¢. Gunung Nago left power plant
d. Gunung Nago right power plant,

Hydroelectric Power Generated

The irrigation wvater is used for electric power ‘generation,
According to the annual rainfall data at Tabing station, the year
1982 was the draughteat in recent 7 years since 1975. The flow
duration of the irrigation canal 1in 1982 4is adopted as’ an available
watef,for‘pOWer generation. The 75'dayldependable discharge is
assumed.to'be'the maxlmum available water to estimate.the maximum

‘generator output,

Based on the canal profile and flow duration, the maximum output
and annual production of electricity are estimated as shown in Table

ll -1,  The results are summarlzed as follow :

' L. Manis L. i ;
Ttem Manis L. Manis G. Nago G. Nago

_ 1 2 S left right
Leading chan. length (m) 217 358 250 301
Peastock
Length : 21 20 10 13
Diameter (m) 0,50 0.50 0,85 .90
‘Total head (m) 11.6 11.0 5.2 6.8
Max. output (kw) ‘ 105 .97 128 194
Annual productlon (MWh) 1385 357 462 640

11.3.3 Utilization of Electricity

" Near the'Limau Manis ~1 and 2_plant siteleel. JaWa.Gadut having
. ab6Ut l70eﬁ0ﬁ56holﬁs'éxi3t5. The village is not electrified yet. The
_nvillage has a scheme to- construct a diesel electric power plant

. within a frame of Bantuan Desa (Bangdes) Project for the year 1983/84
| by Kotamadya Padang. The diesel plant will have capacity 15 kw and
 the scheduled budget is Rp. 1, 400 000, 1In addition, the ﬁewly con-
strucLed PLTG Bandar Buat is located in. about 4 km distance.

_ Kel. Paear Barurwhich is lOcated along Gunung Nago left irri-
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gation canal has been already electrified,

Kp. Kuranji located near the Gunung Nago right power plant on
the opposite side bank of Kel..Pasar-Baru-crossing the Kuranji river
has around 1,500 households. The village is not electrified yet.
According to the village office, there is no'electrifiéatioh scheme
.at present, However the village could be electrified by the PLN
system, since the PLTG Bandar Buat is located only about 2 km épart.

Judging from the circumstances mentioned above, the-mini—hydré—
electric power projects in these sites are not deemed to be of'higher
priority at present. From the viewpoiﬁt of development of nafural
energy ﬁnder the diffiéulty in acquisition of o0il, the project might
be taken up in future for electrification of agricultural works as

well as willage houses.
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Table

1.1 (D,

Member List of Advisory Committee, Study Team

and Counterpart Personnel

Advisory Committee

1. Mr. Youichiro Yano

2. Mr. Toyotake Kawami
3. Mr. Koulchi Yamamoto
4. Mr. Kazunori Yoshioka
5. Mr. Ryota Oﬁo

Study Team

1. Mr. Hiroshi Ono

2. Mr. Masao Matsumura
‘3.  Mr, Toshio Terashima
4o Mr. Tokio Imai

5. Dr. Masahiko‘oya

5. Mr.'uﬁasaﬁiko Nakagémi
7. Mr. Noboru Jitsuhiro
8. Mr, Ryoéaku_Nagata

9. Mr. Yoshiaki Ishizuké
0. Mr, Kazuhiko Takebayashi
Li. Mr, 'fakayﬁki Nobe

Chairman of Committee
Advisor
Advisor
Advisor

Coordinator

Team Leader/River Planner

" River Engineer

Hydrologist

Surveying Guidance Engineer
Geémorphélogist _
Engineer for Ceology & Soil-Mechanics
Engineer for Water Resources Development
Structure Engineer

Proiect Economiét

Engineer for Urban Drainage

" Construction Planner
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Table 1.1 (2) Member List of Advisory Committee,

Study Team and Counterpart Personnel.

Counterpart Personnel Group

.
.
.
.
-
.

1
2
3
A
3
6
7
8
9

10.

1.
12
13,
14,
15,
16.
17.
18,
19.

Mr.

Mustafa Ibrahim BIE

Drs. Joesni Raalin BIE

Mr.
Ir.
Ir.
Ir.

Ir.

' Mr.

Ir.
Ir.
Mr.
ir.
Mr;

Irf

Ir.
Ir.
Ir.
Mr.

Drs.

Asnawl Marzuki MSc
Koesdayat

0.1I. San

Bambang Priyambodo
Suttisno

Herdy Pangow BE
Wagiono
Bambéng_Sulistiybno
Ishak.BE

“Agus Sutlyanto

Hendarman BE
Muryanto
Irfan

Sudarwanto

D. Mujahit Hasbullah

Rachyadi BE
Suchyar

Project Manager

Project Manager
Counterpart Coordinator
Team Leader/River Plannér
River Engineeé

River Engineer
HydroldgiSt

Hydrologist

Surveying'Engineer

© Surveying Engineer

Geoiogiét

Water Resources Engineer

Water Resources Engineer

Structuré Engineer
ProjéctaEEonomist
Project Economist
Pfojeét'ECOhoﬁisﬁ'
Eﬁéindér for Urban Dféiﬁége

Construction Planner.
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Table 3.3. Probable Rainfall Depths at Tabing Station

Return pexriod ' Probable rainfall depth

(year) ()

1 day rainfall

162.9
5 219.6
10 257.1
25 ‘ 304.5
50 339.7
100 y ' 374.6
2 ‘day rainfall
_ 196.,1
5 ' ' 256.5
10 296.5
25 o 347.0
50 384.5

100 | 421.7

Note : Gumber Method is used for the ahalyéis
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Monthly Mean Daily Discharge

Table 3.4

(Tmit - msfs)

Sept..

Nov. Dec. Ave.

Oct.

Aug.

July

June

May

Apr.

Mar,

Fab

Jan .,

Year

él

Lt. Begalung

16.8

15.0
~17.5

8.3
18.6

8.8

14.2

6.6
12.0

1972

1z.¢

8.7

13.1

7.9
11.4

18.5
10.4 11.2

4.8
21.4

6.9 14.7
16.6

7.3
9.5
9.0

978

13.5

16.8 $.5 27.0 9.5
16.2 26.1
17.7

11.6

13.1

9.0

7.0
7.1
5.5

1979

25.2 14.2

25.7

5.4
27.0

10.9

19.3

2.1
7.1
8.2

1980

8.2

17.3

40.7

18.9 5.1
9.8

i5.3 13.3
13.3 11.0

8.3 23.4

8.5

1981

19.9 22,1 15.8 13.5

15,2

12.3

17.2

8.6

Ave,

24,1 22.5 23.3 31.0  78.0 40.6  34.0

23.9 32.3
25,2 23.6

33,8 33.5  21.4 43.0
18.7 12.4

/2

Gunung Nago
1979
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9.0 34.0
26.6

22.4

24.9

38.6
26,5

17.8

21.9

1980
1981

20.9  28.9 18,2 18.2

3.8
0.0

12.2

15.8

1.2
30.0

5.3
5.6

"14.8

10.2

9.4
21.0

8.9 18.9
38.6

2.4
29.6

g.5
14.9

0.0
16.2

0.6
21.8 17.2

198.2

22.9

3.5
17.4

1982
Ave.

19.4

32.8

17.6

Minturun

Lb.

