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CHAPTER 1 GENERAL

The study area lies between. latitude 110°10’E to
110°31’E and longitude 6°56‘S to 7°11'S in Jawa
Island. It includes Semarang City which is the

capital of Central Jawa Province as shown in

Fig. I.1.1.,

The northern side of the study area, which is the
center of the city, is located in a coastal plain
along Jawa Sea. Semarang City is bounded on the west
by Kabupaten Kendal and on the east by Kabupaten
Demak.. About 23 km south of the city is Mt. Ungaran
which rises to an elevation of 2,050 m. Six (6)
objecti#e rivers flow generally toward north. They
are from east to west, Babon River, East Floodway,
West Floodway/Garang River, Siléndak River, Bringin
River and Blorong River.  The total catchment area of

the six rivers is approximately 510 km?.

As shown in Fig. I.1.2, the study area is under the

_influence of northwest and southeast trade winds.

Climate is divided into two (2) seasons, namely,
raihy_séason and dry season. The rainy season lasts
between November and April with wet northwest winds
from the Jawa Sea bringinglrainfall, while the dry
season lasts between May and October with southeast

winds.



CHAPTER 2  CLIMATE

Existihg Observatoxry

. An inventory of meteorological and rainfall gauging

stations in the study area and neighboring areas is
given in Table I.2.1. The location of these stations.

is indicated in Fig. I.1l.1.

There are three (3) meteorological stations in the
study area, namely, two stations (Semarang and
Ungaran stations) operated by the Institute of
Meteorology and Geophysics (BMG) and one station at

Semarang Ahmad Yani (Semarang Airport) for the

- observation of temperature, sunshine duration, wind

velocity, hourly and daily rainfall, and evaporation.

" There are 52 rainfall stations in the study area.

Forty-one (41) of these stations are maintained by
the Ministry of Public Works (DPU) and they include
the four stations for daily rainfall observation in
relation to the Jratunseluna Project. Three (3)
rainfall stations are maintained by the Institute of
Hydraulic¢ Engineering (IHE) for the observation of
hourly rainfall, and eight (8) other stations send
daily rainfall data to BMG. The rainfall data were
therefore collected from the DPU, the BMG and the
IHE.

Two (2) water level gauging stations in Garang River
and Blorong River are maintained by the IHE. The
daily discharge data and annual maximum.hydrographies
of the two stations were collected from the IHE.



2.2

Meteorclogical data collected at the Semarang Airport
station and the Ungaran station are relatively moxe

reliable than those of other stations.

Climatic Characteristics
- Climate

The Semarang station is located in the coastal plain.
Temperature at the Semarang Airport station ranges
between 21°C and 35°C and average annual temperature
is 27.4°C. Average annual humidity is 76% and mean

annual wind velocity is 4 knots.

The Ungaran station is located 300 m above mean sea
level. Temperature ranges between 18°C and 35°C and
average annual temperature is 26.2°C. Average annual

humidity is 78%.

The climatic conditions are shown in Tables I.2.2 and

1.2.3.

Rainfall

In rainy séasons rainfall is generally brought about
_by northwest wet winds blowing from Jawa Sea.
Rainfall continues for approximately 2 to 12 hours,
starting in the afternoon until midnight in general.
Annual rainfall amounts to 2,460 mm at Semarang
Airport station and 2,065 mm at Ungaran station.
Isohyetal maps of daily rainfall for the major
rainfalls from 1972 to 1990 are shown in Fig. I.2.1.

River Discharge

Annual average discharge obsexrved at the Garang River
Gauging station (C.A. = 185 kmz) and the Blorong

I-3



River Gauging station (C.A. = 158km2) are listed in
Table T.2.4. Annual average flow (Q) is 10.7 m3/s at
Garang River Gauging Station and 8.0 m3/S at Blorong

River Gauging station.

At Simongan Weir, annual maximum water levels were
observed from 1961 to 1990. The annual maximum peak
discharges were then estimated, as shown 4in
Table I.2.5. Maximum discharge is 901 m3/s in 1963
and 1990.



CHAPTER 3 RAYNFALL ANALYSIS

Selection of Representative Rainfall Station

The distribution of rainfall depth is different in
every rainfall. In the storm on January 25, 1990
which caused a big flood, rainfall at the mountainous
areas was recorded at more than 200 mm/day, while
that at Semarang.City was only 35 mm/day. In
consideration of the above condition, it is important
to analyze rainfall in the coastal plain area and in

the mountainous area.

-Among the rainfall gauging stations, two stations can

provide data for the study. These are the Semarang
Meteorological Station (BMG) located in Semarang City
and the Kaligading Automatic Rainfall Gauging
Station (IHE) located on the foot of Mt. Ungaran.

The Semarang Meteorological Station (BMG) can provide
rainfall intensity observed for short and long time

durations ranging from five minutes to two days.

Kaligading Automatic Rainfall Gauging Station (IHE)

can provide rainfall intensity observed for a long

time duration of one hour to two days.

Rainfall Intensity-Duration Curves

Two (2) types of rainfall intensity-duration cuxve
were developed according to ranges of rainfall for
the urban drainage plan and the flood control plan,

as follows.



(1)

Short Duration Curves

The curves were developed on the basis of
anhual maximum rainfall:-intensities observed
for the duration of less than 120 minutes and
preferably used for planning urban drainage
where the run-off concentration time is less
than 120 minutes. The rainfall intensity data
of the Semarang Meteorological Station were
used for . this ~ analysis [refer to
Table I.3.1(1/2)].

Long Duration Curves

The curves of two stations were developed on
the basis of annual maximum rainfall
intensities obsexved for time ranges of one
hour to a few days preferably used for run-off
analysis of hourly hydrographies in the flood
control plan. In this study, the curves of
Semérang Meteorological Station were applied to
the planning of pump drainage for the Urban
Drainage Plan. That of the Kaligading
Automatic Rainfall Gauging Station was applied
to the run-off analysis for the flood control
plan. Those curves were used to estimate the
probable run-off hydrographies. The data are

shown in Table I.3.1.

Probable Rainfall Intensities

The recurrence probability analysis on pbint rainfall
intensity of various durations was made by Gumbel
Method using the annual maximum rainfall intensity
series observed at Semarang and Kaligading gauging
stations. As the results of the analysis, the

probable point rainfall intensity for rainfall

I-6
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durations ranging from 5 minutes up to 48 hours were

estimated as shown in Table I1.3.2 and Fig. I.3.1.

Equations and Curves to Express Rainfall Intensity-

Duration-Frequency

The following equations are generally applied to
express the relationship between rainfall intensity

and duration:

(a) Talbot Type Equation : I =a/ (T+ D)
(b)  Sherman Type Equation : I =a/ T
(¢) Kuno Type Equation : I =al/ (T0'5 + b)
(d) Horner Type Equation : I=a/ (T+ b))
where,

I ¢ Rainfall Intensity

T : Rainfall Duration

a,b,n: Constants

The probable rainfall intensities were estimated from
the eguations and compared with the values estimated
from the observed data as shown in Table I.3.3.
Constants of the rainfall intensity-duration-
frequency equations were estimated by least-square
regression analysis for the relation between the
probable rainfall intensities and corresponding
rainfall duration. The equations for each station

and each type are shown in Table I.3.4.

The Horner Type Equation which shows the smallest
difference between observed data and estimated data
is the most applicable eqguation to express the
rainfall intensity-duration curves as shown in
Fig. 1.3.2.  1In the'report of Semarang Drainage

Project (May 1982), rainfall intensity curves were



estimated for the records of 13 years (1959-1981) and
these curves show nearly the same numerical values as
those présented in this report.

Model Hyetograph of Point Rainfall

The model hyetographs showing distribution of point

rainfall intensities of the study area were developed

taking the following major factors into

consideration.
(1) Entire Rainfall Duration

The standard value of the entire rainfall
duration is an important factor for the model
hYetograph run-off analysis of river basins.
In this connection, surveyed were the actual
rainfall continuation times of the 12 major
storms recorded at the Semarang Meteorological
Station for the period from 1979 to 1991, and
11 major storms recorded at the Kaligading
Automatic Gauging Station for the period from
1980 to 1990. Consequently, the entire
rainfall duration of the model hyetograph is
aSsumed at 12 hours, which is the dominant
rainfall continuation time in the past major

storms, as shown in Fig. I.3.3.
(2) Time Distribution of Rainfall Depth

The time when the peak rainfall depth occurred
in each storm was analyzed on the basis of the
hourly rainfall depth observed in the above 23
major storms. As a result of the analysis, it
is assumed that the model hyetograph has such a
pattern that the rainfall depth gradﬁally

increases at regular time intexrvals until it

I-8
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reaches the peak at midpoint of the entire

rainfall duration and then, gradually decreases

at regular intervals. The assumption of

rainfall depth. is made as follows:

Rainfall Depth Distributed

‘at Intervals of "dt" Time of Occurrence

(a) Highest = F(dt) x dt/60 TC

(mid. of duration)

(b} 2nd Highest
F(dt x 2) x dt x 2/60 _
- F(dt} x dt/60 T + dt

(c) 3rd Highest _
F(dt x 3) x dt x 3/60
- Ff{dt x 2) x dt x 2/60 Tc - dt

(d) 4th Highest
F(dt x 4) x dt x 4/60 :
- F(dt x 3) x dt x 3/60 Te + dt x 2

(e} 5th Highest
F(dt x 5) x dt x 5/60
- F(dt x 4) x dt x 4/60 rc - dt x 2

where,

dt=

Te=

The model
factors (1) and (2) above and the rainfall intensity-

rainfall intensity expressed by function
of rainfall duration (dt x 1, 2, 3,...)

time interval of model hyetograph

midpoint time in entire duration of model

hyetograph

hyetographs were developed on the basis of

I-9



duration equation described in Section 3.4. As an
example, Table I.3.5 presents the model hyetographs
of 5-minute and l-hour intervals which were developed
from the Horner'TypejRainfall Intensity-Duration
Equation. |

s
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CHAPTER 4 FLOOD RUN-OFF ANALYSIS

Flood run-off analysis has been carried out to

_provide the standard design discharge for the
formulation of the Flood Control Plan for the six (6)

objective rivers; Babon River, East Floodway, West
Floodway/Garang River, Silandak River, Bringin River
and Blorong River. The six rivers flow down
generally toward north, and the features of each

river basin are as follows:

Catchment Reference Length of Highest

River Area Point Stream Blevation
(km2) - {km) (EL. m)

Babon 77.0 Pucanggading  30.0 375
River Welir
East 29.7 Kaligawe 12.90 250
Floodway Bridge
West " 204.0 Simongan 32.0 2,050
Floodway/ Weixr
Garang River
Silandak 8.5 Confluence 11.0 175
River of Channel .
Bringin 32.1 Bringin 15.5 225
River . Bridge
Blorong 157.0. Pengilon 60.0 725
River Welir

Procedure of Run-off Analysis

Garang River is the only river in the study area
with combléte data such as hourly discharge data of
several major floods, hourly rainfall data of same
floods, isohyetal maps of the'same'days and annual
makimum discharge data for estimation of probable

peak discharge. Therefore, the run-off analysis was



made focusing on Garang River by the following

procedure:

(1) The run-off model for Garang ‘River is
established by the storage function model with

actual rainfall and discharge data, and it will -

be applied to the other five (5) rivers.

(2) Probable peak discharge at a reference point of
Simongan Welr 1is estimated from actual

discharge data.

(3) Area reduction factor for the Garang river
basin is calculated to convert point rainfall
into avérage rainfall in the river basin. The
area reduction factor for Garang River is
‘estimated by the probable peak discharge at
Simongang Weir and the model hyetogfaph. The
area reduction factors for the other five {(5)
river basins are estimated based on the their
catchment areas (kmz) and the area reduction

factor for Garang River,

(4) The probable peak discharge of the other rivers
are calculated by storage function model with
the area reduction factors estimated for each

river basin.

Storage Function Model
Method of Storage Function Model

In order to calculate the flood discharges for each
river, it is necessary to estimate the model
hydrograph from the model hyetograph by run-off
analysis., The storage function model is employed to
simulate the design floods. in this study, because

7
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various experimental values for the constants have
been developed for this model and it is suitable to
be applied for river basins with a few data for

verification.

Storage Function Model for River Basin

The storage function model has been developed to
express non-linear characteristics of run-~off
phenomena introducing the following function between
the storage volume (S1) of a basin or a river channel

and the discharge (Q1) from the same:
51 = K « QIP (1)
where, K and p are constants.

This équation is used with the equafion of motion
which expresses run-off as proportional to the
exponenf of:storage volume. In this equation, the
run-off phenomenum is considered to be similar to the
run-off from the notch of a container filled with

water.

Run-off calculation is performed in combination with

the following equation of continuity for a basin.

ds; 1 .
— = « o ryye o A- 01 (2)
dt 3.6
where,
S1 : aren§ storage volume in the
bas;n(m /s/hr)
f : Inflow coefficient
Tave °* basin’'s average rainfall (mm/hr)
A s area of the basin (km?)

Ql=Q(t+T1): Eect run-off height with lag time
{m>/s)

T : lag time (hr)



Run-off calculations for a basin are generally made
by dividing the above ‘two basic equatioﬁs (1)'ahd (2)
by the area of a basin in order to express them by
the storage height s (mm) and run-off height q
(mm/hr). Accordingly, the basic equations are

expressed as follows:

s, = ko gP ' (3)
ds; :
;;w = f e Ipua - gl _ (4)

The constant f in the above equation is to estimate
the effective rainfall. In the storage function
model, the coefficient f is not related to rainfall
but to the drainage area A; namely, it ig assumed
that in the early stages of rainfall, f is £, (termed
the primary.ruﬁ—off rate) and that run-off occurs
only from the area f;A (called the run-off area).
When accumulated rainfall exceeds R, (saturation
rainfall), then f=1 (this is termed the saturated
run-off rate), and the run-off occurs also from the
remaining part (1-f;)A (infiltration area) due to the

rainfall after Rgy-

In this model, run-off from both the run-off area and
the infiltration area is calculated separately by
equations (3) and (4) until the end of the flood.
The total run-off from the whole basin is given by
the sum of run-off from both areas plus the base

flow, as shown in the following equation.

