Fig, - 11 Location of Existing Bank Protection Works

Concrefe

Revefmen Ao
S 1

" Concrete..
Reveimen?

w

_Gabion

é‘\E 3 (\;C onm;e ?e Revetmanf

Concre?e
\\F;em?n_em

nid} 20 NI TERS
= - i

- E.34 -



_Location

Indonesian

- Ocean

Fig.E-12  Typical Cross Section of Existing Dike
( Flood Relief Channel) '

N \—K
3 <)
v
T
=
Y
)
o3
TR e

N
)
S < N - S

A-A

5000 49.000 : 5000
7.000 ' 35.000 7000
{29.000~41.000)
e
\ h'g
NE
< ol
Cd
<y glo
I : 9 L
, 39.500 5.000_
. ' 28.000 6.000
(26.200~-28.000)

il

Gubion

- E.35 -







ek

3
H







AFPPENDLX F

FLOOD RUNOFF AND FLOODING MECHANISM
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1., Flood Runoff

1.1 Methodology

1,1.,1 General

According to the reports formerly conducted Qith regard to flood
runoff.of the Arau, Kuranjl and Air Dingin rivers, both the unit graph
method and the combined Melchior, De Weduwen and Thiessen methods were
used. These estimates are reproduced in Table F-1, In this study, the
storage function method is applied, since the method enables the esti-
mation of runoff hydrographs from rainfall data in consideration of

effect of flooding.

A runoff simulation model for calculation of a dischérge hydro~
graph by use of the storage function method is, therefore, prepared,
The fiood runoff is analized on the basis of time-wise and serial

distribution of rainfall series observed 1n the past floodé.

1,1.2 Runoff from Subbasin

A runoff from a subbasin 1s estimated as follows :
Equation for runoff from a subbasin :

' Si = Kq? (equation of storage) Cenerenecesanransnseasrasses (1.1)

dsy _
r-4qy =gy (eguation of continui;y) .....f...........,..f:(1.2)_

Where, S; : storage in a subbasin (mm)
r : effective rainfall (mm/hr)
qy ¢ runoff from a subbasin (mm/hr)

K,p: storage coefficients

The factors such as a primary runoff percentage fl and saturation
rainfall, Rsa are used for estimates of effective rainfall. The follow-

ing assumptions are used in the calculation.
1) The runoff consists of a direct runoff and a base flow.

i1) The drainage area of subbasin is divided into the infiltration

and primary runoff areas,



iil) In the infiltration area, the rainfall is infiltrated up to a
saturation point, after that all rainfall becomes a direct _
runoff, The rainfall from the beginning to saturation point

is called the saturation rainfall (Rsa)'

iv) 1In the primary runoff area, all rainfall changes to a direct
runoff, and a ratio of the primary runoff area to a drainage

area is called the primary runoff percentage (f;).

The runoff from the primary runoff area, q; is calculated by the

following equation which is derived from Egs. 1.1 and 1,2,
q,(t) =2 | —-—I-(—'{qp(t) -qp(t-—At)} - q,(t-AE) .. (1.3)
1 (t) Ar 1 I ' 1A :

Where At is time interval in calculation. In the calculation, the trial
and error procedure is used, The runoff from the infiltration area,
dga1° is calculated by the following equation.

qsal = 0, (zr < Rsa) LA L R O I T R (l-é)

I

q ql’ (Er > Rsa) LR R N T T (115)

sal
Where Zr is a cumulative rainfall from the beginning,

The total discharge from a subbasin is calculated by use of the

following equation.

. oL 1
Q“" 3.6 fI Aq1+ 3.6 (l"fl) Aqsal+Q1 st cB AP e rRe e s (1.6)

QUE) = Q0L = T)) eritiiiinie et ierea e s it seeneeennaes (1.7)

Where, runoff from a subbasin (m3/s)

Q
Q hypothetical runoff (m3/s)
q, runoff from a primary area (mm/hr)

Qgqr? Tunoff from an infiltration area (mm/hr)
£, : primary runoff percentage

A ¢ drainage area of sﬁbbasin (km?)

Q, : base flow (m3/s)

T : lag-time (hr)

- F.2 -



1.1.3 Channel Flow

The storage functlon of channel flow is estimated as follows :

Equation for the chamnel flow :

s, = K Q¥ - T} Q (kquation of storage) .....eveese.es (1.8)

dS]_
‘ L-Q =3 (equation of continuity) .eveeescorsas (1.9

Q (t)y =Q; (£t - Ty} (eq. of retarded runoff) ........ (1.10)

Where, Sy ¢ storage in channel (m3/8)
Q; : discharge at the middle point in the channel
(m3/s)
I : inflow at the chamnel entrace (m3/s)

K,p : storage coefflcients
Ty : lag-time
Q . outflow at the channel exit (m®/s)

The procedufe of calculation is the same as that of runoff from a

subbasin.

Basic model of the storage function method i1s shown below.

Inp'ut pit) It

Storage’
s1 {1)

Nonlinaar
reservoir

\\\\ N Oquut-
Q (1)



1.2 Runaff Simulation Model

1.2,1 Runaff System

The drainage area of the Arau, Kuranji and Alr pingin rivers is
divided into 38 subbasins for runoff analysis ag shown in Fig. F-1,
The runoff system 1s explained by the runoff simulation model which
is developed to estimate flood discharge as shown In Fig. ¥-2. The
system incorporates 38 subbasins and 26 channels, When the subbasins
receive much rainfall, a series of rainfall volume would be transferred
to runoff discharge consisting of surface, subsurface and ground-water
flows., The runoff discharge from each subbasin flows downwards through
the channels and discharges to the Indonesian Ocean finally. A dis-
charge hydrograph which is originated in a subbasin varies its form
being influenced by both the storage effect of the channels and a

discharge hydrograph from another subbasin to be combined.

1.2.2 Storage Function

The estimation of storage function is equivalent to that of storage
coefficients such as K and p. The storage coefficlient is estimated
being applied to observed hourly and daily fainfall.data and actual
water levei hydrographs recorded in stations during floods. The floods
of April 1979, November 1980 and December 1982 are selected to examine
the storage coefficlents in consideration of their peak flood discharges,
inundation areas suffered from the floods and.availability of recorded

hydrological data.

Isohyetal maps during the floods are used for calculation of
average rainfall depths in each subbasin. For example, the ischyetal
map of the 1980 flood which is made taking into consideration actual
rainfall distribution in and out of the basin boundary is shown in
Fig, F-3. The annual average rainfall distribution is also considered

to complete the ischyetal map.

The estimated discharge hydrographs are comparéd with observed
ones at check points to ekamine the avallability of both the runoff
simulation model and the storage function, The following gauging

statlons are sgelected as the check points,

""FIZ}_



River Check Point

Arau _ Lubuk Sarik
Flood relief channel Lubuk Begalung
Kuranji Gunung Nago
Kuranjl Kampung Melayu

The initial wvalues of the storage coefficlents were obtained from
the formula of the Tone river basinil for mountainous area and the
result of runoff model test by the Ministry of Construction, Jap.smci2
for plain area. After tentatlve calculations using trial and ervor
pfocedufe, the storage coefficients of the subbasins are estimated as
shown in Table F~2, On the other hand, the storage function of the
' channels are estimated as shown in Table F-3 on the basis of channel

conditions which are shown in Table F~4,

The estimated discharge hydrographs of the past floods are shown
in Fig, F-4 with observed values, . 1t shows that the estimated hydro-

graphs are almost agreed with observed ones,.

For the Air Dingin river, the stofage coefficients are estimated
referring'to those of the Kuranii river, because there exists no rain-
fall-sfation in the Air Dingin river basin and rating curve prepared
for Lubuk Minturun station seems to be available within a range of low

water flow only,

1.3 Rainfall Analysis

The characteristics of rainfall in the basins during floodtimes

are described as follows :

a, Rainfall pattern observéd at Tabing station shows that a
geries of rainfall which is collected in rain gauge is
almost included within a 24 hours observation between 7 a.m.

and 7 a.m., on the following day.

