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PREFACE

In response to the fequest of the Government of the Republic of
Indonesia, the Governmént of Japan decided to conduct a feasibility
study on the Pa&ang Area Flood Control Project and entrusted the study
to the Japan International Cooperatioh Agency (JICA). The JICA
sent to Indonesia a study team headed by Mr. Hiroshi Ono, NIKKEN Con-
sultants, Inc., from January 30 to October 9, 1983.

The team exchanged views with the officials concerned of the
Government of Indonesia and conducted a field survey in Padang, West
Sumatra. After the team returned to Japan, further studies were made

and the present report has been prepared.

‘I hope that this report will serve for the déevelopment of the
Projéct and contribute to the promotion of friendlﬁ relations between

our two countries.
I wish to express my deep appreciation to the officials concerned

of: the Go#ernment of Indonesia for their close cooperation extended

to the team,

December 1983

S Mt

Keisuke ARITA
President

Japan International
Cooperation Agency
Tokyo, - Japan






LETTER OF TRANSMLTTAL

Tokyo, December 1983

Mr. Keisuke ARITA

President :
Japan International Cooperation Agency
Tokyo, Japan

- Dear Sir:.

We are pledsed to submit hereby the final repoft=of Padang Area
Flood Control Project for the Government of the Republic of Indonesia.

This report has been prepered by the andy_Team aiming'atithe
formuiatien of a compreheﬂsine flood'eontfol_end'ﬂrainage bian and an
urgent flood control project for immédiate iﬁplemenfation in the nrban
area of Padang, the_eapital of Weet Suma£ra-Province, and its surrounding

-area.

_ The Study Team carried out the‘studiee in Indonesia over the periods
from Januar&'BO to October 9, 1983. 1In Japan, the report was cdmpleted
taking account of the conclusions obtained in the discussion meetings

" held in Padang End‘Jakartar

In submitting this report “we wish to express our sincere apprecia—
tion and gratitude to the personnel concerned of your Agency, the Embassy
‘of Japan in Jakarta and authorities concerned of the Government of
" Indonesia for the- court_esies and cooperation.extended us during our

field_surveys'end studies,

Yours very truly,

'Hiroshi ONO

:Leader,

Study Team for Padang Area
Flood Contrel Project
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ties was constructed in 1918 for the purpose of protecting the area
from floodings of the Arau and Kuranji rivers. However, : the. capacity
of the flood control and. drainage facilities in the area are not.
adequate yet. The area has suffered gevere flood damage as often as
five times in the last ten years. The damage caused by the floods

in 1972 and 1980 was particularly serilous.

To make matters worse, the urban avea of Padang city is expanding
'rapidly and new settlements are’ developing even in low—lying lands
surrounding the existing urban area. The social and economic damage

due to flooding is seriously increasing-in these-areas.

In order to prevent repeated flood damage, implementatlon of a
countermeasure for flood control is strongly needed Although a
master plan of Padang city has been prepared for future urban develop»I
ment aiming at the year of 2003, no comprehensive flood control and
drainage plan has been made. In this study, a comprehensive flood
control and drainage plan was firstly formulated aiming at: reducing
flood damage not only in the exlisting urban area ‘but’ also in ad301ning
lands for future urban expansion. The results of the study show- that
the economic benefits of.the plan at the present state oF development
are not 8o high while a large fund is required to implement such a. big
project. That is, 1t is too early to implement the comprehensive plan :
immediately. However, the fact that the existing urban area “of Padang .
city suffers from frequent flood damage cannot be overlooked any -
longer. Therefore, realization of an emergent flood control.measure f

is urgently required for the existing urban area.

For this reason, based on the comprehensive plan, an urgent flood'
control plan was formulated as a project for immediate implementation
in consideration of the urgency of countermesSures as well as. the

technical and economic effectiveness under the present condition, "
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3, Study of Comprehensive Fldod Control and Drainage Plan

3.1 The comprehensiveﬁp1an'

Based on the results of the field 1nvestigation, study of the
present conditions and a review of previous studies, conceivable
alternative schemes for a comprehensive flood control and drainage
plan were developed, end’the final plan Was'formulated based on a

comparative study of the alternatlve schemes.

{—ln this study, Lhe comprehensive plan is aimed at relieving both
‘the existing and future urban areas of Padang city from flooding., - A
return period of. 50 years was adopted as the scale of des1gn flood for
thermainstreams_including the flood relief channel, 25 years for the
'tributeries and:10 years for-tne uroan‘drainage,'in'accordance with
" the scale of design ‘floods actually adopted for flood control plans

._.in Indonesia.