1 1
Q = .fluﬂuql +
3.6 3.6

o(1 — fl)eAegyy + Q1 (5)



2.

where,

fi : primary run-off rate
ql : run-off height caused by total
- rainfall (mm/hr)
Isat ¢ run-off height caused by rainfall after
saturation (mm/hr)
- Q1 : base flow (m3/s)
A : total drainage basin (km?)

Storaqe Function Model for Rivexr Channel

The storage function of the river channel is

expressed as follows:

ds/dt = Qi(t}) - Qo(t+Tl) _ (6)
5 = k « Qo(ttrl)P _ (7)
where,
BS s storage volume in the river channel
(m3/s/hr)
pift) : inflow discharge of the channel (m3/s)

Qo(t+tl): outflow discharge of the channel (m3/s)
k, pf : ‘constant

71 : lag time (hr)

Model for Simulation

In the storage function model, the basin is divided
into sub-basins with catchment areas of 10 to
1,000 km2; mostly less than 300 xnZ. In this study,
the river basins are divided into 23 sub-basins with
catchment areas ranging from 1.3 to 70.9 xm? and
containing 22 river channels, as illustrated in

Fig. I.4.1.
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As for the data on flood hydrograph at Garang River
from 1986 te 1990, hourly rainfall hyetographs at
Kaligading and daily rainféll'data in Garang Rivex
are available only for.198?'and-1990'as shown in

Fig. I.4.2, Hourly rainfall in the basin is

'calculated proportionately between the daily data of

Kaligading and the average rainfall of the Garang
river basin estimated from isohyetal maps as shown in
Fig. I1.2.1(4/4).

Constants of Storage Function Model

Constants for River Basin

The basin’s storage function is expressed as below
(refer to Subsection 4.2.1):

S§1 =K » QIP

 Constants K and p are determined as follows:

K = 5.5 « a0-14

p.= 0.6
T1 = 0.95 » a%-1% . 0.4
where,
A : catchment area (km2)
Tg : height of net supply rainfall

calculated from peak discharge volume
(Op)i Tg = 3.6+ 0,/ A

Constants for River Channelr

The river channel’s storage function is expressed as:

S =K o QI(t + T1)P



as explained above. Constant K is expressed in the

form of:

k=1 824 (n/19-2)0-6 , 3.5

where,
B : average channel width (m)
L : channel length (km)
n : Manning's roughness coefficient
I

: average channel slope

The constant "p" takes the value of 0.6 from the

Manning’s Formula for Steady Flow.

The lag time T1 is expressed by the following

equations:

T1 = L+ k » po / Is17Pc

where,
L : catchment length (km)
x @ (n/s9-%)p '
N : roughness coefficient
Pc : 0.6
Iy : maximum inflow volume (m3/s)

The constants were decided as shown in Table I.4.1
after some trial calculations. The results of the
Simulation show almost the same values as the
observed data at Garang River Gauging Station as

shown in Fig. 1.4.3.



Probable Peak Discharge at Simongan Weir

The probable peak discharge at Simongan Weir is
estimated by the Gumbel Method from the annual
maximum discharge data for 1961 to 1990 (refer to
Table I.2.5). The estimated amounts of probable peak

discharge are as shown in Table I.4,2.

Area Reduction Factor

 In the calculation of the model hydrograph of 5 to

100-year return period at Simongan Weir by the
Storage Function Model, the results of the model
hyetograph were multiplied by the area reduction
factors'decided temporarily. This calculation is
repeated until the results become almost the same as
the probable peak discharxge calculated -from the
observed data. The probable peak discharges at

" 8imongan Weir shown in Fig. I.4.4 and the area

reduction factors were estimated as follows:

Probable Peak Dischaxge at Simongan Weir

Return Probable Peak Reduction
Period Discharge Factor
(vear) (m3/s)
5 520 0.44
10 630 0.4¢6
25 770 _ 0.47
50 880 0.47
100 980 0.49

The area reductioﬁ factors were estimated from area
average rainfall.divided'by'maximum rainfall on the
isohyet of rainfall. The area reduction factors
from actual rainfall records are shown in Fig. I.4.5.
The adequacy of the area reduction factors of 0.44 to
0.49 for the Garang river basin (C.A. = 204 km2) is
verified by plotting in Fig. I.4.5.
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The area reduction factor curves are drawn between
point zero (0) to the points on the chart as shown in
Fig. I.4.5. Fig. I.4.5 gives the basin rainfall
reduction factors for 5-year to 100-year return

periods as follows:

Garang Babon FEast Silandak Bringin Blorong

River River Tloodway River River River

Area(km2)  204.0  77.0 29.7 8.5 32.1  157.0
Return Periéd Reduction Factor

5 0.44 0.66 0.78 0.84 0.77 0.50

10 0.46 0.70 0.82 0.89 0.81 0.54

25 0.47 0.70 0.82 0.89 0.81 0.53

' 50 0.47 0.70 0.83 0.89 0.82 0.53

100 0.49 0.73 0.86 0.93 0.85 0.55

The area reduction factors given in the repoft
prepared by THE STUDY ON URBAN DRAINAGE WASTE WATER
DISPOSAL PROJECT IN THE CITY OF JAKARTA (MARCH 1982)
show nearly the same numerical values as those given

in this study report.

Model Hydrograph and Peak Discharge

The probable peak discharges of the other rivers were
decided in the same way as West Floodway/Garang
River. Each river basin was divided into several
sub-basins and river channels as illustrated in
Fig. I.4.1. The constants of the storage function
model for each sub-basin and river channel were
estimated as shown in Table I.4.1. The probable peak
discharges of 5 to 100-year return period for
five (5) rivers were estimated from the model

hyetograph (refer to Table 1.3.5) as follows:



Probable Peak Discharge (m3/s)*

Return : - - : .

Period Garang Babon Fast Silandak Bringin Blorong

(Year) River  River  Floodway River River  River
5 520 407 199(130) 68 195 431
10 630 494 240(157) 84’ 237 549
20 740 552 267(175) 94 264 628
25 770 578 280(183) 99 277 664
50 880 - 630 306(201) 110 315 739
100 980 710 - 342(225) 120 342 845

* Peak discharge at referénce'point
( )} Peak discharge of East Floodway in front of confluence
with Bajak River

The probable flood run--off hydrographé of 20, 25; 50
and 100-year return period for the six.(ﬁ) rivers are
shown in Fig..I.4;6.' The peak discharge of the
six (6) rivers plotted and published by DPU in 1984
in the Maximum Record Floods in Indonesia are as
shown in Fig. I.4.7. fThe peak discharges are

distributed in appropriate range compared with the

“maximum records of other rivers in Indonesia.

Probable Peak Discharge at Proposed Dam Site for

Master Plan

A master plan of flood control is proposed for
four (4) dam sites. Design flood discharge at the
dam site is necessary to be decided for further
study. The probable peak discharge of 100-year
return period at the dam site is calculated to

provide the design flood discharge as follows:

Dam Jatibarang Mundingan Kedung Suren Babon
Area(km2) 53.00 45.70 146.50 51.90
A.R.F 0.82 0.84 0.58 0.82
P.P.D 569.00 500.00 864.00 545.00
(m3/s) :

A.R.F Area Reduction Factor at dam site

P.P.D : Probable Peak Discharge
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Probable Maximum Precipitation (PMP) and Probable
-Maximum Flood (PMF) for Jatibarang Dam

The probable maximum precipitation (PMP) and the

corresponding probable maximum flood (PMF) for

Jatibarang Dam were estimated to determine the
design flood water level (DFWL) and the spillway

design discharge for the dam.

(1)

Probable Maximum Precipitation (PMP)

Since c¢limatic records of dewpoiﬁt and wind
velocity in and/or around the dam catchment
area are not available, it is virtually
difficult to carry.out a comprehensive study on
the PMP based on the c¢limatic storm
maximization. Under the circumstances, the PMP
was estimated by the simple statistical
Hershfield method using a series of annual
maximum precipitation observed at Kaligading
Rainfall Station. The entire duration of PMP
is herein assumed at one (1) day, in due
consideration of the past storm durations

recorded at the gauging station.

The Hershfield method is recommended by the
World Meteorological Organization (WMO) for
areas where rainfall record is available but
other climatic records are hardly obtained.
The following equation has been develdped as
the principal approach of the Hershfield
method:

Xpmp = Xn + Km ¢ 5n (Eq. I.4.1)
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where,

Xpmp : Point PMP

Xn : Adjusted average of a series of the
annual maximum precipitation.

Sn : Adjusted standard deviation bf a series

: of the annual maximum precipitation.

Km : Statistical Coefficient

The adjusted average and standard deviation
values (Xn and Sn) in the‘:above equation

(Eq. I.4.1) are estimated froms:

(a) The unadjusted average and standard
deviation values of the observed annual

maximum precipitation, multiplied by

(by-The adjustment factors=de§eloped by
Hershfield (refer to Table I.4.3 and
Fig. 1.4.8).

The statistical coefficient (Km) in the
equation (Bq. I.4.1) is also estimated from the
relationship of the Km and Xn values developed
by Hershfield (refer to Fig. I1.4.9).

The point PMP could be estimated thrbugh the
above Eq. I.4.1, and converted into the aerial
average PMP using the area reduction factor
. curves. The area reduction curves were
developed- by the World Meteorological
Organization (WMO) hased on average values
obtained from the depth-area-duration (DAD)
analysis of major general-type storms in the
world (refer to Fig. I.4.10). ~The estimated
area average PMP with time durations of 1, 6
and 24 hours are as shown in Table I1.4.3,
corresponding to 1.65 to 2.66 times the 100-
year point probable rainfall, as follows:
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(2)

(1) (2) - (3) (4)
Rainfall . 100-year PMP Multiplier

Duration Rainfall [(2)/(3))
l-hour 120 mm 198 mm 1.65
6-hour 197 mm 424 mm 2.15
24 ~hour 260 mm 691 mm 2.66

The aeérial average one-day PMP estimated for
Jatibarang Dam is, further, compared with the
PMP estimated for other dams in Indonesia as
shown in Fig. I.4.11, from which the PMP for
Jatibarang Dam is evaluated to be within an
appropriate range. The PMP for Jatibarang and

adjacent dams are given below:

Dam Catchment Area One-day PMP
(km2) (ram)
Jatibarang 53 691
Jragung - 94 : 690
. Maung 213 459
Kedung Ombo 614 580
Glapan ' 796 548

Probable Maximum Flood (PMF)

The model hyetograph for PMP was developed as
follows, based on the rainfall intensity-
duration curve and hourly rainfall distribution

pattern:

(a) The rainfall intensity-duration curve for
the PMP was developed, as shown in
Fig. 1.4.12, from the above 1, 6, and 24-
hour PMP using the Horner Type FEguation.



(b) The hourly rainfall distribution was
assumed to have a pattern such that the
one-hour rainfall intensity gradually
increases until it reaches the peak at the
midpoint of the entire rainfall duration,

and then gradually decreases.

The model hydrograph for the PMF was developed
from the model hyetograph through the flood
run-off calculation. The flood run-off
calculation was made by the Storage Function
Model. '

The model hyetograph and hydrographs for PMF
developed as above are shown in Table I.4.4 and
Fig. I.4.13., The peak discharge in the model
‘hydrograph of PMF for Jatibarang Dam is about
1,800 m3/s which could be within the proper
limits of the PMF enveloped curve for all dams
in'Indonesia (refer to Fig. I.4l14). The peak
discharge of PMF for Jatibarang Dam is compared
with the PMF peak discharge. for adjacent dams

as below:

(1) (2) (3) - {4)

Dam Catchment Peak Specific
Area PMF Peak PMF
{km2) (m3/s) (m3/s/km2)

Jatibarang 53 1,800 34

Jragung 94 3,000 32

Maung 213 6,000 28

Kedung Ombo 614 8,000 13

Glapan - 796 10,000 13

Probable Peak Discharge at Jatibarang Dam Site

Jatibarang Dam has been proposed as a priority

project for the Feasibility Study.

The design flood

discharge at the dam site is necessary to be decided



in designing the dimensions of the auxiliary

“spillway. The probable peak discharge of each return
period at the dam site is calculated to provide the

design flood discharge as shown below:

‘'Return .

Period : 2 100 200 5,000 10,000
(year)

Discharge 254 569 636 865 - 911
(m3/8).

Evaluation of January 1993 Flood

InlJénuary 1993; a ﬁowerful monsceon storm hit most
parts of Jawa Island, particularly Central Jawa. The
storm occurred quite recently during the later part
of the Master Plan Study, and its hydrological
conditions cbuld not be incorporated into the Master
Plan Study. Therefore, a supplementary hydrological
study was carried out during the Feasibility Study to
review the detailed storm conditions based on the

recorded hydrological data.

The probable rainfall intensities were estimated with
the supplementary data recorded until 1993 and the
results of estimation for the probable rainfall
intensities are shown in Table I.4.5. The recurrence
probabilities of rainfall intensities for shorter
durations of less than 12 hours were estimated at 5-
yvear to 25-year return periods at Semarang
Meteorological Station and shorter durations less
than 6 hours are less than l0-year, 12 hours is less
than 20-year at Kaligading Gauging Station. However,
the rainfall intensities for longer durations of 1
day and 2 days show lbnger return periods of about
20- and 70-year return period, respectively, at both

stations.



The flood hydrograph in the January 1993 flood is
substantially attributed to one-day rainfall. The
maximum one-day rainfall of the January 1993 flood is
reéorded at 232 mm, which corresponds to about 20-

year return period.

The peak flow at Simongan Weir is determined at
around 700 m3/s judging from the field reconnaissance
and the records of the Garang Automatic Gauging
Station. The recurrence probability is estimated at
the scale of about 20-year return period. |

The design scales adopted for the flood control

master plan are 20 to 100-year return periods,
exceeding the above recurrence ﬁrobability of the
January 1993 flood. Accordingly, further study on
design scales of the Master Plan will not be
necessary despite the recent recurrence of flood in

January 1993,
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CHAPTER.S INUNDATION ANALYSIS

Objectives and Procedure of Inundation Analysis

Inundation analysis for the six (&) rivers was

carried out to estimate the flood damage area of

flooding conditions of 5-year to 100-year return

‘period. Results of the inundation analysis were used

for the flood damage calculation and economic
evaluation of the improvement plan for the six (6)

rivers.