Note /1 : Report on the 18th technical symposiuﬁ of Hinistry of
Gonstruction, P, B-2,1, the Ministxry of Construction, 1965

/2 :+ Technical Data Book (19-5), P.11, the Ministry of Con-
struction, 1977

Sy



It is because storm rainfall occurs between late aftermoon and
early morning as shown in Fig. F-3.

A time of concentration 1s around 5 hours.

No rainfall period is usually long enough to the time of concen-
tration. That implies a peak of discharge hydrograph 1s mainly

influenced by a hyetograph which appeared a few hours ago.

On the other hand, situation of rainfall data is as follows :

de

b.

Rainfall data is obserQed mostly on a dally-basis,

Since daily rainfall records from stations in the same day which
are considered to bring about floods are so random, there exists
not strong correlations among them. It seems that there is some
difference in the way to observe the rainfall among the rainfall
stations. It is very difficult to estimate the daily rainfall
depth in basin average under the conditions above,

Ou the other hénd, 2 day rainfall deﬁth during floodtimes are
distributed in the basin widely. Therefore, there are strong
correlations among the stations., An application of data on the

2 day rainfall depth clears off the unreascnable values,

Taking into account the above information, it was decided that the

probability analysis of -rainfall depth is carried out with regard to 1

day rainfall depth while the correlation study is conducted by use of 2

day rainfall depth,

The probable 1 day rainfall depths at Tabing station were calcu-

lated by the Gumbel method, and are shown in Fig. F-6 and Table F-5 with

the estimated probable 2 day rainfall depths.

The probable 1 day rainfall depths of the whole basin average are

estimated through the correlation study with regard to 2 day records

between Tabing and the whole basin as shown in Table F-6 and Fig. r-7.

It shows that there exists a high correlatiom, that is, correlation

coefficient is equal to 0,966, The estimated probable 1 day rainfall

depth in the whole basin average is shown in Table F-7,

1.4 Flood Runoff Analysis

1.4.1 Probable Flood Discharge

The runoff hydrographs of probable flood discharge for the return

- F.6 -



periods'of 5 yr., 10 yr., 25 yr,, 50 yr. and 100 yr, are calculated on
the basis of rainfall analysis and runoff study of the paet floods.,

The hourly rainfall distribution for 2 days in the flood of November
1980 1s selected as a typlcal rainfall pattern because it is recogniZed
to be the blggest flood except 1972 flood, of which the hydrological
data are not evailable, and the observation of water level has beén

carried out since then.

In calculation of flood runoff, the probable 1 day rainfalis are
assumed to be in propdrtion to the typical rainfall pattern. The
storage coefficients in the plain area are to be changed owing to land
use conditions in the future as shown in Table F-8, while those in the

mountainous area and channels are assumed not to be changed.

The probable flood discharges estimated at.major sites are shown
in Table -9,

2, Flood Mechanism

2.1 Flooding Condition

2.1.,1 Flooding Characteristics

The river basins are situated in the heavy rainfall zone by the
monscon and characterized by the topographic features of rviver channel
with steep slope, Such heavy rainfall brlngs frequently about inund-

ations in low lylng areas of the basin.

Sumatra experiences two monsocomns : the northwestern monsoon whoeee
influence appears from October to April and the southwestern monSoon
which affect the island from May to October. In West Sumatra, the main
wet season occurs during the wet or northwestern monsoon period from
October through December. Tn April and May, the secondary peak in rain-
fall appears associated with the change from the northwest to the south-
west monscon. In the Padang area, floods usually occur in November or
December late in the wet season and April or May during the above:

transitional season from the nortliwest to the southwest monsgon.

As mentioned above, the three rivers of Arau, Kuranji and Air

Dingin in question are characterized by steep slope and heavy rainfall,

- F.7 -



considering the duration and shafpness of flood peaks, it may be said
that the above three rivers are so-called shotgunlike rivers. As_sbqﬁ
as heavy rain falls 1n the mountain areas, the water stage rises rapidly
in the lower reaches as well as In the middle reaches and the river
water overtops the river banks exceeding the channel capacity. From
such topographic and hydrologlcal features of the rivers, the duration
of flood is short, having about 5 hours. Moreover, the debouching of
river water in flooding is frequently aggravated by high tides.

The flooding in the plain thus may be caused by the following

factors :

a. Overﬁank fiow of flood water of the river.
b. Insufficient capacity of the drainage system.
¢, Backwater effect of flood water level In the river channel

and tide level.

Regarding the urban area located between the Arau and the Kuranji
rivers, intensive inundation seems to be caused by the combination of
two or more of the above factors, Fig, F-8 shows flood prone avea and

typical flood flow directions.

2,1.2 Major Floods in the Past

According to the data on the past reﬁarkable floods collected
from DPU, West Sumatra and the Information from local people during the
field survey, the major floods in the past were éhe floods in May 1972,
April 1979, November 1980, November 1981 and December 1982. The main
features of the floods in terms of rainfall and Inundated area are as

follows :

" Flood :
May 1972 Apr.1979 Nov.1980 WNov.1981 Dec,1982

Item Unit

2-day rainfall

Tabing T 393 264 314 212 128
Gunung Nago mm - 298 301 - -
Inundation ha 3,942 2,809 3,340 1, 444 1,281
area ' o




It is recognized that the both floods of May 1972 and Nov, 1980

were heavy from the above table,

2.2 Hydraulic Analysis by Simulatlon Model

2.2.] Methodology for Analysis

The hydraulic analysis is made in order to grasp the characteris-
tics of flooding and to estimate inundation area due to probable
floods. The simulation is conducted for the probable floods with the

model diagram after checking the model diagram with the past floods.

Simulation model consists of three components, i.e., flood runoff
calculation from the sub-basin, channel flow calculation in the major
channels and drainage calculation in the low lying areas of the urban

area.

For each component, the following methods are appliéd.

a. Flood runoff calculation : results of flood runoff.
b. Channel flow calculation : unsteady flow equatibn.
c. Drainage calculation : equation of continuous using relations ;

among elevation, area and storage volume.

Simulation model diagram is prepared based on the data on the
existing'river channel, topographic maps with a scale of 1/5,000,
inundation maps due to the past remarkable floods and the results of
field investigation, The prepared simulation model diagram is shown

in Fig. F-10,

For the purpose of checking the model dilagram thus prepared,
simulation analysis is conducted using inundation maps dn the past
floods and the result of flood runoff calculation. The flood of Nov,
1980 is selected ﬁo_simulate the model, considering the availability
of hydrdldgicai data. Recorded tide levels in the time of flood of
Nov., 1980 are alsa applied és the boundary condition at the river-

mouth.

The formulas used for the analysis are presented below.

The equations for the channel flow are :

~ F.9 -



2
N av+a3vz BH +n2v =O DOQQIOOCQ.OII‘.QQCDOO (2'1)
g At 2gox X R4/ 3

. 20 eeen (2.2)
B* 3t 3 9% q et v e s rE bR R EESO AN PO . )

time {sec)

ot
.-

Where,

distance between sections (m)

b

water level (m)

as]
[==]
.

:  velocity (m/s)
discharge (m3/s)

.

hydraulic mean depth (m)
: coefficients of velocity distribution

acceleration of gravity (m/s?)

)

Manning's coefficient of roughness

river width (m)

L ® D e 2" O g
o

inflow from tributaries per unit length of

'

channel (m3/s/m)

The equation for drainage in the low lying area 1s :

dv
dt

= QL = (Q0 4 QS)  erevrrererernrrrrereneraveresaanss (2.3)

Where, v : storage volume (m?)
t : time (sec)
QL : dinflow (m3/s)
Q0 : oOutflow to river channel (m3/8)

QS : outflow to other basin (m3/s)

For overflow on the road :

Q=hl + L «»m > (Zghl)%i for h0/hls2/3 o (2.4
Q=h0+« L+ m' (2g AW)7 for h0/h1>2/3
Where, Q : overflow discharge (m3/s)

L : width (m)
hi, h0 : water depth (m)
Ah ¢ hl - h0 {(m)

- F-lo =



congtant (0,35)

.

m' : constant (0,91)

For slde overflow :

/2, ,3/2

0=2/3 +m -+ (287 .

