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 ANNEX-I  METBOROLOGY AND HYDROLOGY

1. GENERAL
.1 Objpctives

The hydtoloqical investigation and study ate conducted to make .
clear the hydrological propertiés in and around thé area for irvcigation
and flood control planning with the Eollowing specific objectives:

(1 ‘Review and examine the available basic data collected before,
{2) Additional collection of meEeorOlogicél and hydrolegical data,
{3i Sampliﬁg'fér water qualfty analysis(

(4) Stuéies‘of=fiood énd drought discharées,

(5). InVestiggtioh of sedinment load, and

(6} Investigatfon of flood inundation area.

112 River Basin

The major streamflows relevant to the itrigation planning are the
Bila, the Kalola and the Gllirang river. The following are the general
characteristics of their river basins: . '

" 'The Bila river originates in Mt.: Tallu of thé northern mountainous
zone and flows intd Lake Tempe. The river collects the Boya, the
Ralola and the Lancicang rivers in its downstieam reaches. The basin
stretches over two (2) Kabupaten of Wajo and Sidrap The river systen
is shown in Pig, 1.1 and has a ¢atchment area of 1,368 km2‘at the
river mouth, River length of the Bila fs about 87 km from the river
mouth to the headwaters, The elevation of an alluvial plain formed by
the main stream of the Bila ranges from about 8 m near Lake Tempe to
the maximum about 30 m near thé Bila gauging station. The alluvial
plain has a Elat topography sloping from north to south with gradients
ranging from 1/1,000 at the upper to 1/3,500 near Lake Buaya,

A catchment area ‘at the Bila dauging station is 379 km2,
About 95% of kthe catéhment area is the mountainous area COVe:ed with

thick forest and the renaining is presently used for cultivation of
paddy.

_ The Kalola river, one of tributaries of the Bila, originates fronm
Mt, Bottolingérang with elevation of 262 m and passes thiough the
valley. Catchrént area of the proposed dam site is 122 km2 and total
catchrent area at the confluence to the Bila river is 167 km2,

In the upstrean basin of the proposed dam site, the river basin is
classified into thre¢ (3) areas. -50% of thé basia is the mountainous
acea with scatteced trees, 40% of that is the hilly acea wlth no tree
and the remaining {s under paddy éultivation.

1 -1



The Gilirang river basin iles contiguously £3 the Kalola river
basin on the east. tThe Gilirang river rises fion the mountainous zone
of east edge of the Bila river basin and flows directly to the Bay of
Bone, The catchment areas are 518 km2 and 300 kn2, 220 km2 at
the river mouth, Tarumpakkae and Gilfrang respéctively in the
upstream of Gilirang gauglng station, the river basia is classified
intd three kinds by its coverage. . About 70% of the basin is the
rountainous atea with forest; 20% of that i the hilly’ area Hith no

“tree and the remainlng is plain avea. '

On the other hand, the shape of river basin which has infiuence on
flood discharge is éstimated by Horton's' form factor and Gravelius'
compactness

g
u

A/LZ
C = 2 A/S

where: ¥p Horton's form factor
C3 Gravelius' mpéctness
A; Catchment area (km2)
L: River length of mainstream (ki)
S; Basin perimeter (km)
t = 3.4

Three (3).tivér basins are summariiéd beloe:

Rivel basin T Bila | Kalola “Gilirang

?oint ) o gila . Proposed Gitirang
: : ' - dam site :
Catchment acea lkm2) 319 122 220
Topography - | o
Mogntain o 958 -  50§ ?Oi
LHill _ - 40% . 20%
Plain - ' 5% 103 10%
Gradient . - 1796 1150 1/430
River length, L 41 km 18 Xm 43 ka
Basin périmetét, S 86 _knm 48 km 99 n
Form factor (F) o 0.23 0.18 0412
pomoactnoss ©) 0.80 0.82 " 0.53




2, HYDROLOGtCAL DATA

2,1 HeteOIOIOgical Data

In and aréund thh Blla itrigathn project afea, there are four (4}
meteorologlcal stations as shown below:

{1) Sengkang (Xab. wajo, Kec. ‘Tempe: P3SA}

{ay ¢ ainfall

(b} témperature
{c) relative: hunidity
(d) - sunshine

{e). wind velocity
(f) . evaporation -

(2) Xanyvara (Kab, $idrap, Kec. Maritengae: PROSIOA)

(ay rainfall

(b} temperature

{c) relative humidity
- (d) . sunshine

(¢} wind velocity

(£) evaporation.

(3) Bontouse (Kab. Wajo, Kec. Tanasitolot . DIPERTA)

{a) tainfall
{b)  temperature
{c}) relative humidity

{4} Fenge {Keb, Wajo. Kec. Belawas: éMA)

{q) rainfall
{b) .evaporatiOn

The locations of these stations are shown in Fig. 1.1, Meteoro-
logical data excluding rainfall data cover for about seven (7) years at
Sengkang and Kanyuara, "and for three (3) years at Bontduse, These

meteorological data provide basic infornation for the agriculture and
frcigation planning.

Rainfall data are described in the Sect;on 2.2 of this ANNEX.

Ceneral ¢limatic cbaracteristlcs of the PtOJect area are described
heteunder. :

{1y Temp_grature

’ Hean nonthly ait tempetature is ranging from 260¢ to 290c and
annual mean tesperature indicates 27,40c, ‘Higher temperature appears
fron October to November and lower temperature appears from June to
Aujust, Table 2.1 and Pig, 2.} show the mean alr température.



(2} Relative humidity

The annual average relative humidity is very hlgh with 803 at,
Sengkang, 86% at Bontouse and 90% at Kanyuata. Lower relative humfdity
ocecurs duting September to October, - Monthly values are shown in Table
2.2 and Pig. 2.1,

(3) Sunshine

Mean monthly sunshine duratibn at- Sengkang is :ahging from 5.0 o
8.0 hours and annual mean sunshine duration 18 6.3 hours that is 53t In
percentage. Minimum duration ocecurs from December té Januaty and
maximum duration occurs from August to October.'

On the other hand, minfmum solar radiation at Kanyuara appears.
from June to August. Maxinum solar radiatlon appeats in October. The
gecond maximum appears in March, -

- Based on the valués at two (2) stations, suashiné durition and
solar radiation in the Project area will be summaclzed as fOllOdS:

{a} The minisumn sunshine value Hlll appear. in June,

(b) The maximum ‘$unshine vatue ulll 0ccur fron September to
October, .

(¢) The second minfmum value will oceur -in the periéd of December
and Janvary, and gradually sunshine value will tisé up to the
second maximum during March to Hay.

Table 2.3 and Flq. 2. 1 show the monthly sunshine values.

(4} wWind velocity

The wind velocity ls qenerally low. Mean monthly wind velociry is
1.0 to 2.5 n/sec. The lower mean monthly wind velocity occurs during
the pericd of April to June and the higher vatué appears during August -
to September. The mean monthly wind velocity is as. shown in Table 2.4
and Flig. 2.1,

(5) Evaggtation

The annuat evaporatién from the standacd class«A Pan records 2, 000
ma (5.5 rmwday} at Séngkang and 2,200 ma (5.9 ma/day) at’ Kanyuata. -The
mOnthly average évaporation réacheés {ts maximum fn October at both
‘stations and Is approximately 6.6 pm/day at Séngkang and 7.1 mm/day at
Kanyvara.  The minimum one occurs in June with 3,9 mm/day at Sengkang’
and 4.7 mm/day at Kanyvara. The mean monthly data are as shown ln
Table 2,5 and Pig., 2.1, ' ;



2.2 Rainfall

ainfall data 6f seventeen (17) stations ia and around the Project
arca were collected, | The network of the rainfall statfon in the
frrigation project afea is well established but that In the river
basins {s not sufficiently existed. The location 6f the statlons is
shown fn Fig, 1.1, and the existing ¢onditions Of the data are shown in
Fig. 2.2,  The setting yeat and operational organization of those
stations atfe glven in Table 2,6,

. Mean monthly and annual ralnfalls at the 17 stations are presented
in Table 2.7.° Out of thosé data, 12 stations were selected consldezing
‘the observation periods, and the monthly ralnfalls ave illustrated in
Pig. 2,3 in terms of average and minimum values,

2.3 wWater Level and-olschatgé Réting'Cutve

Water level cecords at t6 stations are made available in the Bila
river basin and its surrounding area since 1973 as shown in Table 2.8.
The locations of the stations and the periods of avallable records are
shown in Pigs.rl 1 and 2;4 respectively.

During the Haster Plan Study on the Central South Sulawesi Water
Resources Developent Project, the discharge rating curves at Bila,
Bulu Ceénrana and Tanru Tedong stations of the Bila river systém were
prepardéed on the basis of the discharge measuréement data, 1Ta this
feasibility study, those rating curves were examined and confirmed
based on the supplémental discharge data measured thercafter by pMa
during the period 6f November 1978 thréugh May. 1981, However the
curves at high water portion could not be checked due to the lack of
data on high water.

In the Gilirang river system, there exist two water level gauging
stations; Tarunpakkae and Gilirang.

At GiliranQ'station, a discharge rating curve was prepared in this
study based on the’ dlscharge data measured by PMA during the period of
Juné through August 1981. On the 6ther hand, the dischaide rating
curve at Tarumppake station, which was prepared-during the Master Plan
- Study, was not checked because of no supplemental data.

The discharge tating cucve at Kalola statioh was preparéed based on
the diSQhatge measutement carried out by the Study Téam in the month of

August 1981 with suppleﬁent of" calculated discharges from river
profiles, :

- The discharge tating curves at 6 stations thus established are as
shown in Fig, 2.5 in which the broken lines on high water portion show
the extrapolated curve based on thé calculated water level-discharge
telation £rom Manning's Eormula.



2.4 #ater Quality

To make the characteristics of the irrigatibn water quallty mére
clear, water sampling were carcied out in the middle of hugust 1981 for
five {5) wells and the Kalola rivér to Supplement thé results’ made in
the Mastev Plan,

The samples were sent to the Hydféchemical Laboratory, tnstitutn
of Hydraulic Englneering, Bandung for analyslis, The results of_water-
quality analyses for each sites are shown In Table 2.9,. The water
quality of the Bila and the Boya rivers analysed in the Haster Plan are
also shoan in Table 2,10,

According to the results, the following matters are cleirs

(1) The water in the Pcoject area seems to be harmless for _
irrigation and domestic purposes,

(2} At the well No.3 in Desa Tancung, sampled water contains a
little mineral

(3) Hater quality of the Kalola river (Sawple No.6} is almost
same as that of the Bila river.
3. WATER RESOURCES

3.1 Rainfall Characteristics

3.1.1 Rainfall in the Bila river basin

The meéan annual rainfall in the Bila tiver basin upstream from:
Bila water level station varies from 2,000 ma to 2,500 ma.  The wet
season occurs from April to Sépteaber and the dry séason appears’ from
Ociober to March. Heavy precipitation generélly occurs during the
period from May to July during the east monsodéon seasbn and May is
generaliy the mOnth of heaviest rainfall '

3.1.2 Rainfall in'the*projéét'aréa'

For making examinatioa of the tendency on reglonal distributlon of
annual vainfall in the Bila Irrlgation Project area, mass curves of
annual rainfall selectéd at the statlons of Sengkang, Tanru Tédong,
Bila and Maroanging were made as shown In Pig. 3.1, using the data
‘during the period fronm 1931 to 1940, Pig, 3.1 shows that the ahnual
talnfall 1ncreases gtadually toward the horth.

‘In"the Projec;_areahﬁthefgean anaval rainfall:varigé f:6§:aboﬁt
2,000 ma in the northera part td”abOut’l soormm‘in;thé southefh part;‘

About 50 percént  of the annual rainfall occurs during the period
Erom April to July, The average ronthly rainfalls are about 270 ra
during the period from April to July and aboit 100 mm during the period
- Efom Auqust to March.



3,1.3 geasonal rainfall

For the purpose of examining the soundness of planning yéars for
lxrigation study, the vaintalls during the wet and dry seasons at four
(4) stétions of Rappang, Tanru Tedong, Anabanua and Parla wére arranged
In the order of magnitude as shown in Table 3.1 and Plg. 3.2, The
selection Oof the above stations was made in view of; (1) avaflability
of 1ong term data, (2) availability of the data In the reécent years,
(3} the simllac pattérn Of the wet and dry season and (4) close
relation to the Project area, Then the pericd was classified into
thrée (3) pericds of dey, average and wet years and thé years of
1973/74 - 1980/81 applied fot the trrigation study were plotted on the
cutves in Plg. 3 2.

- rig. 3.2 shoas that thé dry season tainfalls for the years of
1973/74 = 1980/81 belong to the dry year and the wet season rainfalls
of thé sald years belong Lo the average year.

?urther, the’ probable rainfalls ducing the dry season at the said
stations were estlmated as shown beldw:

i L . {Unit: mm)
Return period _ ' - Rainfall during dcy season
(year) - Rappang ~ Tantu Tedong Anabanua _ Paria
2 : : 800 660 600 690
5 : 660 520 . 435 510
10 ‘ _ 600 445 365 4310
20 540 ' 365 320 380
50 500 300 215 3390

The retuca periods of the average rainfall of Tanru Tedong during
the dry séason For the yeéars froa 1973/74 to 1980/81 were also :
_ estimated as shown below:

__ Year Rainfall in dry season “Return périod

{wen) ' {year)
1973/74 o - 682 2.0
1974/71% ) - 442 10 -
T1975/16 . 581 | 2.9
1916/77 - 515 5.0
C1977/28 ' : 543 ' 5.0

1978719 . 364 20
© 1979780 520 5.0
1980/81 559 3.3




3.2 Bila River Discharge

3.2.1 Mean monthly dlschargp-

The dally water leVels at Bila, Tanru Tedong and Bulu Cenrana
stations weré converted into daily discharges using the’ discharge -
rating curves at each station, Por the purpose of examining the
general pattern of the river 6£schafqe in the basin, the mean monthly
discharges at the said stations are presented in Table 3.2 together
with Gilirang ¢iver discharge.  For the periods lacking in daily water
level récords the discharge estimate was made by use of a linear
regression equation based ‘on the monthly discharge correlation studies
between the other gaugé stations as shown fn Fig. 3.3. The correlation
formulas and Lts correlation coefficients are as follows;

Formula A _ ‘Cérfelatlon O

_ cﬂeff!élent.
T g ees
QT.éeaohg =‘2F355 QBila :_ ' B Ogﬁﬁ
.QB.Cénrana =0 412 Q Tedoég 0.76

The monthly discharges for May and July 1981 at Tanru Tedéng are

rather large comnpared with the discharges for the other months as shown

“in Table 3.2. For the purpase of the checking the said disCharges, the
discharge rélations bétween Tanre Tedong and the other two (2) stations
were plottéd on the graph fn Pig. 3.3. The plotted points for Bf{la are
agreed, but the points qu Bulu Cenrana aré not €itted with the Lo
corfelation curve. Therefore, the accuracy of the discharges observed
at Bulu Ceiirana were lou for the portion on bigh water.

Generally, ‘the annual pattern of the rlver dlscbarge varies wldely
througtout the year. The wet season fléw appears during the months of
April through September. But ‘the discha:ge of September varies widely
year by yéar and is larger than that of August. On the other hand,
Septembér occasionally has a small discharge less than 3 m3/sec at
" Bila and 10 md/séc at Tanru Tedong. . Proam these characteristics, it
seeas that Septeaber is a transitional month to the dry season flow.:
The drought flow appears durinq ‘the months of October through ‘MaFch,
especially the streaxm-Elow bécores . small in November, January and
Februaty. The mean ronthly discharges are illustrated in Fiq. 3.4,

: 3.2 2 ’AQEtaQe 10-day diSchdrg '

In order to garp the fluctuation characterlsties of. dlscharqea in
a short perfiod, 10-day average dischatges at Bila“(downsteeam) gauging
stat{on are examined for the perlisod of Apeil 1873 through July 1481 as
shown in Table 3.3, Fig. 3.5 shows thé annual pattern of average and.



minimum 10-day discharge at Blla, It Is a large difference in 10-day
disehatge betweén mean and minimum values, and the difference between
monthly discharge and 18-day discharge is alsod large, especlally during
the months of April through ‘Beptember, These’ fluctuations indicate
that the streain-flow of the Bila river changes widely day by day.

3.2.3" plscharge duration

" The dischafge duratlon curves at Biia and fancu Pedon stations are
prépared In Plg. 3.6 for the years of 1974 through 1980 at Bila station
and 1975 through 1980 at Tanru Tedon station. Table 3,4 shows the
dischargés which correspond to maximum, 95-day, 185—day. 274-3ay,
355+ day and rinimum at the said stations.

3,3 %alola Rivér Dlsc arge

3 3. l General

_ The 10ng—tetm hydrological data on thé Kalola river are not
aVailable at p:esent. In order to evaluate the potentlal water
résovrces 0E the Kaldla river, the estinate Of the Kalola tivér
discharge is conducted.

as no water level gauging station had been networked along the
Kalola rivee, a gqauging staff was Installed near the possible dam site
to be studled for the Project by the Study Téam, The measuréméent of
the water level was commenced on September 1981 and is going on. The
~measurenents Of watér levels are carcied on in three (3) times a day.
Those data provide the effective’ information for estimate of the Kalola
river discha:ge.

Thete exist thé observed discharge data of thé Bila river for 3
years since 1973 ‘atd thé Gilirang river for six § yeéars since 1975, of
which watersheds are located contiquousiy to that of the Xalola river.
Although the rainfall’ station is not networked in the Kalola river
:watetshed, the rainfall data observed around it are available for a
long perlod, émcompassing the watershed of the Kalola river.

Pirst the rainfall charactéfisticé aroond the watershed are
analysed then the runoff characteéristics of the observed Kalola river
flows and the Bila and the Gillrang river flows are studied.

3.3, 2 Analysis of rainfall charactetistics around  the Kalola tiver
basln

. PeteOIOIOQical or rainfall qauging stations rélevant to the
watershed of the Kalola river are shown Ia the Pig.. 1.1 and the
existing céndition of rainfall data is shown in the Fig. 2.2.



Several monthly rainfall patterns for recent years ave shown in _
the Fig. 3.7 which shows copsiderable monthliy fluctuat!on of '
vainfalls., 1In general, rainf€all is ample £n April, May, JUne and July,
and the occasional tncrease of rainfall is obsérved in Novembcr and
Decenmber, :

For examining basin tainfall pattetns in and around the catchment
area, monthly corrélation coefficlents by using the talnf€all records
collected in Tanru Tedong and Sengkang were calculated by use of
available data from 1931. The results are as shoxn belous

Jan. Peb, Mat. Apr. May Juﬁ.'Jul. Aug. Sep. Oct. Nov. Dec.

Cocfficient 0.86 0.38 0.75 0.69 0.53 0.49 0.60 0.80 0.88 0.75 0.63 0,35

Number of 21 20 21 22 33 20 24 23 22 19 20 19
months o ‘ :

The above table shows that the rainy months of April, May, June
and July are not well ag[eéd with each éther, and theé dry months oF
August, Séptember and October well éoincide “éach other, -

In the same way, annuval cortelation coetflcients were estimated to
reveal the relation between annual rainfalls’ of Panru Teddéng and those
of other places by usé of the data availablé feom 1931, The following
table indicates the results: . ' S

Méteorological Correlation Humber T Location
stations coefficient of years_ ~ o
Bila ' . 0.69 : 5 E Project area
Rappang 0.79 13  West to Project areéa
Maroanging - 0.61 B Notth to and elevated from .
: ' Project area
Bola Malimpong ' 0.91 : ? ﬁtdjgct area

Siwa . 0.19 5 East Coast

Because . of difticulty to knod the raintall patterns in the
catchient area of the Kalola river by using slngle cOrrélatlon method,
double-mass curve méthod was adopted. . .

In order to examine the relation between the IiVet runoff depths
and rainfall depths of Tantu Tedong, the accumilated monthly. rafnfall
or monthly runoff depths of the Bila and Gilirang tivers for. 1976 to -
1980 are plotted for the accumulated ronthly average rafnfall of 7 -
stations consisting of Rappang, Bulu CehArana, Tantu Tedong, Bélawa,
Bontouse, 8akkoli and Paria as shown in rigq. 1.8, '
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_ According to the gaid flgure, the ralnfall depth of Tanru Tedong
is about 1.08 times of the average ralnfall of 7 stations, while tha
runoff of the Bila tiVer is 841 of the average one. Concerning the
basin rafnfall of the Blla river, it will be somewhat higher than the
rainfall of Tanru Tedong sincé the ratio of the runoff of the Bila
river: to the Tanru Tedong rainfall, 0.78, is higher than the runoff
coefEiclents generally recognized,

In addltion, for estimating the précipitation dver mountainous
aréa within which the watershed of the Kaldla Is lncluded, the rainfali
records of 4 stations {Senqkang, Tanru Tedong, Bila and Maroanging)
were exanined by utiltzing the double-mass curve method. Because of
extréemely poor availability of data observed recently for a oontinuous

perfod, the precipitation obtained during 1931 and 1940 was used to
establish the curvés.

. The Table 3.5 indicates the average accumvlative annval rainfalls
of 11 stations and the accuomulateéd precipitations of each station in
question. " Eleven: (11) statfons consist of Entekang, Siwa, Maroanging,
Rappan, Bila, Bola Malimpong, Paria, Séngkang, Batu- ~Batu, Pompanua and
Tantu Tedong. fThe estimated doublémass curves are shown in the Fig.
"3.9. Rach slope of the curve is as folléuis:

Corré¢lation curive : Relative depth

: Statiﬁn | Slope . Correlation of rainfall to
o : coefficiént Tanry Tedong
- sengkang 0.84 0.9 £ 0.79
Tanru Tedong . 1,06 0.99 . : 1.00
Bila C1.18 0,99 1.1t

Hatoanging : 1.28 0.99 1.2%

In the above four stations, Bila and Hatoang:ng statlons are
eituated in the north of Tanru Tedong and Sengkang meteorological
station i3 located in the south of Tahre Tedong., This statés that the
northern area has moré rain than the sowthern atea.

" The' rainfall gauging statlons which arée adjacent to6 the catchment
area of the Kalola rivér are Tanra Tedong, Bila and Barukku stations.
As raipfall data of Bila station in the recent years are extremely few,
the preciptation records of this station were excluded froa estimating
the basin cainfall over the watershed of the Xalola river. The average
annual rainfall of Burukku station located in the northern area is more
abundant by 25% than that of Tanru Tedong station. The basia rainfall
of the Kaléla river to expressed by using the precipitatiﬁn records of
Barukku and Tantu Tedong meteoroioglcal stations,

3.3.3 Analysis of observed dischargé data

_The'tivers running near the Kalola eiver aré the Bila river and
the Gilicang civer. The basin characteristics of the above thred
rivers are as shawn in section 1.2, :
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" The watershed of the Kalola tiver ‘is more simiYar ‘to that of the
Giliraﬁg tiver than that of the Bfla tiver: from the vlewpélnt of the
coverage of the ‘watershed, .

In addition, acco:ding o seVeral hydroqraphs obtained $0 far, the
out fldw of the Kalola and the Gilivang rivers Incease soon ‘after the
rainfalls occurced, After attalning to the peak, the dischatqes _
decreéase gradually, approaching to the basic flow. On the contraty to
the above two rivers, the runof £ pattern of the Bila river' is - 7 '
charactetized by the gentle slope on rising and Ealling to limbs ‘af
hydrographs,

As to the seasonal fluctuation ‘of the river discharge, the .

" discharge of the Gllirang civer increases more rapidly thaa that of the
Bita river at the beglanfng of the wet season and dedreases more '

guickly. During the dry season, the outflow of the Gilfrang tiver is

extrenely low (See Fiq. 3.10), Accordlng to the hydfologléal

observation, the Kalola rlve: discharqe is ve:y poor duting the d:y
season,

. The conclugion ié that the runoff pattern of the Kalola river is
‘more similar to that of the Gilirang river ‘than that of the Bila river.

3.3 4 Estimate of the Kalola river discharge

“As mentLOned ln the pteviOus sectlon, ‘the tunoff characteristlc of
the Gilitanq river is similar to that of the Kalola river, 1t is
assuned that the runoff model of the Gilirang elver to be analysed can
be tepresentive of the Kalola river.  In this éontext, the runoff
rathenatical ‘model is analyséd by use of the Gilirang discharge data
and the’ rainfall dépths of the statlon felévant to the catchment Of the
rivéer., The statién used in this study is selécted in view of the
similar patteras of runoff and rainfall depths and the overlapping of
the data on thé sareé petiod. Then,” the analysis was made for the
period of 1980 by use of the rainfall data of Sakkoli rainfall statlon.

" The aodel establishe& lnvblves séveral éOmponents; preclpitatIOn,
evaporation, soil soisture, lnfiltration, atorage, and 00nsequent
basefloe and direct runoft.

The ‘basié conditions to éstablish the runoff model of the Gilirang
river are as follows:

"(1)t Hontnly raintall ovet the basln of the Giliradg river {s

répresented by the ﬁénthly precipitation of Sakkoll meteorbloglcal
{station. : '

{2) MoAthly evaporatiOn is estinated by nultlplylng theoretlcal
evapotiansplration of Sengkang as estimated ‘fn ANNEX-VI by tha
_ averade odefficlent depending on the ralafall frequencyn the -
.coefficlent is tefetted to the 'Cr0p Hater ReQuitements published
by FAO 1915.
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(3) =5011 moieture is exptessed as the capability which rétains the
water in the soil». In the model, the upper. 1init of the
'capabillty is set to bé 200 thtough out the year, Diffetence
-in watér: depth between precipitation and evaporation is stocked in

 the sofl within &~ limit Of 200 mm, When the sof} fs saturated,
 the surplus water dontributes € groundwater la part and the
: remaining induces the surface runoff,

(4} 308 6E surplus watét is assumed to infiltrate, and 80% of ‘the _
. infilteatéd water is SUpposea ko percolaté.  The percolated water
contributes té charge or rechatge groundwater.

(Slj'Gtoundwatér at the Iﬁitiai stagA ‘Of the dry season is assumed £o
- be slight. The sum of the percolateéd ‘water and the groundwater in
" depth was ‘considared as stocked water, 50% of which is lost due to
the profound percolation. g

(6)__Thé base flou is represented by subttaeting the percolated water
from the infiitrated water¢

(7)) The dlvect rvonoff is represented by deducting the infiltreated
"-watet tro'n the surplus water.