For the inundation analysis, the computer simulation
model was established based on the field survey. As
for the field survey, flood mark survey for the
six (6) rivers was carried out by the JICA Study Team
to confirm the inundation area as well as the water
depth of the flood on January 26, 1990, as shown in
Fig. I.5.1.

The inundation model was established to simulate the
probable inundation area both without- and with-the-

project conditions.

Field Survey for Inundation Model

From the field survey, the features of flooding in

the inundation area are given as follows:

(1) The flood area is flat with a slight slope
towards the sea along the river stretches.
(Refer to Figs. 1.5.2 to I.5.7)

(2) - Overbank flow spreads along the river course in

the upper reaches.
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(3) Overbank flow spreads to the shoreline area in

the lower reaches.

Considering the above features, flooding in the area
shows the storage type and the flow/diffusion type.
ftherefore, the Two Dimensional Unsteady Flow Model is

employed.

Establishment of Inundation Model

The flood inundation model for each river was

established with the following conditions:

(1) The whole inundation area is divided into mesh
blocks ©of 200 m by 200 m as shown in
Figs. I.5.2 to I.5.7.

(2) The average ground height of each mesh is
obtained using the topographic map with a scale
of 1/10,000 prepared in this Study.

(3) Structures such as roads and railways which may
hamper the smooth flow of inundation water are
taken into consideration assuming them as

barriers between mesh blocks.

Simulation by Inundation Model

The maximum inundation depth and inundation area were

examined under the.probabie flood discharge of 5-

- year, 10~year,*25eyear, 50-yvear; 100-year return

period. As the initial condition for computation, it
was necessary to give the overflow discharge to the
inundation area and the overflow section. The

following initial conditions were taken into account:

Frsih



(1) The overflow sections selected are of the poor
flow capacity sections determined by the non-
uniform calculation method (refer to
Fig. V.2.6). The overflow sections of each
return period are marked with arrows on the

mesh map as shown in Figs. YX.5.2 to I.5.7.

(2) It is assumed that in the probable flood
hydrograph, the surplus discharge over the flow
éapacity overflows at the overflow section.
‘The overflow discharge (dQ) at the overflow
section is given by the surplus discharge (Q)
minus the flow capacity (g) at the overflow

section in the hydrograph as follows:

Results of Simulation

Hydrographs and flood marks of the 1990 flood in the
Garang river basin are available. The simulation
medel of Garang River is adequate to the inundation
record of the flood in 1990 based on the flood mark

survey on Garang River as shown in Fig. I.5.1.

The probable inundation area and water depth which
correspond to the probable flood of the six (6)
rivers are shown in Figs. I1.5.2 to I.5.7, and the
inundation areas occasioned on each return period
are shown in the following table. The inundation

duration is less than 24 hours in all cases.



Inundation Area (kmzj

Return - : -
© Period West Babon East Silandak Bringin Blorong
(Year) Floodway . River Floodway .  River River River

. Inundation Area Without Project
5 - 10.0(1.1) - 2.3(0.1) - 8.6(1.6) 27.2( 2.2)
10 ©1.6(0.0)  12.2(5.8) 3.4(0.2) - 2.3(0.1) 8£.8(2.0) 29.3( 6.0)
25 3.4(0.4) 12.8(6.8) 4.5(0.3) 2.6(0.2) 8.8(3.0)  30.9( 8.7)
50 5.0(0.6)} 13.9(7.3) 5.0(0.5) 2.6(0.3) 8.9(3.7) 31.4(10.0)
100 7.0(2.1)y 15.8(8.0) 18.2(0.8) 2.6(0.6) 9.0(4.5) 32.5(12.6)
Inundation Area With Project

25 - : - - - - 30.9( 8.7)
50 O 0.6{0.0) 13.9(7.3) 5.0(0.5) 2.6(0.3) 8.9(3.7) 31.4(10.0)
100 1.3(0.4) 15.8(8.0) 18.2(0.8) 2.6(0.6) 9.0(4.5) 32.5(12.6)

{ ) Inundation area of depth more than 50 cm
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CHAPTER & LOW FLOW ANALYSIS

Daily Rainfall Analysis

(1)

(2)

Selection of Rainfall Station

There are 52 rainfall stations in and around
the study area as mentioned in CHAPTER 2.
These stations have different observation
periods and reliability of records. Taking the
length of observation period, amount of missing
data and areal distribution into account, 12
rainfall stations are selected. The location
of the selected stations is shown in Fig. I.6.1
and the annual rainfall of each station for 33

years. is summarized in Table I.6.1,
Calculation of Basin Rainfall

All stations, even though they are selected on
the above-mentioned criteria, have plenty of
nissing data as shown in Table I.6.1. Judging
from the difficulty and inaccuracy to
interpolate the missing data among these
records, the following procedure was adopted to
egtimate the basin rainfall which means average

depth over a catchment:

(a) Daily basin rainfall is calculated by the
Polygon Method (refer to Fig. I.6.1) using
the records of 12 rainfall stations in

1980 where wheole data are complete;

(b) Representative station is selected for
river basins showing the highest
correlation between daily point and basin
rainfall in 1980;
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(c) Missing data of representative station
records are interporated by the linear
regression method from simultaneous

records at nearby stations; and

(d) Basin rainfall for 33 years are calculated
on a daily basis by the linear regression
- method using the filled-in records of the

representative station.

'Fig. 1.6.2 shows the relationship of daily rainfall
and regression coefficient between point rainfall at

the representative station and basin rainfall based

on the records in 1980. Table I.6.2 presents

calculation results of basin monthly rainfall in the

Babon, Garang and Blorong river basins, respectively.

(1)

‘Low Flow Analysié

River Flow Condition

There are three water level stations under
operation in ‘the study area, namely,
Pucanggading Weir station in Babon River,
Panjangan station in Garang River and Pucung
station in Blorong River. Their locations are

shownn in Fig. I.6.1.

Flow regime and balance in observed records are
summarized in Table 1.6.3 and the flow-duration
curves are presented in Fig. 1.6.3. Calculated
annual loss in Table 1.6.3 varies widely, but
the reliable range of annual loss seems to be
from 1,000 mm to 1,400 mm in comparison with

annual loss and run-off ratio.
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(2)

(3)

Low Flow Model

- The Tank Model is cne of the notable models,

so-called distributed conceptual models, which
has been devised for the synthesis of

streamflow data.

The Tank Model is defined as a single basin
model encompassing basins covered by existing
water level stations. In this case, rainfall
data jinput into this model is daily basin
rainfall which is calculated in CHAPTER 3,

Rainfall Analysis, as described before.

Amount of evaporation is also input into this
model, and this value is equivalent to the
annual run-off loss. As described before, the
éverage run-off loss approximately ranges from
1,000 to 1,400 mm based on the observed
streamflow records. On the other hand, the
value of pan evaporation at Semarang
Meteorology Station is 1,740 mm/year. RActual
value of evaporation commonly ranges from 60 to
70% of pan evaporation, therefore, the daily
loss is determined from the monthly variation
pattern of pan evaporation, and all values are

scaled down to 60%.
Model Calibration

The parameters of the Tank Model as shown in
Fig. I.6.4 are determined by the trial and
error method until the calculated daily
hydrograph shows well fitness to the observed
one. The observed and calculated hydrographs

are compared as shown in Fig. I.6.5.
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(4)

Synthesis of Streamflow Data

The daily discharge at three stations for 30
years are estimated by Tank Model simulation.

‘The calculated flow regime are given in

Table I.6.4, and the typical flow-duration
curves by the respective rivers are presented

in Fig. I.6.6.
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CHAPTER 7 TIDAL. ANATLYSIS

Observed Tidal Data

Tidal level in the study area has been continuously
observed by an automatic water level gauge at
Semarang:Harbor which is located between the river
mouths of West Floodway and East Floodway, and the
observation period extends more than ten (10) years.
The automatic water level gauge was, however,
replaced once during the harbor improvement project
and the tidal data observed before replacement of the
gauge has hot been preserved. The present available
data that could be furnished from the Harbor is
limited to the hourly tidal level from Januaxry 1989
to April 1992,

The tidal level data observed by the old automatic
gauge was supplemented from the Report on the "Study
of Drainage and River Improvement, Ministry of Public
Works, July 1985." In the Report, described are the
annual mean high water level (MHWL), mean sea
level (MSL) and mean low water level (MLWL) at
Semarang Harbor. The year adopted to estimate these

annual mean tidal levels is not explained in the

- Report, but could be assumed to be, at least, before

1985, the completion year of the Report.

Chart Datum of Observed Tidal Level

The chart datum of the old automatic water level
gauge was set at 0.506 m below the annual mean sea

.level (MSL) of Jakarta Harbor (Tanjung Prlok) which

was observed in 1925 and thereafter used as the

datum plane of flrst order levellng for all
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topographic-survéys in Jawa and also, for all

elevations in this study.

On the other hand, the chart datum of the new
automatic water level gauge has not yet been related
to the MSI, of Jakarta Harbor. Therefore, the tidal
level observed by the new automatic gauge is not
converted into the absolute elevation. To cope with
this problen, leveling survey was carried'out-by the
JICA Study Team and it was confirmed that the chart
datum of the new automatic water level recorder is
0.90 m below MSL of Jakarta Harbor.

Annual Mean Tidal Level

Based on the tidal data observed and the chart datum
clarified as stated above, the annual mean tidal
level at Semarang Harbor was estimated in terms of
“the elevatidn‘aBOVe MSL of Jakarta Harboxr as below
(refer to Table I.7.1).

(Unit: EL. m)

Before
ITtem 1985 1989 - 1990 1991
- MHWL 0.54 - 0.59 0.58 0.60
MSL 0.09 0.05 0.07 - 0D.09
MLWL -0,33 -0.44 ~0.39 -0.37

Recently, tidal inundation has occurred frequently at
the low-lying coastal areas leading to serious flood
damage, particularly, in Semarang City. The related
government agencies had tried to trace the causés of
inundation, présﬁming that one of the possible causes

was the recent upward tendency of the tidal level.

As shown above, however, the annual mean tidal levels

of the recent three (3) years have the difference of
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less than 10 cm as'compared with those observed
before 1985, This proves that no definite long-term
transition or upward tendency of the tidal level has

occurred.

The MHWL will be used to determine the design high
water level for the flood control plan. Therefore,
the long-term transition of tidal level is not

required to be incorporated into the determination of

the design high water level.
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Table I.2.1 INVENTORY

OF RAINFALL GAUGING STATION

Mo Code Statton Mame  Organization

Year of Record

flata Collected 50
IT+I1 111111

=

»*

(1) DAILY RAINFALL DATA

1 22 Dabadan DPLLBHG 2ABBBBB
?2 23 Bojong DPU.BHG BABBBAB
3 25 Ketapang DPU.BHG BABBBAB
4 25 a Brongsang DPU.BMG

5 25 b Sikopek DPU.BMG BABGSBBSB
6 25 ¢ Tambakboto DPU.BHG BABBBASB
7 25 d Podewaras bpPU.BHG BABSBAS
8 25 e Blorok - DPU.BHG BABBEBS
9 25 f Kebenadem DPU.BMG A B BBEBEBBEBS
10 25 g Kd.Pucung PPU.BMS ABBBABBBRS
11 26 Trompo DPU.BHG BBB8BBS
iz 27 Langenhar]o DPU.BHG

13 28  Pegandon [P, BHG BABBBABD
4 30 Pupuh DPY,BMG BABBEBSR
15 .32 e Plantaran DPUBMG BEBBEBBBBS
16 33 Kaliwungu DR, BMG BRBBBRS
17 33 a Plumbon DPU,BHG

18 33 b Gambilangy DPU,BMG BBEASBBBERSB
19 33 d Pangguny DPU.BMG BBBBBBBAB
20 33 e Gambilangu {BB) BMG 38BB
21 33 f Xarangtengan BPU.BMG ABEBBEBBBAB
22 33 g Gabad DPU.BMG ABBBABDBEOSB
23 34 Ngareanak/Singorejo DPU.BMG BOBBBAB
24 37 Boja : . BPU.BHG

25 3% Limbangan DPU.BMG . BBBBBBSB
26 -4 Tugu DPU.BMG

27 41 a A. Yan! Alvport AYA

28 41 ¢ Mangkangwaduk 8NG

29 41 ¢ Bringinmangkang NG

30 41 e Sta.klimetologi smg BHG
3t 42 Simongan DPL.BMG
32 42 a Kalisari DPU.BHG
33 44 Mijen DPU.8BMG

34 46  Gunungpati DPY.8MG

35 49 a Meteo Maritim BMG

36 52 Pandeanlamper BMG

37 59 Cand! BHG

38 63 b Kd.Banbkong PULBMG

39 64 Susukan BMG

40 65 Ungarang BMG-

41 65 ¢ Sumurjurang Pl BMG BBBBAB
42 68 b Klepu{kendal} BMG BABSEBBE®
43 %3 Sayung/Purwosari PL.BMG .
44 84 Gemuk PU.BMG
45 96 Brumbung (Mranggen) PU.BMG
46 97  Plamongan PU.BHG

47 98 Pucanggading PU.BMG

43 99  Banyumeneng PU.BHG AA
49 Smg32 Jimbaran{}t2) J5p

50.5mg33 Karangjatt J5P

51 Smg34 Barangan J5P

52 Smg35 Sabiroto JSP

{2) HOURLY RAINFALL DATA .

