1 200 46 23 24 13 2680
1931-3932 225 | 233 251 260 319 315 365 165 | 132 s 5 76 2351
1932-1933 172 | 204 246 381 314 40 236 357 | 151 14 126 146 2748
1933-1934 243 | 280 312 605 412 410 322 as 58 | 2 6 13 2798
1934~1935 163 | 392 173 405 421 | 332 236 176 39 0 5 1 2343

. 1935-1936 151 | 302 202 393 | 437 | 416 619 B 46 55 2767
1936-1937 45 | 382 180 436 | 277-| %86 a7 - 132 2702
1937-1938 95 | 150 416 485 | 419 | 298 117 - 50° | 2733
1938-1939 11} 358 432 | 215 | 383 ase 2 i 285" 45 30350
1939-1940 167 | 163 238 -1 =1 - pAaTA . - -
19401981 | - - - | sosf 30} spe ] asa 8 | 53 -
19411942 22| 165 284 478 | 376 | 266°] ‘2% 597 ] o 81 2256
1942-1943 217 | 272 187 264 1:-310 | 612 | 312 298 | - (152:f 12 3099
2950-1951 | 208 | 309 | 251 | 304 | 286 | 183 | 161 , e 01| 76 | 2s23
1951-1952 80 | 104 393 430 | 419 ] 481 179 | 202 ] 95120 (| 126} - 67 2596
1952-1953 198 | 422 301 298 | 292 350 423 30 |89} |-oal 35| 2819
19531954 22| 285 354 403 356 | 325 309 270 98| 71001 172 ‘132 2826
19541955 208 | 408 272 392 228 317 334 260 | 235 | 292 {106 118 | 3070
1955-1956 213 | 354 278 575 304 217 172 156 | 295 | 61 | “197| 103 | 2925
1956-1957 124 | 209 357 362 164 587 332 129 | 80 | 234 1] .40 2649
1957~1958 68 | 160 474 346 540 434 392 308 82 | 264 | -243) 120 | 3431
1958-1959 172 | 147 560 321 385 ns 366 | 270 | 128 | 245 |- .24 20 2955
1959-1960 215 | 194 452 309 491 264 324 312 73| 8| 19 21 2760
1960-1961 162 | 373 282 426 205 296 295 268 BF TN R 7 2408
1961-1962 85 | 201 259 327 | 308 459 391 65| .69 .| 95| -163 15 2417
1962-1963 190 | 254 328 .| 385 291 450 235 9] 1) 00 1 2213
1963-1964 121 193 293 246 372 351 356 259 ClUae )76 ) 126 2449
1964~1965 0} 284 250 380 306 292 250 571 43| 38 1 5 2216
1965-1966 431 163 327 365 283 492 200 w2 | | 8 15 2136
1966~1967 212 | 217 336 376 | 395 242 304 63 s | s ] 4 2169
1967-1968 62 | 233 298 446 | - 365 406 308 3921 254 '| 2n 23| 96 3314
1968-1969 177 | 350 ] 360 445 | 440 393 2.1 701 8 ] 68 26 25 2882
1969-1970 ne | 257 | 446|264 257 530 | 272-| . 263 95 | 166 1 97 2764
1970~1971 1227 272 | 338 1 326 333 | 361 298 280 | 179 63 ? 29 2598
1971-1972 |- 268 | 275 | 369 | 362 | 232 348.| 165 249 8 0 9 1 2286
1972-1973 | 24| 289 | 312 | 360 | -350 | 373 474 453 | 194 107 69§ 250 3255
Mean’ ‘154 1. 256 7| 341|387 345 ]384 296 215 | 116 81 59 63 2697




TABLE A~4

MONTHLY BAINFALL TUNTANG CATCHMENT UPSTREAM FROM JELOR WEIR
eSS SRS ATl Vo1t ak FROM JELOK WEIR

(Units of mm)

A-22

Yeax Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Toteal
1916-1917 274 271 438 440 410 283 438 217 230 24 64 142 3231
1917-1918 300 351 312 323 541 319 248 132 24 15 22 6 2593
1918-1919 k) 211 322 453 369 306 374 391 93 17 43 68 2678
1919-1920 13 343 549 338 314 437 344 105 20 30 312 183 3058
1920-1921 351 187 280 295 325 470 220 94 114 94 &0 119 2589
1921-1922 244 218 460 404 394 346 420 320 206 107 12 16 3147
1922-1923 107 181 334 303 406 258 228 173 308 338 0 1 " 2637
1923-1924 32 187 273 302 347 351 456 216 78 63 44 €4 2413
1924-1925 301 3715 270 3718 32 404 235 90 4 2 4 2 2377
1923-1926 14 164 288 407 292 562 23 337 5 9 18 30 2360
1926-1927 126 189 527 492 298 404 478 273 178 21 14 33 3033

v 1927-1928 117 296 415 414 351 612 250 99 216 13 184 19 2986

' 1928-1929 111 265 555 344 249 576 201 39 92 0 0 25 2457
1929-1930 7 85 436 404 448 479 383 543 18 107 5 5 2990
1930-1921 139 174 333 548 346 368 308 217 67 26 27 15 2565
1931-1932 255 241 289 264 373 418 405 168 159 5 2 54 2653
1932-1933 106 1687 294 424 319 430 282 332 156 30 101 139 2800 -
1933-1934 179 313 339 603 350 386 345 80 ‘87 ~ &2 - 8 17 2749
1934-1935 163 376 194 361 393 365 259 190 49 0. 9 0 2359
1933-1936 94 262 216 356 492 421 448 312 110 54 13 70 2848
1936-1937 104 272 204 431 241 282 461 240 284 S SO IR 141 2661
1937-1938 32 125 463 443 387 | 3713 | 149 347 210 |- 150 - 67 51 2817
1938-19319 111 1 434 304 348 | 352 294 144 335 -.320. -] 106 48 3204
1939-1940 218 122 237 290 {266} 310 311 357 150 | -3 4 11 2280
1940-1941 25 135 - 356 - 478 407 | 406 366 382 131 T34 29 33 2802
1941-1942 79 288 397 439 362 281 256 202 65 531 ..20 - 70 | 2512
19421943 229 284 199 229 255 - 550 295 435 276 123~ 142 15 3032 .
1950-1951 285 450 243 . 390 300 208 164 152 233 | 176 - |.-121 64 - 2786
1951-1952 83 80 541 419 473 443 160 188 95 1...9-71-.108. © 55 2654
1952-1953 212 492 -1 324 246 300 450 | 406 314 i 0 2898
1953-1954 14 195 347 447 330 322 342 248 ‘ 2733
1954-1955 126 518 295 342 234 318 341 265 B 3135 -
1955-1956 201 256 277 575 313 223 205 149 ; 2846
1956-1957 119 190 340 418 148 526 303 166 ; 2613
1957-1958 74 160 492 387 530 367 388 . 214 209 3320
1958-1959 147 178 579 316 380 364 301 315 17 3071

. 1959-1960 186 150 429 340 491 286 399 317 ©12 2857
1960-2961 125 407 270 | 159 279 00 2186
1961-1962 75 198 421 427 ' . 83 B "2517
1962-1963 202 224 . 409" ‘259 87.: 20 2224
1963-1964 7 132 | 3081 3371 238 b 80 2303
1964-1965 323 312 4299|191 .81 = R 2252
1965-1966 50 153 (494 L 159 ) 142 aRY\ IO B o 2229
1966-1967 324 227 R {18 +329 : &7, 6. L . 2253
1967-1968 70 - 188 - 434°1.7315 439 - : : - - 3478
1968-1969 159 327 2376|536 90 | 81 733 .6 ) 26 2811
1969-1970 100 303 - . 465 ‘|7 307 . 296 81 197 2 103 2945
1970-1971 1106 | 201 364 © 328 390 195 86 2 39 277y
1971-1972 282 17338 ° 353 195 288 1 0 12 0 2421
1972-1973 20 192 335 351 482 182 104 62 261 3110
Mean 34351247, 380 312 235 127 84 58 57 2724




TABLE A-5

MORTHLY RAINFALL JRAGUNG CATCHMENT UPSTREAM FROM_JRACYNG DAMSITE

(Unics  of =)

Year Oct Nov Dec Jan Feb Har Apr May Jun Jul Aug Sep Total
1916-1917 269 262 | 326 537 457 195 330 187 174 48 17 276 3178
1917-1918 331 293 300 m 499 194 110 16 49 40 21 44 2334
1918-1919 69 148 302 356 315 328 339 305 68 15 83 15 2343
1919-1920 15 326 568 314 306 355 277 61 96 18 299 211 2846
1920-192} 330 206 272 324 344 399 183 kL 96 100 19 153 2460
1921-1922 186 k)§ Y 444 278 ? 406 213 300 245 67 29 32 2838
1922-1923 202 192 410 397 291 323 124 213 154 341 0 0 2667
1923-1924 42 231 277 229 360 34 356 156 97 138 51 68 2319
1924-1925 342 498 135 393 312 379 121 99 0 11 0 8 2298
1925-1926 47 186 270 388 193 500 182 403 14 6 33 36 2258
1926-1927 126 224 494 507 239 - 294 400 443 172 33 8 118 3058
1927-1928 1s 231 3713 320 489 463 23 71 91 3 165 35 2589
1928-192¢% 191 335 461 184 239 403 134 35 80 o 7 49 2118
1929-1930 117 191 362 378 480 336 289 241 36 102 10 12 2559
1930-1931 156 215 276 698 237 433 2537 172 63 34 53 9 2603
1931-1932 373 202 227 339 419 491 293 128 212 0 0 100 2784
1932-1933 178 234 284 398 435 695 115 263 163 373 149 157 3444
1933-1934 178 278 358 649 324 320 281 33 .61 31 17 13 2608
1934-1935 163 398 153 440 | 207 | 414 346 88 73 0 1 0 2283
1935-1936 283 187 232 388 346 | 446 47 231 81 58 22 68 2789
'1936-1937 106 221 168 503 195 423 | 387 260 166 | 8 "6 124 2565
1937-1938 71 137 365 493 | 517 ] 288 | 119 358 | 197 134 - §.. 32 83 2794
1938-1939 167 413 411 347 406 ] 419 | 296 51 ) 416 289 .} .81 65 3361

© 1939-1940 105 224 179 n 392. 1. 339 | 309 | 387 68 7| 7. 4 2352
1940-1941 42 17 483 405 } 424 | 426 412 359 124 74 1 .16 42 2978
1951-1952 Y] Jos 470 618 - 377 ] . 466 | 188 138 53 33 §:'119 ] . 83 2697
1952-1953 170 231 264 260 197 328 255 | - 267 23 . .83 16 - 4 2098
1953-1954 46 290 220 274 413 ‘262 - 1S9 247 66 | N 1 238 2416
1954-1955 199 559 264 272 531 262 § 299 300 112 147 3348
1955-1956 255 359 348 829 | 397 296 98 237 | 170 30 3278
1956-1957 108 | 158 397 338 282 363 149 | 120 124 13 2344
1957-1958 141 249 585 325 549 359 1324 ) 229 150 - 89 3653
1958-1959 178 186 380 443 247 204 304 302 -89 132 2642
1959-1960 125 13 403 394 451’ 155 200 217 § S8 51 2260
1960-1961 84 472 232 904 195 395 102 285 | 14 0 2718
1961-1962 24 194 290 643 525 563 451 95 '] "96 12 3200
1962-1963 244 158 323 738 269 419 217 48 ) 60 0 2422
1963-1964 52 124 355 303 n 202 349 1 -200°f-.125 -} - 222 2427
1964-1965 274 443, 276 950 354 a3 205 | 11-]::43.1 3 3033
1965~1966 21 16y 337 397 521 501 129 ‘121 116 ] 22 2335
1966-1967 342 187 31 618 498 327 346 .| . 32 0 3 2476
1967-1968 76 245 3¢8 380 516 219 | 248 350 | 350 .. - 103 3255
1968-1969 134 292 542 192 218 220 495§ 351 46 . 9 2219
1969~1970 100 234 178 294 274 505 254 . f- 319 ] .9 45 2637
1970-1971 154 297 459 560 584 s § . 20| 1N 3170 12 1. 30 3106
19711972 252 279 205 643 230 614 169 | 181 U 0 2 0 2579
1972-1973 13 174 278 450 367 33 417 3715 | 114 121 46 177 2905
1973-1924 138 269 276 211 264 407- |- 175 | 192 60 . 62 99 200 2352
1974-1925 314 w2 | o227 n 215 338 374 36 | 72 R 68 292 2936
1975~1976 294 279 | 265 310 249 374 162 42 ) 13 8 28 12 2035
1976-1977 249 29 ] - 74 Jes 250 . m 180 243 160 6 0 8 | 1918
1977-1978 271,168 302 367 392 194 164 180 126 154 66 202 2342
1978~1979 1551 8% ). 375 331 24y 21€ 405 171 52
Meon’ : 159 | 249 - 22§ 422 353 60 ) 257 199 104 84 59 7% 2642




TABLE A-6

RAINGAGE STATIONS USED FOR THIESSEN POLYGONS

1. Glapan Catchment

Station Number1

55 SKA
100
57 SKA
56 SKA
%2
141

II. Gunung Wulan Catchment'

Station Number

Station Naﬁe

Kopeng
Getasan
Sepakung
Salatiga
Cepoko
Tingkir
Karangduren
Sumowono
Tarukan
Tempuran
Ambarawa
Banyubiru
Bawen
Tuntang
Jatirunggo
S1ilumut
Karanglo
Grenjeng
Dadapayam
Repaking
Paras
Ngaren
Telawa
Temur

-Glapan

Station Name

Kopeng
Getasan
Sepakung
Salatiga
Cepoko
Tingkir
Karangduren
Sumowono
Tarukan
Tempuran
Ambarawa
Banyubiru
Bawen

Percent of Area

3.47
5.27
4.06
5.27
2.75
2.21
1.03
0.90
3.67
4.70
3.50
4.13
2,29
4.34
2.31
3.50
3.38
9.97
5.57.
14.55
'1.89
~1.11
‘2,71
1,18

Percent .of Area
4,13
6.27
4.83
6.27
3.27
2.63
1.23
1.07
4.37
5.59
4.16
4.91
2.72

1. All‘stations are within the Semarang district, except KD
Kedu district and SKA in Suraskarta district. -
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TABLE A-6 (Cont.)

RAINGAGE STATIONS USED FOR THIESSEN POLYGONS

Station Number

Station Name

Percent of Area

83 Tuntang 5.16
73 Jatirunggo 2,75
85 a S$ilumut 4,16
82 Karanglo 4.02
82 a Grenjeng 11.86
91 Dadapayam 6.63
55 SKA Repaking 13,55
100 Paras -0.42

IIi., Rawa PeniggﬁCatchment

Station Name Petcent of: Area

Station Number

8l'a Kopeng 7.4
81 : Getasan 11.56
86 - Salatiga 11.41
‘85 a Silumut 0.24
83 Tuntang 5.87
74 Bawen 3.09
76 - Ambarawa 10.14
75 Tarulkan 10, 62
82 KD Sunowono '12.62
8. Tampuran ,13 60
80 Sepakung 11,76
79 Banyubiru 1, 95

IV. Jragung Catchment 1916-1972

Station Number -Station Name Percent “of Area

68 b, 70 2 Klepu 54 26'

72 Kajar

74 Bawen

75 Tarukan
82 Bringin
99 Barang
100 Paras
2 - Station: Klepu 68" b used for period: 1916=1941%:

“‘Station Klepu 70

:ﬁﬁ#éSf

used for period 1951-1972."



TABLE

RAINGAGE STATIONS USED FOR THIESSEN POLYGONS

V. Jragung Catchment 1972-1978

Station Number

73

Station Name

Jimbaran
Karangjati
Klepu
Jatirunggo
Sambiroto

VI, Service Area 19521973

.Station Number:
94
- 96
100
115
124
130 a
141

Station Name

Genuk
Mranggen
Paras
Demak
Guntur
Tlogopring
Glapan

(426

Percent of Area

18.46
11.85
16.79
17.42
35.48

Percent of ‘Area.




Station
Number

TABLE A-7

MAXTMUM DAILY STATION RAINFALL FOR PERIOD OF RECORD,

Station Name

TUNTANG CATCHMENT

Period of Record

Maximum Daily
Rainfall, mm

Date of Event

78
79
o
o
§$ éf
56
89
o1

100

141

82 KD

97 KD

Tempuran
Banyubiru
Getasan. -

Grenjeng

salatiea
Mogitz
Dadapayan
Pér;;,

Glapan

~ Sumowono

Nglabak

56 SKA ' Telawa

1916-44/1972-7:

1916 - 1978

1880 - 1978

A=27

260

180

400

255

182

160

250

270,

230
273

218,

Aug 1920
Oct 1961

Mar 1930

11941



TABLE A-8

MAXIMUM DAILY STATION RAINFALL FOR THE PERIOD OF RECORD, JRAGUNG CATCHMENT

( To 1974 )
Station Number Station Name Maximum Daily Rainfall, mm Date
68 b Klepu/Kendal 273 Feb 1967
70 Klepu/Ungaran 178 May 1927
70 ‘Pagersari 247 Jan 1959
72 ‘Pagersari 306 Jan 1963
73 ‘Jatirunggo 194 Dec': 1916
7% Baven . 205 aun 1923
75 Tarukan 267 Juli 1960
82 Raranglo 260 dan 1917
99 Banyumeneng. 209 ‘Feb 71933
100 Paras 273 Aug 11950
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TABLE A-9

PROBABLE MAXIMUM 24-HOUR STATION RAINFALL

Station Number  Period of X S
Number Station Name of Years Record mm mm Cv

78 Tempuran 60 1916-1978 112 39.7  0.303
79 ‘Banyubiru 8  1880-1978 89  27.4  0.309

81 Getasan 3 1916-1944/ 131  57.8  0.442
1972-1975 Sl e

82.a  Grenjeng 58 1918-1978 ' 122:  33.4  0.274
85 Getas 53 1880-1939 106 2 0

85a Silumut 55 1918-1978 100

86 Salatiga B5 1879-19

89 Tingkir 52 1916-1975

91 Dadapayan 57
100 Paras 55
141 Glapan ;Séi

82 KD Sumowono 53

97 KD  Nglabak ,5?1 16-197
| . 1916-1939/ ' 11:
19521975 "'

Mean:"

56 SRA Telawa 46

Notes:

X 1s mean annual maximum daily: rainfall at station
S 1s standard deviation of mean annual maximum.
Cy 1s coefficient of variation®
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TABLE A-10

MONTHLY RAINFALL PROJECT SERVICE AREA

(Units of mm)

A"i,;Oct

Dec

Jan

Feb

Mar

Apr

May

Jun

Sep

Annual

 1951-"52.

1952-'53 -
1953-154"
1954=155
'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
1968-'69
1969-'70
1970-'71
1971-'72

1972-'73

1973

-151

32

174
158 .
209

83
126, |
. 65.-]
.86 1
R T

~140: )
43
2751

264 L
109
187
105 |1
110 |-
191

226 |

245
254
283
265
322

306.
434

279

224
217243 |
|29

482
251

473

205
421
266
182
322

452

651

. 624
764 -
o228
"l 604
274"
460

595 -
- 202
-} 295
-1 391

276
227
322
376
273
234
519
178

364
- 259
458
429 .
g;170;:
"295
361

367
370

325

297
464
- 200
1 316

300

. 232
- 180

241

177 .
274

332

181
212 |
181 |-
303 .

164

263 -
202"
203" |
213
228
259
281
292
412
414 -

121
145
239

93
143
106

202

1,881
2,387
2,477
2,184
1,973
2,436
2,058
1,966
2,313
2,349
2,184
1,838
2,186
1,722
1,929
2,762
2,041
1,968
2,417
2,312
2,725

Mean

63

2,208




Long-term monthly values are presented below.

long-Term Monthly Streamflow at' Jragung Damsite
(m° /s and %)

JOct Nov ;‘Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual

32, 2ff 9.1 8.0 7.7 5.3 3.5 1.4 0.8 0.4 0.4 3.8
2.8" s”s 11 5.20.2 16,1 17,2 11.3 7.8 2.9 1.8 0.8 0.8 100.0

A% WATER BUDGET

A.4.1. Water Budget for the Tuntang River Catchments

Monthly and . annual water y;elds of the Tuntang River at Glapan,
Jelok Welr and Gunung Hulan for the period 1952 through 1973 are shown
in Tables A-ll, A-12 and A—l3, respectively. Tables A-1l and A-12 are
reproduced from NEDECO'S Glapan Dam ‘Feasibility Study [11] and Table
‘A-13 is. derlved therefrom.

" The mean annual streamflows of the Tumtang River at. Glapan, Jelok
Weir and Gunung Wulan are’. 892 uoo and 770 x 10 m respectlvely.

Annual runoff values: have ‘been checked by u31ng a water budget
technique 51m11ar to that developed hy Engineering Consultants, Inc.
.for the Jragung catchment [12] Runoff, Q, is assumed to be equal to
the dlfference between‘thevcatchment,rainfall, P, and the evapotrans-
ﬁpiration, E, or Qi-'”f - EJT'Thia aSSumption is valid if yearly
changes in'the amount of groundwater and water stored in the soil are
’negllgible and there 1s no subsurface exchange of groundwater with
ladjacent catchments.

Based on additional information obtained in this study, the ve-
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lation between annual watershed evapotranspiration and annual rainfall
presented by Engineering Consultants, Inc. [12] has been changed. The
evapotranspiration has been increased approximately five percent for
years when the rainfall is normal or greater. The new curve is shown
on Figure A-~2. Annual values of rainfall and evapotranspiration for
the Glapan and Rawa Pening catchments for 21 years of record.have been

plotted on the figure.

Catchments with lakes have different amounts of evapotranspiration
than catchments without lakes. The difference is given by the equatiop

Ecl El Ay
=1 4(—=1)—
_E E A

in which “‘Egy and E are. the annual evapotranspiration for the catchment
;with and without a lake ‘respectively; E; is the annual lake evanoration;
'gand Al and A are the surface areas of the lake and catchment respec-
ftively., For the Rawa Pening catchment, the evapotranspiration should
fbe 2‘percent gteater than indicated by the curve in Figure A-2 whereas
the.fecords indicate the annual evapotranspiration is 10 percent less
than the curve., If one assumes the streamflow and rainfall records are
correct, the ihplicatioe7is that there is a groundwater inflow from
adjacent volcanic catchments.

" The lake is not ‘a factor in. the water budget for the catchment
‘upstresm from the Glapan dameite. Pop +nis area, the average evapotranspira-
tion for the 21 years is 6 percent ‘areater than that indicated by the
curve in Pigure A-2,

A.4.2. Water Budget for the Jragung River Catchment

The annual evapotrenspiration from the Jragung watershed upstream
from the Jragung damsite was determined from 6 years of rainfall and
streamflow measurements. The values are shown in Figure A-2. On the
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average, the 6 values of annual evapotranspiration for the Jragung
catchment are 5 percent below the curve.

The long-term annual streamflow for the Jragung catchment used
in the design of Jragung Dam was determined using the long-term annual
rainfall and the original evapotransplration versus basin rainfall
curve [12].

The long-term monthly streamflows for the Jragung catchment were
determined by employing a simplistic rainfall-runoff model and the
long-term monthly rainfall values. The model was developed from the
streamflow measurements made at the Borangan Bridge and the annual

evapotranspiration versus annual basin rainfall curve.

Subsequent analysis has shown that the monthly rainfall-runoff
model is almost totally stochastic whereas initially it was intended
to be deterministic. It is prlmarily the instantaneous rainfall in-
tensity and instantaneous soil infiltration processes which govern
the amount of runoff in the Jragung ‘catchment. Monthly values of
precipitation are not an adeqqate-representation of rainfall intensity.
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A.5. FLOODS

A.5.1. Peak Discharges

Using their upgraded streamflow records of the Tuntang River at
Glapan Weir for the water years 1951/52 through 1972/73, NEDECO [5]
estimated the mean annual peak discharge to be 360 ma/s. The coef-
ficient of variation in the 22 years of anmal peak discharge data is
0.310. Peak discharges with return periods of 25, 50, and 100 years
were reported as 610, 680, and 760 ms/s, respectively.

The flood peak versus frequency relation developed by NEDECO has
been compared with the results of a regional flood analysis. Data
used in the regional analysis have been assembled from the Jragung stream-
gaging records, Citanduy Basin Flood Control Plan [13] the Serang River
Project Definite Scheme Report [4] and the Cimanuk Project study [14].

According to the mean flood frequency curve developed in the
regional flood analysis, the mean annual peak discharge of the Tuntang
River at Glapan is 540 m /s. The coefficient of variation is 0. 307.,
For peak discharges with return perzods of 25, 50 and 100 years, the
flood peak magnitudes are 940 1,090 and 1, 190 m /s, respect:.vely.

By way of comparison, the mean annual flood peak 1n ‘the Serang
River at Kedungombo damsite derived by SMEC using varLous frequency
distributions on 26 years of streamflow' ‘;ords, is 600 m /s.: The
drainage area at the Kedungombo damelte 18,614 km2 which compares Wlth
the uncontrolled drainage area of ‘514 km2 for’ Glapan.

Using the reglonal flood analyses curves, the estlmateuof the.
mean annual flood peak for the Tuntang Rlver at Gunung Wulanydamslte
’lS 450 m /s, the coefflclent of varLation is 0. 321. The 25-year,
50-year and lOO-year return period £lood peaks are 800, 930, and
l 020 m /s respectively

For the Rawa'Pening catchment, the mean annual inflow peak
derived using the regional flood'analysis is 360 m3/s with a coeffi-
clent of variation of 0.341., The 25-year, 50-year, and 100-year return
period inflow peaks are 640, 750 and 830 mals. respectivelv.
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Flood hydrographs of the Tuntang River at Jelok Weir were ob-
tained by routing the inflow flood hydrographs for the Rawa Pening
catchment through the Rawa Penimg lake. The peaks of the outflow
hydrographs are very much smaller, with only a slight rise in.discharge
above the 370 m3/s maximum discharge of Jelok Weir when Rawa Pening
is at full storage levei. The peak discharge of the 100-year return
period flood with peak of 830 m3/s going into the lake is only 403 m3/s
at the Jelok Wéir., The outflow peak occurs five hours after the inflow

_peak.

1ne most: recent astimate of the mean annual flood peak for the
Jragung river’a _the Borangan Bridge is 304 m3/s. The catchment area
15 101, km2 "The. annual peaks are as follows.

Annual Peak Flood

Year Date Peak Discharge Volume"of Flood
/s

1 9 Mar 107 294

2 5 dan 1975 280

3 18 Mar 1976 345

4 23 Apr 1977 158

5 31 Dec 1977 387

6 6 Abr 1877 358

Record begins on 4 May. 1973.

The mean annual maximum peak dlscharge in the Jragung River at
the Jragung dam51te 1s 280 m /s.v This value was obtained from the
‘reglonal flood frequency curve.- Fbr extreme flood events with return
_perlods of 10, 25, 50 and 100 years the peak discharges are 470,
,560 660 730 m3/s, respectively.- These values are slightly greater
than those given by NEDECO in the first Jragung Dam feasibility
Jstudy [93.:
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A.5.2. Flood Volumes

Frequencies of flood volumes of the Tuntang River at Glapan Weir
for the period of 1951/52 through 1972/73 were calculated by-NEDECO
in 1975 [5]. The mean annual maximum flood volume was 16 x 106 m3.
Flood volumes with return periods of 25, 50, and 100 years were

estimated at 31, 34, and 37 x 106 ma, respectively.

Using the regional flood frequency analysis, the volume of the
mean annual peak flood for rain during a single day on the Tuntang
:River catchment dpstream from Glapan is 21 x 106 ma. For peak return
‘periods of 25, 50; and 100 years, the flood volumes are 37, 43, and

47 % 106 ma, respectively.

From the regional flood freqpency, the estimates of . flood
volumes  for peaks resulting from rain during a: single day fbr the
Gunung Hulan and Rawa Pening catchments are:

Volume at Volume :at:. Volume at:
Flood Event Gunung Wulan Jelok ‘Weir Jragung Damsite
' 106 m3 : 106 m3 A LQ?'ma
Mean annual maximum k- 8.7 2.8
flood
25-year flood 25 15,
50-year flood 52§? ‘“:
100-year flood 32 20°

The volumes of the‘floods”measured

the’ JragungrRiver‘at the

Borangan Bridge have been%determined for each of th 1
drographs.'}These volumes ar"listed, ith the peaks. 1n=the‘table

given previously 1n theitable of 'annualipeak: flot
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For the flood peak Q with a return period of T years, the
flood volume at the Jragung damsite is

I
vV = x 10
QP

in which V.-

. volume of the flood resulting from the rain during
)

a single day.

‘neak discharge, m>/s:

o

These volumes are listad:in. the previous:table.

‘Based on flood vo¢umevalone, thefeilargest -annual:flood: .Volumes
fov rainfall during a. 81ngle day’are as: follows.

Annual“Flood Volume-

Year ‘Date: Peak Discharge
m /s
% 29:May 1973 185
2 1l Jan 1975 139
3 25 May 1975 287
4 20 Mar 1977 117
5 1 Feb 1978 356
6 15 Jan 1079 191

* Record begins on 4 May 1973

Using these data, the average annual £lood volume‘for the Jragung

River at: the Borangan Bridge”is 4:59 % 'Os'm

1s too short to estimate the frequencv distfibut on‘of these flood

e peviod of record

volumes accuratelv.

The ‘flood . volumes.: for the Jragung River at the damsite and at the
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Borangan Bridge given in this report are much smaller than those
estirated in 1973 by NEDECO [9] who had to work without the benefit

of any streamflow measurements.

A.5.3. Probable Maximum Floods

An 5. 3An a. General

Probable maximum floods for the Tuntang and Jragung catchments
have been developed by maximizing the runoff from the 24-hour probable
maximum rainfall over the particular drainage area of interest. The
probable maximum flood peaks were estimated using regional curves.
Time to peak was estimated after a study of recorded flood hydrographs
and a review of basin characteristics. The shapes of the probable
maxlmum flood hydrographs were then drawn to obtain the appropriate
volumes of runof£,

A}5.3.h.' Tuntang River. Catchments:

Probable. maxlmum flood: hydrographs on:the’ Tuntang River have been;
derived for the catchmehr- pstreem om Gu_.ng Wulan damsmte and for
the Rawa Pening catchment.; ‘The hydrographa are presented in Figure

A"'Sl

At the Gunung Wulan. dam51te, the probable maximum peak discharge
is 6,700 m /s.‘ Por the Rawa Penlng catchment, “the peak inflow of the
probable maximum flood lS 5 600 m /s., After routing through Rawa
Pening lake, the outflow peak of the probable maximum flood at Jelok
Welr is 775'm° /s.v

In estimating the probable maxlmum flood at the Gunung Wulan.
damsite, ‘the probable;maximum7outflow}hydrograph from the Rawa Pening
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catchment was added to the hydrograph of the probable maximum flood
over the 387 km2 uncontrolled drainage area upstream from the Gunung
Wulan damsite. No attenuation of the Rawa Pening outflow peak in the
river channel was considered. Travel time of the outflow flood hydro-
graph was estimated based on the river channel characteristics. From
Jelok Weir to the Gunung Wulan damsite, the travel time is approximately
1.5 hours. |

’ “In each case, the appropriate 100-year flood event was assumed
‘*to occur ‘24 hours ahead of the probable maximum flood to establish
_fwet antecedent moisture conditions in the catchment. The 100-year
:;flood peak employed here was taken from the regional flood analysis‘
,envelope curve,. rather than the mean curve. The envelope curve is
used for the design of structures which must not fail. The meanvourye

'is,usedifor other situations.