L R R N A R A A A B I N ] (2'5)

Where, Q : discharge (m®/s)
m ¢ constant (0,55)
h : water depth (m)
L ¢ width (m)

For channel flow :

=813 M . (2.6)
Where, Q : discharge (m3/8)

B : channel width {m)

h : water &epth (m)

n ¢ Mamning's coefficient of roughness

H : difference of water levels between upper and

lower sections (m)

L distance between upper and lower sections (m)

2.2,2 Counterhheck of Simulation Model

Hydraulic analysis was made to check the model diagram prepared
using the data on the past flood of Nov. 1980, The calculation result
is shown in Fig. F-11. According to the figure, it is recognized that
the simulated inundation area almost coincides with the inundated area

of the past flood of Nov. 1980,

2.2.3 FEstimation of Probable Flooding Area

Using the éimulation model, the probable flooding areas are esti~
mated under the present channel conditions. The probable floods of
S5-yr, 10~yr, 25-yr, 50-yr and iOO—yr are selected to estimate the
inundated area. In calculation, the time difference between the peaks

of flood runoff and tide IEVel is assumed to be zero.

The calculation results are shown in Fig, F-12, Table ¥-10 shows

the maximum inundation depths and flooding duration in the inundated area,

- F.11 -






Table F--1 Flood Runoff Dlscharge Estimated by Previous Studies

' Return Period (yv)
Ltem - Unit —

5 10 20 25 50 60 75 100

1. P.T. Indah Karya Report, 19731

Arau River at Muara (A = 170 km2)

Rainfall mm 212 249 286 - 334 344 - 370
Discharge m3/s 632 742 852 - 995 1025 1103

Kuranii River at Air Twar (A = 211 km?)
Rainfall mm 192 225 259 - 302 311 - - 335
Discharge n3/s 618 725 834 - 972 1001 1078

2. P.T. Indah Karya Report, 1.9741-2

Arau River at Lubuk Begalung (A = 115 km?)

Rainfall m 252 290 324 - 375 - - 403
Discharge m3/s 526 607 683 - 8073 - - 876
Yy .

3, P.T. Waskita Karya Report, 1981—

Arau River S -
Rainfall m .219 256 - 307 344 - 367 370

Discharge : _ '

at Muara - wi/s 653 763 - 915 1025  ~ -1049 1103
at Lubuk _ : :

Begalung - m/s 488 571 - 685 767 - 818 825

Kuranji River 7 . ) '

Rainfall. mm 206 242 - 282 324 - 346 359
Discharge

at Air

Tawar’ md/a 663 779 - 931 1043 - 1114 1156
at Gunung

Nago m3/s 360 424 - 506 567 - 606 628

(A = 120 km?)

Note, /1 : Method : combined Melchior, De Weduwen and Thiessen
Rainfall data @ 1931 - 1960.

/2 : Method : Unit Hydrograph
Rainfall data ; 1930 - 1941.

/3 ¢ Method : Melchior :
Rainfall data : 24 years before 1980.

- F,. 13 -



Table F-2  Storage Coefficients of Subbasins under Existing Condition

Sub~basin Drainage Storage Coefficients Lag-time
NO, Area (km?) % 5 1 {(hr)
Arau River Basin 172,1
101 31.7 59,08 0.303 0.5 0.58
102 32.2 64,70 0,282 0.5 0.22
i.03 8.9 62,79 0.288 0,5 0.0
104 31.5 60,07 0,299 0.5 0.44
105 11.7 82.68 0.600 ¢.5 0.0
106 9.1 58.78 0.303 0.5 0.03
107 4.6 63,38 0.286 0.5 0.0
108 4.6 56,15 0.600 0.5 0.0
109 4.3 47.18 0,361 0.5 0.0
110 10,3 138.12 0.600 0.5 0.0
111 3.4 73,00 0,600 0.5 0.0
112 3.1 88, 44 0.600 0.5 0.0
113 1.3 42,00 0.600 0.5 0.0
114 2.4 13.20 0,600 0.5 0.0
115 5.1 73.67 0,600 0.5 0.0
116 2.4 19,92 0.600 0.5 0.0
117 2.5 21.67 0,600 0.5 0.0
118 3.0 65.01 0.281 0.5 0.0
Kuranji River Basin 211.9
201 86.6 54,22 0.324 0.5 0.70
202 33.4 59.15 0.302 0.5 0.52
203 6.2 51.09 0.600 0.5 0.0
204 3.5 48.05 0,600 0.5 0.0
205 32.0 65.29 0.280 0.5 0.17
206 13.9 41,79 0,600 0.5 0.0
207 15.1 3,20 0.287 0.5 0,04
208 2,2 43,32 0.600 0.5 0.0
209 8.1 68 .40 0,600 0.5 0.0
210 2.6 140.03 06.600 0.5 0.0
211 3.2 53.13 0,600 0.5 0.0
212 1.8 25,28 0.600 0.5 .0
213 1.4 13.97 0.600 0.5 0.0
214 1.9 11,99 0,600 0.5 0.0
Air Dingln River Basin 133.5 '
301 . 92.2 55.97 0,316 0.5 0.702
302 21.5 64,49 0.282 0.5 0.171
303 2.0 77.64 0.244 0.5 0.0
304 12.1 61.32 0.600 0.5 . 0.0
305 2.4 115,95 0.600 0.5 0.0
308 3.3 66,40 0.600 0.5 0.0
Total Area 517.5

- F.14 -
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Table PF-4 (1)

Asaumed Channel Condition (Arau River)

High Water Channel

Low Water channel _
Channel L?;:g;:h Slope Manning's Depth  Width Manning's  Width La%hf_,)ime

o m n (m) (m) n (m)
101 2,20 1/20 0,040 3.0 30 - - 0,156
102 2,35 1/25 0,040 3.0 15 - - ¢,000
103 3,40 1/30 0.035 3.0 30 - - 0.189
104 4,70 1/40 ¢,040 3.0 40 - - 0.436
105 4,15 1/190 0,035 3.0 150 0,070 200 0,355
106 1,80 17330 0,030 5.0 80 0.070 200 0,137
107 2.00  1/1,100 0.026 5,0 50 0,070 250 0.186
108 3,60 1/2,000 0,026 6.0 65 0.070 250 0,444
108 1,10 1/1,100 0,030 4,0 15 0,070 250 0,087
110 3,55  1/1,100 0,030 4,0 20 0,070 200 0.317
111 2,87 1/530 0.026 5.0 40 0,070 100 0.216
112 2.15 17340 0.026 5.0 35 0.070 100 0,154
113 1.80 1/840 0,026 6.0 20 0,070 350 0,154

Table F-4 (2} Assumed Channel Condition (Kuranji River)

Low Water Channel

High Water Channel

Channel - Length Siope Manning's  Depth Widch Manning's Widrh Lag-time

No. {km) ' (hr)
n (m) - {m) n {m)

201 4,45 1/40 0.040 3.0 50 - - 0.454 .
202 4,70 1/20 0,040 . 3.0 40 - - 0,354
203 8,34 - 0.040 3.0 150 0.070 200 0.816
5.98 i/80 0.554
2,36 1/290 _ 0.262
204 4,26 1/1,200 0.030 4,5 60 0.070 500 0,473
205 7.46 1/910 0.030 3.0 40 0,070 350 0.987
206 4,20 1/870 0.030 2.0 10 0.070 300 0.389
207 1.90 1/1,000 0.030 2.0 8 0,070 200 0.176
208 2,24 1/2,100 0,026 2:;5 50 0.070 250 0.287
209 1,38 1/1,500 0.026 4.0 100 0.070 300 0,131