60 10 80 90
IT+IT T ITITIT+#ITEITITII®ETEINIIIIIL

BEB3BBBBBBDBBBBRBEBBABAAAABBBBEBBBAAD
BBEABBBABBBEABBEABBEBBAAAABEBBOBAAD
BRBBBBBBBEABBBEABBBAABAAABBEBBBAAD

BBBBBBBBBBEBBBBEBBBBAAAAAABABRABBAB

BBBSBEBEBEBBBBABBBAAANAAAABBABABS
BBBOBEGEBBASBEABBBAAAAAAAABBBRBEB
BRSBBEBBBEBBBBEBBEABAAAAAAABBABASE
BEOBBBEBEBEADBEABBBAAAAAAAABBBGEBBS D
BBABBBAAAAAAAAAAAABBAARAAAAAAABAA
AAAAAAAAAAAAAAAAAARAAAAARAAAAAAASD
BOBBBEBABBEEBBEABERBBABAABBBBOBAABR
ABBBBBBBEBBBBEABBBBBBBAABBEEBBBAAB
BBABBAABBBBBBEBBBEBAAAAAABBREBBRBAAB
BBSPRBEABBESBRBADEBBAABAABBEBBBAAB
BBBBRERBBEARBRBOBABEBAAABABAABBBBAAD
GHBBBEBBBEEOBBBEABEBAAAAAABABBASBASBE
BBABBEBOBBBRBBABBBAAAAAAAABRBABASBS
tBBBBBBBEOBBBEABEBBAAAAAAABBABABE
BBABBBBBRBBBBBABBBAAABAAAABBBBESRR
BBBBBA BBABBBAAAAAABBBBBBBAR
BEBBBBBBAAAAAAAARAAAAARAAAAAAAAARARAR
BBBBBENCBEBRBBRBABBBAAABAAAABABBBAAS
BBABBBBAAARAAAABAAAAAAAMAAAAAAAABS
BAAAAAABE ABBAABAABBGB
BBBBBBBAAAAAABABBAABBBAAAAAAAARBAA
BB B B BABBBABBBAAABAAAABBABR BB
BBA 8 BBS3ABBBABBEBB AAABBBBBBBABGB
BBRBBOIABBBBABBEBABBBAAAAAAAADBBBRBABS

BB AANAAAAAAAAAAAAAAAAAAAARABAA
BAAAAAABAAAAAABAAAABAAA
88 8 BABBBABBBBAAAABAABBABADBS

BADODBBBBBEBBAABBBAAAAABAABBABARSD
8BAABBBAAAAAAAABAABAAAAAAAAAAAAAA
’ 80BBBABAB
BBBBBBABBAABBREBRE BB
B . : B3
BEABAAABAAAAAAAAA AAAAAABABBAAAB
AAABBREBBABASB
BEABBBBDBEDBBBAUDBBAAAASBEBBEBBBARE
AARAARAAARAAAAAR
AABAAAABABBAABABABABAAABAAABBAARA
AAMBAAAABABABBEBBBBBAAAABABEBBBBBSB
BBEBBEBRBEBBBRBBBEBAAAAABEBABBBBAB
UBBEEBBBBBBASBABBBAAAAABABBBABAB
BBABBOBBBRBBARBBABBBBAAAABABRBBABAARB

CAAAARABAABAAAAAAARAAAMAAAAAAARAARARN

B8BBEBBBBBBOBBRARBBBRAAAABRABBABAR

AABABAAAABABAABAAAARAAAAAARAAAAARAA
AAAABAABABAAAAAAER
AAAAAB BABAAAEBEB
BAAAAAAAAANAABEBEB
BAAAAAAAAABAAANAAS

* 53 41 e Sta.kVimetologl smg 6MG AAABAARABAARA
54 41 a A, Yani Afrport AYA BBEBABBEBB
* 55 5 Kaligading THE BAAAABAABBA
56 9 Jragung iHE BEASBBEAABSES
5 11 Juwero THE BBBABBEAA
Hotes * :Selected Station for Rainfall & Runoff Aralysis A : Complete Data
DPU  :Pekerjaan Unum {Public Works) B : Incomplete with missing
B4 :Badan Meteorologi dan Geofisika (Institute of Heteorogy and Geophysics)
AYA  :A.Yani
JSP  :Jratunseluna River Basin Development Project
IKE  :Institute of Hydraulic Engineering
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Table 1.2.2 (1/3) GENERAL CLIMATOLOGICAL DATA OF SEMARANG AHMAD YANI

* Monthly Mean Temperature tﬁt)

Year  Jan. Feb. -Har. Apr. May  Jun. Jul. Aug. Sep. Oct. Hov. Dec. Average
1980 26.5 26.6  26.9 27.5 28.3 27.7 21.4 27.5 28.0 28.3 2?.7 26.7 27.4
1981 25.9 26.1 27,6 27.9° 27.7 . 27.8 26.% 27.9 27.9 ‘28,7 27.3 26.8 27.4
1982 - 25,7 26.2 - 26.8 27.6 27.7 27.4 26,8 26,6 26.9 28.6 28.9 27.7 27.2
1983 27.0 28.1  27.9 27.8 27.7 21,1 21,1 2B.3 ‘ 27.6
1984 26.1 26.1 -26.7 27.7 27.9 27.1 27.0 27.3 27.1 28.0 27.7 26.5 27.1
1985 26,8 27.6 26.9 27.3 27.8 27.2 26,8 213 2.6 28,3 27,7 26.8 21.3
1986 -26.1 26.3 26.7 27.7 28.2 27.6 . 27.0 26.8 27.0 .28.0 : 27.2
1987 28.6 28.5 28.2 27.9 27.2 28,7 29.2 128.6 27.1 28.2
1988 27.3 27.1 27.5
1988 .

1990
Average 25.4 - 26.5 21.1 27.8 28,0 27.6 27.t 21,2 27.8 .28.4 28.0  26.9 27.4
Monthly Maximum Temperature {°C)

Year ~ Jan. Feb., Mar. -Apr. May - Jun. . Jul. Aug. Sep. Oct. Nov., Dec Max.
1980 30.2 306 315 32.2 33.6 33.1 32.4 33.4 343 33.7 33.0 30.8  34.3
1981 ?29.2 29,8 32,1 32.6 32.6 32.8 32.4 33.5 33.4 3% 31.7 30.5 34.1
1982 29.4 ?29.8 - 30.9 32.6 -33.3 33.2 33.4. 33.7 34.1 -35.0 3.3 3.7 35.0
1983 32.2 - 32.1  32.3 32.3 33.2 336 3.4 38 0 - - - 34.8
1984 29.8 30.0 30.7 32,1 32,5 32.8 32.7 331 32.7 331 3.6 30.4 33.1
1985 30.7  31.0 31.1 31.8 33.2 3.4 -32.0 -33.2 33.2 323 303 30.8 33.2
1986 29.7 30,4 30.7 32.4 33.8 32.6 33.0 32.8 33.4 32.8 - - 33.8
1987 - - - - 33.4  33.3 33.6 33.6 343 34.8 0 34.7 33.1 30.5 34.8
1988 30.7 31.0 3.6 - - - - - - - - -

1988
Maximum 32.2 31.0 32.1 33.4 33.8 33.6 33.6 34.4 34.8 350 34.3 31.7  35.0
Monthty Hinimum Temperature (°C}

Year Jan. . Feb. Mar. Apr. May Jun.  Jul. Aug. Sep. Oct. Nov. Dec. Hin
1980 23.5 23.4 23.2 ?23.6 24.0 23.1 23.7 22.7 22.9 23.4 23.5 23.5 22.7
1981 ?23.2 23.1 23.0 24.1 23.8 23.6 22.8 22.8 23.5 23.6 23.17 23.6 22.8
1982 23.3 23.2 23.0 23.5 23.6 23.4 2.4 2.5 22,3 23.5 24.2 24.3 21.5
1983  24.2 24.9 24,9 25.1 23.3 22.1 22.7 23.6 22.1
1984 ?23.5 23.4 23.5 ?24.4 24,3 ?21.5 231 23.0 235 23.9 23.7 23.3 21.5
1985 26.7 23.9 23.8 24,0 24.3 23.3 22,7 2.4 23.1 73.9 23.8 23.6 22.4
1986 23.6 23.4 23.7 24.3 24.3 24.0 22.9 22,2 23.6 . 23.7 . 22.2
1987 24.9 246 24.2 23.6 21.3 23.5 24.6 24.9 24.2 21.3
1988 24.5 24.1 24.7
1989

Hintmum 23.2  23.1 230 23.5 23.6 21.5 22.1 21.3 22.3 23.4 123.% 23;3 21.3
Hontﬁ]y Rainfall (mm)

Year Jan. Feb. Mar., Apr. Hay Jun Jul. Awg. Sep. Oct. Hov. Dec. Total
1980 340 190 17 120 191 337 80 206. 31 -
1981 824 576 199 355 71 134 137 47 162 89 185 534 3323
1982 726 374 112 261 66 108 13 2 201 155 -
1983 299 79 94 304 15 8 0 3
1984 3 30 364 204 109 60 87 10 321 176 30 615 2939
1985 283 554 243 216 256 126 92 165 60 . 241 178 60 2477
1986 521 161 216 131 43 216 - 66 66 173 150
1987 ) 81 133 79 9 12 0 32 145 246 -
1988 123 305 463 :

1989 :
Average 495 379 252 192 147 94 67 62 .107 © 128 216 322 2460
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Table 1.2.2 (2/3) GENERAL CLIMATOLOGICAL DATA OF SEMARANG AHMAD YANI

Duration of Bright Sunshine (%)

Year Jan. feb., HMar., Apr.  May Jun.  Jul.  Aug. Sep. Oct. Hov. Dec. Average

1980 47 62 76 72 87 87 92 90 93 85 74 49 76
1981 36 54 17 73 75 9 - 73 95 83 88 45 64 71
1982 60 63 1 86 86 92 89 6 77
1983 63 17 67 65 93 92 96 98 : _ 81
1924 50 56 60 74 75 &8 94 88 78 9 78 54 74
1985 73 64 69 69 86 86 90 97 92 86 72 62 79
1586 38 73 63 80 93 82 90 85 8z 86 78
1987 : 84 90 86 a7 99 96 a7 75 56 87
%ggg 53 65 62

Average 5 62 68 4 82 87 90 93 89 89 72 58 76

fonthly Mean Atmospheric Pressure (+1,000mb)

‘Year . Jan. Feb. Mar. Apr. HMay -Jun. Jul.  Aug. Sep. Oct, Nov. Dec. Average
1980 9.9 1.0 i1.5 10,6 - 11.2 11.7 12.2 12.9 12.9 2.0 1..0 10.0 11.4
1981 . 11.0 10.7 2.4 -.11.4 16.3 11.5 11.0 12.3 11.8 2.0 10.4 1i.4 11.4
1982 10.8 10.6 10.8 11.2 11.4 " 12,8 13.2 13.6 14.0 12.8 11.7 11.3 12.0
1983  12.5 1.9 1.6 10,9 11.8 12.4 -13.0 "12.6 12.0
1984 9.9 9.0 - 11.0 10,3 103 11.4 11.2 11.9 11.6 12.7 11.3 9.5 10.8
1985 11.7 7.5 - 10.4 9.5 9.6 11.5 12.1 12.1 12.4 12.2 11.1 10.9 10.9
198 9.9 11,2 10.1 1:0.6 10.6 10.4 12.5 11..9 12.9 12.8 11.3
1687 11.¢ 12.1 12,0 13.4 13.5 13.5 2.7 11.5 11.8 12.5
%ggg 16.5 10.6 9.1

Average 10.& 10,1 10.9 10.8 10.8 11.6 12.3 12.7 12.7 12.5 11.2 10.8 11.4

Honthly Mean Humidity (%)

Year Jan. Feb. HMar. Apr. HMay Jun.  Jul.  Aug. Sep.  Oct. Nov. Dec. Average

1980 84 8z 79 79 12 70 74 68 66 69 75 81 75
1981 83 84 78 76 77 i6 7 10 72 68 78 82 77
1982 86 86 82 80 71 73 71 67 68 63 71 80 75
1983 83 81 79 78 69 65 62 62 72
1984 82 83 81 17 74 72 75 73 78 75 78 82 78
1985 82 82 81 80 77 77 ik 71 72 72 77 81 77
1986 85 82 83 8 74 78 74 70 4 75 77
1987 75 74 74 70 67 63 67 75 84 72
1988 83 83 82
1989

Average 84 83 81 78 75 74 73 69 69 70 76 82 76

Monthly Mean Force of Wind (knots)

Year Jan. Feb. Har, Apr. Hay Jun.  Jul. Aug. Sep. Oct. HNov. Dec. Average

1980 6 5 2 3 4 ) 4 5 4 4 3 3 4
1981 7 5 4 6 14 4 4 5 4 4 3 4 Lt
1982 6 4 A 5 3 4 5 4 4 4 4 3 4
1983 4 4 6 6 6 6 5 6 5
1584 5 5 5 5 4 3 3 3 3 3 3 2 4
1985 2 3 2 4 4 4 4 3 3 3 2 2 3
1986 4 3 A 3 3 3 3 3 3 2 3
1987 2z 3 3 3 4 4 4 3 3 3
1988 a 3 4
1989 '

Average 5 4 3 4 4 4 4 4 4 3 3 3 4




Table I1.2.2 (3/3) GENERAL CLIMATOLOGICAL DATA OF SEMARANG AHMAD YANI

Direction of Wind

Year ~Jan.

Feb., HMar. Apr. May Jun Jul.  Aug. Sep., Oct. Nov Dec
1980 - NW NY WY N E (E £ E ‘E E E il
1981 5H K WY E E E £ £ " E W H
1982 - H ] W E E E E E NH NH E b
1983  SW - W ] SE SE E SE b - - -
1984 HW NW NH H SE SE SE NY N N W KH
1985 - WM NW il i SE SE SE SE WY NH | ]
1986 W ) NH il SE St -k E SE N - -
1987 - - - E K E SE E £ NH h i
1988 N HW W - - - - - - - - -
1989
Monthly Maximum Force of Hind (knots)

Year Jan. Feb., 'Mar. Apr. HMay Jun.  Jul.  Aug. Sep. Oct. MNov. Dec. Hax
1980 23 22 17 15 20 15 16 A7 20 18 19 20 23
1981 28 23 20 15 17 15 16 17 13 15 18 47 47
1982 25 20 17 15 13 16 16 15 15 17 45 15 45
1983 18 16 i5 20 17 17 17 - 15 20
1984 15 15 12 10 13 10 20 12 12 15 15 22 22
1985 11 25 18 17 10 12 13 13 12 14 10 14 25
1986 16 29 15 - 12 12 15 i2 18 16 12 29
1987 : 7.1 12 12 14 15 15 i5 16 16
1988 14 20 13
1989

Maximm 28 29 20 17 20 17 20 18 20 18 45 47 47
Honthly Evaporation (mm) (Semarang Climatological Station)

Year Jan. Feb. Har, Apr. Hay Jun.  Jul.  Aug. Sep. Oct. MNov. Dec, Total
1982 83 96 113 119 144 138 167 186 191 211 177 . 227 1756
1983 103 110 134 113 109 148 i72 204 211 161 137 123 1731
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Table 1.2.3 (1/2) GENERAL CLIMATOLOGICAL DATA OF UNGARAN STATION

Honthly Mean Temperature {‘C)

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

1680 24.8 25.3 25,3 25.9 26.9 26,5 26.2 26,3 27.2 27.5 .27.0 25.9 26.2

1981 26.9 26.9
1982
1983
1934
1985 24.7 25,6 26,0 257 25.7 26,5 26.4 27.3 27.1 26.4 26.1
1986 25.4 25.8 26.1 26.4  26.9 26.5 26.5 26.3 26.4 26.5 26.1 26.3
1987 25.5 25.7 26.0 26.1 26.6 26.4 26.4 26.3 27.4 28.3 27.4 25.1 26.4
éé% 1988 25.4 25.5 26.0 26.7 26.3 25.8 25.0 2 27.3 25,8 26.9
: %ggg 25,5 24.4 25,1 24.9 26,2 25.8 26.2

Average 25.3 25.3 25,5 25.9 26.5 26.1 25.8 26.4 26.9 27.4 26.7 26.1 26.2

Monthly Maximum Temperature (°C)

Year  Jan. Feb. Mar. * Apr. May Jun. Jul. Aug. Sep, Oct. HNov. Dec. Max.