Based on the above baslc cﬁnditioﬂs, runoff simulation of theé
_Gilirang river in 1980 IS made., The reésult of simulation is shown in
“ablé 3.6.  Thé résults are as sumparized below:

. : ‘ {Unltz ru/month)
Month =~ Jan, Peb Har. Qpr. H@gﬁ Jun,: Jul, Aqg. Sép. Oct. Nov. Dec,

Esiimated:  , s : . . S

tuﬁoff debth‘ 3 1 1 ';268' 446_ 22¢ 42 136 20 0 -5 0
Heasured ;. LT T : , :
runof€ depth T .1 ”13'_‘271 443 290 41 167 8 6 =2 1

: Evaiuated ruhoff depth of each month as Hﬂll as the moqthly runoff
pattern wéll coincides with measured data, Therefore, this
mathématical model is able to simulate thn xunoff of the Gilitang river,

B This simulatioﬂ method is adopted to estimate the runéff of the
xalﬁla rlver.

The basla’ tainfall of the Ralola river was evaluated by using the
ralnfall records of Barukku and Tanru Tedong meteorological stations,
The ratnfall data which arée not available at Barukku station were
dettVed from the precipitatioh obSetved at the Tanrue Teddng station.

Initial ground water was. assumed to be 3 ma in stéad of 4 ma for
the Glllrang ¢iver, Other fnitial conditions and assumptions are
fdentical with those for thé outfléw of the Gilirang river,

The -calculatéd runoff dischatges were conpareéd with the data
tecorded for ‘a period from September to November in 1981,

- 13



e e | _ untts m’/see)
ponth - Septembér  Octoheér  November = Décember

Calculated discharge 1.61 - 5.54 L 1,67

ae_aswéa'aischatqe | 1'1_.37 562 1,38 0,17

The calculated results 6f Octobet and Hovember colncide wlth the
reasured data. Measured discharge of September is ‘greater than the
calculated result, Taking into consideraticn the occurrence 6f the
large runoff observed in Séptember 1981, observation of watei level
" thrée time a day could not catch the total rynoff accurately. 1t is
- goncluded that this mathematical model s applicahle to the estimatlon
6f the Kalola dxschatge.

The ¢alculated monthly runoff dischatges of the Xalola for 8 years
since 1973 are showm In the Table 3.7 and the data used fn the
calcilation are présénted in Tablé 3.8 and 3.9, The sumnarize& results
are as £ollow: '

AjUnits Azkecl
Month Jan. Feb, Hac. Apr. May Jun, Jul Aug. Sep. 0Oct. Nov., Dec. Aver-

_age

Dis-
charge 1 92 2 29 2.21 8 51 7.44 10.7 6.5 5, 35 5.32 3. 45 2.60 1.46 4 74

_ The minimua dischatge of Kalola tiVet occurs in Januaty and the
dischargé increases in April, It reachés the maxiaum of 10.7 m3/sec
in June. After the peak, the di5charge of the Kalola decreases with a
géntle slope and the average: annual discharge 1s éstimatéd to be 4, 14
'm3/sec COrresponding to the runof £ depth of i, 200 men.

4. HYDROLOGICAL STUDY POR WEIR AND RESERVOIR PLAN

4.1 F1ood Dischaige

4.1. 1 Plood GKSchatge of the Bila tivet
1) Peak disc arge _

The recdrds Of the observed annual maximun water levels and peak
' discharges at Bila station ave as follows:
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Annual ﬁaximum'vaIUe

Year © Month Date . Water level Ppeak discharge
- s _ (m) {m3/5ec)

1974 ~ Sep, 12 ‘3,98 680
3915 July 28 4‘0? - 705
1976 -~ March 13 2.95 . 430
1971 June 18 3.14 - 505
1913 ' May _ 14 - 4,10 750
3979 gep. - 1n 3.48 590
- 1980 - May o 4 %11 430
- 1981 © May 15 ~3.38 _ 565

_ Although the above récords aré observed at the proposed headworks
-site of the project, those annuval waximum flood data séries are too
short to derivé the probable f160d dischardes with long term return
periods. The ptobable flood anaiysis pased on the above data series is
pade for the floods sith probabilities less than 5% (20 years flood).

The results a:e as shokn in Pig. 4.1 (1) and sumarized below.

Return perdéd (year) = 2 5. 10 20
'biscbatge 1m3/secj o 53 730 840 940
' Specitic discharge : Ci.50 1,93 2.22 2.48

(m /sec/kmé)

In order to estimate the probable £106d discharges with longer
retorn periods than the abovée, the regional flood frequency cvrves in
the Céntra) South Sulawesi area ace introduced, WHith rfeférencée to the
corcelation curves between thée spécific discharge and catchment area
for the rivers around Lake Tempe préseénted in the report of the Master
Plan study, the flood frequency curve at the catchmeént aréa of the Bila
station is prepated as shown in Pig. 4.1 (2).

The regional flood ftequency cu(ve as méntioned above is shown in

Pig. 4,2, The estimated probable discharges on l6ng-term réturn périod
are as follous:

———

Retura petlod'(yéat} 50 100 200 500 1,000

DlscharQé'(m3/séc) L0700 1,180 1,250 1,350 1,500

‘specific discharge 2,82 311 3.30 356 3.96
(m3/sec/km2) - - _




(2)  Flood discharge hydrograph

FOr the deslgn of spillway of the proposed’ Bila dam, the probable
£160d discharge bydrographs at Bila station were prepared £or the
retufn perlods of 20-year, 108-year, 200—year and 1000-year undér the
following Condition-

- The estimated probabie discharges deScribed ahove represent the
peak discharge ot hydrographs.?. .

- A hydrOgraph is divided 1ato two time cowponehts that are rialng'
period up to peak ‘and recession period’ after peak, The increase
and decrease oOf ranoff are exp:essed by a lineat increase duting
the rising period and a recession curvé durinq the rec¢ession
period.

~ Theé rising périod is assuméd at six (6} hours based on the

 observed discharge hydrographd at Bila statfon in the past as
shown in Fig.- 4.3, Thé runoff dlschargé duriag the recessiOn
period is expressed by the f6llowing Eormula;

Ot = 1,35 0p exp - {tt)

whére, Ot: discharqe at time t (m3/séc)
Qp: peak dischargé (m3/sec)
tp:  time at'peak discharge (hr)

_ The calculatlon results of the probable flood diseharge '
_hydrogtaphs at Bila statlon are shown in Table 4.1 and they are
111usttated in #ig, 4.4,

§.1.2 Plood disc&atgeﬂéf'thelﬂaibia’tivet

y gydfbldgiéai'&ata-

{a) Water level and dischargq

In the Kalola rivet, a staff qauqing station was establ{shed
downstream Of the proposed damsite f{a the beginning Of Septembet 1981,
Watér level observation has been carried out three {3} timeés per day
‘since the beginning of Séptember 1981, In this study period two (2)
flood records Were obtainea. They are the Eloods ‘of Séptember and
October 1981 as sho«n in Pig. 4.5,

-(b} Rainfall

. AE present. there is no rainfall ‘station 1n the Kalola river
basin, ~ Thereforé it is vnavoidable to apply thé data at the rainfall
statlon ¢lose to the basin. 1n this study, the rainfall data at Biia
and Tanru Tedong stations were applied for flood analysis of the Kalola
. tiVEf4
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{2) Methodology for analysis .

The €lood analysis of the Kalola river was carried out by means of
analysing the. rafnfail, runoff depth and funoff coefficlent observed in
the Bila river basin Including the Kalola tiver basin, In this study,
‘the rational formula was adopted in viéew Of the availability of the
- hydrologlecal data. fThe runoff coefficient and rainfall intensity of

the £lood discharde of the Kalola river are estimated 48 Eollows:

{3) Runoff ooefficient

~ The runoff coefficlent in thé rational formula of the Kalola
tiver was estimated be usé 6f the flood date obtalned so far.

,RationéIIfOtmula ts eéxpressed below:
SO
Q= ETE'Afrof

. peak discharge {n3/sec)
- catchment area (ka2
‘ralnfall iantensity {mm/he)

ranoff coefficient

L
u“d&.u '

~ In the above formula, the rainfall intensity is defined as
average rainfall in ma/hr during the tire of concentration which
- means surface ruvnoff time from remotest point of stream channel in
the basin to calculation point, ' In this study, the tide of
- concentcation was assumed at £ive (5) hours based on the observed
data, ' The rainfall inténsitles of the past floods wére estimated
by use Of the Mondnobe formwla as described below:

£ = {Ryy/24) (24/7)2/3

~where, r 1 rainfall intensity (mi/hr)
' Ryq: daily rainfall (m/day)
T 1 time of concentration (hr)

Regarding the constant value of 2/3 in the above formula, it
was proved by mass curves of rainfall inténsity on the basis of
the hourly rafnfall record at Bolw Cenrana station as shown in
Pig,: §.6. The rainfall intensities of the past floods of the
- Kalola river were estimated applyleg the dafly rainfall at Bila
and Tantu Tedong., Then the runoff coéeffiéients were obtained by
the reverse calculatfon as shown in Table 4.2. Based on the
resuvlts, the runoff coefficient of the Kalola river was adopted at
0-85- : : ; [ - -

(b) Rainfall fatensity

_Due to the lack of rainfall data at the station close to the
Kalola river basin, the probable rainfalls of the Kalola river
‘were assumed to be the same as the ralnfalls_in_theiaila civer
basin which werte converted from the probable fléod dischacge of
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the Bila river. In making ¢onversion of the £160d discharge to
the probable rainfall, the time concenteéation and runoff
coeffleient of the Bila viver basin wére assuméd at six’ (8) hours
and 0,6 respeotively, based on the past floOd discharge -
‘hydrographs ‘at Blla statlon as shown in Pig. 4 3 and Tablo 4,3,

The: probable ratnfall inténsities for the Kalola river basin
thus calculated are shown’ in Table 4.4,

(3 Peak discharge

" The peak and spécific discharqes of the probable EIOOds at Lthe
proposéd Kalola dam site ate as followst

Return period

{year) 5 20 . 100 200 1000
Peak discharge (m3/sec) 380 485 610 645 770

Speclfic discharge (m3/sec/kn?) 3,11 3.98 5.10 5,29 6.31

(4) ?IOOG'd{schargé ﬁydkOQraph'

~ Por the design of spillway of the prOposed Kalola dam, the
probable flood ‘discharge hydeographs at the proposed dam site were
prepared for thé return periods of 5- year, 20-year, 100-year, 200-year
and 1000-year under the same condition as to that OE the Bila river.

o In making the discharge hydfograph, the rising périod was assuned
at Eive (9) hours and the tollowing Eormula was used for the recéssion
period

ot = 1, 25 Qp exp - (e-t o)
Th@ calculation results of the probable flood discharge

hydrographs at the pt0posed Kalola dam site are shown in Table 4.1 and
they are illustrated in Flg. 4. 7.

4 2 Sedlment Load

In order té detezmine the capacity of sedimentatlon of the
proposéd Kalola reservolr, the sediment yleld of the Kalola rlver basin
was estimated on the basis of the data on sediment transport at Tantu
' Tedong.

' Por estimation of sediment transport’ at Tantu Tedong, sediment
discharges was divided into two (2) components of bed- load and .
susgended load including wash load. :

(1) Be&-wad

Sato~xikkawa—Ashlda £oraula is adopted to estinate the bed load.
This formula is exptessed as follows:
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qB/U* dnm = o P{ 0/ ©) U*2/(’'s/ w-1)}g dn

wheres qB; bed-load per unit river width per unit time {03 /sec/m)
: u*t; friction velocity (m/sec)
dm; mean dfameter {m)
. g 3 accéleration of gravity (= 9,8 m/sec?)
o3 tractive force of flow (ton/m?)
o} .critfcal tractive force (ton/a2)
¥ § function of o/ ¢
g3 unit weight of bed material (ton/m3)
W unit welght of water (ton/m3)
o} = 0,623 (when coéefficient of roughness n = 0. 025)

Using theé cross-seéction at the point of BI 16.4 just upstream from
Tantu Tedong Bridge, the bed-loads for varicus water discharges were
calculated applying dm = 8.0 mm Of river bed material obtained from the
results of grain size analysis shown in ANNEX 1V,

_ The relatién between bed 10ad ‘and water discharge prepared in the
Master Plan Study was reviced as shown in Fig. 4.8, Reviced curve is
expressed as the following_equation.

Hewly obtained curve is exptesséd as the following equation.

08 = 1,511 x 10-6 g1.460

(2) Suspended load

Suspended load discharge is estimated by the following é¢quation
making reference to the résults in the Master Plan.

058 = 1.833 x 10-6 1,958

(3} Sediment load at Tantu Tedong

Applying daily discharge during the period froam 1975 to 1980,
annual total sediment load at Tanru Tedong is calculated using the
abovementioned Eormuia. The results are as shown beldnw:

Year - ‘ : ';Sédiﬁent discbarge

OB . QS 0B + 03 (0B + 0S)/A

(103 m3/yr) (103 m3/yr) (103 malyr} (m3/yr/km2)
1975 23.3 347.0 370.3 330
1976 11,6 132.4 144.0 128
1971 13.2 178.3 191,5 171
1978 . 23.5 365.3 388.8 - 346
1979 15.0 . 2333 248,3 221
1980 17.8 297,0 314.8 280
Average 17.4 258.9 276.3 246
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Remarkst OB _ ' hnnual total sediment dlscharge of bed-load
(103 m3/yr)
Qs $ ‘Annual: total sedimént discharge of suspended
_ load (103 m3/yc)
{0B + 0S)/A; Specific sediment discharge (m3/yr/kn?)
A : Catchment area at Tanru Tedong (= 1,123 km2y -

Assuning the void'xatio of 30%, speclflc sediment discharge of the

Bila river basin ranges ftom 240 to 500 m3/yr/km2 and the average
is 351 w3 yr/kn2,

5. FLOOD INUNDATION AREA

5.1 Hater Level of Lake Tempe

(1) Review of existing data
Water Level of Lake Tempe was reviewed £or the following purposes:
(a) To delineate the irrigation project aréa near Lake Buaya,

(b) To determine the désign watef level at the rivér mouth of the
Blla r:ver for the flodd control study.

‘ After the completiOn of the Master Plan Study, the station named
*Staff Gauge banau Tempe® was abolished in November 1978. But water
level observation at "AWLR/1 Danau Tempe" was stacted in March 1978,
The location Of these stations Is shown in Flg. S.1. The distance
between thesé two {2) stations, Staff Gauge and AWLR, is about- five. (5)
km, so that the relation between water levels at these statlons was
exanined using the recorded data during the same pericd of March thru
October in 1978. This relation is shown in Pig. 5.2, Recotded water
levels accord with each other,’

{2) Mean monthly water level

Based on the daily water level records, mean monthly water levels
were ¢alculated for each yeéar during 1969-1971 and 1975-1981 as shown
in‘Table_S‘l_ Furtherrnore, the average water levels for each month are
plotted in Flg. 5.3. FPlg. 5.3 indicates the Eollowlnq seasonal
téndency of water level. Eluctuation of Lake Tempe.,

'Ié) High water levels Occur during a period from May to August.

(b) Low water levels occur durlng a petiod from Octobet to
Decembez. :

(3)' Probable annual maximun uater level

The availablé annual maxlmum watér level data of Lake Teﬁpe are
shown in Table 5.2. Although the obtainéd data fs not successlve, the
calculation of probable watér levels was made by use of Thomas plot
method as shown in Fig. 5.4. The results of calculation are as follows:

/11 Automatlc Water Lével Recordet
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" Return period (year) 2 5 10 20 50

Water level (BL. m) 8.0 8.9 9.4 9.9 10.4
Water level (EL, m) 3.0 8,5 9.0 9.5 10.0  10.5

Return perfod (year) ~ 2.0 3.2 5.7 .1 25 55

(4) Fréquency of low water'level

According to the avallablé records in the past, the annual minimum
water levels of Lake Tempe are shown in Table 5. 3. The lowest annual
water level presented {n Fable 5.3 is BL, 3.2 i in November, 19727, On
the other hand, in the Master Plan Study it was clear that a drought
accurred in 1972 with a low water:level of Lake Tempe lower than that
of 1977, by the information collected from local people in Séngkang.

Based On the récorded data and the iaformation, the return period
of annual minimea water ievel was estimated. Plg. 5.5 shows the
relation between then. That is,

Return;period'(year) - 2 5 10 20

hater level (EL. m) 3.9 3.4 3.1 2.9
Hater 1eve1'(au; ) 4.0 3.8 3.6 3.4 3.2 3.0
Return period (yeéar) 1.8 2.3 3.2 5.6 8.3 17.2

The water level of Lake Tempe usually declines from OGctober to
November due to the decrease of inflow of rivers draining into Lake
Tempe, About 70% of annual minimua water levels occurred duting this
-period of October and Novenber, :

{5) High water leveél duratfon

To know the duration of fnundation caused by high water level of
Lake Teape, the Erequency of high water level was studied. For the
foltowing three (3) periods; (1) Annual, {2} March to Septeaber (£lood
season of the Bila) and (3) May to August, the duration of high water
ievel ‘was counted,
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Table 5.4 shows total days of high water level., Return period of
duration were estimated using the data shown in Table 5.4, and the
results are shown In Table 5.5 and Pig. 5.6,

(6) Relation between water level of Lake Tempé”and £lood discharge of
the Bila river

The Eluctuation of water level of Lake Tempé is caused by ‘the
difference between inflow and outflow, - The infléa s the runoff from
the Bila, Walanaé and other small teibutaries.  The outflow is the
discharge through the Cenranae river whith pours into the Bay of Bona,
The ¢atchment areéas of thesé river basins are as follons:

Name of basin Catchrent Percéniage ‘Annﬁél fainfall
' . area : ' : :
(kn2) (3) (mm)

Bila - 1,368 223 1,500 to 2, 500
Walanae 3,190 : 52.0 1,500 to 3,000

- ?ribataries amd 1,580 o - 25%.7 1,500 to 2,000
Lake Tenpe -
Total 6,138 © 100.0

Since the catchment area of the Bila rviver basln is about 22
percent of all the river basins, the fluctuation of water level of the
* lake is fostly affected by the runoff from the Walanae and other
trivutaries basins,

The ronthly mean water level oE Laké Tempe and the peak dlscharge
at Tanru Tedong are shown ia Fig. S.7. The fluctuation of water level
is summarized beloud: .

. (a) The monthly méan water level in a period from May to August
is higher than 6 metérs

{b} Thd discharges more thaﬁ 500 m3/séc occur matnly in a
period from Aprll to Septembet : _

5.2 Existiag Condition of Inundation

Tb estimate tnundation atea, fleld investigation was carried out
over the ateas extending along the Bila, the Boya and the Lancirang
erets. .
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Number of Fleld investigation s as followsi

'Prévinée ' Distrlct_fg Suﬁdisﬁrict - viliage Hos,
{Propingf) {Kabupaten) (Kecamatan) (Desa)

Sulaﬁési—sélatan Sldrép Dua Pitue “Tantu Tedong 20

' ' ' ; : Bila 10

Lanclrang 10

Otting 1

Hajo Belawa Bélawa 8

. Kele - 34

- Panasitoelo Lowa 2

Haniang Pajo Anabanua 2

. Kalola Y

(totaldy T 69

In'eaéh survey point, the foilowing ftens were inveétigated by
interview: .

{1) Maximuan £106d in the past
{2) Small floods in recent years
'+ {3) Prequéncy of lnvndation (Qepth and duration)
{4)  Inundation area (for ecach flood)
(5}  Inundation depth (for each flood)
(6) Inundation duration (for each flood)
{7y Direction of inundated water flow (for each flood)
(8) Form of residence (height of Eloor, property, ete.)
(91 Resided peériod of the local people
{10y Others

‘Based on thé_resﬁlts'bf fleld investigation, the whole inundation
area Is characterized in the following each region,

5.2.1 Mainstream of Bila river

Inundated area along the mainstream is located on both sides
between the proposed Bila intake site and the river mouth of the Bila.
The iawndation is caused almost by over-topping of river water due to
lack of carrying capacity of the channel, especially in the downstream
area from Tanru Tedong. In this area inundated water flows with
expansion, - : :

In the upstream of the confluence of the Boya criver, inundated
water flows downstiéeam along the river courseé and on the left side of
the Bila civer, inundated water scarcely flows over the road which
connects Tanru Tedong and Blla villages.
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5.2;2 ¥Xalola river

Flood water €lows from the hilly ar¢a which has a catchnent area
of 135 km2, Afteér passing the valley, flood water flows into the
left side due to lack of carrylng capacity of the channel. ' Flooded
water flows over paddy fleld along the drainages named S, Padang and s.
Belawa and ‘gradually flows into Laké Buaya. ' The lack of carrying
capaclty of these streans presently makes inundated water retarded

On the other hand, Flo0d water which flows thtOugh'the'channel,
joints the Bila crlver just upstream of confluence of thé Bila and the
Boya. The water surface slope at the downstréam of the Kalola is
gentle extremely during a fl16od season, evén though the- spiliway has
been constructed at the northern side of proyincial road, Gentle water
surface slope causés inundation at the downstream of the Kalola.
Plooded water at the southern part Of this area flows along the S, Wele
drainige. When there is no flood on the Kalola rivet but on the Bila
river, flooded water flows into this area along the Kalola river - -
channel reversely and also flows toward south along the's. Wele
drainage., The lack of carcying’ capacity of S, Wele drainagé canal
causes inundation over paddy fleld and makes inundated water retarded.

5.2.3 Boya rlveér

In the sttetch of 3 to 7 ki upstream ftom the OOnfluence of the
-Bila river, flood watér Flows into both sides on occasions Flooded
water into the left side returns to thée Boya river channel. ' Some of.
flooded water into the right side returns to the Boya and the est
flows toward the provinclal road.,

Near the confluence of the Bila river, flooded water overflows
. from the rpight bank into paddy field when the water level at the .
confluence 1s very high., ~Flooded watér- is retarded by the provincial
road and flows into the low-1ying area with the €looded water overflows
from the mainstrean of the Bila.

5.2.4 Lancirang tiver

1Ia every flbod season, £lood water 0verflous'the bank forming
subtnaergence, . because the channel of the downstream reaches of the
Lancirang tiver is very ‘small,

Near the confluénce 0E the Bila aalnstrean, tlooded water from the
Bila, the Boya and the Lanclrang.rivers flows into the Yow-1ying aceéa.
Runoff watér froa the plaln area in Desa Otting also flows into the
area mentloned abové, Retarded water In depressions flows out.

gradually to the 8ila river accordlng as the watér level of the Blla
malnstream goes down,

Hhen thée Bila river ‘has a longer period of hlgh water Ievel,

fnundated water Flows out into the left afde of the downstrean of the'
Bila.
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5.2,5 Lake Tempe

In the area near Lake Buaya and Lake Tempe, fnundation {s caused
by ‘the high water lavel of fLake Tempe. The characteristics of water
level of Lake Tempé are described in Seétion 5.1, The Ffluctuvation of
water level at northern part of Lake Buaya 18 not the same as that of
Laké Tempe. The watér level and duration of inundation near Lake Buaya
ate rather hlgher and 10nger than that of Lake Teémpe.

5.2.6 ther _aréa

In the plain atea éxcluding the area mentioned above, inundation
dccurs due to lack Of the carcying capacity of drainage canals. After
the completion of the drainage canal improvement works, inundatlion will
be decreased for a level of irprovemeént scale.

5.3 Inundation Depth and Duration

5.3.1 Inundation area

_ Iﬂundarioﬁ area'ié'furthér divided intd séveral areas in each
- region as shown in Table 5.6 and Fig. 5.8. Components of inundation
aréa are presented in Table 5.7.

5.3.2 Under present ¢ondition

- Relation between lnundation depth~duration and its return period
 is estimated in_each area vhder the present condition, Inundation
" frequency found in the fiéld is Adopted to estimate the relation,
Furthermore, teturn period of annual maximum dischargés at Bila and
Tanru Tédong and the big floods occurred in the past are considered
espécially in the area aléng the Bila and Boya rivers. In the Kalola
avea, the Lanclrang area and downstream area of the Bila, inundation
frequency In recent years and carrylng capacity of existing river
channel are taken into consideration.

Bstlmatea lnundatlon depth and duration for éach return perlod axe
'ShOn'n il‘l Tablé 5-85

5.3;3 After improvement of dralnage

Inundation is caused by the 111 deainage condition, so that the
‘depth and duration of inundation caused by flooded river water are
estimated. On the drafange planning, drainage canal will be designed
as to draln the preﬂipitatéd water, which has a level of S-yeéar.

COnsidering the existing condition of the lowér reachés of
drainage, Inundastion depth and duration are eéstimated as shown in
Tablé 5.9. Based on these relations, mean depth and duration of
inundation for each flood are arranged in Table 5.10.
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Table 2.1 Mean Montﬁly Alr Temperature

{Unit: *C)
Feb, HMar, ‘Apr. Hay Jun, dul.  Aug. Sep, Oct, rov. DPec. hnnual

- - - 26.9 26.3 26.1 25.% 27.1 21.4 28.0 2.8 -
8.4 28,3 22.8 2.6 25,0 248 253 26.0 29.2 20.4 28.5 27.)
29,0 28.0 28,7 5.0 21.0. 20,0 2.6 26.9 8.2 28,0 27,0 22,9
38.0 27,5 L3 236 308 261 26.3 26,6 28.7 21,1 2n.2 213
dr2 27,6 2.2 26.6 26,2 25,7 26.6 27.7 211 8.2 21.4 21.1
27,4 213 2.2 26.9 6.4 25.8 26,2 270 8.2 1.9 294 2.2
2.5 223 22 2.2 .6

22,9 27,7 27.6  21.4 265 35.9 26.3  26.8 28.2 22.% 215 21.3

Feb. Mar. Apr. May  Jun. Jul.  Aug. Sep. ©ck. Yoy, Dec, Annua)

27,4 22,8 218 220 26.3 6.0 26.4 26.9 27.8 2n.8 26,3 27.}
27,0 27.4 2.3 27.0 36.6 25.8 26.4 26.7 27.0 27.5 26.9 26.8
210 274 22,4 273 26,6 26,7 21.1 21,5 27.3 2.7  26.3  21.1
27.0 220 23,1 26.9 5.8 26.9 25.9 221 28,1 27.8 22.5 27.0
26.2 26,5 21.3 16.8 26.4 26.& 26,9 27.3 27.8 21.5 27.4 26.9
2.2 21.F  27.1 26.5 21.3 26.8 26.3 8.5 28.3 27.3 28.0 21.4
26.2  22.1  27.4  26.9 26.7

26.9 22,3 27.4° . 26.9 26.4 _26.4 26.5 22.3 27.7 232 27.2 37.0

Fedb. Mar. Rpr. May  Jun. Jul. Avg. Sep. Oct. Fov. Déc. Annusl

237 2.5 2208 280 23,8 28.)  28.1 .28.0 28.8 28.7 28.2 28.0
'28.8 - 28.3 . - . - 2.3 21.8 2.2 8.0 28,7 28.4 21.8 28.%
2.8 28.0 28.3 2.5 27.0 26.4

26.0 279 28,0 22.8 214 2% 27,6 28.0 26.8  28.5 28.0 28.0




Table 2.2 Mean donthly Relative Hunidity

Sengkang _ (nite 8)

' i, Hov Dec,  Annual
Year Jsn. Feb. Mar. Apr. May Jun. Jul. Avg. Sep. Oct ’ .