A.5.3.c. Jragung River at‘Jraggggipameite

The probable maximum flood for: the Jragung‘River at theldragung
damsite was estimated by Englneering Consultants Inc. in the_ ' '. .
Dam Project Upgraded Feasibility Stud , The probable maximum
flood hydrograph was obtalned by temporall& dlstributlng the probable“' '
maximum rainfall and employing the unit hydrograph developed fodfthef
catchment. The resulting probablevmaximum flood hydrograph, shown in
Figure A-3, has a peak of 3,000 n%/s, The volume is 45 % 108m3y
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A.6. SEDIMENT YIELD

The purpose of the sediment yield studies is to estimate the total
amount of sediment being carried past the proposed storage sites on the

Tuntang and Jragung Rivers and in Rawa Pening. These estimates are
needed to predict long-term reservoir sedimentation so that the proper

size of reservoir is provided to meet the project needs.
A.6.1. Definitions

The definitions of eros;on and sedimentatlon terms used -in this
report are those recommended by the ASCE Task commlttee for the prepara-
’tion of the manual on sedlmentatlon, sedimentatlon committee of the
hydraulics division [15].

- Erosion is the loosenlng or dlssolving and removal of earthy or
rock materials from any part of the earth's surface. Eros1on 13 often
differentiated accordlng to the erodlng agent (wind, water,'raln-
splash) and the type or source (sheet, gully, rlll, slide," etc.sn
Denudation is the geologic term for er081on.

Sediment is the. undlssolved partlcles of mlneral comp031tlon
derived from the weatherlng of rocks formlng the crust*if’:hr'earth

Accordingly sediment 1s the undlssolved portzon of erosxo"

Sheet erosion is the wearing away of a th'n7l”ye“‘ofithe ‘land”

surface and includes rill erosion unless otherwlse“speclf ed.

Rill erosion is the removal‘ofisoil~by small‘concentratlons of
flow1ng water w1th the formatlon ‘f\:hannel Jthat are small enough to
be. smoothed completely by normal mechanlcal cultlvation methods.

:foiGullyéerOSion{"sfthe removal of 5011 by concentrations of

1methods;
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Soil loss is the quantity of soil actually removed by erosicn

from small test areas.

Sediment yield is the total sediment outflow from a watershed

or drainage basin, measurable at a reference cross section of the
”drainage-way in a specified period of time. When the weight of sediment
_yield is measured, the common way of reporting yleld is in metric tons

:per square kilometer of catchment per year (t/km /y).

Soil erosion is the rate at which soil is eroded from a given .
farea. Units employed are. commonly millimeters (of erosion) per year

(mm/y).

Within most watersheds, 3011 erosion occurs on some part" he
‘ watershed and soil deposmtion on, other parts. In general he iment
yield of a watershed-is. less than the soil eros;on’w1thi Same
watershed. The difference 1s the amount of soil erodev but‘

out of the catchment.

. Sediment delivery ratio is a measure of the! diminution of eroded
.-sediments by deposition as they move from the point of;frosion to any
designated downstream location., The main reason for the decrease is
that in most fluvial systems the landscape slope decreasee in the
downstream direction, at least until the catchment gets very large._

The experience in the United States [15 16] indicates that the
sediment yield is inversely'proportional to the drainage area

accordine to the exnre881on..

‘Here Y. is" e catchment area in
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A.6.2. Previous Studies

A.6.2.a. Jragung River

The first estimate of sediment: yield in the Jragung River at
the . Borangan Bridge was made early in this century. Concentrations
fof sediment ‘and total dissolved solids were measured in 1907. The
ﬁresults were reported by Rutten in 1917 [17] and in 1932 [18], who
fconcluded that ‘the measurements indicated a denudation rate of
;from l 6 to 2 5 mm/y.; The values include sediment and total dissolved
qulids.g This is approximately'equivalentto a sediment yield, of 2 »400
to 3,800 ‘t/kn> 1y

In describing ‘the 1907 measuring program, Rutten pointed ‘out
that most of the sediment leaves the watershed during the floods.; Heh
‘reported that approximately 0.5 mm of denudation occurred in’ one day

in January and another 0.3 mm occurred in one day in December.‘

The next reference to erosion in the Jragung catchment was made
by NEDECO in 1973 [9]. In this feasibility study- it was assumed that
the average denudation rate was approximately 3 mm/y., This value is
approximately 1.5 times that reported by Rutten from:measurements_}f‘
made in 1907,

NEDECO used this estimate of sediment yield to: estimate the: rate
of sedimentation in the proposed Jragung Reservozr a : ’
30 years. This low value dld not warrant any apprehension concerning ‘

the feasibility of the. Jragung progect.

In 1974, Tudor Engineering Company [19] reviewed NEDECO's feasibil-
ity report. Tudor wrote that sedimentation did not appear to be a
xproblem for the proposed reaervoi but that'the estimate should be

ﬂrev1ewed.
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Ir 1976, the Jratunseluna Project undertook a sediment measuring
program at the gaging station on the Jragung River at the Borangan
Bridge. The Delft Bottle sampler was used to measure the bed-material
lraa (sediment with a median diameter greater than 50 microns). The
water trap was employed to determine the wash load,that part of the
suspended sediment load with median diameters smaller than 50 microns.

The measuring program began on 5 February 1976 and continued
on until 3 March 1976.‘ A total of 100 Delft bottle samples and 133
water‘trap samples were collected. A summary of these measurement is

given'in Appendix H.

These 1976 measurements indicated that ‘the sediment 1oad 1n the
'Vriver was larger than had been estimated prev;ously. Also, the sus-
Apended sediment was the major portion of: the sediment load trans-
ported by the river. Most of the suspended sedlment 1s. silt and
clay. The largest suspended sediment concentration. measured was
32,600 mg/l. This concentration occurred during a flood with a peak
discharge of only 56 m /s.

A summary of the measured suspended sediment data collected
during 4 floods in February and March 1976 is given 1n Table A-16. ,
The volume of water discharged during the 4 floods was 5 1 x 106 ma,

only 4 percent of the annual volume of runoff.» The amount of suspended
. sediment carried out during the 4’ floods was 101 000 metric tons.

For these 4 floods, there was no. correlation between discharge
and suspended sediment concentrationi'orfbetween concentration and
; :m”st of. the sediment was
n'of 22 March 1976 with
Jifproduced the largest

measured rainfall. The 1nd1cation wasn
produced by raindrop er051on.: Yet, ‘
the smallest maximum station rainfalll(2
lmeasured peak suspended sedimen conce tration (32,600 mg/l1). The
:storm of 18 March 1976 with the largest: station rainfall (106 mm)

'Droduced,the smallest peak’ concentration (15.000 ma/1).




:Engineering Consultants, Inc. summed up the knowledge gained in 1976
with the following statements: '

"The measurements indicate that the sediment transport rate

in the Jragung River at the proposed damsite may be as large
as 1,500,000 t/y. This is'3 to 4 times as large as the estimate
made from 1907 measurements. Assuming a density of 1.2 t/m3
for the deposited sediment and 90 percent trap efficiency,

the initial decrease in reservoir capacity is approximately
1.1 % 20% to 1.5 x 106 m3/y; 5 to 7 times greater than NEDECO's
estimate. However, this new estimate must be considered very
approximate. The lack of correlation between water discharge,
measured rainfall and suspended sediment . .concentration means
that projections based on a small number of measurements could
be in error by a large amount.

Considering the size of the proposed investment in the Jragung
Dam and uncertainity in the above estimate of the sediment
transport rate.in the river, it would be prudent to conduct :
seédiment measurements throughout the entire wet season in

1976 - 1977, ‘The data collection program should be modified
and simplified from that program used in February and March
1976, - ,

The Jratunseluna Project did unaertaxe anotner measuring-program
during the 1976 - 1977 wet season But'this‘prdgramfﬁé§ §6§nIébgﬁaonéd;;
First, the Delft bottle and ifé”éié&;ﬁfbved3to¢;quﬁbéiééﬁé§foﬁffhe‘ |
fast velocities in the Jragung‘Riier,af,fhe?Bdféﬁééﬁiﬁfi&ge}iiThfﬁg
apparatus would drift far‘downstream. Then‘it7becémé?ipﬁraCti§€ f
measure the velocity at the points where the: samples. were taken.

On 1 November 1977, a new program fOr'meag4“ing€s§dim§nt;ihethé

Jragung River at the Borangan Bridge was;uﬁdéﬁfégéd‘ Jased _ i
¢ total 'sediment ‘load in’the

knowledge that more than 90 percent of t
river is suspended load and furtheﬁméiéftﬁgféusﬁéﬁﬁé ?;:éd“ s;§;¢'>_'
entirely silt and clay, only suspenﬁédJSe&iﬁéﬁt-Eémnlééfwéﬁéf&éiiedféd}

- ine mew program was. continiled until 30 April:©1978;:discontinued
during the dry season’and then'vépeated Erom 'l October 1978 ta. a1 Maw.
1a7q°
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The measuring program is described in detail in the summary
report in Appendix.H. Essentially, the suspended sediment load graph
versus time was derived on an instantaneous basis for all floods and
on a daily basis for low flow. The total load for the season was ob-
tained by numerically integrating the suspended sediment load versus

time relation.

The results of this latest measuring program are presented in
section A.6.4.

The 1:25,000 scalc topographic map preparéd in the years 1905 to
'1908 shows Rawa Pening as a marshy crea or swamp. The surface area
of the swamp was 7.4 km?. Two open water areas were shown each less
than 25 hectares in suffaCe area. The land éunrcﬁnding‘the swamp was

marked as sawah.

Rawa Pening was “converted from a swamp into a freshwater lake by.
the completion of the construction ‘of : the weir at Jelok in 1916. [25].

The lake was sounded in part and its ‘shoreline mapped again in
1926 [20]. This”map showed channels in the‘hottom of the lake around
the entire periphery. . The' center portion of the lake was higer than
the channels. A delta had formed: where the Galeh Torong and Pangang
rivers entered on the wc_stvs:l'.d‘e.L The delta,extended approximately
500 m into the lake. \

An elevatlon versus capacity curve ‘'was prepared for the lake in \
the early 1930'5., This:curvercarries the identification "Rawa Pening
»Inhouds-- En Oppervlak Krcmme,‘Volgas Opname 1932 - 1936 " At an
‘elevatlon of 463 . th/,indlcated capacity was 38 x 10 m3 and the
farea 24 km2.
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In 1972, NEDECO [21] completed a prefeasibility study directed
at increasing the storage at Rawa Pening. During this study, the
1926 and 1936 contour maps of the lake were compared with a number
of cross-section measured ducring NEDECO's investigation. The conclu-

sion was that no noticeable siltation of the lake was occuring.

Another 1:10,000 scale map was prepared from surveys made in
1975 by the Topographical Department of the Jratunseluna Project
[22]. This map shows depressions in the lake bed which indicate

spring water flowing into the lake.

The elevation versus capacity curve prepared from the 1975 survey
has approximately 5 x 10G m3 more capacity than the curve prepared
from data in 1932 - léSG(lvThe difference could be in datum.

Aerlal photographs ‘of the lake were taken in April 1978, At a
hscale' of 1: 15 000 these photographs show the Galeh - Torong - Pangang
fdelta Btlll extendlngxsoo n 1nto the lake. However, as the full
'supply level for the lake had been raised between 1926 and 1978, it
‘is" dlfficult to te11 how much growth had occurred in the delxa.

The aerial photographs show fine sediment in suspension following
the - lake ehore to the outlet whlch is the. source for the Tuntang River.
:No delta deposits nor suspended sediment was v1sible at other locations
“in the lake.

Satya Wacana Christzan.Univer81ty at Salatiga has been conducting
aresearch 1n aquatlc blology and aquatic management of the Rawa Penlng
‘dlake. Their work lncluded measuring water and sediment coming into
ffthe lake. [7] The estlmates were based on a few samples taken on
’fl to 5 Aug 1976 for the dry season at 30 December 1976 to 2 Jan 1977
for the wet season. From our experilence in measurlng water and sedlment,

these estimates are not reliable.

A-146



All evidence found in previous studies listed above indicates
that very little sediment is accumulating in Rawa Pening Lake.

The 1955 soils study of East Java [23] did not cover the tributary
catchments of Rawa Pening. However the east sector of the Merbabu
cone was mapped as either lateritic or humic mountain soils. As this

area is adjacent to the Rawa Pening catchment, the soils are of interest.

The lateritic soil group'is comprised of red, brown and yellow
soil characterized by an open, crumbly structure, slight plasticity
and stickiness, slight shrinkage and cracking, good permeability and

moderate water retaining capacity.

The clay mineral in the red soils is kaclinite. From 60 to 80
percent of the soil is made up of particles less than 50 microns in

~ diameter.

The humic mountain soils are a thick layer of acid "mor",.a
dark hrown to black very humie topsoil generally 10 to 30 centimeters
thiek which overlies a brown or yellowish-brown subso;l._ The .soil -
depth to p:rent material is usually less than 1.5 meters.‘ The'parentf
material is weathered volcanic tuff, | |

The humic soils have a water-holdinggeepaeity far greater‘than
the lateritic and margalite soils.. The‘humic soils are continuously
moist under natural vegetation.‘ Moreover they are highly permeable.

The natural humic soil is very friable and smeary when wet.
There is no shrinking and swelling. On drying, however, the topsoil
~is transformed into a loose mass of fine black dust cr of fine hard
e‘granules. ‘These desiccated, "sandy" soils are then highly suscepti-
ble to erosion by water and wind. The subsoils are slightly hardened
after drying and their:water-holding capacities are greatly decreased.
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It's cone penetrating 3,142 meters into the tropical sky, Merbabu
is heavily cut by erosion and consists of a system of steep ridges,
divided by deep ravines. Now, if Merbabu has been deeply eroded in
the past and Rawa Pening is not filling with sediment, what is the
explanation ? That question is addressed in the section A.6.4,
Estimates. |

A.6.2.c. Tuntangfgiver‘

Sediment and total dissolved ‘'80lid measurements were also made on
,the Tuntang River in. 1907
1917 [17] The measurements 1nd1cated a denudation rate of 2.5 mm/y
(from NEDECO [51). This value is equivalent to a sediment yield of -
3,800 t/km /y.

fThe results were reported by Rutten in

In 1955 “the General Agrlcultural Research Statlon at Bogor
published the soil study of East Central Java [23] Most of the . Tuntang
catchment downstream from Rawa Pening was mapped Parts of the 50115 |
report are pertinent to this reconna;ssance of the Tuntang Rlver

system.

The headwaters of the trlbutarles to Tuntang River downstream
from Rawa Pening originate in the Kendlng Hills.1 The Mio-Pllocene
deposits in these hills are a strongly folded monotonous series of
marly clay with intercalated layers of calacareous tuff-sandstones and -
quartz-sandstones.  The Miocene deposits are marine tuff-sandstones and
volcanic breccias alternating with tuffaceous marls. The PllO—Plels--
tocene deposxts are white unstratified globlgerlna marls and green and

grey clay marls, interbedded with layers of platy or massive limestone.

On the whole, the Kendeng Hills consist of soft clays and marls

with undulating gently rolling topography, while harder rocks, such
as sandstones, brecciasy and limestones, form isolated and steep

ridges.
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The Kendeng Hills are mapped as margalite soils. These comprise
black and grey, loamy to heavy clay soils which are extremely plastic
and sticky when wet. As a rule, the soils contain only a small per-
centage of sand. The amount of clay (less than 50 microns) usually

exceeds 50 percent. The clay mineral is mainly montmorillonite.

The margalite soils are impermeable and water movement and aera-
tion are poor. In addition, these soils are highly susceptible to
erosion-sheet and gully erosion as well as creep.

In the report, there are comments which 1nd1cate that erosion
has been severe in the past.‘ In some places there are 10-cm thick -
ilayers of limestone and sandstone in the soil profile and at the sur-
face. In other areas, the original black SOll has been eroded and a.

yellow clay lies at the surface.

The so;ls on the intensely folded Miocene beds;where theéterrainv
is. steep have been almost entirely carried away by grosio ' .
is at the best a lO-cm thick dark grey, coarse granular topﬂlayer on'
-a gutty subsoil which at a shallow’ depth rests upon”the“yuff.

The soils éf the'ngak‘Plaiﬁ'?’eﬂb“iltiupkf*9ml¢h9$§%Qr9§¢df
from the Kendeng:Hillsgggclggiveiy;i

Practically all upland areas in the Kendeng Hllls covered by the

margalite solls were classified as verely eroded 30 years ago. The
level to gently undulating margalite soils were con51dered moderately

eroded.

In preparing the feasibility report for Glapan vam in 13/3,
NEDECO [s], used a value of 2ﬁ'
,as the source of sediment yield data.

mm/y for soil;er081on qnoting Rutten
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In their reservoir sedimentation study it was assumed that no
sediment would come from Rawa Pening, 2.5 mm/y of soil erosion would
occur on the remainder of the catchment, the trap efficiency of the
reservoir would be 90 to 100 percent and the dry unit weight of deposits
would be 1.5 t/ms. The loss of storage would then be 1.3 x lO6 ms/y.

NEDECO [24] published the results of water trap measurements of
suspended sediment made in 1973 in the Tuntang River at the Glapan Weir.
A summary is given in Table A-17. The samples were taken at mid-depth
at a number of vertical sections. Approximately 10 percent by volume of

the sediment in each sample was greater tham 50 microns.

From 1 January 1976 to 3 January 1977, the Jratunseluna Project
collected suspended sediment samples in the Glapan Timur canal atf ts
offtake from the Tuntang River immediately upstream From the Glapan .
’Welr. The values of all measured concentrations greater than 7 500

mg/l are given 1n Table A-18.

The largest measured concentratlon of suspended sedimen was
17,600 mg/l. This sample was collected at. 2130 hours on\2l November
1976. This and the many other large concentrations measured,in th :
canal indicate that the. sedlment yield may be much large_uthan the .
3,800 t/km /y assumed. by NEDECO 1n 1975.

A.6.3. Ongoing Studies‘

A.6.3.a. Jragung River

‘ The program to. measure suspended sediment“concentratlons 1n the
,Jragung ‘er*at the Borangan Br:dge is being ontlnued through the
“1979 80 wet season.
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A.6.3,b, Rawa Pening

Soundings are being taken in Rawa Pening currently to check again
if any evidence of sedimentation can be detected in the lake.

A.6.3.c. Tuntang River

The automatic water level recorder was installed on the Tuntang
River at Kedungjati in419755by9fheiserang Unit of the Jratunseluna
Projecf.‘ Continuous readings'are available to date. However, there is:
'no,atage-discharge curve available for this site. ' An attempt at
establishing a gtage-discharg: curve'by making velocity and depth
measurements from the railrcad bridge immediately upstream was halted
in 1975 when permission 1o use the bridge was denied by railvoad
officials.

. In May 1979, Project personnel initiated a- new” peration'“d:f
for the Tuntang study. A cableway was constructed approximatelyrSOO?m?

downstream from railroad bridge.

On 9 May 1979, Jragung Unit personnel began aedlment sampling {
approximately 300 m upstream from railroad bridge. Samples we keti
with US DHu8 suapended load sampler by wading. The dlscharge was
measured and the corresponding stage recorder helght was. also noted.:f

The concentration of suspended sediment samples ranged rom 40

'”scharge‘were

to 2,500 mg/l durlng the month of. June.r The measured‘

from 12 to 56 m /s Other dry-season data will be avallable’aoon.

Sedlment sampling with the PGl sampler is belng done at the
,Kedungjati cableway during the 1979 80 wet season. A stage-dlscharge
‘fcurve will be established at the cableway section and related to the
lcontlnuous stage records available at the bridge. This program is



similar to the Jragung River sediment measuring program in many respects.

Jratunseluna personnel in charge of the installation at-Glapan
Weir (which includes a staff at the weir, and an automatic water level
recorder on the Tuntang River at Glapan Timur Intake), also take
suspended load samples in the Glapan Timur Canal. Samples are taken
daily at 0700 hours approximately 20 m downstream from the Glapan
Timur intake on the north side of the canal. The sample is scooped
by handifrom‘the,surface using a l-liter can with handle, then poured
into'aibottie;:”Sampiing’in this manner at this location has been carried
;on since 24 January, 1977, During floods in the Tuntang River, the
'Glapan Tlmur 1ntake gates are closed to prevent inflow of sediment-~laden:

4water.
A.6.4. " Estimates
A.6.4,a, " Jragung -River
Suspended Sediment - The monthly values of suspended sedlment;

yield for the Jragung catchment obtained by measurements at th“
Borangan Bridge are given in Table A-lg., The summarles of th ”measure-r

ments and the daily values are llsted in Appendlx }i The measured
values of concentration and corresponding discharge are plotted in’
Figure A-i,

The data in Figure A;uaré*pfoof that'thereVis no suspended
sediment rating curve for the Jragung River.» The concentrations depend
mostly on intensity of rainfall and the conditions of the watershed
-where 1t is ralnlng, not on the uater dlscharge in the river. Ground
cover, 3011 type, soil moxsture and topography are the prime factors
ic "1eterm1ne to what degree a given rain intensity will erode the

f ffNelther 1s there any correlatlon between the weight of suspended
sediment and the«wolume of water discharged monthly. This can be

ascertalned bylstudying the values listed in Table A-19.
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On a season basis, neariy twice as much sediment was discharged
in 1977-78 as in 1978-79 even though the runoff was greater in the
latter period. On the average, concentrations were much larger in the
1977-78 wet season than in the 1978-79 season. That is, the cloud of
points in Figure A-4 is displaced farther to the right in the first

year than in the second.

Comparxson of monthly ba81n rainfall and streamflow during the
fmonths when suspended sedlment samples were taken are shown in
Table A-20.

Both years ‘were. equally drier than normal the rainfalls for:

‘the seasons were 81 and 85 percent of ‘the long-term normal. Streamflows;

‘were also less than normal only more soddiIn 1977-78 streamflow was

only 59 percent of the 1ong-term ‘average - and in 1978-79, 65 percent.

There is an another dlfference in the two years record. In”
1977- -78, it was extremely dry at. the start of the wet season whereas
in the next year there was more ra1n at the beginnxng of the season.

There is enough evxdence 1n the record to 1ndicate that. sedlment
yleld is greater for a glven storm ra;nfall at the beginnlnguof” he
wet season than at the end. At the beglnning, vegetatlon;ls”sparse'
and the soil is dry. At the end'fthe vegetatlon 1s more luxur;ous

and the soil is wet most of the tlme.

As the two years of record'were’extrémely'dry (the . rainfall*ina
1977 78 was the second lowest in _the entlre 52 years of record) it
‘is necessary to estimate the suspended ‘sediment for a normal year.

‘The method employed in the final design report [12] to obtain
ths‘suspended sediment load was to multiply the monthly average
concentratlon for the '1977-78 wet season given in Table A-19 by the
long-term monthly streamflow.
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The estimate of the average long-term suspended sediment load
for‘the months November through April) was 1,800,000 metric tons.
At that time it was estimated that the suspended sediment discharged
in the remainder of the year was less than 1l percent of that dis-
charged in the other months and could be ignored.

Using the same method with two years of record results in: a
suspended sediment. load fbr the entire year of 1 400,000 metrie tons.,.
\The calculations are shown in Table A-2l.

Bed—Load - The_bed-load 1n the Jragung!River ie almost entirely .
ﬁ;gravel The river 1"‘not totally alluv1al in form as the bed degrades,

fdown to. bedrock is -some reaches.

’ Oalculations of bed 1oad usingvs different bed-load formulas,
the instantannous flow dura 1on'curv ,ahd-the a'sumptionfth”.f '
is a plentiful supply of bed materialyvndicatvjthw load s{“
range of 50,000 to 300,000 t/y. “A value of 200,000 t/y is vsed for.
the estimate of sediment yield.

Sediment Yield - The. total yield of sediment “from the Jragungf“”'
catchment upstream from the Borangan Bridge 1s the sumwof the eusPended
and bed loads.»

Employing only the first year estimate of suspended‘load thev

used_w_‘thi reeonnaissance.

o



The distribution of the long~term sediment yield hy‘month is
shown in Figure A-5, along with the distribution of long-term monthly

rainfall and streamflow.

It must be emphasized that two years of record is not considered
" a suitable length of record to estimate long-term sediment yield. 1In
- the first place, sediment yield can vary greatly from year to year even
when the rainfall and land use remain relatively constant. This point
is illustrated by the data collected in two years at the Borangan
Bridge. In these cases, ten to thirty years of record are required
to obtain an accurate estimate of average sediment yield. Secondly,
‘changes in land use in the future can affect the sediment yield by a

very large factor.:

‘The value of 16 000 t/km /y for long-term average sediment yleld :

_is the "best estlmate" avallable at thzs tlme.3 The metho S i i
‘polatlng the meanlng of the”2"years of record 1s not proven ‘
1nterpretatlons are’ poss;ble.‘As more data are’ collectedjln the future,

the "best estimate". will improve.

A.6.4.b. Rawa Pening Catchment

* QOther than the 1nconclu81ve measurementsd"

. done* ln conjunctlon

with the blologlcal research effort 1n"Rawa Per ;7], there is only
indirect evidence of the magnltude of sedlment v1eld in. the Rawa Penlng

catchment.

First, the evidence is falrly concluslve that the lake bottom
is not accumulatlng any sedlment.. Secondly, the only notlceable:
encroachment along the shore 1s the small delta on the west: ide.

The sedlment derlved from the steep slopes of Ungaran, Telomoyo
Qand Merbabu and fr°'fthe hlll of sedlmentary brecc1as between Ungaran
‘ vlomoyo s;being stored on the alluvial plalns surroundlng the
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The largest alluvial plain is on the eastern side, it extends a
- distance of 5.5 km from the base of the hills to the lake and slopes
gently at approximately 7 m/km towards the lake.

The Galeh, Torong and one un-named river enter the eastern alluvial
plain at its western extremity. The un-named river is converted into
-an irrigation canal running along the base of the volcanp, The Galeh
‘And Torong spill their water and sediment onto the alluvial plain and
then convey the drainage out to the lake. The Torong River is approxi-

mately a quarter the size of the Galeh River.

Where it enters the' alluvxal plain, the Galeh River is approxlmately
310 mn W1de and 4 m deep.' Yet the river banks are higher ‘than the
.surroundlng sawah., Near the lake, the w1dth is still- 10 ™ but the ’
depth is only 0. 5 m at the most. The channel 1s malntalned by small
bunds approximately HO cm hlgh As thls river dralns the area '
with the most erosive rocks, it probably carrles more sedlment than

the others.

The Klegung River drains a large valley 1n the flanks of Telomoyo
and an older volcano, Glllpetung. The valley lS the sector-graben ;
described by von Bemmelen [26] and called the Klegung rent.‘ Here the
slopes are steep and the rainfall large.; The rlver has dumped lts f
coarse load of sand and gravel in an alluvia_ "he'
eastern alluvial plain. The water is. channelized into 1rr1gatlon dltches,ﬁ

an’where 1t enter'

thepe is nothing left of the river.

The other rivers flowxng north dlrectly 1nto the lake from the
volcanic slopes are gravel and boulder"e (streams‘with very steep
slopes.. Thelr contributlone of sedlment,to.the alluvial plaln appear
Inflltration may be very large

,to be smaller than the other rivers
iln this'yegion so erosxve surface water; 1sgless than in the hill areas

‘to the west.
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The rivers flowing into the lake from the east drain the slopes
ofMerbabu. They have developed a small flat alluvial plain at the
~edge of the lake. Water in these rivers is utilized for irrigation

and there are no deltas along the lake shore.

for this. reconnaissance. the sediment yield of § ,000 t/km2/y is
used for the non-alluvial portlon of the Rawa Pening catchment,
']Although the catchment is prlmarlly recent volcanlc material, very
'steep, cultivated and has a. hldh ralnfall the 1arge infiltration
-and groundwater: flow have resulted. in less surface flow than in most
'other catchments. Muncul sprlngs alone account for 20 percent of. the
,flow at the Jelok Welr. Other sprlngs in the bottom of the lake

“could account for 20 percent more.