1980 28.4 28.6 30.3 30.7 31.5 31.7 31.7 3.5 334 3.3 31.7 29.8 334
1981 - - - - - - - - 31.2 - - - 3.2
1982
1983
1984
1985
1986
1987 28
1988 28.
1989 29

30.0 30.6 33.4 34.6
32.0 32.2 31.8 -

O =t (D
[+=Rl=11=])
L LR
[=ly1Y=]
e

oW

Maximum 29.5 30.5 30.7 31.4  3L.¢ 32.0 32,0 32.2 33.4 34.6 32.3 29.8 34.6

Monthly Hinimum Temperature (“C)

Year Jan. Feb. Mar. Apr. May Jun.  Jul. Aug. Sep. Oct. HNov. Dec. Min.

1980 22.5 21.8 22.0 22.9 229 23.1 22,9 228 24,1 23.4 22.5 22.7 21.8

22.2 22.3 22.1 21.7
22,3 22.1 21.9 721.9

18.9 18.6 18.4
1

22.5

1
0
4 22.6
1 15.0

1985 22,2 22,7 231 2
1986 21.6 217 21.6 27.8 22.5 2
oy 211 Al 28 22 24 2

1

1989 -19.8 20.4 19.9 19.3 18.2

[t dn A
WM M
a aom
PG e O
[l dat et
M

E = Ll = N

Hinimm 19.8 20.4 19.9 19.3 18.2 18.2 19.0 19.2 18.9 22.1 18.6 18.4 18.2

Honthly Rainfall (mm)}

Year Jan. Feb. Har. Apr. Hay Jun.  Jul. Aug. Sep. Oct. HNov. Dec. Total

1980 . 427 280 279 104 12 93 26 3 147 334 622
1981 169

1982

1983

1984

1985 194 298 215 54 85 70 116 219 123 239
1986 431 150 283 143 26 132 52 98 156 157 257
1987 332 390 145 108 54 35 18 0 23 191 370
1988 293 388 254 243 170 52 40 79 73 45 362
1989 138 46 103 84 63 242 261

Average 299 280 210 193 105 a8 59 57 77 136 192 370 2065
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Table 1.2.3 (2/2) GENERAL CLIMATOLOGICAL DATA OF UNGAR'AN STATION

Duration of Bright Sunshine (%}

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. -Sep. Qct. MNov. Dec. Average
1980 49 53 62 61 82 82 76 79 .79 68 69 50 68
1981 i1 77
1982
1483
1984 .
1985 51 53" 75 81 86 93 76 73 67 61 72
1986 29 47 36 46 b3 47 71 51 49
1987 :

1488

1989 a7
Average 39. &0 50 53 73 70 81 81 3! 71 74 56 64
Honthly Mean Atmospheric Pressure (+1,000mb}

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Average
1980
1981
-1982
1983
1984 .
1585 2.3 2.0 1.9 2.0 1.9 2.7 2.1r 2.1 2.0 1.7 2.1
1986 1.0 1.0 1.0 1.8 1.4 1.4 1.0 - 1.2
1987 .

1988

1989 3.1 2.8 2.5 2.6 2.9
Average 2.1 1.9 2.4 1.9 2.4 2.0 1.9 2.3 1.8 1.8 1.5 1.7 2.0
Monthly Hean Humidity of Air {%)

Year Jan. Feb. Har. Apr; Hay Jun.  Jul.  Aug. Sep. Qct. MNov. Dec. Average
1980 83 82 82 83 75 75 76 72 66 71 76 83 77
1981 74 74
1982
1983
1984 :

1985 83 82 78 74 75 68 74 73 78 80 77
1986 84 83 84 83 0 72 73 77 78 78
1987 84 83 79 74 74 70 73 70 63 66 75 84 75
1988 87 a8 86 82 84 82 82 80 80 84 87
1589 85 87 86 84 81 83

Average 85 85 83 81 79 77 77 72 72 71 8 82 18
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Tab]e 1.2.4 MONTHLY DISCHARGE AND ANNUAL MAXIMUM PEAK DISCHARGE
AT AUTOMATIC WATER LEVEL RECORDER

(Garang Rivef Gauging Station A=185.2km2) Unit : m3/sec

Anual Max Specific
Year Jan. Feb. Mar. Apr. -May Jun. Jul. Aug. Sep. Oct. HRov. DOec, Peak Dis. Runoff

8.1 11.1 480.0 2.5%
3.8 8.9 318.0 1.72
4,2 11.4 368.0 1.9%
7.4 15.2 548.0 2.96
2.6 13.5 1022.0 5.52

1986 ?8.9 34.5 35.3 37.2 5.2 8.1 5.1 ‘3.6 3.9
1987 23.1 29.7 24.7 121 6.4 5.1 35 2.5 1.9
toeg 16.2 20.7 22.7 10.7 6.7 2.9 2.5 1.7 1.8
1989 9.9 49.1 16.5 10.6 9.4 10.2 3.9 3.0 1.9
1900 17.5 12.5 12.7 7.8 7.} 6.2 3.6 3.1 2.2

Laadi N FUNE L3 S )
"-JI-'U\‘-‘I"\J

Avérage 19.1 29.3 22.4 15.7 6.9 6.3 3.7 2.8 2.3 2.9 5.2 12.0

Annual Averag 10.7 m3isec
{ Specific Runoff 0.057 m3/secfkm2)

{Blorong River Gauging Station A=157.9km2) : ' Unit : m3/sec

_ Anual Max Specific
Year Jan. Feb. Mar. Apr. HMay Jun. Jul. Aug. Sep. Oct. Nov. Dec. Peak Dis. Runoff

1980 13.6 9.4 15.3 11.5 9.0 3.2 2.5 2.9 1.5 2.4 4.0 9.7 268.5 1.70
1981 27.8 21.7 14.3 14.8 10,8 7.8 10.5 2.8 2.8 1.8 3.1 19.3 193.9 1.23
1982 27.6 23.6 13.8 14.7 4.0 2.7 2.0 1.1 0.9 0.8 1.0 3.5 196.8 1.25
1983 15.6 10.4 7.9 9.3 13.1 4.2 1.8 1.1 0.7 3.9 80 7.6 141.7 0.90

1984 1.5 = 14.9 5.9 6.6 2.7 4.0 130.7 0.83
1985 26.8 .. 13.5 7.1 6. 3.7 2.0 2.} 4.1 265.7 1.68
1986 : 20.9 13.5 5.9 6.1 2.2 1.4 6.6 6.7 126.0 0.80
1987 13.4 14.6 12,8 7.6 59 2.7 2.7 1.0 0.7 07 1.5 6.2 115.0 0.73
1988 7.3 1.1 9.5 6.9 46 2.8 2.2 1.7 1.3 3.2 3.6 13.6 172.0 112
1989 10,0 22,6 11,6 13.8 9.0 8.3 4.7 2.5 1.5 3.2 6.1 32.5 83.8 0.59
1990 23.9 13.3 9.4 5.6 6.9 3.9 2.8 3.5 1.7 1.1 L1 6.0 101.0 0.64

Average 17.7 15.8 13.0 11.1 7.5 4.8 3.6 2.1 2.0 2.3 3.9 1.7

Annual Averag 8.0 m3/sec
( Specific Runoff 0,051 m3/sec/km2}
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Table 1.2.5 ANNUAL MAXIMUM DISCHARGE AT SIMONGAN WEIR

. E g ] *kk
- Year  Annua) Hater Velo-  Overflow Discharge Flowing Discharge Passing Tota)
Max. Oepth city Head over Fixed Heir through Gates Discharge
Hater : Head' - VU Sy {Q1+02)
Level {hi) (h2)  (H=h1#h2} C1 {Co- )] ¢z (Co- g2
{EL. m) (m) {m) (m)  efficient) {(m3/s) efficient) (m3/s) {m3/s)
1961 7.9 2.3 0.08 2.38 1.52 &z . 0.52 - 86 458
1962 7.3 1.7 0.07 .77 1,80 228 0.51 87 315
1963 9.4 3.8 0.12 3.92 ‘1,57 785 - 0.53 116 901
1864 6.9 1.3 0.07 1.37 1.48 153 0.50 80 233
1965 7.4 1.8 0.07 1.87 1.580 - 249 0.51 88 337
1968 6.6 1.0 0.07 - 1.07 1.46 103 0.47 72 175
1969 7.1 1.5 0.07 1.57 1.49 189 0.50 83 2
19790 7.0 1.4 0.07 1.47 1.48 170 0.50 . 8z 252
1971 7.0 1.4 0.07 1.47 1.48 170 0.50 82 252
1972 6.9 1.3 0.07 1.37 1.48 153 0.50 80 233
1973 6.9 i.3 .07 1.37 1.48 143 0.50 80 233
1974 7.8 - 2.2 0.08 2.28 1.52 ©338 0 051 94 433
1975 6.9 - 1.3 0.07 1.37 1.48 153 0.50 80 233
1976 7.9 2.3 0,08 2.38 1.52 362 0.52 96 458
1977 1.5 1.9 .08 1.98 1.51 S0 0.51 90 360
1978 7.5 1.9 0.08 1.93 1.50 260 0.51 89 - 349
1979 7.2 1.6 0,07 1.67 1.49 208 0.51 B85 293
1980 6.7 1.1 0.07 1.17 1.46 119 0.48. 75 194
1981 8.1 2.5 0.09 2.50 1.53 512 0.52 . 99 - 510
1982 1.1 2.1 0.08 Z2.18 1,51 315 0.51 93 408
1983 7.4 1.8° 0.07 1.87 1.50 249 0.51 a8 337
1984 7.3 1.7 0.07 - 1,77 1.50 1 228 0.51 87 315
1985 8.2 2.6 0.09 2.69 1.53 437 0.52 100 537
1986 7.4 1.8 0.07 1.87 1.50 249 0.51 &3 1337
1987 7.7 2.1 34.08 2.18 1.51 315 G.51 a3 1408
1988 7.8 2.2 0.08 2.23 1.52 327 0.51 94 420
1989 7.6 2.0 0.08 2,08 i.51 292 0.51 g2 384
1990 9.4 3.8 0.12 3.92 1.57 785 o063 116 * 901 (1022)
fiote : Discharges were estimated from observed annual maximum water level

* + () Peak discharge recorded at Garang River Water Level Gauging Station
in upstream of Simongan Weir
** 3 01 = €1 x Bl x H**1.5
#xx - (2 = (2 x BZ x {2g x h1)**0.5

where:

C1, €2: Coefficient

Bt : Fixed Weir Width (=64.5 m)
B2 : Gate Weir Width (=11.8 m)
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.Tabk*j 1.3.1 (1/2) ANNUAL MAXIMUM RAINFALL INTENSITIES

(Semarang Meteorological Station : BHG)
(1) Rainfall bepth ' : Unit : mm

Duration (Minutes)

No. Year 5' 10’ 15! 30 45! 60" 120' 180’ Sl 720" 1Day ZDays
1 1959 20 25 30 50 53 53 55 55 55 55 7 -
2 1960 18 22 32 46 46 47 51 57 67 71 87 115
3 1961 21 26 28 40 43 44 50 66 87 116 124 -
4 1962 11 20 25 30 35 38 45 52 73 76 - 100 -
5 1963 22 - 25 38 40 40 44 62 70 118 120 -
6 1964 21 31 42 62 78 80 89 91 98 100 100 -
7 1965 i1 15 18 28 38 40 41 14 91 125 166 270
8 1966 27 30 34 43 50 54 72 80 a0 91 ~ -
9 - 1976 17 20 32 43 59 75 107 107 135 183 206 249

10 1978 17 25 36 60 72 85 98 102 115 115 115 149

11 1979 15 24 29 37 50 56 99 114 126 126 126 126

12 1580 14 28 52 82 82 91 175 185 192 192 192 192

i3 1981 20 40 50 65 70 80 113 120 204 228 253 760

14 1982 10 10 16 47 - 6% 80 103 131 131 157 247

15 1983 18 36 54 73 - 93 93 26 ] a6 96 116

16 1984 16 27 35 47 b1 67 79 83 85 81 M 128

17 1985 15 25 35 55 71 96 149 149 149 247 253 282

18 1986 31 46 62 72 - 100 105 123 129 136 130 130

19 1987 27 32 37 60 - 88 93 93 96 138 138 155

20 1988 15 26 36 51 1 81 102 101 117 174 174 198

21 1989 16 26 30 44 55 80 100 100 108 142 142 226

22 1990 10 21 31 52 59 59 65 68 81 100 115 123

23 1591 12 20 31 41 48 50 62 89 130 137 137 185

24 1992 16 22 32 58 80 85 92 100 103 104 104 135

25 1993 24 32 43 80 90 a8 116 118 151 211 276 429

RAX 31 46 62 82 90 100 175 185 204 247 2716 429
(2) RAINFALL INTENSITY Unit : mm/hr

Ho. Year 5 10' 15! 30 45" 60" 120 180' 360" 720" 1Day ZDays
1 1959 240 150 120 100 71 53 27 18 9 5 3 -
2 1960 218 132 128 92 61 47 26 19 11 6 4 2
3 1561 247 154 111 80 57 42 25 22 15 10 5 -
4 1962 130 120 i01 60 47 38 23 i7 12 6 4 -
5 1963 266 - 100 76 53 40 22 21 12 10 5 -
6 1964 250 187 166 125 103 80 45 30 16 8 4 -
71965 132 73 57 51 40 21 15 15 10 7 6
8 1966 318 178 137 86 67 54 36 27 15 8 - -
3 1976 204 120 126 86 79 75 53 36 22 15 9 5

10 1978 204 147 144 120 96 85 49 34 19 10 5 3

i1 1979 182 14} 116 74 67 56 49 i3 21 11 5 3

12 1980 166 167 248 163 109 a1 a8 62 32 16 8 4

13 1981 240 240 200 130 93 80 56 a0 34 19 11 5

14 1982 119 57 65 95 - 69 10 34 22 11 7 5

15 1983 218 218 218 145 - 93 46 32 16 8 4 2

16 1984 193 161 140 94 82 67 39 28 14 8 4 3

17 1985 180 150 140 109 94 96 75 50 25 21 11 ]

18 1986 371 278 247 144 - 100 53 41 22 11 5 3

19 1987 329 192 146 120 - &7 31 16 12 6 3

20 1988 180 155 144 101 94 81 51 M 20 15 7 4

21 1989 192 156 120 88 73 80 50 33 i8 12 6 5

22 1950 125 124 124 103 78 59 33 23 14 8 5 3

23 1991 149 122 125 81 64 50 3 30 22 11 6 4

24 1992 192 132 128 116 107 85 46 33 17 q 4 3

25 1993 | 238 192 172 160 120 98 58 39 25 18 12 9

HAX n 278 248 163 120 100 88 62 34 21 12 6

Data-of 1992 and 1993 are supplemented for the evaluation on scale of January 1993 flood.