75.5 72,2 7.9 -

: = 3.4 68,7 65.2 68.7
1976  70.7 €6.1 68.0 69.8 3.2 5.5 75.0 68.4 60.7 §3 4. 6:3 o o. o
1977 €6.7  65.0 62.0 €8.0 69.0 £0.0 72,8 7.3 0.7 7.0 :g'o 90'0 és‘a
1978 83,7 80.4 £6.6 4.3 872 87.4 85.8 84.2 854 604 ”'0 .39'1 8'3-6
1979 86.4 0.8 B86.8 92.9 85.5 87.3 8.7 768 80.2 .6.5.9 7.0 @ .3 ‘35.3
1930 86.4 89.6 85.1 89.0 87.5 1.9 856 840 76.2 847 90.8 83 .
1981 72.1 85.7 88.4 86.8 88.3

1975 - - - - 78.3 78,7 15,7 15.2 ‘74.8

Average 77.7 79.6 79.5 81.9 8i.3 81.8 80,1 76,7 76.3 75.0 79.0 ' 82.3 9.2

¥anyuvara

Year Jdan. Feb, Mar. Apr. May Jun. Jul. Rug. Sep. Oct. Fov.  Dec. Annual

1995 95.8 95.9  96.5 85.8 £2.0 €2.9 90.0 95.2 93.6 9.0 87.2 a_e.o 0.3
1976 90,0 63.0 90.0 91.0 9.0 93.0 95.0 9.0 9.0 9.0 96.0 }96.0 93.2
‘1977 95.0 97.0 972.0 91.5 910 939 970 97.0 963 95.8 BT.S Sl.4 94.2
1978  91.% 98.3 93.8 99.0 98.9 91.9 §7.3 ©4.2 =84.3 8.2 £4.0 1.5 90.6
1579  §7.7 837 83.0 B83.0 85.0 92.7 §2.2 84.5 B85.2 86,3 80.8 £3.3 g4.9
1920 82.6 80.1 81.9 8).2 £5.0 83.0 86.0 85.7 76.6 78.3 78.1 B7.6 £2.3
1581 86.8 87.1 £6.4 87.9 90.0 £3.4

Average 83.9 90.2 90.5 8.5 5.1 B9.4 90.8 90.1 £8.7 82.2 85.6 89.6 3.1

Eohtouse

Year Jezn. . Feb, ¥ar. Apr.  Fay . Jun.  Jul.  Rug.  Zep. Oct.  Fov, Dec.  Annual

1979 835 83.6 4.0 838 82.7 €54 82.7 9.4 837 8.6 24.7 £6.0 83.2
1930 85.3 87.7 86.8 s87.8 - 9.2 85,3 82,7 £3.7 839 £8.0 90.5 87.0
1881 92.6° 9d.6 9.8 91.£ 933 $2.7 9.8 '

Average 8.1 87.3 81.5 87.7 87.9 89.4 £6.9 £3.6 8.7 81.2 6.4 £8.3 - 66.4




Table 2,3 Mean Monfhly Sunshine Duration

SengXkang hovrs/eEonth
— : - e (ns ts hours/day i
Year = Jan. Feb. May, APY.,  HMay Jun., Jul. My, Sep. Oct. Fov. Dec. Annual
1975 - - - - - 13199 209 221 215 218 1SS -
- - - - - (4.6) * (5.8) (6.8) (2.4) (6.9) (7.3) (5.0) -
1976 194 206 g8 210 188 162 200 262 260 213 210 169 2,460
' (6.31 {7.3) {61} (1.0) (6.1} (5.4) (6.5} (8.4) (8.1 (6.9) (1.03 (5.5) 6.7
1997 . 387 117 192 © 185 200 145 206 292 299 37 231 124 2,413
A 42) 16.2) (6.2) (6.5) (4.8) (6.6) (7.4) (9.3) (9.9 (1.7} (5.63 (6.6)
1978 155 145 262 163 21 178 198 194 183 254 194 161 2,208
(5.0) (5.2) (5.2) (5.6) (6.8) (5.9) (6.4) (6.3) {6.1) (8.2) (6.5) {5.2) (6.0)
1979 1S5 149 145 183 230 144 216 272 23 24¢  lee 154 2,31
(5.0 5.4) @7 (6.1) (1.4) (4.8) (2.0} (5.0) (1.7 (2.9) (6.3) (5.00 (6.3)
1960 324 132 169 148 177 162 226 206 266 2S5 197 138 2,140
(4.0 (4.6) (5.3) (5.0 {5.7} (5.4) (7.0} (6.7} (.31 (7.0 (5.9) (4.4) (5.8)
183 159 14F 195 179 183 204
{5:0)  {5.0) (6.3} (5.9) (5.9) (6.8}
Average 156 148 175 175 198 163 261 239 246 3@ 303 159 7,792
(5.0) §5.2) 45.7) (6.0)_ (6.4} (5.4) (6.6) {2.7) (8.0) (7.8) (6.8) {5.1) (6.3}
Yanyuara .
(Fajiation: nf/fday)
Yedr - Jan. Feb. Mar. Apr. May Jun.  Jul.  Avsg.  Sép.  Get, | Kov.  Dec.  Annual
1975 18.2° 17.2 202 17.4 1.3 157 1.8 16:7 18,1 21.5 20.5 18.5  15.1
1976 1717 184 185 19.9 151  18.4 '2).5 19.3 18.9 189 2001 17.3 18.9
1977 16.6 12,3 20,5 19.2 18.8 17.5 1€.1 19.3 20,7 20.0 18.0 12.3  18.7
1978 18.3  17.%  17.8 18.4 19.3 19.3 19.0 17.8 18.9 26.8 18.9 18.5 18.8
1375 1%.9 19.3 17.6 20.0 19.7 15.3 16.2 16.8 17.7 19.8 19.1 19.3  18.4
1930 7.8 20,9 21,9 18,5 17.9 17.3 16.6 16.7 20.5 19.0 20.3 17.0 16.7
1931 18.2 17.3 20.7 2.3 15.6 19.5
Ahverage 18.0 38.3 19,6 19.2 18.9 176 12.9 17.8 191 0.0 19.5 18,3 18.7




Table 2.4 Hean Monthly Wind Velocity

Sengkang ijbit? n/sec)

Year Jan. Feb, Mar. Apr. May Jun. Jwl. Aug.  Sep. ook, Mov.  Dec. Annual

1975 - - - - - - - 1.6 0.8 0.6 0.7 1.4 -
1976 1.3 1.5 1.5 1.1 L3 1.2 1S 1@ 1.6 k3 09 1.5 1.4
1977 1. 2.0 1.3 1.1 1.0 1.4 1.8 2.0 2.0 20 L4 12 L5
1978 1.2 n2z 1.0 1 33 10 1} L4 13 :3 Lo L3 nd
1979 1.2 1.2 14 L0 1.6 1.3 1.7 1.9 L8 L3 L2 L3 1.3
1580 1.5 1.3 1.3 0.9 1.7 1.3 1.4 LS LT 15 L4 13 1.4
1988 1.8 1.3 1.0 1o 1.1 0.9

Average 1.4 3.4 1.2 1.0 1.2 1.2 1.5 1.6 1.5 1.3 1.1 1.3 1.3

¥anjyjuara )
: {Untt: n/sec)

‘Year Jan. Feb. Mar. BApr. May Jun.  Jul.  Avg. Sep. Oct. Fov. Dec. Annual

1975 2.5 2.2 2.9 2.5 3.7 2.4 2.3 2.0 2.4 1.9 - 2.6 2.9 2.8
1976 2.6 2.4 2.4 2.3 2.6 2.2 2.2 2.7 3.2 2.6 - 1.8 2.4 2.5
1997 - 2.1 3.3 2.3 2.2 1.8 2.0 2.5 2.9 3.2 2.9 1.4 1.6 2.4
1978 1.6 1.7 2.2 2.1 3.7 1.0 1.8 2.3 2.1 2.9 1.7 1.9 1.9
1979 L9 1.6 21 1.9 1.4 1.8 2.0 2.7 2.4 1.8 L& 1.8 1.9

- 1980 1.6 1.4 2.0 1.7 z2.6 2.1 1.7 2.2 2.3 2.3 1.5 2.1 2.0
1981 - 2.3 1.4 1.6 1.8 2.7 1.5

Average 2,1 2.0 2,2 2.1 2.3 1.9 2.1 2.5 2.6 2.4 1.8 2.1 2.2




Table 2.5

Mean Monthly Evaporation

sengkang .

o ) {Unit: n/seéc)
Year Jan, Feb. HMar. Rpr. May Jun., Jul. Bug., Sep. Oct, Fov. Dec. hnmual

T1975 - - - - - 16 128 159 174 135 167 159 -
1976 18% 183 185 158 145 113 143 180 206 197 158 168 2,022
3977 168 112 188 13 159 10 134 175 240 303 227 181 2,193
1978 176 176 175 169 140 135 138 160 154 164 148 145 1,880
19719 163 176 153 136 13 119 3163 203 186 210 185 122 1,933
1980 169 162 176 142 134 109 145 164 225 222 172 238 2,128
1981 © 188 134 214 134 126

Average 178 168 182 145 138 117 141 174 197 205 180 177 2,003

Yanyuvara

{Unit: r/ronth)

Year Jan. Feb. ¥ar.  Apr. Fay Jun. -Jul. Auvg, Sep. Oct. Fov. Dec. Annmueal
1975 114 181 183 166 230 202 152 187 140 180 204 165 2,210
1976 1M 201 220 180 193 147 153 217 270 228 le4 190 2,408
1927 122 132 154 144 160 140 146 143 177 203 208 151 1,932
1978 142 162 155 186 128 98 108 147 163 202 173 157 1,816
1979 176 155 202 184 170 1zl 158 224 205 275 229 217 Z,310
1950 220 221 255 174 167 147 174 153 281 268 219 156 2,674

T 1981 181 153 188 176 170 146

Average 117 172 194 173 175 143 163 185 206 226 203 172 2.188
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Table 2.6 Rainfall Gauging Stations

- &2 A3 autematie gasga,

K vorasl gauge

i Meteorolegy and Geophisics Center
s Minlstey of sgricoltate

3 Sob-directorate of Plaanfog ssd Pre
;_Ir-stltule of Ezdrantie Seciton

83 e
DIPERTA
P3sk
IV A aszuasl dats

K3 mooidbly dars
D da1ly dara
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grammieg for Virer Yesources

- ‘ River Name of
1 Secting Kind ta available
h‘o.b g:ffng Belongtnsb’ L Year data ?.E bata . Systes River
- . 7. 150 Sadang Sadang
1. Enrekang N. PWG ) : i;;l - 1381
490 _ ! .
N o 1933 - 1935 Bila Boya
2. Barska L ¢ .
4003) % 1915 ~ 148}
- 1961 Rappar Kappang
3. Rappang K. P 1909 " ::;; T s peang
Gon K 1562 = 1565
. 151 - !98§
. D 1572 - 192
K. DIPERTA P 1975 - 1981
: o 1530 A 1931 - 1940 Bila Laccirsag
s Maroargirg K. P(:l;nb) $ - 195 - 1580
5. Bulo Cenrzsa A. P3SA Dec. 1973 D 1374 - 1981 Bils toya
6. Barukku . P K T - 1817 Bila Bils
{40%2) ¥ 1974 - 1981
N. P3sA Sep. 1975 b 197 - 1981
1. Bils %. PMG | 193 - 1950 Bila Bila
(492¢)
A, P3SA 1922 P 1980 - 1881
8. Tenfu Tedong LI 1930 % 1931 « 194} Bla Bila
(503a) o 1953 + 1558
X l;?l - 1983
K. DIFERTA D 1972 - 1881
LI ¢ ) Xov. 1904 B 1974 - 1561
9. Belzvaf K. fMG x 1923 - 1881 Lake Peleva
Feage (4552} 3 1353 - 1955 Teaje
: ] 1957 - 196%
S 1922
H 1927 - 133}
N. DIPERTA ] 1527 - 1951
10. Anabapual K. G 1925 b 1525 - 1941 Lzke Larate
Bola Malimpcag Gom) ] 1§53 - 1867 2uays
X 1877 - 1981
. DIPERIA D 1817 - 1981
11, Bontouss N. MG 15930 M 1953 - 15¢6¢ Lake Laxe
‘(4951) . o A9 - 1922 Texpe Teape
] 1976 - 1331 :
K. DIPERTA B 1936 - 1951
16. Eatu-Ratu E. PG 1918 A 193 Late Bato-Yuty
{£05¢) X 1931 - 19431 Terpe
X 1$51 - 1955
n 1557 - 1567
X 1973 - 1927
N. DIPEXIA D 19723 - 1917
172. Secghang B, FeG 1539 " 1917 - 1951 Cearsnae Cenraae
(£05) x 1353 - 1902
X. DIPERIA b 1927 - 1972
A. P3SA May 197% b 1974 ~ 1976
: b 1978 - 1381
20. Paspiscua ¥. % 1905 ® 1917 - 1941 Cearaazs Cenranse
(5c4)
43, Sa¥Xold ¥. B 155% X 1963 - 1312 Cllfrerg  Cilirecy
{4033)
K. DIPERTA ] 1977 - 1M
€. Paria N. PG 1918 x 1918 ~ 1342 Cilfrar ]
g Ciliran
{4045} ¥ 1933 - 15¢9 ¢
B X 1971 - 138)
K. PIFERIA D 1376 - 1951
£,  Siva X R A 151% - 194 ; 3
(4792} 341 Ava Ava
Reasrks 3 {1 x3infall statica rusder ia F1g. 1,1



Table 2.7 Mcan Monthly Rainfall (1/13)

Errekang
{unit:  ra)

Yeadr Jan, Feb. Yar, MR Ray June Joly Aug. Sep, oct. Hov, Pec. Annual
917 184 95 280 26) 214 130 230 1¢9 595 293 179 200 2,503
1918 114 338 p112 15) 242 56 | | L3 2 114 231 365 1,492
1919 109 129 12 350 264 138 143 45 37 19 146 %5 2,127
1920 58 . 154 485 371 165 349 173 € 100 100 32 310 2,801
1921 "3 399 333 351 116 265 kY 43 71 19 206 306 2,427
1922 344 1) 208 286 201 213 €9 P2} 58 - 87 &% 314 1,840
1923 150 244 133 3197 33 168 195 23 20 83 50 a6 2,088
1924 135 2 54 492 214 185 49 93 ico 3% 305 35 2,667
1925 98 iss b ¥ I8 137 1) 252 81 £5 6 25 76 235 1,595
1925 T 337 31 3 122 176 107 82 58 106 93 100 318 2.026
1927 85 132 413 5G8 . 130 191 42 4 8 135 198 26} 2,132
1928 390 13 265 23 13 19 76 44 53 153 101 175 2,246
1923 170 25 - FE:4 19 A 103 2% 47 3 120 §&2 -
1930 143 141 365 a4 30 101 1 1 3 180 it 211 2,005
19 45 1] 149 35¢ 3£ 493 141 83 114 11s 391 116 2,152
1932 206 116 1 s 392 £3 37 107 54 162 174 2 2,017
1933 13% 21¢ 160 304 312 123 32 3 43 153 253 &0 1,560
1934 i 35} b Y F 18} 152 268 902 67 228 106 258 i 2,357
1935 15 374 222 414 197 55 45 18 39 &) 214 375 2,407
1936 304 257 301 835 319 133 28 52 5] 19 133 129 2,310
1931 258 199 215 287 298 148 a5 81 202 19 €4 243 2,229
1938 316 167 481 183 303 117 74 10e 16 22 21 153 2,223
1932 . 155 245 ns 358 183 326 124 13 B 1 133 210 178 2.331
194D 222 162 133 162 355 162 7 13 5 63 155 273 1,743
1941 209 P31 F3t | 20} 3£9 142 10 4 2 15 160 276 1,677
1971 . - - ~ - r3:7] 161 172 37 an 235 225 168 -

. 1972 513 81 203 F7e ] 172 43 3 %0 ] o] 206 263 1,86
1973 423 183 223 3 16 233 133 132 337 118 138 403 2,934
1974 136 24} 102 276 243 183 183 %2 420 319 222 242 2,614
219735 82 127 212 418 170 237 1£2 153 a5 218 s 107 2,34
197€ 18} 119 285 1€2 48 38 28 41 '] 146 176 273 1,458
1972 168 184 192 421 203 174 7 €D o o - 365 -
1918 108 &5 143 103 310 1% 234 200 129 128 158 118 2,033
1973 310 5% Y| 216 n 33} 79 a 53 3 o3 197 1,742
193 176 183 152 44 241 202 5 18 - s ‘g2 183 248 2,854
1981 02 170 567 261 243 in - - - - - - -

Averaze 220 204 268 32 7233 181 98 % i ] 113 1 234 2,172/}

Hix. 428 29 455 535 185 493 417 737 L) 176 312 1) 2,921/2

Min. L 18 £s 101 122 23 38 i o o o 54 & i,¢68/3

Baraxa

_. {Cnit: ra)

Tear Jan. Feb. Ear. K. ¥ay | Jure Jely g, Lep. Oct. Bow. Dec. Anrsal
155) - - - 2127? 260 78 59 o 28 144 258 L -
1954 233y HO 11 216 8 561 it 92 164 12 47 519 3,233
1555 7% 281 104 285 216 3x8 529 518 20y 17 262 156 3,
1935 97 16 ‘323 1% 204 162 172 183 173 156 52 67 1,699

1916 50 42 4 1% 155 250 61 22 2] &1 . 14 €& 1,084
1977 &4 92 o 175 72 122 27 €5 9 .o - 155 -
1378 127 33 45 13 106 47 176 &6 108 97 (11 107 1,149
193 "% 132 2 138 96 106 % 3 1] Y] 9% 166 1,035
1280 119 €2 72 216 144 32 16 ke 9 124 135 87 1,420
§:331 2 4 181 198 23 LS I - - - - - -

Kversse 103 131 124 161 116 212 121 309 . 5% 132 162 200 1,71441

¥z, 293 2ar n 285 218 581 L¥3] 18 203 a2 1? 519 3,23342

Hin. 7 33 ') 98 12 47 16 (] 9 [ 52 €5 1,03543

Eala Source:r tefore 1977 Master Plan Stody Feport
after 1878 Moothly Lats by IMS

Feraris s

o data

/1 retval of miathly averajes
paxires of ascual zainfall
einlogs of arnval raicfall

RN

I - 33



Fable 2.7 Mean Monthly Rainfall (2/13}

Rapparg Eniy: mm)
: OV . - LU
Year Jan. Feb. Marx, Apr. Fay Jure July Aug. Sep- et il oee honual
1917 110 396 203 190 353 390 284 177 - - -
1918 26 S32 41z 2%k 132 AN ° o 1oowe A 4444
1919 120 281 133 132 792 g: :eo: ;; 3 : > 127 ¥
1920 185 109 162 286 82 2 - - : .
1921 50 181 102 116 1720 174 201 5¢ 71 !:»; ‘;‘:‘; 1_35 1-3‘0
1922 4 €4 ‘32 417 - 69 10 < - - : : : : .
1923 9 128 a2 40 30 19 ) O O O LA 1.
1924 91 16 419 20 8 2% 117 71 251 ”é i3 126 10193
1925 25 115 6 237 212 122 33 56 43 34 208 2‘}-"
1976 350 122 52 332 %5 1722 1@ ET 206 192 ; 3 058
1927 €6 282 243 i 205 . 160 54 M 53 g 136 36 o
1928 - - B 193 11e 182 n - - - - N o
1;29 154 10 :sr 756 % 12 &3 11 s 14 129 215 1,485
1930 53 50 256 227 22 . O 15 3 ° r£8 50 e 1,331
1931 70 240 122 3¢ 565 405 38 8 &3 35 246 162 2,158
1932 176 71 142 184 335 124 218 9% 5 154 213 122 i,864
1933 ‘94 ns 162 74 241 154 19 161 £8 361 205 42 2,082
1934 276 144 103 762 188 307 2% 109 81 180 16 179 2,322
1233 116 143 227 301 k07 217 103 145 3 315 213 138 2,506
1936 324 187 127 222 21 162 79 m a7 &7 81 10 1,658
1937 17 138 230 3G 163 232 i70 - £8 119 les 157 -
t93s 416 8 201 77 260 NS 92 92 35 110 m 13¢ 2,239
1933 €8 230 153 13¢ aH - 100 55 36 152 &4 €4 =,
1940 13% 0 248 1311 s 235 69 € ° 14 202 120 y,728
194 326 114 161 127 431 133 - - ] - - - -
1552 - - - - - - 127 e 22 15¢ 116 M1 -
1553 1 131 151 167 1) 738 - - - - - - 31 -
3954 .36 4 119 178 206 473 96 201 - 192 155 169 -
195% 16 255 109 136 €2 49 - P7 2313 137 02 23 i 2,017
195¢ £0 22 193 ¢9 358 242 51 256 122 2nr 101 316 2,120
1957 €3 €8 234 £2. 244 9. 200 4z © - e - -
1962 P 7 178 1317 1ee 34 248 198 3 196 163 197 2,169
1963 75 38 337 153 185 157 2 47 ¢ (1] 40 65 912
15€8 €6 297 92 532 356 103 185 - 383 - - - -
19¢5 3?7 - £7 35 156 o 0 23 o 132 - - -
1971 - - - 13 153 139 2] 2487 Fat Frz] 188 £9 -
1972 kY1 ¥52 21 337 160 o5 17 26 .o o us En 1,725
1913 123 143 142 72 226 22 240 155 393 203 1n? 150 2,137
1974 2t 143 82 122 241 235 1e 67 197 ne 153 76 1,968
1975 19 55 152 21 235 5 234 254 110 191 83 1e4 2,055
1976 17 116 702 107 116 158 dse 122 1 163 153 sg 1,5%7
1377 ¥33 18 127 22 300 188 78 - 0 A 154 154 -
918 &5 3 - - - 1€4 164 3191 35 rH 11 168 -
1413 61 T 158 165 18 245 15 10 18 1 e 62 1,047
1980 1t4 145 e 31y 163 160 4 4z 13 3 2 164 1,340
1531 n 0l 129 113 in 91 L7e - - - - - -
Averaze 124 145 15% 225 265 136 141 14 %5 149 115 144 1,848 /1
rarx. 216 552 45 512 78 433 345 165 357 15 273 150 2,184/2
Min. 24 23 21 35 €0 o ] o t [ 5 42 912/3
- : ]
D2ta Source: before 1977 Master Plan Study Pegori
' after 1978  Moatdly bata by DIPLRTA
Feoarks T - e data
/1 total of ponthly averages
{2 E2ximn of arcueal rainfall
/3 einimas of asnu rainfzll)

T - 14



Pable 2.7  Mean Monthly Rainfall {(3/13)

Hargangin .
— (unit: ==
Year Jan. Feb. Marx. Apr. ¥ay June Joly kg, Sep. Oct. Kowv. Dec. Rrrua)
1931 ] $ [ » ] 2 ] * ’ ] * 2 3,475
1932 s 1 » * ] [ * 4 ] 1] * » 3,345
)93) ] » 2 ) [] 3 * ] L ] F ) a 2 3’43,9
1914 ’ s * s * ’ - * » * . s 2,763
‘,935 » * ] ) - l_ - [ i. 'y [ [ 3,232
1916 £ 4 ] » » * L] ] (] 4 [] + 2,191
1937 » ] 'y ] I s * * N . * . 2,683
i93p . ] » - ® a ] [ * [ ] » 2,915
1939 ] L] » - [ ] ] [ ] . 2 [ ] [ ] a 2'032
1940 [} [ H * * s » . * L] L] * 1,724
- 19%4 245 166 R 11 165 - €53 213 N6 1£2 ate  §:19 270 -
1555 61 145 Vo 225 33 eig 420 ns 165 122 4 116 2,924
1556 €5 62 15 224 82 510 15 155 27? 22 33is 219 2,613
1957 1e4 93 210 92 435 137 41 50 3 [£:1 1€ 205 2,020
1958 204 a7 32 - 303 21p 35 36 75 143 - 206 -
1959 41 243 282 157 253 380 87 62 243 - 204 172 -
1560 2¢9 135 316 218 319 asg 578 5% 37? 323 247 - -
hverage 167 118 25 193 317 472 259 246 165 157 174 208 2,783 /1
Kax. 2689 337 316 et 436 £63 578 3xs 377 356 247 219 3450f2
Kin, 61 62 15 92 5% 137 75 50 3 €e :1] 116 1,72442
Balu Cenrana
- {Cnit: ma)y
Year - Jan. Feb. Mayx. Rpr. ray Jure July Ry, Sep. Oct. wv. Dec. Rrunigal
1974 - - - - - 147 7 63 555 260 182 1€9 -
19715 95 [£] 87 215 2€0 140 3 €9 133 265 51 1i3 2.067
199¢ 41 (=2 69 59 - - - - - £3 1227 %0 -
1917 19 - 67 137 16 30 - - - - - - -
1918 102 125 151 102 220 0D o 139 176 127 55 53 1.16£
1939 Co. - 1658 193 119 21 37 45 1€3 23 15 5 -
1980 - - - 127 €0 15 (1] &3 7 €0 53 55 -
1431 0 n 48 (=3 87 47 &0 70 - - -~ - -
Rierage €9 72 98 133 1o 73 11€ 102 22} 143 51 £ 131472
¥ax, 102 12% 1¢6 215 760 142 303 2¢3 555 780 182 1£9 2,060742
Nin. 20 33 48 53 16 30 0 45 ? 23 15 50 1,1¢5 43