A.6.b.c. ‘Tuntanngiver'Catchment'

For that portion of the Tuntang River catchment downstr“INh'lau;"
the Jelok Weir and upstream from the Gunung Wulan damsite, the sedlment
yield of 15, 000 t/km /y is used 1n thlS reconnalssance. Thls large f
value is employed because; the few measurement of sedlment concentra-
tions at the Glapan Weir indicate large sedlment loads- the 50115 1n
the Kendeng Hills are very er051ve “the area is heavmly populated
the catchment is adjacent to the Jragung catchment where the sediment
yleld is 16,000 t/km /y; and 1t is prudent to use a large value for

are available,

For the catchment downstream, from the Gunung Wulan damsmte and
upstream from the Glapan Weir, a value of“9 000 t/km /y 1s}used,for
the sediment yield. This catchment istmostIYTteakdforest{“” 5
:has been abused but not as. badly as the ”tlvated hllls \upstream.- :
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TABLE A-11

MONTHLY DISCHARGE OF TUNTANG RIVER AT GLAPAN
(Units of "_im3-ls)' - :

RS E
g
(-]

Oct | Nov | Dec | Jan | Feb | Mar r |May |Jun ug | Sep . Annual |
& d e ‘p’ 3 B
S - - - 60.5]| 44.8159.7 {19.4} :7.9 4,3 7.8110.51{11.8 - -
13,5} 51.4} 43.8] 54.4|51.1]49.0}179.8}70.4]|18.6}13.9} 9.5]10.2 38.8 1,532
8.9119.4}28.9] 45.2}153.0} 46.6]40.01{30.8]20.4)}15.1}] 20.9 13.9 | 28.6 1,126
16.5} 47.9 | 41.6| 46.2} 39.4{ 40,3 39.4 | 29.9(18.1]37.7}22.5{14.9 | 32.9 1,304
13.3] 38.2] 30.2] 75.5{58.5}29.7{11.9411.0{.29.0] 10.8}19.2{12.7 | 28.3 1,121
1+.1956-'57"| 10.8 18.3} 42.6| 38.2| 26.6| 74.8 39,9 ]17.0 8.6] 25.8 9.6 7.8 26.7 1,060
| 1957-'s8| 6.6] 9.5|45.2] 40.6 | 96.5]80.6 | 74.3|55.9]23.6]36.2]39.8]17.9 | 43.9 | 1,727
?~ﬁ;1958f'59 0 20,1} 18.0} 78,04 71.9}58.0}| 41.4162.8]|61.1133.2144,5{16.91]10.1 43.0 1,706
3 jf19594760 011,71 18.1} 61.4| 40.3 | 60.7} 43.4 42,7 | 35.0}15.0} 17.9} 10.4 {- 8.4 | 30.4 1,206
1---1960-"61 1 - 9.1) 28.1§ 26.7 S4.4133.1]35.629.7142.2112.0 9.3 6.6} 3.1 24.2 958
f-;_1961f‘62",‘2-9 7.3}110.2) 31.04 37.3}51.1} 64.4]23.9]11.9]12.8}13.6} 7.4 22.8 899
17 .1962-'63| 8.0f 23.71 37.5} 58.2} 34.8| 61.4|33.7 | 14.1} 8.1] 8.1] 7.0 6.5] 25.1 994
. Lnl963-%64 5.2 6.6} 22.4} 19.3{ 31.3| 32.6} 33.0]31.6}14.6} 9.9 8.1} 7.8 18.5 736
©'196%=-"65 19.9} 33.0| 19.0}] 45.2} 46.51| 45.4 | 32.3 9.6 8.2 7:6.5;2_4.6:"352i, 22.8 897 {.
1965~'66 S3.3 _ 5.1} 14.9 28,2 33.3166,2]29.5}14.614.1 '7.5‘555.7 5.41 19.0 . 750
1966—'67i 11.0) 13.31 43,1 38.7150.3432.9]47.5|16.9 7.4 1:5;4,1:4_3-',3,9 22.9 901
1967-'68 3.4} 5.3120.8} 44,9} 35.7142.6] 42.1 59.1 43.0'”34(2r”28.3 11.9 3¢.9 1,229
- 1968-"'69 19.3) 36.6) 37.1| 39.7168.0| 62.1186.3}21.8}18.7 8.9' 9.9} 7.0 34.6 1,360
1969-~-'70 »96.3 14.3}129.9} 22.5} 20.4} 50.1] 31.9}.29.6}16.94 15.5{ 12.2] 13.2 21.9 871
1970~-'71 '8.11 16.4] 27.2§ 29.5] 40.0} 38.6 | 44.3 32.8125.5{13.8} 10,6 7.1 24.5 965
1971-'72 _;2;2 26.7 | 53.4] 55.9] 26.8 ] 38.2§ 30.6 | 33.0 12.41 12.6} 9.5 5.9 26.4 1,053
1972-'73 247 -18.6] 32.9 3735 .30.7. 41.9 57.9176.3 26,6. 22.51°11.1%§ 19.1 31.5: | 1,249
Mean 10,1}-21.7 |-35.6| 44.5] 44.4 | 48.4 | 44.3 | 32.9{ 17.7}'17.1} 13.2] 9.5 28.3 | 1,121}




TABLE A-12

MONTHLY DISCHARGE OF TUNTANG RiVER’AT JELOK WEIR

Annual
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.

L] .
NITNONONMNNNMNBDOTNe O idd M =

A11121322111 111 Nt

15.5
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9.3
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1

7.6

'1952;;55':,;

1953-"54
19544'55“-:
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
1968-'65
1969-'70
1970-'71
1971-172
1972-'73.

Average
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OF TUNTANG RIVER AT .CUNUNG WULAN DAMSITE

TABLE A-13

_AVERAGE MONTHLY DISCHARGE

(Units of m3/s)

Oct:

Year | ‘Oc ‘Nov. | Dec- | Jan | Peb Mar Apr | May Jun Jul Aug Sept | Annual
1951-'52 - C - - - L - - - - - - - - -
1952-'53 ”12-5j~A4259‘ f36.8j> 446.7 1 42.4 | 41.9 | 65.9 58.6 17.0 { 13.1 9.5 10.1 33.0
1953-'54 |. 857: 16.5 | 23.9-] 37.4 43.5 38.7 33.3 26.2 17.8 13.8 13.5 13.1 24.4
1954-'55 | 14.5| 40.2 | 35.6 | 38.4 33.0 | 34.4 33.8 | .26.4 { 16.4 33.4 21.0 14.5 ‘28.5

-} 1955-'56 12.4°1.-31.8 | 25.6 63.1 49.1 | 25,9 1.1} 9.9 25.1 10.6 i7.9 12.2 24.86
1956-"'5 10.3| 15.  35.4 32.9 23.1 | 62.4 33.6 15.4 8.2 | 23.7 9.9 8.4 23.3
1957-'58 6.8 8.7 } 37.7 | 34.7 80.1 | 66.0 62.3 46.9 20.9 31.5 35.1 16.6 37.2
l958-'59 18.5| 16.0 | 63.2 | 59.0 | 49.6 § 35.8 51.5 51.5 29.6 38.2 15.7 9.9 33.5
1959-'60 10.7 |  15.8 } . 49.8 | 34.2 51.3 36.4 | 36.2 30.4 14,3 16.8 10.5 8.8 26.3
1960-'61 8.8 ‘23{5 23.3 | 45,2 ] 28.1 | 27.5 25.3 36.3 11.5 9.3 6.9 3.7 20.8

1 1961-'62 3.4 6.9 {1 9.4 | 26.1 | 29.5 41.9 | 53.1 21.4 11.6 12.4 12.7 7.8 19.7

1962-'63 7.7 {7 20.2 | 30.2 | 47.2 | 29.6 | 50.6 | 28.4 13.1 8.] 8,1 7.1 6.7 21.4
1943-'64 5.6 6.3 | 18,5 | 15.6 | 25.8 27.2 27.1 26.3 13.2 § 12.5 8.2 7.8 16.2
1964-'65 17.3 28.2 | 16.9 ¢ 37.8 | 39.1 | 37.1 | 27.2 9.7 8.C 6.7 4.7 4.8 19.8
1953-166 3.6 5.3 12.9 23.8 | 28.6 54.5 ; 25.8 | 13.5 13.4 8.0 6.1 5.5 16.7
1966~ 67 9.9 11.9 § 34,9 | 32.2 | 41.2 | 28B.1 | 41.6 15.3 8.1 6.3 5.5 4.9 20.1
1367-'68 3.6 5.2 | 17.7 36.7 | 29.7 1 35.3 ] 35.4} 49,5} 36.7 | 30.2 ) 26.5 | 12.0 26.6
1968-'€9 17.4 30.5 ] 32.2 3£.3 56.1 51.2 71.6 20.0 17.6 9.5 10.3 7.4 29.8
1969-'79 6.2 13.0 26.3 20.0 13.3 40.6 27.9 26.6 15.9 14.9 12.2 12,6 19.5
1970-'71 7.7 14.3 3.4 25.1 33.1 32.0 36.3 28.3 22.7 13.5 10.9 7.6 21.2
1971-'72 11.1 23.2 45.6 45.6 23.5 32.2 27.1 29.3 1z.5 12.1 9.6 6.5 23.2
1972-'73 3.2 15.2 | 24.3 | 30.9 25.9 34.5 57.3 63.3 24.2 20.2 | 10.8 | 17.4 26.4
Mean 9.5 18.6 29.7 36.4 37.2 38.4 38.2 29.5 16.8 16.4 12.8 9.4 24.4




Totsld

78.2
81.0

Sep

0.2
5.2

Aug

0.4
2.2

Jul

0.7
5.1

Jun

8.9
J.J

May

)
Apr

PO N

17.4

Mar

7.1

TABLE A-14

{Unite of 10

Fed

9.5
19.4

Jan

16.1

Dec

MONTHLY RUNOPE OF JRAGUNG RIVER AT JRAGUNG DAMSITE

Hov

Oct

Year

1921-1922
1922-1923
1923-1924
1924-1925
1925-2926

1926-1927
1927-1928
1928--1929
1929-1930
1930-1931
1931-19)2
1932-1933
1933-1934
1934-1935
1935-1936
1936-1937
1937-1938
1938-1939
1Y39-1940
1940-1941
1951-1952
1952-1953
19531954
1954-195%
1955-1956
1956-1957
1957-1958
1958-1959
1959-1960
1960-1961
1961-1962
1962-196)
1963-1964
1964-1965
1965-1966
1966-1967
1967-1968
1968-1969
1969-1970
1970-1971
1971-1972
1972-1973
1973-1974
1974-1925
1975-1976
1976-1977
1977-1978
1978-1979

8.2 | 13.9 | 26.3 2071 3.7} 93] 35| 2.2 1.0 | 1.0 | 1206
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TABLE A-15

MONTHLY STREAMFLOW

JRAGUNG RIVER AT THE BORANGAN BRIDGE

(10° ©%)

Water Year bétx- 1ﬁ§74, ‘Dec . Jan Feb Mar Apr May Jun Jul
'1972-1973 - 23.9 6.3 4.3
1973-1974 ?2;§?~ ;3;6 8.1 2.5 1.1
1974-1975 iiza.a 17.0 0.3 0.0
1975-1976 13.2 &% 2.1 1.9
1976-1977 9.2 10.6 9.6 0.8
1977-1978 5.8 6.6 3.5 5.5
1978-1979 17.3° 1 18.7 5.8

Short-term 5.1 - 8.2 10,3;1fig;§ fi;Qé 19.2 14,0 10.9 4.0 2.3

0.1

0.5

0.4

2.u

0.8

3.8

3.8

1.1

0.2

5.6

3.4

Total

127.7
122.5
124.8

84.0

87.1

198.8



TABLE A-16

SUSPENDED SEDIMENT DISCHARGED DURING STORMS

Peak discharge, m3/s

Peak measured suspended
sediment concentration,
mg/1 ‘

Volume of water dis
charged, m3

Amount of suspended
sediment transport,
metric tons

Suspended sediment
transport rate,
tons/106 md

Maximum station
rainfall, mm

Hydrograph of

A-63

18-2-76  23-2-76  18-3-76  22-3-75
57 105 358 56
24,200 15,000 - 24,000 22,600
460,000 980,000 3;3000;000° - 350.000
7,600 11,500 76.000. 6,500
16,0000 12,000 23,0000  19.000
50 106 . 71 26



TABLE A-17

MEASURED SUSPENDED SEDIMENT
TUNTANG RIVER AT GLAPAN WEIR

Dry Weight
Date  Vertical Discharge Volume of of Concentration Dry Unit

Number Sediment Sediment Weight

- - 3

. ma/s 10 6m3 ' 10 3kg _mg/l kg/m
13 Feb 41 50 10. 1.02 816 97
1973 . 81 50 8. 1.70 1,360 205
- 61 50 0.99 792 160
50. 8 1.60 1,280 195

NN WO

s

“17 Feb. 8T 49 39.5 9.10 7,280 230
" 1a73 W4T 49’ 34,5 8.61 6,890 250
51 49: 30.5 7.93 6,340 260

8 49 26.7 6.36 5,090 239

71 .35 22,9 5,84 4,670 255

8L 35 23.5 5.40 4,320 230

L 35; 20.0 3.89 3,110 195

98y 154
1,070 152
1,100 176
1,060 153 .
. 824 7.

1 Mar - 3I. 51
1973 ‘4I 51
o ST 48

8T 3y

9T ‘33

L]
cummo "

BRI R
L J

7,380 269 -
6,260 275 -
5,820 254
3,010 86
5,380 161
5,100 185
5,080 273
3,700 237
4,670 182
3,370 160
3,980 171
3,200 144
3,420 146
2,710 131

8 Mar 2IT 04
1973 K} 112
311 116.
41 130.
4II 1u5.
51 155
5II 156
61 T4t 1
6II 138 3
71 129 126
71T 120 :
81 116
8II 103
91 98

N

Fno
OOV ITWEEEEALEOODWNVO
OOUNOD . WNOONDODWWIIN®ON

EEN N
R NN B

w
WO WONNNO MW

. n
N WD W
[ ]
L]

22
83
7
6
3
8
:
2
4

oo @B

7,050 160
7,270 217

20" Mar 3I 186 1
:
4 4,990 219
y
0

1973 41 185
SI 184
61 175
AL 175

7,150 255
7,840 229

‘théﬁ?aﬁTﬁéfééidﬁéfﬁf'ﬁé%ér'ﬁnd sediment in each sample was 1,25 llters.
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TABLE A-18
'MEASURED SUSPENDED SEDIMENT

GLAPAN TIMUR CANAL

1976
Suspended Sediment Suspended Sediment
Date Hour Concentration Date Hour Concentration
| ‘mg/1 : mg/l
Record begins 1 Jan 1976
Mar ‘9 1730 7,560 Nov. 25" . 12100 15,400
: 1847 7,740 2130 16,700
SRR S 2200 14,200
Mar 12 = 2030 11,000 2230 13,000
R TR 2300 12,000
Mar 19 1900 18,020 2330 10,000
2000 7,860 LR I iias
2100 7,550 Nov 26 0030 - 8,320
Apr 20 0900 8,400 %;8905 15,200
. -1830 19,550
0930 8,770 Besod oY
1000 8,040 1900 13,000
030 11930 11,900
Nov 17 2100 7,640 12000 - 11,300
ey 2030 10,600
Nov 21 2100 16,800 12100 ‘11,000
2130 17,600 2200 9,220
2200 17,100 . 2230 18,300
2230 116,900 R S
2300 14,900 - ,???9; 5-7’69°
2330 13,100 ‘Dec’ 1 1630 13,800
2400 12,900 1700 13,600
1730° 14,700
Nov 22 0030 ©12,100 1800 13,900
0100 12,300 1830 10,900
0130 13,100 1900 11,800
Nov 24. 1800 12,000 1330, 11,000
> 2000 10,100
1830 9,860 2000
289 2030 9,100
1900 10,800, 2100 9,980
1930 11,800, - o
2000, 10,200 Dec'll 2100 16,200
2030 12,200 e
2100, 10,100 Record ends 30 Jan 1977,
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TABLE

A-19

SUSPENDED SEDIMENT YIELD

JRAGUNG CATCHMENT UPSTREAM FROM BORANGAN BRIDGE

Sugpended Water Monthly Average
Water Year Month Sediment Discharged Concentration
kg m3 mg/l
1977 - 78 Fov 16,620,000 1,256,000 13,200
- Dee 386,073,000 9,377,000 41,200
“Jan 175,078,000 15,619,000 11,200
Feb 513,583,000 21,302,000 24,200
Mar 33,007,000 9,915,000 13,330
Apr 56,560,000 5,750,000 9,840
Total 1,180,922,000 63,219,000
1978 - 79 Oct 48,733,000 4,311,000 11,300,
Nov 10,766,000 2,964,000 3,630
Dec 76,719,000 - 10,802,000 7,100
Jan 105,780,000 17,328,000 6,100
Feb 107,850,000 - 10,228,000 10,500
Mar 51,746,000 7,656,000 6,760
Apr 213,768,000 18,732,000 11,410,
May 48,882,000 5,844,000 8,360
Total 664,244,000 80,385,000




Water Year

TABLE A-20

BASIN RAINFALL AND STREAMFLOW

JRAGUNG RIVER AT BORANGAN BRIDGE

Month

Rainfall

Percent of Long-
term Rainfall

Streamflow
lO6 m3

Percent of Long-
term Streamflow

1977-78

1978-79

Nov
Dec
Jan
Feb

ﬁyéﬁz
_Bpr’

Season

oot

“Nov

Dec
Jan-

Feb
Mar
Apr
May

Season

168
302
302
194
164

1,587

155
85
375
331
241
216
405
171

1,979

67 ‘1.3

o4 0.y
87 15.6°
b1 21.3

81

97
a

85:

‘A6




‘Month'

et

.5;?
dan
:ﬁéﬁ}
apr.
‘May

Remainder

TABLE A-21

‘fﬁbNG;TERH'SUSPENDED SEDIMENT LOAD

\JRAGUNG RIVER AT BORANGAN BRIDGE

Average Long-term

Concentration Streamflow

mg/l , 10® o’

- Long~term
Suspended Sediment

metric ton

11,300 (3.1
8,420 ' g.78

17,00
51050
10,600
8,360

500

- A-68

41,900
73,900
aso,aoo
226,100
361,700

112,300




A.7r SEDIMENT ACCOMMODATION

In addition to emphasizing the importance of good soil management
practices in the upland watersheds, any water development plan fbr
the Jragung and Tuntang basins must have provisions to accommodate
the sediment eroded frem the uplands and carried by the river flows.
The main problems caused by sediment are: loss of water storage capacity
in the reservoirs and lakes as a result of sediment being deposited; v
and the loss of carrying capacity in the rivers, canals and floodways

due to sedimentation.

’A}7,ix _Sediment Storage

sis the reserv01r 1s sized to,prov1de the amount of water storage needed

for the project and for 50 years of sediment deposlt_;;

The sediment yield values presented in the. preV1ous section were‘
used to compute the amount of sediment coming 1nto the reservoir. :
~ normally operated reservoirs, Churchill's trap. efficzency curve 2
was employed to determine the amount of sediment passxng throug x :f
reservoir. The distribution of sediment in the reservo:r was dete i
mined with the empirical method developed by the us Bureau of Reclama-'

tion Lasl.

The dry; unit weight of sediment dep081ted 1n the reservoir is
,estimated as 1,000 kg/ma.‘%This 1s the value obtained in investiga—
_.tions of the Cimanuk deltihin the Java Sea. The dry unit weight of

:the 3011 dep051ted in the‘Demak”plain has been measured in many studies.
a;Values reporten by NEDECO nh1978 [28] ranged from 860 kg/m to
:f}l uso kg/m‘ 8: approximately l 200 kg/m . The samples
ﬂfof soil were ake"' :‘gs”at depths of 1, 3and 5m. In other
vaiues range from 800 to 1,300 kg/m .

; The average

r

[ﬁstudies 1n‘the,sv
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http:weight.of

Recent deposits of organic clay in the Citanduy River floodplain in
Java have dry unit weights less than 1,000 kg/m .

A.7.2. Sediment Passing

In situations where the water yield from the catchment is much
greater than the annual storage volume required for the project, it
is possible to pass some of the incoming sediment through the reser-

voir along with the excess water.

Sediment passing is accomplished by building a low—level outlet
through ‘the dam or abutment at river. bed level., A high-level outlet is

" also provided in: the ‘reservoir to supply water to the -turbines and

irrigation outlet works.

the conventional mannex. Water for poser and 1rrigation is obtained
through the high-level outlets. 'Floods are either stored in- the
reservoir or passed over the spillway, The 1ncoming sediment is
stored in the reservoir at all‘levelskincluding qu'canservatiaﬁ;

pool.

At the end of the irrigation season, when the reservoir is drawn
down to the level of the high-level intake, the low-level gates are
opened and the remaining water is drained from the reservoir. There-
after, the gates are left open so that any floan will pass directly ‘
through the reservoir and dam almost unimpeded. The reservo;r is
operated in the same manner. as a’ single-purpose flood control reservoir
without much flood attenuation.

With the low-level gates open, the sediment load in the river
Lis passed as well as ‘the- water.: Little or no sedxmentation in the
*reservozr occurs with the low?level gates open.

‘A=T0



It must be emphasized that the sediment passing scheme used in
this study is not au effort to flush or erode sediment deposited in
the reservoir during periods when the low-level gates are closed.
Full-scale tests have proven that sediment cannot be eroded from reser-
voir deposits in any quantity sufficient to increase the life of the
reservoir significantly. |

At some time during the. wet’ season. ‘the low-level gates must be
~closed so that the reservoir can be filled for the next dry season.

“The amount of sediment passed through the reservoir:and tne LoW-.
level outlets during one season was estimatedrusing the- measured
‘seasonal distribution of sediment yield fo“the'Jragung River at the
Borangan Bridge. The distribution is shown in Pigure A-5._

For example, if the low-level conduit in the proposed Jragung Damf
is kept open during the months of November, December and January, then.
about 66,500 m3. 324, 700 m3 and 203 500 m3, of sediment w1ll be passed
through the dam in those respective months assuming averageiinnual S

discharges.

The above numbers are based on the mean monthly Lot
sediment yield presented 1n; 1gure A-5. It lS as'umed o
load transported by the river will be retained in‘thevreservoir and the
trap efficiency of the reservoir under conditions of floods rnd sediment
passing will be 10 percent. The effects of”Sediment passing on the
storage capacity of the- reservoir and the useful life of the project

g-term ‘sispended

will be as follows.

l. On an average bas;s, a volume of 0.6 x 10 m3 of sediment will pass
through the reservoir every year, which would have deposited in the
reservoir had the. ‘passing of floods" during the months of November,
December and January not been done._ '

2. .Over a period of. 50 years, which is assumed in the economic analysis
as the useful 1ife of the project, the volume of storage for sediment
needed " in the reservoir will be 40 x 106 m3 against 79 x 106 m3 needed
for the operation of the reservoir without sediment passing.
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Consequently, the storage capacity of the Jragung Reservoir for the
sediment passing mode of operation would be 30 x 106 m3 1ess than
that needed for the condition if the sediment was not passed through

the reservoir,

From the above illustrative example, it may be hypothesized that the
height of the dam needed to impound water and also accommodate sediment
will be less if the sediment is passed through the reservoir during a
part of the rainy season compared to the conresponding height of the dam
needed for the eonventional operation of the reservoir. The exact amount
of the sediment that'can aetually be passed will depend upon the length
of the time the low—level outlets can be kept open without jeopardizing
the pro:ected usages of the reservo;r. The simulated operation studies
for “the period of the available data will establish the actual period
of sediment passing and the tzme during the rainy season when the low-
level outlets should be closed 50 that the reservoir can be filled to
its full capacity needed for the next dry season.

The dry unit weight of : the sediment deposited in a. reservoir with
low-level outlets was assumed to be 1, 100 kg/m .

A.7.3. Downstream Sedimentation

Sedimentation is occuring at rapid rates. ‘in. the canals and flood-”
ways'in the Demak plain, Some examples are cited below.‘ In 1978,
NEDECO [28] reported that

"....... the capacity of the Jragung canal is reduced to some ‘
3 m3/s because of heavy siltation. (The first part of the canal
was rehabilitated a few years ago for 8 m3/8) .eeevercesss

Sediment has piled up on the crest of the Jragung Weir to a‘level:
2 meters above the crest on the rzght side. It has been necessary to
maintain the capacity of this weir. by excavating this sediment by

hand.

w72



The floodplain of the Tuntang River between its levees is filled
with sediment. Our studies of the cross-sectional surveys made by
the Jratunseluna Project in June 1972 indicate that the deposits on
this floodplain range linearly from 4 m at the Semarang-to-Surabaya
road at Gubug to almost nil at the Java Sea.

o The indication is that the bed of the main channel of the Tuntang
vRiVer has not aggraded even as the floodplain between the lovees
fdlled; In 1972, the bankfull depth was approximately & m at tﬁe road
ahd42‘m’at the sea.

Unlesa the sediment load in the lower reaches of the Tuntang and
YJbagung Rivers is,decpeased,-thevdesign criteria for flood control
channels should reflect these facts:

1. The floodplains between the levees fill rapidly with.
 sediment.

2, Any excavations of the main channel, either in width or in
?depth will probably sediment qpickly back to its existing

!shape.

Some cutoffs,of"meandeﬁﬁlooPS‘infthe lower reachés of the rivers are

appropriate.

For the channels, the sedimentation problem is: the same. Canals
receive large concentrations of clay aﬁd silt which, when deposited
on the bed and banks, cannot be eroded again by flowing water. Thus,
the canals in the Demak_pla:nlcannot be considered nor designed as

"pegime" canals. .

If the sediment lnad 1n the Tuntang and Jragung Rivers is not
f;reduced greatly. five factors should be considered in the. de31gn of

~'1rrigation canals.
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1. Reducing the smount of sediment entering the head gate of

the canal.
| 2. Providing sedimentation ba ‘ns in the canal at its headworks,

3. Keeping canal velocities as large as practical as long as

- pcssible to preveni sedimentation.

'4."Eroviding the proper shape (width-to-depth ratioc) 30 that

sedimentation rates are lcW.

5;'”Providing maintenance funds to remove the sediment from the

canal :periodically.
A}ICQ}‘ Rawa Pening

. 'For: Rawa Pening, the | ediment is being stored primarily on the
.allnvial plains adjacent to the 1ake. If +he lake and its principal
¢riburaries are leveed, the sediment will then be carried into the
lake. If additional storage is provided by building levees around
the vlllages and leaving the alluvial plains unprotected, the seuiment
will not threaten to flll the existing lake. Sedimentation will
continue to occur on the plain as, it haa in the last 60 years.

. Ai7.5. Gum.mg Wulan )

~ Two alternatives are available at ‘the proposed ‘Gunung Wulan
project. Pirst, the reserv01“ can' be sized to accommodate the annual
deposition of aedmment. Secondly, because there is excess water

available, a sediment passing schame can be considered.

-As?.6. Glapan Barrage

Tf Gunune Wulan dam is built Ffirset and traps most of the upstream

A=Y



sediment yield, the Glapan site could be developed as a conventional.
storage site with 50-yecar project life for water storage. -

Wlthout Gunung Wulan to trap sediment, the Glapan reservoir would
fill quickly with sediment. However, sediment passing could be accom-
plished as the flow in the Tuntang River is much greater than the
storage available at Glapan if the full supply level is kept below

the railroad and major towns.

A.7.7. Jraggng

The proposed reservoir on the Jragung River could be operated in
the sediment passing mode or as a conventional reservoir. The choice
depends on the amount of water diverted from the Tuntang River and the

demand for storage in the proposed Jragung reservoir,
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TABLE A-1

SUMMARY OF HYDROLOGIC DATA
PENGGARON AND DOLOK RIVERS BASINS

Unit Penggaron River Dolok River

Area:
Catchment area at weir m2 77.7 41.5
Catchinent area at damsite km2 75.6 34,0

- Rainfall over Catchment:

Mean annual rainfall m

Maximum annual rainfall ‘o
mm

Minimum annual rainfall

Maximum daily station rainfall
- (Sta. No." 79, No. 686)

Rainfall over Service Area:

Mean annual rainfall mm
Maximum annual rainfall -mm
Minimum annual rainfall ~~  mm

T

Maximum daily station ra:.nfall
(sta. No. 79)

Runoff: (At weir)
Mean annual runoff

Average annual discharge
Annual- yield ‘

’ Floods._

‘Mean annual flood peak 130
-Diversion design flood peak | 230 -
';Diversion design flood Ve lume 0.9
‘Probable maximum flc ¥ 1,800

f Probable maximum flood volume: 7.3



TUNTANG AND RELATED RIVERS
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A.l. PENGGARON AND DOLOK RIVERS BASIN

A.1.1. Description of Watersheds

(i) General

The Penggaron and Dolok watersheds are adjacent basins having
their headwaters on the slopes of the Ungaran Volcano (Figure A-1).
Streams drain down from the volcano's north-eastern slope flowing out
on a radlal pattern, anising their beds into the volcanic debris.

The foilbwing'ﬁain‘tributeries combine into the Penggaron
River as shown in Figure A-2.

- Kali:Gendera

- Kali Kresek

- Kali Klangit

- Kali Surugodo

- Kali Penggung

- Kali Porong
- Kali Juru Gajah.

The following tributaries:combine into' the Dolok: River:as:

 shown in Figure A-3:
"Kaii Sat
Kali Luing
"fgkbli Grengseng

A-2



- Kali Lana
- Kali Gandu
- Kali Bokor
- Kali Juwet
- Kali Juruk
= Kali Kalam
- ‘Kali Mara
- Kali Dilar

thhlng is known ahout the mavement of groundwater in the
_area. Slmilar to what has been followed in the hydrologic - . -
Jstudies of. other basins is the Jratunseluna Project Area, it is
fassumed that- there is no transfer of groundwater to or from adjacent
 catchments.

The catchment areas of the basins ave:
Penggaron River upstream of Pucanggading weir:'

PehggarqﬁJRiver'upsfreamaof proposed damsite: .
Dolok River dpSt:éam of Barang weir:

DoloklRiver'upstream of proposed damsité: 

a3



(1) Land Use

Land use in the Penggaron and Dolok Rivers catchments ig
1nd1categ in Figure A-Y4 (Raproduced from 1;50, 000 sqale)
land use maps from 8ite suyveys conduqted in September 1969).
vThe land use for the watershed upstream of “the Pepggaron proposed
damgite are as follows.

Land Use Pepcent of Area
T e T e
Ricq fields 16
e
| 1‘3»
Rubham Dlantation :
}gb?*f

Tpe }and uae fpr Fhﬁ watqnshed upstream of the Dolok ‘praposed:
damsite ave ag ‘fallows.

Pernegg of Area

LaanUSe

Ripe fields -6
Dny fielqs 24
Villages '7§
Teak forest 1

Ribher plantatinn

3

The land yse fon the watevahed Hpatraam of the Jvagung
dgmgite. as qetqpm}neq py pngtneep;ng Consultants ;nc.‘in the
Jpagung Dam Upgraded: Fesaibility Study [6] ‘are’ indicated fop

Gr petie et iy

- compapison;-

A



Land Use Percent of Area

Rice fields 4y
Dry fields 17
Villages ;léé
Teak forests 20

'Rubbep plantatichs

(111) River Profiles:

The slope of the' Penggaron Riverbed" at the proposed damsite

is approxlmately 17 m/km[' t the ‘Dolok. dver proposed damsite the*

‘piverbed slope is’ approxlmately l7 m/kmyas‘well.
(iv) Damaitesf
The proposed damsite on Penggaron Rlver is located ahout

2.00 km' upstream of Pucanggading weir"QThe length of the river
stream down to the damsite is about 17, 5 km.

The proposed Dolok damslte is located at. 2,00 km. upstream

of Barang weir. The Dolok rlver had xnc;sed\lts channel Ln’a

a narrow gorge between two'volcanoes.



A.1.2. Rainfall

(1) Annual Catchment Rainfall

The mean annual rainfall’on;theieatchment for the years 1952 through
1973 are as follows: -

V'Catehhentwp‘ " Annual Rainfall
Penggaron Upstream of Pucanggading Heir | 2,721 mm
Dolok Upstream of Barang Helr 2,415 mm

‘and Dolok catchments upbtreamff.

The same- values apply to the Penggaf”
of the proposed dams;tes respectivel Ky
the Thiessen polygon applied to monthly,painfall data, as detailed in :
,paragraph (i1) hereoff. The. yearly ra;nfall totals for the different gages

'values are calculatediusing;,

were checked by double mass analysle.j'

'For the Penggaron catchment, the wettest water year was . 1967-1968f
with 3,455 mm of rain, while the driest was 1962-1963 with 2 212 mm..

The wettest water ‘year for the Dolok catchment was 1957-195_fwithf
3,098 mm and the driest year was 1952-1965 w1th 1, 635 mm

(ii) Monthly Catchment Rainfall .

»catchments.

Some‘recordsiof ralnfall’gages we' 'ainggand could not be madeiﬁ

available by all_possibl soureea; includingJ»

o

‘AlG

F


http:2,212.mm

- LMG (Institute of Meteorology and Geophysics, Jakarta)
- DRU Wilayah Semarang A

~ DPU Propinsi Jateng

- Jratunseluna Project Office

- Serang Branch, Jratunseluna Project

In most of the cases, records are available for the closest
4 rain gages forming, more or less, the corners of a square around
the point in question. These records were used to synthesize the
missing data by weighing by its inverse sQnare distance from the
point [12].