_ The comprehensive plan proposes‘the works 1 (l).channel improve—
ment over a total-length of 55 km on the‘mainstream'of the'Arau, on the
.flood relief channel’, on the mainstreams of the Kurangi and Air Dlngin
rivers and on their major tributaries, (2) construction of the Laras
retarding basin, (3) reconstructlon of the Lubuk Begalung welr, (4)

_ construction of dralnage outlet culverts, (5 reconstruction of five
lbrldges, (6Y 1mprovement of major dralnage channels over a length oF.

43 km, and (7) construction of six drainage pumping stations -}

" The major,items of the'plan are'outlined below.

“ . . Arau river system -

.'The proposed:improvement“plan'of'the“Arau'river syStem comprises
:channel improvement on the mainstream of the Arau river over a length
of 10,6 km, on the flood rcllef channel over the whole stretch of 6.7
'km and on the Jirak river over a length of 4 o km. Both the mainstream
l.weir and’ the ‘flood relief channel weir of the dlver810n welir at Lubuk
Begalung are planned for reconstruction.- In connection with the channel

_improvement, three bridges, three drop structures and two “siphons are

- 8.3



algso plammed for recomstructlon,

Kuranil river gystem

The pfOposed Improvement plan of the Kuranji river system comprises
channel iﬁprovement 6n the mainstream of the Kuranjl river over a length
of 13.5 km, on the Balimbing river over a length of 9.7 km and on the
Laras river over a length of 4,2 km and construction of the Laras retard-
ing basin. Iwo bridgés 6h the Kuranji and Balimbing rivers are . planmned
for reconstruction in connection with the channel improvemeht. ‘The Laras
retarding basin (1,5 km?) on the right side looking downstream of the

Lavas river will be constructed in order to reduce flood discharge.

Air Dingin river

The proposed improvemeﬁt of the Air Dingin river 1s channel improve-
ment over a length of 5.2 km. The bulk of the works is excavation of the
existing river chamnel to secure adequate carrying capacity. Consfruéﬂ
tion 6f dikes is planned for 2,7 km in the lowér reaches. The existing

sand spit at the river~mouth will be left as it is.

Urban drainage

The urban drainage plan proposes improvement of major dréinage'
channels over a total length of 43 km and comstruction of six drainage

pumping statioms.

3.2 Project cost, benefit and evaluation

The construction cost is estimated at Rp, 69,700 million (eqilvalent
to US$ 71,820 thousand) under the current price condition (Juﬁé 1983 :
price), The comprehensive plan has been evaluated unﬁer.two deveiopmeﬁt
cpnditions, i.e., tﬁe preseﬁt and_future'development conditidhs. Average
annual benefit is estimated at Rp. 8,280 million (US§ 8,540 thousand)
under the pfesent condltion and Rp.-11,650 million (US$ 12,010-£hdﬁéaﬁd)
under - the future develoﬁment condition. The ecqnomiﬁ.infefnal'rﬁﬁe of
return:works out at 10,5 % under the present condihion'énd-lé,f % ﬁnder

the fﬁture condition,

5.4



4. Feasibility Study of Urgent Flood Contro] Project

4.1 The Project

e,

Yr The urgent flood control prochL alms at pxevention of flood damage
in the existing uxban area and resldential area to be developed in the
near future. . A return period of 25 years was adopted as the scale of
design flood for the mainstream including the flood relief channel,

10 yeérs fof:the cributary ‘and 5 years forvr the urban drainage, examining

three alternatives from the standpoint. of economic effectlveness.

The project proposes : (1) channel improvement over a total length
of 36 km on the mainstream of the Arau river, on the flood relief
channel, on the mainstream of the Kuranji river, on the Air Dingin river
and on their major tributaries, (2) construction of the Laras retarding

“basin, (3) reconstruction of the flood relief channel weir of the Lubuk
Begalung weir, (4) construction of 52 drainage culverts, (5) reconstruc—
tion of five bridges, (6} improvement of major drainage channeldg over a
total- length of 3 km, and (7) construction of three dralnage pumping
stations. The principal features of the flood control works are listed

in the aitached tabie.‘J

The majot items of the project is outlined below.