Cata Source: before 1927
after 1918

Ferarks t

BRI -

o Gata
urncollected in this stody
total of roxthly averages
zasip:s of annual rainfaldl
rairse of arnzal ralefail

Master Flan Study Fepork
Bonthly Data by PISA

I~ 35



Pable 2.7 Mean Monthly Rainfdlﬁl!(d/l}_}_

Barukky

g {Units _rn)
- ' Ot kov. tec.  Annusl
Year ‘3an. Feb.  Mar.  Mpr.  May  June  July  Auy. Sep. Ot S
am ; 21 13z 1,589
1921 47 204 22 13 160 223 198 83 2; i:; 1:: e 1 3es
1922 2 16 € 381 CTRN T 38 > o n bp 1 9717
1522 103 93 103 p 133 199 346 ? o 206 sz 218
15924 81 32 3% 252 418 145 ns 27 106 15 o " A
1925 b3 s 4. 322 205 - 118 £ 53 g: " 3 7 138
1526 2¢4 167 45 L] 24 13 65 17 i 3 136 188 13
1927 126 124 225 252 I 242 no 12 31 _ - A
1974 3 13 205 30 35 159 117 3 * ;;f : ’:‘; l§‘; s
1975 203 218 172 438 140 164 193 32 182 @ 8 o
1976 45 15 B 133 11 s ¢ ? o 3% 750 1,264
1577 246 37 1035 £33 16 16 o 1 © ‘ Z 2 :
1578 i . - - - - - - - - i i
1579 225 1E 337 28 91 ¥ 215 6 192 35 l:i‘ :g; g-g‘:;
1330 75 139 163 597 - 1 299 177 247 z E L 6 ¢ 21
1581 ¢ 23 232 an s 75 - - - T ) My
e : : ~ —— — e
Averzze 110 1z 1€4 2138 21 1% 14 £ 51 ‘83 e 1re ;-.G‘HE
Max. 2€4 215 386 592 438 599 215 247 192 61 216 g !;"g 73
Xin. 2 % 5 8 16 9 o 7 o o Moo nes
il o
Bz (CGoit: )
Teer | Ja. Feb.  sar.  ar.  May  Jwe  July M. Ser.  Ot.  Nov.  Cec. | Ahaal
1931 144 151 18 436 131 5% €30 - 197 17 83 0¥ - Te 3,195
1932 16 52 T 350 92 27 a2 a3 s 307 n2 49 2,840
1933 9 135 163 325 81 276 185 3¢9 s 293 191 €0 2,13
193¢ 23¢ €5 - &t 222 351 . 422 316 127 144 259 135 30 2,269
1935 ‘53 L2 241 47 00 430 235 &2 18 14 324 129 3,403
1935 119 7 154 360 s12 216 73 b ] 28 7 72 3 1,784
1937 s 32 5e8 132 N8 557 456 81 139 127 st M 3,17
1933 %3 58 389 95 549 213 e 310 58 204 148 99 2,692
1932 26 51 161 320 514 155 123 - - - - - -
3920 - 55 - - - - - - - - - - -
152 - - - 7. 337 3 us 147 “15 4z 74 115 .
LN ? 24 173 - 273 213 €cd - 217 25 11 - -
Mveraze 108 136 718 16 433 358 £ 75 S 171 7 20 1%} 6 - 2,enfd
Mix. s 302 €8 43 555 597 €£4 423 nz 3£¢ m 120 - 3403f2
Min. 7 ze €4 95 % 216 1 75 5 42 54 39 1, 18442

tat2 Socrce: Gefore 1937 Master plaxn Study Fepore
2frer 1978  Koothly Data by PXSA

Fzoarks : o data

totzl of nonthiy averagas

eaximea of arncal raiafall

Rinimsa of 2nrzal rainfell

NN

1 - 36



fable 2.7 Mean Monthly Rainfall (5/13)

RN

total of ib.:l.hly averages
raxizxz of arnoal rainfall
pinisos of 2nnual rainfall

1 - 37

qanry Yedong .

. . {Unit: rem)
Yest Jan., Feb. Ear.  hpt. vay June Jody g, Sep. oct. By, Dec. pEAAEY
1931 .34 155 158 1g9 580 405 529 143 123 67 162 122 2,11
1932 L 308 3% 18} T4 s 21? 389 163 "3 120 155 0 2,005
1933 o 115 92 150 S350 202 134 232 135 220 215 111 1,281
1934 130 . 56 - &9 #03 ) 3-) N - 1173 70 1¢6 16?7 €% -
1935 B ] T35 195 405 502 igd 298 33 8 232 333 49 2.67€
1936 - €D .98 2% 242 426 244 9 1ns 230 [ ] 142 2,051
191 50 242 ‘152 440 - 258 3 1) 117 €8 - €5 50 59 -
1918 254 i6 275 117 550 192 183 KT} 75 101 = - -
14639 - + 175 243 [} Zis 152 31l 78 £3 52 - -
195D 46 . 63 n? 15 643 M0 52 41 9 ° 61 206 1,673
3941 145 1e? 1y i 492 3%1 s 33 o 7t - - -
1543 %4 144 M2 90 20 113 216 0 -l - 125 38 -
1954 83 13 16 50 278 418 yir 193 153 126 232 %2 2,602
1953 45 326 127 fl'se w253 315 376 133 265 - €0 -
1956 - H - - - - - - - - - - -
1957 = - - - 450 ar 237 €2 1e €4 17 -
1958 126 1ce 126 1 - - 73 1€ n - €5 54 -
1959 57 1ne . 53 f18 219 541 1o b1 75 B 62 - -

- 3amn - - - 79 136 w8 172 38 736 225 127 21 -
1572 ‘isg 24 1? 31 E-=1 10 32 1 o ] €4 153 1,085
1973 95 82 100 3% 187 153 14 442 217 173 2in 101 .m
1974 Y] 45 | 60 9 226 159 195 4 112 200 a5 €1 1,738
1275 - €5 45 193 C3ED 253 135 236 38 214 16 37 z,064
1976 38 »n 173 193 332 .34 2151 85 106 149 153 n 1,635
1o 16 - 40 €5 Kzl 183 192 o 230 o 15 195 £0 1,286
1978 51 €4 158 156 448 432 183 133 a7 1 (2] 4 1,841
1319 i? si 147 232 112 A4 100 31 (kY 0 74 1t 3,¢87
1930 95 S 260 415 218 268 111 100 o 18 161 91 1,81%
1681 ] 1 2710 A [1.1] 2il 130 - 239 212 &8 - -

Average 80 ‘103 140 ‘176 m 280 198 1% 329 14 123 74 1,81¢ /1

¥ax. 254 282 215 445 €13 543 230 1¢2 437 rzl 331 206 2.211 42

nin. . ¢ 1 17 79 0 'Y o ° ] 1) 1% 1 1.68573

pata Scurceé: before 1971 paster Plan 5tody Peport

. after 1978 Moothly Cata by DIPERIA
Rezarks I3 0 Jdata



Table 2.7 Mean Monthly Rainfall (6/13)

(Units 1lrll)

I - 38

Eelava
Year Jan.”  Feb. rar. ApT. Hay June  Touly Ay, Sep. Oct. ROV, Dec. Anhial
1923 30 69 1 2 1% 4 3 3 0 2. N4 AE o an
1924 22 e ¢ 20 3 M3 s 1% 1% 10 S s 3048
1925 9 3 13 165 200 M0 51 83 19 2 a n 10526
1926 262 ¥52 6 1¢0 21 4 € L 2] 79 o o S04 *?
1922 53 61 - 200 190 218 - - 23 175 ” o 285
1928 166 83 92 130 162 . 125 & 3 35 iy 122 174 1,330
1919 26 2% . 94 235 162 120 b 6 3 n 150 b +3
1930 (T 103 128 ¢ 3129 138 % 4 o - 1 ? T
1331 18 s 2713 219 563y 34 526 1?7 0 37 €8 s 1.éed
1932 s 55 14 1z6 302 115 265 44 3 55 ‘;{” X thre
1913 137 92 59 223 252 i 129 1€8 123 115 1 1 2691
T 193¢ 281 73 &0 153 %3 4D 132 70 .50 250 51 38 g"
1933 4 125 1239 78 2 335 ¥45 . S0 4 231 7 91 #1257
1935 79 23 178 258 (334 247 87 13 52 22 130 31 . 1,650
1937 113 39 202 214 253 193 347 T €2 93 114 36 1,614
193 500 $? 236 13 364 153 215 43 90 o I8 165 2,369
1919 103 336 .96 107 220 2% 119 7 33 36 33 45 1.5
1249 - - o4 50 - 3B o 13 ° o %5 42 =
190 130 23 137 1 3 1N s 1 13 e 1e7 328 ran
1953 45 BT 94 17 161 76 153 .o 25 1 3 142 1,167
D 5 5 4B 195 217 in 161 3] - - -~ -
::;; 33 39 lfﬂ l.. - 145 13 42 3s 8 m 55 -
1 - - - - - - - - - - - - s
132(; - - - - - - 133 a7 0 4 103 &2 L
1958 129 £ 23 112 267 23 43 182 % 124 12 ns 1,560
1959 €8 42 100 14 193 & 97 1 119 1 110 163 1,426
1950 61 &8 32 160 228 1% . 0 201 . €8 9 151 . 39 1,53
1461 174 145 €9 ¥ 152 210 17 14 - & 13 102. -
1262 185 62 6 16 126 351 18 2 33 87 - 76 .
1963 76 52 &5 © 37 206 - 5% 82 50 3 [ 4] 4 52 - 103
igcs 45 252 54 . 235 152 116 22 122 n3 161 6 m 1,i93
1565 £ - € 183 39 87 ] 63 0 r3 ] 73 55 -
1855 125 7n 153 759 19 107 T3 i 13 45 164 15 72 1,2$7
1857 138 81 £3 155 103 h 113 162 57 15 191 .llo €5 3,3%2
19¢8 53 81 193 a3 51 240 61 233 €6 73 120 %0 1,626
1359 L 43 £3 £52 $26 110 22¢ ‘139 - = - - -
1912 - - - 143 16 2 s 15 o 0 8 107 -
1977 - - 132 - - - ~ 3 G - - 41 -
1918 - 43 213 282 5 73 FFY) 82 K28 160 173 " -
197% 67 7¢ 127 13 g7 231 * G 1o © 16 42 -
13=0 - - - - - 87 ? 173 s 75 45 170 -
1831 41 67 %8 181 255 127 - - - - - - -
Averase 108 e2 ils 183 208 315D Mz €4 63 &5 ‘99 163 2,866 /)
Kax. 500 196 286 451 s61 413 526 2 440 250 7 150 2,39/2
Kin. 18 23 1n 1? 16 1 5 o [ 0 4 13 10143
fata Scource: before 1977, Master Plan Stody Repoit
after 1978 ponthly Data by DIFERIA
Fenaris :t - o dita .
1 total of zonthly 2verases
/2 maxiem of ancua) rainfall
/3 minizm of a:n3s) rainfall



Table 2.7 Mean Monthly Rainfall {7/13)

Anatanus/Eola Mal irm

Data Scuice: btefore 1912
afer 1978

Eerarks

SIS

o data

Haster Plan Stoly Peport
Bonthly Cata by DIFERIA

total of roathly averages
raxizua of anrial xainfall
sinirm of arnual rainfall

-39

—— {Units  m)
Year Jan. Feb. Mar, Mpr. - May Jure July rg. £¢p. Oct. Wrts Dec. Rrrual
1925 o 33 93 150 7 219 83 1067 $o n 42 133 ~
3926 167 65 162 21? 285 7} 124 n? 285 g 43 &2 1.880
1927 25 152 108 310 185 Ity 32% 33 42 142 n 75 1.706
1928 71 io 5] 92 %% den 105 14 17 - 156 3z -
1929 229 - 197 124 %52 P31 - 12 92 2 19 203 -
1930 10 168 129 355 472 703 41 1? © 96 150 €9 1,67¢
1933 &4 116 167 182 282 269 402 o} £ 1% 1N 50 2,418
1932 &7 1% 56 418 250 409 145 14 2} 136 155 e2 2,118
1833 76 . -4 33 m 489 165 187 240 166 199 320 7 2,010
1934 190 €0 5% 209 3¢8 kX ) 2¢0 %3 62 146 L 8b £  2,04¢

I 3-2 13 28 1711 83 331 418 37 253 50 i3 258 248 €l 2.278
1936 52 97 253 435 920 289 78 124 176 0 10 43 2,034
1937 -44 156 198 302 3 285 141 11 106 102 &7 e 1,243
1938 250 51 22 150 528 245 153 - - - - - -
1939 - - - - 411 219 13 81 51 S& 43 27 -
1940 20 10 105 124 556 444 23 42 o 0 133 103 1,01
304} 13 52 &7 b1 s ns 18 26 o 53 157 235 1,595
1553 92 &0 14 112 392 233 - 5 80 92 238 15& -
1954 23 &4 s} 25 2 23 - - 249 149 &0 &9 -
1955 R 6 72 174 - 156 233 245 m 175 110 3% A% 1,784
1954 3 19 192 215 158 251 00 222 43 s 24 €3 1,621
1557 -0 » - &3 13 3) 142 76 33 3 % 163 -
19ss n resd 192 203 ny 219 ni 233 77 354 1 24 1.91¢
1959 43 ¥27 237 - 157 238 58 192 24 24 £0 £4 74 2,135
1960 2 € €8 151 253 M3 Le0 235 e 105 1311 22 2,016
1981 nl 157 100 €51 b3} - 61 s - 1 252 299 -
1862 143 47 186 - - 752 139 <40 €5 - - 148 -
1963 in 2 &9 13 519 13 1£1 (2] 1 ] 36 £ 1,486
iots 1% 200 163 511 150 57 523 122 297 245 54 2 2,376
1985 (3 - 4 352 466 9 k13 €3 o 11 141 184 -
1956 79 41 3% 30 107 150 115 55 25 52 17 137 1,682
1957 35 26 141 189 150 313 43 173 10 o 193 123 1.£€4
1977 - - - - 18 238 10t M2 o 51 - - -
1978 - - - 1722 256 - 204 a2 247 123 98 §41 =
197% 33 102 188 220 215 102 41 1] 392 ] a1 2 1,632
1920 85 n 93 433 377 207 11 142 ¢ 51 56 o3 1.6£2
1581 o 23 232 24 18 5 = - - - - - -

Average 82 8% 138 246 M2 267 172 N2 ‘85 i 114 %3 1,624/

Max. 250 273 kFp) £85) W &8 523 €40 392 255 238 238 2,42

Min. o 10 7} 25 113 21 31 0 (] o 10 7 1,88573

g



Table 2.7 Hean Monthly Rainfall (8/13)

Bontouse (Unit:  rm)
: o ol
Year Jan. Fen. May. Apr. yay Jure July Aug. Sep. [+ B Fov, pec Annua)
; " 13 297 140 -
1953 6 - - 53 186 ] 156 °
1954 52 £6 98 £6 54 24 148 3 184 ";’2 l:: 223 ;Zi:
1958 51 206 233 329 92 576 €20 m ] b o i
1956 126 0 175 77 215 249 T m 17t 1;2 % b4 02
1957 100 75 9 ® 351 &8 10 &2 MY %e €6 1,e04
1958 m. 9 8¢ 279 7 18 &8 19 g et 201 61 Y 620
1959 133 o7 1D e2 ¢ 409 € 47 56 > . s1 *?
1560 120 18 3 - - - 343 141 134 1€ :‘l -
1561 204 14 156 155 179 1»n - 9 - _1 Zg’; 173 :
1952 418 53 302 - 196 309 - - o 14 26 96
1563 C 191 120 €5 51 386 123 16 26 o Joo pas 5 2,106
19¢e4 24 183 51 {02 124 27 477 53 04 2 3 s ‘310
1965 36 S0 38 237 207 37 1? 32 0 10 2 . 71C
196 97 57 1 gL 200 B0 10 33 33 ne 132 176 1.43¢
1970 12 10 128 167 322 338 796 187 165 245 112 16 2,003
1971 23 13 28 107 €3 22 100 258 43 42 23 i5 _ iﬁ’.’
1972 164 17 56 €2 16 1 « 31 o © F3- ™ ]
197¢ M ¢ H 320 257 - b2 ) ¥ o €o 126 ;1 -
1917 - 35 24 4 17 s6 7 2 o o ics -
1978 €9 16 247 237 283 122 F3t1 67 142 176 140 260 1,970
1973 10 37 233 165 s 23 € D 226 75 3z ?5 1,288
1580 49 158 57 257 260 289 1n 10 o s (2] 146 1,265
1981 23 2 22 91 s 85 - - - “ - - -
Average 98 72 123 176 72 191 1ds = £6 87 166 1¢4 1,506/1
Max. 418 e 302 402 322 43} 516 €20 276 3le Py 260 3,424
Min. 6 o 3 8 17 17 "4 o o ] 12 10 67443

bata Sgurce: before 19312
after 1978

Rermarks

r -

;

o data

Master Plan Stody Feport
Monthly Data by DIFERIA

total of scathly averazss
saxin® Of anrsal valinfall
siniran of asreal rainfall

1«40



Table 2.7 Mean Moh!:b).y Rainfall (9/13)

Bstu-Bale
i i (Unit:  ra)

Year Jan. feb. Kar, Aor, Eay - Jone July  Avg. Bep. Oct. Yos. Dec. Annual

’ 1930 » s » ¢ & » [ 3 » [ s » 1,295
1931 150 75 250 145 582 . 7 13 137 16 0 62 13 1,573
1932 117 22 157 3% 189 25} 284 40 0 5 27 153 1,626
1933 P 3%2 75 Nz 421 130 101 242 71 192 137 s 1,868
5934 218 130 22 e4 357 215 2] 105 42 ) Y5 &6 £} 1,650
1935 11s i3 262 278 502 29 73 13 0 235 272 125 .73
1936 B6 46 29 239 195 183 136 95 33 ¢ 149 57 1,439
1937 132 0% 204 343 233 an 152 22 61 7] 72 17 1,507
1938 517 €4 104 135 113 243 176 186 23 £ 11 259 330 2,€73
1933 94 244 125 233 5% 292 163 ££ 10 53 635 €4 1,5%6
ivd0 197 i 40 3is 487 117 10 14 ] o &3 3 3,502
1943 7S 82 70 150 292 136 o 7 o 0 183 22¢ 1,221
1551 15 50 55 125 0 235 - - - - - - -
1952 85 55 219 10% 29 175 a2 o 5 a 30 31 972
1943 35 143 105 15 205 55 160 0 3? - a10 - -
195¢ K - - - - 240 45 nsg £5 110 &1 - -
1955 113 219 11 148 298 233 115 320 s 25 - - -
1556 - - - - - - - - - - - - -
19572 - - . - 500 75 123 132 @ 59 4“7 109 -
1958 126 161 74 188 n 104 &5 in @2 125 L+ 195 1,272
1958 54 181 . 119 k113 220 327 £3 11 103 - 10} m -
1960 47 i93 9% 220 251 156 722 LY} 43 22 - 37 -
186y 1n st 131 333 is5¢ 3 L4 1? o ? 105 - -
1362 186 99 259 143 13¢ 192 &9 nz €2 - 25 i -
1963 143 :1 93 58 151 103 - i3 o o 10 - -
19€4 :¥4 110 18 - 226 107 183 131 160 215 122 2 -
196% 46 197 110 e - - - - o o 113 €5 -
19¢€85 245 14 FL-2 B 125 107 38 S50 s €3 170 g5 1,718
1567 244 73 6} b ¥4 ] 128 - - 40 - - - . -
1923 €8 174 55 €7 &3 250 183 119 455 54 13 208 1,8¢5
1974 52 ) 83 192 37 81 104 10 173 161 73 32 1,172
1975 - 10 127 108 24¢ 168 184 127 1o 36 52 123 -
1976 €3 25 155 4 22 1y 119 2& 1] - 262 3 -

- 1937 167 142 17 318 152 243 142 53 o o 26 52 -
kverage . 12% 178 133 181 245 1% 154 24 ‘58 76 15 1oz 1,533/
hax. 522 352 04 400 583 27 244 320 455 366 410 216 2,£29/2
Min.- o g L 40 1% (4} 31 0 o o o o 31 gn{ls

bata Scurce: Lbefore 1977 Msster Plas Stody Feport

Ferarks

t

R

0o Jata

urcollected in this

sL;ody

total of sonthiy averazes
raxisos of 2rnual rairfall
minizm of annial rainfall



Pable 2.7 Mean anipjgﬁﬁ‘ﬂ‘iﬂ}i}ﬂfﬂ

1-42

Sengkangy (Gnits rn)
e
oV, <. Rnnwal
Year Jan.  Feb,  Mar,  Apr.  ¥ay Jure  July Mg SR oct- @ o
S : - 201 [%) 3,703
1517 33 179 54 134 1M 226 174 203 8; 1;; e bt 236
1918 35 146 1é 20 162 57 .0 ¢ 36 ° 6 26 1,91
1919 73 27 165 133 216 67 105 3 o 207 61 1656
1520 ¥ I 212 26 263 22l 98 95 S e e 89 1,937
192 e 260 es 13t 248 a0 35 A o1 o s 1,293
1922 18 19 32 243 291 180 16 81 n s < 169 1 389
1923 s6 153 54 304 m o 322 n ° ? e 199 a8
1924 s8 74 252 219 17 m 81 170 72 1:'; » 44 1
1925 50 86 3 136 32 245 €3 $3 19 e Jes 17393
1926 142 17 8% 122 226 1N 70 160 55 13 b o 13%s
1927 15 143 171 287 162 337 213 1% 42 163 9 o ) o1
1528 13¢ 22 7 106 292 150 ITIE ? 1 el 91 1488
1929 29 12 51 218 191 23 20 24 1 4
3 135 &3 54 1,432
1930 23 76 81 437 321 182 20 10 ) _ 3 144
1931 17 178 191 155 433 24 162 52 51 &0 ng H 1.ece
1332 72 10 179 243 236 219 9 33 18 &7 10 g l_. 4
1933 116 9% 67 201 455 1R 205 1¢6 13?2 152 129 ¢ 1,8]
1934 150 67 63 178 212 395 240 &3 83 1€4 123 132 1,992
1935 109 141 163 321 s16  2M 76 & ¢ m 183 9 2,120
1236 28 3 205 367 %3 1M 111 134 54 28 135 in 1,€33
; ) 3} 43 70 &7 1,60
1937 53 122 130 233 222 21 732 76 k ;
1935 328 72 300 124 506 298 135 280 €3 Iy 245 144 2,337
1932 59 7 55 145 3z 92 102 1561 35 20 4 3 1,493
1940 0 47 &5 145 s15 232 15 &6 .3 ¢ 150 140 1,527
1911 65 33 71 14 4y 2 2 10 £ 24 6 232 1,313
1953 52 79 147 146 181 51 157 1 16 2 172 &? 1,130
1954 a7 a4 75 93 2952 243 1725 95 1£4 203 142 150 1,737
1955 37 21 137 164 194 n 337 e e4 m 57 €s 2,159
1956 180 45 75 181 1®s I 13 338 198 153 €0 9 1,676
1557 eé a3 130 43 235 N 143 €3 10 ] 2 120 1,108
1558 123 170 120 3% 104 11 55 116 N ‘101 81 137 1,674
1959 24 76 1is 179 ETT I 1) 129 2 <4 19 132 97 1,593
1960 220 52 45 151 2 20 309 &9 13} n 125 42 1,644
1951 146 98 31 361 122 243 2¢ - - 13 75 120 -
1962 147 52 243 178 146 e 87 1€} 38 58 - 35 -
1963 0 €S 103 42 197 3 67 (23 o ¢ e 43 153
19¢4 a7 29 50 21 10 12 210 e 201 161 b33 13 1,££3
1565 €8 50 - 169 22 A8 3 10 © o 22 LT -
1986 17 94 1¢9 as4 128 13 71 3 31 €2 128 9% 1,304
1967 76 42 1S 1151 87 241 222 & 1& 1 o 2 1,028
1965 50 39 2es m & 221 243 3103 2 1311 102 150 1,626
1569 g 17 139 137 3 92 95 1] '3 21 53 139 1,134
1970 2 2¢ 102 &5 256 245 350 17 36 1€0 285 22 1,976
1971 - - - 105 18 182 1) 118 HETY 4 1373 12 =
. 1972 243 - - - - - - - - - - - -
1973 - - - - - - - - - - - - -
1974 - - - - 130 235 45 185 150 1 2 2 -
1975 13 52 e 124 €8 152 a2 110 197 160 €1 53 1,656
1976 22 n &5 1 15¢ - - - - - - - -
1977 - - - - - - - - - - - - -
1918 - - - - 1t 183 273 130 43 220 104 € -
1979 40 35 184 181 I 132 37 © 223 1 106 3101 1,520
1520 50 11 165 3% M 232 is 162 1 " 315 n? 1,733
1981 as 3 223 175 1 102 32 - 93 3120 '} - -
Aieraye 86 g2 125 1E9 %1 207 138 %9 &7 $2 . 318 94 1,533 41
Max. 388 - 221 300 97 26 335 337 113 34 222 » 232 2.591 /2
Minp. 13 3 -] 1 €2 ] o 0 [ o ] 2 593
Cata Scurce: tefore 19)1 HMaster Flan Stoly Pejort
after 1978 Monthly Data by P3SA
Rerarks : - 1o data
© £1 total of rorthly averzzes
f2 =axinm of arc:al ralnfall
£3 miniza of anncal rainfall



Table 2.7 Mean Monthly Rainfall (11/13)

Fanpinuy .
. fUnit: ram)