The values of the monthly catchment rainfall on the Penggaron
catchment upstream of the Pucanggading Weir and on the Dolok catchment
upstream of Barang Weir are presented in Tables' A-3 and A-4 respec-
tively. The Thiessen weights used to derive thééé monthly catchment
rainfall values are presented in Table A-2'.

The mean monthly values of the Penggaron catchment upstream
of Pucanggading at Dolok upstream of Barang are as followa~ '

" MONTHLY RAINFALL
(mn/%)

PUCANGGADING WEIR CATCHMENT

g b

>

Oct Nov Dec Jan Feb Mir Apr Hay Jun Jul Aug Sep Annual

143 253 342 440 398 364 260 107 101‘,f§iﬁff61V"7i‘ © 2,721
5.3 9.3 12.6 16,2 1ulsi113,u 9.6 7.2 3.7 3.3 2.2 2.6 ° 100.0

ffBARANG WEIR CATCHHENT

o
! (AN

F;Oct Nov ‘ Déc Jan teb Mar Abr May Jun Jul AAug Sep Annual

1139 258 206 406 325 292 233 183 72 8% 68 59 2,415
5,8 10.7 12.3 16.7 13.5 12.1 9.6 7.6 3.0 3.5 2.8 2.4 100.0

A-7



(i111) Daily and Maximum Rainfall:

An attempt was made to compute the different catchment and
service area rainfall, and hence the simulated streamflow, on
ten-daily or half monthly basis. Unforturately the Institute of
Meteorology and Geophysics, Jakarta, started keeping records of
ten-day means of daily precipitation as from January 1973. Not
one complete year of records was available for the period of
integrated operations (October 1952 through September 1373).
Computing such means from cdaily records for the numerous gages
used in this study would require much longer period than the time
available.

The maximum recorded daily station rainfall for raingage
stations in and near the Penggaron and Dolok catchments for the
period of record and up to the end of 1973, are shown in Table
A-5, as transcribed from the recards of the Institute of
Meteorology and Geophysics (LMG) in Jakarta.

The highest daily recorded station rainfall in the Penggaron
and Dolok vicinity was 501 mm, raingage 96, Japuary 1934,

The lowest daily recorded station rainfall in the vicinity
was 203 mm, raingage 93, November 196M4.

The average maximum:recorded daily station rainfall in the
vicinity froh‘thé;coﬁﬁéﬂééﬁéht*cf record upto the end of 1973 is
307 m. ” | '

(iv) Probable Maximum Rainfall

o The probable maximum daily rainfall over the Tuntang and
. Jragung estimated by Engineering Consultants, Inc. by using
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Hershfield method. The annual maximum daily rainfall values

for 14 selected stations in the Tuntang catchment and 8 selected
gages adjacent to the catchment above Jragung damsite were used

for the analysis. The results are transcribed as indicated in

Table A-6. By way of expolation, the probable maximum station

daily rainfall over the vicinity of Penggaron and Dolok catchments is
640 mm.

The probable maximum station 24-hour rainfall is 704 mm and
the probable maximum 2?-hour catchment rainfall 641 mm for
Penggaron catchment and 667 mm for Dolok catchment.

Th;s regional approach for estimating the probable maximum
:precipitation is adequate for the purpose of the model operation,
‘but further analysis of the daily records of raingages located
’ip the vicinity of Penggaron and Dolok basins will be necessary
~f6§ the design of the dams. The daily records are available at
thé,;nétitute Sf Meteorology and Geophysics (LMG), Jakarta.

(v) Annual Service Area«Ralnfall_d;

The mean annual rainfall on the Penggaron service area is
2,175 mm and on the Dolok service area is 2,241 mn. These values
were obtained by employing the records of six raingages from
a Thiessen network over the two: serV1ce areas (Table A-2').

The period of record was 1952 to 1973, which coincides with the
period used for model operation studies.

The annual rainfall for the six raingages varied from
1031 'to 33u9 duving the perio;iof record. The annual averaged
vrainfall over the’ Penggaron serﬁice area varies from 1,538 mm
'to 2 864 mm and over the Dolok service area ranges from 1,626 mm
{upto 2 780._ ‘



oot

“(vi) Monthly Service Area Rainfall

The Thiessen averaged values of monthly rainfall over the
Penggaron and Dolok service areas are presented in Tables A-7,
A-8. The mean monthly values are as follows:

PENGGARON SERVICE AREA
(mm/%)

~

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual

123
5.7

Oct

213 259 410 305 242 215 145 63 73 61 66 2,175
9.8 11.9 18.9 14.0 1.1 9.9 6,7 2.8 3.4 2.8 2.3  100.0

f botoK SERVICE AREA
7 (mm/%)

127

5.7

10.5 12.0 16,6 129 11.9.:10.8 7.5 3.0:

Nov Dec Jan Feb Mar App May Jun Jul Aug Sep Ammual

7 63 65 2,241

na6 270 372 289 267 .41 AR . ,
/3.4 2.8 2.9 .. 100,0




A.l.3. Streanflow

%) Penga;-on River:

Daily records for the discharges of Penggabdn River at
_ Pucanggading weir were made available by DPU Wilayah Semarang.
The discharge was ca.lculated from stage records at 7:00 a.m.
by using rating curves for

Pucanggading Weir
Intake of right canal
Intake of left canal

The records were checked for possible correlation of runoff
with rainfall over the catchment. Unfortunately no records of the
flood discharges spilled into the Eastern Banjir Canal, upstream of
Pucanggading Weir, were avallable. The status of nonrel%ability of
¢he discharge data, as indicated by NEDECO {1, 3, 11] was still un-
changed. In 1371 NEDECO [1] used the monthly remoff coefficient of the
Tuntang River to compute the monthly streamflow of the Penggaron an@ |
Dolok Rivers. 6ince 1971, runoff data were available for Jragung
[ECI, 6] and Serang [NEDECO, 5].

A comparisop between the Penggaron bas.in and each of the :
Jragung. Tunteng and Serang R:lvera Basine wes perfomed fm the.
following standpoints. -

a; | Climete Pacter‘s“:‘_ o

- Type of precipitation

- Rain intensity and duration

~ Distribution of rainfall on the bas:ln
- Other climatological conditions.
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b, Physiographic Factors:

- Land Use

~ Type of Soil
- Slope

- Elevation

- Area of basin

- Drainage net, length of tributaries, stream density,
drainage density

Closer analogy was found between Penggaron and Jragung
f Rivers Basins. The assumption that yearly changes in the
'gamount of groundwater and water stored in the soil are negligible
. and that no subsurface exchange of groundwater with adjacent
:;catchments were also maintained. The simplistic rainfall-runoff
" model used by Engineering Consultants, Inc. in the Upgraded

. Feasibility Study [6] as updated in the Appendix A - Part I

of this study [ 14 ] was used to simulate the monthly runoff of

. the Penggaron River at Pucanggading Weir throughout the months
starting January 1952 upto December 1973, which coincides with
ths;period of the Integrated Jratunseluna Basin model operation.
Results are shown in Table A-9. Table A-10 shows the monthly
relationship between rainfall and effectlve rainfall, which
ranges from logarithmic to power relation.

, To facilitate the use of the simulated streamflow data,
tables are presented in units of cubic meters per second as
well as million cubic meters per montha (Tables A—ll, A—l2).




Results are summarized as Follows:

MEAN MONTHLY STREAMFLOW,
PENGGARON RIVER AT PUCANGGADING WEIR

Oct ‘Nov Dec Jan Feb "Mar Apr May Jun Jul Aug Sep Annual
155 256 241 222 158 98 31 21 9 B 1,325
457577 _.5',5 4.8 2.8 0.9 0.6 0.3 0.3 3.3
20 200 12,3 7.6 2.4 1.6 0.7 0.7 103.0
23 70 1. 74‘ 19“5 ‘l "11 9?'3;7 u‘ 0.7  100.0

18.2) 15 8 2’.3;11;_5 0.7

Corresponding values of streamflow at the proposed damsite

‘ecould: be obtained by pro-ratio of the dam catchment 75 a km

to. the Pucanggading welr catchment. 77.7 km

Noteworthy pointing out despite the fact that the simulated
streamflow data, being the best quality which could be ‘obtained
from the available data, are satisfactory for the purpose being
used as inputs for the operation model of the integrated Jratui-
seluna Ba51n, yet measures should be made to provide reliable
discharge measurements through the day hours at Pucanggading
weir, intakes of right and - left canals, and at the intake of

‘Eastern Banjir Canal.

Automatic recording raingages ar”'also necessary to establish

the necessary hydrographs for the ba31nr

;;11)5;b616kfnive£gj;

‘River
f.'.f;" ) “"f'«“.“‘

+Similar analysis of the daily discharge records of Dolok

t Barang weir have indicated its nomreliability for use

A-13



Oct Nov Dec  Jan TFeb Mar Apr May

as basis for simulating runoff from rainfall data. Similap
ahalogy indicated that close similarity exists between Dolok River
Basin ard Jragung River Basin from bcth climatological and
physiographic standpoints. The application of the Jragung
runoff-rainfall model was found to be the ﬁosg appropriate method
to derive the runoff of Dolok River during the period of model
operation. Results are shown in Tables A-13, A-l4 and A-15.

4The summary is as follows:

MEAN MONTHLY STREAMFLOW:
DOLOK RIVER AT BARANG WEIR

;’{f:Aﬁg"Sep Annual

10

RO 30 .87 126 238 186 168 129 9. 201420 12 & 1,118
migg 008 L4 o1.9 087, 3.2 2.6 21 s 0L
X .3 1.3 ,\s,s;_‘?'5".2‘.“_‘.J}_g';fej;;;:7*'.'_'z.;'_‘,‘:-,-f;‘“z'*.'d B .87 0.5 0.1 46.3

25 7.6 1.2 24 1.6 5.0 1L7 8 2.0 17 11 02 1000

Corresponding : streamflow valuesnat:the proposed damsite can
be obtained by pro-ratio of the dam catchment 3y, 0. km2 to the'

Bavang weir. catchment 41 5 km2

Further reliable dischabgérmeaéubeméﬁts at Barang Weir,
Right and Left canals, and at the 1ntake of the Dolok-Penggaron
Diversion are also reqp;red to be made évallable prior to the
design of any structure on the: Dolok river.

[=u



A.1.4, Floods

(1) Peak Discharges

NEDECO [1, 2] estimated the peak discharges for Penggaron
and Dolok Rivers as follows:

Return Period Penggaron Dolok
20 Years 320 210

100 Years 410 240

1000 Years 570 270

. The mean annual’ peak discharge of the Penggaron River at
:Q‘damsite is 2u0 m3/s according to the mean flood frequency curve
"fdeveloped in the regional flood analysis. As indicated in Part I
tfof this Appendix, data used in the regional analysis have been.

. assembled from the Jragung streamgaging records, Citanduy Basin
Flood Control Plan, the Serang River Project Definite Scheme
Report [9] and the Cimanuk Project Study. The coefficlent of
variation is 0.42. The peak discharges with return periods 10,
25, 50, and 100 years ave 400, 410, 560 and 620 m3/s respectively.

The mean annual peak discharge of the Dolok River'at damsite
is 130 m3/s, according to the mean flood frequency regional curve.
The coefficient of variation 13 [ QS.iHThe peak discharges with

_return periods 25, 50 and 100 years are 270; 920 and 360 m3/s
-;-;;‘;respectivelyf

“ (11) Flood Volumes
Using the regional £lood frequency analysis, the volume of the
;mean annual peak flood for rain during a single day on ‘Penggaron

ngiver catchment upstream the proposed damsite is 1.9 x 106 m3.

. A=15



For peak return periods of 10, 25, 50 and 100 years, the flood
volumes are 3.2, 3.8, 4,5 and 5.0 x 106 3 respectively.

Using the same analysis, the mean annual peak flood volﬁme
for rain during a single day on Dolok River catchment upstream
the proposed damsite is 0.5 x 106 m3, For‘peék return periods
of 10, 25, 50 and 100 years, the flood volumes are 0.9, 1.1,
1.3 and 1.5 x 105 m3 respectively.

(iii) Probable Maximum Flood

_ - The probable maximum flood peak for the Penggaron River is
festimated at 2,700 m3/s. uslng the regional curve. The probable
'maximum flood volume is 21 6% 106 m3,

, The probable maximum flood peak for Dolok River is estimated
at: 1 800 m3/s. The probable maximum flood volume is 7.3 x 108 ne.
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TABLE A-2

THIESSEN WEIGHT FOR RAINGAGES OVER PENGGARON AND DOLOK
RIVERS BASINS CATCHMENTS

PENGGARON RIVER:

Pucanggading Weir Catchment Area:

Raingage Thiessen Weight

64 58%
68 B 4%
9% 2%

DOLOX RIVER:
Barang Weir'cétChméﬁf;Atéa;i

Raingage Thiessen Weight
o0 o

A-17.



TABLE A-2!

THIESSEN WEIGHTS FOR RAINGAGES
OVER THE PENGGARON AND DOLOK SERVICE AREAS

The following service aveas were studied:

‘Service Area  Gross Area Net Irrigable;  Rain
i | | - MArea. = GCage

Thiessen
$ Area

Penggaron 8,780 4,590 83
SRR e SR oL
96
97.

Dolok 15,400" 1,956 .98
.98
.99

A-18,

8,72
34.85

+11.05°
:29,38°

556
59,63
/1000"
24,81
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MONTHLY RAINFALL

TABLE A-3

PENGGARON CATCHMENT UPSTREAM PUCANGGAbiﬁG Htiﬁ

{(Units in mm)

:3;€?e§p”?

Oct

Nov

Dec

Feb

Mar

~Apr -

May |-

Jun

Jul

Aug

Sep

Total

1952
1} 1852-'53

1953154
1954155 .
11955-156
{1956-157
'l 1957-158
| 1958-159
11959-'60

1960-'61
1961~'62
1962-'63
1963-'64
1964-'65
1965-'66
1966-167
1967-'68
1968-769
1969-'70
1970-'71
1971-'72
1972-'73
1973

- 226
- 27

170

278
197 .

67
138

~120
- 80.

25

206

-39

17

343 .

66

107
141
13

225

214

uoL
239
420
327

"151 -

154

236
142
361

| 225 -
198

; 105

360 |

350 -

194
177 |-
186 |
305
:”155:7
- 264
ogy |
183 .,
388

298

1330
249
- 197"

574
560

381
wol |
07
201
301

350

©.294
ug8: -
BE UL RN B
o2 )
371
336

252 5O 2
_383},T1..a,

456

165

295
423
351
454
685
408

| w17
1 191
- 477
1. 310"
2l
. 265
yy2
. 662;
. 553
584
|21 |
| 273 | w7
AW | 2295

42y
315
303
273

658
409
341
322
402
507
276
180
- 427

369

247

| 382 .
351"

840
3sl
343
437;f

162
243
-221- )

250
1 171

320
400

347

258 |
163

490

195

307 .}
315
248 -
377
1201 .
827 |
352 -
362
=12% |
254

201
-203°
.2ub
223
.. 95
o6 |
288 |-
214 |
73637
145 | 3
"”SR‘: 58
A7)
335 |
.530 A1
383 |
218 |
152 | =
:1357T ;

.38
o 1s0. .} -
112
130 | -

33
=100

C17%

153

104
170

1107

73

T 231

10

23

'1-118

75

30
17
155

145
154
131
22
30
108
126
57
13
201
45
160

77
54

232

2,340
2,470
2,936
2,601
3,292
3,415
3,317
2,477
2,781
2,899
2,212
2,238
2,854
2,238
2,612
3,455
2,525
2,523
3,048
2,454
2,528

Mean

w3

253 |

440

60. | 197

S101

a1

61

71

2,721




TABLE A-4

MONTHLY RAINFALL
JOLOK CATCHMENT UPSTREAM BARANG WEIR.

(Units .iﬁ mm)

oz

“+Year. - | Oct Nov Dec | Jan'{ Feb Mar § Apr | May |:Jun | Jul | Aug Sep Mean
| 1952 ) - - - 543 419 363 | 167 | 135 | 14 |- 21 | 193 111 -
-1952-'53 | 184 | 243 | 261 | 160 | 141 | 310 154 1857 | 27} 718 | 7 0 | 1,720
1953-'S4 .| 45 | 254 | 225 |-325 | 305 | 2u5 | 107 | 268 | 65 | &7 96 | 143 | 2,145
| 1954-'55 | 281-).502 | 198 | 283 { uo6-| 260 | 327 | 268 | .72-1 239 | 140 { 106 | 3,082
1955-'56 | 195°1 365 | 263 | 622 | 274 | 211 | 105 | 74 | 136 | 53 | 135 | 2 | 2,436
-1956~'57 | 154 | -.70 | 361 | 294 | 272 | 307 | 2u2 | 68 1 80 | 134 | 120 s | 2,136
1957-'58 | 120 | 178 | 429 | 154 | 653 | 302 | 364 | 108" 79 | 282 | 268 71 | 3,098
1958-159 1 iuu |- 184 | 263 | 372 | 230 | 189 | 268 | 209" o'SL.4.218 1 -5 | 118 | 2,252
1959-'60 | 108 | 159 | 313 | 359 | w1y | 1yy | 183 | 182 821730 " 5 75 | 2,054
1960-'61 | -88 | 379 | 204 | 666 | 140 | 362 | 158 356 fas~1-:23. | o o | 2,390
1961-'62 | 17 | 180 | 219 | ug4y | 379 | 602 | s2u | 1lou - 56: 171 16 | 2,755
1962-163 | 178 ‘1 141 '228 ) 507 | 272 | 131 | 159 { 13 |7 0 o | 1,635
1963-'64 | 30 .| 137 ) 3u5 -1.203 | 199 | 176 | 317 | 281 |“us .80 | 126 | 1,997
1964-'65 | 3u0 | 298 | 307 | 836 | 362. | 332 | 209 o 17121, 0 0 | 2,922
1965-'66 | 12 | 200 256 | 287 | ue8 | 322 | 125 | 110 | EO I Y B 43 | 1,947
1966-'67 | 255: | 201 .| 262 | 477 | 367. | 257 | 285.] .39 - R A DI R IR 4 | 2,160
1967-'68 | 91 | 230 | 375 | 624 | moo | 235 | 1ue 285. . 1"154 - 1205 | 13u 67 | 2,949
1968-769 | 147 | 511 {534 1113 | 315 | 223 | 304 21 ps2¢) s8 | 1y 7 | 2,199
1969-170 | 97.71.276. | 196 | '256 .| 233 | uy2 | 264 4l 7199 3u 80 | 2,u99
1970-'7L | 119" | 274 - |39y | 419 |.uu3 ' |.335 312 | 238- {176 | 58 12 g 2,829
1971-'72 | 210 | 301 | 169 | 543 - 210 1389 [ 1791 178 | 5. | o 0 0 | 2,184
1872-73 |..10 {172 .-} 295" | 397 |.2uu t293:} 314 | 819 .}ais1 | 127 59 228 2,609
1973 ‘235 :fou32 slwoe’ f o~ o} - )i ST AN BT R - - - -

Mean | 139 -| 258 | 296 “[‘uos .| 325 292 | 233 | 183 | 72 84 68 53 | 2,415




TABLE A-5

MAXTMUM RECORDED DAILY STATION RAINFALL
FOR _THE PERIOD OF RECORD UPTO END OF 1973
PENGGARON AND DOLOK CATCHMENTS AND VICINITY

Raingage Year of Commencement . Maximum Recorded

’ Month of
of Record Daily Rainfall Occurence
(mm)
93 ' 1905 203 Nov 1964
96 - 1905 501 Jan 1934
% 1893 255 - Jan 1906
99" 1905 209 Feb 1933
6l - 1909 402 Jan 1963
686 - 1932 273 Feb 1967 .



TABLE A-6

PROBABLE MAXIMUM DAILY STATION RAINFALL
TUNTANG AND JRAGUNG BASINS

Station No. Mean Annual Coefficieht Probable Maximum

Maxé";._‘;"}alﬁn of Variation Precipitation

(zm) (Cv) (mm)

78 112 0.303 s
9 83  0.309 501
81 3 0.442 996
829, 122 0.274 623
85 208 0.254 510
. 85a. 1200 0.213 461
.86 107 0.294 579
89 99 0,224 432
i T 122 - 0.201 854
100 - 128 0,831 764
WL 10 - 1 0.286, 582
82K 128 - 0:202: 689
97 KD 1 0,461 902
95 SKA 2 580
68 b 1387 1,007
0 2 618
72 230 799
78 120 620
S 96 432
75 127 - 779
9. 109 538
100 120 642




TABLE A-7
- MONTHLY RAINFALL -
PENGGARON SERVICE AREA

(Units in mm)

-t Year Oct "Nov |- Déq' Jan Feb Mar | Apr | May | Jun Jul | Aug Sep Total

£C-Y

01952 - o - ;564 | 304 | 196 | 171 | 160 9 26 88 | 108 -

1952-'53 | 180 | 175 | 259 | 806 | 1iu9 | 207 | 1u1 | 105 28 26 0 7 | 1,538
1953-'54 |- 43 1 205 | 233 | 392 | 284 | 227 | 172 | 239 | 1w | 118 | 12s | 1s8 2,338
1954-'55 | 186. | 451 | 187 | 165 | 415 | 290 | 230 | 115 | 108 | 161 | 153 | 131 2,592
1955-'56 | 181 |°287 | 287 | u60 | 271 | ‘176 | 138 | 106 | 101 58 | 126 | 107 | 2,298
1956-'57 | 181 | 203 | 200 |-312 | 228 | 238 | 206 78 17 | 162 s1 1 | 1,937

1957-'58 | 100 | 191 | .229 .102 uey 353 | 253 180 83 117 257 57 2,386
1958-'59 | 145 -} 201 | 381 445 . 234 154 380 97 16 | 112 30 57 2,252
1959-'60 | 70 | 170 297 | 452 269 luy 210 | 114 | . 51 39 19 31 1,866
1960-'61 53 | 386 | 194 | 707 270 242 236 297 8 11 0 0 2,404
1961~'62 30 135 .190 576 | -411 275 307 63 66 151 | 129 6 2,339
1962-'63 | 114 218 176 717 388 197 279 18 3 0 0 0 2,110
1963-'64 19 96 | 280 18y 188 297 190 202 70 1 18 57 22y 1,825
1964165 | 315 204 181 | 670 281 210 |- 160 93 | u5 14 0 0 2,173
1965-'66 4 181 170 | 275 | 386 179 129 143 162 0 7 6u 1,710
1966-'67 | 270 223 . 330 | 378 385 183 185 22 7 1 16 5 2,005
1967-'68 | 154 | iuo |' 307 561 | 358 235 210 307 124 291 113 . 64 2,864
1968-'69 | 121 233 365 195 | 239 231 199 21 96 28 3 30 1,761
1963-'70 gy 117 162 249 | 1e4 | 239 | 252 161 62 137 8 116 2,369
1970-'71 87 122 } 233 | 310 | 575 | 324 287 215 105 62 0 ug9 2,359
1971-'72 | 1u6 225 344 | 657 |- 189 415 § 197 124 10 e 55 1 2,363
1972-173 6 255 241 3u8 | 250 315 200 338 |- 102 76 63 201 2,396

1973 206 | 261 | 446 == - - - - | - - - -

Mean |'123 | 213 | 250 | w10 | 305 | 2u2 | 215 | s | 63 | 73 | e1 | s6 | 2,175
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MONTHLY . RAINFALL

_TABLE A-8

DOLOK SERVICE AREA

(Units in mm)

. {~Oct .-I"Nov | Dec | Jan | Feb | Mar | Apr-| May | Jun | Jui | aug | sep Mean
SlEfaes2 - o - - 571 | 313 236-| 167 | 201 2 15 | 111 | 102 -
].1952-'53.1 130 | 226 258 | - 188 117 333 152 '} 103 52 64 1 2 1,626
11953-'54 § 34 | 290 | 295 | 3u9 | 287 | 306 | 214 248 118 112 130 | 127 2,510

1954-'55 17212 | 406 | 172 | ‘180 | 33y 244 256 | 138 | 128 190 § 126 | 123 2,509
1955-'56 | 164 | 319 218 478 | 218 223 | 135 45 | 114 45 111 65 2,135
1956-'S7 § 251 ] 104 }.252 | 273 | 188 282 2us | 34 23 g | 111 22 1,932
1957-'58 | 87 | 2ug 320 | 101 | s34 3sy 312 | 175 38 ].151 270 77 2,699
1958-'59 | 166 | 155 | 330 | 366 | 260 | 169 385 213 36 | 154 25 59 2,318
1959-'60 | "96 | 199 287 | u461 | 339 | 165 213 148 76 20 2 51 2,057
1960-'61 | 89 | 367 | 163 647 | 211 | 304 198 1458 -7 12 0 0 2,456
1961-'62 { u5 | 189 } 198 | u51 | 390 | 378 328 8u 61 | 123 145 12 2,404
1962-'63 | 143 | 197 | 196 | 542 253 139 2u6 16 1 0 0 0 | 1,733
1963-'64 24 | 100 | 333} 205 | 174 | 235 307 226 29 35 40 | 190 | 1,898
1964-'65 | 324 | 279 | 235 | 616 304 272 234 | 92 | 115 37 0. 0 2,780
1965-'66 | 3 | 166 | 218 | 254 357 283 188 151 | 130 0 8 86 | 1,8uu
1966-'67 | 268 218 | 270 .| 310 362 219 252 19 1 1 19 6 1,845
1967-'68 | 133 210 | 299 | 536 385 | 197 | 16l 275 | 136 208 | 132 73 2,745
1968-'69 | 125 284 | 385 | 112 | 361 | 265 | 219 15 88 50 14 25 1,943
1969-'70 | 103 | 180 | 207 | 279 ws | 325 224 285 75 | 123 30 118 2,094
1970-'71 94 | 182 | 324 |:345 | ueu 285 374 254 | 116 52 5 62 2,557
1971-'72 | 147 288 297 |- 529 185 | 3us 228 |.158 6 0 37 0 | 2,223
1972-'73 8 24y 274} 332 | 175 2su | 268 sy | 112 97 59 225 2,422

1973 157 -} 339 315 1. - - C - - - - - | - -

Mean 127 }'236 | 270 |.372-.°| 289°.:}'267 | 281 | 167 67 77 63 65 | 2,241
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TABLE A-9

MONTHLY RUNOFF PENGGARON RIVER AT PUCANGGADING WEIR"

(Units in mm)
et | Nov | :Dec | Jan | Feb | Mar.|: Apr | May | Jun { Jul | Aug Sep Annual

1952 " o= o= ) - 277 280 266 - - 80 oy 0 1l 29 18 -
1952-'53 58| 161 | 126 | 180 83 | 179 131 g5 8 19 0 0 1,040
1953-'54 AN Y L 2 45 | 166 159 172 | 116 | 120 54 13 12 21 1,052
1954~'55 | 35 | 170 - 96 179 254 150 135 107 Ly 49 36 13 1,268
1955-'56 | 81 | 174 . 65 | 325 199 132 85 | 36 y7 5 13 0 1,162
1956-'57 46 | 34 310 .y 277 278 466 | 187 28 1 62 2 0 1,711
1957-158 -2 .35 300 {. 79 471 254 250 121 28 106 63 5 1,714
1958-'59 23 ©.73 179 453 242 1 201 207 149 43 77 0 11 1,658
1959-'60 17 30 | 192 229 249 186 il 101 18 2 0 0 1,165
1960-"61 ‘5 ‘138 -1l 399 96 - 249 81 203 0 3 0 0 1,285
1961-'62 0 68 68 297 297 338 324 | 67 u3 15 16 0 1,530
1962-'63 50 55 127 438 170 152 99 18 0 0 0 0 1,109
1963-~-'64 0. 15 159 125 252 79 177 105 22 0 0 41 975
1964-'65 | 120 | 322 123 410 139 269 183 58 28 0 0 0 1,652
1965-'66 0. .52 45 202 269 233 134 56 15 0 o o 1,106
1966-"'67 92 u5 96 207 451 208 231 12 0 0 0 0 1,342
1967-'68 1| w9 250 332 359 222 103 182 105 82 30 2u 1,739
1968-'69 7 108 224 93 |- 385 280 192 5 L2 10 ‘g 0 1,3u6
1968-170 24 36 | 9 126 146 240 211 218 27 L2 0 1,123
1970-171 15 .87 172 357 295 202 219 oy 89 L 0 0 1,544
1971-'72 58 102 150 373 1us 285 62 70 0 0 0 0 1l,2u5
1972-'73 0 | 52 .97 182 88 120 138 199 54 1? 0 55 1,002

1973 53 | 152 | 180 - - - - - - - - - -
Mean 31 92 } -1585. | 259. | 281 222 158 a8 31 21 9 8 1,325




TABLE A-10
MONTHLY RUNOFF - RAINFALL FORMULAE: JRAGUNG RIVER

October 0.77

"
g
]
=]
L]

2,58 P

2.86 pO- 7%
0.65

November

H
<]
]
o
[}

December

n
d
]
=
1]

4,25 P

237 log 0.1P + 35

Janua'ry = P-Q
214 log 0.1P + 35

u

-]
1

L
"

February

n

".
[

o
"

March 161 log 0.1P + 42

'175 log 0.1P + 45

Ap!‘il = .P - Q

205 log 0.1 P + u45

216 log 0.1P + 58

y' o P ~'Q = 283 log 0.1P + 57
Mgust = P -q = 2.84 2075
Sept . = P-Q = 3.90 0-70..