Arau river system

The proposéd 1mp rovement of the Arau river system is combosed of
chaﬁhel iﬁproyement on the mainstream of the Arauw river over a lengih
of 8.5 ki, on:the flood reiief channel over the whole stretch of 6.7 km
and on the Jirak river over a length of 2.5 km. The flood rellef
' chann¢l will be improved to have the same_proposed cross—sections as
the coﬁpréhenSivg;plan, while ﬁhe channel 0f the mainstream.will be
improVéd only-iﬁ?the:stretch between the.suépension bridge and the
confiuencé of the Jirak rivér. The Lubuk Begalung diversion weir will
. be red@ﬁétructed only on the flood relief channel side. Although the
weir.body af the_mainstream side will not be.reconstructed under this
. project, réinfgrcement of the dbwnstream apron and repair of the bridge

on the welr will be'qarried out: Two bridges, three drop structures

5.5



and two.siphoes on the flood relief channel and one bridge on the Jirak

- river will be reconstructed in comnection with channel improvement.

Kuranil river system

The proposed improvement of the Kuranji river syetem compriees”
channel improvement on the mainstream'of‘the_Kﬁranji river over a
length of 7. 5 km, on the Balimbing river over a length of 4.2 km and
on the Laras river over a length of 1.2 km and construction of the :
Laras retadlng basin. The excessively meandering reaches will be put
in ovder by means of cutoffs. In connection with channel improvement
Nanggalo bridge om the mainetream of the Kuranji river will be extended
by one span and Tunggul ‘Hitam bridge on the Balimbing river will be
reconstructed. The Laras retarding baein which has- an area of 1.5 kmz
on the right.side of the Laras river will be newly_constructed to reduce

flood discharge.

Air Dingin river

The proposed improvement of the Air bingin river iefehannel improve~
ment over e length of 5.2 km, The ehaﬁnel will be improﬁed mainly'by-
excavation of the existing channel, while low dikes will be built in the
lower reaches over a length of 3 km from the rlver—mouth The exces—
sively meandering stretch located upstream of Muara Penjalinan bridge
will be.put in order by means of a cutoff. The existing sand spit at

the river—meuth wlll be left as it is,

Urban drainage

The urban drainape improvement proposes : (l)fto7coneefuet'thfeeﬁ
_drainege'pumbing stations-at the terminals of the-Ujung'Geren, Pefue and
Ulak Karang drdains, end (2) to improve the drainage channels oﬁer a.
total length of 3 km in the lower reaches of the Ujung Gurun, Purus,

Ulak Karang and OlonNipah drains.



4,2 Evaluation
Project cost

The construction cost ig estimated at Rp, 45,250 million which is
equivaient to USS 46,650 thousand under the current price condition
(June 1983 price), '

‘Economic evaluation

The economic construction cost, average annual benefit and amual
" operation and maintenance cost are estimated at Rp. 43,680 million (US$
45,030 thousand), Rp. 7,340 million/year (us$ 7,570 thousand/year) and
Rp. 156 million/year (US$ 161 thousand/year) respectively, The Internal

rate of return of the project works out at 14.7 %.

Project.effects=and impact

Fmployment which will accuse from the pleLCt wilJ come to one
mlllion man—days of unski]led ]abor during the LO“SLIULthH period,
After the progect ‘has been conipleted, about 2,600 ha of land and 21,300
houses will be relieved from flooding. About 800 ha of open Land or
éwampy area will be eXpécted to be utilized for residential quarters

owing to mitigation of flooding.

4;3 Reguired Funds

Funds required.for projéct implementétiou'are'esgimated_considering
priée céntingénéy and cbstiﬂisbﬁrsement-on the implementatiou schedule of
the-ﬁrojeét. The reguifed-funds amount to Rp. 74,920 million (US$ 77,240
thopsaﬁd):which-cohsists_of'US$ 43,750 thousand in the foreign curtency
,ﬁbrtiqh and Rp. 32,490 ﬁillion_(US$ 33,490 thousand) in the local cur-

~rency portion,

4.4 'CQﬂCTusion

The study has Loncluinely proved Lnat the. Padaug Area UrgenL Flood
fConfrol PTOJeCt i& inevitdbly necessary for securing and promoting the
.regiona1 economic development and the public-welfare and that the pro-

Ject ig Lechnically sound and economically feasible, It is therefore

'recommended that the project will be 1mp]emented as soon as possible.