Year Jan, Feb. Mar, rApr. May June July A3, Sep. oce. Y, beo Annval
1517 87 55 1117 36 257 113 1% 202 155 333 132 42 2,344
1918 ies 116 €3 4 180 ” 10 0 o 2} - 151 -
1939 95 38 132 167 185 92 L 0 39 0 18 61 1,424
1520 79 27 139 n? 154 H{ 23 392 7 30 11 30} 40 ¥, 564
o 5 13 88 M3 - 1 282 239 39 75 219 173 - -
1922 [H] 19 13 402 182 219 65 51 n 34 56 103 1,41
1923 20 £32 7" 243 b7 11 LY | 329 190 12 25 43 147 3,210
1924 145 430 503 149 4% 27 332 138 1 175 256 55 3,100
1935 53 497 k1 123 245 F{3} 95 70 45 o o8 83 1,204
1926 133 o e T 13 265 250 - 3% &% 35 2 73 223 1,728
1927 95 73 2 243 155 mn 119 23 113 L35 7% 27 1,524
3928 124 0 159 198 EET ] 232 €5 76 29 27 151 3 1,440
1989 304 40 184 190 132 237 242 23 32 ) % 224 3,61%
19)0 €4 214 138 327 0 438 183 33 9 K 149 R4 59 1,522
19 19 00 192 163 438 310 158 78 35 23 115 k53 2,132
1832 190 Ed 13 210 kT} 218 1%8 41 -] 113 196 &3 1,332
1933 &6 85 55 o F 1)} 142 239 141 113 1€4 n 16% 1,822
1934 03 14 39 #50 83 280 230 163 7 ] 192 187 2,614
1935 49 3.3 20 wm 550 332 132 £3 o 262 152 47 2,214
1935 e %2 191 423 k331 213 €5 o2 ¥ 48 ] 143 1,840
1537 16 200 41 284 167 210 Vi 107 in 79 58 393 1,837
1938 ns 136 m 97 413 ral} 200 158 52 22 172 105 2,150
1937 30 251 42 12¢ jis 235 92 19% 22 56 70 87 1,588
1940 45 123 120 230 445 246 13 [ 0 1] 75 157 1,536
1941 11 243 93 353 340 48 20 19 2 38 3 304 1,142
Averaze 93 n? 150 286 9 222 337 &7 43 81 127 nsg 1,751 4L
¥ax, 2is 458 563 502 550 310 Ly 202 155 33 1)) 304 330042
Kin, 16 39 34 92 120 s4 10 o 1] o 43 27 1,204 /3
s2kxolt

xolt . {Unit: )
Year Jan. Feb, Marc, Apr- Hay Jure Jaly Aug. Sep. oct. Yo, Dec. Arninal
159 o - - - 242 167 156 17g 38 47 &S ics -
1970 3 12 131 122 [+] 385 433 157 190 £ 15 1 1.2
15 3% 36 17 85 130 €1 283 361 323 1£8 ¢ © 1,505
597z 130 o o 245 208 47 1] 0 G 22 123 30 1,156
1523 i3 g2 213 ¢ o o 123 G 616 117 o o 1.76%
1974 0 o 45 153 452 . &0 - 3 20 137 o 0 -
192% 43 &3 46 6% 437 112 252 162 s01 108 126 25 2,607
1376 4 2 149 19¢ 3 584 360" 45 ] 1826 112 o 2,269
s 145 81 1nL 29 231 465 3] 4 o 40 215 m 1,815
1978 - - M 445 330 - - - 247 - ~ - -
1919 3y - 136 - - - - - - - 33 - -
1350 3 83 156 481 619 320 131 259 3 59 0 ie2 2,144
1981 o 13 245 300 €40 63 - - - - - - -
Rversze 17 33 F2 32 305 245 264 121 156 136 83 92 1,852/1
Max, 1139 9% 245 8} €40 s8¢ 4156 361 620 337 2is mn 2,609 7%
Hin, 0 o o ) o o o o o 40 ] 0 1,15643

m'u Sosrcen

Feaatas

btefore 1972
after 1928

ro data

rota) of ponthly averagss
paxinm of annial raienfall
pinizan of annurl rainfall

Haster Plan Stoly Reporxt
Mxithly Rata by DIFERTR

I - 43




Table 2.7 Mean Monthly Rainfall (32/13)

Paria nft:  en)
. oV . . Ansys
Year Jan., Feb. Mar., Apr. Hay June July aug. Sep. Oct. bov Dec }
1918 - : . H & o €83
1919 121 136 45 385 380 94 13 3 18 33 it ’;; ;:gsss
1920 18 - 32 195 395 He 107 107 97 87 2 o2 67 3y 34
1921 9 149 63 101 184 402 249 225 i 108 o n 3-1.'N
1922 22 b 186 194 413 8 13 15 15 392 1e0 R 1-6”
1923 34 141 LY 41 1s 14 207 43 -5 49 m e 230
1924 106 1M 3o 222 S8 260 18l B A e Vis
1925 29 27 44 97 228 238 1 122 50 [ . b I-S”
1926 129 235 80 &1 356 230 13 73 9) B 44 2 351
1927 &5 162 225 338 M 4%0 26 10 0 17 s 4 ?
1328 £5 11 8 - 232 292 s3 101 22 43 85 28 i 16
1929 136 82 s 232 241 N s 7 81 0 26 i 2 189
1538 1 83 245 700 456 282 38 1 20 16 U9 183 3 3o
190 &5 157 168 193 616 455 n: 1:_;) ;g 180 140 s »?
19 22 62 259 3= 404 s 30 ¢ ‘ - - ' LT
19;;' 67 103 192 35 €50 168 el 76 154 153 197 82 ;,;1;
1934 257 133 52 11 381 393 252 103 €3 191 82 218 +30
1935 23 124 €5 355 589 €8 218 57 0 205 18 1¢4 ?.,332
1936 59 100 361 185 438 M1 s 167 93 25 95 o . 2,039
1937 46 50 242 19 3 34 189 52 ns 110 94 105 ":"
1918 - 753 36 259 220 525 2 243 FEYS 103 13 187 140 2,554
1939 22 702 39 120 491 A% 157 189 9; !lg 15 2 06
1540 1 55 123 135 725 £43 0 12 - T =
1941 62 148 5 212 454 193 4 34 1 21 262 358 1.&!_1
1953 97 75 131 £4 317 242 306 L] 2] 3 ] 201 FIT 1,765
19548 2 3 120 116 373 £49 138 124 393 316 189 e 2,301
1954 144 tse 136 39 e 451 3£9 £43 92 »1 176 106 3.459
1936 58 35 198 115 410 371 175 €27 355 129 8% 193 3,082
1957 30 42 50 120 676 H3 214 ¢4 S0 E8 0 SOy 2,561
1958 182 2359 323 511 156 252 o 219 ) 1¢2 - 47 -
1953 ° 93 3y 270 153 780 133 S8 103 18 2 1 ¥34 2,553
1260 £3 135 10 158 325 402 593 e 293 =q 210 120 2,064
1361 - 123 . 356 182 558 456 423 57 - - 5 - - -
1962 102 17 141 202 ass - 02 223 56 - - - -
1963 - €5 3z 1o 3&s 254 131 15 ¢ B 18 90 -
19¢4 o3 21 145 28 507 211 78€ 23} 173 B3 - 8 -
1365 o - 5 761 €23 247 a3 97 [} 15 i 153 -
i€ 452 €23 232 €48 524 445 367 158 120 - - €82 -
1957 1 327 2 s 465 €63 212 £2 5 o k371 2 2,463
15¢8 12 5 30 €55 48 790 258 st 222 158 ? €2 3,397
1863 106 67 365 - 8562 216 20 135 33 70 255 513 -
1970 - - - - - - - - = - = - -
197 - - - 23 167 172 194 1¢2 143 “ = - -
1972 176 - - 184 435 53 3 18 o 0 10 9= -
3973 m 101 220 2¢3 33 243 - 2 433 126 87 90 <
1974 32 s 63 256 241 - %0 616 2 - 259 £6 19 -
1915 80 186 63 242 516 503 258 254 €23 k113 1Y} % 3,388
S 1976 13 7 4 163 360 - 325 - ) 176 434 - -
1977 171 10 103 145 138 423 £ 122 o o ) 2563 1,656
19278 107 25 233 134 372 245 2719 162 120 197 138 47 2,049
1979 15 14 55 4 10 £39 &5 o 3 - 114 52 -
1930 5 & 50 460 tts  an &3 4 o I &5 85 1.75%
1321 [ 23 32 424 1e 33t - - - - - - -
kverage e4 113 L TT; 39 i3 122 200 150 ice 136 162 4 719 3,901
Max. 452 (33 441 628 €2 793 785 (4} €23 133 04 €87 3,483 /2
Min. 0 1 5 73 135 e ¢ o o o ? 2 3,161/3
Pate Source: btefore 1977 Master Plan Study Feport
i after 1978 Monthly Lata by DIefigA
Rematks | : - oo data
/3 total of moathly averages
f2 raxizm of 2hn2] rainfaly
3 einirs of aroema) rainfall

I - 44



Table 2,7 Mean Monthly Rainfall (13/13)

Siva
. {Unit: ro)
Yeor Jdan, Feb, Mar. ror. May  Jure  July ryg. Sep. oct, Kov. Dec. Arnual
1919 * [} * . ] * ] . [ * * s 2,049
1920 ) [ [ » ] b [} [ 3 [ [ s 2,718
1911 * L] s L] B | [ L] . L4 ] + * 3,14€
1922 L] + ] ] * ] » - ] » * * -
19,, E ] * i ] 3 L L ] # * L * - 2'?28
1924 [] ] » * * » * * a * ] L] 2,981
1925 [ 4 E] . 4 L] * ] L] * - - 2,897
1926 [ * a & ] . * » * ) L ] 3,419
1927 * s 1 » ] * ] » 4 * . * 2,160
1918 * ’ [ [ * a . s s . . 4 -
!929 L] - * - L] * [ ] ] L] ] % ].I?a
1930 ] L i * » * » ] ] » ] # 2,930
193} ] L] oo s . O » * - » ] s 3,430
392 [ . [ N H . $ + » * . » 3,5M
!933 & L 4 #* a » A * * ] L ] 2')13
31934 . * N * . » N . s * * * 1.842
1935 #* L] L] [] ] [ + L] * & * s z.302
1936 # * » ] + 4 * * » * * * -
1937 . 1 . [ § * + L] . * » - 2,236
1938 [ s ] - [} * ] - - + - - 2,718
1939 [3 s . » * . ’ s . * . * -
© 31940 2 * L] £ s * L] E] * (] L 4 2,439
1241 & & a + L] * [} [ 2 # & # 2,255
A\‘e!:&;e ’ a a L] a [ [ * z * - 2 » 2.};]_/_1_
Mak. ] a - » . F 2 & » b . 3,574/_2
Rin. . ] . . . > . ® * * . i,e42/3
[ata Scurce: annual dats by FHG
Fe=arks r - o data
t preoliected in this stody
/1 average of arnual rainfail
7_:2—_ Paxizw of annual rainfall
/3 minieus of annual rainfall
I - 45
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Table 2.9 Result of Water Quality Analysis

(Sampled 21 Aug. 1981)

{1} {2) (3 {4) (s) i6)
Parazeter Unit Well well ¥ell Kell ¥ell ¥alola
_ Ko.-1 bo.-2 ro. -3 F2. -4 12.-5 River
Eggnicai & Physical Properties
Colour Unit Peco 5.0 5.0 5.0 5.0 5.0 5.0
Corductivity Ba/f 516, 1.8 1.8 1.8 1.8 1.8 1.8
Total Solid e3/4 388 406 1,200 €40 6130 o6
P2] - 6.4 8.5 3.0 8.7 8.8 8.8
S5.A.R, 0.4 0.6 2.5 1.6 2.7 012
3 Katriun 11 16 1 31 48 7.3
R.§.C. _ ~ 0.3 1} 0.01 5.8 0.5
D.H.L. usho/cn 550 580 1,580 920 820 120
+ lon (K)
Potassiun x) e/t 0.52 .82 11,3 2.1 2.11 1.8
sodiun {¥a} 3/ 13.7 21.2 251 65 a0 2.}
Calciva {ca) req/f 1 43 8.7 T 6.9 13
Vagresiua  (¥g) e/l 34 n 15 57 47 5.7
fron (Fe) B3/ 0.02 2 0.01 s s 0.05
Hanganése (Kn) /L & * 3 & 2 2
2rooniue (KH,) =3/f 0.54 0.48 0.05 0.25 0.04 .
- Ion (A)
Chloride (Ci} =3/4 53 43 37 87 2.7 4.9
Sulphate . {504) w3/ 2.8 4.8 75 63 11.6 1.0
Nitrate {no3) 3/ 1.4 1.4 0.04 2.9 0.67 *
Bitrite {80y} eg/f * * t 0.0) 0.02 0.02
Blcartonate  (BOO;) vg/f 238 260 783 330 se2 62
Caxbonate (C03) ng/f 14 2 63 28 70 14
Fhosphor (r) 3/t * s . t * :
Boron (8) w3/ 1 . ' 0.02 0.01 0.002 0.004
Cotger (Cw) 214 4 * * N N a 3
Cadniun (Cay w971 s : * * . .
1ead {¥b} g/t * 1 s * s .
Zinc (zn) E‘]/[ ] #* L3 * % L]
Fickel {%i) e/t * . ' * . *
Chroaivs <} w3/f : . * . b *
Ferark: - no analysis

* regligibly s=zall

(13
2):
13);
{6;
1531
(6},

Kab.,
¥ab,
Kaly,
Kab,
¥ab.
¥ab.

Sidrap, Fec. Dua Pitve, Desa Bila, Kampurg Pallae

Sidrép, Yec. Dua Fitve, Desa Tanru Tedong, Kaspung Awakalulke

¥ajo, ¥ec. 1anasitolo, Desa Tauncung, ¥arpung Labuangpatuo

¥ijo, Kec. Manisngpajo, Desa Anadbanva, Kanpuig Fola Malirpong

wajo, Kee. Manlangrajo, Desa Xalola, Xazpung Awatarae

Sidrap, Kec. [aa Pitue, Oess Tanru Tedong, Kampung Xalosi

- 47



fable 2.10 Water Quality Analysis Made in Master Plan

Bulu Cenrana

* neqliqibly small

I - 48

Paxaneter unit WH?"@?E Oct.1978 _Mar.1979
Chemical & Physical
Properties
Colour Unit PtCo 13 K 2.5 2.5 7.5
pisolved Solid 774 100 - 932 B
Suspended Solid rg/ L 332 - 88 i
Total Solid ng/ L 432 - 1,020 -
Conductivity m9/f 174 34 1,210 185.0
pP.H. - 8.4 7.6 8.5 7.6
Organic Solid ng/f KMnOy 12 - 8.2 -
CO2 wg/ L - 16 - 8.8
Hardness a 4.4 - 18.5 -
+ 1on (K)
‘Potassium  (K) g/l 1.1 2.4 20 1.4
Sodiun {Ha} ma/f 4.2 2.1 230 3.9
Calcium {ca} vg/f 18 1.5 50 21
Magnesiun (Mg} mg/f 8.0 1.5 50 1.4
Ixon {re) wg/ L 0.42 * * *
Manganese  (Mn) mg/§ LA * * *
Armontiun {KH4) g/l 0.04 0.13 0.24 0.10
Hitrogen dotal ma/ L - - 0.45 0.63 0.59
— Ion {A)
Fluvorine (F) g/l 1.2 * 0.24 0.10
Chloride . . (Cl) g/l 4.2 3.3 - 23 6.0
Sulphate (S0y4) i T 9.1 6.3 449 4.6
‘Nitrate (¥03) wa/ L 7.7 0.21 2.9 0.28
Nitrite (%03} rg/f 0.03 x 0.02 2
Phosphate (P04} g/l * 0.26 0.08 0.24
Silicate {5i03) g/l 42 24 51 32
Bicarbonate (HCO3) mg/f a7 10 346 8
Carbonate (CO3) g/l 10 - 32 -
Phosphor {P) e/ L - - 0.03 -
Silicon (si) g/ L 20 - 24 -
Boron (B) wg/f % 0.02 2 0.10
Copper {Cu) g/l * & z %
Cadmium - {¢d) ra/f x * x &
Lead (Pb) reg/f * 2 2 *
Zinc (Zn) rq/f 0.12 * 0.87 *
Remark: - no analysis’



Table 3.1 Secasonal Rainfall

{Unit ; 22/6 monthe}
Farla
Vet Season_ Dry Season Wet Season Diy Season Wel Season Dry Season  Wet Season Dry Seasco

Year RAppPALE Tanyu Tedong Acabsoug

1918 © 561 979

18 €69 145 1,167 451
2920 - - _ 933 599
21 186 ) _ 1,200 476
2 - - 1,001 1,001
23 é83 1,017 1,040 1,002
% 1,593 741 : 1,522 £39
25 759 762 885 600 B4 £55
26 1,249 1,065 1,152 519 §84 574
21 93 - 1,134 455 3,320 €6k
s - - §53 - - 392
19 Nz 114 _ 1,059 £51 310 £32
193% %D 18 : 1,094 762 1,437 749
31 1,8% 185 1,969 125 1,237 326 1,850 1,237
a2 1,03 €5 1,3% £51 1,563 768 1,640 T
33 1,197 £87 1,203 08 1,358 626 1,667 830
¥ 1,208 m - &0 1,991 536 1,3 763
35 1,187 1,221 1,665 1,026 1,482 $66 1,687 1,043
¥% 932 743 1,498 673 1,574 454 1,25% 598
3t - 1,145 - 749 1.3 853 1,214 %17
38 1,071 918 1,851 - - = 3,600 £59
k¢ - 07 ] - - 38 1,760 370
1946 235 927 1,700 726 1.185 451 1,36 -
41 - - - - 533 - 945 -
£2 - - - - - - - -
43 - - - - - - - =
44 - - - - - - - -
43 - - - - - - - -
46 - - - - - - - -
47 - - - - - - - -
] - - - - - - - -
42 - - - - - - - -
1950 - - - - - - - -
51 - - - - - - - -
52 - 50 - - - - - -
53 - - 858 - = pic ] 1,019 714
54 - 956 1,355 628 - €07 1.4E9 1,060
55 1,248 €52 1,453 - 1,35 451 2,848 584
. 19 1,143 1,024 - - 1,095 - 2,14 &1
57 718 - - - 50 834 1,817 1,1
58 - - - - 1,143 &7 2,032 -
5% - - 1,347 - 1,453 102 2,207 410
1350 - - - - 1,524 662 1,55% 1,075
3 - - - - - .11 - -
62 3,156 B - - - - - -
63 5% 560 - - 973 S 875 -
€4 - - - - E,656 - 2,979
63 < - - - 953 155 1,722
[ - - - - §73 468 2,328 -
67 - - - - 1,345 - 1,871 62€
£8 - - - - - - 2,106 502
&3 - - - - - - - -
1970 - - - - - - - -
S 7k 1,183 1,048 1,24 £58 - - 1,145 -
L 658 3,007 571 702 - - 655 -
13 1,788 79 1,774 €62 - - - 53
EL] 1,34 x5 1,210 £42 - - - €33
5 1,33 £33 1,601 581 - - 7,436 €35
7% m 763 1,068 515 - - - -
b7 i - - FSTRE 543 - - an 15
78 - €65 1,419 k111 - 695 1,152 516
7 635 515 1,35 520 1,220 137 L -
1390 M3 685 1,165 359 1,194 451 1,51 1529

Feasrks 1 Vet Season 3 April - Sepresdex
Dry Season 3 (xtcter - March
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Table 3.2 Mean Monthly Discharge {2/2)

pids (Carchment areat

373 kal)
‘ {Uoit: mlfsec)
Year Jan. Feb. Mar. Apr. ' Kay Jun. Jul, Aug.  Sep. Oct. Fov. Dec. Hean
1973 - - . - 452 266 0.7 28.2 %.1 19.3 146 28.1 -
1974 7.7 B8 3.7 5.3 18.5 15.3 3.9 12,2 S54.2  28.2 13,3 1)1 19.6
1375 9.8 8.7 233 10.1 (21..8) - 35,1 3.3 5)2 189 148 110 -
1976 5.6 35 10,0 23 2.6 185 109 - 2.9 4.9 1.5 9.5 -
1911 S %2 - .7 9.5 ALZ  25.3 10.6 1.2 2.5 2.8 25 .6 -
1918 18.3  11.7  22.% 3.5 &7.3 3.3 3313 1.8 192 1.0 1.9 12306 23.5
1973 3.7 131 12.8 4.5 184 28,2 12,1 3.8 1.4 3.3 5.5 12.2 13.1
195 13.1 6.6 .3 24.7 3.1 3.8 3.4 8.9 §.9 34 3.6 6.8 12.6
1981 2.7 3.0 16.3 235 49,0 5.8 50.7
Average  %.4 103 131 209 ¥ 24 223 1.3 22.7 12.1 9.8 6.8 18.0
!.e:ark.é. ( ): Esrimated dis-_:?_:arge froa Tantw ‘lc—s.'-o.ég by use of correlation foreulaj
Qypa * 0-354 Q‘l‘.redong ’
Tanru Tedong {Catchmeat atedr 1,123 ¥al)
Year Jan. Febd., Mar. Apr.  May Jur. - Sul. Auwg.  Sep. Oct. Nov. Pec. 2T
1974 . - - 33.0 0.0 &3.2 S$1.9 L0 (353.1) 95.9 50.8 $0.3 -
1935 2.0 - 164 M.2 518 - 97.5 50.9 104.4 55.3 ¥B.% M7 -
1916 231 16.% 3.1 L2 25.6 638 54.2 - 8.0 0.7 1.0 50.0 -
1977 0.4 - s1.2. 8L.8 3.5 0.5 1.2 M8 B8O 4] 4.3 3531 -
. 1978 50.8 21.7 31.6 S52.3 103.8 33 829 &1.3 63.3 I1.5 185 332 53.0
1979 8.5 (4.7) (35.2) 529 40.1 (9.7} 7.1 15.2 485 9.9 1.8 .l 12.3
190 26.1 10.7 20.0 (69.8) (30.1) 120.6 3.6 22.8 ID.5 (¥.6) 9.0 IS5 37.1
C 1381 8.5 1.6 487 58.5 150.5 20.7 1%.3 17}
Avecage 6.5 20.0 3%.3 536 6.2 &7.5 6.7 330 571.4 Nz M.z 4.3 £3.%
!!eauﬁ. { }: Estizated discharge fron Bila by use of correlatica foreula;
QU fedoag * 2+923 Ogq1a
Bily Cearana (Catchrear area: 51 ¥a?)
Yesc lan, TFed. MWar. Apr. XMay Fun. Jul.  Aug. Sep. Oct.  Now,  Dec. Mean
1975 (%.1) - {10.9) (1%.1) (25.4) - (40.2) (21.0) (43.0) 17.8 9% 16.8 -
11314 3.1 12.6 M.} 2.3 W3 1.8 X3 9.0 3.9 L6 11.5 10.5 12.8
1927 10.7 - 4.8 .1 .Y LA AD - L1 9.5 6.2 198 -
1918 5.2 1.8 18.% (21.5) (42.8) (2.1} (34.2) .3 (28.6) (8.%) 137 8.2 24.38
ivi9 1.0  16.9 - 19.5 153 - 15.8 %.2 11.3 3.4 .4 1.3 -
1980 16.8 3.3 " 10.8 - - (9.7 (A} (9.0 1.3 & 6.2 9.3 -
1981 5.8 2.6 (20.1) (4.2} 363 LS MAY (.))
Avetage 1.2 12,6 M. a3 2h1 6.3 6 123 150 6.6 8.6 16.7 12.6

Tenarks, { }¢ Batiaated Jlschatﬁe-ftoo Tasry Teddag by use of dodcelactoa formulag

Qs cenrans * 0.412 Qt.fedbcs
3 Values do ot £it the corzelation curve.
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Ave,

(Unit 3 m3/s)
1981

1980

e of the Bila River
1979

£e_of
)
1978

(at Bila

Dischar
1977

1976

10-day Average

19?5

1974
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Toble 3.4 Discharge Duration

Bila _ Discharge (m/see)
Yeax Maxdmum 95=day 185-day - - 275eday 355=day Minimum
1974 - 204.0 . 20.7 12.8 B.3 3.0 2.9
1973 305.0 30.4 19.1 12.8 4.7 1.7
1976 245.0 10.4 6.0 3.0 2.6 2.5

1977 189.0 14.1 6.8 2.8 2.2 2.2
%978 355.0 24,9 15.5 9.9 5. 3.7
1979 159.3 13,5 7.3 6.0 2.7 2.7
H.wmo HNW’W . Pb-u- m.m Mnu. N-N Ntm
Average 226.7 . 18.2 10.6 6.8 3.3 2.6
Magimum 355.0 30.4 1.1 12.8 5.3 3.7
Mindmuom ) 125.7 . 13.5 6.0 2.8 2.2 1.7
.?sun Tedony,
Year - Mascdmmum §5=day’ ~ L85-day ' 275~day - 355-day Mindmum
1975 505.5 641 < 35.2 20.7 9.4 3.1
1976 303.4 © 46,9 26.9 15.0 5.3 3.7
1977 - 481.2 42.1 30.9 10.8 2.7 2.5
1978 630.0 59.5 41,6 19.%6 16.0 4.4
2979 537.2 39.2 19.0 12.0 7.8 2.1

Average 510.2 48.2 28.8 15.0 8.0 5.3

Madmum £30.0 . 64.1 : 41.6 20.7 156.0 144

- Mindwmum . 303.4 36.2 19.0 11.6 S 2.7 2.1
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Table 3.5 Accumulate_cl_ggi_nfgﬂﬁfmif’_ﬂi

{Units  rm)
Year Enrekang Siva Moroangin Rapgang Bita malirpong paris Senkang Bat¢-Bale Pompanua Tanru Tedong Average
1331 2,152 3,430 3,475 2,758 3,185 2,408 2,734 1,608 1,823 _2.132 2,17 . 2,603
1832 1,017 3,574 3,345  1,BE4 2,840 2,118 1,509 b,626 1,732 2,005 If?f"_
1933 1,960 2,143 3,450 2,082 2,741 2,070 2,417 1,8%0 )88 L.B72 1,881 L
193 2,357 1,842 2,763 2,122 2,765  2,84¢ 2,31 1,907 1,680 t.f'!l 7 . ?,1196
1233 2,497 2,30 3,237 2,506 3,403 2,278 2,482 1,020 2,13 2214 2,676 : .2,5?7
1936 2,410 S, 1,655 1,780 2,03¢ 2,039 1,683 1,439 1,E40 2,05} ’;'?”
1937 2,239 2,296 2,683 5,071 1,843 1,921 1,460 1,%07 L& 2,7
1938 2,223 2.513 2,933 2,233 2,632 2,550 2,597 2,613 2,150 2,?33
1933 2,304 2,082 2,216 1,493 1,576 1,588 1.?31
1540 1,749 2,493 1,524 1,228 1.€01 LS 1,502 1,836 1.659 2,110
Toisl FI.E43  30.5%% 28,515 16,957 27,301 1£,395 16,570 18,1£9 18,223 19,365 13,123 714,421
wean 2,184 2,658 © 2.852 2,320 2,763 2,050 2,334 1,817 1,822 1,952 2,183 2,210

: Accuxdistion . .