9.5 11L.3 11.9 . 34,4 18,4

9,6 10.7

5.5
16.5 12.8"

1979

31.6  44.0

22.7

11.4

9.4
14.4

6.4 11.3 19.8

10.6

11.6

L 17.3

10.7

13.2

1980

32,7 24.6 5.3 16.1

16.1

8.8

16,8 12.1
16.7

20.0

8.1
27.6

1881
1982~
Ave .

5.6  1l.4 13.0

10.9

6.1
0.2

9.8

17.3

14.6

10.1

6.9
9.1

25.9 25.9 15.3

19.7

1

13.9 11.1

10.5 15.7 19.0

11.6

Note

Discharge at the downstream of the weir

-
-

/1

Discharge overflowing the weir

/2



Table 3.5 Carrying Capacity of fxisting River Chamnnel

: 3
Channel Carrying  Capacity (m”/s)
Bank ful. with 1.0 m
fraeboard
1. Arau:River :

- Rivermouth -~ Jirak river 300 ~ 500 =
Jirak river - diversion weir 300 - 600 -
Flood relief channel 450 -~ 800 300 - 600

2. Kuranji river
Rivermouth -~ Nanggalo Br. - 400 - 500 =
Nanggalo Br. - AWLR St. BK 3 300 - 600 -
Balimbing river :
Kuranji r. - Laras r. 50 - 100 -

- Laras r. - Kp. P.Ratus 20 - 100 -

3, Air Dingin river :
Rivermouth - Koto Tuo weir 200 - 550 ' -
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Table 3.6 Dresent Land Use in Objective Area for the Study

Residencial Paddy Up-lgnd . Open  River Total
Recamatan area field craps land
area

padang Selatan 247 87 0 3% 57 425
padang Barat 667 0 0 0 11 678
Padang Utara 305 398 6 66 22 7197
Padang Timur 501 243 | 7 5 20 776
Koto Tangah - 227 910 - 150 1,804 98 3,189
Nanggalo 211 852 175 92 87 1,417
Kuranji - 514 1,882 88 93 76 2,653
Pauh 98 550 8 - 4 22 682
Lbk. Kilangan 70 129 it 8 32 250
Lbk, Begalung 525 857 16 93 62 1,533
Total 3,365 5,908 461 2,199 487 12,420

Z 27.1 47.6 3.7 17.7 3.9  100.0

Note i1 Open land includes areas of sea shore, fallaw area, wasted area,

etc.

Source : 1/5,000 topographic map, 1/5,000 aerophoto in 1981, and

information from local people.
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Table 5.4 Design Discharge of Rivers in Indonesia

Catchment Design  Return

NO. Name of River Province Areg Flgod Period
(km™) (m”/s) (yr)
1. Sungai Cimanuk West Jawa 3,006 1,440 25
2. Kali Seramg Central Java 937 900 25
3. Sungai Citanduy West Jéwa_ _ 3;680 1,900 25
4. ‘Sungai Ular North Sumatra _1,080 _ 800 30
5. Kali Pemali Central Jawa 1,228 1,300 25
6. Sungail Cipanas West Jawa 220 385 25

7. Bengawan Solo : Centr#l/East

_ Jawa . 3,320 2,000 40
8. Kali Madiun East Jawa 2,400 2,300 40
9. Sungai Wampu | North Sumatra 3,840 1,320 20
10. -Sungai Arakundo Aceh 5,495 2,100 50
11, Sungai Krueng Aceh Aceh 1,775 1,960 50
12, Kali Brantas ' East Jawa 10, 000 1,500 50
13, Sungai Bah Bélon North Sumatra 2,776 1,200 20
14, Sungai Walanae South Sulawesi 3,190 2,900 20
15. Sungai Bila . - South Sulawesi 1,368 1,900 20
16.  Sungai Jeneberang - South Sulawesi 729 3,700 50

Data Source : Directorate of Rivers, DGWRD.
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Table 5.5 Probable Flood Discharge at Major Sites

( Unit : m3/s )

Locat ion Return Period (year)
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
'Kuranji River
Gunung Nago - 363 439 570 676 790
Kp. Melayu | 377 453 574 675 774
After Confluence of Balimbing R. 639 768  926. . 1055 1169
Rivermouth | 669 805 992 . 1131 - 1245
Triburarz
Balimbing R. 258 307 366 405 447
Laras R. 67 80 98 130 123
Adr Dingin River
Lb. Minturun 342 411 539 635 734
Rivermouth 386 464 560 653 758
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Table 5,7 Construction Cost for Proposed Comprehensive Plan

Local currency Foreign currenqy Eq. Total

Item

(Rp. 10 ) { Us$ 10 ) (Rp.lO ).
I. Civil Works 16,074.4 36,874.7 51,843.1
Arau river 3,435.2 6,551.0
¥lood relief channel 5,762.2 11,993.0
Ruranji river 5,107.4 13,338,5
Air Dingin river 1,769.6 4,992,2.
II. Land.Acquisition and
House Compensation _ 2,390.4 - 2,390.4
Arau river 860.3 : ~
Flood relief channel 577.2 -
Kuranji river - 683.8 -
‘Air Dingin river . 269.1 -
TII. Total ( I + ITI ) 18,464.,8 36,874.7 54,233.5
IV, Engineering an?
Administration 2,769.8 5,531.3 8,135.2
2 .
V. Contingencyé‘ 2,258.4 _ 5,190.0 ©7,293.3
VI. Grand Total 23,493.0 47,596.0 69,662, 0

Note : 1. Price level at the béginning of June '83 was applied'
2. Conversion rate : US$ 1 = Rp. 970 = ¥ 240
3. The following lump sum costs were applied

for /L 15 % of the total costs of civil works, and land
acquisition and house compensation

/2 10 %Z of the total costs of civil works, land'
acqul&iLiOn and house compengation, and engineering
and administration
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Table 7.1