Table F~4 (3) Assumed Channel Condition (Air Dingin River)

Channel Length

Low Water Channel

High Water Channel

Lag—~time

No. (ki) Slope Manning's  Dapth Width Manning's Width (hr)
n {m) {m) n (m)
301 2,00 1/30 0.040 3.0 30 - - 0.145
302 1.40 1/90 0,040 3.0 50 - - 0.097
303 7.73 - 0,070 200 0.599
5.03 1/%0 0.040 3.0" ‘80 ‘ 0,349
2,70 1/630 0.030 2,5 70 0.250
304 .55 1/530 0.026 3.5 80 . 0.070 300 0,088
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Table F~5 Probable Rainfall Depth at Tabing Station

Return period Probable rainfall depth
(year) ()

1 day rainfall

2 162.9
| 219.6
10 257.1
25 304.5
50 339.7
100 | 374.6

2 day rainfall

2 | 196.1
5 256.5
10 296.5
25 347.0
50 384.5
100 421.7
Note : Gumbel Method is used for the analysis'

- F.19 -



Table ¥~6 2 Day Rainfall Depth at Tabing and in Basin Average

2-Day Rainfall Depth (mm)

N _hﬁ__DaLE Tabingil _m§gsin Average
1 1975 Dec. 20 -~ 21 157 - 114.1
1976 Oct. 5 - 6 184 149,0
3 1978 July 24 - 25 212 199.8
4 1979 apr. 3 -~ 4 264 230.0
5 Apr, 30 - May 1 26 53.8
) Sept.16 - 17 59 77.9
7 Nov, 26 - 27 239 208.8
8 1980 July 24 ~ 25 42 45,9
9 Nov, 22 - 23 314 260.9
10 1981 Apr. 4 - 5 118 117.9
11 Apr. 24 - 25 138 114.8
12 July 29 - 30 237 i77.9
13 Oct., 14 - 15 270 215.4
14 Nov. 20 -~ 21 212 189.2
15 1982 Feb., 4 - 5 227 174.5
16 Apr. 21 - 22 100 98.6
17 May 18 - 19 45 62.9
18 Dec. 25 = 26 128 164.,2
Sc.urcel-l : Pusaf Meteorologi dan Geofisika

Table F-7 Probable 1 Day Rainfall Depth in Basin Average

Return Period Probable 1 day rainfall depth
{year) {mm})
2 145.9
5 186.2
10 212.9
25 246 .6
50 271.6
100 296 .4

Note : The rainfall depth is estimated by the linear regression
equation below.

Y = 0,711 % +30,1
where ¥ : Probable 1 day rainfall depth in basin average
X 1 Probable 1 day rainfall depth at Tabing station

-~ F.20 -



Table F-8 Storage Coefficients of Subbasins for Development Plan

Sub~basin Dyainage Storage Coefficlents Lag-time
No ‘ Area (km?) K P fy {hr)
Arau River Basin 1721

101 31.7 59.08 0.303 0.5 0.58
102 32,2 64,70 0,282 0.5 .0.22
103 3.9 62,79 0.288 0.5 0.0
104 31.5 60.67 0.299 0.5 0,44
105 11.7 30,67 0.60G0 0.5 0.0
106 9.1 58.78 0.303 0.5 0.03
107 4.6 63.38 0.286 0.5 0,0
108 4.6 30.00 0.600 0.5 8.0
109 4.3 47.18 0.361 0.5 0.0
110 10.3 48.11 0.600 0.5 0.0
111 3.4 16,63 0.600 0.5 0.0
1i2 3.1 20,15 0.600 0.5 6.0
113 1.3 40.90 0.600 0.5 0.0.
114 2.4 13.20 0,600 0.5 0.0 -
115 5.1 20.55 0.600 0.5 0.0 -
116 2.4 19.92 0.600 0.5 0.0
117 2.5 21.67 0.600 0.5 - 0.0
118 3.0 65,01 0,281 0.5 g.0

Kuraniji River Basin

]
W oo I
L oy fk
oy WO

201 54.22 0.324 0.5 0,70
202 . 59.15 0,302 0.5 0.52
203 6.2 45,23 0.600 0.5 0.0
204 3.5 48.05 0.600 0,5 . 0.0
205 32.0 65,29 0,280 0.5 0.17
206 13.9 34,23 0.600 0.5 0.0
207 15.1 63.20 0.287 0.5 0,04
208 2.2 35.87 0,600 0.5 0.0
209 8.1 68 .40 -0.600 0.5 0.0
210 2.6 111.59 0,600 0.5 0.0
2311 3.2 " 38,94 0.600 0.5 0.0
212 1.8 25,28 0.600 0.5 0.0
213 1.4 13,97 0.600 0.5 0.0
214 1.9 11.99 0.600 0.5 0.0
Air Dingin River Basin 133.5

301 92.2 55,97 0.316 0.5 0.702
302 21.5 64 4% 0.282 0.5 0,171
303 2.0 77 .64 0.244 0.5 0.0
304 _ 12.1 42 B4 0,600 0.5 0.0

- 305 2.4 103.07 0.600 0.5 0.0
306 3.3 66,40 0.600 0,5 0,0

Total Area 517,5

- F.21 -~



Table F-9 Probable Flood Discharge at Major Sites

(Unit 3 w¥/s)
Return Period (year) .
Location 5 10 25 50 100
Arau River
Lb. Sarik 222 275 353 424 500
Kp. Baru 384 492 636 740 845
Lb, Begalung (before bifurcation) 427 531 671 773 902
After Confluence of Jirak R. 362 446 527 578 650
Rivermouth 399 482 585 660 724
Tributary
Jirak R. 118 147 171 184 202
Flood Relief Channel
Rivermouth 261 329 406 450 503
Kuranii River
Gunung Nago 363 439 570 676 790
Kp. Melayu 377 453 574 675 774
After GConfluence of Balimbing R, 639 768 926 1055 1169
Rivermouth 669 805 992 1131 1245
Tributarz .,
Balimbing R, 258 307 366 405 447
laras R. 67 80 98 110 123
Air Ddngin River
Lb., Minturun 342 411 539 635 734
Rivermouth 386 464 560 653 758

~- 7,22 -
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Fig. F-1 Sub-basins for Runoff Analysis
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Fig.F-4(1) Discharge Hydrograph of Past Flood
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Fig.F-413) Discharge Hydrograph of Past Flood
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Fig, F- 8 Flood Prone Ared and Typical Flood Flow Direction

Legend

-+ Inunddted

Area in 1972

Flooding Flow
Direction

30 R

22

JI

oo uETEas

00

- V.34 -



INCONESIAN OCEAN

Fig. F-9(1) Inundated Area Caused by May 1972 Flood
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Fig. F-9(3) Inundated Area Caused by Nov.1980 Flood
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Fig. F-9(4) Inuddted Area Caused by Nov, 198t flood
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Inundated Area Caused by.Dec.1982 Flood

Fig. F-9(5)
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ITNDONESIAN OCEAN

Fig, F-10 Simulation Model Didagram
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Fig. F-11  Simulated Inundation Area of Novmber 1980 Flood
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Fig. F~12(1) Probable Inunddation Area (100-yr)
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Fig. F-12(2) Probable Inundation Area (S50 ~yr)
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Fig. F-12 (3) Probable [nundation Area (25 -yr)
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Fig. F~12(4) Probable Inundation Area (10-yr)
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Fig. F-12(5) Probable Inundation Area {(5-yr)
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1. Methodology

1.1 General

The flooding area is located in the middle and lower basins of the
Arau, Kuranji and Air Dingin rivers which flow through Padang city,

The Flooding area 1s composed of the old and new urban areas and their

surrounding areas,

Flood damages are estimated, in principle, from properties in the
flooding area multiplied by the damage ratio depending on the flooding
conditions. The damages are estimated for the regspective properties
‘such as house and household effects, shops and warehouses, agricultural

crops, public facilities and others.