5.7



LIST OF PRINCIPAL FEATURES OF NORKS COSTS AND BENEFIT OF

THE PADANG AREA URGENT FLOOD CONTROL. PROJECT

1. Principal Features of Flood Control Works

Excavation/dredging works

Embankment works

Bank protection works
Wet masonries
Dry masonries

Gabions

Groiuns

Ground: sill works

Reconstruction of'structures

33.4 km, 1,790 x 103 m®

50.5 km, 310 x 103 m3
©18.1 km, 83,700 n?
8.8 km,. 28,300 m®
4.0 km, ' 14,200'm3
0.5 knm, 10,500 m?
' 3 places

'pléce

Diversion weir 1

Bridges 5 bridges

Dfop structures 3 pléces

Syphous _ _ 2 ﬁrlaces'
Construction of drainage_culverts B 52 placesi
Construction of dralnage pumping stations ' 3 stations
Improvement works of drainage channels _ 3.0 km-

2. Project Cbst and Benefit-

Construction cost -
Required funds
- Foreign currency
Local currency.
Total
Opetation and maintenance cost
Economic cost
Average annual benefit

Internal rate of return

5.8 -

Rp. 45,250 %105 (US§ 46,650 x10%)

Us$ 43,750 x 103

‘Rp. 32,490 x 105 (US$ 33,490 x 109)

Rp. 74,920 x 105 (US$ 77,240 x 103)
Rp. 156 %108 /yr- (ﬂS$'1615£103/yr)
Rp 43, 680 x 108 : (US$ 45,030 xm?)

7 340><106/yr (Us$ 7, 570><103/yr)-” |

14,7 %
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- CHAPTER T INTRODUCTION

1.1 Purpose of Report

This report entitled "Study Report on Padang Area Flood Control
Project" was prepared in accordance with the Scope of Work agreed on
November 11, 1982 between the Japan International Cooperatlon Agency
(JICA) and the Directorate General of Water Resources Development (NGWRD),
Ministry of Public Works. '

This feport presents the study on a comprehensive flood control
and drainage'pian and the feasibility study with respect to an identified
and priority projéct which was formulated as an urgent flood control

projéct for immediate implementation.

The repbrt is supported by fifteen (15) appendices, one (1) drawing
and one (1) data book. See below :

Appendix. A Hydrology
Appéndix B Geology and Soll-mechanics
Appendix C Socio-economy
Appendix D Fluvio-geoﬁorphology .
Appendix E Present Conditions of Rivers
Appendix F Flood Runoff and'Flooding Mechanism
Appendix 6 Flood Démage '
Appendix H Review on_Previous Flood Control_Activities
cAppendix I Urban Drainage _
Appendix J Comprehensive Flood Control and Drainage FPlan
Appendix K Urgent Flood Control Plan
: Appendix L Construction Plan and Cdst:Estimatg'for Urgent Flood

Control Project
Appendix M Economic Evaluation for Urgent Flood Control Project
Appendix N Land Conservation
| A@béndiﬁ 0 Potentiality of Water Reéources Development
Drawings '
Data Book
Part 1 Data on Rainfall, Water Level and Discharge



Part III  Data on Geological and Soil-mechanics Investigation

Part 1111 Existing Cross-section and Profile of River Channel

and Major Urban Drainage Channel
Part IV Output of Computer on Flood Runoff Analysis
Part V Output of Computer on Hydraulic Simulation Analysis

Part VI  Number of Buildings Inundated

1.2 Progress of Study

Tn accordance with the Scope of Work, iICA dispétched a study team
on January 30, 1983. On February 9, 1983, a meeting was held to dis—
cuss the contents of the Draft Inception Repbrt; After_modifying the
contents of the report, the Inception Répoft for the study was submitted

to DGWRD on February 10, 1983,

Based on the work plan described in the Inception Report; the study
was carried out from early February to late March in Indonesia, from
middle May to middle June in Japan, and from middle June to early

October in Indonesia.

During the above gstudy period, the Progress Report and Interim
Report were submitted to DGWRD on March 28 and July 25, 1983 respéétively.
The Draft Final Report was submitted to DGWRD on October.3, 1983,-in

Indonesia.

The Team completed the final report based on the comment and recom-

mendation made by the Government of Indonesia on the Draft Final Réport,

This report submitted herein comprises the results of the study.

1.3 Personnel Assigned

The study has been carried out under the organization as shown in
Fig. 1.1, The ﬁémbers of the Advisory Committee, the S tudy Team and

the counterpart personnel are listed in Table 1,1,



1.4 Transfer of Knowledge

Transfer 6f'knowledge and technical know-how to the Tndonesian
counterpart -personnel have been made by each expert throﬁgh the daily
work, During the study perlod in Indonesia, technical discussions
betWeen:ekpérts_and counterpart persommel were held on February 16,
March 16, June 22; August 4, August 6 and September 29, Tn addition,
the training of three counterpart personnel was executed for about one

month in Japan from late Noveﬁber to late December 1983,



CHAPTER II BACKGROUND AND OBJECTIVE OF STUDY

2.1 Background of Study

The city of Padang is the capital of West Sumatra province, and
is prospering as a commercial centre being situated at a gtrateglc

point in terms of communication and transportation.