Estimatad Unit Construction Costs

Horks

Unit

Unit Cost .Ll

Local ¢ Foreign C. Eg. Total
(Rp.) (Uss) (Rp.}
Excavation
I (high water channel) m3 499 1.50 1,954
II (major bed) " 294 1,78 2,021
for rock- ' " 1,700 6.00 7,520
Dredging " 801 3.54 4,235
Transportation n 788 2.13 2,855
Embankment

I (new levee) w3 425 1.51 1,889
- IT ({strengthening) " 456 1.07 1,494

Wet masonry revetment _

I (high water channel) m? 9,685 13.31 22,596

IT (low water channel) " 11,410 13.74 24,739
Dry masonry ' " 7,453 9.32 16,494
Gabion m3 7,712 14,49 21,766
Riprap m3 13,709 10.83 24,215
Groin " 7,712 14,49 21,766
Sod-facing m2 320 0.17 485
Drainage culvert : _

I (1.5x1.5z 1) nos 15,200,100 22,726 37,244,320
I (2.0x 2,5 % 1) n 22,444,000 35,023 36,416,310
IIT (2.0x 2.5 x 2) " - 32,120,000 49,6065 80,295,050

Bridge (R.C) ml 173,730 274.82 440,306
{Metal) n? 201,352 543,82 728,858
Fier protection for _
exigting bridge (riprap) m3 13,709 10.83 24,215
Drop structure place 87,196,000 192,581 212,889,570
Groundsill works m 474,462 424.91 886,620
Diversion weir _

Flood relief chanmel l.s 317,914,110 508,496 811,155,230

‘Arau river (urgent) " 246,874,420 229,963 469,938,530
Syphon : _ Place 31,263,100 45,067 79,978,090
Disposal of excess soll m3 : 176 0.81 963
Excavation of rock "

Punping station . _ :

I (3.5 m3/s) 1.s 435,000,000 1,661,000  2,046,170,000
SIT 2.0 w3/s) " 359,000,000 1,401,000 1,717,970,000
Ingpection road (gravel
metaling) u 2,622 3.03 5,362

970 = ¥ 249

Note /1 ; US$1 = Rp.
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Table 7.2 Constructlon Cost for Proposed Urgent Flood
Control Project

Foreign currency Eq.Total

Item Local currency
(rp.10%) wss 10%)  (rp.10%)
I.  Civil Works 9,627.1 22,779.8 31,723.7
Arau river 1,311.8° 2,581:6
" Flood relief channel 4,502.6 10,145.2
Kuranji river 2,982.7 7,937.9
Air Dingin river 830.0 2,115.1
1I. Land Acquisitidn and
House Compensation 1,819.9 - 1,819.9
Arau river . 489, 4 -
Flood relief channel 577.2 -
Kuranii river | - 528.2 -
Air Dingin river 225.1 -

Ifl. Total (I + II ) 11,447.0 22,779.8 33,543.6
1v. Administration’l 1,144.7 - 1,144.7
V. Engineeringég 840.6 5,680.8 6,451.0
VI. Contingencyl® 1,353.7 2,846.4 4,114.7

VII. Grand Total 14,886.0 31,307.0 45.254,0

Note : 1. Price level at the beginning of June '83 was applied

2. Conversion rate ;

US $ 1 = Rp. 970 = ¥ 240

3. The following lump sum costs were applied:

for /1 10 % of the eivil works cost

{2 10 % of the total local component of- civ11 works,
and land acquisition and house compensation -

/3 10 % of the total costs of civil works, land

acquisition and house compensation, and engineering
and administration \

4. Cost for civll works lncludes costs for”preparatdry works
(8 Z of direct civil works) and miscellaneous works (10 %
The cost for miscellaneous works includes

cost for telemetering facilities to establish flood fore-

of civil works).

casting system in future.
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Table 9.1 Eeonomic Cost and Benefits Flow for
Urgent Flood Control Project

Unit: Rp. 106

Year T qugpﬁic cost
in  Year Construction Replacement 0 & M Total Benefit
order cost cost cost
1 1985/86 1,323 . - 1,323 -
2 1986787 1,234 - - 1,234 -
3 1987/88 6,731 - ~ 6,731 -
4 1988/89 9,672 - - 9,672 -
5 1989/90 10,545 - 25 10,570 1,223
6  1996/91 10,545 - 75 10,620 3,669
7. 1991/92 3,628 - 125 3,753 6,116
8  1992/93 - - 150 150 7,339
11 2015/16 - - 150 150 7,339
32 2016/17 -~ 1,191 150 1,341 7,339
33 201718 - 1,191 150 1,341 7,339
3 2018/19 - 1,195 150 1,345 7,339
35  2019/20 - - 150 . 150 7,339
5; ' 2041/42 - - 150 150 7,339
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Table 9.2 Required Fund for Proposed Urgent Flood ‘Control Project

F.C
Description (Riicloﬁ) Esggizigunt (§0t?%6)
' (Us $ 103) P
1. Land acquisition 1,819.9 _ - 1,8i9.9
2. GCivil Works 9,627.1 22,779.8 31}723.5
(1) Arau river 1,311.8 2,581.6 3,816.0
(2) Flood relief Channel 4,502.6 10,145.2 14,3434
(3) Kuranji river 2,982.7 7,937.9 10,682.5
(4) Adr Dingin river 830.0 2,115.1  2,881.6
3. Administration 1,144.7 - , 1!144;7
4. Engineering services 940.6 5,680.8 6;451;0
5. Total (1 to 4) ©13,532.3 28,4560.6 41,139.1
6. Physical contingency 1,353.3 2,846.3 4,114,2
7. Total (5 + 6) 14,885.6 31,306.9 45,253.3
8. Price contingency 17,600.0 12,441.2 29,668.0.
9. Grand total 32,485.6 43,748.1 74,921.3
Remark : (1) Price escalation rate for F.C portion : 6 %

(2) Price escalation rate for L.C portion :15 %

(3) US §1 = Rp. 970.
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Fig. 1.1

Organization of Study

Directorate General Japan
of Water Resources [nternatlonal
Development (DGWRD) Cooperation
: S Agency
Director General (JICA)
Coordinaiﬁ?“—
‘Director of Rivers
_ Advisory
' _ Committee
- DPU, West
Sumatra Prov,
(Assistance for
Technical and
lGeneral Affairs)
Project MONGGEr |ewme—wad L€00Er OF
- e Study Team
Counterpart
“Coordinator
leader of
Counterpart Personnel
~ Team
Counterpart ] Experts
Personnel

- 97 -




OEHoT 3

IQEOO(H 3

s ¢fs5

s o

E

C M

wn

e ]

oy 2
o

- u
N

L=

s g%’
_“.1

“Isohyetal Map in the Basins

Fig, 3.1

O£, 0013
r“"J,
R
’!
I
r
<
N
i
1
L
A
1
52 00t 3
\g
3 |
a .
= B N
wl ¥ Y
] 7 :
L & .
oo 3 K k] ' 'y -1
% % - & <
v @ @ .o

I

- 98 -




(mm?)