Year Moxopangin Bila Lerkang Tanrg f.edor_»g_
_1931 C3,41% 3,195 1,808 2,17
1937 : 6,820 €,035 3,312 4,722
1933 30,300 §,782 5,181 C 6,703
1934 13,663 11,651 1,059 6,703
1935 16,390 14,458 9,269 9,373
1925 19,091 16,238 10,672 . 11,439 -
3937 ﬁ,m 19,473 12,552 C11,439
1918 24,713 22,101 15,143 11,430
193 26,735 22,101 15,642 11,430
1742 ' 28,517 77,101 18,169 13,129

Ferarks: ‘fnis teble is forrilated By viirg correlation pethod Letveen Tarry Tedi4hg ard Pogansa.
Correlation eguation is ¥ = 753.22 + 1.58%6 x X (N; Fmpancy, ¥; Tenra Tedorg).

Table 3.6 Gilirang Water Balance (1280)

{funits  nad

Jan.  Fed. Mar. Rpr.  May  Fusn.  Jod. A9, Sep. Ocl.  Nov.©  Dec.

1. Frecipitation 21 83 155 431 £19 320 1311 259 3 59 19 162

2. Evazoration 97 2 126 lc2 122 168 LD 1 o1 34 10

3. 01-2 -1¢ -9 21 313 437 212 2 1 -3 48 -4 53

£. Sofl Moisture 124 115 142 20 0 20 200 ™0 167 119 9% 154

5. Sarplos ° ¢ e NS 4 02 2 1 o o 0 o

€. Infiliratios 0 o ° 95 M43 €k 1 17 o 0 ¢ o

7. Iafiltratica x 0.8 O [+] (] 16 119 51 1) 33 L] o 1] 7 o

8. 'E x W(X-1} < z 1 1 ETRR N &% k%] 3 1¢ -3 L

9. Storaze L] 2 1 76 151 13 [ %] 5 33 H; 8 4

10. VIS = VIS) - V{X-} B Lt A SRS ¥ T o -2  -l0 -5 o
1. Easefice 3 1 1 42 %2 81 & o » 1o s o
12. Girect Fuioff o o 6 2 M3 e 1 9 o ° o )
Estinated Q 3 1 1. 23 5 n 4 a1 20 10 0

| Cestrved @ ' 1 1 13 221 3 N 1e 8 € 2 1

Femarksi | 1} | Infiltratién/Sorglus » 0.30
23 Inftial K x V(%-1) = 4.0
3} wiN) = (V{X) « ¥({X-)/0.6D



Table 3.7

Kaiola ﬁatcr Balance (1/}__)_

Sumrar)

‘ (unit: m3/sech
vear Jan.  Feb.  Mor. Rpr. May Jun. Jul.  hug. Eep.  Oct.  Kow. Dec,  Aversge
1973 C .01 ir45 108 13,90  5.92 16,67 3.6 1B.5% $,97 5.70 9.43 2.90 .34
1M 0.03  0.05 002 241 635 4.74  S.84 079 12,93 6.26 1.55 098 3.50
3915 2,41 4.09 1.5  §0.4&  3.98 4.59 4.03 597 375 615 ©8 o064 4.03
1976 0.09.  0.0% 0.3y . 4.60  2.50 1366 B.45  2.72  4.44 XI 340 052 AW
1977 0.03 006 0.02 4,25 5.63 'B.17  ©.97 5.6 1.6 0,50 4.3 101 2.9¢
1978 ‘ 121 2,04 403 548 17093 1e.$s 703 3.8 L7121 L4702 5.9
1979 3.0 0.5t 1,52 7,20 3.3 19.66 482 1.3 $.92 0.7¢ .47 4.78  4.94
1530 1.08 233 3.07 18.43  7.73 . 132 2.2 L 0.59 0.2 0.5 O 3.6%
1981 0.09  0.05  2.65  3.89 13.57 1.0 22.76 2.34  7.57° 5.54 1.67 6.18
average 1.02  2.28 2.21 ° 8.51 7.44 10.70 6.5 535  5.32 3.45 2.60 1.46 474
Kaxiem 3,00 1145 752 18.43  17.93  19.66  22.76  18.69 32.93 6,76 945 4.78
Hinimm 0.3 0.05 0.02 - 2.41 2.5 1.80 0.97 0.3 0.5 0.28 ©.15 0
1913
U {Urit: =nx)

Jan. Feb., Mar. Apr. Fay den.  Jal.  Ang.  Sep. Oct. Fv. Dec. Anneal
1. [ Frecipitatios Yis 384 126 459  23% 436 143 ss6 33 225 302 127 3,43
2. Evaporation 95 %0 123 124 118 93 13 95 153 x22 9t M7 1,344
3,01-2 u 30335 117 33 3¢ 461 195 103 206 10
4. soil Moisture 20 200 200 26 200 20 200 200 200 200 206 200
5. Sufplus 24 2€4 3 135 17 333 W 4£5% 195 103 06 10
€. Infiltration 7 79 S 35 nr 138 53 31 €2
7. icfiltration x 0.8 6 63 1 50 28 93 m 472 1% 49
8. X 2 V{E-}) 3 4 M 17 43 38 23 1? 7 en 42 %6
9. Storage 9 €3 3% 8 7 132 73 147 120 85 92 48
316. W{N) = V(¥} - ¥(x-1} 2 -3 -2 33 -13 k7 -31 % 17 -2 4 -54
M. EBaseflov 5 2 2 ey 48 ez 46 92 35 sy s1 82
12. Direct punoff 17 185 2 23 er 212 2t 323 13 72 144 7
Estirated & 22 1 24 /S 130 354 € 415 212 125 202 €4 2,137
ctserved @ (=3/sec) 1.0F 11.45 1.68 13.90 5.92 36.67  3.05 18.89 9.97 S5.10 9.43 2.99
1914
(Crit: )
Jan. Feb, ¥ar. M. May Jun. Jul. Al Sep. Oct. Now. Dec. Aangal
1. Precipitatien Y’ 45 ©0 243 220 159 . 136 4 442 D 85 41 1,138
~ precipitation x 1.25 47 $7 1% 33 1 200 & 5 556 251 107 52 2,165
2. Evaporation 95 %0 113 1M 118 93 13 85 153 122 96 117 2.3&4
3, -2 48 =33 -8 18% 159 f0r 133 -390 403 129 A -85
4. Soll Molsture 152 115 M 200 200 200 200 10 200 200 200 133
5. suvrplus 0 o € 1% 2 133 0 313 13 n o
6. Infiltratien ° o o 18 & N 40 o 8t 3 3 o©
1. Iefiliratice x &.8 o 0 0 14 38 24 12 [\ % 3N 3 0
8. Ex V-1 3 2 1 ¢ ? 13 24 28 L} 45 3 2
9. 5tc-u-;‘e. o 3 2 )} 1% 133 L} % 28 &3 5 10 20
16, ViN) s WiB) - VIN-1) -2 -1 o 9 19 1 5  -17 8 -8 -2 -n
1N, Easeflew F] 1 0 4 28 ] 35 17 56 47 5 71
12, Direct Rutoff 0 o o &2 m n 93 o 219 9 & o
Estiratel Q 2 } o s 13 w01 s 17 ows i n AW
tserved @ {n¥/sec) 0,09 ©.06 0.07 2.41 635 474 5.8% o1 12.93 €.26 "1.55 ©.98




rable 3.7 Kalola Water Balance (2/4)

1915 - ﬁ {nit: Ea)
Jan. Feb. War. Apr. Kay . Jua.  Jul. M;& Kov,  ee. Rl
"}, Precipitation 355 113 140 318 M5 203 198 232 226 4 M M2 ?'.3%
2. Evaporation 9% 20 323 1M 18 58 113 $5 153 122 36 11 1,344
3. 01-2° o 83 11 258 1105 8 11 1 M2 -3 .S :
4. Soil mossture 200 200 200 200 200 200 00 200 300 200 18 R2
5. Surplus- € 8y 1?2 25§ 717 103 8 137 73 M2 0 o
€. Infiltraticn s 7 s 36 ¥ 32 % «a 2 & 0 0
7. Infiliratico x ¢.B 14 4 81 I 4 L n e ¢ © .0
8. K x vix-1) 3 3 1S 10 35 27 26 n wm » ® N
9. Storage St ip 19 2 5e 52 6 4 46 57 % M
10, WN) = V(N} - VN-1) 7 s -7 32 -0 1 -4 6 ? LA I L
31. Baseflow 1 13 12 e w33 2 35 B 3 18 M4
12, pirect Runoff 42 €2 ¥z 178 54 1w e 96 st s3 O @
Estimated ¢ 53 s1 24 232 - 81 106 £ 13 g0 135 18 18 1,039
Coierved @ (n3fsec) 2.41 - 4.03 1.03 10.44 3.98 4.93 6.0} 5.97 3.75 £.15 0.64 0.6
1976 | (Unit: ra)
Jan. Feb. ¥sr. Rpr. Kay  Jun.  Juk. Aag. Sep. Oct. Mov. Dec, Rniual
'_1. présipitstion £3 7z 217 43 16 429 265 107 133 10 192 39 2,05%
2. Evaporaticn 7 100 M5 123 A2 38 81 10 42 107 133 0 43 1,091
3. 1 -2 <23 =711 102 1M s M 1e¢ a9 £ € -10
4. Soil Moistore 117 106. 200 20 200 200 200 200 200 200 20 3%
5. surplus o o 2 1M e 31 IEd 37 51 & €3
6. Infiltzration ° o 2 TR 14 92 55 n 77 M n G
7., Icfiltration x 6.8+ © 0 ? i 13 7 4 s 2 1 1 O
8. K x vix-1} 3 ? 1 ] 14 14 41 £ 27 2y 12 19 :
9. Storage 3 2 3 » 27 3] 21 <4 4 4 331 ‘
10. VIN) = Vis} - W{E-1}  +2 -1 1 18 -1 3 B . S I B 1
1. Baseflow 2 Yy .2z 18 w1 58 st M 3 @ M 20
12. pirect Randff 0 o 3 & 3z 232 123 .26 €4 - 56 48 o
Estirated @ 2 1 7 e 55 > .165 € 9 & 12 20 568
Coserved @ (e3fszc) 0.09 ©.05 6.33 4.63 2.50 13.€4 £.45 2.77 4.48 3.73 340 0.92
19m _
i funit: =}
3an. Feb. Mar. Apr.  Kay  Jum.  Jal. Asg.  Sep. Get. Sow, bec. Arcaal
1. Precipitation s so 83 =0 28 24 o 6 1% 4% 35 1,617
2. Evaporaticn 62 s M 13 10 S 1% s 20 22 126 70 85
. 01-2 32 .36 17 142 132 187 15 233 -0 -3 125 . S
& Sofl Miisture 166 152 1€t 0 200 200 185 X0 180 17 w0 240
5. Surples ° o o & 1ns aw o N e 6 w2 %
€. Infiltratlon 0 0 o 12 a 55 o & °c o 3 2
7. Infidtratien x o.e 0 o o 5 » 45 ¢ s o T 1
5. KX Vix-1) 3 2 1 o 122 3 17 315 18 9 . 17
9. Storage _ 3 2 1 26 .45 €@ M Mm% 18 3N 18
10. VO = WSy -vis-1) -2 -1 0 1€ 13 M -1 23 17 -1l 16 -i7
M Baseflow S 2 1 6 1 @ 422 AN &4 2 m n 19
12, birect Kunoff ) Q' o o 74 o5 1 ¢ 15 0 o - n 4
Estimated § . ERER o 9 1% 1 N o2 22 11 er 22 161
ceserved @ (a¥/sec) . 0.0 005 0.02 4.25 543 817 0.97 9.6 1.04 0.50 4.3 1.01 |

I - 56



Table 3,7 Kalola Water Balance (3/4)

1978 . _
' . _ (bnits  wash
_ Men. Feb. Bar.  Mpr. May  Juh. o Jwl. Rud. Sep. Get. Bow. pee. Arnval
1. Frecipitation €4 B0 3% 196 563 518 230 167 166 83 55 43 2,310
7. tvagorstion 3.6 %30 :m M1 2. MO 169 63 43 23 €9 904
312 23 44 100 125 446 426 120 S8 17 - 40 26 26
4. Soi} Molsture 200 200 200 20 200 WO 200 200 200 200 200 14
5. surplus 29 46 100 325 M8 426 220 8 17 46 26 0
€. In€iltration ' 13 30 LIS ET S } 1 3 17 I H] g 0
7. Infiltration x 0.8 ? 1 2 30 107 102 2% 14 8§ 10 & o
8. Kx vin-1) % 8 16 23 65 B4 s6 3 20 315 10
9. Storase 10 16 32 4% 130 . 161 112 1 33 .®» N 10
10, V(E) 2 VIN) - VIR-D) 2 3 10 9 83 23 .3 26 213 6 -5 -3
1. Baseftov _ 6 16 2 2 ;1 105 70 &4 M 18 13 s
32, Oirect furoff 3 m es 2. 28 e 4 1 2 1 o _
Estirated ¢ _ 27 a1 1 ne 3w o) 154 8t 36 4 n s 1,832
Coserved @ ts3/sec) 1.7 2,040 4033 5048 17.93 1895 2.03 385 1.70 2,01 1.47 0.42
1978
(Unit: o)
‘ 3an. .reb. xax Apr. May P Jul. - ARG, s€p. bct. Kre. [eC. Areesal
1. Ereclpitation i1 12 70 255 AM %68 186 $3 253 26 N3 194 2,158
2. Evaporatise "8 e 100 98 109 9% M2 710 14 33 98 91 1.082
3. 12 .4 1% 261 §2 0 4M M a1 4% -3 15 1oo
4. Sﬂil H«Sislure 200 200 206 200 200 ?DO 200 iRz 200 181 200 203
5. Surplus 7 4 19 16 €2 A 1 o 132 o 2 100
6. Infiliratica 23 51 a3 19 42 72 o 0 o 1 30
7. Infiltrition x 0.8 18 1 46 33 15 YMe 18 e 2 0 o
2. X x vix-n) r* n s 26 32 2¢ 69 4 n . 13 ?
9. Storaje - 21 12 5 €4 FY I by 86 43 sy 27 14 31
16, ViN} = V{N) - vIND) 10 -6 25 8  -11 55  -32  -27 & -1t -8 -5
1}, Easeflow 13 a2z 49 29 €5 4 7 33 17 9 35
12, pirect Runoff 5 133 313 43 32 32 6 2 o6 i 10
Estirated @ 67 10 16 153 FEINE  E-J 17 27 1% ¥ 10 105 1,276
bservid ¢ (a¥/secs 3,07 6.51 7.52 7.20 3.32 19.66 4.82 1.2} 5.92 ©.76 0.41 4.28
1932
nit:  1n)
Jan,  Feb. Mak. Mpre N3y Jon, M), K3g.  Sep.  Ogt. Kow. Dec. Anraal
1. Frecipitatica 86 154 lev S5 268 26F 136 210 2 32 e M3 2,116
2. waporatics 56 100 R4 34 M3 08 13 145 41 €3 63 103 1,175
E VRN BN I % 53 13 4% 155 157 23 & 33 .32 19 a0
4. 5011 Molsture 200 00 100 200 200 00 200 200 361 129 148 183
S. Surples 26 3 N TSR T S W TSN T P T ©o o o o
6. Infiltratica e 16 22 15 M ar T 0 o o o o
Y. Iafiluratton x 0.8 € 13 1 e 37 8 € 1% e © o o
B. X x V{R-}) 3 4 9 13 61 3 o on 2 10 s 3
9. Storage 8 ¥ % AN 338 81 19 1 n w0 5 3
E6. V(N} = (N} - wi-1) 2 3 €. & -1 -1 -n 6 -3 -6 -3 e
M. mreflov s 1 w16 & L I S L I T T
12, pirect furoff 1% » 51 ome w3 10 16 45 ¢ o o 0
Estieated Q . 2 48 61 191 170 1ed a7 L O I R 3 0 1,003
Ctierved @ (a¥/sec) .08 233 3.0 1843 1M B2 212 221 ©.59 023 015 0.00
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Table 3.7 Kalola water Balance (4/4)

14981 B

T {Unst:  rm)
Jan.  Feb. Kar. (Apr. -May  Jua.  Jul.  Aeg. Sep. Oct, Rov. Ded bk

1. Frec;pitazim o n _;;z' w45 169 70 20 M9 22 93 102 2,545

2. Evsporatién 32 59 104 1o 105 105 136 23 &7 S8 8 ' 123 1,691

Loy -2 -3 lis 138 241 326 4 se? -3 1€ 1M 1 -2

£, $0§1 Mojsture iea . 130 200 0 20 200 200 0 197 200 200 O 13

5. Surplis o 0 €8 1 128 4 ser ¢ Iss 11e 11 -0

6. Infiliratisn 0 o 20 72 %8 T 10 0 43 24 s o

7. Infiltration x 0.8 o o 15 58 79 Y 13 o 3 4 D

8. X x vix-1) 3 2 1 S 33 % 28 %2 1] 0 3 18

9. Storage 3 2 1 s 1l 57 164 82 P & B 18

10, Vi) = VIND ©oviN-)) -2 -1 10 n 28 -3 &7 -%3 -z -8 -18 - -l4

11, Baseflcw ? 1 4 70 3% 103 51 50 42 .23 14

12, Direct Runoff o o 48 1e8 228 3 397 o m 8 n o

Estirated @ 2 1S3 20 1IF 38 500 1 18y 322 3% 1 1,470

oserved @ (k3/sec) 0.03  0.05 2,65 9,63 33.52 1.60 22.76 11.37 5.32 1.38

0.2¢ O.62

Femarks: For Rogust 1995 - Juce 1581, ke evaporaticn was estirated based on the potential eiapstrar.spixation
of Sengkang; for Jazuary - July 1975 ard July - Decerker 1981, the averase rocthly gpotential €evapd .
trasspiration on tws stations (Sengking and Kanyuara) was adopted for estizatica,
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Table 3.8 Rafnfall in the Kalola River Water Balance

’ 573 A L1 1575 A T 7] 2 R T}
Honth 2‘;:::: i:t’tnr::ed s;’.’r‘:::: Estinsted -T:i:g“-’" ©f  Estseated z’:';:z: Estimated :‘:';‘.ﬁ:‘t Estizated
redoig a1} Yedong Fainfal} m_;ﬁi:ukku Fainfa)} Tedorg Fasinfall Teding Falnfal2
1 95 318 » '} 5 05 155 8 48 76 -1
2 281 154 a5 57 s 216 173 22 2% 40 5
3 100 126 £0 75 45 - N 1¢0 173 213 & 8
IR 111 453 243 1 199 433 78 19 203 223 280
5 187 235 220 W 360 144 19s 132 168 15% 238
€ 389 L 159 260 259 184 203 34 429 isz 24
1 14 © 142 156 24 195 193 198 mn IO o 0
Py 2 sse o q 5 230 232 232 85 101 230 253
9 277 34e 142 556 iss 182 228 166 B ¥ 33 0 0
I 179 225 200 5 2rd 261 264 143 187 15 %
11 240 302 85 - 197 5 87 7 153 592 193 245
12 101 127 M . 52 37 137 n: 31 3% & 75
e — e 358 T 981
Konth - 2‘;[;:;:“’ tstimted_ : r:‘;::h_‘_l o; Sst.izated Ti:::fall Ot_ E's_t_iz.ate_f) T::::fal_l o? Est.i_sated
Tedomg Fainfall feddgg Barukkw Fainfal} 2edorg Eaxukxu fainfall ] Tédong EzruXxy Fainfall
i 31 €4 1 225 1n a5 75 80 o ] [
2 €4 &0 S8 19 12 79 173 154 12 23 21
3 isg 193 147 337 252 260 163 187 270 232 242
. B 113 196 232 2 252 445 592 £5% 1?2 424 347
[3 “e43 553 11z 191 in 218 u 2t8 igq a8 43%
'3 4)2 YT FEY 53% ‘se8 28 25% 261 T s 103
. :::::"" _°f EstiFated
Tedeng Bila Mir.fa]l
ST 230 150 218 166 14 117 116 135 é£4 €37
8 133 187 . e 53 100 247 210 - - 20
87 . - 106 437 197 253 o ] 2 249 217 233
10 7 ey 038 26 12 13 32 212 225 0%
n “ 55 . 1% 125 13 167 & &8 LTS 145 123
1 LT 9 - 2% 124 91 160 143 95 12 102

Fezarks: .fﬁr 233, ‘74, ‘7@. 17 ara *78, estimated rainfall = rainfall of Tanrw Tedong x 1.25; refer to Fig.
3.)0. . .. . . )
for *3¥5, 73 and "BD, estimdted ralnfal} = yairfal) of Taire Tedong x ©.25 ¥ rainfall of Earukku x O.75.
For the period fros Janvary and July In 1931, estizated rainfall = {rainfall of Tanru Tedong + 1ainfall
‘of Bila) x )yz.

The grecipitation of August 1931 i3 rainfall recorded at Bulu Cencarna becauce of no other availadle

dara.,
Table 3.9 Evalx::ralion"in the Kalola River Water Balance

fonits o}

- Year Jan. Feb, . Mar, Apf. My - Jun, ol Aug. | Sep- Oct.  Fov, bec. Anneal
15713 4 - s 1# 23 138 83 13 33 153 122 - 27 1,4K

IT32Y s & 123 124 118 98 3 11 153 122 " gg 1n7 1,344

1538 1 9% 45 123 14 ns 48 113 a5 153 122 - 48 M7 3,348

1976 11 100 1S 1 11 1] 58 81 EN 4z 107 123 €3 1,097

un 1) £6 n 138 109 54 15 5 20 22 120 0 834

1918 - 3 36 98 N 117 92 110 165 L R 13 » €9 904

1979 96 e 100 48 109 9% 12 W aod £ 38 - 9¢ - 1,082

1537 B 1 15} 14 104 113 08 17 I 2 '3 €4 £9 103 1,125

1381 ¥ 3 53 . 4 106 1] 105 118 » 87 a8 R} 123 1,09

Avéraze 1% e 108 113 113 93 101 e 9t &3 80 T 1,330




Table 4.1 Probable Flood Hydrogtégh

Bila o
Tii Discharge (m3/scc) _
(h:? =T 20-yr, 100-yr. 200-yr. . 1000-yr.
0 ﬁ ) o o o
? 122 157 197 208 250
2 243 313 193 17 500
3 365 470 ' 590 625 750
4 47 627 Y 833 1,000
5 608 783 933 1,042 1,250
6 730 240 1,180 31,250 1,500
7 584 752 944 1,000 1,200
8 467 602" 755 800 960
9 374 481 604 640 g 768
10 299 85 483 512 614
1 239 308 387 410 . 492
12 191 246 309 328 393
13 153 197 ‘ - 2472 262 315
14 - 222 158 198 - 210 252
15 98 126 158 168 201
16 . .78 101 126 i34 _ 161
17 63 81 103 107 . 129
18 50 65 81 86 103
19 40 52 65 69 82
20 32 1 52 55 66
21 26 33 42 44 53
Kalola
Time - .Discharqge {m3/sec) _ - .
{br) S-yr. 20-yr. ' 100-yr. 200-yr. 1000-yr,
0o v} -0 e 0 0
1 % 97 C 122 129 154
2 is52 124 244 258 - 308
3 228 - 291 366 387 . 462
-4 304 388 488 516 616
5 330 485 610 645 770
6 304 388 468 . 516 - " b16
7 243 310 320 413 - .493
8 195 248 312 : 330 394
9 156 199 , 250 264 ' 315
10 125 159 ' 200 211 252
1 100 127 _ 160 .. 169 202
12 80 102 128 135 161
13 - &4 - - 81 102 ios . 129
12 51 . : 65 _ ’ 82 87 103
15 S ! 52 : 65 . 69 B 83
16 33 42 52 ss €6
17 . 26 R X 42 44 53
. 13 . 21 . 27 . .34 35 - 42
1% e 2 ' 27 28 R 7
20 12 17 : 2n s 37

w%



Table 4.2 Runoff Cocfficient of the Kalola River Basin
{at Kalola W.L Station) o

_ - Flood Peak Time Rainfall _ Runoff
) : Dispharge Concentration Daily Intensity Coeffi-
Year Month bpate Op /1 T Ry4 /2 T cient

| (m3/s) _(hn) {rm/day)  (mm/hr) £
1981 Sep. 6 . 110 7 50 4.74 0.70
1981 Sep. 9 200 _ 7 7% 7.20 0.82
1981 Oct. 8 110’ : 6 35 3.67 0.87

Remarks, ll;' observed discharge at Kalola W.L. station

/2 basin average daily rainfall estimated from rainfalls at
Bila apd Tanru Tedong

Catchment area: 122 km2

Table 4.3 Runoff Coefficient of the Bila River Basin
{at Bila W.L Station)

Flood X Peak Fire

Rainfall Runoff

: Discharge Concentration Daily Intensity Coeffi-
Year Month Date  Qp/) T Rp4 /2 . X cient

___Am3/s) (hr) {sm/day) - (moa/hr) £

1974 Sep. 11 - 505 21 ©15.17 0.32
1974 . Sep. 12 680 8 24 8.15 - 0.79
1978 Apr. 28 660 6 75 7.87 0.80
1979 June 9 555 6 as 8.92 0.59
1979 Sep. 11 590 6 90 9,45 0.59
1981 May 14 565 6 89 9.34 0.57

- Average = 0.6

Remarks, /1: observed discharge at Bila W.L. station

/2: basin average daily rainfall estimated from rainfalls at
7 Bulu Ceénrana, Tanru Tedong and Barukku

Catchrment avea: 379 km?
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Table 5.2 Annual Maximum Water Levels of Lake Teupe

w.L Zero Point “Rater Level remarke
Year Honth () of Gage (m) __(et.m —
1939 Feb. 9.41 0.0 3.4% DFY
1940 Jun. 9,33 0.0 9..33 -
1241 Jun. 8.00 0.0 8.00 *
1348 Jun, 9.33. 0.0 : 8.33 -
1952 Jun. 6.93 0.0 6.93 -
1953 Feb. 7.86 0.6 7.886 *
1954 Jun. .38 0.0 Co9.38 . -
1948 g, 3.95 I T 7.4 Dinas Perikanan
1959 Jun. 4,32 3.3 7.62 c. -
1970 Jun. 6.28 3.3 9.§3 - -
1971 oct. 3.90 3.3 1.20 - 2
1975 Jun. - - 8.10 Estimated
1976 Jul. 2.9 3.875 6.785 F3SA {Staff Gage)
1912 Jun. 5.05 . 3.875 8.92% A | - )
1978 ¥ay 3,63 3.875 7.505 | - }
1979 May 314 3.285 6.425 " {(AWLR)
19z0 Fay (4.69) 3.285° 8.00 Estirated
1980 Jul. 5.00 3.28% 8.258 ~ PISA {AWLR, before Oc¢t,.}
Table 5.3 Annual Minioum Water Level of Lake Tempe
Year ' ¥onth L.X.L {fL.g} Fank : Pemarks
1968 Gct. 3.9 5
1969 Nov, 4.3 8
1370 Bov., - 4.3 9
1971 May . 4.2 7
1922 - _ {3.0) 1 Assured
1975 | dor. 1.2 1 Estivated
1916 Yov, 1.9 6
1978 iov. . 4.5 16
1919 ¥ov. 1.7 4
1930 Kov. 3.5 3
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Level Duration

Table 5.5 Return Period of Water

of Lake Tempe

20

10

Return Period (year)

(days)

Puration

o

11

1
17
37
47

26
37

0
4
il
25
45

Soow
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O o™

EEE g
noOWwo

P iy

{Annval)

70

59

33

20

7.5

-~ Sep.) 9.5

{(Mar.