The study area comprises the urban area of Padang and its surround-
ing alluvial lands formed ‘by the Arau, Kuranji and Air Dingin rivers.
Adminlstratlvely, the study area belongs to Kotamadya Padang, West
Sumatra province, The total population and lsnd area of Kotamadya
Padang as of 1981 were 494,000 and 646 km? reSpestively,;giving an

average population density of 765 per square kilometer.

The basins of the Arau, Kuranji and Air Dingin rivers are located
on the western slopes of the Barisan mountains in West Sumatra, having
catchment area of 172 km?, 213 km? and 131 km? respestivély. The Araﬁ
river runs in' the southern part of the city of Padang, while the Air
Dingin river runs in the northern part and the Kuraﬁji river rumns in
the middle of the city. Between the Arau and Kuranji rivers, a flood
relief chammel bifurcates from the Arau river and empties into tﬁe

Indonesian Ocean,

The climate of the area is dominated by monscons. The average
annual rainfall is about 4,200 mm. The wet season is from October
through December with a less sevsre-wet season in April and May. The
mean temperature and mean relative humidity are 26° C and 83% throughout

the year,

The city of Padang and its surrounding alluvial land formed By the
said rivers suffers from frequent floodwater inundation damage. "As a
countermeasure for the flood damage in the area, a flqsd relief channel
with a diversion facility was constructed in 1918 aimiﬁg ts'prOEect'the

urban area of Padang from flood water of the Arau and Kuranji rivers.

However, the capacity of flood control and drainage facllities in

the area 1s not yet adequate. In fact, the area has suffered extemsive



flood damdge five times in the last ten years, The damage caused by
floods in 1972 and 1980 was particularly serious. h

To make matters worse, in the city of Padang as in other principal
citles in Indonesia, the urban area 18" expanding rapidly and new
settlements are developing even in the low-lying land surrounding the
existing urban area., The soclal and economic damage due to floodings
in these areas 1s increasing, this cannot be overlooked any longer,

In order to prevent continueing flood damage, implementation of flood

control cowmtermeasures 1s urgently required.

The Government of Indonesia has requested the Government of Jépan
to give technical assistance for makiﬁg a study of .the Padang Area
Flodd Control Project. In response to the request, the Government of
Japan decided to conduct the study and entrusted 1t to JICA. JiCA
dispatched a preliminary survey team headed by Mr. Y., Yano for the
period from lst to 1l4th November in 1982, and the Scope of Work for
the study was agreed between JICA and DGWRD on November 11, 1982,

In accordance with the Scope of Work for the study, JICA dis-
patched a study team on January 30, 1983 and the study was commenced
that day.

2.2 Objectives of the Study

The purpose of the study was to provide a comprehensive flood
contrdl and drainage plan in Padang area and to conduct a feasibility
study for an urgent flood control project for immediate_implementation.
The study area includes the baéins of the Arau, Kuranji and Alr Dingin

rivers, The study contains the following.

a. Study of a comprehensive flood control and drainage plan in
Padang area comprising the lower portion of the basins of the

"Arau, Kuranji and Air Dingin rivers.

b, 'Feasibility study on a priority project to be formulated as

an urgent flood contrel project for immediate implementation,



Study of the present situvation of water utilization and poten-

tial for water resources development and land conservation,

Transfer of knowledge and technical know-how to the Indonesian

coﬁnterpart personnel in the course of the study.



CHAPTER IIT PRESENT CONDITIONS

3.1 Natural Resources

3.1.1 Topography

The basins of the Arau, Kuranji and Air Dingin rivers cover an
area of about 530 km? bounded by (1) the Bukit Batu Putih, Bukit
Berlimpit and Bukit Balang ridges on the north, (2) the Bukit Putus,
Bukit Taratak, Bukit Sarang Labah and Bukit Terjarang ridges on the
south, (3) the Bukit Lebuk Begalung, Bukit Sugirik ridges and Mount
Bongsu on the east, aﬁd (4) the Indonesien Ocean on the west. It is
geogfaphicaily located between latitudes 00°43'S and 01°01'S and
longitudes 100°20'E and 100°33'E. | |

The hpper_mountainous'hasins'are characterised by thick primary
and seceﬁdery_froﬁical'ferests on the very steep sloﬁes of deep and
narrow valleys in which the_fributariee of the main rivers rise, The
mountains rise over 1,800 m. The middle part of the basins up to
elevation 150 m MSL lies in a cultivated plain land that varies from
8 to 12 km in width. The lower basin with elevation less than 30 m
MSL is made up of finer alluvial materials mainly consisting of sands
and gravel, The city of Padang lies on the lower plain between the

Arau and Air Dingin rivers.