Table 1.3.1 (2/2) ANNUAL MAXIMUM RAINFALL INTENSITIES

(Kaligading Automatic Rainfall Gauging Station)
(1) Rainfall Depth _ Unit : mm

Duration {Minutes)

No. Year 5! 10! 15! o’ 45! 60" 120° 180 360° 720" 1Day 2Days
1 1980 98 103 103~ 113 113 216 - 226
2 1981 69 108 133 145 145 - 201 234
3 1982 64 80 115 143 143 :158 270
4 1983 97 129 130 163 175 -175 193
5 1984 75 5 101 113 144 144 171
6 1935 71 96 97 a7 156 159 192
7 1986 77 85 87 90 109 113 173
8 1987 58 87 106 117 126 126 218
g 1988 63 63 - - - - -

10 1990 66 9 98 139 150 150 170

11 1991 89 121 127 128 128 128 128

121992 54 90 90 90 90 90 120

13 1993 41 61 87 158 219 232 440

98 129 133 -~ 163 219 232 440

{2) Rainfall Intensity . ' Unit s m/hr

No. Year 5! 16 15! 30 45! 60! 120 180' 360" 720" 1Day 2Days
1 1980 98 51 34 19 9 9 5
2 191 69 54 44 24 12 8 5
3 1982 64 40 38 24 12 7 6
4 ° 1983 97 64 43 21 15 7 4
5 1984 75 43 34 19 12 6 4
6 1985 71 48 32 16 13 7 4
7 1986 77 42 29 15 5 4
8 1987 58 a4 35 19 iy 5 5
9 1988 63 63 - - - - -

10 1990 66 47 33 23 12 L] 4

i1 1991 89 61 42 21 11 5 3

12 1992 - 54 45 30 15 8 4 3

13 1993 41 )3 29 26 18 10 9

MAX 98 - b4 a4 27 15 9 6

Data of 1991,1997 and 1993 are supplemented Tor the evalualion on scale of Januafy 1993 Tload.
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Table 1.3.2 PROBABLE POINT RAINFALL INTENSITIES
BY GUMBEL METHOD

(Short Duration) ' ' Unit : mm/hr
Semarang Meteorological Station

Return Rainfall Duration

PErT0O0 mmmmm o m e o e e e e e e e e e

& (Year) 5 min. 10 min. 15 min. 30 min. 45 min. 60 min. 120 min.
2 200.0 148.2 133.1 96.7 72.7 64.7 40.0

3 .227.8 168.4 153.0 108.2 80.5 73.1 47.0

5 . 258.7 190.9 175.1 120.9 89.1 82.4 54.8

8 285.2 210.2 194.2 131.9 96.5 90.3 61.5

10 297.5 21,1  203.0 137.0 100.0 94.0 64.5

20 .334.7 246.2 229.7 152.3 110.4 105.2 73.9

25 346.5 254.8 238.1 157.2 113.7 108.8 76.9

30 356.1 261.8 245.0 - 161.2 116.4 111.7 79.3

50 382.9 281.2 264.2 172.2 123.9 119.7 86.1

70 400.5 294.0 276.8 ~ 179.5 128.8 125.0 90.5

80 407.4 299.1 281.8 182.3 130.8 127.1 92.2

100 "419.0 307.5 290.1 187.1 134.0 130.6 95.1

150 440.1 322.8 305.2 195.8 139.9 . 136.9 100.5

200 455.0 333.7 315.9 202.0 144.1 141.4 104.2

300 476.0 348.9 331.0 210.7 150.0 ‘147 .7 109.5

2
(Long Duration) Unit : mm/day (Long Duration) Unit : mm/day
Semarang Meteorological Station ‘Kaligading Rainfall Gauging Station
Return - Rainfall Duration Return Rainfall Duration

Period -—~-=vememecannnamee e Period -—----—-—--—ceimmm oo

{Year) 12 hours 1 day 2 days (Year) 12 hours 1 day 2 days

2 242.4 132.0 88.8 2 278.4 156.0 98.4

3 283.2 153.6 100.8 3 297.6 168.0 105.6

5 328.8 177.6 115.2 5 321.6 184.8 115.2

8 367.2 196.8 127.2 8 343.2 196.8 122.4

10 384.0 206.4 132.0 10 - 350.4 204.0 124.8

20 - 439.2.  232.8 148.8 20 379.2 223.2 134.4

25 456.0 242.4 - 1h3.6 25 388.8 228.0 136.8

B - 30 470.4 - 249.6 158.4 30 396.0 232.8 139.2
k 50. 508.8  268.8  170.4 50 417.6  247.2  146.4
- 70 532.8 283.2 177.6 70 429.6 254.4 151.2

80 544.8 288.0 180.0 80 434.4 259.2 153.6

100 561.6 297.6 - 187.2 100 444.0 264.0 156.0

150 590.4 312.0 196.8 150 458.4 273.6 160.8

200 612.0 324.0 201.6 200 470.4 283.2 165.6

300 643.2 338.4 211.2 2 292.8 170.4

300 487.




Table 1.3.3 (1/3) CONFORHITY OF EQUATIONS DEVELOPED FOR RAINFALL INTENSITY-
DURATION CURVES

Semarang Heteoro]ogica].Sfation

(Rainfall Duration : less than 120 minutes)

Rainfall Intensities Estimated

Difference of Rainfall Intensities

Return (1) (2) {(3) {4) (5) :
Period Rainfall Observed Eq. of Eq. of Eq. of £q. of
(Year) Duration  Data Talbot Sherman Kurnio Horner (1)-(2) (1)-(3) {(1)-(4) (1)}=(5)
(min)  (om/hr)  (mo/he)  (mo/hey  (m/hr)  (midhr) {mn/br)  (mm/br)  (mo/hr)  (nmfhr)
2 5.0 200.0 185.5 215.0 212.7 192.4 14.5 15.0 12.7 7.6
10,0 148.2 157.9 152.3 151.9 156.3 . 9.7 4.1 - 3.7 8.1
15.0 - 1331 137.5 124.5 124.6 - 133.0 4.4 8.6 8.5 0.1
30.0 96,7 99.0 88.2 83.6 94.6 © 2.3 8.5 8.1 2.
45.0 72.7 77.4 72.1 72.6 75.1 4.7 0.6 0.1 2.4
. B60.0 64.7 63.5 62.5 62.9 © 63.0 1.2 ‘2.2 1.8 )
120.0 40.0 ©37.0 44,3 44,6 40.1 3.0 4.3 4.6 0.1
" Average L ' ’ 8.7 6.2 5.6 3.2
5 5.0 258.7 - 238.8 274.6 273.2 257.2 - 19,9 15,9 14.5 1.5
10.0 190.9 - 203.5 185.2 195.4 159,2 12.6 4.3 4.5 8.3
15.0 175.1 177.2 159.9 160.3 166.6 2.1 15.2 14.8 8.5
30.0 120.9 127.8 113.6 114.1 - 118.0 6.9 7.3 6.8 2,8
45.0 89.1 99.9 93.1 93.4 94.9 10.8 4.0 4.3 5.8
60.0 82.4 82.0 80.8 81.0 80.9 0.4 1.6 1.4 1.5
120.0 54.8 47.8 57.4 57.5 h4.4 7.0 2.6 - - 2.7 0.4
: Average : 8.5 7.3 7.0 4.1
10 . 297.5 274.6 314.3 314.0 299.7 22.9 . 16.8 16.5 - 2.2
10,0 219.1 233.8 223.6 224.3 227.3 14.7 4.5 5.2 8.2
15.0 203.0 203.6 183.3 183.9 188.9 0.6 19.7 19.1 14.1
© 30,0 137.0 “146.7 130.4 130.8 133.% 9.7 . b.6 6.2 3.1
45.0 100.0 114.6 106,9 107.1 108.3 14.6 6.9 7.1 8.3
60.0 94.0 94.1 9z.8 92.9 92.8 0.1 1.2 i.1 1.2
120.0 64.5 54.8 66.0 65.9 63.5 9.7 1.5 1.4 1.0
Average 10.3 8.2 8.1 5.4
20 5.0 3.7 308.9 352.2 353.1 340.4 25.8 17.5 18.4 5.7
10.0 246.2 263.0 250.8 252.0 253.9 16.8 4,6 5.8 7.7
15.0 229.7 228.9 205.6 206.6 210.2 0.8 24.1 23.1 19.5
30.0 152.3 164.9 146.4 146.9 149.2 12.6 5.9 5.4 3.1
45,0 110.4 128.8 1260.1 120.2 121,1 18.4 9.7 9.8 10.7
60.0 105.2 105.7 104.3 104.3 104.3 0.5 0.9 - 0.9 0.9
120.0 73.9 61.5 74.3 73.9 72.3 12.4 0.4 .0 1.6
Averagé _ 12.5 9.0 9.1 7.0
25 5.0 346.5 319.8 364.2 365.5 353.1 26.7 17.7 19.0 6.6
10.0 254.8 272.2 259.4 260.8 262.4 17.4 4.6 6.0 7.6
15.0 238.1 237.0 212.7 213.8  217.0 . 1.1 - 25.4 24.3° 21.1
30.0 157.2 170.6 151.6 152.0 154.1 13.4 5.6 5.2 3.1
45.0 113.7 133.3 124.3 124.4 125.3 19.6 10.6 10.7  1i.6
60.0 108.8 109.4 108.0 107.9 107.9 0.6 0.8 0.9 0.9
120.0 76.9 63.7 76.9 76.5 75.0 13.2 0.0 0.4 1.9
Average : : 13.2 9.2 9.5 7.5
50 5.0 - 382.8 353.5 401.2 404.0 392.6 29.4 18.3 J2l1.1 9.7
10,0 281.2 300.8 286.0 288.0 288.4 19.6 4.8 6.8 7.2
15.0 264.2 261.7 234.6 236.0 237.9 2.5 28.6 28.2 26.3
30.0 172.2 188.4 167.2 167.7 169.2 16.2 5.0 4.5 3.0
45.0 123.9 147.2 137.2 137.2 137.9 '23.3 13.3 13.3 14.0
60.0 119.7 120.7 119.2 119.0 119.2 1.0 0.5 0.7 0.5
120.0 - 86.1 70.3 85.0 84.3 83.5 15.8 1.1 1.8 2.6
Average . . 15.4 10.4 10.9 9.0
100 . 419.0 387.0 438.2 . 442.4 431.3 32.0 . 19.2 23.4. 12.3
10.0 307.5 3729.2 3i2.4 315.1 314.4 21.7 4.9 7.6 6.9
15.0 290.1 286.4 256,3 258.1 © 2%9.0 3.7 33.8 -32.0 3.1
30.0 187.1 206,0 182.8 183.2 © 184.3 18.¢ 4.3 3.9 2.8
5.0 134.0 160.9 149.% 149.9 150.5 26.9 15.9 15.9 . 16.5
60.0 130.6 131.9 130.3 130.0 130,3 1.3 0.3 0.6 0.3
120,0 - 85.1 76.8 92.9 92.1 91.8 18.3 - 2.2 - 3.0 3.3
Average K -17.5 11.5 12.3 10.5
200 5.0 455.0 - 420.5 474.5 480.6 470.0 34.5 19.9 25.6 15.0
10.0 333.7 357.5 338.7 342.0 340.1 23.8 5.0 8.3 6.4
15.0 315.9 311.0 278.0 280.1 279.9 4.9 37.9 35.8 -36.0
30.0 202.0 223.6 198.3 198.8 199.3 21.6 3.7 - 3.2 2.7
45,0 144.1 174.5 162.7 162.6 163.1 30.4 18.6 18.5 19.0
60.0 141.4 143.1 141.4 140.9 141.4 1.7 0.0 0.5 0.0
120.0 104.2 83.2 100.9 99.8 100.0 21.0 3.3 4.4 4,2
Average 19.7 12.6 13.8 11.9
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(1}-(5)
{wm/hr)

(1)-(4)
{mm/hr}

(1)-(3)

Difference of Rainfall Intensities
{rm/hr)

{1)-(2)
{mm/hr)

Horrer
{mm/hr)

(8)
Eq. of

(4)
Kuno
{rm/hr)

Eq. of

(3
Eg. of
Sherman
(mm/br)

{2)

Rainfall Intensities Estimated
Eq. of

Talbot

DURATION CURVES
: (nmihr)