Reinfall

Flg. 3.2 fonthly Rainfall at Tobing Statlon

1400

1200

1000

800} .

600 -

yoof
5 |
2008 __ Molmm 1 t-n._]
| eed ™ n P
I R
[ Honth { ST FIRTATATIJTITATSTO] N]D

Fig. 3.3 Monthly Mean Daily Dlscharge

?:2 Lubuk Minturun
E W0p (A -115.7 km?)
S
[ =)
- _ Mve. =153 r' mmmmm
= m-ﬂ_;j‘”ir:1—*1__‘__t__rm
Ctlonth [ JTFTHTATHIOTITAT ST O N D
60
- Gunung Nago
R (A =120 km?)
E o
g
[
2
2
a
{oontn [ JTFTHTATHId U Al ST 0wl
60 .
. Lubuk Begalung (A =116 km?)
o (downstream the weir)
E 4
&
g
a
a
[ Honth [JTFIHIAJHR]TJITATS]OTH]T

- 99 -






E100°20

Fig, 3.4 River Basin

2.130°30'

G.Lantik 1702
A

-’”’f'// \\.\\\\

I

8.0° K
s0°%'
A 3 Hawang
o {1527
G. Karabang s C . )
1126 / ) C (
H o \ G, I‘mjau Lant
f : o . T gss0
T gy T PRER ( T 1530
/ s . . \ G .Bongsu

.\ S / | : o Qs
R /o 5
: g Lo _ . 7 /T saesp

——4G Balang ,—/

J RS N
! .{:?" \@{Q > G Sikai
L A YT
¥ Q‘D'e;a? ’ E (
9@ S ’ _
5“,11\3\1\‘L . (
51 mrand . \
s f G\.Eoiak
o N 4
5.0°55' ,\bf_\’*s / G.Sugirik A
) 2> ¥ . . ’ 8.0°55'

=
<
Let
o
o
=
<
N ' T waeggh .
1w & : L !
pd 3 < _ (
O : : :
) J ;
= ,—-\ f'\ e G, .f_’._aitu Terjarang J
G. Tara.tak tﬁ\SUU
5.1°00" 65
51700 L L !5“43“ 81700’
G Kuduk Jawi
Legend
- Railway
River
—-—  Basin boundary

8 =Y SCALE

3 = 0 1 2 3 4 bk

— E R RRRRART T T Bl

Fel =]

~ 100 -






Elevation {(m)

Elevation (m}

Elevation (m)

2000

1500

:

Fig.

Arau Rwver and its

3.5 Profile of Rivers

Main Tributariaes

:

2000

]
15 20 25 30

gi

Distance from River Mouth (Km)

Kuranji River and its Main = Tributariss

1.5001 o

8

-

5 G

‘Distance from River Mouth (Km)

Air Dingin River and its Main Tributaries

] T ] T
s
1500}
1000
_500—
__.-:n-’"| N 1 |
0 é 10 1% 20 25 . 30
Distance from River Mouth {Km)

- 101 -

172
1/5
110
720

1/%0
/ 12100
[Fle e

Slope



Fig 3.6 Existing Drainage System in Old Urban Area
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Fig. 3.7 Existing Drainage S_ysfe'm in New Urban Area
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Fig. 3.8 Diversion Weir at Lubuk Begalung

Arau River
[ ——_

15.895

] =
-] 0 _ .. BS4n
1 - ‘ . _..5.515
it , 0,078 { I
| +8.230
[70

A— A _
. : 85000 .
X - 3.500 5l ” 500 eoed” TTsw o
. J'_; f[sge - 1shh | Ls‘ﬁbJ 1. ' 60 2500 $7.000 _—Il_ aoou__i
B i o

—

EEEE T e e T

6.209 4,500 6.700 9,500

- 104 -




Fig. 3.9 Existing Groundsel at Downstream of
Lubuk Begalung Weir '
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Fig. 3.10 Location of Existing Bank Protection Works
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Fig. 3.1t lLocation of Existing Drainage Facilities
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Fig 3.14 Schematic  Geomorphologic  Profile
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Present Water Balance

Fig, 3,18

| avaliable
Requirement

| Water
1 Water

_ /////D_
// 9

—,,.” //ﬂ,,,,_w

o

Gunung Nago

10tKuranji R,

Sunaai Guo
G,Balimbing R,

4
2t
0

12

(/W) °BJDUISIQ UD3Y ATUIUOH

TJTITATSTOINTID ]

- 112 -

JIFIMIA

Lb, Sarik

glArau R,

10¢-
0



Fig.4.1  Padang Kampung Improvement Program
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Fig, 4.2 Existing Drainage System in 0ld Urban Area
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Fig 44 City Development of Paddng in 2003
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Desigh Flood Discharge for"Al_terndrive Schemes
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Fig. 5.4 Desian Flood Discharge Distribution
for Proposed Comprehensive Plan

guafali |
¢n alinan Koto Tuo
Bridge Irri, Welr
650
S AT Dingin River
Retarding Basin
e 30
60 r“—“*-
5 b ] Pocch
| 100
Tungaul o Laras River
Hitam Br, = ‘
Elak | 300 260 .
arang o7 - X
Bridge o Balimbing River _ E?%ggg Kanan

Nangqolo

Indonesian Ocean

: _“~3// Kalawl
Kuranji River \\\\“:EEL\~\ Brldge_ g??gnowgggo

KuranJl River

: 600
Flood Relief Channel &%5 S, flaru
o Bridge
" \& F
Seberang y Bypass
- Padgng Br. ' Roqd, Br,
500 || 450 300 800 800
Arau River géY?rSlon Arau River
_ Road, Br.
180 moJ 100]

Jirak River

~ 119 -



Fig. 5.5 Propésed Alignmenf of River Channel for Comprehensive Plan
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Fig. 6.1 Flood Discharae Distribution
for Urgent Flood Control Project
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Fig, 6.2 Proposed Alignment of River Channel for Urgent Flood Control Project
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Fig, 7.1
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Fig. 8.2 Organizatlion Chqrt for implementation of the Project
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Benefit

Fig. 9.1 Sensitivity of IRR of U_rgem Flood Control  Project
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Fig.10.1
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ANNEX

LIST OF REFERENCES AND DATA

(1) Topographz '