3.1,2 Climate

_ The cllmate of the objectlve area is characterized by both the
dry and wet monsoons which are dominant in Sumatra Island during May
through August and October through December respectlvely. Climatic
conditions of the basins are explained by use of data available from
two meteorologlcal stations, Tabing -and Gunung Nago stations Tabing
station is located in the coastal area while Gunung Nago station is
situated:infthe mountainous area. The conditions are summarized in

Table 3.1.

-ﬁMean'tempefatere.is 25.9°C at Tabing.and 27.0°C at Gunung Nago.
Annual mean relative humidity 1s 83% at Tabing and 91% at Gunung Nago,

Annual mean sunshine hout ratio is 51% and 46% respectively. Wind



velocity fluctuates between 3 km/hr and 4 km/hr which is almost the
same at the two stationé throughout the year. Annual evaporation

observed at these stations shows 1,500 mm and 1,700 mm on the average.

3.1.3 Geology and Soil-mechanics

(1) Geology

From the geological viewpoint, the study area is roughly classi-
fied into plain and mountainous regiohs. The plain region 1s further
classified into coastal plain, fluvial plain and volcanic fans.

The general geological feature is as follows :

a. Coastal plain (below'El. 10 m) : gravel mixed with sand

b. Fluvial plain (E1. 10 m - 80 m) : sand and gravel with

andesite cobble stones.

¢. Volcanic fan (EL. 80 m — 150 m) : mainly andesite and

- tuffbreccia.
d. Mountainous region (above : volcanic rock containihg
El. 150 m) congldmalate,'tuff,

andesite and basalt.
(2} Soil Profile

The soil profile along the coastline is characterlzed by 3 distinct
layers, i.e., sandy soil layer (lst layer) of 10 to 15 m thlckness,
cohesive soil layer (2nd layer) of about 15 m thlckness, and sand_aﬁd
gravel layer (3rd layer), from the ground surface. .Thé'cohéSive soil
layer becomes thimmer from sea coast toward east and seems to end around

the boundary of coastal plain and fluvial plaln

(3) Bearing Capacity

As a whole, the ground in the fluvial plain is comboséd of sand
and gravel layers and it has enough bearing capacity with N-value more
than 30, The following foundation treatment measures -are recommendable

for designing the structures in the coastal plain :



a. Pile foundation borne by the 3rd lafer for the“big and heavy

structures such as pumping stations and bridges.

b. Group plle foundation borne by the lst layer for the drainage

sluice.

c. Foundation directly on the lst layer for dikes.

(4) Embankment Materials

Accoiding to the site reconnaissance and bed material sampling,
the river bed materials in the lower reaches are applicable to embank-
meﬁt'materials of dikes. The bed materials in the middle and upper
reaches may not always'bé applied to the dike because of its.coarse

size,

Based on the survey by the test pit it is clarified that the river
bank materials in the coastal plain are clay, silt, sand, gravel and

theilr mixture, and ‘are suitable for embankinent materials for dikes,

(5) Workability of Constructioﬁ Equipment

Judging from the soil and foundation investigatioh, ordinary
construction equipment is workable in the study area except for the

back marsh area behind the Tabing airport.

3.2 Hydrology
3.2.1 Rainfall

Mean annual rainfall depth in the Arau, Kuranji and Air Dingin
river basiﬁs varies from 3,000 mm to 5,000 mm as shown in Fig. 3.1.
The'ﬁosf part of ﬁhe basins receives more than 3,000 mm annual rainfall
_whidh is relatively hiéhef compafed with those in other regions out of
the boundary. The recorded maximum'daily rainfall depths are 301 mm

~at Tabing and" 353 mm at Bandar Buat stations. -

.qu_the pﬂrpose of.knowing the actual annual pattern of rainfall,
mean monthly rainfall depth at-Tabing station which has the longest

daily records 1s éstimated as shown in Table 3.2. Annual pattern at



Tabing station 1s also shown together with its maximum and minimum in
Fig. 3.2. It is recognized that the basins receive much rainfall
during the months from September to December while the secondary peak

- i observed in April.