Average monthly rainfall over catchment in m
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TABLE A-11

AVERAGE MONTHLY DISCHARGE
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TABLE A-12

PENGGARON RIVER AT PUCANGGADIRG

MONTHLY YIELD :

(Units in m3 x 106)

Annual

Total
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TABL;T‘Aflai

MONTHLY RUNOFF DOLOK RIVER AT BARANG WEIR

6c-¥

; (Units in mm)
| 'Nov'| Dec | Jan''| Feb.| Mar.| Apr May .| Jun Jul | Aug Sep Annual
1852 | -} - | = | 333.|.250 | 218 82 63 | o (o ug 6 999
1952-'53 | u1 76 | 103} 77 .74 | 177 76 { 71 | o0 (o 0 0. 695
1853-'54 0 82 | 81168 | 166 | 131 57 | 135 | 15 10 9 17 871
1954-'55 | 83 | 217 8L | 141 | 241 { w1 | 192 | 135 | 17 75 24 4 | 1,351
1955-'56 | 45 | 140 | 1o | 398 | 145 | 108 |- 56 26 49 4 23 o | 1,098
1956-'57 | 29 4 1 166 | 148 { 1s4 | 175 | 130 21 20 41 17 0 895
1957-'58 | 17 46 | 210 401 428 | 171 | ‘221 92 20 | 98 80 0 | 1,457
1958-'59 | 26 48 | 104 | 201 | 118 95 | 148 | 98 | 11 65 0 .8 922
1959-'60 | . 13 27 | 135-| 192 | ‘2u7 | T1. 92 84 22 1 o 0 884
1960-'61 7 | 147 '69 | u35 74 | 217 78 | 198 o 0 o 0 | 1,225
1961-'62 o | u7 78 | 294 | 270 | 417 | 269 40 13 15 37 o | 1,430
1962-'63 | 39 | 30 | 83 | 305 | 143 | 66 79 0 0 0 0 0 745 .
1963-'64 0o | 28 | 155 85 | 100 88 | 184 | 1u4 8 4 7 11 824
1964-'65 | 110 | 104 | 131 | sS82 | 207 | 196 | 108 as 45 0 n o | 1,518
1965-'66 0 | 56 | 100 | 143 | 290 | 186 63 57 us 0 0 0 92
1966-'67 | 71 56 | 103 | 281 | 211 | 139 | 160 | 160 10 o 0 o | 1,031
1967-'68 8 | 70 | 175 | uoo | 236 | 124 TN | 147 56 60 22 0 | 1,37z
1968-'69 | 27 | 222 | 282 65 | 173 | 116 | 174 0 11 0 0 0 { 1,070
1969-'70 | 10 93 65 | 12y | 119 | 281 | 145 | 354 | 17 18 0 o | 1,226
1970-'71 | 17 92 | 187 | 236 | 270.| 196 | 181 | 116 65 6 0 0 | 1,366
1971-'72 | 52 | 106 | 50 | 333 | 106 | 238 90 82 0 0 0 .0 | 1,057
1972-'73 0 43 | 124 | 220 | 126 | 1e4 | 182 | 171 54 41 0 s4 | 1,179
1973 62 | 177 | 195 - - - | - - - - - - -
Mean .30 87 | 126 | 238 | 186.} 169 | 129 o4 21 20 | ,12 4 | 1,116




TABLE A-14

AVERAGE MONTHLY DISCHARGE DOLOK RIVER AT BARANG WEIR

(Units in-mals)
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TABLE A-15

MONTHLY YIELD DOLOK RIVER AT BARANG WEIR

(Units in 106 m3)

Total
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TABLE A-16
SUMMARY OF HYDROLOGIC DATA LUSI AND SERANG RIVERS

Area:
Lusl Catchment at Banjarejo damsite : 506 km2
Lusi Catchment at Purwodadi Weir : 1,981 km?:
Lusi Catchment at Confluence : 2,101 km?
Kedungwaru Catchment at demsite : 88 km2"
Glugu catchment at Bandungharjo damsite: 4) ¥m2

Upper  Lower Purwodadi (edung- " Bandungharijo

Lusi Lusi. Waru
Rainfall Over Catchment:(in mm) . ' o :
Mean annual rainfall : 1,750 1,936 1,873 1931 2,086
Maximum annual rainfall . 2,206 2,480 2,368 3,369 2,769
Minimum annual vainfall ~ 1,24} . l 528 - 1,534 1,545 1,466
Maximum daily station ralnfall - 370 . 350 - 370 256 238
Rainfall On Service Area: (in mm) L .
: " South - Juana

Wedung Pelayaran

' | “?" “Grob Valley " .
Mean annual S e T_OE_ , 164 —7'!2 375, 2,418 T 2,342

Maximum annual rainfall 2,606 . 3,313 3,283 3,025
Minimum annual ralnfall 1,439 1,845 1,643 1,787
Runoff:
: ]'Banjar-* .
- rejo qunodad1 w;th Serangf‘zwaru " harijo

Lusi River

Annual Runoff (mm) 89,5 971
Average annual discharge (m3/s) 158.8, 2.5, 1.3
Annual Yield (106 m 3) - l 807 8 78,8’ .39.7
. ’Wilalqu
Serang River: '
Annual Runoff (mm) L 1 179 .
Average annual discharge (m3/s)1 22,20 =30, 6 ; 95 5
‘Annual Yield (108 3 ) 690.5 951 8 -2 971 9
Floods' v»mﬁéﬂiéféﬁé Keq_wgyarﬁf }Bandunghatjo
Mean annual flood peak,. m3/s ,*," 540" + 270 150
Diversion design flood peak, m3/ : 920; 505 ' 305
Diversion design flood volume, " . (
108 x ud . 36 H.E 1.4
Probable maximm Flood peak m3/s . 7,100 .2, eso ~ 1,900
.. Probable maximum flood volume . R , : _ .
105 m3 277 25,6 - 8.9
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A.2, LUSI RIVER BASIN

A.2.1. Description of Watershed

(1) General:

L The Lusi waterahed 1ef"heflongest watershed in the Jratun-
; Eseluna Baain‘ catohment‘area of Iusi River at Confluence is about
5 ;2 100 km The el pe ‘f the river bed is relatively mild, not
-ﬁlexeedlng 0 5 m/km (. 0005) throughout the lower 140 km of its
‘1'stream.~ It flowe fbom West to East, combining into its channel
many tributaries drainlng the Northern and Southern slopes of
 the watershed. (Figure A-5). The main tributaries are:

- Tributggxiy Catchnent,area .
Kali Blora 72 m?
Kali Sambungsari ;'Sf
Kali'Kenongo g
Kali Ngawen
Kali Waru
Kali Medang
Kali Tambakselo
Kali Coyo
Kall Peganjing
Kali Glugu 80" km
Kali Jangkungharjo izé‘l=ﬁhz'

Nothing is known about”the‘movement of groundwater in the

:area._ Similar to whatéh been followed in the hydrologxc studies
nofﬂ:the ‘other baelns in‘the Jratunseluna Project Area, it has

ibeenuassumed that therffis no transfer of groundwater to or

ffrom adjacent catchments.
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The catchment areas of 'the basin are:

Banjarejo dam catchment area = 506 km2
Purwodadi weir catchment area = 1,981 )fm2
Lusi River at co.fluence area = 2,101 n?

The catchment areas of the tributaries are :mdicated above.

'l'he catchment areas of the two damsites proposed in the tributaries
are:

Kedungwam dam catc'tunent area
Bandungharjo dam catchment area

BBkm
lllkm




(ii) Land Use:

[}

NEDECO [2] 1ndicated the land use of the Lusi River Catchment
(at Purwodadi) as follows: ‘

Area %
km2
Forests )‘l 750 o ¢;§a;;g
Rioeflelds - m00 4

Other - Lflﬁléf¥,

Total l 966f_u

(111) ,Rifer Profileeif

) Figure A-6 1nd1cates the longitudinal profile of the Lusi
River transmitted from NEDECO [2].v As mentioned before, the
Lusi River is exceptionally characterized by its milder slopes -
and meandering course. The river rises at an altitude of . J
400 m and combines into the Serang river at an altitude of

18 m after covering a channel distance of about 170 m,

835



A.2.2. Rainfall

(1) Annual Catchment Rainfall:

The mean annual rainfall on the catchment 'and sub-catchments

for the year 1952 through 1973 are as follows:

Catchment : Annual Rainfall
Kedungwaru damsite 1,931 mm
Bandungharjo damsite ‘ 2,086 mm
Banjarejo damsite 1,750 mm
Lower Lusi : ’ 1,936 mm
Purwodadi Weir 1,873 mm

The same value for Purwodadi Weir catchment (l 981, km )
‘applies #c.the Lusi River basin catchment (2,101 km ). These
values are calculated using the Thiessen polygon applied to
monthly rainfall data, as detailed in paragraph (ii) hereof.
Values for the monthly and annual rainfall for Banjarejo dam
lcatchment for the years 1952-1970 are reproduced from those
determined by Nedeco [4].

The wettest and the driest conditions 6n record at the
above catchments are tabulated below:

Catchment  Terroc®  Rainfall Driest Rainfall

_ ™ mm
Kedungwaru  1965-66 3,369 1966-67 1,U41
Bandungharjo 1972-73 2,769 ~ 1965-6% 1,466
Banjarejo 1954256 = 2,206 1966-67 1,241
Lower Lusi  1967-68 . . 2,480 1966-67 1,528
Purwodadi 1967-68 2,368 1966-67 1,543
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(11) Monthly Catchment Rainfall

Monthly rainfall data from selected raingage stations
have been Thiessen-averaged to arrive at monthly rainfall for
each of the 4 catchments. The values 6f the monthly catchment
rainfall on the Banjarejo catchment, Kedungwaru catchment,
Bandungharjo catchment, Lower Lusi catchment (Purwodadi catch-
ment excluding Banjarejo catchment) and the full Purwodadi
catchment (including Banjarejo catchment) are indicated in
Tables A-17, A-18, A-19, and A-21 respectively.

Frequent records of rainfall gages were completely missing
“and could not be made available by all possible scurces, in-
cluding:

- ﬁMG'(Institute of Meteorology and'Geophysies, Jakarta)
- DPU Wilayah Semarany -

~ DPU Propinsi Jateng

- Jratunseluna Project Office

- Serang Branch, Jratunseluna Project

In most of the cases, records were available for the closest
4t rain gages forming more or less the corners of a square '
around the point in question. These records were used to
synthesize the missing data by weighing by its inverse square
distance from the point.

In a few cases, only records of the 3 closest gages were
avallable. A modified program was used. The lower quality of
these data would not affect the resultb due to its relatively
small number.
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The Thiessen weights used to derive these monthly catchment
rainfall values are presented in Table A-22,

The mean monthly values for the Banjarejo, Kedungwaru,

Bandungharjo, Lower Lusi and the Purwodadi catchments are as

follows:

MONTHLY RAINFALL

(mm/%)

B :jabejGLCatchmenf‘ .

’dcffiﬁQVf;*Dééfg-Jan Feb Mar Apr

May

Jun

Jul

Aug

Sep

Annual

94 199 277 250 224 235 157

129

59

52

33

4l

7.4

3.3

2,9

1.9

2.3

100.0

5.5 114 15,8 14.3 12.8 3.4 9.0

éxedquggpu Catchment

Oct Nov Dec Jan  Féb:i ﬁafjfgépﬁ

‘1:H§y

Jun

Jul

Aug

Sep

Annual

116 200 265 294 ' 233 " 2611177

128

n

69

58

59

1,931

6.0 10.4 13.7 15.2 12,1 13,5 9.2

66

3.7

3.6

3.0

3.0

100.0

Bandungharjo Catchment

Oct Nov Dec -165921Jf@b.f M§f§aﬁA§§ff“%M.“

a1

Aug

Sep

Annual

154 239 277 32 269 272 184"

138

64

4l

.62

2,086

7.4 1.5 13.3 15.6 12.9°13.0 8.8 6.6 2

3.1

2,0

2'9

100.0
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ﬁower Lusi Catchment

Cct Nov Dec Jan Fed Mar Apr May Jun Jul Aug Sep Annual
134 222 280 284 282 242 163 163 130 64 65 uB 1,935
6.9 11.5 14.5 14.6 12.5 12.5 8.4 6.7 3.3 3.4 2.5 3.2 100.0
Purwodadi Weir Catchment

Oct Nov. Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual
128 216 283 261 237 241 158 126 62 61 44 56 1,873
6.8 1l1.5 15,1 13,9 12.8 12.9 8.4 6.7 3.3 3.3 2.3 3.0 100.0

(4i1) Maximum Daily Rainfall

d_ ‘iiThe ﬁakimum recorded daily rainfall for raingage stations

'fin:andfhear'the Lusi River and tributaries catchments, for the
‘period of record and upto end of 1973, are shown in Table A-23.
These values are transcribed from the records of the instltute ;
of Meteorology and Geophy31cs (LMG) in Jakarta.

The highest dally recorded station rainfall 1n ‘the catchmenta

was 375 mm, ralngage 2ou September 1938,
max imum statlon rainfall in the catchment was 158 mm, ralngage

5 Rombong (Upper Lusi catchment)..

The lowest daily

The average maximum recorded

‘daily station ralnfall in the catchment from the commencement
of record upto end of 1973 is: 236 mm

- A-39



(iv) Probable Maximum Rainfall

Snowy Mountain Engineering Corporation [9] estimated the probable
maximum 24-hour rainfall over the Serang catchment at 580 mm, using
hydrometeorological approach.

' Using the Hershfield method, the probable maximum daily station
- rainfall shown in Table A-24 are transcribed from SMEC Studies [9].

Assumlng the validity of the 580 mm probable maximum station
}ralnfall over the Lusi River catchment upstream of Banjarejo
vdamsite, the probable max1mum station 24-hour rainfall is 6uh4 mm,
‘and the probable maximum 24-hour catchment rainfall is 520 mm.

Thls regional approach for estimating the probable maximum
preC1p1tatlon is: adequate for the purpose of the model operation,
but further analys1s of the daily records of gages located .in the -
'v1cinity of Lusi River will be necessary for the dams design. The
dally records ‘are available at the Institute of Meteorology and
Geophysics (LMG), Jakarta.
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(v) Annual Service Area Rainfall

The following service areas were designated for irrigation under

the Lusi River waters; the mean annual rainfall on these areas are as

indicated:

Service Area Wettest Year Driest Year Mean Annual
rainfall 1652-'73

South Grobogan 72-73 2,606 62-63 1,439 2,164

Juana Valley 67-68 3,313  56-57 1,845 2,375

Wedung " 54-55 - 3,283  65-66 1,643 2,881

Pelayaran . 70-71 3,052  65-66 1,787 2,342

The Thiessen percentages ‘of the areas are shown in Table A-2u.,»'
*Missing data were generated u81ng the records of the adjacent raingages

by, weighlng by its 1nverse ‘square- dlstanee.

(vi) Monthly Service Avea Rainfall

The Thiessen averaged values of monthly ralnfall ov
~ service areas are indlcated in Tables A-25 Ar26" A-27 and_ A-28;

The mean monthly values are as follows"’

Average Monthly Ralnfall

signated

. 3.1 100.0

b mm/%
1. South Grobogan Service Area:.
¢t Nov Dec ' Jan.iFeb  Mav -hug’’ Sep  Anmual
52 283 315 327 218 65 5L 67 2,164
7.0 13.0°14.6 15,1 12 3.0 2.4




b. Juana Valley Service Area:

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

Annual

118 257 324 476 385 285 181 126 63 56 34 68
5.0 10.8 13.6 20.0 16.2 12.0 7.6 5.4 2.7 2.4 1.4 2.9

¢. Wedung Service Avea:

Oct Nov ﬁecf.;qgﬁ;‘f”‘”” h'fildun Jul ~ Aug  Sep

2,375

'100.0

- Annual

77 221 376 350 2 38

3.0 9.1 15.20 26,1 16.9°:

d." Pelayaran' Service Area

‘Ot ‘Nov: Dec' . Ja

6 1.4 0.9° 1.6

yﬁ;{éép,

,2,u81

100.0

-fAhnuai

s 7m0 s
4.0 "9.8"

5.2 22,8 173 6 19

ho

Coue

©100.0 ..



A.2.3. Streamflow

(1) Lusi River at Purwodadi Weirp

Hourly discharges of River Lusi at Purwodadi were calculated
from records of the river stage at the Purwodadi Weir as from
January 1973.° Unfortunately, the records were only available
up to March 1976, as the measurements were not continued due to
the sedimentation of the weir site. (Table A-29)

Records of the éerang River discharge at Godornig, downstrean
‘fthe confluence of Lusi River, were available for the perisd
'11973 - 1978, Also records of the discharge of Serang River at '
Sedadi Weir. upstream the - Lusi River confluence are available for
;the'same period. -The corresponding monthly discharge of Lusi River
at confluence was calculated. (Table A-30)

..Both records were used for comparison of ‘the results by using
different methods followed for deriving the monthly streamflow
‘throughout the period of model operation as follows.

Due to the shortness of’ the periods of. record and to'
non-homogenity of the data,correlation with monthly catihment
rainfall data was not possible.~

However, to make the best henefit out of these data,
different approaches to. simulate the Dusi River discharge at
Purwodadi were followed. 1In Figure A-7 is shown the correlation;
of ‘Iusi discharge at Purwodadi based on actual measurement,
runof coefficient and the study done previoushy by SMEC,
'The respective results for the period of record were compared
;to the measured discharges as follous_w
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(a) Snowy Mountain Studies:

SMEC [9] derived the following relation between the discharge
of Serang River at Godong, downstream the Lusi River confluence,
~and ,the discharge at Sedadi:

' QGodong = 2.91 QSedadi

As'farfas very reliable data for the Serang River and §,
canal discharges at Sedadi were compited by Nedeco [15] for the
period 1952—1973 ‘correlation to Sedadi discharges would be a
: very useful and 81mplif1ed means of computing the Lusi River
}streamflow. Table A-31 shows the monthly discharges of Lusi
River at confluence durlng the operations period, calculated by

using the above formula. N

The monthly discharges were also computed by using the same.
formula for the period 1973-1976 and the results were compared
S the records of actual discharge measurements at Purwodadi

‘ during the same period.

The same formula was used to compute discharges'at Godong g
throughout the period of available records for measu'ed discharges
at Godong. Comparison of the computed and actual discharges ‘has ?{
‘confirmed the reservations of SHEC [9] on their formula. (Table A- 32)]

(b). Due to. the very limited period_of time during which discharge

’xmeasurements of Lusi Rlver wer av. lable, no correlation to
1corresponding monthly catchment rainfall ‘data was possible.
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(c) A statistical approach was used by augmenting the duration
curve of the short period of Lusi River dischafge data by making
use of the duration curves for Serang River discharges at Sedadi.
The results are presented in Table A-33 « Despite the full re-
commendation of many authors for the use of the duration curve
method for synthesizing long period streamflow data from short
period records [16], [17], yet the results are not arranged in
chronological order. an attempt was made to rearrange the data
so derived in respect of the weight of basin rainfall on Lusi
River catchment as compared to the rainfall on Serang Rlver at
Sedadi catchment, but the comparison to the correspondlng available
measured records does not support the use of the above results.

(d) Applicat;on of multiple liniar correlation used by NEDECO

[4] fbr synthesiZLng monthly dlscharges of. the Serang River
at Sedadi did not give closer results.

(e) The closest results to the actual records were arrlved at by
using the simple monthly runoff coeff;cients of the Serang Rlver

at Sedadi. Comparison of the results of the dlfferent approaches is.
shown in Figure A—B.

Twelve monthly runoff: coefflclents were used to derlve :he
Lusi River runoff at- Purwodadl Welr during the model peratlon
period from the monthly averaged catchment’ rainfall;data.ﬁ

Tables A-34 and A-SS show the monthly dischargesrlnuflhi?
and the monthly yield in ‘million cubic meters respectively.’

“The monthly dlscharge and yleld of Lus1 River at
*onfluence, Tables .A-36 and A-37 were calculated by pro-ratlo
:f the catchment area at confluence to the Purwodadl Weir catchment.



The summary is as follows:

 LUST RIVER AT PljRWODADI -

PA__ Ot Nov Deo . Jan. Feb Mar Mpr May' Jun

Q201 525 w0 1mo 10 W

Y
MCM

" LUST. RIVER /AT CONFLUENCE

Oct Nov  Dec

m/s.  21.3  56.0 99,9 116.7 117,7-103.8 684 49.2° 28,2

%81 77 189 167 16l

::'A._-‘-#G‘ i



(ii) Lusi River at Banjarejo Damsite

The twelve monthly runoff coefficients of the Serang River
at Ngrambat damsite were similarly applied to the Banjarejo
dzumsite catchment rainfall to derive the monthly runoff values
during the operation period. Tables A-38 and A-39 show the
corresponding avarage monthly discharge in m /sec and the monthly
yield in 10° n° m . The summary is as follows:

- STREAMFLOW AT BANJAREJO DAMSITE

'Octdgndv;f_béc.‘iJah Feb Mar Apr May<_,Junidqd;d _f ?j‘ 1}.Annﬁa;')

cgarge 3;;' 11_3,,23 4 25 5 27 3 25.0 16.4 13.9° 4.7..3.3

Yield

106 3 ‘8'3.‘23;é~.6?;7;nﬁbﬁéﬁi6639ﬂié739fi92:;x:\ .

B 2.0 7.0 1502 e 160116130 10.3° 9,

(iii) Kedungwaru River at Damsite:’

Table A-40 1ndlcates the monthly runoff obtained by applyiﬁg
‘the monthly runoff- coefficientsld Tables A-ulﬂand A-u2 indicate
the 'respective average monthly dxscharge andlmonthly yleld, sum-3~

marized as follows: -

Oct Nov Dec Jan "P"Adntal

200 58 127 160 12 895

2.5

78.8

100.0

fﬂ%&7ﬁ



(iv) Glugu River at Bandungharjo .

- Table A-43 indicates the monthly runoff calculated from monthly
catchment rainfall by applying monthly runoff coefficients,
Average monthly discharge and monthly yield are.shown in Tables
- A=-44 and A-45, respectlvely, summavlzed as follows:

{Oct"NeV: Dec  Jan  Feb Mar ,‘APr" May Jun Jul . Aug Sep Annual

-Rnﬁf’ © 33 767124 176 154 158 99 69 3y ,-;j'24-_};',:1;1;12‘;,}-,{1;:(12,_p-;_-_971.
: m3‘/3s’.._";f.‘g’,‘5 120190 1,7 2.6 2.4 1061107057 0:4:0.2 0.2 1.3
106 n° 1, -3 3. 1-‘.55’--?*'f'f.?-.?f‘?‘i“-:,s-,af,-.fsi.i.

$ 3.4 7.8 17.8.°18 11519 16.37710.2. 7.1 3

(v) Serang-River“at Wilelugg_i

The monthly dlscharges of the Serang River at Wllalung were
calculated by addition of the dlscharge of Lusi Rlver at confluence
to the discharge of the Serang River at Sedadi, pro-ratloed in
respect of the catchment area. Average dlscharge '
inm /sec and monthly yield in million cubic ‘meters are indlcated
in Tables A-us and A-47, -summarized asg follows.

Oct Nov Dec Jan.  Feb Har S Apr May Jun Jul Aug Sep Annual

mg/s 31.3 88.2 152.7 190.1 1966 .178.2°118.0 844 uoz 367‘"178 182 955

Y

106 mS

81 2 228 7 394 7. 493 0 509, 8 462 1'306.0. 218 9 “10W, 2 79 5 46 2.47.2 29719

b 2777 13.3. 16.6 7.2 1805 g 3527 L5 1.6 100.0




(vi) Serang River at Kedungombo Damsite:

Table A-48, as reproduced from SMEC studies [9] indicates
the monthly discharges at the damsite, the mean for the operation

period is as follows:

Oet Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual

mgl

6.2 19.7 34.8 40,5 48.6 42,9 30,8 21.% 7.5 7.2 3.6 3.0 22.2

2.3 7.1 12.9 °16.5 16.5 16.5 11.0 8.1 3.8 2,7 1.6 1.0 100.0

‘(vii) fSerang‘River'at Sedadi Weif:_;

Table A-us as reproduced from NEDECO [u ] indieates:the ‘jf
monthly: discharges of Serang River dt Sedadl The;carresponding%
monthly runoff 1is indicated in Tanle A—50.¢ The summany 13,5*u
follows: o

R.0.
mm

Oct Nov Dee Jan_ ~§g$;~iMar }”Ap;"“ May = Jun Jul Ang;ﬁSep 'Annnai

I ..1,51";‘""11945’"ff",i*la.o,-f."95'- {_.45 32 1512 ,179°

Q
nd/s

8.7 27.7. 49.0 57.0 570 sau 43.3 80.9 10.5 :id;z_y,jﬁ}'s';.'vi.!'?"u.’izﬂ:i*f :

27 71 128 166 163 165 Lo 8l 3‘.3-‘.-',*,-{2;7’:3?-"1_. 7107 100.0 .

Noteworthy pointing out, despite the fact that the simulated B
streamflow data are satisfactory for the purpose of being used as
inputs for the operation model of the integrated Jratunseluna Basin,
yet measures should be taken to vesume the dlschaqge measurements at
the Purwodadi Weir. Suitable discharge -sites equipped with automatic
'recorders, for periodic direct measurement, Are also necessary, on the
Lusi River at Banjarejo damsite, Kedungwarh River at damsite and
Glugu River at Bandungharjo damsite to prov1de data for dams design.
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(i) Peak Discharges

Nedeco [2] estimated the peak discharges of the Lusi River.

Return Period Q m3/s
1,000 1,120
100 900
50 830

10 680

, The design discharge for Banjarejo dam spillway (Qlooo)
'j was -estimated at 950 m /sec.

v _ The estimated maximum discharges for the Lusi River tributaries
damsites were as follows [2]

".’9’“‘1“ - QJ.OO %000

‘ » /sec ms/sec
Kedungwaru , « 1} f?é?é 500
Bandungharjo 220 - 300

According to the mean flood frequency curve developed in. the
regional flood analysis, the mean annual peak discharge of the
Lusi River at Banjarejo damsite is 540 m3/sec. The coefficient
~of variation is 0.305. For peak discharges with return periods
10, 25, SO and 100 years, the flood peak magnitudes are goo,

920, 1,060, 1,160 m /sec respectively. The mean annual peak dis-
charge of the Kedungwaru river at Kedungwaru damsite, according to
the regional flood analysis is 270 m3/sec. The coefficient of
variation ia 0.38 and the peak discharges with return periods

10, 25, 50 und 100 years are 460, 505, 620 and 690 malsec respec-
tively.
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The mean annual peak discharge of the Bandungharjo damsite,
according to the same analysis, is 150 m3/sec. The coefficient of
variation is 0.45 and the peak discharges with.return periods of
10, 25, 50 and 100 years are 250, 305, 370, 410 and 460 malsec

respectively.

The flood peaks for Lusi River at Banjarejo damsite are taken
from the mean regional curve rather than the envelope curve, in
view of the exceptionally mild slope of the Lusi River as compared

to other rivers in the region.

(ii) Flood Volumes:

Using the regional flood frequency analysis, the volume of
the mean annual peak flood for rain during a single day on Lusi
River catchment upstream Banjarejo damsitz is 21 x 106 ma. For
peak return periods of 10, 25, 50 and 100 years, the flood volumes
are 31, 36, 41 and 45 x 106 m3 respectively. Using the same énalysis,
the mean annual peak flood volume for rain during a single day.
on Kedungwaru catchment is 2.4 x 106 m3. The peaks of 10, 25,
50 and 100-year return periods are 4.1, %.5, 5.6 and 6.2 1 105 3
respectively. Similarly the mean annual peak flood volume for
rain during a single day on Bandungharjo catchment is 0.7 x 105 m3 ,
The 10, 25, 50 and 100-year return peak flood volumes are 1. 2, 1.4,

1.7 and 1.9 x 10 m3 respectively.

B , ) )
(1ii) Probable Maximum Flood

“The probable maximur flood peaks for Lusi River and tributaries,
as estimated from the regional curve, are as follows:
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Probable maximum flodd peak for Lusi River catchment/upstream

" n n " for Banjarejo = 7,100 ma/sec
" .on " " for Kedungwaru 3
: catclment = 2,850 m /sec
" " " " for Bandungrejo 3
catchment = 1,900 m /sec

The probable maximum flood volume are 277, 25.6 and 8,9 x 106 m3

respectively.
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LUSI RIVER CATCHMENT UPSTREAM BANJARREJO DAMSITE

TABLE A-17

MONTHLY RAINFALL

(1952-1970 by NEDECO [ 4 ], 1970-1973 Thiessen Averagéd)

(Units in mm)

" Year . ‘| Oct | Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total
1952 - - - 300 340 327 4l 92 17 L 52 91 -
1952-153 111 312 195 318 188 202 269 161 . { - 7 LU 7 1 1,825
1953-154 16 223 352 323 367 169 166 139. | 53" 81 56 50 1,955
1954-155 16l 252 169 292 313 228 270 181} 116 | 1u3 59 22 2,206
1955-156 131 406 273 262 179 16l 1u2 135 160 55 160 53 2,117
1956-'57 152 118 -} 195 161 156 379 .| 118 65 55 141 40 1 1,581
1957-158 32 114 378 236 332 306 43 30 T4 73 75 u7 1,840
1958-'59 1uu 132 376 124 259 246 125 247 . 64 4y 6 18 1,785
1959-'60 25 141 | 400 282 215 193 172 | lus 48 B 15 23 1,672
1960~'61 39 310 286 256 282 160 177 1 74 38 5 0 6 1,633
1961-162 - 20 110 303 263 315 iug 300 26 49 52 47 15 1,648
1962-163 245 230 202 292 359 172 89 35 12 0 0 14 1,650
1963-'64 38 | 59 280 118 139 173 171 1 - 35 65 31 192 1,442
1964-'65 301 314 221 295 169 229 152 78 -9 27 L o 1,799
1965-'66 25 86 399 170 118 273 67 123 Bl 5 3 58 1,388
1966-"'67 87 161 236 265 114 152 163 25 0 19 0 19 1,241
1967-'68 20 142 376 254 190 { 175 151 272 175 165 86 36 2,042
1968-'69 73 269 275 229 244 273 132 42 39 7 3 70 1,647
1969-'70 71 luy 150 218 | 162 303 200 93 52 25 L 46 1,468
1970-'71 89 131 219 310 180 . 162 gy 308 99 70 0 6u 1,716
1971-'72 157 229 262 277 152 | 262 105 196 13 0 2y 2 1,679
1972-'73 7 153 22y 207 "151;”Af345; 212 239 107 91 L7 66 1,849
1973 134 3ul 332 - |- ) - - - - - - -

Mean oy 199 277 - }250}'> 157 129 59 52 33 41 1,750
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-TABLE _A-18

MONTHLY RAINFALL - KEDUNGWARU DAMSITE CATCHMENT

-~128 .