1. Land Use Map 1n July 1976 with scale of 1/5,000 ; P,T. Ceojaya
Tehnik, Jan, 1977.

2, Aero Photograph in 1981 with scale of 1/5,000 ; P.T..Geojaya
Tehnik, 1982,

3. River.Profiles in 1973 ; P.T. Indah Karya,

- -Arau River
- Flood Relief Channel

4. Rive'r'Prbfiles' in 1979 ; P.T. Arga Bumi Raya.

- Kuranjj River
- Balimbing River
- Air Dingin River

5. River'Prpfiles in 1982 ; P.T. Virama Karya,

- Arau River
= Flood Relief Channel
- Kuranji River

6. Rivef Profiles in 1983 ; C.V. Surya Kencana.

~ Arau River _
- Flood Relief Channel

(2) Meteorology aﬁd'Hydrolqu

1. Meteorologica1 Data at Tablng Padang Station since 1971 ;
Meteorology and Geophysics Center,

2. Meteorological Data at Gunung Nago Station since 1976 ;
© © Meteorology and Geophysics Center,
3. Rainfall Data at Tabing Station since 1948 ; Meteorology and.
Geophysics Center.
4. Streamflow Data since 1976 ; D.P.U., West Sumatra.

5. Tide'Levéi‘Daté'at Teluk Bayur sihée 1975 ; Port Administration
of Teluk Bayur. '
6, Pékerjaah'Survey Hidrometri dan Sedimentasi Sungai Batang Arau

& Batang Kuranji di Propinsi Sumatera Barat ; P.T. Indah Karya,
Dec, 1981 :

7. Padang Water Supply Project Feabibllity Study and Detailed
Engineering Lahmeyer Internat:onal Nov, 1982,

8, -West Sumatra Design Tnit ; Sir Willlam Halcrow & Partners,
' - Beport on Regional Rainfall Characteristics of West Sumatra,

May_1980
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(3) Socio-Fconomy & Statlstlcs

1.

2.

10.

11.-

12.
13.

14,
15.
16;
17.
18.
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A GEOMORPHOLOGICAL SURVEY MAP OF PADANG CITY AND
SURROUNDING AREA IN WEST SUMATRA SHOWING
CLASSIFICATION OF FLOOD STRICKEN AREAS

1. Necessity of Geomorphologlc Land Classnflcatlon in Development Plan of
Area

When the development plan of the area is made, the planner must know the natural
environments of the area in detail. The natural environments consists of geomorphology,
climate, hydrology, etc. The relatlonsmps between geomorphology, hydrology and human
activities are close. For example in motintainous regions, the topography was formed by the
upheaval ground movement and changed its feature by erpsionhal action caused by torrential
rainfall, ete., The change of topography results in natural disasters for the people Iwmg
there. The geomorphology shows the history of the natural disasters in the aréa in the past.
If the plan is suitable for the natural development process of the topography, natural dis-
asters will not occur; hut if the plan is not suitable, natural disasters will ocour,

2. A Geomorphologieal Survey Map of River Basins Showing Classification of
Flood Stricken Areas

After World War 1 Japan was facing the twin problems of food shortage and flood

hazards. The staple food of the Japanese is rice, which is mainly grown in the alluvial plains

‘ devastated by frequent floods caused by typhoons. Hence, the knowledge of the topo-
graphy of the alluvial plains became necessary not only to increase rice yield: ‘but to minimize
‘flood damage. Fortunately, the Japanese geographers took great lnterest in the study
of alluvial plains which was greatly facilitated by the availability of aerial photographs, This
gave birth to the geomorpho!ogical survey maps of the river basins which were not only used

" for controlling floods and erecting embankments but also for proposing land use, bridge
sites, etc. .

A geomorphological survey map of river basins enables us not only to estimate the
nature and extent of past floods but to predict the|r future trends as well with regard to the
extent of the area submerged, the length of time in which an area would be under water,
depth’ of the standing water, direction of flood current, changes of the river course, pos-
sibilit\/ of erosion, deposition and numerous other details, The reasons why such a survey
map helps in indicating the flood types are that the relief features of a plain and its sand

“and gravel deposits have been formed by repeated floods. Consequently, the micro-topo- .
graphy of the-plain and its sand and gravel accumulation well preserve traces of past floods.

Geomorphologmal features such as terrace, valley plain, alluviat fan, natural levee, back-
swamp, delta, etc., influence the extent and nature of flooding. For example on the alluvial
fan erosion and deposition of sands and gravels are common, changes of river ghannel are
frequent, flood waters drain off quickly, on the natural levee depositions are mostly of
sand, flood waters drain off well' but in a back-swamp and delta the water is generally deep
-and remains stationary fora long time leaving a thick mantle of silt and clay.

This clearly exhlbits that by ciassifying the geomorphological configuration of areas

- which subject to frequent flooding one can define not only the types of past floods but
their future trends as well:

As has been mentioned above, theoreticatly, we can predict the state of floodmg utilizing
the Ge_omorpholog:cal Survey Map of the River Basin Showing the Classification of Flood



Stricken Areas, But the phenomena of the natural environment are complicated.

Incidentally, the tsewan Typhoon proved the acocuracy of such a Geomorphologtcal
Survey Map of the River Basin Showing the Classification of Flood Stricken Areas. The
southern part of the Nobi Plain {Nagova Gity is located in the plain} was devactated by the
high tide caused by the Isewan Typhoon, in 1959, . . _

As a resutt of the disaster striking the city of Nagova and its vicinity some 5200 persans
were drowned and about 530,000 million yen (about $. 1.472.000.000) worth of property
was |ost,

' _ The high tide attacked the area four years after the preparation of “A Geomorphoiogacai
" Survey Map”. Then the high tide proved 1o be a test of such maps on thé largest scale and of
the greatest value. It was found that actual floodlng was almost exactly the same as pre-
- dicted in the map with respect to the area of submersion and depth and duration of inunda-
- tion. :

Fig. 1 shows the Geomorphologmal Survey Map of the Kiso Rtver Basin (Nobi Plain).
There are fans formed by the Kiso, Nagara and Ibi Rivers:in the northern part of the' Nobi
Plain. We see three or four distfnci natural levees from the fan to the city of Nagoya and
Tsushima These natural levees show the ancient main course and branch courses of the

Fig. 1 GEOMORPHOLOGlCAL LAND (:LASS!FIGAHON MAP OF THE NOBI PLAN
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Kiso River before the 15th century., Back- -swamps occupy the spaces between natural levees,
We sae the delta from the natural leves to the south, the reclaimed land constructed
since the 16th century afong the coast of Ise Bay and the artificial fields filled in along the
c1rcumference of Nagoya Port. The ground level of the delta is almost in accord with sea
teval, and the area of ground in the Nobi Pilain below sea level covered 185, 4Km in 1959,
We could notice the close re!atlonshlp between the high tide and topographv in.many
cases.  Especially, the area of inundation was just the same as the area of the delta. The
extremity of the influx was seen at the boundary of the delta, i.e, the line connecting the
city of Nagoya with Tsushlma‘ _ _
The routes of high tide and flood-type were decided by the land-forms. The forecast
of the state of flooding in the aluvial plain was possible on the basins of the relatlonshlp
between the hlgh tide caused by the 1se Bay Typhooit and land-forms in the Nobi Plain.