Probable 1 day and 2 day rainfall depths at Tabing calculated by

use of the Gumbel method are shown in Table 3.3.
©3.2.2 Streamflow

Ménthly mean daily discharges at Lubuk-Begalung, Gunung Nago and
Lubuk Minturun stations are prepared as shown in Table-S.Q éﬁd Fig; 3.3.
It shows almost the same trend as that df rainfall, that is, big dis-
charge appears in April and during the period from chobér through

December.
3.2.3 Tide

Tidal records at Teluk Bayur are summarized below.

Gauge readings from Low Water Springs

HHL : MHHL Mean sea level MLLL LLL

1.67 m 1.39 m - 0.89m 0.47m - 0.24 m

It is seen that the tide fluctuates ordinarily between 1,67 m
and 0.24 m from low water springs which is taken as the datum of the

gauge,

3.2.4 Water Quality

According to the report of Padang Water Supply Project, Nov, 1982,
the water quality of the Kuranji river at Kampung Melayu is sultable

for municipal water supply, while that of the Arau river was not

recommended,

On the other hand, the report "Pekerjaan. Survey Hidrometri. dan

Sedimentasi Sungai Batang Arau & Batang Kuranji di Propinsl Sumatera

- 10 -



Barat" in 1981 presents that the water quality of both the Arau and

Kﬁranji rivers is acceptable for irrigation usage,
3.2.5 Sediment

_ Average annual. sediment at Lb, Sarik Lb Begdlung and G. Nago is
estimated by the Study Team using both observed data on sediment
included in the report "Pekerjaan Survey Hidrometri dan Sedimentasi
Sungal Batang Arau & Batang Kuranji di Propinsi Sumatera Barat' in

1981 and flow duration curves. They are shown below :

Catchment Area Ave, Annual Sediment

River - Site 2 —-
(lem) (t/ye)  (t/km?/yx.)
Arau Lb. Sarik 64 84x103 1309
Flood relief _ _ _
channel = 1b. Begalung - 138x103 -
. Kuranji G. Nago 120 173x10% . 1439

The'average.ahnual sediment seems to be comparatively small in
c0n51deration of the fact that a blg amount of annual rainfall depth

is observed in the b351ns

- In additlon, sediment tramsport capacity, which corresponds to
discharge carrying capacity, is calculated by use- of sediment formulae
based on the data on grain size distribution and the existing channel
conditions. It gives ah.outlinelof sediment transport distribution
that more emount;of sediment is appeared in the middle reaches com=-

pared with that in the downstream reaches,

Fluetuafion.qf river eheﬁnel is also examined by the Study Team
from the aspects ofemeanderiﬁg; profile and cross-section. Information
on'ﬁeenderiﬁg is given'by topegrephie maps which were prepared in 1893
and 1974 respectively. Remarkable fluctuation on river course can be seen
in the Kuranji aﬁd Alr Dingin rivers, while the Arau river shows almost

the same coufses“during'SO.years. On the other hand, typical trénd of

- 11 -



fluctuation on profile and cross—-section, which ig examined by use of
river survey results in 1973, 1979, 1982 and 1983, could not appeared’

except middle reaches of the Alr Dingin river, in which river bed iIs

decreasing owlng to exploitation.

Regarding sediment problems at river mouth of the Arau vriver, it

seems that dredglog works are  to be reqiired periodically for maintenance

of 1its quay.

3.3 Socio-economy

3.3.1 Peopulation and Households

The population:-and the land area of Padang clty in 1981 were
494,000 persons and 646 km? respectively. The population densitj of
Padang city is 765 pers/kmz. The averageée population growth ratio wasg
about 3.4% per year during the last 10 years from 1971 to 1981, while
that of the old urban.érea (Padang Lama) comprising Kec. Padang Selatan,
Padang Barat, and Padang Timur was about 2.37% per year during the same
period. On the other hand, the population groﬁth ratios of the new urban
area (Padang Baru) of Kec. Padang Utara and Nénggalo whiich are located
on the north of the old urban_area are respectively 7.6 % and 9.7 %

per year,

3.3.2 Regional Economy

The city of Padang has various eéohomic activities sdch'és commerce,
trading, industry, agriculture; Tn 1981, the city has poSsessed’Z,QOO'
firms concerned in commerce and trading and 1,000.warehousés with about
136,000 m? in total space for handling the'firm'S'goods} The city has
also possesged 424 registered manufactuferé in.1981. The major
industries are rubber processing, food and drink production and textiles,
The biggest one is cement ﬁroduction at Indarung._ The main agricultural
products is paddy. TIn 1981,'abbut 58;300'f0ns.of paddy were yiéidéd
from about 14,000 ha of the harvested area. The average annual yield |

was 4,2 ton/ha;