— —T —T SR R » Total
Oct -Nov Dec Jan ng Mar Apr | MW; | dun ] Jul Aug Sep Annual
171882 e - - 13021234 | 264 | 118 | 62 | -27 | 6 41 | 101 -
1952-'53 |-106-§ 293 | 157 | 192 | 160 | 157 255 | 92 .1 80 3.l s 17 | 1,545
1953-'S4- | 58 | 215 212 | 232 312 | 127 | 203 | 86 | 1ou 59. | 190 o4 | 1,802
1954-155" | 169 262 | 283 301 | 379 | 262 326 |.210 | 133 | 162 58 - S 2,554
1955-'56 | 168 314 | 294 | 223 203 207 96. | 99 317 34 | 152 119 2,226
1956-'57 | 222 | 196 193 | 126 | 158 | 302 | 149 | 83 | 87 | 203 37 3 | 1,849
1957-'58 | 99 | 157 |. 350 | 178 | 271} 495 | 190 | 67 | -ue 168 | 159 41 | 2,221
1958-'59 | 195 91 | 440 | 2u6 | 364 | 500 86 | 326 61 | 111 20 28 | 2,468
1959-'60 | 70| 128 | 264 | 384 | 250 | 107 | 225 | 83 9 19 45 41 | 1,625
1960-'61 ‘56 | 360 ‘| 342 421 | 205 | 142 | 161 | 145 y2 y 0 0 1,880
1961-'62 ‘43 1 145 | 191 | 473 | 262 | 196 | 218 | 38 56 .| 172 203 70 2,667
1962-'53 177 ' 2u9-1 2ug | 343 .| 289 | 191 103 80 | 19 0 0 10 1,709
i963-'64 |  u1-| 94 |-316 |.233 | 232 ‘| 206 | 210 | 167 67 13 45 252 | 1,876
1964-'65 | 261 | 247 | ‘229 | #12.| 198.| 261 g2 77 11 29 9 3 | 1,819
1965-'66 | 0 | .38 | 299 | 314 | 229 | 353 64 | 116 74 5 1 uy 3,369
1966-'67 86 | 153 '] 189 |- 400 | 143 | 184 | 247 25 0 o0 | 3 11 | 1,u41
1967-'68 95 | 120 | .u0s 272 | 170 | 226 | 160 | 233 | 100 277 | 174 | 115 2,353
1968-169 99 '} 260 | 297 | 191 | 243 | 3uy | 197 | 81 35 3s 25 40 1,851
1969~'70 ' 201 | 135 | 2u1 | 258 | 159 | 274 | 208 | 143 50 25 1 79 1,674
1970-'71 42 | 205 | 202 | 349 |.280 .| 278 | 182 | 211 | 159 1 0 61 | 1,989
1971-172 278 | 187 | 259 | 388 170 | . 332 | 115 { 130 0 0 64 0 | 1,923
1972-1'73 10 | 186.}. 244 | 218 |.215 | 328 | 282 352 | 9y 68 41 | 18l | 2,173
1973 156 | 370 | 584 | -~ | -} = - - - - - - -
Mean 116 | 200 | .265-|-294. | 233 | 261 177 71 69 58 59 | 1,931
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TABLE A-19

'MONTHLY RAINFALL - BENDUNGHARJO DAMSITE

(Units in mm)

.Year ' | -Oct | Nov Dec Jan Feb | Mar |- Apr | May. ‘| Jun | Jul Aug Sep Annual
952 - |- - |-} - 370 | 266 | uo5) “1uu | 67 ;| .20 | 24 92 45 -
1952-'53 | 149 | 408 | ‘251 | 360 | 327 |..226| 318 | 132 | . 36 | 59 | 7| 213 | 2,486 .
| 1953-'54 18 | 207 | 234 | 365 | 316°| 243 | 268 | 136 |- 37| 129 | 111 72 | 2,136
1954-'55 | 128 | 42u | 172 | 369 |- 276 | 138 | 189 | 118 | 59. | 173 32 82 | 2,130
{1955-'56 | 257 | 224 | 219 | 32u | 260.] 243 | 88 | 118 | 206 | 10 | 94 71 | 2,114
1956-'57 oy | 167 | 332 | 237 | 228°| 553 ] 224 | 33 | a4 | 102 5 0 | 2,019
1957-'58 | 119 199 | 333 | 277 | 391 | 405 | 176 |.123 | 87 | 219 | 124 | 137 | 2,590
1958-'59 | 303 | 2u2 | 389 | 39u-| 220 | 269 207 | 280 | 127 | S0 | 1u 19 | 2,474
1959-'60 92 | 205 | 2u7 | 241§ 223 | 138 )| 118 | 155 | ‘50 | 35 5 75 | 1,584
1960-'61 54 | 287 | -260 | 267 | 233 | 336 83 | 310 8 0 0 11 | 1,865
1961-'62 64 | 246 | 168 | 416 | 187 | 183 | 363 | 47 ‘| 105 66 82 | 137 | 2,074
1962-'63 | 207 | 189 | 296 | 436 | 270 | 206 | 152 | 17 | 11 0 0 5 | 1,806
1963-'6L 77 { 128 | 351 | 114 |. 3u8 | 182 | 1u3 | 147 | 63 | 19 42 87 | 1,702
1964-'65 | 188 | 70 | 169 | 243 | 260 | 252.| 354 | u3.| 35 22 | .1 1] 1,637
1965-'66 | 105 | ‘206 | 260 | 239 | 161 | 262 | . 62 | 52 | 102 o .| 12 5 | 1,466
1966-'67 | 204 | 209 .f 185 | 374 | 199 .| 257 | 194 .} 28.-| -0 o 31 ‘0 | 1,681
1967-'68 64 | 215 | 434 | 306 | 405 | 198 | 184 |.269 | 54 | 228 ¢ | 102 | 2,558
1968-'69 | 1u1 | 377 | 183 - 126 | 290 {237 | .75 | 0.} 13 58 0 0 | 1,500
1969-'70 | 292 | 181 | 325 | 327 | 262. | 408 | 163 | 192 .} 19 49 0| 125 | 2,343
1970-'71 | 218 | 219 | 288 | 539 | 234 |.2u6 | 196 | 231 | 1u2 6 45 41 | 2,405
1971-'72 | 372 | 231 | 295 | 492 | 250 | 2u6 | 172 | 147 | 38. 3 21 3 | 2,270
1972-'73 57 | 301 | 324 | 358 | '316 | 3us | 174 | u24 56 {156 |. 8 | 164 | 2,769
1373 177 | 829 | 375 - - 1 - - - - - - - -
Mean 154 | 239 | 277 | 326 | 269 | 272 | i8u | 138 | 60 64 41 62 | 2,086
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MONTHLY RAINFALL

TABLE A-20

LOWER LUSI CATCHMENT (BETWEEN BANJAREJO AND PURWODADI)

(Units in mm)

" Year.:| Oct :| Nov Dec Jan Feb Mar | Apr .| May | Jun | Jul Aug Sep Total
11952 e ol - - 315 | 233 251 125 | 66 | 17 .| 15 56 74 -
1952-'53] 160 | 331 | 214 240 | 215.f 156 | 243 | 136 | .153 70 5 9 1,932
1953-'54 | 43 .| 243 273 | 297 254 | .196 183 | 125 | 's8 69 110 66 1,917
1954-155 | 139 264 173 | :338 340 190 | 227 | 157 80 166 56 33 2,163
1955-'56 | 183 294 | 303 | 270 180 § 164 | . 78" -80 | 181 32 108 75 1,948
1956-'57 | 132 122 | 202 | 118 164 348 | 180 .| 57 121 201 33 3 1,681
1957-'58| 84 | 175 361 217 384 381 | 191 | 68 67 170 113 82 2,293
1958-'59 | 215 |- 206 424 | 231 293 242 | 125 | . 258 90 - gl 30 70 2,275
1959-'60 | 90 169 | 316 | 289 249 183 | ‘182 | 99 | -27 15 23 50 1,702
1960-'61| 58 321. | 259 323 252 201 155 | 182 | 17 12 0 8 1,788
1961-'62{ 74 | 161 | 230 -{ 379 { 320.| 18u 279 26 58 83 83 57 1,934
1962-'63 | 195 220 | 229 | 274 264 191 | 123 50 25 1 0 9 1,581
1963-'64 | 88 142 300 183. | 201 194 178 161 70 28 78- | 185 1,808
1964-'65| 236 |- 177 211 352 205 240 77 54 39 13 2 1 1,607
1965-'66 | 73 195 | 279 250 181 324 65 91 78 3 2y 34 1,599
1966-'67 | 150 176 225 | 366 | 135 228 193 i9 6 0 19 11 1,528
1967-168| 77 165 367 | 302 279 208 200 2ug 98 | 275 165 96 2,480
1968-'69 | 168 324 | 274 | 266 292 303 124 34 31 21 15 133 1,985
1969-'70 | 155 209 250 314 | 204 361 197 183 50 30 7 132 2,089
1970-771} 145 254 | 208 340 251 203 139 268 34 15 17 62 1,936
1971-'72 | 293 213 299 351 17 257 120 145 15 0 35 1 1,903
1972-173} 27 232 273 242 239 329 194 3uy 103 111 8u 163 2,341

1973 158 298 492 - - - - - - - - - -
Mean 134 222 280 | 284 242 242 163 130 64 65 48 62 1,936
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TABLE ~ A-21

MONTHLY RAINFALL

PURWODADI WEIR CATCHMENT.AREA

(Units in mm)

'Yéé??}?i ~L’Qct ‘Nov | Dec | Jan {-Feb | Mar | Apr | May | Jun | Jul | Aug | sep | Total

1 oaes2 ol ) - - | 311|285 | 270 | 203 | 73 | 97| 12 ss5 | 75 -
| 1952-1953 * | . 147 | 326 | 209 | 260 | 208 | 168 | 250 | 142 .| 116 | . 66 6 7 | 1,905
1953-1954 | .36 | 238 | 332 | 304 | 283 | 189 | 179 | 120 | 57 | ‘72 96 62 | 1,937
| 195u-1955 | 145 | 261 | 172 | 326 | 333 | 200 | 238 | 163 | 83 | 160 57 30 | 2,174
[ 1955-1956. | 170 | 323 | 295 | 268 | 180 | 163 | 94 | o4 | 150 | 38 .| 121 69 | 1,991
1956-1957. 137 | 121 | 200 | 129 | 162 | 356 | 164 | 58 | lo4 | 186 | 35 2 | 1,655
1957-1958 |- 71 | 159 | 365 | 222 | 371 | 362 | 179 | s8 |- 69 | 145-| 103 73 | 2,177
1958-1959. | 197 | 187 | 412 | 204 | 284 | 243 | 125 255 | 83 |79 | o4 57 | 2,150
1959-1960 . | 73 | 162 | 379 | 287 | 240 | 186 | 1797 | 110.| 32 ‘15. | = 43 | 1,694
1960-1961 | 52 | 319 | 266 | 306 | 260 | 191 | 161 f 154 | .22 7| 10| o 8 | 1,7u8
1961-1962 . | . 60 | 148 | ‘49 | 3u9 | 318 | 175 | 28w | 26| 56 | 75 | 7a | ue 1,861
'1962-1963 . | 208 1.223 | 222 | 279 | 288 | 186 | 114 | 46 | 227 1| o 10 | 1,599
1963-1964 . |-175 | 121 | 295 | 166 {185 | 228|203 | 81 | ‘61 | 37 | e6 | 187 | 1.715
1964-1965 | 253 | 2127 | 214: ] 196 | 237 |- 96| 60| 31| 17 2 1| 1,656
1965-1966 61 | 167: ] 310 165 ,| 311 | 65 f-.99 | T4 3 | 19 40 | 1,543
1966-1967 J13y: |72 228 130 | 209 185 |. 21 | 5 5 14 13 | 1,455
1967-1968 .62 °|.161 | 369 256" | 200 | 187 .| 254 | 118 | 247 | 1us 81 | 2,368
1968-1969 14y |-310 .| 274 280 | 295 B DERE Y 2 17 12 | 117 | 1,899
1969-1970 134 | 192 | 224 1193 | 3u6 | 160 | 50 29 6 | 110 | 1,930
1970-1971 131 | 223°:| 211" 271233 .| 193 | 1251 '278"'| 51 29 13 62 | 1,880
1 1971-1972 258 | 217 ‘| 290" 1168 | 258} 0 32 1 | 1,846
1972-1973 22 '| 212 | 260 ‘27 | 106 75 | 138 | 2,215

1973 152 ‘| 309 |-u51 - = - -
Mean 128 | 216 | 283 61 | us | s6 | 1,873




TABLE A-22

THIESSEN WEIGHTS FOR RAINGAGES
USED FOR AVERAGING RAINFALL
OVER LUSI RIVER AND TRIBUTARIES CATCHMENT

Upper Lusi Catchment: (Banjarrejo Dam Catchment)

Gauge No. § Area
SR 20.13
6 R 21.37

8 R 17.19 -
22 R 25,64
23 R 15.67
S 100.00

i Ked ggaru Dam Catchment'

Gauge No. % Area
S2100 31.17
220 3,: 15.58

‘ 3 Rb“ﬁ - 53.25

. ‘Badungha jo Dam Catchment- 5.

Gauge No.

207, -
208

'Lower Lusi Catchment. S
Gauge No._.j
3 R *}

3,29 -
' 100.00
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TABLE A-22'

THIESSEN WEICHTS FOR RAINGAGES USED
RAINFALL ON.SERVICE AREAS

Sgﬁ?iééfﬁﬁ@a; Gross Area Net Irrigable Rain Thiessen
EERO i  Area Gage % Area

“(ha) (ha)

South Grobogan ' 16,300 7,200 196 3.84
S0uth, Srobogan 205 o 73
202 12.39.
J204 . 27.73
- 205B 25.07
213 21.24

3.63
23.60
17.82.
-11:22
10.23
5,28
28.22 "

"+ Juana 129,130 10,000 - 15,000

14,47
39.66
18,97
26,90

Wedung 13,300 :10,500°

3oy
27,76
22,86
17,547

Pelayaran »11;§9§j i7fﬁhb
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TABLE A-23

MAXIMUM RECORDED DAILY STATION RAINFALL

FOR THE PERIOD OF RECORD UPTO END OF 1973

LUSI RIVER AND TRIBUTARIES

Year of Commencement
of Record

Maximum Recorded

Daily Rainfall

* (mm)

Month of
Occurence

3 Rmb
o R
7 Rub °
'8 hmbﬂ_
22 Rub -
23 Rmb
196
201
" 202

204

206

207

210

211

212

213

214

217

218

220
221
222

A-60

238

158

252

283
370,
170
170,
182
261
240
375.
217,
256
187
210:

Nov 1931
Apr 1936
Aug 1899
Dec 1973
Dec 1919
Dec 1933
Dec 1933
Dec 1927
Feb 1893
Oct 1896
Sep 1938
Jan 1921
Nov 1913
Jul: 1957
Dee 1910
Dec 1904
Feb 1962
Jun 1928
May 1959
Oct 1920
Oct 1920
Mar 1943
Aug 1918



TABLE A-24

PROBABLE MAXIMUM DAILY STATION RAINFALL
| SERANG CATCHMENT -
(Transcribed from SMEC [9])

Station No. Mean Annual Coéfficiem: Probable Maximum

" Maximum Daily teats
 Rainfall of Variation Precipitation
) S (2 B (m)

529
548

571

6.

12097 124
'1006 SKA - 118
100 a’SKA_ ne
o aw
20200 102
56 SKA
57 SKA 100
57aSKA .9
58 a SKA 107
89 ‘104
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TABLE A-25

- MONTHLY RAINFALL

GROBOGAN SERVICE AREA

(Units in mm)
Year | Oct | Nov | Dec | Jan | Feb | Mar | apr May [ gun | gui | aug | sep | Totar

1952 | - - - | 381 | 326 | mos | 1ms | 4| 122 | oy -
1952-1953 | 190 | 326 | 240 | 271 | 218 | 2uy | 275 | 0 11 2,164
1953-1954 | 36 | 234 | 279 | 332 | 398 | 247 | 234 " L] 98 | 1u0 2,391
1954-1955 | 204 | 441 | 269 | 392 [ 389 | 171 | 205 | 2} 60 | 111 2,560
1955-1956 | 150 | 3wl | 345 | 382 | 212 | 166 | 14 =iz | o7 2,165
1956-1957 | 211 | 190 | 414 | 148 | 233 | 434 | 155 1 18 4 2,064
1957-1958 | 108 | 229 | 3u7.| 299 | 427 | 375 | oug - 123 | 95 2,586
1958-1959 | 224 | 147 | 540 | ‘284 | 255 | 182 |- 184 | 37 82 2,393
1959-1960 { 93 | 207 | 317 | 268 | 267 | 326 | ‘182 | '25 62 1,941
1960-1961 | 103 | 328 | 297 | 314 | 205 55 | 196 .| .222 1] s 1,756
1961-1962 { 95 | 153 | 168 |- 403 | uwoe | 178 | 265 | 3 m 26 1,978
1962-1963 | 220 |. 207 | 243 | 266 | 210 | 183 | 228 |"-ui .0 | 28 1,439
1963-1964 | 102 | 201 | 326 . 162 | 194 | 225 | 150 | 146 | 67 87 | 201 1,907
1964-1965 | 223 |.198 | 235 | 348 | 197 | 315 | .58 | 50 ‘| 27 3 4 1,679
1965-1966 | 73 | 289 | 282 | 303 | 243 | w43 | 102 .| 72} 2 18 20 1,907
1966-1967 | 209 | 225 | 349 | u475 | 255 | 226 [ 196 | S It T S P B | 4 1,976
1967-1968 86 234 | BSL | 302 | 262 |"201|" 155 .| 169 . | 102 .| 216 163 96 2,450
1968-1969 | 182 | 317 | 274 | 341 |- 335 | 319|151 | 18 | ‘52 | 12 22 .| 13 2,063
1969-1970 | 163 | 237 | 267 | 285 | 237 | 220 ‘| ‘154 | 245 | s0 40 20 | 129 2,107
1970-1971 | 282 | 263 | 338 | 403 [-322° [-166 | 111 | 339 ‘| 111 1 13 95 2,454
1971-1972 | 164 | 215 |' 269 | 433 | 231 [-194 | 133 64 | 9 0 20 4 1,736
1972-1973 | 25 | 278 | 234°| 411 | 340 .| 262.] 200 | 333 | 122 | 1us 68 | 188 2,606

1973 | 208 |' 263 | 487 | .- | -~ .| o - - - - - -
Mean | 152 | 283 | 315 |-327 | 279 | 252 | 175 | 137 61 65 51 67 2,16t
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JUANA VALLEY SERVICE AREA

TABLE A-26

MONTHLY RAINFALL

(Units in mm)

Year. | Oct | Nov | Dec | Janm Feb | Mar | Apr | May | Jun Jul | Aug Sep | Mean
- 1952 - - - 507 274 307 128 111 44 -5 73 101 -
1952-'53 | 139 218 274 281 250 1y 273 | 118 21 © 70 7 23 1,866
1853-154 29. 285 210 413 362 215 136 227 48 46 | 133 8y 2,188
1954-'55 | 1e9 331 263 391 682 221. 178 - | 95 79 83 97 ug 2,662
1955-'56 | 1u46 338 322 361 266 171 105 | 72 175 . 25 | 109 55 2,145
1956-'57 | 139 141 243 177 | 338 345 127 63 37 177 52 6 1,845
1957-'58 34 159 321 | 239 4u1 331 167 51 52 95 | 116 22 2,028
1958-'59 | 177 141 476 390 289 %29 255 '} 178 8y 105 7 46 2,577
1959-'60 36 185 300 605 576 222 285 | 151 22 - 24 10 50 2,008
1960-'51 96 403 391 796 373 213 163 | 136 33 8 0 2 2,614
1961-'62 b1 1is 292 628 580 225 340 34 | 57 | 78 | 89 17 2,496
1962-'63 | 162. 616 259 431 488 182 166 L] R 1 0 8 2,766
1963-'6u4 63 207 210 189 297 217 203 ‘125 50 } 57 25 236 1,879
1954-~'65 | 334 339 288 687 350 234 57 | 65 | 40 21 1 2 2,309
1965-"66 27 175 314 22y 346 356 143 95 117 16 8 36 1,857
1966-'67 | 174 .| 176 402 744 361 281 | 240 | 53 3 0. 1 4 2,439
1967-'68 95 240 465 762 318 193 216 277 | 194 | 272 | 1u7 134 3,313
1968-'69 | 110 303 458 2u8 398 290 206" 33 | 72 10 7 S6 2,181
1969-170 | 121 | 236 | 232 | 330 | 295 | 370 | 282 227 | 791 su | 10 70 | 2,286
1970-171 76 288 374 655 571 427 182 | 216 - 81 27 Y 33¢ 3,236
1971-'72 { 264 278 309 675 265 48y 129 78 111 0 1 0 2,484
1972-173 2 151 283 343 353 371 200 |31 79 | 62 59 162 2,376
1973 126 321 .| yus - - - - - - - - - -
Mean 118 257 324 | 476. | 385 | 285 181 | 126 63 . 56 3y 68 2,375
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TABLE A-27

MONTHLY RAINFALL

WEDUNG SERVICE AREA

(Units in mm)
Year | Oct | Nov | Dec| Jan | Feb | Mar | apr | May | oun | our Aug | Sep | Totsl
1952 - - - 892 | us2 | 269 | 108 | 72 6 6 st | 131 -
1952-1953 79 | aso | woa| 385 | 399 | 386 | 315 69 13 13 2 s | 2,500
1953-1954 2t | 350 | 1su| se2 | eso | 203 | 1s0 | 128 49 45 su | 104 | 2,717
1954-1955 | 134 | 630 | 3uu| 600 | 836 | 326 | 122 7 88 62 st | 16 | 3,283
3955-1¢56 | 109 | 281 | wos | w37 | 325 | uis 57 60 58 3y 60 | 52 | 2,207
1956-1957 | 161 | 136 | u23 | 3e3 | 3us | 292 80" 6 8 | 110 27 o | 1,950
1957-1958 | 12 98 | 225 3us | suu | 433 98 | s8 42 58 o | 11 | 1,863
1958-1959 | 108 | 150 | 831 | 608 | 302 | 372 | 206 51 67 89 s | 33 | 2,822
1959-1960 17 | 177 | uwes| w78 | sir | 1we | 189 | 1u9 15 14 | 27 | 2,222
1660-1961 | 26 | 313 | 290 {1,096 | 350 61 | 1su a3 5 6 0 o | 2,294
1961-1962 13 | 105 138| ou7 | es1 | 136 | 262 2 37 51 33 8 | 2,113
1962-1963 72 | 165 | 337 {1,224 | ee8 | 312 | 174 2 9 1 0 3 | 2,967
1963-1964 27 | 125 | 239 211 | 333 | 173 | 1ss 90 34 5 8 {165 | 1,563
1964-1965 | 250 | 180 | 322 | sou | 253 | 281 39 58 12 1 1 0 | 2,201
1965-1966 11 | 182 | 298| 280 { 3u3 | 307 66 68 78 2 0 8 | 1,643
1966-1967 | 124 | 155 | u10| 759 | wo2 | 383 | -1w2 | ws: 0 0 3 1| 2,420
1967-1968 | 14 | 127 | ue7 | w2 | 371 | 18w | 157 | 162 | 127 | 178 57| e | 2,650
1968-1969 46 | 250 | s2u| 330 | a3ze | 325 | 211 ] 33 0 u | 19 | 2,132
1969-1970 89 | 2su | 222 wuss | sau | 275 | 273 | 1s7 55 55 10 37 | 2,479
1970-1971 16 | 134 | w26 1,050 | e78 | w78 | 111 | 113 45 2 o| 16 | 3,065
1971-1972 | 209 | 321 | 297 {1,092 | 370 | 667 78 47 1 0 0 o | 3,005
1972-1973 o| 15| 2u2| 628 | 526 | 665 | 100 | 227 77 38 81 | w2 | 2,915
1373 146 | 324 | 699 - - - - - - - - - 2,915
Mean 77 | 227 | 376 | e6u8 | ueo | 327 | w7 75 40 3s 22| a8 | 2,481
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PELAYARAN SERVICE AREA

TABLE A-28

MONTHLY RAINFALL

(Units in om)
Year Oct | Nov | Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total
1952 - - - 605 359 248 104 85 1 12 98 113 -
1952-1953 67 236 298 308 272 227 254 113 21 37 1 8 1,838
1953-1954 16 217 201 484 3u9 146 136 149 87 88 78 86 2,037
1954-1955 150 49y ‘302 351 685 283 184 132 46 lo4 97 46 2,874
1955-1956 111 292 398 498 353 139 68 75 79 56 104 48 2,063
1956-1957 169 179 509 282 293 289 107 4 53 139 32 1 2,027
1957-1958 21 152 224 240 44y2 348 191 27 74 77 181 63 2,930
1958-1959 138 132 737 393 258 359 264 71 %y 62 11 25 2,5u4
1959-1960 16 202 297 546 437 129 92 | 1l02 21 12 2 29 1,885
1960-1961 53 300 257 704 355 135 232 137 9 2 0 0 2,484
1961-1962 20 79 234 791 703 108 295 2 14 26 61 12 2,342
1962-1963 121 143 285 (1,047 572 219 145 2 12 2 0 0 2,5u8
1963-1964 27 110 338 230 260 203 288 108 26 14 22 198 1,824
1964-1965 307 2uy 278 850 307 232 48 73 6l 0 0 1 2,401
1965-1966 7 194 421 209 375 217 107 134 118 0 3 2 1,787
1966-1967 140 166 3u8 871 3uy 236 260 27 12 0 ‘0 1 2,405
1967-1968 67 241 396 734 315 190 173 317 181 116 72 79 2,881
1968-1969 86 312 4oy 280 354 303 204 32 64 7 9 48 2,103
1969-1970 46 289 265 430 505 328 260 178 4y 63 3 28 2,439
1970-1971 78 250 389 874 600 yug 159 170 56 3 0 25 3,052
1971-1972 157 295 24y 763 228 557 70 88 0 0 5 6 2,413
1972-1973 0 199 322 334 321 566 182 21y 96 46 64 190 2,534
1973 296 325 687 - - - - - - - - - -
MKean 95 230 355 536 405 269 174 102 53 39 38 46 2,342
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TABLE A-29
MEASURED MONTHLY DISCHARGE

LUSI RIVER AT PURWODADI

(Units in m3/s)

Year , Jan | Feb | Mar | Apr May | Jun | Jur | Aug Sep | Mean
1973 - T | - | 82.93] 91.387/139.21| 68.59151.00 |35.81 | 27.17 11.80 | 27.12 -
1973-'74 | 19.28/167.20195.80|104.40{ 86.08 132.20) 93.70} 21.20 | 9.38 | 9.01 |15.20 |22.72 76.01)
1974-175 | 58.47| u49.01| 55.01)107.60}105.20 160.701140.60( 76.19 | 9.74 | 6.81 | s5.67 9.19 | 65.35
1975-"76 179.11103.50(116.50] 52.92} 16.89 102.50

1976-'77 | s.10




TABLE A-30 Page 1 of 2

‘ MONTHLY DISCHARGE LUSI RIVER AT PURWODADI
CALCULATED FROM SERANG RIVER DISCHARGES AT GODONG AND SEDADI

(Units in m3/s)

onth  Quodong  Ogedaar %1 - Y.s.sedaqs | Funoff Q Q

L9-v

Rwerr ol (Sedadi-Godong) Lusi at Conf.  “Lusi at Purwodadi
(1) 2 @) W=D ()= x (2 (D=)-t)-(s) (1= ()
Apr 76 48.77 41.89 = 11.18 30.71 - 5.90 12.16 11.47
May 65.48 §.59 4,10 S 2.49¢ -0.93 12.06 . 11.37
Jun 22.56 1.90 1.92 et 10.27 22.29 21.02
Jul - 1.51 1.49 L=l - - -
Aug - 1.30 1.26 e Tl - -
Sep - 0.70 .73 - e - -
Oct - 10.61 5.23 - - - -
Nov 26.15 27.61 5.15 22.46 - 3.89 - -
Dec 22.06 16.30 5.81 10.49 3.30 8.27 7.80
Jan 77 115.46 49,00 9.52 39.48 6.90 69.08 65.13
Feb 154,50 86.80 9,27 77.53 12.23 64,74 61.04
Mar 193.66 62.10 10.38 51.72 8.75 133.19 125.58
Apr 45.48 27.10 10.95 16.15 3.82 25.51 24,05
May 63.27 (14.37) 10.14 4.23 2.02 57.02 53.76
Jun 42.09 (13.64) 9.46 4,18 1.90 36.01 33.95
© Jul - - 2.49 - - - -
Aug - - 1.29 . - - - -
Sep - - 0.58 - .- . - -
Oct - - 0.50 - - - -
Nov 46.47 £7.19] 3.02 4.17 1.01 41.29 38.93

Dec 23.79 113.10 7.18 23.90 1.85 - -




TABLE A-30
(Cont.) Page 2 of 2

MONTHLY DISCHARGE LUSI RIVER AT PURHODADI
CALCULATBD FROM SERANG RIVER DISCHARGES AT GODONG AND SEDADI

89~V

{Cont.)
(Units in m3/s)
Bonth - Qgodong  %edadi % Y.s.sedadi Runoff Qusi at conf. Uusi at Purwodadi
S TR i) : (Sedadi-Godong)
W@ @) WD) (=224 (2)  (5)=)-)-5) (1= LBLy (6
e A 3 A 861 2101

oet'T?T - Seso - - - -

Nev . 4.7 [7. 19] 3,02 1,17 1.01 41.29 38.93

Dec ,~23,79g¢ '133.10  7.18 23 90 1.85 - -

Jan 78 iﬁéé.zS‘-“*ea.u7k‘ e.25  59.22 8.65 229.58 216.28

Feb 190.99 8406 . 9.96 . 74.10 11.84 105.05 99.05

Mar 148.40° 55.45 . 14.37°  41.08 7.81 99.51 93.83

Apr "32.35  25.78  10.55 15.28 3.63 13.44 12.67

May 46,16 18,43 . 9.06 9.37° 2.60 3u.13 32.18

Jun R

Aug v T

Sep - =

Oct -

Nov : v‘-

Dec 166.60 8.6, mnot available
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TABLE A-31

AVERAGE MONTHLY DISCHARGE OF LUSI RIVER AT CONFLUENCE* WITH SERANG RIVER
(Based on SMEC Studies 1978/1979)

“ (Not Recommended) ~ (Units in m3/s)

- Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Mean
1952 - - - 97.58] 96.60|118.40{36.83| 22,40} 6.76 | 1.89| 5.26] 5.89 -
1852-'53 111.65] 78.93| 79.93 | 63.52] 52.62{ u9.11 | 62.64| 37.83 6.39111.921} 1.26] 9.88 | 38.06
1953-'54 | 0.49} 10.66| 36.96 | 74.02| 92.06 | 52.97 | 79.15! 56.13 11.15{ 14.54 | 4.89] 7.54 | 36.74:
1u33-155 118.79} 9u.72 62.15 {124.15} 73.19| 57.63 |u2.84| 17.54 | 9.53 24.30 | 8.77} 9.53 | u5.29
1955-'56 {17.79} 56.25| 50.48 |101.60] 117.64} 63.13 | 17.54| 21.67 21.17| 7.52}10.02{ 7.02 | 40.99
1956-'57 |14.66{ 26.19| 91.95] 75.66| 45.99]118.13|67.90] 17.66 5.77 | 15.79 | 3.14| 2.14 | 40.39
1957-'58 | 1.89| 5.26( 55.76 | 63.85{140.19}123.90|82.81} 78.93 16.04 | 39.84 | 44.34) 7.39 | 55,11
1958-'59 {39.97| 44.98 | 116.51{127.91} 97.35] 95.09 | 71.66| 69.54 19.43 | 27.44 } 2.88] 1,75 | 59.53
1959-'60 | 4.68) 33.33110.12{ 48.86| 99.09} 53.38 | 52.99] 59.64 | 12.53 9.78 | 1.89] 1.01 | 40.60
1960-'61 | 4.13] 40.21] 35.57| 60.01] 58.88] 70.03 31.69] 73.79 8.89 2.38 0.42 0.25 32,20
1961-'62 | 0.37| 30.56| 35.96{ 82.68| 72.42} 51.49 | 83.18{ 23.19] 11.40 .40} 7.27} 0.76 | 34,05
1862-'63 | 4.25| 40.09] 71.78 }103.75{ 7u.41| 99.59 {60.89] 7.52{ 2.01 1.25} o0.49| 0.12 | 38.80
1963-'64 | 0.81} 10.39] 33.95{ 29.31{ 79.30| 71.16 | 86.32| 37.u46 17.29 | 11.03 | 6.76] 5.89 | 32.u41
1964-'65 28.70) 30.07| 25.55| 79.81| 92.21| 97.72 | 53.25 12.28 | u4.13 2.88 1 0.37} 0.25 | 35.61
1965-'66 | 3.00{ 20.0u4| 36.08} 74.u41}100.72| 146.08] 43.48] 19.55 | 33.21 9.14 | 7.27} 1.89 | ul.2u
1966-'67 125.55} 31.30} 57.12}117.89}120.39| 59.76 |49.99| 9.53| 1.38 0.12 | 0.12] 0.12 | 39.37
1967-'68 | 0.12f 1%4.91] 65.25} 81.80122.16} 86.20 | 71.78| 70.u0 17.79 1 30.95|21.17{ 5.38 | 49.00
1968-'69 117.15] 62.52{ 74.17 | 69.54| 88.81 | 64.33 | 50.24] 11.15] 10.27 4,52 1.25| o0.64 | 37.88
1369-'70 114.15| 12.90| 65.37 | 38.84{ 43.97| 66.15 | 27.81) uu.61| 12.77 9.26 | 6.26) 20.29 | 30.21
1970-'71 | 9.90} 24.30| 61.74 |104.86] 72.04 73.91 | 51.49} 57.13 ] 33.95 0.76 0.12 0.12 40.87
1971-'72 | 6.63| 17.54} 50.76 | 89.71} 55.49| 46.35 | 27.93 20.68) 7.15] 6.76 | 1.25{ 0.12{ 27.84
1972-'73 | 0.12] 16.92| 45.72 66.77| 90.45| 75.66 | 41.59] 81.80 27.93 | 38.22 1 5.77| 35.45 | u3.78
1873 14.52] 60.01§ 83.03 - - - - - - - - - -