(1)
Observed

Data

from 2 to 48 hours)
(rm/hr)

Rainfall
{min}

Table 1.3.3 (2/3) CONFORMITY OF EQUATIONS DEVELOPED FOR RAINFALL INTENSITY-
Duration

Semarang Meteérological Station
(Rainfall Duration
{Year)

Return
Period
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)
)

(1)-(5
(nnvhr

(1)=(4) -
(nnuhr)

(1)-(3)

Difference of Rainfall Intensities
(nm/hr)

(1)-{2})
{mm/hr}

(5)

Eg. of
Horner
{mm/hr)

(1)
Kuno
(mm/hr)

Eq. of

(3)
Eq. of
Sherman
(vt}

(2)
Eq. of
{mm/hr )

Rainfall Intensities Estimated
Talbot

DURATION CURVES

(1)

from 1 to 48 fours)
Observed

Data
(rm/hr)

(min)

Rainfall
fluration

Table 1.3.3 (373) CONFORMITY OF EQUATIONS DEVELOPED FOR: RAINFALL INTENSITY~

Kaligading Automatic Rainfall Gauging Station

(Rainfall Duration :

Return
Period
{Year)

Wy ey
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Semarang Meteoro?og1cal Station

{Applicalbe Range of Rainfall Duration :

Tess than 120 minutes)

‘Table I.3.4 EQUATIONS DEVELOPED FOR RAINFALL INTENSITY-DURATION CURVE

Return A1) (2) (3) (1)
Pericd Talbot Type Sherman Type Kuno Type Horner Type
(Year) Equation Equation Equation Equation
2 1I- 5,314 /{ T+23.65 ) 'I= 479 /T 0.50 1= 493 /¢ T°0.540.08 ) 1= 1,400 f( T+10.19 )70.73
5 = 6,867 /( T+23.75 ) " 1= 607 /17 0.49 1= 635 /{ T70.5¢0.09 ) = 1,000 /( T+ 4,49 ) 0.60
10 I= 7,874 J( T+23.68 ) I= 693 /17 0.49 = 727 J{ T°0.5+0.08 ) = 968 /( T+ 2.93 )70.57
20 = 8,838 f( T+23.61 ) I= 775 /717 0.49  I= 815 /{ T70.5¢0.07 ) 1= 973 /( T+ 1.96 )70.54
25 1= 9,148 /( T+23.61 ) 'I= 800 /1" 0.99 1- 843 /( T70.540.07 } I= 980 /( T+ 1.73 )70.54
3 1= 9,395 /( T+23.58 )  I= 822 /1" 0.49 1= 866 /{ T70.5+0.07 ) = 989 /( T+ 1.58 )70.53
50 1- 10,086 /( T+23.53 ) I= 881 /1" 0.49 I= 929 /( T70.5+0.06 ) = 1,002 /(71+1.18 )“0.52
00 1= 11,010 /( T+23.53 ) I= 961 /T" 0.4% = 1,004 /{ T70.5+0.06 ) I= 1,060 /{ T+ 0.82 ) 0.51
200 1= 11,936 /{ T+23.38 ) I= 1,041 /T" 0.49 = 1,007 /( T70.5+0.05 ) = 1,109 /( T+ 0.53 )70.50
Semarang Meteorological Station
(Applicalbe Range of Rainfall Duration : from 1 to 48 hours)
Return (1) {(2) (3) (1)
Period Talbot Type Sherman Type Kunc Type Horner Type
{Year) Equation Equation Equation Equation
2 = 8,734 /{ T+88.60 ) = 1,472 /17 0.70 1= 211 /( T70.5-5.03 ) 1= 1,313 /(T + 5.40 ) 0.74
5 I= 11,705 /( T+93.01 ) = 1,929 /1" 0.76 = 281 /( 1T70.5-5.03 ) = 2,050 /(T +2.95 )70.76
10 1= 13,599 /( T+93.90') 1= 2,245 /T" 0.70 1= 326 f( T70.5-5.05 ) = 2,600 /(T + 7.20 }70.78
20 = 15,436 /{ 7+94,70 ) = 2,545 /17 0.70 I= 369 /( T70.5-5.06 ) = 3,136 /(T +10.31 }70.78
26 1= 16,004 /{.T+04.76 ) I= 2,646 /1" 0.70 1= 382 /( T70.5-5.07 ) 1= 3,346 /(T +11.64 }°0.79
© 30 = 16,516 /( T+95.20 ) = 2,14 /177070 I= 394 /( T 0.5-5.06 ) = 3,450 /(T +11.91:)70.79
50 I= 17,823 f( T+95.40 } 1= 2,931 /1" 0.70 1= 426 J{ 770.5-5.08 ) 1= 3,832 /(T +13.36 )70.79
100 I= 19,680 /( T+96.60 } I- 3,197 /1" 0.70 I= 468 /{ T°0.5-5.07 ) = 4,324 /(T +15.15.)76.80
200 I= 21,357 f( T+96.00 ) I= 3,510 /T" 0.70 = 507 /( T°0.5-5.10 ) = 4,984 /(T +17.65 )70.80
Kaligading Automatic Rainfall Gauging Station
(Appticalbe Range of Rainfail Duration : from 1 to 48 hours}
Return (1) (2} (3) _ (4)
Period Talbot Type -Sherman Type Kuno Type Horner Type
{Year) Equation Equation " Equation Equation
2 I= 10,103 f{ T+92.90 ) = 1,685 /T 0.76 = 243°/( 770,5-5.03 } I-= 1,852 /(T +4.60 )0.77
5 1= 11,739 /( T+92.72 ) 1= 1,935 /T° 0.76 I= 282 J{ T70.5-6.01 ) 1= 1,966 /(T + 0.76 )70.76
10 I= 12,770 /{ T+91.82 ) = 2,120 /17 0.76 1= 308 /( T70.5-5.02 ) = 2,165 /(T + 1.02 )70.76
.20 = 13,797 /( T+91.54 )} 1= 2,287 /T 0.76 = 333 /{ T70.5-5.01 ) 2,350 /(T + 1:.30 Y 0.76
25 I= 14,067 f( T+90.74 } = 2,37 /T 016 I- 340 /( T70,5-5.03 ) = 2,438 /(T + 1.62 }°0.76
30 1= 14,337 J{ T+90.68 } 1= 2,404 /TT 0.76 1= 346 /( T70.5-5.03 ). I- 2,508 /(T + 2.05 )70.76
50 I= 15,089 /{ T+20.79 } 1= 2,515 /T 0.76 I- 364 f( T70.5-5.02 ) 1= 2,612 /(T + 1.83 )0.76
100 I= 16,083 /{ T+90,17 ) I- 2,684 /T 0.76 1= 388 /( 770.5-5.03 ) I= 2,740 /(T + 1.00 )'0.76
200 I 4) I= 2,837 /T 0.76 I= 212 /{ T70.5-5.02 ) I= 2,914 /(T + 1,30 }70.76

17,063 f{ T+90.3
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Pable I.4.1 CONSTANTS FOR STORAGE FUNCTION MODEL

Constants for Sub-Basin

River K p n F1 A Base Flow
Sub-Basin . () (km2) (m3/s)
Babon R.
BAS-1 9.20 0.60 0.39 0.86 38.80 2.0
BAB-2 7.90 0,60 0.34 0.86 13.10 0.7
BAB-3 8.60 0.60 0.37 0.85 25.10 1.3
Fast Floodway
EAB-1 8.40 0.60 0.33 0.86 19.80 1.1
EAB-2 7.60 0.60 0.30 0.86 9.90 0.5
Garang R.
GAB-1 1¢.00 0.60 0.54 0.86 70.90 3.4
GAB-2 8.00 0.60 0.43 0.86 14.00 0.9
GAB-3 9.00 0.60 0.48 0.86 34,00 1.8
GAB-4 5.90 0.60 0.32 0.86 1.60 0.1
GAB-5 9.40 0.60 0.50 0.86 45.70 2.4
GAB-6 7.30 0.60 0.39 0.86 7.30 0.5
GAB-7 7.60 0.60 0.41.  0.86 10.40 0.6
GAB-8 5.70 0.60 0.3 0.86 1.30 0.1
GAB-9 8.30 0.60 0.45 0.86 18.80 0.6
‘Silandak R.
SIB-1 7.40 0.60 0.2?7 0.86 8.50 0.4
Bringin R.
BRB-1 7.80 0.60 0.31 0.86 12.00 0.6
BRB-2 7.80 0.60 0.31 0.86 11.90 6.6
© BRB-3 7.40 0.60 0.30 0.86 8.20 0.4
Blorong R.
BLB-1 9.50 0.60 0.51 0.86 50.50 3.0
BLB-2 9.40 0.60 0.58 0.86 46.50 2.6
BLB-3 8.40 0.60 0.45 0.86 20.40 1.0
BLB-4 8.70 0.60 0.47 0.86 29.10 1.3
BLB-5 7.99 0.60 0.42 (.86 10.50 0.6
Constants for River Channel
River K p T
Channel {br}
Babon R. :
BAR-1 2.13 0.60 0.13
BAR-2 6.04 0.60 0.28
BAR-3 3.91 0.60 0.18
East Floodway
EAR-1 4.81 0.60 0.28
Garang R. :
GAR-1 4.73 0.60 0.24
GAR-2 5.85 0.60 0,24
GAR-3° 2.80 0.60 0.17
GAR-4 2.47 0.60  0.13
GAR-5 4,83 0.60 0.24
GAR-6 4.01 0.60 0.16
GAR-7 1.45 0.60 0.05
GAR-8 0.93 0.50 0.02
GAR-9 7.26 0,60 0.17
Silandak R.
SIR-1 1.74 0.60 0.20
Bringin R.
BRR-1 2.28 0.60 0.16
BRR-2 1.11 0.60 0.08
BRR-3 2.48 0.60 0.17
8lorong R.
BLR-1 4.18 0.60 0.25
BLR-2 10.93 0.60 0.14
BLR-3 2.74 0.60 0.26
BLR-4 11.45 0.60 0.77
BLR-5 4.11 0.60 0.16
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Table I1.4.2 PROBABLE RUN-OFF DISCHARGE
BASED ON OBSERVED DATA AT
SIMONGAN WEIR =

Return ProbabTe

Period _ " Discharge
(Year) (m3/5?
2 350
5 520
10 630
20 740

25 770
30 800
40 840
50 880
70 _ 920
80 940
100 : 980
150 . 1,040
200 1,080
300 . 1,140

500 | 1,220
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Table I. 4 3. PROBABLE MAXIMUM PRECIPITATION (PMP) FOR JATIBARANG

DAM CATCHMENT AREA ESTIMATED BY HERSHFIELD METHGD

i-hour 6-hour  24-hour
Description gainfall Rainfall Rainfall
1. Annual Haximum Point Rainfall Cbserved Year
at Kaligading Gauging Station 1980 98 mm 113 mm 216 mm
1981 69 mm 145 mm 201 mm
1982 &4 mm 143 mm 158 mm
1983 97 mm 163 mm 175 mm
1984 75 mm 113 mm 14& mm
1985 71 mm 97 mm 159 mm
1986 77 mm 9¢ om 113 mm
1987 58 mm 117 mm 126 mm
1990 66 mm 139 mm 150 mm
1991 89 mm 128 mm 128 mm
2. Average of Observed Annual Maximum Point Rainfall
2.1 For =l\ obhserved data series (a, n=10) 7640 mm 124.80 mwm 157.00 om
2.2 Exclude the highest observed data (Xm, m= 9) 74.00 mm 120.56 mm 150.44 mm
2.3 Xm/Xn 0.97 0.97 0.96
. Adjustment of Xn
3.1 Adjustment factﬁr effected by the highest observed data 1.05 1.05 1.04
3,2 Adjustment factor effected by the observed data length 1.05 1.05 1.05
3.3 Adjusted Xn (€2.1) x (3.1) x ¢3.20) 84.23 mm 137.59 mm 171.44 mm
4. standard Deviation of Observed Annual Maximum Point Rainfall
4.1 For all observed data series - (Sn, n=10) 15.18 mm 21.76 mm 31.15 mm
4.2 Exclude the highest observed data (Sm, m= %) 11.63 mm 18.60 mm 25.46 mm
4.3 Smfsn 0.88 0.85 0.82
5. Adjustmgnt of Sn
5.1 Adjustment factor effected by the highest observed datgi 1.07 1.03 1.00
5.2 Adjustment factor effected by the observed data length 1.30 1.30 1.30
5.3 Adjusted Sn (4.1} x (5.1) x (5.2 18.33 mm  29.13 om 40.49 mm
&. Point PMP
6.1 Statistical Coefficient Km _ 6 10 13
6.2 Unadjusted Point PHP ((3.3) + (6.1) x (5.3)) 194 mm 429 mim 698 mm
6.3 Adjustment for fixed observational time interval 1.13 1.02 1.01
6.4 Adjusted Point PHP ( (6.2) x (6.3)) 219 mm 437 mm 705 mm
7. Areal Average PHP for Jatibarang Dam Watershed
7.1 Areal Reduction Factar (53 km2) 0.90 0.97 0.98
7.2 Areal Average PHP ((6.4) x (7.1)) 198 mm 424 mm 691 mm




Table 1.4.4 HOURLY l)IS?H{fBUTICHQ orF IﬂﬁDBABIJ?DGAXIMUM
PRECIPITATION (PMP) AND PROBABLE MAXIMUM
FLOOD RUNOFF DISCHARGE (PMF)

Time Probable Probable Timea Probable Probable

Maximum Max imum Maximum Maximum

Rainfall _ Flood | Rainfall Flood

(hour) {mm/hr) {m3/3) - (hour) {mm/hr) (m3/8)
1 10 4 ' 25 - 147
2 11 11 26 - 104
3 12 36 27 - 73
4 ‘13 76 © 28 - 55
5 14 109 . " 29 - 43
6 i5 140 30 - 35
7 _ 17 176 31 - 28
8 20 215 32 - 24
9 25 264 33 - . .20
10 32 : 335 . 34 - 17
11 ' 51 479 35 Co- 15
12 198 1429 36 o - S 14
13 76 1777 37 - 12
14 39 1092 as - 11
15 28 702 39 - .10
16 _ 22 509 40 - 9
17 19 399 41 - 8
18 16 336 42 - 8
19 15 284 43 - 7
20 13 253 a4’ - 7
21 iz 225 45 - 6
22 S11 : 206 46 - 6
23 11 189 47 - 6
24 10 175 48 . - 6
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Table 1.4.5 (1/2) PROBABLE POINT RAINFALL INTENSITIES