15
28
47

3.0 m
8.5 n
8.0 n

18
36
54

23
42

10
30

70

18

7.5 n
9.5 n
9.0 n
8.5 n
8.0 n

{May - Aug.}

15

28
47

i8
35°
54

21

28 41

18

7.5 m

70

20

30

i5

Duration (days)

(year)'

Return Period

3.5 m 12

{Annual})

3o

15.4

6.8

5.4

9.0 m

12-5

8.5 m

12

{Mar. - Sep.) 9.5 n
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Table 5.6 Inundation Arca

Sodo o (lateion) (subaietzicn) wittote) Zocation
Bl = 1 m»munﬁ Dua Pitue Bila Bila AWLR station = confluence of the
Boya |
Bl - 2 sidrep Dua Plitue Toanry Tedeng Lot bank, Tanzw Tedong -« confluonte of
Lancirang
BI - 3 Waje Dolawa Wolo Along 5. Ate drainage
KA =1 Wajo Maniang Pajo Xalola Zeft bank of the Xalola ziver
KA -2 Sidzap Dua Pitue Tangy. Todong Left bank of the Xalola rgivayr
=23 Sidrap Dua Pitue Tanry Tedong Soucharn area of the Provinmcial road
KA ~ 4 Haje Dolawa Wels Along S. Padang drainage
B -1 Sidrap Dua Pltue Tangy Tedony Right bank in downstream of the Xalela
B -2 Sidrap Dua vwnso Tanru Tedony Woest nide aroea of 5. Wole drainage
BX ~ 3 Wajo Belawa Wela West side area of 5. Wele awaunaaa
BO~ 1 . 8idrap Dua Pitue Bila aft dank of the RBova river
B~ 2 Sidrap Dua Pitue orting Right bank of the Doya river
BO =~ 3 Sidxap Dua Pitue Langirang West side aroa of 3. Jampu dralnage
B =4 Sidrap Dua Pltue Langirang southern area of the Provincial road
BB = ) " Sidrap Dua Pitue Tanry Tedong Right bank ©of the DRila, nmorthern area of
. . the road
B& - 2 Sidrap Dua Pitue Tanru Tedong Right bank of the Bila, southern aresa of
: ) . } the road -
A~ 1 Sidrap Dua Pltue Lancirang west aido area of rampung Ajubinssue
-2 “$idrap Dua Pitue orting Bast side ares of Kampung Afibisaue
A =3 Sidrap Tua Pitue Lancirang Along whe Lancirang, northern area of
: ‘ Provincial read .
A =4 Sldrap Dua npnca Langirang Wegt side area of Kampung Samallangi
A -1 Sidrap Dua Pitue lancirang Southern erea of the Provincial rosd
8- L wade Belawa wolo Right bank in downstresm of the Bila

river
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Table 5.7 Estimated Inundation Area

T Paddy ?;?;‘”—‘ofﬁe?s ~Tiotal  Estimated Paddy
/!

. ! _ N Rcmarks-
Code No. (km2) 71 (krs2) {km?) rield (ha) 72 .
AR, L. ne) . -
BI - 1 2.43 5.80  8.23 220 x /3
BI - 2 4.67 1.43 6.10 420 'S
BL - 3 7.00 2.33 9,33 630 . X
KA ~ 1 1.16 0.30 1.46 100 X
KA = 2 0.15 0.70 0.85 - 10 X
KA - 3 8.72 0.50 9,22 780 X
KA - 4 3,21 1.01 4,22 290 X
BK - 1} 4.00 0.25 4.25 360 X
BK - 2 2.74 0.63 3.37 250 X
BK - 3 3.08 1.02 4.10 280 X
B8O -1 1.03 0.35 1.38 90 X
Sub-total 38.19 14.32 52.51 3,430 X
BO - 2 3.15 0.12 3.27 280 - /4
BO - 3 5.80 0.82 6.62 520 -
BO - 4 2.23 1.7 3.94 200 -
BB ~ 1 8.50 0.97 9.47 170 -
BB - 2 2.12 3.51 5.63 190 R
LA - 1} 8.06 2.45 10.51 730 -
LA - 2 7.53 0.45 7.98 680 -
A - 3 1.51 3.00 4.51 140 -
LA - 4 5.05 G.50 5.55 450 -
LA - 5 3.08 2.57 5.65 280 -
8L - 1 9.53 4.89 14.42 860 -
Svb-total 56.56 20.99 17.55 5,100 -
Total 94.75 35.31 110.06 8,530

Note: /1 reasured on the pap of 1/25,000 prepared by JICA in 1978.
/2 adopted values for estiration of flood danage.
/3 ¥; in the Bila irrigation project area.

/4 -; out of the Bila irrigation projeéct area,
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~Table 5.8 Probable Inundation Depth and bBuration

(Under present condition with ill drainage)

Code Ko,

Item

R

p1 -1

BI ~ 2

BI ~'3

XA -~ &
BX - )

EX & 2

BB -}

IA - 3

1A -5

BL - 1

Depth (m)
Ouration (days)

Depth (m)
Duration (days)

Depth (n)
Duration (days)

Depth {m)
Duration (days)

bBepth (m)
Duratién (days)

Depth {m)
Duration (days}

Depth {wm)
buration ([days)

bepth (n)
Duratién (days)

Depth (n)
Duration (days)

Depth {m)
Duration {days)

Pepth (n}
buration (days)

Pepth (m}

Duration (days)

Depth {m)
Duration {days)

Depth (=)
Duraticn {days)

Depth (R}

Duration (days}

Depth {m)

. -Duration {days)

bepth {m)

Duration (days)

Depth (m)
Duration (da)'s)

Depth {n)
Duration {days)

D-ebl'h =)
Duration (Jdays)

Depth (=)
Duration {days)

Depth (o)
buration (days)

EY7)

0.20

: Probability

1/1 /2 1/5 /10 /20
.30 0.50 0.80 0,95 1.05
1 1 1 1 1

0. 30 0.50 " 0,65 0,75 .80
1 4 4 4 4
0.40 0.80 1.15% 1.4¢ 1.50
4 4 4 4 4
0.40 0.10 Q.40 0.50 0.5%
1 1 1 1 3
0.10 0.4 0.70 0.80 6.90
1 1 1 1 1
0.40 1.60 1.20 1.35 1.45
3 3 4 4 F
0.4G ©.99 1.00 1.05 1.1¢
3 5 6 7 8
0,30 0.80 1.05 1.20 1.30
3 s 6 & ?
0.40 0.90 1.10 1.20 1.30
2 3 5 5 5
0.40 .90 1.1s 1.30 1.45
3 4 4 4 4
.05 0.10 0.35 06.5% 1.0%
1 1 1 1 1
.05 0.10 0.35 0.55 1.05
1 1 1 1 1
0.25 0.30 1.10 1.30 1.50
1 i 1 Y 1
0-50 0.70 0.90 1.00 1.15
3 g 10 10 1o
©.40 0.80 1.10 1.30 1.50
1 1 1 1 1
0.50 0.70 0.90 1.00 1.15%
3 8 10 10 10
0.40 0.80 1.600 1.10 1.25
3 s 7 7 7
0.25% .30 .70 1.00 1.1%
2 2 4 7 2
0.40 0.80 1.00 1.0 1.25
4 6 e 8 8
0.39 0,60 0.90 1.05 .20
4 6 8 g 8
.50 .80 .10 1.20 1.30
4 5 8 8 8
O.40 8.70 G.90 1.65 L 98
6 ? 8 8 g




Table 5.9 Prdbable Inundation Depth and Duration

(After improvement of drainage)

- Probabilily
Code No. 1tem 371 171 1/2 1/5 1/10 1/20
B - 1 Depth {m) o, 0.30 0.60 0.80 (1395 : ¢
Duration (days) 1 ] | 1
Bl - 2 bepth (m) - 0.30 0.50 0.65 2»75 2-89
Duration (days) - H 3 3
81 - 3 Depth (am) 0.20 6.30 0.70 1.0% 1.30 ;-"0
Duration {days) 1 3 3 3 3
¥a -1 pDepth {n) - 0.30 1.00 1.30 1.40 :.45
Dofation {days) - ) 1 2 2
XA - 2 Depth (=) - - 0.30 0.60 0.70 0.80
Duraticn {days} - - H 1 i l.
®-3 Depth (m) 0.20 0.30 6.20 1.10 1.25 1.35
buration (days} H 2 2 3 3 3
KA - & Depth (@) 0.20 0.30 0.69 0.90 0.95 1.00
Duratién (days) 3 2 4 5 3 7
BK - 1 Depth (a) 0.20 0.30 .80 1.05 1.20 1.30
Duration (days) 1 ? 4 5 s 6
BX -~ 2 Pepth (m) 0,20 0.30 0.80 1.00 1.10 1.20
: Puration (3ays) 1 1 2 4 4 4
BX -3 Depth (m) 0.20 0.30 0.80 1.05 1.20 1.3%
Duration ([days) 1 2 3 3 3 3
Bd -1 Depth (a} - - 0.10¢ 0.35 0.55 1.05
Duration (days) - - 1 1 1 1
B) - 2 Depth {a} - - 0.10 0.35 0.55 1.05
Duration (days) - - 1 1 1 1
BO - 3 Bepth (=) 0.10 0.15 0.20 1.60 1.20 1.40
Duration (days) 1 3 1 1 1 1
BO - 4§ bepth (8) 0.30 0,50 0.70 0.50 1.00 1.15
Duration (days) 1 2 ? 9 e 9
BS -} Cepth {m) | 0.20 0.30 0.70 1.00 1.20 3.40
Duration {(days) 1 1 1 1 1 1
B8 - 2 vetph {a) 0.30 0.50 0.70 0.9 2,00 1.15
Duration {days) 3 2 7 9 9 b ]
IA - 1 Depth {Rr) .20 0. 39 G.70 0.9 1.00 1.15
Durstién {(days) 3 z 4 6 & 6
LA - 2 pepth (a) . 0.10 0.15 0.20 0.€0 0.90 1.65
Duration {3ays) 1. 1 1 3 6 (3
I ~ 3 Depth (a) 0.20 0.30 0.70 0.99 1.60 1.15%
Duraticon {days) 2 3 S 7 7 7
A - 4 - Depth (m). 0.10 .20 0.50 0.49 0.9% y.10
Daration {3ays) 2 3 5 ? 7 ?
LA - 5 Depth () . 0.30 0.50 0.80 1.10 - 1.20 S 1030
: buratien {days) 4 3 4 7 7 2
BL -} Depth (n) 0.20 0.30 o.60 0.80 0.9% 1.65
buratién (days) X 5 r3 2 3 1
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th and Duration

Table 5.10 Estimated Flood Inundation Dept

Ki
T:

pean Septh (o)
dutation {days}
7

- 1574
Jud. 15 Sep. 32-37 Oct. 15'1? Deo. 25
R

=20
7

1 .
hpr. 17 Jun, 14
1

16
T

197¢
are
B

. 28-30 Ap 314 vy, ) ¥ar.4-5 ¥a

831

1
6.20 1 0.25 2 0.40 3 0.05 1 0.05 &

367
H

732

e

1935
-

678

—

Jon. 15 Joi
T

659

k] Y

924

T

&3
]

year
e Hoath
3 gle3/sec)
A code

T0a0 1 005 1

0.20 2

015 2 6,35 31 -

0.20 2 0,25 2 0.4% 3 0.1% ) ‘0.15 5

0.10 1 0.35 2 0.60 13

0.30 )

-

0.05 2

.35 6
- 043 &
0.15 1 0,20 6

-

p1- 3
Bl - 2

0.25 3

1

0.1%

0.20 2
. 0los 7

1 -3

0.20 3

0.40 3

-

- 0.8 &

-1

- 0,10 3%

.15 1 0.30 1

6.5 1 0.

0.45 6
¢.15 1 6.20 6
0.15 1 0.60 &

0.30 2

-2

0.3% 3
0.35 3}

1
d.10 1 0.3% 3
.10 1 0,35 3

0.15 ¥ .20 1 06,35 3

e.20 2
0.20 2
0,26 2
6,20 2

- 0.0 6
- - 0.65 &
0.15 1 0.70 ¢

-2
ra -4
-1
|3 SC
K- 3

0.65 3

]

t

3 .10 1 £.0 S
45 7 0.20 1 0.0 &

2.0
2 0

oW
o

38
oo
t ™
[
(2]
4 .
-
"~
- -
v
=X
~~
=]
~
)
R= ]
- -
QO
~
S0
"oph
i oW
o ™
Y.
oeQ
.
3
[
o
- -
[~
- v
o0
LI
~.m.
-]
™o~
W
™ N
‘.
oo
W o
<

22
']
-3
LI
W
Lol
e
=3
-
LI |
L]
oy

Vi A
7] W O W
-t - o P
ey e
o =N
- NN N
1,3 -]
iR iel
@ O&e0
- ™A
DI -E R N -]
AV AL
. . 4 \d
=-N~-R--N-]
Mo
L ]
STK2R
e
[T~ =]
- e N NN
OO0 oWn
™o ol N
)
- =
mmmmm
WD
_ll..‘ma}
(- - - -]
LR ]
W_SOSQ
Y N W
R
o0 o
- NN
N [~ N-N
ot
* Ll *
e o000
LR
%5 48R
L I
< - R
™A
SO0 Own
e o
« o4 o o
CoOVOo
WD Mt
W -
.wSM.M?
e e o
L - - =
- NN
4881
R+ - B2 -}

0.25 s

0.3% 2 .0.63 7

0.20 3 0.25 4 0.40 & 0©.15 2 0.15 %

0.1% 2 p.720 3 0.30 5

0.20 3

1931

May 14-%E
832

1230

w2y 4-%
i

1939

Juh. -11

19318
Jon. 26-27
112

sol, 22-35
4e

Mar. 21-39
G5

11

Ezn,
—
B

223

Jul. 23-24
810

1=2

Ma
B

0.20 3 @50 1

0.0 3

.45 1

¢.20 &

©.25
0,25

§ -1

©.15 5

o455 3

o400 3

i Bl -2

0.25 3 0.35 2 0.25 3 0.40 3 .50 3 .20 3 0.20 3 0.€0 3 0.20 5

Bl -3

0.15% 5

6.10 1
0.35 1
3
5

0.25 3 ¢c.20 2 0.25 3 0.5 3 065 1

-1

5
S

©0.20
0.20

-

284

Vi e
<
RER
b
=R -]
(L)
0] W
!
oo
Lol ]
RRR
R
CoQ
"o
Aah Q
- -
eSO
[ NI ]

.60
.55
0.25 3 ¢.25 2 ©.25 3 C.45 3 ©. €D

K -3

625 1
025 )
¢.55 1
¢.55 9
0.0
0.55

0.10
.25

0.10 3
¢.25 3

0,20 1
i

.20 1

©.10 2
0,10 2

L |

RA

o

.20 3
0.25 3

3
3

0.1
0.2

0.5 6

B WA

- E-N-NL R
N o™
e s e e

[~

¢.40 3
0.55 7
0.45 7
D.ES 7
0.50

L L T N ]

20 Q 0
Ny
< v e e

Qoeoes

™~y o

Was QN
™ oem NN

)

CeQooo

LT T T I

A DA
o v N ™

dse0e

0.20 3 ? 0.0 S

a.45 7 €.310 3

C.40 &

0.2% 5 0.35 5

EL -1

0.25 S

- 73




THE BITA IRRIGATION PROJECT

I - 72



Mt Morecre Mt T‘cmaso'/
1 16‘0?"\"/24%\.'

s
Legend
@ Metegroiogita)
S1ation
O Roinfall Statisn
: h
A Waterlevel

Staticn

b\/\ B

5 L (;b g
: ;3

< e s .

o B . :
:) b v
3\,: ‘&\__\a 3

___/'_‘H\.

2N

J

181y Motmposgy
Atatar.o

/ Kam g3t

/’ffL
7
\\' .

) 5
T Belzsz/ @ .
;-" - Verge ~ R {’:r,’ f{@
iLake ’oo>2é
Sidenrery {i-‘,' 9 ? 5 Torwpolkae
s % Y,

- L9%e Buaya
i1
> B(n?cose —~

"I Loke Temge

8otu-Baty )= ) _ (
o 5 "> W
Vowk it~ gl o Ao — 4

Fig. 1.1 BILA RIVER BASIN

I-73



(ot /day)|

19.0}

18.0¢

17.0

o

(*C )
29

Kanyuara o>

25 Jon,l?ebl Mor.l Apr];;y ljune l]uly l Ay ISeb —[—OcﬁrrP;oTl-Dec
(%) | Humidity | N
. . anyvaera
L DT - g A
“’““‘5’""&_“/" .‘1&\ | e \ﬁ/ _
Bontduse ] I-SEELTN
80 5"
70 “tan | ren | mor. | apr. | May | nune ] suty | Aug [Sep. [ 0ce | Nov | ec.
 (hrtt
@ Sunshine
8OoF———= — ——— g — —— ]
7.0
6.0
5.
2
-2
. n e
.§ E ‘°"*I f‘b-il M‘:“-l AP‘-[ ”WI Juﬂel Jaty I Aug.l Sep_l Oct. I Hov.l oec. )
Fig. 2.1 MEAN y.om-um DATA O METEOROLOGY (1/2)

Temperature  pomeuse.
- ST T T T T T H. . .

(TEMPERATURE, HUMIDITY, SUNSHIKE, DISTILLATICN)

I - 74




(rn/soc)

7 Wind_Velocity
30 : e !
Konmoru ) )/ — \\
204t eIl N N 2

1.0}

Seri;igg .

{ mm/month

0.0 ey _
_ ' len,i Feb.] Mar. l A'pr.-rl-—!oll Mne lh’n;g I Ayg. ISep, ‘O:{. l Nov. rﬂec.

)EvoggrclEOn

250

200

150

100

“ton [ #e5 [wtor | Apr. [Way [ dure [aoty | Avg [Sep [ Ger [ Nov[oee

Fig. 2.1 MEAN MONTHLY DATA ON METEOROLOGY (2/2)
{WIND VELOCITY, EVAPORATION)

I-175



YIVd TIVaNIvY QILOTITeS T°7 Al

(=331} AjtoQ e
0i0p ANUUON O
Di0p  jonuUY ¥ ON35O3T

- 9% | oMlLS

¥

;; e [t ! N
|

040

O
O
O
O
Of |
0
[0

- iC

9
Q
)
0
0
O
O
|0
0

3

EFT-YTE TR

00

w
E
!

ki
¢

RNUOdWod

1t

oz

I QUoXBues

@] [0
®
@

-

®le; |ojo
ol®; |olo

EICIK:
_

!
S [e}le] _ i niog niog

<

@ |
ivr @@
&
@)

ol (@ [olo

o|
0,0[®

L@t @@ PENOINOE |

Duirdiid| LOIN © 108/ 0MIOQINY - |

)

@
@
ARG
®
@

@@-@ ol®

01 '@ |®I®I®I®]

O

0{0|0,0[®}
00,0 0|®
0,0,0,0/®

2O
O0.0,0,®

0|0{0,0,0{®
oj0j0j0l0l®
0,0i0,008|
jolo
0,0,0,0,0|®
0,00{0,0,@®
0,0|0/0j0®

| O
_ .
L6 i@i@@i@lel 1 | ol [ell=] ODUIW / DMDISE |
®

o)

EERYCY @llwl@ CHCHSHAIESIC) BUODOL AJUOL |
4 i@l@ 1 1 o 1 _ m _ . . oilg

@ ®e0! O;ﬁOFO_O ‘ | i . . . . ARANIO8

R0 ©_O . . [ TOuDNeS NINE

®
0
o
o)
o
o
o
o[

PI®e e @@:O ® ~ OvDodoN |

OO,
O
00,0
00

O

|
OO 0I®E@ ®I0 _ [} oN 0408 |

—{ o @il ol sl olo

1ICI0I0IOI®IRIO Sudxesug

S

]

¥ 1 ﬁ . Q Sy10uD0I0N |
< -

{4

!

o

Zlo
mlo
dlo
slo

L 1]
2]
w3

o4 99|62+ €D 29 19 ow_an 88 LS oﬂ_nn. 4

h
b2l
1]
@
~
hf]

{ «51140a )0

N | “m_ommmn__mb LL92lsL z5| 181086 |8Y VOIIBIS

2

I - 76

| ; . . omis

[
9

[®) _ 014 0d

9

¢

o ad
Olq

<
<
o}
]
o

b
<

T

)
kg

-onUodwod

o .
&

@0} [Ola
@0

O;0] {Olq
O[O] |0«
Q0]

olo] o]
OO [Olq
O:0] [O4

HuoNHLIS

00
Q;0

[

olelol ol
@100 {Old

U':]

{4j@0] [O}q

| . : ENOLYOE

SOOI DN 0 108/0NVOaouY

|
!
}
M
_ : : Aiog NibE |
)
t
I

T WEL I

Qo] [0@|0] |0j4

0
GO
0,0
0
GO
o |
O

ojolo| lojelo

6|.

olojdo| folelo] o«

olojoo| [aielo) o]«

ojojoio| [oeio] o

oplolo| [oejo} o}«

olojoio| [delo] o]«
1=

olojdo} [oejol (0ja

0;0,0i0]| |[oi®0] 0
Hololao] lo@lo]

CEIE]

O]

“lolojlao

®)

O .
1 : SUODRL nIUDL
“ .

@] Ke) O. Q10 . TAYARIO8 |

oUDNRD PING 1 -

| . 1. - TV-1- 92 VT

O buogdoN -

I
{
i
"
!
i
i

ﬂ 03008

O] |0}«
O
O
O
O
O
O
@)
1o
O
O
o]
O

! [ | _1ojolo

s [ | el ) @}l oo

o
z

Q
OlOICIOICIQIOIOIOICICIC OO T BuoNoJus
_ ; e v_gﬁéﬁ_

2lof [0lal-
5101 10]a
slo| o]«
3o} 0]«
210l (o}«
2o} |olq
S0l |0fga

Ly 197|St| vv|v|TY| 17| OP]6S

]
O
)
@D
o
©
o
™~
™
o
~
0
ma
<
o
*)
o8
o
o
o
o
o
L4
L2
B~

o Jafw| 2la] ol ole] o

o
Z




TIVANIVY ATHINOK NV 0 NMEIIWE THONNY £°2Z *b1g

R (Tt ) -y oo e o - l.llﬂ:..“....a.. A P FYY \ Y- .y . H T
I AT W) TSN AL A AT o] CRICIARCIH NI SRR EI KT
nl - Ilrl_ | .lL.. }-a\rlf..ﬁ - S vny, gl

........ 00! - IMJ L 001 00!
T Sy Rt e o] DOE TR ooz ~FediEy “gu R vl OO
L1 Ty il WOl Wl Gl | wWw9R |
[OUDIUAD) ) { #AWoL) (eOwey ) (SuDes0y) .
“Baoieg 21 oot LG _02 Towmojeg g T oor . Buvddoy g - O0%
TN W T T TN TOTS T T TR A T T TR QTRIOTSTH TR T T
O F TUe) T ) OeEREOUERs
. ) o
- ol | “ : ol LJ .rk..l\
L
. om) - e i 0]
TS e T e (3N T e g Sl . - ODE
 wwozEd wwoeR' WO T
o) ooE . n
WwOOe'Z {0ADNG M) _tengy 8 N P . lokogy . B P
Suopal g ORI SE § :
{Buparit) | o0n : . . .

OIS théh.ﬁ.Em..i&Esa CIICERAGHIC IR 2
e | .nr P -
LY 1 H
B - L_-_l-
R 501 _ ._hs..“- e [oleXl
[
i
L
- s e = 0oz
9
[
ikt o o VG !mfxﬂ_.ﬂ.,_i._. . e e O ...“,.».LNOC. “?%
T wwORR! : wW oL | . WWOL e wwILY !
(buoIND) ~ (ong) ._ (0118) -  (0keg) 4‘
“howests 1% “mwniege T T %00 “eig T - rjooe MYTR. aoe

1 - 77



AQONTAD AP DG =

JDLIOAD DY

pusda

‘VIVG 7IATT HIIWM 30 NOILIONOD ONIISIXZ v 7 *H1d

1

0L

&7

t

23
—

93

| s

A

KT

!

12

ii

L e i e R

!