Mean 10.88 | 34.64 61.18 | 80.76{ 85.71 |-79.10 |54.27]| 37.74 | 12.57 12,66 | 6.41) 5.21 { 40,09

* Computed as area pro-ratio of monthly flow of Serang River at Godong (SMEC; Serang River Development:
Definite Scheme, Vol. 4 Water Investigations, September 1978).-



TABLE A-32

COMPARISON OF SERANG DISCHARGE AT GODONG € LUSI DISCHARGE AT PURWODADI

(Units in m3/s)

. QSedad; % Y.s.sedadi  Rumofs %wsic  %usic  Qpurwodadi 3 Zower 8

0L-v

"Total Sedadi-God. Confluence Purwodadi Measured Calcu-
(7M(8) 1ated @0)(8)
=2-(3) =32 x () =-(W-(5) =6 x 1B from
=) . (@ (3) (4) (5) . (8) (7 (8) (9) (10) - (11)
Jan '73° °159.30° 53.30 3.54 41,76 . 7 5L 102.03 96.20 83.4 114 66.77 79
Feb - 178.89  72.20  7.46  64.74 1017  103 98 98.04 91.40 107  90.45 99
Mar 218.5%  60.39°. 6.85  53.54 8.51- 1s6.49  '147.55 139.21 106  79.66 54
Apr 12245 33.20 0 B4 2476 4.68 -93.01 87.70 69.10 ~ 127  41.59 60
May - 246.52. 5. 30 7.62  57.68 . . 9.20° 179.64 169.38 151.00 112  81.30. 54
Jun 39.70 . 22,300 7.57 w73 a.am 41,83 39.02 35.80 109  27.93 77
Jul 62.75 0 30.51 549 25.02 30" 33.43 31.52 33.30 95  38.12 115
Aug 4.5 © W6l 3,39 1.22 0.5 12.66 11.94 11.80 101  5.77 48
Sep 41.73 ' 28.30. .40 23.90 3.99 13.84 13.05 24.20 5% 35.45 147
Oct 2075 11.59 3.60 7.9 163 20.13 18.98 19.28 98  14.52 75
Nov 141.50  47.90° 6.49 414l B.750 . 93.34 88.01 93.70 9%  60.01 64
. Dec’ 282.50  ©6.30° 6:32 . 59.98 . 93k .213.18 201.00 195.80. 103  83.03 &2
Average 102 76
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- (Not Recommended)

TABLE As33
AVERAGE MONTHLY DISCHARGE

LUSI RIVER AT PURWODADI DEDUCED FROM DURATION CURVES

(Units in m3/s)

- Year "Oct | Nov Dec |, Jan Feb Mar Apr May Jun Jul Aug Sep Annual
. 1952 - - - 127.2 1 123.6 | 204.1 | 52.7 40.7 | 15.3 3.7 9.6 | 13.8 -
1952-'53 | 25.9 | 98.6 } 100.6 78.4 1 68.8 | 63.6 | 78.0] 68.8 .5 | 21.4 2.2 1.5 622.3
1953-'sy 0.7 ] '23.7| 52.5| 92.4{116.2 68.0 | 99.4 {102.1 | 25.2 | 26.5 8.9 | 17.6 633.3
1954-'S5 | 34,8 {122.3] 76.9 226.3 | 90.9| 72.5| s8.8} 31.8 21.4 | w4 § 16,3 | 21.4 817.8
1955-'56 | 34,0 | 71.1 65.1]133.1 {171.1 | 78.4 33.6°} 39.2 | 39.0 14,0 | 18.5 16.0 713.1
195657 29.6 { 42.8 }118.3 94,7 62.2 | 202.6 8u4.8 32.5 | 13.8 28.8 5.9 4.6 720.6
1957-'58 b.4 | 14.5§ 70.3 79.1 | 30u4.6 | 225.86 104.7 | 143.5 32,1 | 72.5 80.6 | 17.6 1,149.5
1958-15¢ 54,7 60.4 1198.9] 233.0 | 125.3 123.5 89.4 1126.5 35.9 50.3 5.2 3.8 |1,106.9
1959-'60 { 10.3 | u49.7 | 170.1 93.2 1126.9 | 68.0 | 68.0 |108.7 27.5 { 17.8 3.7 1.5 745.4
1960-'61 9.6 55.8 51.0} 74.0}] 75.3 87.3 8.2 | 134.6 | 19.9 4.4 0.7 0.8 561.6
1961-'62 0.7 | 47.4| s1.8] 104.3 90.1 | 66.6 |103.9 | 42.2 25.2 | 17.¢ | 13.3 1.5 564.0
1962-'63 9.6 55.8 89,5 | 140.5 93.4 1130.2 | 75.2 | 14.0 4.6 2.2 0.7 0.C 615.7
1963-~'64 1.5 23.7 ] ug.s 45.1 § 99.1] 88.7 |109.3 68.0 | 33.6 20.0 | 12.6 | 13.8 565.0
1964-'65 | 45.1 | ue.6 47.2 55.5 1116.3 [127.2 68.8 22,2 9.9 5.2 0.7 0.8 545,5
1965-'66 6.7 50.4 51.8 68.8 54.0 | 266.3 61.9 | 35.5 49.7 | 17.6 | 13.3 4.6 680.6
1966-'67 | 42.2 | uyg.8 71.7 | 284,1 | 182.6 74.0 85.0{ 17.0 3.1 0.0 0.0 0.0 788.5
1967-'68 2.2 | 30.6{ 81.4] 8s8.0 190.8 1109.5 | 89.4 {128.0 | 33.6 56.2 | 38.5 | 12.2 860.4
1968-169 32.6 | 77.2 93.2 85.5 j111.4 | 79.9 65.7 20.0 22,2 8.1 2.2 1.5 589.5
1969-'70 | 29.6 | 28.3 | 81.4| su.0 60.6 | 82.1 | 43.6| 81.4 | s59.5 17.0 | 11.8 | 36.7 586.1
1870-'71 | 21.4 | y31.3 76.9 | 143.5 90.1 92.4 66.5 |104.3 71.8 1.5 0.0 0.0 709.7
1971-'72 | 67.3 33.7 1 71.0}115.4 ) 71.2 | 61.4 45.3 | 37.7 | 37.4 | 12.5 2,2 0.0 555.2
1972-173 2.2 1 32.9| 60.85 82.8 | 113.8 9.7 57.3 | 148.7 [102.4 69.5 10.4 52.0 8u7.3
1973 29.6 { 74,9 1105.0] - - - - - - - - - -

Mean 22,5 {51.4 83.4 | 113.6 | 115.4 {113.0 71.3 } 70.3 31.7 23,2 11.7 | 10.1 59.8




TABLE A-34

AVERAGE MONTHLY DISCHARGE -~ LUSI RIVER AT PURWODADI
(Using Runoff Coefficient)

(Units in m3/s)

oL~y

. Yeap. | Oct Nov Dec Jan Feb Mar Apr May Jun Jul | Aug Sep Average
1952 - - - 124.2 1124.1 j115.8 | 42.3 ] 26.8 7.3 | 3.4 {11.8 }|10.9 -
1952-'53 | 23.0 | 79.5 | 69.4 }103.8 97.4 | 72.1 {102.6 | 52,2 | 49.9 | 18.6 1.3 1.0 55.9
1953-'54 5.6 | 58.0 |110.2 |121.4 f132.4 | 81.1 | 73.5] u7.4 | 24.5 | 20.3 | 20.7 9.0 58.3
1954-155 } 22.7 63.6 57.1 |130.2 }156.0 | 85.8 97.7 59.9 | 38.3 | 45.1 | 12.3 L.4 o4.u4
1955-'56 | 26.7 | 78.8 | 98.0 {107.0 | 84.3 | 69.9 | 38.6 | 34.6 | 64.6 10.7 | 26.0 -{ 10.0 54.1
1956-'57 | 21.5 | 29.5 66.4 | 51.5 75.8 1152.7 67.3 21.7 | uu4.8 52.4 7.5 0.3 49.3
1957-'58 § 11.1 | 38.8 {121.2 | 88,7 |173.8 {155.3 | 73.5.] 21.3 | 29.7 | u40.9 22.2 | 10.6 65.6
1958-'59 | 30.9 | u5.6 |136.8 | 81.5 |133.0 [104.2 | 51.3| 93.7 | 35.7 | 21.4 5.2 8.3 62.3
1959-'60 | 11.4 | 39.5 |125.9 {114.6 |112.4 | 79.8 §{ 33.5| uo0.4 | 13.8 4.2 4.5 6.2 52,2
1960-'61 8.1 77.8 | 88.3 |127.2]121.8} 81.9| 66.1] 56.6 9.5 2.8 0.0 1.2 53.0
1961-'62 9.4 | 36.0 82.7 {139.4 | 148.9 | 75.1 |116.6 9.6 | 24.1 21.1 | 15.9 6.7 57.1
1962-163 32.6 S4.4 | 73.7 §111.4 1134.9 ) 79.8] u6.8| 16.9 9.5 0.3 0.0 1.4 46.8
1963-'64 | 27.4 | 29.5 8.0 66.3 86.7 97.8 42.3 29.8 26.2 | 10.4 | 14.2 27.2 12.0
1964-'65 | 39.7 | 51.7 { 71.1 {134.6 ] 91.8 }101.7{ 39.4 | 22.0 | 13.3 4.8 0.4 0.2 47.6
1965-'66 9.6 | 40,7 }102.9 91.9 | 77.3 {133.4 26.7 36.4 31.8 0.8 4.1 5.8 47.1
1966-167 21.0 | 41.9 75.7 }135.8 60.9} 89.6} 75.9 7.7 2,2 1.4 3.0 1.9 43.1
1967-168 9.7 39.2 |122.5 | 115.8 | 119.9 85.8 ] 76.8 93.4 | 50.8 69.6 | 31.2 | 11.8 68.9
1968-'69 | 22.6 | 75.6 | 91.0 {102.6 {131.2 |126.6] 50.9| 13.86 14,6 4.8 2.6 {17.0 St.Y4
1969-'70 { 21.0 | 46.8 | 74.4 }115.4 | 90.4 jius.4 | 81.3 58.8 21.5 8.2 1.3 | 16.0 57.0
1970-'71 | 20.5 St.4 | 70.1 {132.6 {109.1 ] 82.8 51.3 | 102.2 | 22.0 8.2 2.8 9.0 55.4
1971-'72 40.4 52.9 86.3 | 132.6 78,7 }110.7 47.6 58.1} 6.4 0.0 6.9 0.2 52.6
1972-173 3.4 § 51.7 | 86.3 ) 93.1}101.6 {142.8 | 81.6|116.5| uu.s 29.9 | 16.1 | 20.0 65.7
1973 23,8 | 75.3 1149.8° - - - - - - C - - - -

Mean 20.1 | 52.8 | 94.0 |110,0 {111.0 }103.3 | 64.6} u6.4{ 26.6 | 17.3 9.6 8.1 55.4
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TABLE A-35

"MONTHLY YIELD - LUSI RIVER AT PURWODADI

(Units in 10% m3).

~ Yeap Oct Nov Dec Jan Feb Mapr Apr | May Jun ' § Jul Aug Sep Annual
-~ 1952 - - - 332.7 | 300.3 {310.2 {109.6 | 71.9| 19.0 9.1 | 31.7 | 29.u4 -
1952-'53 { 61.7( 206.0{ 185.9 | 278.1 | 235.7 193.0 {265.9 {139.8 |129.4 | yo.8 3.5 2.6 |1,751.4
1953-'54 | 15.1f 150.4] 295.3 | 325.2 | 320.7 |217.2 190.4 }127.0| 63.6 | S4.3 | 55.3 | 23.3 1,837.8
1954-755 | 60.9| 154.9| 153.0 | 348.7 | 377.3 [229.8 253.2 1160.5 | 99,3 |120.8 | 32.9 | 11.3 2,012.6
1855-'56 { 71.4| 204.1] 262.4 | 286.7 | 204.0 |187.3 100.0 | 92.5 }1167.3 | 28.7 | 69.8 | 26.0 1,700.2
1956-'57 | 57.5| 76.5} 177.9| 138.0 { 183.6 |409.0 174.5 | 58.1 | 116.0 j140.4 | 20.2 | 0.8 1,552.5
1957-'58 | 29.8| 100.5| 32%.7 | 237.5 | 420.4 {415.9 190.% | §7.1] 77.0 |109.4 | 59.4 | 27.5 2,049.6
1958-'59 | 82.7| 118.2] 386.5{ 218.2 | 321.8 |279.2 133.0 j251.1 ] 92.6 59.6 | 13.8 | 21.5 | 1,978.2
1959-'60 | 30.7f 102.4| 337.1{ 307.0 | 272.0 {213.7 190.4 [208.3 ] 35.7 | 11.3 | 12.1 | 15.2 1,636.9
1960-'61 | 21.8| 201.6| 236.6| 327.3 | 294.6 |219.5 171.3 |151.6{ 24.5 7.5 0.0 3.0 | 1,659.3
1961-'62 | 25.2| 93.5{ 221.5] 373.3 | 360.3 |201.1 302.1 { 25.6| 62.5| 56.6 | 42.7 | 17.3 1,781.7
1962-'63 | 67.4| 140.9{ 197.5| 298.5 | 326.3 |213.7 121.3 | 49.3| 24.5 0.8 0.0 3.8 | 1,440.0
1963-'64 | 73.5| 76.5| 262.4{ 177.6 | 209.6 |262.0 103.6 | 79.7} 68.0 ] 27.9 | 38.0 | 70.4 1,449,2
1964-'65 | 100.3} 134.0§ 190.3] 360.5 | 222.1 {272.3 102.1 | 59.1} 3u4.6| 12.8 1.2 0.4 | 1,489.7
1965-'66 | 25.6| 105.5| 275.7 | 246.0 | 187.0 |357.3 69.1 | 97.5| 82.5 2.3 1 11.0 | 15.1 | 1,474.6
1966-'67 | 56.3| 108.7| 202.8} 363.7 | 147.3 |2u0.1 196.8 | 20.7 5.6 3.8 8.1 4.9 | 1,358.8
1967-'68 | 26.0| 161.7} 328.2 310.2] 290.1 | 229.8 198.9 §250.1 { 131.6 |186.4 | 83.6 | 30.5 2,167.1
1968-'69 | 60.9] 195.9] 2u3,7] 274.9| 317.3 338.9 1131.9} 36.4 7 37.9] 12.8 6.9 ) 44,0 | 1,701.5
1969-'70 { S56.3] 121.3| 199.2} 3¢..2} 218.7 |397.5 210.6 }157.9] 55.6 | 21.9 3.5} u1.4 | 1,793.1
1970-'71 | 55.0( 140.9| 187.7| 355.2} 264.0 | 221.8 133.0 }273.7 | 26.8 | 21.9 7.5 | 23.3 | 1,710.9
1971-'72 1108.4| 137.1] 257.9| 355.2{ 190.4 | 296.4 123.4 |155.6 | 16.7 0.0 | 18.4 0.4 | 1,659.9
1972-'73 9.2] 67.6| 231.3| 2u9.2] 2u5.9 | 382.6 | 211.7 312.11116.0 | 80.0 | 43.2.| 51.9 | 2,000.7

1973 63.8] 195.3| 401.2 - - - - - - - - - -

Mean 53.71 136.9| 251.9] 294.1 268.5 { 276.7 | 167.4 | 124.6 |- 71.1§ 46.3 | 25.6 | 21.1 | 1,737.9
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TABLE A-36

AVERAGE MONTHLY DISCHARGE - LUSI RIVER AT CONWCE

(Units in m3/s)

Annual

‘JYear- | Oct | Nov| Dec | Jan | Feb | Mar Apr | May | Jun | Jul | Aug | Ssep Mean
1952 ~ - - [181.7 1131.6 |122.8 | uy.9f28.5 | 7.7 | 3.6 |12.6 | 11.5 -
1952-153 | 24.4 | 84.3 | 73.6 |110.1 |103.3| 76.4 [108.8 | 55.4 | s2.9 | 19.7 1.4} 1.1 59.3
1953-'5k | 6.0 | 61.5 | 116.9 { 128.9.{140.0 | 86.0 |78.0 ! 50.3 | 26.0 | 21.5 2.9 | 9.5 61.8
1954-155 1 24.1 | 67.5 | 60.6 | 138.1 |165.4 | 91.0 [103.6 | 63.5 | 40.6 47.8 | 13.0 | 4.6 68.3
1355-156 | 28.3 | 83.5 | 103.9 | 113.5 | 89.4 | 7u.1 |u40.9 | 36.6 | 8.5 | 11.4 27.6 | 10.6 57.1
1956-'57 | 22.8 { 31,3 | 70.4 | 54.6 | 80.4 | 162.0 |71.4 |23.0 | u7.5 | 558 |- 8.0 | 0.3 52.3
1957-758 | 11.8 | 41.1 [128.4] 94.0 [184.3|164.7 |77.9 | 22.6 | 81.5 | 43.4 j25.5 | 11,7 69.5
1958-159 | 32.8 | 48,4 | 145.1| 86.4 J141.1110.6 |5u.4 | 99.4 | 37.9 | 22.7 U 5 s 8.8 66.1
1959-60 | 12.1 f 41,9 [133.51121.6 [119.2| 84.6 |77.9 | u2.9 | 1u.6 | ‘4.5 | u.8 6.5 55.3
1360-'61 | 8.6'| 82,5 | 93.7 |129.6 {129.2| 86.9 |70.1 | 60.0 {10.0 | 3.0 | 0.0 1.2 56.2
1961-762 | 10.0 | 38.3 | 87.7 | 147.8 |158.0| 79.7 |123.7 | 10.2 | 25.6 | 22.4 | 16.9 7.1 60.6
1962-163 | 34.6 | 57.7 | 78.2 | 118.2 |1u43.1)] 84.6 fus.6 | 17.9 {10.1 | 0.3 | 0.0 1.5 49.7
1963-'64 | 29.1 | 31.3 | 103.9| 70.3 | 91.9 | 103.7 {u4.8 | 31.6 | 27.8 | 12.1 | 15.1 28.8 51.0 -
1964-165 | 42.1 | 54.8 | 75.4 | 142.7 | 97.4 | 107.8 {41.8 | 23.4 | 14.1 | 5.1 | 0.5 0.2 50.4
1965-'66 10.2 43.2 } 109.2 ] 97.5 82.0 1 141.5 | 28.3 38.6 33.7 0.9 4.3 6.2 4956
1966-'67 | 22.3 | 44,5 | 80.3 | 144.0 | 64.6 | 95.1 |e0.5 | 8.2 | 2.3 | 1.5 | 3.2 2.0 45.7
1967-'68 | 10.3 | 41.6 { 130.0 | 122.8 | 127.2{ 91.0 | 81.4 | 99.0 | 53.9 73.8 | 33,1 | 12.5 73.0
1968-169 | 23.9 | 80.2 | 96.5 |108.8 |139.1 ] 134.2 | 54.0 | 4.4 | 15.5 | 5.1 | 2.8 18.0 57.7
1969-170 | 22,3 | 49.6 | 78.9 | 122.4 | 95,9 | 157.4 | @6.2 | 62.4 | 22.8 | 8.7 | 1.4 17.0 60.4
1870-'71 | 21.7 } §7.7 | 74.3 | 140.6 | 115.8| 87.8 |5u.4 [108.4 | 23.3 | 8.7 | 3.0 9.5 58.8
1971-172 | 42.9 | $6.1 { 102.1| 140.6 | 83.5 | 117.4 | 50.5 | 61.6 | 6.8 | 0.0 | 7.3 0.2 55.8
1972-'73 | 3.7 | 54.8-| 91.6 | 98.7 |107.8 151.5 | 86.5 |123.6 | 47.5 | 31.7 | 17.1 21.3 69.6

1973 25.3 | 79.9 } 158.8| - - - - - - - - - -
Mean 21.3 | 56.0 | 99.71116.7 [117.7 {109.8 {68.4 | 9.2 28.2 |1g.4 0.2 | 8.8 58.8
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TABLE A-37

MONTHLY YIELD - LUSI RIVER AT CONFLUENCE -

(Units in 103 pd)

Year' [ Oct| Nov| Dec| Jan| Feb| Mar| Apr| May| dwm | om Aug | sep | Total
1952 - - - |3ul.ui3u2)318.8)116.2] 73.8 | 20.2 | 9.3.] 32.5 | 20.9 -
1952-'53 | 63.4 [ 218.5 | 190.8 | 285.5 | 267.8 | 198.1 | 2682.1 | 143.5 |137.2'| 51.1 | 3.6 | 2.8 1,844.3
1953-'54 | 15.51159.51.303.1 | 333.7 | 364.4 | 223.9 | 202.1 [130.3 | 67.4 | 55.8 | s6.8 | 26.7 1,936.2
1954-755 | 62.5 [ 174.9 | 157.0 | 357.9 | 428.6 | 235.9 | 268.6 | 164.7 | 105.3 |124.0 | 33.8 | 12.0 2,125.2
1955-156 | 73.3216.5 | 269.3 | 294.2 | 231.8 [ 192.2 ] 106.1 | 95.0 |177.5 | 29.4 | 71.6 | 27.5 1,784.4
1956-'57 | 59.11 81.1]182.5|141.6 | 208.4 [ 419.0 | 185.0 | 59.7 |123.0 {1841 | 20.7 | ‘o'8 1,626.0
1957-58 | 80.51106.6 | 332.9 | 243.7 | 477.8 | 426.9 | 202.0 | 58.6 | 81.6 |112.% | 60.9 | 29.1 2,163.1
1958-759 | 84.9 | 125.4 | 376.1 | 224.0 | 365.6 | 286.6 | 141.0 [ 257.7 | 98.1 | 58.8 | 4.2 | 29 8 2,055.2
1859-160 | 31.1108.6 | 346.0 {315.2 | 309.0 | 229,3 | 201.9 | 111.2 | 37.8 | 11.7 | 12.4 | 15.8 1,721.3
lae0-,51 | 22.4 1 213.8 | 242.8 | 335.9 | 334.8 | 225.2 | 181.7 |155.6 | 26.0 [ 7.8 | 0.0 | 3.2 | 1 745
1961-162 | 25.9 | 99.2 |227.3 [383.2 | 409.6 | 206.5 | 320.5 | 26.4 | 66.3 | 58.0 | u3.7 | 18.4 1,885.0
1962-183 | 89.6 | 148.5 | 202.6 | 306.2 | 370.9 | 219.4 | 128.7 | 46.5 | 26.1 | 0.8 | 0.0 | 4.0 | 1 cus 9
19035 | T5.4 ) 81.11269.3 |182.3|238.2 | 268.9 | 116.2 | 81.8 | 73.2 | 287 | 29.0 | 7u.2 | 1'527.8
1964-/55 [109-1) 1421 | 195.5 |370.0 | 252.4 | 279.5 | 108.3 | 60.6 | 36.7 | 13.2 | 1.2 | 0.4 | 1'566.9
1965-,68 | 272 | 111.9 1 283.0 | 252.6 | 212.5 | 366.7 | 73.3 |100.1 | 97.4 | 2.3 | 11.2 | 16,0 | 1 58%.2
e eT | 57.9|115.3)208.1 | 373.3 | 167.4 | 2u46.5 [ 208.7 | 21.2 | 5.9 | 3.9 | 8.2 | 5.2 | 1urs.o
1967188 | 26-7|107.9 | 336.9 | 318.4 | 329.6 | 235.9 | 211.0 [ 256.7 [139.6 |191.3 | 85.8 | 32.3 | 2272.1
looe 89| 52.11207.8 | 250.2 | 282.1 | 360.6 | 347.9 | 139.9 | a7.u | k0.2 | 13.2 | 7.1 | 6.7 | 1 795.2
1SS 79 | 7.8 128.7 | 204.5 | 317.3 | 28,5 | 408.0 [ 223.4 | 161.6 | 59.2 | 22.5 | 3.5 | ws.0 | 1 89.2
1970-171 | S6.4 | 149.5 | 192.7 | 364.5 | 300.0 | 227.6 | 141.0 | 281.0 | 60.3 | 22.5 | 7.7 | 24.7 1,828.0
1971-172 [111.2 | 145.5 | 264.7 | 364.5 | 216.4 | 304.3 | 130.9 | 159.7 | 17.7 | 0.0 | 18.9 | o.4 | 17au.2
1972-'73 | 9.5 142.1237.4 1255.8 | 279.4 | 392.7 | 224.3 | 320.3 {123.0 | 2.2 | 4u.4 | 55.1 | 2'166.2
1973 | 65.5| 79.9|1s8.8 | - - - - - - - - - -
Mean | 55.3 [139.3 | 247.11302.0 | 305.2 [ 264.1 | 177.9 | 127.4 | 73.6 | 47.5 | 26.2 | 22.3 1,807.8




TABLE A-38

AVERAGE MONTHLY DISCHARGE

LUSI RIVER BANJAREJO DAMSITE

malsec)

(Units in
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TABLE A-39

MONTHLY YIELD -~ LUSI RIVER AT BANJAREJO DAHBiTB

(units in 10 x m3)

L

“.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 1 7.7 9.0 -
1952-'53 9.6 45.9 | u4.2 | 87.6 | s5.4 | 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 | uu.8 | 35.2 | 10.9 15.2 8.2 4.9 480.1
1954~-'55 | 13.9 37.1} 38.3 ) 80.4 | 92.4 | 66.7 | 73.1 | us.s8 24,1 8.1 8.7 3.2 491.8
1955-'56 { 11.5 59.9 | 61.9 | 72.0 | 52.7 | 47.1 | 38.4 | 34.2 33.2 | 10.3 | 23.6 5.2 450.0
1956-'57 | 13.1 17.4 1 44,2 | 44,2 | 46.0 {110.9 | 31.9 | 16.4 | 11.4 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
.1958-159 | 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 2.8 431.2
'1960-'61 | - 3.5 45.6 | 64.8 | 70.4 | 83.2 | u6.9 | u8.0 | 18.7 | 7.8 0.9 0.0 0.6 390.4
1961-'62 1.6 16.1 | 68.6 | 72.3 | 92.9 | #3.4 | 81.1 6,6 | 10.1 9.8 6.9 1.5 410.9
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
1964~165 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
1965~166 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 | u4.5 | uu.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 | u1.0 | 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 | 35.8 | 10.6 8.0 1.3 0.4 6.9 377.7
1969-170 6.2 21.3 | 34.0 | 60.0 | u7.9 | 88.7 | s4.2 | 23.5 | 10.9 4.7 0.6 4.5 356.5
1970-'71 7.8 19.2 | 49.0 | 85.4 | 53.2 | u7.4 | 22,8 | 77.9 | 20.5 |'13.1 0.0 6.3 402.6
1971-'72 | 13.7 33.7 | 59.5 | 76.3 | u4.8 { 76.3 | 28.5 | 49.6 2.6 0.0 3.5 0.2 38¢S.2
1972-1'73 0.5 22.6 | 50.6 | 57.0 | 44,5 | 57.0 | 57.3 | 60.5 | 22.3 | 17.1 6.9 6.5 402.8

1973 11.8 50.3 | 75.0 - To- - - - - - - - -

Mean 8.3 29.3 | 62.7 | 68.3 | 66.0 - 67.0 'f 42,5 | 37.2 | 12.2 8.8 4.8 4.4 411.5

3
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KEDUNGWARU RIVER AT KEDUNGWARU DAMSITE

TABLE A-40

MONTHLY RUNOEF

o (Units in mm)
Year |lOct: | Nov | Dec | Jan | Feb | Mar | Apr | May | Juo | Jul | Aug | Sep | o0&
! ] Annual
1952 - - - 64 | 136 | 153 63 31 1n 2 12 20 -
1952-1953 | 18 8s 70 | 104 93 g1 | 136 56 33 11 2 4 693
1953-1954 | 10 62 95 | 126 | 184 73 | 109 43 43 22 55 21 843
1954-1955 | 29 76 | 127 | 164 | 221 | 151 | 174 | 105 54 60 17 2 | 1,180
1955-1956 | 23 91 | 132 | 122 | 118 | 120 51 2 1130 13 Ly 2u 923
1955-1957 | 38 57 86 68 92 | 175 €0 u2 36 | 109 11 1 795
1957-1958 | 17 46 | 156 92 | 158 | 266 | 102 3y 19 62 LE 8 | 1,011
1958-1959 | 34 26 | 197 | 134 | 222 | 289 46 | 163 25 41 6 6 | 1,179
1955-1960 | 12 37 | 118 | 209 | 1u€ 62 | 120 82 4 7 13 8 778
1900-19€1 ! 10 | 105 | 153 | 229 | 120 82 86 72 17 2 0 0 876
1561-1962 7 42 85 | 257 | 153 | 113 | 117 19 23 64 59 14 853
1962-1963 | 30 72 | 11 | 187 | 168 | 110 55 50 8 0 0 2 783
‘| 1963-1966 | 12 27 | w2 | 127 | 13s | 1129 | 112 84 28 5 13 51 859
1964-1965 | 45 72 8 | 224 | 115 | 151 u9 as 4 11 3 1 811
1965-1366 o} 11 | 338§ 171 | 13u | oo 3y 38 30 2 u S 771
1966-1967 | 17 4s | 95 | 218 93 | 106 | 132 12 0 0 1 2 721
1967-.968 | 16 35 | 181 | 18 9s | 131 86 | 120 41 | 103 51 23 | 1,034
1968-1969 | 17 76 | 133 | 1 | w2 | 199 | 105 40 14 14 7 8 859
1969-1970 | 17 39 | lo8 | 140 93 | 158 | 11 72 20 e 0 16 783
1970-1971 7 60 g0 | 190 { 188 | 161 97 | 106 65 i 0 12 960
1971-1972 | 48 56 | 116 | 211 99 | 182 62 65 0 0 19 0 866
1972-1973 2 sy | 109 | 119 | 125 | 130 | 151 } 176 3s 25 12 29 | 1,030
1973 27 | 108 | 262 - - - - - - - - - -
Mean 20 58 | 227 | 160 | 137 ) 150 94 65 29 26 17 12 895