The flooding conditions such as area, depth and duration of flood-
Ing or inundation are obtained based on the calculation results by the

£lood simulation model in APPENDIX F,

All the monetary values are expressed by the economic prices as
of the beginning of June 1983, The conversion rates of foreign and

local currencies are assumed at USS 1 = ¥ 240 = Rp. 970,

The méthods'adopted to the estimation of damages for respective

properties are discussed further in the feollowing sections,

1.2 Damages to Houses and Household Fffects

House

The house includes residence and farm house. The unit value of

the house is estimated as:

]
1

85 m? x Rp,43,750/m® x 0,64 = Rp,2,440,000 for residence.

= 44 m* x Rp,32,250/m? % 0,70 Rp.990,000 for farm house,

Where, V. : unit value of house,

""Gll—



' 1
A ¢ average floor arvea of a house, estimated bhased on datai
from Kecamatan office. A welghted mean floor areag of
temporary, ordinary, semi-parmanent and parmanent houpes

are applied to estimate the area of ordinary and farm

houses,
Cconz unit area construction cost of house based on data
2
published from Padang cityi , and
Rdep: deprecilation rate of house, The rate for appraisal

of fixed assets used in Japan is applied because local

data are not obtainable,

The rates of damage to house are shown in Table G-1 applying

standards in Japan.

Household Effects

The values of total househoid effects of residence and farm house

are estimated as :

Vhe T Qhe X P ox Rdep
= Rp.730,000/house for residence,
= Rp.500,000/house for farm house,
Where, vhe : value of household effects pér house, .

Qhe ¢ standard quantity of household effects of each house
based on the information from Kantor Perdagangan
Padang (Commercial Office of Padang city) and Kecamatan
office£3,

P : unit price based on consumer price surveyed by Kantor
Statistik Padang (Statistic Office of Padang city), and

Rdep: depreciation rate of household effects (= 70 Z).. The

rate for appfaisal of fixed assets used 1in Japan is

applied since local data are not obtainable,

/1 Daftar Pertanyaan, Kecamatan Padang Timur, 1982,
12 Perobahan Taksiran Harga Bangunan, 1982,

/3 Kecamatan Padang Timur,
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In estimating the value of household effects, the average life time
and period of use are assumed to be 6 years and 2 years, respectively,
Vertical distribution of household effects used for the estimation is
shown in Table Gjl.

The rates of damage to household effects are shown in Table G-1.

applying the standards in Japan,

1.3 Damages to Shops and Warehouses

Building

In the similar manner as unlt value of house, the unit values of

shop bullding (V) and warehouse (Vw) are estimated as follows:

v, = 65 m? x Rp,58,250/m? x 0,77 = Rp,3,030,000 for
shop building,
V. =136 n? x Rp.70,000/m? x 0,77 = Rp.8,000,000 for

warehouse,

The floor area of shop buildings is assumed as an average of
those of residence and farm house since they include kiosks. The
average floor area of warehouses 1s estimated based on the data from

the Commerical Office of Padang city,

The rates of damage to shop buildings and warehouses are shown in

the sald Table G-1.

Stored Coods

The values of stored goods in a shop and a warehouse are esti-

mated as follows :

u

v )xSSXP/NS

8 (Qpin * Qlin B onut - Q1out

B

Rp. 3,960,000/shop,

o= . x S x P/N
,V (Qpin + Qlin + onut +Q lout) MMy

]

Rp, 10,300,000/warehouse,
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Where, Vgr V, # values of stored goods in a shop and a warehouse

regpectivaly,

n’ onur i average monthly import goods and export goods
for inter-local and international trade at Teluk
Bayur and Muara ports, respectively, .Records in
1982L4 collected at Teluk Bayur and Muara port
authorities were used, Only the goods which MeLy
have relation with shops and warehouses on thelr

distributlon routes were taken into account,

Qqypn? Qlout ¢ average monthly goods to be carried into and;.
carried out from Padang city respectively, by land
transportation, Records in 1982L5 collected at
Land Traffic and Transportation Authority of West

Sumatra are used,

s ,.Sw ! period of storage in shop and warehouse. Based on
the information from the Commercial Office of Padang

city, S5 1s assumed at 3 months and 8,; at 0,3 month,

P : unit price of stored goods estimated based on con-
sumer prilce Surveyed by the Statistic Office of
Padang city, and

N , N : total number of shops and warehousas respectively,

in Padang city,

The vertical distribution of stored goods in shops and warehouses
used for the damage estimation is shown in the said Table G-1, The
damage rates of the stored goods are shown in the said Table G-1,

The appraisement of properties consisting residence, shop, ware-
house, farm house and their household effects or atored goods as results
of calculation mentioned above in Section 1.2 and 1.3 are shown in

Table G-1,

/4 Kunjungan Kabal dan Cargo Flow serta Penumpang Turun Nalk Melalui
Pelabuhan Teluk Bayur, 1982, .

/5 Jumlah Angkutan Barang Keluar/Masuk Dati I Sumatera Barat, 1982.
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1.4 Damages to Agricultural Crops

According to Padéng Dalam Angka (Statistical Yearbook of Padang),
the farm land of upland crops is far small, less than 1 % of the total
flood prone area, The flood damages to upland crops are negligible,
Therefore, only the paddy is taken account in estimating the agricul-

tural flood damages.
The flood damages of paddy are estimated as follows:

D =4 XY XPXR
p 'p P ¥

Where, Dp { flood damages of paddy,
AP : inqndated area of paddy figld
Yp ! unit yileld rate of paddy per ha (= 4,2 ton/ha) based
o on the Statistical Yearbook of Padang,
p ¢t unlt price of paddy, and
Ry 1 yield reduction rate of paddy due to flood,

Unitr Price of Paddy

Based on the paddy price predicted by the World Bank (IBRD), the
farm gate price of paddy (dry stalked paddy) at Padang 1s estimated as
shown in Table G-2, The unit price of the paddy is estimated at
Rp.338/kg.,

Cropping Pattern and Flood Season

The double: cropping is performed in Padang area, i.e,, the filrst
crop from transplanting in November to harvesting in the middle of Apriil,

and the second crop from the middle of May to Aﬁgust.

On the other side, the area has two flood seasons around November
and April which happen to be at the beginning of tillering stage and
ripening stage of paddy,

Yield Réduction Rate

In consideration of gfowing stage oflpaddy in flooq seagon, the
following yield reduction rates for different flooding condition are

- G,5 -



/6

assumed based on the date~ developed in Japan,

Yield reduction rate (%)

Sedimentation Inundation depth (m)
or
erosion 0 to 0.3 0.3 to 0,5 Over 0,5
100 4 ) 10

1.5 Damages to Public Facilitles

Flood damages to river facilities, roads and bridges are as follows

according to DPU, West Sumatra, and Padang clty.

(Rp,105)

Damagea at current price Damages 19

Year Damages to 17 Damages to /8 Total at
river facllitles road & bridges present price

1972 118,00 1,66 119.66 776,00
1973 20,99 0.54 21,53 107,00
1974 9,53 0.81 10,34 42,00
1975 28,24 0,86 29,10 114.00
1976 24,51 1,19 25,70 97,00
1977 32.34 3.37 35,71 128,00
1978 39,31 1.59 . 40,90 135,00
1979 100,00 3.88 103.88 259,00
1980 225,39 4,76 230,15 353,00
1981 200.00 7.00 207,00 285,00
1982 150.86 7.58 158,44 _ 206.0Q
Average ' 216,00

/6 Rate of Decrease in Yield of Submerged Paddy, by Agricultural
Experiment Station of the Ministry of Agriculture and Forestry,
. Japan, '

/7 Proyek Perbaikan dan Pengamanan Sungal Daerah TK I, Sumatera Barat,
P.U,, Sumatera Barat.