Short Duration)

BY GUMBEL METHOD

gemarang Meteorological Station

Unit

mm/ hv

Return Rainfall Duration
PEri0d mmmmmm oo o e e e e e o e s
(Year) 5 min. 10 min. 15 min. 30 min. 45 min. 60 min. 120 min.
2 202.5 148.9  '134.0 99.5 . 75.8 66.5 40.8
3 229.8 168.5 153.2 111.6 84.6 75.0 47.6
5 260.1 190.4 174.7 125.0 94.4 84.5 55.2
8 286.2 209.3 193.1 136.6 102.8 92.6 61.7
10 298.2 218.0 20).6 141.9 106.7 96.4 64.7
20 334.8 244.4 2275 158.1 118.4 107.7 73.9
25 346.4 252.7 235.7 163.3 122.2 111.4 76.8
- 30 355.9 259.5 242.3 167.4 125.2 114.3 79.1
50 382.2 278.5 260.9 179.1 133.7 122.5 -85.7
70 399.4 290.9 273.1 186.7 139.2 127.8 90.0
80 406.3  295.9  '278.0 189.8 141.4 130.0 91.7
100 417.7 304.1 286.0 194.8 145.1 133.5 94.6
150 438.3 316.1 300.6 204.0 151.8 140.0 99,7
200 453.0 329.6 311.0 210.5 156.5 144.5 103.4
300 473.7 344.5 325.6 219.6 163.1 151.0 108.5
1993 282.0 192.6 171.2 160.5 119.8 98.0 57.8
Scale  <B-year <8-year <b-year <Zbyear <25year <2Qyear  <8year
gLong Duration) Unit : mm/hr
emarang Meteorological Station
Return Rainfall Duration
Period —==mc—r——m e e
(Year) 1 hr. 2 hr. 3 hr 6 hr 12 hr i-day 2-day
2 66.5 40.8 29.7 17.5 10.3 5.7 3.8
3 75.0 47.6 34.1 20.1 12.0 6.6 4.5
5 84.5 55.2 39.1 22.9 13.9 7.7 5.3
8 92.6 61.7 43.3 25.3 15.6 8.6 5.9
10 96.4 64.7 45.3 26.4 16.3 9.1 6.3
20 107.7 73.9 51.2 29.9 18.6 10.4 7.2
25 111.4 76.8 53.1 30.9 19.3 10.8 - 7.5
30 114.3 79.1 54,7 31.8 19.9 11.1 7.7
50 122.5 85.7 59.0 34.3 21.6 12.0 8.4
70 127.8 90.0 61.8 35.9 22.7 12.6 8.9
80 130.0 91.7 62.9 36.5 23.1 12.9 3.0
100 133.5 94.6 64.8 37.6 23.8 13.3 9.3
150 140.0 99.7 68.1 39.5 25.1 14.0 9.9
200 144.5 103.4 70.5 40.9 26.0 14.6 10.2
300 151.0 108.5 73.9 42.8 27.3 15.3 10.8
1993 98.0 57.8 39.2 25.1 17.5 11.5 8.9
Scale <20-year <8-year <B8-year <8-year <20-year <50-year =7(-year
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Table 1.4.5 (2/2) PROBABLE POINT RAINFALL INTLNSTTIES
BY GUMBEL METHOD

(Long Duration) Unit ¢ mm/hr
Kaligading Rainfall Gauging Station _ '
Return Rainfall .Duration
Peripd wemamm e e - e : _
(Year) 1 hr. 2 hr. 3 hr. 6 hr. 12 hr. i-day  2-day
-2 68.2 45.Q 34.5 201 11.3 6.7 4.]
3 75.1 49,1 36.8 21.8 12.5 7.3 - 4.9
5 82.8 53.6 39.4 23.8 13.8 - 8.0 5.7
8 89.4 57.6 41,6 25.5 14.9 - 8.7 6.4
10 92.4 59.4 42.6 26.3 15.4 9.0 6.7
20 101.7 64.9 45.8 28.6 17.0 9.8 7.6
25 104.6 66.6 46.8 29.4 17.5 10.1 8.0
30 107.0 68.1 47.6 30.0 18.0 10.4 8.2
50 113.7 72.0 49.8 31.7 19.0 11.0 - 8.9
70 118.0 74.6 51.3 32.8 19.7 11.4 . 9.4
80 119.8 75.7 51.9 .33.3 20.9 11.6 9.5
100 122.7 77.4 52.8 34.0 20.5 11.8 9.9
150 127.9 80.5 54.6 35:3 21.4 12.3 10.4
. 200 131.6 82.7 55.9 36.3 22.0 12.7 10.8
300 136.8 85.8 57.6 37.6 22.9 13,2 11.3
1993 41.0 30.5 28.8 26.3 18.1 9.7 9.2
Scale <2-year <2-year <2-year =10-year <b0-year <20- ~year <7{-year
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Table I.6.1 ANNUAL RAINFALL AT SELECTED RAINFALL GAUGING STATIONS

mm )

(Uni

Rainfall Station Code _

34 37 39 41 44 59 65 68 57 99

33

Year
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Table 1.6.2(1/3) MONTHLY BASIN RAINFALL

BARON RIVER BASIN

Monthly Rainfall

{(mm) Annual

YEAL  mme e e smm e o e e e e e e e e e e Rainfall

1 2 3 4 5 -6 7 8 9 10 13 12 (mm)

1958 294 590 304 250 170 107 217 154 60 140 167 234 2,687
1959 337 324 350 210 187 90 177 10 50 137 47 347 2,266
1960° 420 514 394 227 220 77 53 33 60 77 244 130 2,449
1961 537 150 220 120 214 0 30 0 -37 10 140 194 1,652
1962 364 570 324 404 227 40 43 .63 30 60 187 257 2,569
1963 697 254 330 190 27 7 0 0 0 87 50 154 1,796
1964 - 314 287 180. 277 140, 80 13 77 63 227 163 127 1,948
1965 634 303 520 150 40 43 . 7 33 0 27 120 227 2,104
1966 404 364 410 210 63 83 10 .0 53 217 ‘117 214 2,145
1967 304 417 297 367 70 0 0o 0 0 13 - 90 340 1,898
1968 497 280 273 300 200 227 164 110 77 43 200 274 2,645
1969 344 530 564 570 20 67 43 0 13 127 170 334 2,782
1970 340 234 334 274 -194 137 120 0 97 90 294 S77 . 2,691
1971 590 390 347 320 167 227 23 0 .43 210 247 227 . 2,791
1972 - 490 254 414 60 117 13 0 0 0 0 137 180 1,665
1973 383 170 260 177 157 - 87 107 17 113 247 297 247 2,262
1974 417 197 507 240 117 13 33 57 77 284 163 334 - 2,439
1975 290 197 427 267 170 50 0 20 217 207 337 210 2,392
1976 697 330 490 53 17 27 3 13 0 50 207 173 2,060
1977 324 240 467 163 120 87 0 0 0 0 120 350 1,871
1978 580 354 334 73 83..110 67 33 163 107 114 200 2,218
1979 454 474 330 357 200 97 33 17 83 87 163 127 2,422
1980 S44 244 247 310 190 0 53 93 27 130 287 427 2,552
1981 307 290 70 0 144 83 150 0O 0 0 50 320 1,414
1982 274 204 464 394 0 0 0 0 0 0 97 190 1,623
1983 330 163 150 230 267 17 0 o 0 267 220 70 1,714
1984 177 394 187 104 - 50 57 70 40 320 70 184 304 1,957
1985 53 190 124 167 27 ¢ 73 63 87 160 194 224 1,362
1986 450 194 430 160 57 180 37 73 .. 97 73 117 147 2,015
1987 564 480 220 43 -93 40 53 0 0 7 223 564 2,287
1988 427 440 347 257 143 27 27 53 23 167 154 657 2,722
1989 287 934 390 264 187 170 93 10 40 120 260 274 3,029
1990 564 187 230 127 73 127 ~ 43 60" 40 40 140 464 2,095
Average 415 338 331 222 126 72 53 31 57 105 173 276 2,198
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Table I.6.2(2/3) MONTHLY BASIN RAINFALL

GARANG RIVER BASIN

Monthly Rainfall (mmn)

Annual

YBALD  — s m e i o s cm i e e e e e e e et e e e e e Rainfall

R 2 3 4 5 6 7 8 9 10 11 12 {m )

- 1958 308 621 319 277 173 111 228 160 63 150 182 262 2,854
1959 349 344 362 224 192 94 181 g 52 146 54 384 2,391
1960 437 531 415 251 237 78 62 36 63 83 261 139 2,593
1961 554 158 238 127 224 0 35 0 37 12 146 214 1,745
1962 384 596 348 423 237 48 44 67 32 65 201 275 2,720
1963 725 267 345 210 27 6 0 0 0 91 51 168 1,890
1964 330 301 190 288 144 86 15 78 72 238 174 128 2,044
1965 664 317 549 156 45 46 9 38 0 29 129 245 2,227
1966 432 386 418 215 70 87 g 0 59 229 127 227 2,259
1967 318 432 312 381 69 - 0 0 0 0 15 93 357 1,977
1968 517 306 285 304 217 238 176 113 83 45 212 293 2,789
1969 353 556 578 592 - 23 . 68 44 4] 15 136 177 344 2,886
1970 359 246 343 281 205 142 124 ¢ 102 92 301 599 2,794
1971 614 404 354 336 173 239 24 0 44 218 254 247 2,907
1972 509 261 432 65 122 15 0 1] 0 ¢ 139 195 1,738
1973 402 177 279 178 160 ~ 92 109 18 117 257 317 254 2,360
1974 437 211 531 249 122 19 42 58 86 292 172 348 2,567
1975 297 206 436 284 180 45 0 24 231 213 362 229 2,507
1976 730 348 517 59 i8 27 3 15 0 54 219 182 2,172

1977 346 258 496 169 120 93 0 0 0 .0 120 371 1,973
1978 586 370 347 77 gz 11z 78 33 169 1i8 127 208 2,317
1979 477 499 346 369 212 101 32 18 88 91 174 129 2,536

1980 564 250 264 321 203 1] 55 g8 29 139 302 442 2,667
1981 326 296 76 0 164 91 164 0 0 0 57 330 1,504
1982 286 214 480 407 4] 0 0 0 0 0 103 204 1,694
1983 352 172 155 238 279 18 0 0 0 286 231 77 1,808
1984 196 416 195 111 56 55 78 44 336 77 194 319 2,077
1985 64 198 133 175 33 0 76 65 90 172 215 253 1,474
1986 476 209 445 173 58 182 43 84 107 80 123 156 2,136
1987 583 502 226 47 100 39 58 0 0 6 234 591 2,386
1988 450 466 366 268 155 27 27 59 28 181 165 689 2,881
1989 297 978 406 275 202 182 100 12 41 131 272 285 3,181
1990 592 204 241 130 83 1138 47 66 45 45 162 482 2,235

Average 434 355 346 232 ‘133 75 56 33 60 112 183 292 2,312
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‘Table 1.6.2{3/3) MONTHLY BASIN RAINFALL BLORONG RIVER BASIN
: Monthly Rainfall- (mm) Annual
YEAL cmrrmecm—memes— e cc s s m e ——mm e m e m e e m e wewm e o= RAinfall
1 2 3 4 5 6 7 8 9 10 11 12 {mm)
1958 296 417 306 306. 202 158 257 249 122 168 207 256 2,944
1959 331 176 320 384 187 143 143 12 114 97 114 386 2,407
1960 454 431 356 324 286 121 48 39 63 110 507 229 2,968
1961 620 373 244 168 259 33 50 3 0 .25 160 203 2,138
1962 351 545 465 386 246 109 174 128 36 122 235 436 - 3,233
1963 608 250 356 222 66 94 0 11 11 70 168 194 2,050
1964 313 251 170 209 223 116 74 34 137 445 151 318 2,441
1865 623 194 240 102 47 31 48 .0 0 0 113 300 1,698
1966 358 376 328 206 162 77 6 V] 56 137 277 318 2,301
1967 306 496 404 300 51 o 0 0 C 79 311 492 2,439
1968 314 523 616 264 307 282 196 121 58 28 301 509 3,519
1969 360 349 397 445 51 - 82 36 0 17 125 377 137 2,376
1970 413 531 540 391 51 111 0 0 69 107 491 336 3,040
1971 522 326 285 312 201 201 87 3 0 402 274 358 2,971
1972 495 228 457 170 233 0 0 0 0 26 119 197 1,925
1973 334 384 259 289 366 171 34 19 244 194 261 231 2,786
1974 410 264 270 252 185 98 136 182 303 219 276 335 2,930
1975 368 324 286 164 170 i8 61 47 331 264 279 217 2,529
1976 321 190 288 199 69 11 4 45 0 93 262 254 1,736
1977 269 175 270 146 56 247 - 0 0 .8 19 162 225 1,577
1978 382 197 291 145 182 185 124 145 221 177 138 330 2,517
1979 248 309 313 499 178 165 28 34 177 113 246 422 2,732
1980 354 261 509 213 238 - 9 109 18 26 155 337 428 2,648
1981 544 291 287 371 210 155 302 62 171 82 132 464 3,071
1982 515 344 247 457 a7 53 g 4 0 -0 160 299 2,125
1983 501 392 309 256 347 47 0 0 .0 268 454 228 2,802
1984 404 485 323 203 115 88 80 58 318 133 188 482 2,877
1985 342 462 452 324 212 42 61 - 35 61 374 240 299 2,904
1986 469 280 563 287 156 174 150 11 125 122 322 362 3,021
1987 433 307 383 211 136 33 15 0 16 58 214 532 2,338
1988 309 242 528 34 a0 39 23 1% 0 239 210 310 2,043
1989 332 565 163 272 261 123 105 60 104 168 270 282 2,705
1990 949 239 201 123 147 32 28 39 35 22 106 512 2,433
Average 420 339 346 262 174 a8 72 42 B6 141 244 330 2,552
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