TABLE A-41

AVERAGE MONTHLY DISCHARGE KEDUNGWARU RIVER AT KEDUNGWARU DAMSITE

(Uzits in m3/s)

Annual
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1959-'60
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1967-'c68
1968-'69
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1970-'71
1871-'72
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1973

Mean

A-79




(Units in 10° ma)

TABLE A-42

MONTHLY YIELD

KEDUNGWARU RIVER AT KEDUNGWARU DAMSITE
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TABLE A-43

MONTHLY RUNOFF - GLUGU RIVER AT BANDUNGHARJO DAMSITE

(Units in mm)

Year Oct Nov Dec Jan Feb Mar Ap» May Jun Jul Aug Sep Annual
1952 . - - - 200 152 235 77 33 11 9 27 9 -
1952-*53 32 '} 130 113 194 187 131 171 66 20 22 2 40 1,168
1953-'54 4 66 105 197 180 141 1yy 68 21 49 32 14 1,021
2954-'55 27 135 77 199 158 80 102 59 33 66 9 16 961
1955-*56 S4 71 g8 175 149 141 47 59 116 4 27 14 955
1956-'57 20 53 1u9 128 130 321 120 16 25 39 2 0 1,003
1957-'58 25 63 150 150 224 235 9y 61 49 83 36 26 1,04€
1958-159 64 77 175 213 126 156 111 119 72 19 L 4 1,140
1959-'60 20 6S 111 130 128 80 63 77 28 13 2 14 724
1960-'61 11 92 117 4y 133 195 48 154 10 0 0 2 906
1961-'62 14 78 75 228 107 112 135 23 59 25 24 26 903
1962-'63 4y 60 133 235 154 120 82 8 6 0] 0 1 843
1963-"64 16 41 158 62 200 106 77 73 36 7 12 16 804
1564165 40 22 76 131 149 146 190 21 20 8 0 0] 805
1555-'66 22 66 117 129 92 152 33 26 57 0] 4 1 699
1966-'67 43 67 83 202 11y 149. lo4 14 0] 0] 8 0 794
1967-'68 iy 69 195 165 232 116 99 134 30 87 29 19 1,257
1968-'69 . 30 120 82 68 166 138 4o 0 7 22 0 o 673
1969-'70 62 58 146 177 150 237 88 95 11 18 o 24 1,067
1970-'71 46 70 129 291 134 143 105 115 80 2 13 8 993
1971-172 79 74 132 266 143 143 92 78 21 1 6 1 1,063
1972-'73 12 96 146 193 181 202 93 211 33 59 26 31 1.383
1973 38 105 168 - - - - - - - - - -

Mean 33 76 124 176 154% 158 99 69 3n 2y 12 12 971




TABLE A-u44

AVERAGE MONTHLY DISCHARGE - GLUGU RIVER AT BANDUNGHARJO DAMSITE

(Units in m°/s)

Annual

Mean
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TABLE A-45

(Units in 106 m3)

UNGHARJO DAMSITE

RIVER AT BAND

MONTHLY YIELD - GLUGU
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TABLE A-46

“Year | Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep A:;zl
1952 - - - 221.5 } 220.5 ) 231.7 78.8 49.1 | 13.9 5.3 17.4 17.0 -
1952-'53 3.8 150.9 | 147.1 168.5 | 151.7 ] 121.6 l166.4 90.2 58.8 30.7 2.5 1.9 84,3
1953-*54 6.4 71.4 ] 150.9 } 196.9 225,31 134,7 | 134.7 102.2 26.3 34,9 26.4 }120.3 102.8
1954-*55 41.4 | 154.6 §{ 117.7 252.3 1 232.7 | 115.3 143.0 72,3 49.4 70.2 21.1 13.4 106.9
195F un ; 4.6 ) 135.3 | 150.3 | 207.0 196.9 | 132.2 57.0 56.6 87.9 18.3 36.8 17.1 95.0
1958 -7 ! 36.3 55.4 | 155.0 | 124.2 122.3; 207.8 { 133.8 39.3 52.8 70.1 10.9 2.3 84,2
1958,-"%8 | 13.5 u6.91] 179.8 ] 152.8 313.3 | 278.6 | 154.4 95,2 46.2 80.0 64.3 18.0 120.3
1958-T5y 69.5 89.7 { 252.3 | 2048.0 230.6 | 198.0 | 120.3 163.3 55.7 47.9 8.2 10.4 120.8
1959-160 16.3 72.6 | 234,8 | 166.5 210.4 | 133.7 | 126.6 97.7 26.1 13.5 6.5 7.5 92.7
1960-~'61 12.4 § 119.5| 126.4 | 184.8 183.3} 151.3 99,2 | 127.9 18.2 5.2 8.4 1.5 85.8
1961-~162 10.3 66.4 | 128,8 | 223.9 224,6 | 127.0 | 200.2 31.5 36,0 31.0 33.5 7.8 91.9
1962-t63 38.5 94,6 | 121.1] 213.1 211.5| 176.2 | 105.6 24,8 11.9 1.5 0.5 1.7 83.4
1963-*64 29.9 40.9 | 135.1 97.3 ] 164.8 | 169.2 124.2 66.0 43,7 21.2 21.3 34,2 79.0
J964-~165 68.5 82.5 98.9 {183.7 | 182.2 197.7 90.8 34.7 18.0 7.7 0.8 | 0.4 83.2
1965-166 18.0 74.5 | 142.4 | 165.9 174.6 | 275.8 71.5 56,6 64.3 9.3 11.0 7.9 88.9
1966-~167 45.8 73.3 ] 132.8 | 252.4 175.3} 150.0 { 126.5 17.0 3.5 1.6 3.3 2.1 81.9
1967-'68 10.4 55.3} 190.0 | 198.1 239.5170.3 ] 147.4 163.8 70.2 }102.1 52.6 17.4 116.1
1968-'69 39.7 | 137.7 | 102.5 172.8 | 220.8 | 193.4 100.2 24,7 25.0 9.2 3.9 18.6 87.4
1969-:'7C 35.3 61.5{ 139.0 | 158.1 136.3 | 218.2 ] 111.8 103.4 34.6 17.2 7.1 35.6 88,2
1970-771 30.8 80.0) 131.1{ 236.4 182.0 1} 155.8 | 101.8 160.9 54.5 9.4 3.1 9.7 96.3
1971-'72 49.0 72.2 { 154.0 | 223.1 134.5(160.0¢{ 76.2 80.6 13.4 6.2 8.5 0.3 81.5
1972-173 3.8 70.4 | 133,6 | 160.1 | 191.0 221.0 | 124.8 ; 198.8 73.2 82.2 4y.4 55.1 110.0
1973 38.6 | 135.1} 235.2 - - - - - - - - - -

Mean 31.3] 88.21152.7 {190.1 | 196.6 | 178.2 | 118.0 | 84.4 | 0.2 | 30.7 | 17.8 18.8 | gs5.5
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TABLE

A-47

MONTHLY YIELD-SERANG RIVER AT WILALUNG

(Units in 10 m3)

"/ Year Oct | Nov| Dec| Jan| Feb| Mar| spr| May| om| ow| awg| sep ‘g:t“:ll
1952 - - - |574.1 |571.4 | 600.6 | 204.2 {127.3 | 36.0) 13.8| us.1 | us.0 -
1952-'53 91.1 |406.6 | 381.3 | 436.9 |393.3 | 315.2 | u3L.4 | 233.7 {152.4| 79.5| 6.6 | 4.9 | 2,932.8
1953-'54 | 16.7 |184.9 | 301.2 | 510.2 |583.9 [ 349.3 | 390.8 | 264.1 | 93.9| g0.u | ee.u |812.7 | 3 255.2
1954-155 | 107.3 |400.7 | 305.1 | 653.9 |603.2 | 373.2 | 370.7 | 206.5 |128.0 | 181.9 | su.7 | 3.7 | 3 u19.9
1955-156 | 115.7 | 350.6 | 389.6 | 536.3 |512.2 [ 32.7 | 147.9 |146.6 [227.9| 47.4 | @5.5 | 4.3 | 2 956.8
1956-'57 | 94.0 |143.5 |401.7 | 321.9 |317.1 | 538.6 | 346.9 | 101.8 [136.8 | 18107 | 28,2 | 5.9 | 27s18.1
1957-'58 | 35.0 [121.5 | 465.8 | 396.0 {811.9 | 722.2 | 399.4 | 246.7 |119.9 | 207.4 |166.7 | 4.8 | 3.739.3
1956-59 | 160.2 1232.5 |653.8 |528.9 |597.7 | 512.9 | 311.8 | 423.3 |144.u | 124.2 | 21.2 | 26.9 | 3.757.9
1959-160 | 42.23/188.1 |608.5 |431.6 |545.3 | 3u6.6 | 328.2 [ 253.3 | 67.7| au.a | 16.9 | 19.5 | 2.882.6
1960-'61 32.3 | 309.7 | 327.6 | 479.0 |475.2 | 392.2 { 257.2 331.5 47,2 13.4 1.2 3.8 2,670.2
1961-162 | 26,8 |172.1 |313.0 |580.3 [582.2 | 320.2 | 518.8 | 81.6 | 93.4| 80.4 | 61.0 | 20.2 | 2.859.1
1962-'63 99.8 |245.1 {314.0 | 552.3 {5u8.2 | 456.8 | 273.8 64.4 30.9 3.8 1.2 4.3 2,594.6
1963-764 | 77.4 |105.9 {350.2 |252.1 |427.3 | 438.0 | 322.0 {171.1 |113.4 | 55.0 | 55.1 | 88.7 | 2 456.6
1964-'65 | 177.4 |213.8 | 256.4 | 476.1 [472.2 | 512.4 | 235.2 | 89.9 | u6.5| 20.0| 2.11 1.0 | 2.587.2
1965-'66 | 33.6 |193.2 | 36.9 |430.0 |452.6 | 724.9 | 185.3 | 146.7 |166.6| 2u.1 | 28.6 | 20.5 | 2.765.1
1966-'67 | 118.8 |189.9 | 344.3 | 654.3 |usu.u | 388.9 | 337.9 | u3.0 | 9.2| u.2| 8.5| 5.5 | 2.507.6
1967-'68 | 27.0 |143.4 |492.5 |513.4 |620.8 | uu1.3 | 382.1 | u2u.5 |162.0 | 264.7 |136.3 | us.2 | 3.673.2
1968-'69 | 103.0 |356.8 | 265.7 |u47.8 |572.3 | 501.4 | 259.6 | 64.0 | e4.7] 23.9 | 10.1 | u8.2 | 2.717.6
1969-170 | 91.5 159.4 | 360.4 |409.9 |353.3 | 565.7 | 289.7 | 268.0 | ©9.6 | 4.6 | 18.5 | 92.4 | 2.743.2
1870-'71 | 79.9 |207.5 | 339.9 |612.7 |471.7 [ 403.8 | 263.8 | 417.1 {141.3| 2u.3| 8.0 | 25.0 | 2.995.0
1971-772 | 127.0 |187.3 |399.1 578.3 |3u8.6 | ulu.8 | 197.4 (208.9 [ 3u.8| 16.1 | 21.9| 0.7 | 2.535.1
1972-'73 | 9.8 |182.4 | 346.4 | 415.0 | 495.1 | 573.0 | 323.5 | 515.3 | 189.6 | 173.3 | 58.1 |139.6 | 3.421.0
1973 | 100.1 |350.2 |609.7 | - - - - - - - - - -

Mean | 81.2 (228.7 |394.7 |493.0 |509.8 | u62,1[ 306.0 | 218.9 |104.2] 79.6| ue.2 | 47.2 | 2,971.9
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MONTHLY DISCHARGES - SERANG RIVER AT KEDUNGOMBO

TABLE A-u48

(Quoted: [9] SMEC Studies 1978/1979)

(Units in m3/s)

Oct

Year Nov Dec Jan Feb Mar Apr May Jun Jul’ Aug Sep Mean
1952 - - - 55.31} 54.74§ 67.10| 20.87 | 12.71| 3.83| 1.07 | 2.98 | 3.34 .-
1952-'53 | 6.60f 4u4.73| 45.30] 36.00} 29.82] 27.83] 35.50 | 21.u4 3.62] 6.75 | 0.71 | 0.50 | 21.57
1953-'54 | 0.28| 6.04} 20.95| 41.96{ 52.19)] 30.03} 44.87 | 31.81 6.32 | 8.24 | 2.77 | 4.33 | 20.82
1954-'55 | 10.65| 53.68} 35.22| 70.36| u1.48] 32.66} 23.28| 9.98| s.u0 13.77 | 4.97 | 5.40 | 25.67
1855-'56 | 10.08| 31.88| 28.61| 57.58| 66.67 | 35.78] 9.94 | 12.28 | 12.00 | u.26 5.68 { 3.98 | 23.23
1956-'57 | 8.31} 14.84} 52.11} 42.88| 25.84 | 66.95| 38.48 | 10.01{ 3.27 8.95 | 1.78 { 1.21 | 22.89
1957~'S8 1.07 3.55} 31.60}f 36.21| 79.45} 70.22] 46.93 | uu.73 9.09 | 22.58 {25.13 4.19 31.23
1958-'59 | 22.65| 25.49} 66.03] 72.491 55,17 | s3.89 | u0.61 ] 39.41{ 11.01 15.55 | 1.63 { 0.99 | 33.74
1959-'60 2.56| 18.89] 62.41{ 27.69} 56.16 | 30.25| 30.03 33.80 7.10 5.54 1.07 0.57 23.01
1860-'61 | 2.34} 22.79| 20.16{ 34.01| 33.37 | 39.69| 17.96 | 41.82 ] 5.04 1.35 | 0.28 | 0.1 | 18.25
1961-%62 0.211 17.32] 20.38} 46.86 | 41.04 | 29.18 | 47.14 13.14 6.46 5.33 4.12 0.43 19.30
1962-'63 | 2.41| 22.72| 40.68| 58.50 | 42.17 | 56.44 1 34.51 | 4.26 ! 1.1u 0.71 | 0.28 | 0,07 | 21.99
1963-'64 | 0.46] 5.89| 19.24| 16.61 | u4.94 | 40.33 | 48.92 | 21.23 | 9.80 6.25 | 3.83 | 3.34 | 18.37
1964-~'65 116.26{ 17.0u4 | 14.48 45,23 | 52.26 | 55,38 | 30.18 | 6.96| 2.3u | 1.63 0.21 | 0.14% } 20.18
1965-'66 | 1.70| 11.36| 20.u45} 42.17 | 57.08 | 82.79 | 2u.64 | 11.08 | 18.82 5.18 } 4.12 ] 1.07 | 23.37
1966~'67 { 14.48 | 17.47 | 32.38| 66.81 | 68.23 | 33,87 | 28.33 | 5.0 0.78 | 0.07 0.07 | 0.07 | 22.31
1967-'68 | 0.07| 8.45] 36.99{ 46.36 | 69.23 | 48.85 | 40.68 | 39.90 | 10.08 | 17.54 12.00 | 3.05 | 27.77
1968-169 9.72 | 35.43 | 42.03} 39.41 | 50.33 | 36.49 | 28.47 6.32 5.82 2.56 0.71 0.36 21.47
1969-'701 8.02| 7.31|37.06| 22.01 | 24.92 | 37.49 } 15.76 { 25.28 | 7.2u | s.25 3.55 {11.50 | 17.12
1970-'71 1 5.61} 13.77 | 35.00{ 59.43 | 40.83 | 41.89 | 29,18 | 32.38 | 19.24 | 0.43 | 0.07 0.07 | 23.16
1971-'72 | 3.76| 9.94 | 31.95| 50.84 | 31.45 | 26.27 { 15.83 | 11.72 | us.05 | 3.83 | 0.71 0.07 ; 15.87
1972-'73 | 0.07| 9.59 | 25.92§ 37.84 } 51.26 | u2.88 | 23.57 | 46.36 | 15.83 | 21.66 | 3.27 20.09 | 24.86
1973 8.23 ) 34.01 { 47.07 - - - - - - - - - -

Mean 6.16 | 19.66 | 34.82 | 40.51 | 48.57 | 42.93 | 30.76 [ 21.91 | 7.48 | 7.21 | 3.63 | 2.95 | 22.19
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TABLE A-49

MONTHLY DISCHARGES - SERANG RIVER AT SEDADI WEIR
(Based on NEDECO Studies 3)] ‘

(Units in m3/s)

Year

Oct

Nov

Jan

Feb

Mar Apr May Jun Jul Aug Sep Mean

1952 - - - 77.90| 77.10 | 94.51 | 29.39{ 17.90 5.39] 1.51} 4.20 | u.70 -
1952~153 9.30} 63.00 | 63.80 | 50.70 42,00 39.20 | 50.00{ 30.20 5.10 9.51 1} 1.00 0.70 30.63
1953-'S54| 0.39| 8.51 | 29.511 s9.10 73.51 | 42.30 | 63.20| 44.80) 8.90 11.61 | 3.920| 6.10 | 29,32
1954-'55| 15.00{ 75.61 { 49.61 | 99.10 S8.42 | 46.00 {34.20} 14.00| 7.61{19.39 7.0G | 7.61 ] 36.15
1855-'56 | 14.20| uu4.90 { 40.30 ) 81.10 93.90 { 50.39 { 14,00 17.30} 16.90 | 6.00 8.00 { 5.61 | 32.72
1956-'57 | 11.70} 20.90 | 73.39 | 60.39 36.39 | 93.79 | s54.20( 14.10| u.61 | 12.61 2.51; 1.70 | 32.24
1957-'58 ! 1.51) S5.00 {uu4.51] 51.00 111.90; 98.20 | 66.10) 63.00| 12.80 | 31.80 35.39 | '5.90 | 43.99
1958-'59 31.90| 35.90 | 93.00 102.10f 77.70 | 75.90 { 57.20 55.51§ 15.51 ] 21.90 2.30 1.39 47.52
1959-'60 3.61{ 26.61 | 87.90 { 39.00 79.10 { 42.61 42.30) 47.6121{ 10.00 7.80 1.51 0.80 32.41
1960-'61| 3.30} 32.10{ 28.39 47.90| 47.00 | 55.90 | 25.30 58.90 7.10 1.98 0.39 0.20 25.70
1961-'62 0.30{ 24.39 | 28.70{ 66.00 57.80 | 41.10 | 66.39] 18.51 9.10 7.51 5.80 0.61 27.18
1962-'63 | 3.39| 32.00 | 57.36 | 82.39 58.39 | 79.49 {u8.61} 6.00) 1.61| 1.00 0.39{ 0.20{ 30.97
1963-'54 0.85 8.30 | 27.10 | 23.39{ 63.30 56.80 {68.90| 29.30 13.80 8.80 5.39 4.70 25.87
1364-'65 | 22.90| 24.60 | 20.39 | 35.54] 73.61 78.0C 1 42.51| 9.80| 3.30| 2.30 0.30.§ 6.20 ] 28.42
1965-°66 1 2.39) 27.20 | 28.80 | 59.39] 80.39 116.61137.52) 15.61{ 26.51{ 7.30 | 5.80 1.51§ 32.92
1866-767 | 20.39| 24.99 | 45,61 § 9u.10| 95.10 47.70 139.90}f 7.61| 1.10| 0.10{ 0.10 | 0.10 31.42
1367~'68 0.10 21.90 | 52.10 | 65.30| 97.51 68.80 {57.30| 56.20| 14.20 | 2u.58 16,90 4.30 39.11
1968-'69 { 13.69{ 49.90 | 55.20 55.51} 70.89 | 51.39 {40.10 8.90 8.20 3.61 1.00 0.51 30.24
1959-'70 | 11.30] 10.30 | 52.20 31.00{ 35.10 | 52.80 | 22.20] 35.61 10.20 7.39 5.00 | 16.2¢C 24,11
1970-1'71 7.901 19.3¢ [ 49,30 83.10] 57.51 59.00 | 41.10| 45.61§{ 27.1¢C 0.61 0.10 0.10 32.62
1971-172 5.30{ 14.00 {45.00 | 71.51} 4%.30 37.00 | 22.30] 16.51 5.70 5.39 1.00 0.10 22.358
1972-'73 | 0.10} 13.51 {36.51 | 53.30{ 72.20 60.39 33.201 65.30| 22.30 | 30.51 | 4.61 |28.30 35.01

1973 11.59} 47.90 | 66.30 - - - -~ - - - - - -
Mean 8.68 | 27.69 |49.04 | 57.05{ 57.06 68.41 143.32 10.54 }10.15 5.11 | 4,15 30.59

30.86
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MONTHLY RUNOFF SERANG RIVER AT SEDADI -

TABLE A-50

(units in mm)

‘7{!éar“

oy |

Qct Novw Dec Jan Feb Mar Apr Jun Jul Aug Sep Total

- ~1952 - - - 240 215 292 88 55 16 S 13 14 938
1952-753 29 188 197 156 117 121 150 93 1s 29 3 2 1,100
1953-*54 1l 25 91 182 205 131 189 138 27 36 12 18 1,055
1954155 48 226 153 306 163 142 102 43 23 60 22 23 1,308
1955-156 by 134 12y 250 262 155 42 53 51 19 25 17 1,176
1956-757 | 36 62 226 186 101 289 162 4y 14 39 8 5 1,172
1957-'58 5 15 137 157 312 305 198 194 38 a8 109 18 1,587
1958-159 98 107 287 315 217 234 171 171 U6 68 7 4 1,725
1959-'60 11 § 79 271 184 220 131 126 47 30 24 5 2 1,230
1960-'61 10 | 26 88 148 131 .172 76 182 21 6 1 1 862
1961-'62 1} 73] s8s 204 lel 127 198 - 57 27 23 18 2 980
1962-'63 10 E .96 | 177 254 166 245 145 19 5 3 1 0 1,121
1563-T64 ‘2 | 25 | 84 72 176 175 206 g2 41 27 17 14 931
1864-'65 71 72 ' 63 110 205 28] 127 30 10 7 1 1 938
1365-'66 7 82 | 89 183 224 360 112 48 80 23 18 5 1,231
1966-167 63 75 | 1 '290 268 147 119 23 3 0 a 0 1,129
1967-'68 3 36 | 161 174 272 212 171 273 42 76 52 13 1,385
1968-'69 42 lug | 183 171 198 159 120 27 24 11 3 2 1,039
ige9-170 35 31 | 161 | 96 a8 163 67 110 106 23 16 L8 954
1970-171 24 58 | 152 256 161 182 123 141 136 2 0 0 1,235
1971-'72 | 129 42 | 139 221 123 | 114 67 51 L9 17 3 0 955
1972-'73 3 40 | 113 ie4 " 201 186 100 | 201 195 9y 1y 85 1,396

1973 36 143 | 20s - -} - - - - - - - -

Mean 32 84 | 151 196 191 | 195 130 g5 45 32 16 12 1,179




A.3. REGIONAL FLOOD ANALYSIS*

A.3.1. General

There are two problems in determining flood probabilities for rivers
in Indonesia. First, seldom is there =zuy actual measurements of dis-
charge during the passage of the flood. Generally flood peaks are
estimated from rating curve extensions. That is, flood peak discharges
are not measured but estimated with unknown accuracy. Secondly, the
period of record for many stations is very short. The statistics of the
flood peaks are not accurate when the record is short,

‘To overcome these problems, PRC Engineering Consultants, Inc. has
used regional flood curves to estimate flood statistics in Java and
Sumatra: The regional flood curves are developed from existing data
published in feasibility reports For water resources dévelopment.

The regional flood curves are constantly being revised as new data
become available. It is critical that revisions be continued in the
future: One #ho uses these curves without any effort to add to their
validity will learn little or nothing of floods in Indonesia.

The theory behind the development of regional flood frequency curves
can be found elsewhere. The users of such curves are advised to review
this theory so that the interpretation of individual station data can
_ be accomplished correctly:. For example; the Jragung River catchment up-
gtream from the Borangan Bridge is a long and very steep watershed
draining one sector of Gunung Ungaran:. The flood peaks from this catch-
ment are much different than from a similar sized catchment on the flat
alluvial plains downstream.

® The analysis was done in March 1980 1ncorporat1ng therein the
highest flood of January 1980,
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A.3.2. Data

The data used for this current regional flood frequency analysis
are listed in Table A-51. Most of the data are from the Snowy Mountains
Engineering Corporation's vegional flood frequency study [8]. We have
added four stations to the Snmowy Mountains record. Also, the inter-
pretation of the data herein are slightly different.

The data listed in Table A-52 were not used in the regional Flood
study because the period of record for these stations is less than 10
years,

The situation on the Jragung River is used to illustrate how the
ddta should be revised as new records become available, ‘The annual
peak flood for the seven years of record at the Borangan Bridge are
as follows:

ANNUAL PEAK FLOOD
JRAGUNG RIVER AT BORANGAN BRIDGE

Year pate Peak Discharge - Volume of Flood

mals 106 m3
1t 9 Mar 1974 204 - 4,41
2 5 Jan 1975 280  3.13
3 18 Mar 1976 345 - 3.35
M 23 Apr 1977 158 11120
5 31 Dec 1977 387 3,55
6 6 Apr 1979 358 3.3
7 22 Jan 1980 982 175

* Note: Record begins on 4 May 1974, |
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va the first eix years of record, the mean annual flood is
304 m Is and the coefficient of variation is 0.27. Then, the flood
“of.record occurred on 22 January 1980. The peak discharge for this
.k.fIOOd was approximately twice the pvevious largest peak and its volume
. was 4 times greater than the previous largest volume.

Now, for the entire 7-year period of record, the mean annual flood
is 368 m /s and the’ coefficient of variation is 0. 50._”' ‘ '

A3.a. Reglonal Mean'Annual rioo’df

The regional relation between mean annual flood peak and catohmentf:
area is shown in Figure A-9, a

PRC Engineering Consultants, Inc. usee the enveloping curve to-
determine flood frequencies for the design of- structures such as weirs,
or diversion tunnels. The lower curve is employed to evaluate and
design flood control systems such as levees. R

A.3.4, Regional Coefficient of Variation

The regional relation between coefficient of yar;ation and catchment
area is shown in Figure A-10. The mean curve is used for all analyses
and also for design. '

A.3.5, Frequency Distribution

It has been shown that the flood peal QT with return period T io
glven by the equation




in which * mean annual flood peak

coefficient of variation

coefficient depending on the return
period T and on the frequency distribution of
the flood peaks

SO
]

" The frequency distribution of flood peaks in Indonesia is not
;known because, for most gages, the period of record is not long enough
-to obtain a stable mean or coefficient of variation. Estimates of the
skew are totally unreliable.

PRC Engineering Consultants, Inc. assumes that the flood peaks
. have a Type 1 extreme distribution. The values of Ky for this distribu-
bution for 15 years of record are listed below.

VALUBS OF KT
GUMBBL DISTRIBUTION

Return Period :V@;gekof §
Ty Years '

o
10
15
20

25
50
.. 100"

Snﬁﬁéséfbﬁé;kéht:5¥§%é§i;ﬁﬁt¢fthe return period for the 22hqanﬁaﬁy ,
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1980 flood on the Jragung River at the Borangah Bridge using the regional
curves. The flood peak was 752 m3/s.

ghe regional mean annual flood for a catchment areas of 101 km2 is
368 m /s. (The enveloping curve passes through this point). The re-

gional coefficient of variation is 0.47. Now

Q.
ke = g (- D

v

- or

- 1 752 -
K'l‘ = W(m -1l) = 2,22

f *fAc¢6rding to the table showing the variation of KT with T for the
T&pé-l extreme dist:ibution, the 22 January 1980 flood peak has a return
period of approximately 20 years.

A.3.7. Update of Curves

As mentioned in the previous paragraphs, the regional flood curves
are constantly being revised as new data become available. It is
. essential that revisions be continued in the future. Evaluation of
the existing regional curves for mean annual flood and coefficient
of variation should be made as soon as a large flood is recorded at
a gaging station, such as the January flood at Borangan Bridge on Jragung
River. It is critical that the new record be thoroughly analyzed and
evaluated before applying it in the revision of the existing regional
flood curves. ' '

It should be noted that the analysis given above was done to
include the data of flood which occured in the basin in January 1980.
The original analysis'for the Jragung River reported in Appendix A,
Part I was completed in July 1979 and was, therfore, based on the
information on the regional flood data known at that time,
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TABLE A-51

DATA FOR THE REGIONAL
ANNUAL PEAK FLOOD ANALYSIS

g;:;g; River Gage §:2§:d:f Xig:nage Ag§:21_ cg;:£f§f Reference
’ Flood, Q variation,
km2 m3/8 . CV
1 Cimanuk Leuwigeong 26 . 751 333 0.30 1
2 Cimanuk Eretan 19 1,460 703 0.22 1
3 Cipeles Suhatali 10 310 290 ©0.46 1
%  Cisadane Masing 10° 129 ©193 . ,'6536'"‘ 1
5  Cian- b S e e
ten II  Kracak 12° 143 496 048 1
Citarun Plumbon 12 4,150 1,713 1
Kawah ‘ . .
Ciwidey Post A 13 0.26. 1
Cipadaran Post B .13: 0.69: 1
Ciwidey Post C. 12° 0.28 - 1
10  Cisarua Post D- 12 0.35° 1
11 cilaki  Ciheulang 17 T4 0.51 1
12 cikatib Ubrug 12 538 0.30 1
13 Bogowonto Bener 12 102 0.48 1
14  Serayu  Garung 12 88 0.48 1
15 Catur  Giringan 12 70 0.25 1
16 Konto  Kedungrejo 12 49 0.53 1
17  Tuntang Glapan - ‘360 0.31 2
18 Serang Kedungombo 3 ‘
- Damsite - ‘61N 600 0.25
19  Jragung Borangan 7 201 368 0.50
20 Jragung  Weir 18 133 377 0.12
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TABLE A-52

DATA NOT USED IN THE REGIONAL
ANNUAL PEAK FLOOD AMALYSIS

Desig—
nation

Mean Coeffi~
Years of _ Drainage Annual cient of Reference
Records Avea, A Flood, Q variation,
‘ kn? mals c,

‘River - "'éage

Q| +h 0 A 0 U &

Citarum Nanjung 1,718 359 0.14
187 141 - 0.19
201 77 0.13
‘se 90 1.08
w e oas
,iﬁif ;QBT‘ lofaﬁi

Ciwidey Cukanghaur
Cidano Curug Betung -
Garang Pudak Payung

Tuntang Tuntang
Citanduy Indihiang

W W N W 9w o

Ciwulan Lengkongjaya
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