/8 Rehabilitasi, Peningkatan dan Pemeliharaan Jalan di Kotamadya Padang,
P.U., Kotamadya Padang.

/9 Using the converaion rate of construction materials reported In
Indikator Economi, Biro Pusat Statistik, Jakarta,
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These damages correspond to 8.4 % of total flood damage of house
and household effects, and agricultural crops. Taking into account of
other damages to such agricultural facilities as intake, ivrilgation and
drainage canals, total damages to public facilities are aasumed at 10 2

of total damages to house and household effects and agricultural crops,

1.6 Other Damages

The amount corresponding te 10 % is assumed that of the total
direct flood damages for the losses due to Interruption of smooth

traffic and othar economic activities in the urban area,

2, Flood Damages in Present Situation

2.1_ Probable ¥lood Damages

The land in the objectiya area has rapidly been developed for
residential area year by year. If a project ig implemented for flddd
control in this area, it seems to be necessary 7 and/or 8 years as a
period for project implementation., Therefore, probable flood damageé
are estimated for obtaining basic data in estimation of project Bene—
fits for the situation of the year 1991 adding té the present condition
based on the situation as of 1981,

For the situation of the year 1991, a developing conditions of
iand are assumed on the basis of informations obtained from the Padang
city office, the office of.NatiOnal'Housing Program (PERUMNAS) of the
Ministry of Domestic Affairs in Padang and several private developers
in Padang who have the actual Development plans at the present time,
The floods of 2, 5, 10, 25 and 100-year return periods are taken up
for the studies,

For the estimation of amount of damages, the objective flooding
area is_divided into eight blocks as shown in Fig, G-1, in conslderation

of cases for conceibable alternatives

a. Arau river system
~ Block 1 : Arau mainstream and flood relief channel

—_Block 2 1 Jirak river



- Block 3 : Interior water area

b, Kuranji river aystem
- Block 4 ; Kuranji mainstream
~ Block 5 : Balimbing and Laras rivers

- Rlock 6 : Interlor water area

¢, Air Dingin river system
- Block 7 ¢ Air Dingin river

~ Block B : Interior water area

The flood damages are estimated for every return periods mnd for

every blocks,

Flooding Area and Paddy Fileld

According to the results of flood simulation analysis in APPENDIX
F, flooding area and paddy fileld in it as of 1981 and 1991 are shown
in Tables G-3 and G-4, 1In preparing the table, land areas are _
measured for every block, land use, range of Inundation depth using
the flooding maps prepared by flood simulation analysis and aerial
photoes taken in 1981 by each river system, site reconnalssance, and
collected data and informations from.several authorities and/or

agencies mentioned at the beginning of this Section.

Number of Buildingé Submerged

The number of buildings in the flooding area is counted on the
aerial photoves taken in 1981, Then, the buildings are claséified inte
resldence, shop, warehouse and farm house by the composition rate of
then in respective Kecamatan.- The rates as shown 1n Table G-5 are
derived based on data collected from the Commercisl Office of Padang
clty aﬁd 1980 census report of the city. The unit damages per house/
building are calculated as shown in Table G-6, Number of buildings
submarged are calculated as shown in Table G-7 for each Kecamatan,
Table G-8 for respective return pefiods, and Table G-9 for depth of

inundation,

For estimation of numﬁér of houses In flooding area as of 1991,

a rate of 28 houses per ha is applied for the housing area which will
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be developed naturally up to the year 1991, based on the information
for on=-going housing projacts obtained from the Agrarian Office, City
Planning Office, past population tendencles and present density 6f
houses as of 1981, as shown in Fig, G-2,

The number of asubmerged buildings as of 1991 is estimated as
shown Table G-10,

Probable Flood Damages

Table G~11 and 12 show the calculation of flood damages for res-
pective return perlods, kinds of properties and blocks of basins as of
1981 and 1991 respectively, The flood damages, thus, estimated are
sunmarized in Table G-13 and 14, The total flood damages for respec-
tive return periods under the conditions of the year 1981 and 1991 are

as follows

Flood damages (Rp, 106)

Return

Period Arau river Ruranji river Alr Dingin Total
(year) system system river system '
year)  Tqggy1 . 1991 1981 1991 1981 1991 1581 1991
920 920 570 700 240 260 1,730 1,870
5 9,510 10,400 1,750 2,160 360 630 11,620 13,190
10 16,110 16,570 3,520 4,460 710 1,060 20,340 22,090

25 22,800 23,610 4,790 5,920 1,690 2,850 29,270 32,370
50 23,590 24,560 5,490 6,560 3,070 3,080 32,160 34,200
100 25,000 26,050 6,220 7,260 3,160 3,700 34,380 37,020

2.2 Annual Average Flood Damages

The annual average flood damages are estimated as a cumulus of
flood damage segments derived from probable flood damages multiplied
by the corresponding probability of occurrence, from non-damageable

runoff up to 100~year probable flood,

The calculation of annual average flood damages are shown in

Table G-15 and 16, The results are as follows :
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(Rp. 10%/year)

River system/Block

Annual average flood damages

1981 1991
a. Arau river system
- Block 1 : Arau mainstream and
flood rellef channel : 2,400 2,630
- Block 2 ; Jirak river : 70 BO
- Block 3 : Interlor water ares 2,480 2,510
~ Sub~total 4,950 5,220
b, XKuranji river system
- Block 4 : Kuranji mainstream 510 680
~ Block 5 : Balimbing and Laras
rivers 290 390
~ Block 6 : Interior water area : 370 380
- Sub-total : 1,170 1,450
¢, Alr bingin river system
~ Block 7 ; Air Dingin river H 330 460
- Block 8 : Interior ares : 30 30
~ Sub-total : 360 490
d. Total : 6,480 7,160
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Tahle G~1 Baslc Rates for Estimation of Damages

A. Rate of Damage to House and Building Submerged

Water level above floor (m) Rate of damage
0 ~ 0,49 0.037
0.50 -~ 0,99 0.064
1,00 - 1,49 0,099
1.50 - 1,99 0,137
2.00 ~ 2,49 0.179

Source ! Ministry of Construction, Japan.

B. Rate of Appralsement of Household Effects and Stored
Goods by Helght above Floor Level (Unit : %)

Helght above floor level (m)
0-0,5 0-1.0 0-1,5 0-2,0 0-2,5 0-3,0

Kind of houses

Residence ' 56 79 89 94 99 1.00
Shop_and warehouse 38 - 63 77 88 96 99
Form house 65 90 95 98 100 100

Source : Ministry of Construction, Japan,

G. _RatesVOf Damages to Properties Submerged
(Except Houses/Buildings)

Kiﬁd,of,propertiea Rate of damage to submerged goods
(A) Household effects of residence 0.690
and farm house ’
(B8) ‘Stored goods of sghops and 0.597
warehouse ' ‘

Source : Ministry of Construction, Japan.