After preparation of the Geomorphologlcal Survey Map of the Nobi Plaln Showing the
Classification of Flood Stricken Areas, not only of many important plains in Japan but afso
of the Vlent;ane Plain along the-Mekong River and the Branmaputra-Jamuna, Ganges Plain in
Bangladesh were also provided respectively,

3. A Geomorphclogiea! Survey Map of Padang Clty and the Surrounding
Area in West Sumatra Showmg Ciass:ﬁcatlon of Flood Strlcken Areas

The wrlter {Dr. Masahlko OYA) partmlpated in the study team on the finod control
works of the’ Padang Area Flood Control Project. organized by the Japan lnternatiohal
Cooperation . Agericy. He subsequently ‘made the geomorphological Strvey Map Showing
Classification of Fiood Stricken Aveas in the czty of Padang, which is located in West
Sumatra,

(Method)

Before preparmg the geomorpholcglcal map, the wr[ter made 3 topographic base map on
" ascale of 1: 20,000 utilizing a map on & scale of 1:5,000.

In preparmg the geororphologicat map, ‘the target area was first ciassuf;ed by major
geomorphoiogwal elernents such’ as steep slopes and gentle slopes on the mountams
._pyroclastlc frow Aan, alluvial fan, natural levee, back- -swamp, sand-spits, abandoned river
channels coral reef and dry river bed utlhzmg aerial photographs

' lt is: convement to use a photographre scale which is stightly larger than that of the pro-
1ected map. . :

At this time the writer used photographs whose -scale was. 1:15 000, The initial map
thus prepared was put into fma! form checkmg the results of field surveys of the area.

(Descnptlon of the geomorphologlcal elements)

The .area of the mcuntams and hfﬂs in the map is small, The mountains and hiils cansist
_of convex on the mountain ndge concave slopes angd gentie slopes on the mountain flanks
and steep s{cpes Lo :

There are many steep s!opes in the mountains along the Air Dlngm Rlver, but there are
.few Iand collapses ‘Alinost all the mountains are covered by dense secondary forests.

The fluwal fan'i is remarkably well developed along the Kuranji River. Small f!uvlal fans
_ are -developed along the lower . reaches of the Air Dmgln River and mlddle reaches of the :
Arau Rlver but none in the lower reaches.




Fig.2 SKETCH OF THE QUTCROP NEAR KABOEN ALONG THE ARAU RIVER
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The east most part of the fan of the Kuranji River is limited by the Arau River. The
sketch of the outcrop (Fig. 2) shows the upper red soil layer, the brown sand and gravel
layer and the reddish’ pyroclastlc flow layer from the surface to the river bed. The Arau
River and its tributary have dissected these three layers. " And around the apex of the fan
ground water is located about 7 ta 10 below tha surface of the ground, - Based on observa-
tion at the outcrop and the state of the ground water the writer estimated that the depth
of the sand and gravel layer of the fan is shallow, about B to 10m.,

The geomorphology of the fan consists of three geomorphologlcal elements ie, 1) fan
2) stightly hllly area 3) alluvial fan and 4) narrow and long dissected valley,

Many sllghtly hilly areas are distributed radiately. And- almost alt villages on the fan are
located in the area, The writer estlmated that the’ sl|ghtly hilly area -is natural levee on'the
fan or a remenant of the older fluvial famn. The area is free from flooding. The fan isdis-
sected by the stream espec:aily in the upper part of the fan. : :

- The far: of the Arau River.is small. The fan is developed in the upper reaches from the
small canyon at Barupwauan but none is developeci in the tower reachs.

in. the ‘casé of the Air D|ngm Rwer the older fan is covered’ by pyroclastlc flow. -The
alluvial fan is devoloped from the. o]der fan to ‘the coastal sand spits.

Pgmclast.rc Flow is well developed along the Alr. Dingin River espec&ally on the right
‘bank, The pyroolastlc flow has the shape of the fan. The pyroclastle flow is dlssected by
- long and narrow valley

Another: pyroclastlc flow is seen an the rlver bottom and on both banks along the Air
D:ngm River and Arau River, . : . : .

Terrace is- developed: along ‘the Alr Dmgm Flwer. The writet estimated that the pyro
clastic flow and older fan were eroded and terraced. :




Natural Levee means the slightiy hilly area along the river course consisting of sand
which was deposited in flood times, '

There are several natural levees between the lower edges of the fluwal fans and the coasta!
sand spits. But these natural levess are small.

Back-swamp or delta is developed betweén the coastal sand spits and the lower edges of
the fan. A big swampy area is Jocated hetween the sand spits near the airport and the lower
edge of the pyroclastic flow and the natural levea along the Laras River. The surface of the
ground is covered with shrub and grass. The vegetation is universaily seen in the peaty area.
But the results of the boring test to a depth of about 3m, éhow_s that almost all parts consist
of soft reddish soil including the remains of vegetation and sometimes sand, {Fig.3). The
writer estimated that the vegetatlon disintegrated due to the high temperature and a lot of
rainfall, ‘

Back-swamps betwegen sand spits {Interbarnal s!ough} are located along the coast. The
drainage in the area is bad because sand-spits are developed along the sea-coast. The back-
swamps located along the Baung River are the biggest. But recently the drainage has slightly
improved due to river improvement.

: Coral Reefs are developed at the river mouth of the Kuranji River. This is not alive but
dead coral reef. Except along the sea-shore, the surface is covered by sand,

4. Geomorphological Development of the Padang Plain

Fig. 4 is a model of a geomorphological cross- sectlon of the Padang Plain from the apex
of the Kuranji River to the sea-coast. :

Pyroclastic flows came down to the Padang Plain due to big voleanic eruptions, and
formed the base of the fan of the Kuranji. Pyroclastic flows are sean at several places in the
fan, for example, at Barupuiauan along the Arau River and or Kalawi along the Kuranji
River.

Later, the pyraclastic flow was covered by sand and gravel layers about 5 to 10m thick
and formed the fan. The formation age of the fan is not yet decided, but the age is es
timated as the Wiirm lce Age. At that time the sea water level was about 100m (about
18,000 years B.P.} lowered than that at present due to glacial eustasy.

Due to the change of climate 4000 to 6000 years B.P. the sea water level rose and reached
4 -to 6m higher than that at present. The lower part of the fan was covered by marine
deposits.