——

|Il_-l.!f

b R e ————

o e A ———— | oo A NNE U

ket 1 Cr—-——— -

t

e w— —-

- emmb o —

DIOIOH

112

T T woeasdnyong -

0%

N NROWNIDY

feme -

62

Suoams -

2L

Doy

$<

{N) *wer '

5z

(v) sdwey '7

73

Suopel nayol

LW ONE

(3} =op~-

(1 )Dumiue) Ang

QN

1y

GL6L

}
|

§961

a96L

uoIyE

L

ON

_ _ ..,a ..‘...z
"ON 161 | T I Y T R YTT _ 146t | 9261 1 $461 vouers | ON
i e e e N T | T TTiwowisén yons-| oe
U .”11 e n B - e - awodwne) | 62
o B TOS S ol J D BN [T
pye : T .. _r - . - ——— : 2%%9?& 160wiaeY | 92
sz | ] : N ¢ . JLdlen 0 | s¢
P R T o T L _ BIAR S s hat L Kl
e IR DR | | o |
. A S | _‘ wonmwmenisg | ¢
- s T T T Qe e 12
: e . - o . - (1) vorne Mg |
|

- 18



lavel (m)

. woter

im)

lovel

W Warer

_Buly_Cenrgng

p - ‘
«° - |
// 1 //
- //_"
- e
// //
// -
3.0 - // .
~ -~ LEGEND
s PR 2
:// P oI 1976
yd Pre 1972
s N . AZ 1978
201 ’ P ehoce Feb 1977 a: 1979
O 1380
After Feb 1977
A
v based on e tatreed discorges
e | e e i based ca ke calculoted disthorges
Belsre Feb 1972 MHE15m Jo-tsssonrzdery
K s0485m |osar72t000®
After Feb 2912 :
Q45SH I26m | 0 - 18330u-1112)?
00— L ¥ L] T LB ¥
105 2 L5 420 50 (2]
Q : Gischarge (o¥ssec) D
* //’
o] Bilo -
: -
//
-
LEGED //:/
oo LT3, 1574,1973 —
-l
[ 2 1) ///,i-
. T
3.0 AL vert _// -~ :
A 1978 Pt
DT sty -
. g
L BB0, 152 P
Pty
20l v elere Aug 1976
o RE L
-
-
g After Avg. 1976
L :
L tased on Be obszraed diserarges
P I . Bited oa the coltelared Gstdorges
’ Befoce H<045m | @ su114s3s ¢1087)°
Avy 1976 [0A5SH S150m] @ «18THH -2 200®
Affes H1030m | G enttazsarizsn’
Avg 1976 OO SH T E50m | @ ct8ti1n -~
QQ- ¥ | T T — T ¥
"o 250 30 42 XS €20 o

'

Q Oischarge tmYsend

Fig. 2.5 DISCHARGE RATING CURVES (1/3)



(e}

level

H . Watar

{m)

lavel

W Vater

Toenru  Tedorg _

804
70
€0
50
40
Q : {42201 1 060)°
D bésed on Ihé observed arnd
30 - caleuloted discharges
20 LEGEND
o 1974,1975,1976
[ 3R TT 4
a: 9?3
a7 1982
t0- oI 1381
oo T T T T T ¥ ~ b 7
1 22 20 0 50 1% 79 800 20)
Q ! Gisctarge welssecy
Tarumpokkae
/////
. o
qu e
”,’/
,J‘
1////
39 -~ -
' SEGEND
- LN LY
) LIRS 214
FENS 13
20 ‘o378
0 {3174H10246)°

{HZ30m}
7o bosed or tle cbébryed ‘dischorges
TTTTTTT 5 tased on the caleuloled dischorges
o o 159 : - #0

QI Dischoige 1md 5ech

Fig, 2.5 DISCHARGE RATING CURVES (2/3)

I -~ 80



{m)

leve!

TWater

R

{my

level

M Weater

Gilicong_
b5 . : .
. bosed on the observed discharges
—— e tssed on the colcuialed discharges
10 ‘_,.—"-""Hd-'.
d—”—‘—‘""-r'
- : LEGEHD
O 1980
0.5 ° Q:172141-1939) o 1981
: ‘/
06 '|. T T ¥ ¥ T
s . 10 15 20 25 3

G > Dischorge tm3ssec)

_Kalola

2.0+
0.0
-2 6
.40

: . bosed on tte observed ond

e colculoted discratges
'60 i : . : ¥ ¥ 1

-+ ) 0

Q - Oischarge tedzsech

Fig. 2.5 DISCHARGE RATING CURVES ;(3/3)

I - 8l

i
i
!

¢
|
i



Accumulated Rainfall ( x 10°mm)

20

1)

30

25¢%

1 5f

A,

i5 20

Arithinetric Meon (X 10%fen)

Fig. 3.1 JMASS-CURVE OF ANNUAL RAINFALL

1 - 82

25



TTICRI2 T}
INIOA DIAIIEQD | .

(ol = L8101}

MDA BDIIMY e

uosDRg AJQ

VACU0 FCOLINOVW NI TTVINIVY TUYNOSVES Z°% 5t

WSS 9M 1 v
. TNEEEY .
2pnLIUbON apnitwbon epniIubon apnivdon
or o 2 & P o J o o0, 2 o i ot o o
- e A o Pt iy I i o i i
' X ¢
! “ _ | _
1
/l.l 5 ) : | _ [
1008 W, oos K‘r) - i ; {006
S, N i
" _ '
™. w | . W
w ~ P w i hY |
«5 h N\ o o | ; ——
o 1 \ * & ; Mg .
oo0r N W0 O prs - - OO0
g n S S _ !
=3 ﬁ . 2 & “ m
: 7 - - ”
- , :
et , =3 g i ! Jooe
Iy | Rl 3 : f
e _ -0.! — 4 |
= 1 - war i !
{ ! !
{ X » :
o0 2 . [ o 4 " e v 1 —O0 §
| i :
! X ! |
. . ! m |
[ .M.M» .s.rd.. ....i-.u.;l — M.I\&ll-.ruvl-ﬁi.!.hu..lnﬂl.,o?u
b +00% 2 : 004 T
< P00t i) OO0 ¥
twdld) )

fuopal NJuD|

|ouss03G

liojuio)

I -~ 83



Discharge at Bila (m3/s)

Discharge at Bulw Conrana (m?/s)

100

S0

100

50

50 100 150 200
Discharge at Taaru Tedong (m3/s)

0BTy
1e825 10

&‘-}Q‘Y T

=0
Ge\‘“aﬁa

[ ] ) 0

L Hay 1981 ;13 1981
50 100 150 - 200

Discharge at Tanru Tedong @3/s)

Fig. 3.3 MONTHLY DISCHARGE RELATION

1 -84



(n3/sec)

Buly Cenrana {514 km?) (m3/seé)

Bila (379 kn?)

601 60 |
40 — 40
20
| r
| !--1_1 - 1] R
~-I-—Jl _i-",-I""l '"j ] E—-1 1
. . - '. - - . R (==t e 4
| Honth JlPlHIAIHlJIJ[AI slo[nIp] -[Honeh [STF[M]A]H]IT 3T Als [0 N]D
(m3/sec)
100
Tantu Tedong (1123 kn?)
80
) l—xo_
40

20

[Honth

:-
H =1
b —LI— ..... Mini
.<l : E-
d L] s}
E 1_1‘ :
' 3 -
- H [
Pl 3 Lo i
L.._2.
JF [u]alula]s] Al sfo]n]n

Flg., 3.4 ANNUAL PATVERN OF MEAN MONTHLY DISCHARGE

I - 85




WITE oY GOUVHOSIT SAYC=0T NYaX 40 MMEIIVE TYANNY $°¢ BTl

[ *29q [ “aoN | "3%0 cady [ tavk [ cqeg | Cuer qauoN |
_
1IIL-!...I.- . ulll.l It.lllll.-llli-(.lr
» P by P ) e == "
WOWTUTH ..rll‘-!% .
o+ =l - e e L2
aFvIPAY |l‘ #I- _. IMIHI
[ 7 ﬁ %
— 0¢
0
~- ‘ L 05

(398 /)

¥ - 86



© 355 3%

{Gay }

215

35

o e el

L wmammi i oy i

@
™~

L=
w

<
o

{ 5w ) 0RNINQ  ARQ

10

3.6 DISCHARGE DURATION CURVE (1/2)

Pig,

I - 87



Discharge { of/ses )

Oaty

Datly Discharge { sec)

o | .
i. Tanry Tedong.
|

10

100

o
o

66

40

0

o]}
] Tevu lelesdy
%
\

Pig. 3.6 DISCHARGE DURATION CURVE (2/2)

I - 88



COEFFICIENT COEFFICIENT

COEFFICIENT

TANRY TEODONG 1978

4.0

3.6 -

3.2 1

2.6 -

2.4 -

2.0 o

t.6 - -

1.2

0.8 - ' \\ :

0.4 - —"'“"\r

o .
JOF M A M ¢ J A $ O N

MONTH

4.0 - TANRU _TEOONG 1979

3.6 - .

3.2

2.8 -

2.4 -

2.0 -

t.6 -

SN

0.8 /

0.4 -

v _
J F M A M 3 J A S 4] N

MONTH

4.0 . TANRU _TEDONG 1980

3.6 -

3.2

2.8 -

2.4 :

2.0 \__--——"""‘

1.6 -

1.2

0.8 - \

0.4 4

o

J F M A M J ¥ A S O N
MONTH

Fig. 3.7 MONTHLY RAINFALL DISTRIBUTION PATTERN {1/3)

I - 8%



R R

1976

BARAKA

,

\. ‘

i

.0623406294

 mom o NN -—-n o 9

I 1 1 1

AN3IOIS4300

'

i

MONTH

1978

BARAKA

S S S R
© 0N e N 8 v
B Y NN=-=-©0C 0

LN3I0143302

AT

MONTH

1980

BARAKA

p\

\\N.

N T L T L
°© ©~® To e N
o« mom N NN = = O o ©

LNII0144300

MONTH

‘Pig. 3.7_’ MONTHLY RAINFALL DISTRIBUTION PATTERN (2/3)

I - 90



CQEFFICIENT

COEFFICIENT

BARUKKU 1979

4.0
3.6 -
3.2 -
2.8 -
2.4 -
2.0
1.6
$.2 _
6.8 \ Ve
0.4 -
o |
J F M A M 4 J A S O N
MONTH
, BARUKKU 1980
4.0
3.6 -
3.2 -
z.8 -
2.4 -
2.0 -
1.6
1.2 -
0.8 - ///“‘” ///
0.4 - -///
o L

4 F M A M 3 I3 A s O N D
MONTH

Fig. 3.7 MONTILY RAINFALL, DISTRIBUTION PATTERN (3/3)

I -9}




Accumuiated Monthly Rainfall / Runeff

(mm) LEGEND

O e Gilisang River Runoff = (Torumpokoael

[ =—ceacmmoeme=es  Gilirang River Runoff (Gitirong }

X ee—mmee——— Tanié Tedong Rainfall _ ./‘

_ / Al

¢ ~———— e Tonru Tedond Rainfoll . / &

_- . - LAY

[\ eemcecmem—es  Bila River Runoff [8ilo) XYoo “
8,000 : &

6,000

2,000

Fig. 3.8 DOUBLE MASS-CURVE ANALYSIS OF RUNOFF

I ~92



of Specific Station

Rainfell

Accumuloted Annudl

fmm})

060
30,000 I I o
AEGEND. 1939
* Toru Tedong A
25,000 |- X TTTTmmes bito
0 ———e—— Sengkang
3 QO -

20,000

15,000

10,000

5,00

Mareanging

o N
o i X
5,000 10,000 15,000 20,000 25,000
timmm)

Accumuloted Annugl Rainfoll of |1 - Station Meon

Fig. 3.9 DOUBLE MASS-CURVE ANALYSIS OF RAINFALL

1 ~93



40
36
32
28
24
20
i6
52

DISCHARGE

BILA AND GILIRANG RUNOFF 1980

GILIRANG —

A

§
¥
§
[
]
]
]
]
1
§
4
[}
l'

A

.‘

)/

f

/

\
L)
[}
L}
L
[}
1
1
)
1
A
¥

b -

BILA —>

LN S

F

M

A M J J

MONTH

A

5

¢ N 0

Fig. 3.10 RUNOFF PATTERN OF BILA AND GILIRANG RIVERS

I - 99



7 1600
/ 200
/( 100
50
Hzo : 20
e /
0 ¢ s
3
3 I o)
o
ja ¥
Lo ]
f
: ] (L
2 2
IS
o
0
D
200 400 1000 200 400 1000 2000

peak discharge (m3/s) peak discharge (n3/s)

(1) (2)

Legend O observed data

A calculated value by specific discharge

Fig. 4.1 PROBABLE FLOOD DISCHARGE AT BILA

I - 95

Return period (year)



specific discharge (n3/sec/kn?)

20.0 r " . - . v ;
: L T ~~ -~
N1 | 4 | =
(TN~
| D -1 .-
ol e = &= o
10.0; S 8 = el - . 100=vr g w 62.762 A 9-506
b ’ L] = o .. - -
. i S I g .\..uo-é. q = 53.634 4 0433
3 @ : . .
ol E ¥ \\ 20-yr g = 43,308 0°"7"
| 3 27 \Mo..ﬁ. g m 33.176 A 082
. / g | LA s gm 26 meiTt
i _ / 517 \ 2ove o = 21.764 27070
1.0 lifflffr , | e observed value
3 :f;lcliif ) © calculated value
o n. :111!!11: ’ Remarks : refer to M/F Study Repors
50 woo . 200 500 1000 2000 5000

catchment area (kme)

Fig. 4.2 RELATION BETWEEN SPECIFIC DISCHARGE AND CATCHMENT AREA

I <96



809
—
: (‘;'et@mis
FOU /
%: /991@5_.-1!?:»

1]

400 - =

wol

Discharge ot 8ilo AWLR station

Time ¢ .1z 18 o & 1z a8 o0 _ ¢ 12 8 o6 _ 6 2 15 o0 5 2 b
vate 11974 N Sep [ 12_Sep I 3. Sep ] 14. Sep

[hr

(m3sac)

[ ] T I i R e IO

op——f— -

LN

Discharge ot Bila AWLR stotion

pocl - e

N [ERUURU I U SN S . . ...,,iz, H_é...__‘;..kz,A,}?“_r
'l—-'--!@- DY SR I ST R T I T ) s 2 a5 5 & v s

Date J1975 26 Juty { 27 July | 28 My ! 23 July T 735 Joly 1
Pig. 4.3 FLOOD MYDROGRAPH AT BILA (1/2)

{1974, 19175)
1-97




S

Fig. 4.3 FLOOD HYDROGRAPH AT BILA

(272)

(1977, 1978)

I-98

830 Y I ! T -
1 ; H i i :
3 I. ! z
' : ] : !
; , ’ | :
700 | i : |
|
I :
$ e} - b B (- N - .
ey
) Hd ¥,
2 _fprosms
~ i
-3 530
°
o
) E[’ 4o ——— ——— —_— ——— e = e = e e - - P - .
=
<
hil
@ 3
o
<«
.o
5 230 - —_— i et B bt D B
=
SO
s
a .
§10C i
| Time | ¢ 2 o & 2 18 o & sz 8 __o0 & sz 6 _a & 12 1%
Date {1977 16 June i 17_Jure i 18 Jure 1 19 Jure ] une I
622 I
j
ror ;
- et — o - —————— e
%
S
4]
€
05
S
-
2
wm
o —— -
« N S S
4
aq
6
= ax}
®
—
O
-
g N
o ———— e Y e - -
i =
L
»
O
l@% . w
_ : _;ﬂ_/\ — |
Time | 5 12 8 o - ;7’_:2 TR € 12 18 0 8 T -y
me_ | z 18 0 & 2 ] o 5 12
197 _ s = < -- A S iz 1
Date 978 27 Apﬂ.l B | 23 Aptil _J__ 29 Apcil J 30 Agril l ¢ Ha




VIIE IV HEWYOONUAH COOTJ ZIGVEONd ¢°v *51d

(44) awWiL
| : : 0

N
| i \ \\\

{99sew) 8biobyss|g

’of
-~ (0017 1754W 0811 v 60
| OB/ TSAWE GBe 1 = €6 R .
(OO0 NSAW 005 | = S0 . : :
| | 5

N\7/S"

\V/E)

v

A




- — J ﬁ
Hosuey Anog £ 49
o L2
§ % 8« i
_ ]
;8
Pl e
LA
i “‘
‘t‘l“
- :It..tll.l. €
o @
- 1 __ e
. _‘-.llll.l-fl-._r j=V.
“ ..o.....l.........l Aw
o o
“Il_ , d/..-l
_ B
i ;
_ S &
| {8
-
. 3
w 2
| - T
| \\b\ o
] - ]
“| I.J Al.l?lll!.lllnlultl 6
- _ ll'l..'lg.J
2 i
M __M n\l‘u\ 2
& 1= aluy v
=)

200

150

(295w 8bioudsI(

[104 UIDY b_oo_..m u%
2T § 8 =
L <o
JiEm!
1)
\\lo..\\ m
e &
— A |
| Ral
“ =
H - I
=l I
. i P
! "
T \\!
| \n\\ =
! ‘
_ 4 S
Lo, Faom e -
= .W m\ -
R R CR
& B ..fo
_.l-l Ill”\L 6
!
:
~ o
| Py
] o
i @
© o e e
g 3 3 5 .
(99s/pw) 3BIDYs:Q

" Pig. 4.5 HYDROGRAPH 'OF KALOLA RIVER (1981)

1~ 1200



L7748 =4

Ci

o2

©

2

(A4) UOUDIND |0JUI0N

2l

e

"

£

roi

TIVANIVY ASMACH ONY TIVANIVE A11vd 9°p *61d

(%) ved/ 1Y

1 - 101



(44) awi |

—..

_( S/1)S4w 08¢ nmm\\ .
_(CR/ISAWSEY =30~ -

00T/ T1AW 019 v 07
(CR/TT 50 58 =30
(COCT7 1y S4W OLL =40

\1

Q02

o0¢

~00%

009

(38s4W) eb10Yss|I)

I - 102



FOUTHOSI ONY QY07 WNIWIQIS NIBMIZE NOIIVIZM 8°% °*B1d

(99s/m) Sp “E peor vomypos
10t : 20T ¢01 _ 0T

T .n. 4 T k] A I g . 4 T I~ 4 T

pd 1 oot

002

INTTA PIIWTADYED ‘ .
(6L6T *xv) .
Suopsl nauBy IT PIAISESQO

(6267 -zdy ~xeR)
23udQe) 3IT PIAIVISQe

(6L6T "2dy~ ~4Rd)
: SueNBuss 1° PRAZDSQO

— 00§

L

o 4 0

(SD) proT ysTa FuypnIony 000t
peoT popuadsng 10 o e——

(%) peor pog :
pudBdy

—.- A h A .. A . PR .— A N X PR S U i L _ W-. & " _ A A H i OOON

I - 103

{o3s/,mw) b a81ey3s)p 10304



NOZUVES "1HAITT MILUM JdO NOLLVISWL 1'%

-5 ¥4

-9

— "
. IQ ‘ : . o .\. .
L Suabuotuny, TN f
§ T TNN\ONINIS SO wxo'e

o gu:?coh 0eoscowsy

¥

: w%E RS _._ \ )

M7/ Busaowiy L

JHUOIOM M

% —
\sy§_-. b \

S U SN TS

aoboows

R < -

o1 50

-

J@

N

. X
_ uqﬁjqﬁ.gﬂ

TEEUTIE S e

#

CddwaL

I - 104



80

AWLR (EL.m)
o
2

50

40

5 - day mean woler level in 1978

~
o

L

40 50 60 70 80

Staff Gage (EL.m)

Fig. 5.2 RELATION OF WATER LEVEL
{AWLR LAXE TEMPE STAFF GAUGE - LAKE TEMPE)

1 - 105



(EL.m)

Water Level

70

65

60

55

50

45

Jon | Feb. | Mar. | Aps | Nay | Jun. | Jul.

Aug

Sep.

Ocl.

Nov.

Dac.

Month

Pig. 5.3 MONTHLY WATER LEVEL HYOROGRAPH (LAKE TEMPE)

I - 106



THOMAS PLOT

’;50 A

L /
: /

2 20 _ /

10O

°

5 19

o .

e S /Oo

< o

| W

3

—

@

o 2 4

6 7 8 9 0 1}
Water Level (EL.m)

Fig. 5.4 HRETURN .P'ERIOli OF ANNUAL MAXIMUM WATER LEVEL {AT LAXE TEMPE)

1 - 107



(THOMAS PLOT)

L/
)
[ ]
®
2
o
-4
— 5
0
o
: é 10
c 20 —
3
©
(14
30 40 50

Waler Leval {EL.m)

" Fig. 5.5 RETURN PERIOD OF BATER LEVEL OF LAKE TEMPE
- (ANNUAL MINIMUM WATER LEVEL)

I - 108



	Cover
	Title Page
	ANNEX-Ⅰ METEOROLOGY AND HYDROLOGY
	CONTENTS
	1. GENERAL
	1.1 Objectives
	1.2 River Basin

	2. HYDROLOGICAL DATA
	2.1 Meteorological Data
	2.2 Rainfall
	2.3 Water Level and Discharge Rating Curve
	2.4 Water Quality

	3. WATER RESOURCES
	3.1 Rainfall Characteristics
	3.1.1 Rainfall in the Bila river basin
	3.1.2 Rainfall in the Project area
	3.1.3 Seasonal rainfall

	3.2 Bila River Discharge
	3.2.1 Mean monthly discharge
	3.2.2 Average 10-day discharge
	3.2.3 Discharge duration

	3.3 Kalola River Discharge
	3.3.1 General
	3.3.2 Analysis of rainfall characteristics around the Kalola river basin
	3.3.3 Analysis of observed discharge data
	3.3.4 Estimate of the Kalola river discharge


	4. HYDROLOGICAL STUDY FOR WEIR AND RESERVOIR PLAN
	4.1 Flood Discharge
	4.1.1 Flood discharge of the Bila river
	4.1.2 Flood discharge of the Kalola river

	4.2 Sediment Load

	5. FLOOD INUNDATION AREA
	5.1 Water Level of Lake Tempe
	5.2 Existing Condition of Inundation
	5.2.1 Mainstream of Bila river
	5.2.2 Kalola river
	5.2.3 Boya river
	5.2.4 Lancirang river
	5.2.5 Lake Tempe
	5.2.6 Other area

	5.3 Inundation Depth and Duration
	5.3.1 Inundation area
	5.3.2 Under present condition
	5.3.3 After Improvement of drainage


	Table 2.1 Mean Monthly Air Temperature
	Table 2.2 Mean Monthly Relative Humidity
	Table 2.3 Mean Monthly Sunshine Duration
	Table 2.4 Mean Monthly Wind Velocity
	Table 2.5 Mean Monthly Evaporation
	Table 2.6 Rainfall Gauging Stations
	Table 2.7 Mean Monthly Rainfall
	Table 2.8 Water Level Gauging Stations
	Table 2.9 Result of Water Quality Analysis
	Table 2.10 Water Quality Analysis made in Master Plan
	Table 3.1 Seasonal Rainfall
	Table 3.2 Mean Monthly Discharge
	Table 3.3 10-day Average Discharge of the Bila River
	Table 3.4 Discharge Duration
	Table 3.5 Accumulated Rainfalls of 11 Stations
	Table 3.6 Gilirang Water Balance(1980)
	Table 3.7 Kalola Water Balance
	Table 3.8 Rainfall in the Kalola River Water Balance
	Table 3.9 Evaporation in the Kalola River Water Balance
	Table 4.1 Probable Flood Hydrograph
	Table 4.2 Runoff Coefficient of the Kalola River Basin
	Table 4.3 Runoff Coefficient of the Bila River Basin
	Table 4.4 Probable Flood Discharge at Kalola Dam Site
	Table 5.1 Monthly and Yearly Average Water Level of Lake Tempe
	Table 5.2 Annual Maximum Water Levels of Lake Tempe
	Table 5.3 Annual Minimum Water Levels of Lake Tempe
	Table 5.4 High Water Level Days of Lake Tempe
	Table 5.5 Return Period of Water level Duration of Lake Tempe
	Table 5.6 Inundation Area
	Table 5.7 Estimated Inundation Area
	Table 5.8 Probable Inundation Depth and Duration(Under present condition with ill drainage)
	Table 5.9 Probable Flood Inundation Depth and Duration(After Improvement of drainage)
	Table 5.10 Estimated Flood Inundation Depth and Duration
	Fig.1.1 BILA RIVER BASIN
	Fig.2.1 MEAN MONTHLY DATA ON METEOROLOGY
	Fig.2.2 COLLECTED RAINFALL DATA
	Fig.2.3 ANNUAL PATTERN OF MEAN MONTHLY RAINFALL
	Fig.2.4 EXISTING CONDITION OF WATER LEVEL DATA
	Fig.2.5 DISCHARGE RATING CURVES
	Fig.3.1 MASS-CURVE OF ANNUAL RAINFALL
	Fig.3.2 SEASONAL RAINFALL IN MAGNITUDE ORDER
	Fig.3.3 MONTHLY DISCHARGE RELATION
	Fig.3.4 ANNUAL PATTERN OF MEAN MONTHLY DISCHARGE
	Fig.3.5 ANNUAL PATTERN OF MEAN 10-DAYS DISCHARGE AT BILA
	Fig.3.6 DISCHARGE DURATION CURVE
	Fig.3.7 MONTHLY RAINFALL DISTRIBUTION PATTERN
	Fig.3.8 DOUBLE MASS-CURVE ANALYSIS OF RUNOFF
	Fig.3.9 DOUBLE MASS-CURVE ANALYSIS OF RAINFALL
	Fig.3.10 RUNOFF PATTERN OF BILA AND GILIRANG RIVERS
	Fig.4.1 PROBABLE FLOOD DISCHARGE AT BILA
	Fig.4.2 RELATION BETWEEN SPECIFIC DISCHARGE AND CATCHMENT AREA
	Fig.4.3 FLOOD HYDROGRAPH AT BILA
	Fig.4.4 PROBABLE FLOOD HYDROGRAPH AT BILA
	Fig.4.5 HYDROGRAPH OF KALOLA RIVER
	Fig.4.6 DAILY RAINFALL AND HOURLY RAINFALL
	Fig.4.7 PROBABLE FLOOD HYDROGRAPH OF KALOLA DAM
	Fig.4.8 RELATION BETWEEN SEDIMENT LOAD AND DISCHARGE
	Fig.5.1 LOCATION OF WATER LEVEL STATION
	Fig.5.2 RELATION OF WATER LEVEL
	Fig.5.3 MONTHLY WATER LEVEL HYDROGRAPH(LAKE TEMPE)
	Fig.5.4 RETURN PERIOD OF ANNUAL MAXIMUM WATER LEVEL(AT LAKE TEMPE)
	Fig.5.5 RETURN PERIOD OF WATER LEVEL OF LAKE TEMPE