D. Apprailsement of House or Bullding and Househod

Effects or Stored Goods _ . (Unit : Rp. 109)
- Apprailsement .
Kind of house House/Building Household effects/ Total
. : stored goods
Residaence 2,440 730 3,170
Shop 3,030 3,960 6,960
Warehouase 8,000 10,300 18,300
Farm house 990 500 1,490
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Table G~ 2 Calculation of Fconomic Farm Gate Price of Paddy

Unit : Rp./ton

. Internatioual Market Price of Milled Riese,

- G,12 -

. 42,140
FOB~Bangkok, Thai 5 % broken, USS$ 662LL 642,
2. Quality Discount at 20 % 513,700
3. External Transportation Cost (Bangkok - Teluk Bayur)  +)36,000
4, Port Handling Charge and Storing Cost
(Including cost of asack) ' +)16,100
5. Price of Milled Rice at Ex-DOLOG (at Teluk Bayur) 565,800
.6. Inland Transportation Cost
(Teluk Bayur - Padang, Rp.82/ton x 1.5 x 14 km) -) 2,000
7. Milling Charge ~)30,700
8. Local Storage Loss (3%) ~)28,300
9, Price of Milled Rice at Ex-Mill Gate 504,800
10, Gonversion to Price of Dry Stalked Paddy (68 %) 343,300
11, Hendling and Transportation Cost (farm gate to mill} -} 5,100
12, Ecomomic Férm Gate Price of Dry Stalked Paddy 338,200
' (338,000)
Source : Price Prospacts for Major Primary Commodities, IBRD, 1981
(Forecasted price of milled rice in 1990 is made based on
1982 constant dollars converted from 1980 constant dollars:
UsS$ 575 x 1.151 = USS 662).
/1 Conversion rate : US$ 1 = Rp, 970,
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Tabla G-5 Distribution Ratlo of Bulldings 1n Each Kecematan

( as of 1981 )

Residenca Shop Ware house Farm house Toﬁal
1. Padang Selatan 87 % 6 % 1 % 6 % 100 %
2, Padang Barat B4 - 13 3 0 100
3. Padang Utara 94 4 1 1 100
4, Padang Timur 91 5 1 3 100
5, Raoto Tangah 49 8 2 . 41 100
6. Naggalo 85 3 1 11 100
7. Ruranji 59 4 1 36 100 -

8. Lubuk Begalung 84 2 0 14 100

Source @ Dinas Tata Kota, Kotamadya Padang.
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Table G-6  Unit Damages per House/Bullding

(Price : at the beginning of June 1983)
(Unit: Rp.10%)
Depth of Resgidence Shop Wayrehouse Farm house

1]
Kecamata inundation

Bldg Prpts Bldg Goods

Bidg Goods Bldg Prpts

Padang Selatan  0,20-0,69(m) 112 244 10 54 4 23 3 14
0.70-1.19 153 345 13 89 5 39 4 19
1.20~1.69 231 388 18 109 9 47 6 20
1.70-2,19 231 410 18 125 9 54 6 20
2,20-2.69 322 432 28 136 12 59 9 21
gediment/erosion 1,669 537 143 190 63 B2 47 25
Padang Barat 0.20-0,69(m) 108 236 21 117 13 70 0 0
0.70-1.19 148 333 28 194 17 116 0 0
1.20-1,69 223 375 39 237 26 142 0 0o -
1.70-2,19 223 396 39 270 26 162 0 0
2,20-2,69 312 417 60 295 36 177 g - 0
pediment/erosion 1,611 518 310 411 189 247 0 0
Padang Utara 0.20-0,69(m) 121 264 6 36 4 23 1 2
0.70-1.19 165 372 9 60 6 39 1 3
1.20-1.69 250 415 12 73 9 47 1 3
1.70-2.19 250 443 12 83 9 54 1 3
$2.20-2.69 349 467 18 91 12 59 2 3
gediment/erosion 1,803 580 95 127 63 82 8 4
Padang Timur 0.20-0.69(m) 185 256 13 45 7 23 2 7
0.70-1,19 279 360 19 14 10 39 4 9
1.,20-1.69 393 406 27 91 14 47 5 10
1.70-2,19 393 429 27 104 14 54 5 10
2.20-2.69 591 452 40 113 21 59 8 10
‘gediment/erosion 1,745 561 119 - 156 63 B2 23 13
Koto Tangsh 0.20-0.69(m) 99 138 20 72 13 47 34 93
0.70-1,19 150 194 31 119 20 78 51 128
1.20-1.69 212 219 43 146 28 95 72 135
1.70-2,19 212 231 43 166 28 108 72 139
2.20-2.69 318 244 64 182 43 118 108 142
sediment/erosion 940 302 191 253 126 165 319 173
Nanggalo 0.20-0.69(m) 110 239 5 27 4 23 6 25
0,70-1.19 150 337 7 45 6 39 8 34
1,20-1.69 226 379 9 55 9 47 12 36
1.70-2.19 226 400 9 62 9 54 12 37
2,20-2.65 315 422 14 68 12 39 17 38
gsediment/erosion 1,630 524 71 95 63 82 86 47
Kuranji 0.20-0.69 (m) 182 166 15 36 10 23 45 Bl
0.70-1.19 302 234 25 60 17 39 75 113
1,20-1.69 444 203 37 73 25 47 110 119
1.70-2.19 444 278 37 83 25 54 110 122
2.,20-2 .69 632 293 53 91 35 59 157 125
sediment/erogsion 1,132 364 95 127 63 82 280 152
Lbk., Begalung 0.20-0.69{m) 108 236 3 18 O 0 7 3z
0.70-1.19 148 333 4 30 0 0 10 44
1.20-1.69 223 375 6 36 0 0 15 46
1.70-2.19 223 396 ] 42 0 0 15 48
2.20-2,69 31z 417 9 45 0 0 21 49
sediment/eroston 1,611 518 48 63 0 0 109 59
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Table G~7

Number of Buildings Submerged in Each Kecamatan

-G.17 -

River Return Padang Padang Padang Padang Koto  Nang- i Lubulk
perlod Selatan Barat Utara Timur Tangah golo Kuranji Begalung
Arau river 2 -yt 0 0 0 0 0 0 0 0
system : 5o yr 0 5,150 180 40 Y 0 0 §]
Block 1/Arau 10 - yr = 1,650 6,440 390 90 0 0 0 0
main stream 25 -~ yr 1,650 6,568 560 220 0 0 0 30
and - £lood 50 - yr 1,650 7,900 560 270 0 0 0 150
relief channel 100- yr 1,650 8,240 570 330 0 0 0 440
Block 2/ 2 - yr 0 0 0 0 0 0 0 0 .
Jirak river 5 yr 4] 0 0 0 0 0 0 210
10 - yr 0 0 0 0 0 0 0 400
25 ~ yr- o 0 0 0 0 0 0 430
50 - yr 0 0 0 0 0 0 0 430
100 - yr 0 0 0 0 0 0 0 430
Block 3/ 2~ yr 0 1,220 160 0 0 0 0 0
Interdor 5 yr 0 6,480 250 4] 0 0 0 0
water area 10 - yr G 8,125 400 100 0 0 0 0
25 - yr 0 8,640 420 170 0 0 0 0
50 ~ yr 0 8,700 490 190 0 0 0 0
100 - yr 0 9,250 770 240 0 0 0 0
Kuranji river 2 - yr 0 0 180 0 0 70 0 0
system @ 5 - yr 0 0 170 .0 0 290 10 0
Block 4/ 10 - yr 0 0 1,580 0 0 1,160 40 0
Kuranii main 25 yr 0 0 2,420 0 0 1,390 150 0
stream 50 - yr 0 0 2,710 0 0 1,390 240 0
. 100 = yr 0 0 2,850 0 0 1,390 340 0
Block 5/ 2 ~yr 0 0 0 0 150 20 10 0
Balimbing 5 - yr 0 0 0 0 410 40 110 0
and Laras 10 - yr 0 0 0 0 610 40 - 160 0
rivers 25 yr 0 0 Y 0 700 420 260 0
50 - yr 0 0 0 0 940 750 310 0
100 - yr 0 0 0 0 1,210 1,130 310 0
Block 6/ 2 — yr 0 0 580 0 0 0 0 0
Interior 5 yr 0 0 1,120 0 0 0 0 0
water area 10 - yr 0 0 1,310 0 0 0 0 0
25 - yr 0 0 1,750 0 0 0 0 0
50 - yr 0 0 1,750 0 0 0 0 0
100 - yr 0 0 1,760 0 0 0 0 0
Alr Dingin 2 -~ yr 0 0 0 0 320 0 0 0
‘river system ; 5 - yr 0 0 0 0 500 0 0 0
Block 7/ 10 - yx 0 0 0 0 810 0 0 0
Aty Dingin = 25 - yr 0 0 0 0 940 0 0 0
river . 50 -~ yr 0 0 0 0 1,420 - O 0 0
100 -~ yr 0 0. 0 0 1,500 0 0 0
Block 8/ 2 - yx 0 0 0 0 50 0 0 0
Interior . 5 ~yr 0 0 0 0 50. 0 0 0
water area 10 ~ ye- 0 0 0 0 50 0 0 0
25 ~ yr 0 0 0 0 50 0 0 0
50 ~ yr 0 0 0 0 50 0 0 0
100 ~ vy 0 0 0 0 50 0 0 0