After that sand spits were formed. The line of sand spits increased along the sea side
because of the lowering of the sea water level. Lagoons were formed at the inland side of
the sand spits. During this time, coral reefs developed. At that time there was no river
mouth of Kuranji at the present place,

The sand spits were cut by the Kuranji-River partly because of the lowering of the sea
water level and partly because of the horizontal crustal movement. The writer recognized
that along the horizontal fault line near the river mouth of the Kuranji, Due to the crustal
movement the Kuranji River formed the new channel at the present place and the coral
reefs were killed by muddy water. The writer could see that the guality of the coral reef was
changed by muddy river water. ' :

New pyroctastic flow down along the Air Dingin River.

‘The fan and the pyroclastic flows have been eroded, and a new alluvial fan has been
formed.
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There is no fan along the ieft bank of the Arau River. The area’of deposition by the
Arau River is !_imited by big deposition of the Kuranji River, The small canyon with knick-
points along the Arau River was formed by the deposition of the Kuran]i River. ]

The features of the fluvial action of the thres rivers will be discussed in the next chapter.

5. Comparative Study of the Fluvial Action of the Three R_i\rers o
—Arau, Kuranji and Air Dingin

There are dastmct regional differences in the fluvial action of the three rnrers of the Arau,
Kuranji and Air Dingin,

Due to the push of the fan of the Kuranu Rwer the Arau River was narrowed near
Barupiauan. “There are several knlck-pomts in the canyon At these points stream flow is -
rapids- {Fig. B).. There are big differences in fluvial action between the Upper reaches and the
lower reaches of the knlck -points. The maximum diameter of the largest gravel is 85cm wnth
a roundness of 6 in the upper part of the canyon, while the gravel becomes b:gger m the
canyon, about 210cm, and angu!ar with a roundness of 6 (Fig. 6). . .

The river bed'in ‘the upper reaches of the canyon consrsts of andesrte and granmc gravel.
The ratio of the two - species is 10:1. But there is no granitic¢ gravel in the lower reaches,
There is no granitic rock in the upper reaches of the Kurann River, Furthermore the river

“course of the upper reaches shows a bralded stream. When we have a flood the flood waters -
overflow from the mainstream to the adjacent areas. The above mentioned facts show that’
the deposition. of the uppar reaches of the knick-points is big, but a considerable-part of the
sand and gravel is stopped by the Kknick-point in the canyon, and only smaller gravel is
allowed to flow down via the knick-point. At the canyon big gravel is ;:iquréc_i from bioth
banks and stirred up from the river bed. "Then the maximum diameter of the largest gravel
is increased. But the volume of sand and graval which flows down to the Iower reaches is
smalt (Fig. 7) )

A topographic cross-section of the lower reach shows that the nearer to the river. the fand
is, the lower it becomes. When we have a flood, flood water concentrates in the surroundmg
area to the mainstream. From a fluvial geomorphologic view point, in the case of the 1ower
reaches of the ‘Arau River, the state of flooding is moderate and deposition is the smallest
among the three rivers. Therefore the location of Padang’ City is good, :

- 1n the case of the fan of the Kuranji Hlver there are many sllghtly hilty areas and many
villages, The area is estimated ‘as the natural levee on the fan or remenant of the fan, and
the area is free from flooding. The fan of the Kuranji River is dissected especially in the
upper part not only by the mainstream of the Ku'ra'nji but also by smatl streams on the fan.
Furthermore, the lowering of river bed due to the existance of tha Gunung Nago Werr and
also excavation of the sand and gravel for constructlon wark is recognized. .

There are several streams on the fan. A small deposrtlon is seen at the confluence point
with- the Flood Relief Channel The volume of the sand and gravel which is transported by
the small streams is small, because the sand and gravel is not transported from the upper.
reaches of the Kuranji River but from the fan. ' : .

In the case of the Alr Dingin River, the erosion of the pyroclastm flow terrace and the
fan is vivid. Due to the sand and gravel produced by erosion, a new alluvial fan ‘has been
formed between the pyroclastic flow and the sand- -spits, A shlftmg of the river course is
frequent in the alluvial fan,



Fig. 5 SKETCH OF THE KNICK-POINT AT BARUPIAUAN ARAU RIVER -
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6. Geomorphoioglcal Features of the Coast

_ -Generafly speaksng, the coast I|ne of the Padang Plain ‘shows a stralght line. But the feft
bank of the Arau Rwer juts out about 500m, and the Ieft bank of the Kuranii River also
juts out about 300m into the open sea as a small cape The former consists of hard rock.
and the !atter, coral reef. Othar parts of the coast line are stralght or sllghtly curved and
consists of sand. :



Fig.7 KNICK POINT AND CHANGE OF THE GRAVEL
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Division of the Coast

The coastline is divided into several parts morphologically. -

1) Arau mver o Flood Relief Channiel :

The Area is surrounded by coastal ambankments, and ‘there are more than 30 jetties. -
Thriey have been constructed since 1969, Peop[e living. thiere said that the coastal line has
retreated abou_t 26m since 1969 to the present. Small depositions are seen at the southern
part of gach jetty. '

2} Flood Relief Channel

There are several concrete blocks whlch were used for ;ettles in-former days between the
Flood Relief Channel and the Lolong Rwer The coast line is astimated to have retreated
about 10m downward since 1940 from the Iocatlon of the concrete blocks according to the
story of the peop!e living there,

The coast consists of sand almost enttrely, but sometimes small gravel is'seen. The gravel
Cis not as flat as that seen in the coast gengrally but round The gravel is andesite, This shows

that the gravel was transported from the Kuran]i River. : i

-.The slope of the coast is steep and, the height of the waves looks hlgh People ltvmg
there said that bhigh waves: averflow the sand. spits and flow down to the drainage canal
which is located behind the sand splts Thé houses located betwesn the sand splts and the
dralnage cana! are submerged 2 to 4 times in one year, _— :
" There are few sandy beaches between the Flood Relief Channel and the corai reef. There
Care many coconut palm_ trees, but some trees have died dug to salt damage Fisherman
Hving there said that the coast have: retreated about 20m smce 1840 downward The death
of the palm tree is also related to coastal eroslon



3} Coral Resf _

. The left bank of the river mouth of the Kuranji is a sligthly hilly area. The area consists
of coral reef and cover sand. The coral reef is not alive but a dead coral reef as has men-
' tioned in {he foregoing c'hapter But a new cora! veef is growmg about 0,4km offshore.
Fisherman are fishing the coral reef here.

There were swampy areas on the infand side of the coral reef cavered by N|ppa Palm,
But during this past seven years the area has been changed as artificially filled-up fields.

4}  Kuraniji ‘River - Air Dingin River

The coastline con5|sts of sand. "The width of the sandy coast is the blggest about 300m
near the river mounth. If we compare the coast with the coast between the Flood Relief
Channel and the Lolong River, the slope of the former is more gentie than that of the latter

and the waves of the former are more moderate than that of the latter. :

The writer found a map which was prepared by Van Eeen Ge deelte Van in 1883, The
map shows that there was a sand bank at the right bank of the river mouth of the Kuranji
River. At present, there is a narrow long back-marsh along the Baung River {Fig. 8}. The
sand bank in 1883 has grown and formed the present sandy beach and back marsh along
the Baung River., By comparisgn of the map of 1883 with the present condition, the writer
was able 1o recognize that coast has advanced about 200m.

People living there said that the coastline had retreated before 1867, but after that the
coast has expanded and recovered about 13m,

B) Air Dingin River to North
The coast is sandy beach. There are many cusps along the coast. This shows that erosion
is more predominant than deposition.
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7. Geornorp_helog_ieal Consitleretion of the Supply of Sand and its Movement
Coastal Erosion

The sand of thé coast.is supplied from the rivers, transported by the littoral current
and washed ashore by waves,

The width of the sandy beach is the biggest at the river mouth of the Kuran]! As has
bean mentioned above, the deposition by the Kuranji River is the biggest among the three
rivers,

The rnaln direction of the litteral current is estlmated 1o be from north to south, Because
the mouth of the Air Dingin River is winded to the south and there are small gravels ceming
from the Kuraml Flnrer between the Kuranji Fiwer and the Flood Relief Channel in addition
the deposutron is seen at the southern side of each jetty. :

Basad on the map-of 1883, we know that the Air Dingin River pours 1o the indonesia
Ocean with right angle. But the map of 1893 shows that the mouth of the Air Dingin River
was winded to the south and 1o|ned with the mouth of the Kuranji’ River. The change has
occurred due to the b;g deposition along the seacoast from the river mouth of the: Kuranjl
to the North. ‘After that the river mouth of the Air Dingin returned to the north. and

"reached the present site. :

Due to the coral reef the dlrectlon of the rwer mouth is wrnded sllghtly to the north
Therefore, after the pourlng of the muddy river water into the open sea, the muddy water
is d:spersed from the mouth of the Kuranjl River to the north. ‘The writer ‘made suie of-the

- above-mentioned’ phenomenon ‘ot only by aerial photographs but by the color of the sea
water.. Namely, the color of the sea water in the northern part of ‘the Kuranji shows a fight
brown color while a light blue color is recogmzed in the south. Live coral reéfs located
offshore from the river mouth of the Kuranji are 5|tuated in the blue- color sea. This shows
that the sand and silt which were transported by the Kuranji River were mainly deposited
on the northern coast from the river mouth. :

Erosion is more predomanant than depasition aiong the coast of the Padang Plain except
for the coast between the Kuran;i and Air Dingin Rwers _ - : :

One of the important reasons for the coastal erosion’ is related to the supply of sand
coming from the three rivers. But as has been mentsoned above the volume of sand and
gravel which is transported from the upper reaches of the three rivers is not 50 brg The
major part of the sand and gravel was supported by the bank erosmn of the pyroclastic
flow, the fan and natural levee in the plain, The volume is estimated not to be so big.
Espemallv, the volume of the sand and gravel which is transported by the Arau River is
small. . And the direction of the river mouth of the Kuranjl is winded to north by the ex-
istence of the coral reef,

Furthermore, weirs, dams and riverside embankments were constructed These artrflmal
works obstruct the flow of the sand and gravel whlch has been taken for constructlon work
and a lowering of the river bed has occurred in recent years. -

The writer estimated that the causes of coastal erosion are related to the abova-mentroned'
naturat conditions of the river and coast as well as artificial works. ‘
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Utilization of the Map

The map is usaful to forétell the typas of flooding in each geomorphological element.
For example, in the case of the fan, deposition is big and change of river course is
frequent while the water. drain_s off well,

By a combination of gaomorphologlcal elements you can estimate whether erosion
is predominant or deposmon is predominant in sach river, and the type of flooding, i,e,

 overflowing or concentration type.’ For example, if you compare the ‘Arau, Kuranii
" Rivers. with regard 10 deposutmn daposition of the Kuranji is bjgger than that of the

Arau River, Furthermore_, vou can estimate the causes of coastal erosion or deposition.
You can estimate where stable places or unstable places are by the map For example,
thé river course in ‘the alluvial fan is unstable, but that in'a délta or natural levee is re-
latively stable. Utilizing the map, you ¢an selsct a bridge site.

You can estimate the georﬁofphological formation process from the map,

There are close reiatlonshlps between the state. of the so:l and the ground water situated
near the ground surface.

You can_use the map for city planning and fand use. For example, coastal sand spits
and natural levee areas are safe from floading but hack-swamps and deltas are danger-

" Gus.

There are ‘close-relationships between the aréa of liquefaction caused by earihduakes'
and geomorphologv You can estimate the- areas in which liquefaction mlght ocour.

Accordmg 1o the expsrience.in Japan, the Iower part of the sand dunes and natural
leves is a dangerous place. : :

(The map and the paper are Writte_n by Dr. Masahiko OYA)

References

Fum:o TADA and Masahlko OYA (1959) The Flood-type and the CIaSSIflcatlon of theTopo-

araphy, Proceedmg of 1GU Regional Conference in JAPAN 1957

Masah:ko OYA (1967) Geographscai Study of Floodmg Immedlately Down Sream From Pe

Mong in the Mekong River Basin, The Committee for Co-ardination of Investugataons—
‘of the Lower fMekong Basin, ECAFE: Bangkok THAI LAND. .

Masah;ko OYA (1977) Comparative Study of the Fluwe[ Plam Based on the Geomorphologl

cal Land C!ass:flcation, Geographlcal Revmw of JAPAN BO-1.

Masahiko OYA {1980) Multlfunctlonal Use of Geomorphe]oglcal Survey Maps in Identlfylng

Ftood S_tr:cker: Areas ‘and _Land Types National Geographer 15.2 A!Iahabad_ INDIA



A GEOMORPHOLOGICAL SURVEY MAP OF PADANG CITY AND SL
SHOWING CLASSIFICATION OF FLOOD $1

P = RN AT = ” AT AL R TR

ST : § . ”




I PADANG CITY AND SURROUNDING AREA’ IN WEST SUMATRA
5 H{“NEEQN OF FLOOD STRICKEN AREAS

o

B 5 R 3T B TR R TRENTEE EELA BERTRHE Fhotiansy:

Sl
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