Table G-8 Number of Bulldings Submerged for Respective Return Perdods
' Unit ¢ number
R Kind of Return period .
ver buildings 2 -yr 5 ~yr 10 -yr 25 - yr 50 - yr 100 - yrx
Arau river Residence 0 4,570 7,260 7,620 8,790 9,140
system @ Shop 0 610 1,010 1,070 1,220 1,260
Block 1/ Warehouse 0 170 230 240 280 280
Main stream Farm house 0 20 70 70 90 110
(Incl, F.R.C) Sub~-total 0 5,370 8,570 9,000 10,380 10,790 _
Block 2/ Residence 0 180 340 390 390 390
Jirak river Shop 0 a 0 10 10 10
Warehouse 0 0 ¢ 0 0 0
Farm house 0 30 60 60 60 60
Sub-total O 210 400 460 460 460 .
Block 3/ Residence 1,170 5,700 7,700 7,820 9,130 9,540
Interior Shop 160 780 1,070 1,090 1,280 1,320
water area Warehouse 40 180 240 250 290 290
Farm house .10 70 70 70 80 110
Sub-total 1,380 6,730 9,080 9,230 10,780 11,260
Total 1,380 12,310 18,050 18,690 21,620 22,510
Kuranji river Resldence 220 900 2,330 3,290 3,580 - 3,760
gyatem Shop 10 40 130 160 170 180
Block 4/ Warehouse -0 10 30 40 50 50
Maln stream Farm house 20 120 290 - 470 540 590
Sub-total 250 1,070 2,780 3,960 4,340 4,580
Block 5/ Residence 150 470 690 1,140 1,640 2,170
Balimbing and Shop 10 20 30 60 80 100
Laras rivers Warehouse 0 10 10 20 20 40
' Farm house 20 60 80 160 260 340
Sub-total 180 560 810 1,380 2,000 2,650
Block 6/ Residence 500 950 1,210 1,455 1,450 1,450
Interior Shop 20 40 60 60 60 60
water area Warehouse 10 10 10 30 30 - 30
Farm house 50 120 160 $ 210 210 210
Sub-total 580 1,120 1,440 1,750 1,750 1,750
Total . 1,010 2,750 5,030 7,090 8,090 8,980
Air Dingin Residence 150 240 370 480 720 760
river system : Shop 30 40 60 70 110 110
Block 7/ Warehouse 10 10 20 20 30 30
Main stream Farm house 130 210 340 370 560 600
Sub~total 320 500 810 940 1,420 1,500
Block 8/ Residence 20 20 20 20 20 20
Interiorx Shop 10 10 10 10 10 10
water area Warehouse 0 0 0 0 0 0
Farm house 20 20 20 20 20 20
Sub-total 50 50 50 50 - 50 50
Total 370 550 860 990 1,470 1,550
Grand total 2,760 15,610 23,940 26,770 31,180 33,040
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Table G-9

Numbar of Buildings Submerged by Depth of Inundation

(Unit : number)

River fﬁﬁﬁgazfon 2-yr S-yr 10 -yr 25 «yr 50~ yr 100 - yr
Arau river 0.20 - 0,69(m) 0 3,120 3,900 2,620 3,180 3,600
system ! 0.70 - 1,19 0 1,260 2,800 4,160 4,310 3,890
Block 1/ 1,20 - 1,69 0 990 1,870 2,220 160 0
Main stream more than 1,70 0 0 0 0 2,570 2,810
(Incl, F.,R.C) sediment/ercston 0 0 0 .0 180 490

Total 0 5,370 8,370 9,000 10,380 10,790
Block 2/ 0,20 - 0,69 0 10 10 70 70 70
Jirak river 0.70 - 1,19 0 200 390 390 390 390
1.20 - 1,69 0 0 0 0 0 0
more than 1,70 0 0 t] 0 4] ¥
gadiment/eroaion 0 0 0 0 0 0
Total 0 210 400 460 460 460
Block 3/ 0,20 ~ 0.69(m) 1,380 5,120 6,850 2,510 3,370 3,690
Interior 0.70 - 1,19 0 1,270 1,870 6,360 7,050 7,210
water area 1.20 - 1,89 0 340 360 360 0 0
more than 1.70 G 0 0] 0 360 _ 360

_ gadiment/erosion 1,380 6,730 9,080 9,230 10,780 11,260
Kuranii river 0,20 - 0,69(m) 250 990 970 1,320 1,570 1,770
sygtem ! 0,70 - 1.19 0 0 1,700 2,000 2,020 2,020
Block 4/ 1.20 - 1,69 0 30 30 500 580 580
Kuranji main  more than 1,70 0 50 80 60 60 60
stream gediment/erosion o 0 0 80 110 150

Total 250 1,070 2,780 3,960 4,340 4,580

Block. 5/ 0.20 - 0,69(m) 180 390 560 750 970 1,150
Balimbing and 0.70 - 1,19 0 0 80 420 650 1,110
Laras rivers .20 - 1,69 0 120 120 120 170 180
morae than 1,70 0 50 50 0 120 120
sadiment/arosion 0 0 0 90 S0 90

) Total 180 560 810 1,380 2,000 2,650

Block 6/ 0.20 - 0.69(m} 580 1,120 1,310 1,350 1,350 1,360
Interior 0,70 - 1,19 0 0 130 80 0 0
water area 1.20 - 1,69 0 0 0 320 400 400
mora than 1,70 0 0 0 0 0 ¢
sediment/erosion 0 t] 0 0 0 0

Total 580 1,120 1,440 1,750 1,750 1,750

Air Dingin 0,20 - 0,69(m 320 500 660 580 480 550
river system : 0,70 - 1,19 0 0 0 0 170 180
Block 7/ 1.20 - 1,69 0 0 0 0 0 0
Alr Dingin more than 1,70 0 0 150 0 0 0
sadiment/erosion 0 0 0 360 770 770

Total 320 500 810 940 1,420 1,500

‘Block 8/ 0,20 ~ 0,69(n) 50 50 0 0 0 0
Interior 6,70 - 1.19 0 0 50 4] 0 0
water area 1.20 - 1,69 0 0 0 50 50 . 50
more than 1.70 ] 0 0 0 0 Y
sediment/erosion 0 0 0 0 0 0

Total ' 50 50 50 50 50 50
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Table G~10  Number of Houses/Buildings Suﬁmarged for Respective Return
Perdod in 1991
Unit : number
Civer Kind of Return period
e bufldings 2-yr S-yr 10-yr 25-yr 50-yy 100-yr
Arau river Residence 1,170 12,140 17,490 20,940 21,250 22,660
system Shop 160 1,450 2,330 2,780 2,810 2,950
Warehouse 40 320 520 640 640 670
Farm house 10 60 140 140 160 230
Sub-total 1,380 13,970 20,480 24,500 24,860 26,510
Kuranji . Residence 1,100 3,000 5,820 6,860 7,410 8,060
river Shop 50 140 260 300 320 350
system
Warehouse 20 40 80 90 100 110
Farm house 70 240 400 560 680 820
Sub-total 1,240 3,420 6,560 7,810 8,510 9,340
Air Dingin Residence 210 690 860 980 1,040 1,250
river '
system Shop 30 80 110 120 120 150
Warehouse 10 20 30 30 30 40
Farm house 150 200 330 280 310 400
Sub-total 400 990 1,330 1,410 1,500 1,840
Total 3,020 9,220 28,370 33,720 34,870 37,690
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Inundation Area Classified by Flooding Causes

Fig. G- 1
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