3.3.3 Regional Infrastructure

In 1980, Padang city has roads 621 km 10ﬁg in total consisiing of

- 12 -



the state roads 43 km long, provincial roads 29 km long, districts

roads 160 km long, village roads 259 km 10ug and other roads 130 km long.
Pavement ratio was however only 40 % to the whole road network. In 1981,
the total volume of supplied electricity was about 44,000 mkwh and the

total piped water consumption was about 6 memn,

3.4 Present Conditiohs of Rivers and Drainage Facthies

3.4.1 Present Conditions of Rivers

(1) River System

The study area contains the Arau, the: Kuranji and the Air Dingin
rivers which are 1ocated on the western slopes of the Barisan Mountains
in West Sumatra province, having catchment areas of 172 km?, 213 kn?
and'131 km? respectively. The three river basins and their profiles

are shown in Figs. 3.4 and 3.5 respectively,

{2) Arau river

The Arau river originates in Mt, Bolak and flows down southwest—
wards on the weétern steep slopes of the mountain along deep and
narrow valleys. At Lubuk Sarik, it joints the Tinggi river of about
the'same diménsion. Afterwards, the Arau river flows wegtwards and
joinfs7thé Gadul Cadang river at Taratak. Downstream from Taratak,
the: topography changes from hill to plain. At Lubuk Begalung, a flood
relief channel is diverted from the main styeam, installed with two
diversion weir. Downstreém from the main-river weir, the Jirak river
joints from the left at a point about 500 m downstream from the railway
bridge. Afterwards, the mainstream flows down taking a meandering
course'through tﬁe urban area of Padang and fipally empfies into the

Indonesian Ocean.

{3) Flood relief: channel

The flood relief channel was constructed in 1918, to divert a part

of the flood runoff of the Arau river. The channel starts from the
diversion weir at Lubuk Begalung and takes 'a route toward the north-
west direction, Then at Kp. Pinang'Balik,fit bends toward the west,
The stream finally empties iﬁtp the Indonesian Ocean. The channel from

Lubuk Begalung to the sea is 6.7 km long. There are 3 drop structures
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in the chamnel in its middle reaches which drops the bed level by 4 m
in total. The rehabilication works of the Flood relief channel are

being carried out from the upstream reaches by the government.

(4) FKuranjil river

The Kuranji river originates on the western slope of Mt. Bungsu
and flows the south-westward on the Steép slopes of narrow'valieys.
Afterwards, the Kuranjl river flows through the mountainous area and
joints the Limau Manis river at Gunung Nago. Downstream from the
confluence of the Limau Manis river, there is an irrigation weir which
was constructed in 1973. Downstream from Gunung Nago, the surrounding
topography changes from hill to plain, From Gunung_Nago, the river
flows to the westward with meandering through the alluvial plain and
joints the Balimbing river at Ujung Karang. Afterwards, the Kuranji:

viver finally empties into the Indonesian Gcean.

(3) Air Dingin river

The Air Dingin river originates on the southern slope of Mt, Lantik
and flows to the south-~westward on the steep slopes of narrow valleys. .
At Koto Tuo, downstream from the road bridge, there is an irrigation_
weilr and thg surroqnding topography changes from hill_to plain, After-
wards, the river flows westward with meandering through the alluvial
plain and finally‘empties into the Indonesian Ocean. At the rivermouth,
the sand splt is observed. This sand spit has forced the river course f

southwards before discharging into the sea.

(6) Exploitation of sand and gravel on river bed

A lot of sand and gravel.on the river bed of the Arau, KQranji and
Air Bingin rivers is being exploited, especially the exploitatidn of .
cobble stone is remarkable in the middle reaches of the séid riﬁers. _
The exploitation volume is estimated at about 110,000 m3/yr'iﬁ”the‘thfee

rivers.,

(7) Carrying capacity of river channels

Carrying capacity of the existing channels is'éStimated with regard
to the Arau river, the flood relief channel, the Kuranji, Balimbing and

Air Dingin rivers, based on calculation by the non-~uniform flow method.
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The summarized carrying capacity ia shown in Table 3.5,

3.4.2 Present Condition of Drainage in Urban Area

The urban area of Padang is located on the coastal plain wiﬁh an
area of approximately 20 km? and in the present éEudy the area 1s
divided into two, 1.e., (1) the old urban area located between the
Arau river and the flood reldef chénﬁei and (2) the new urban area

located between the flood relief channel and the Air Dingin river,

The existing drainage system in the old urban area covers ébout
10 km? as shown in Fig. 3.6 and the main drainage systems of the arca
are (1) Jati and Anak Jati, (2) Kali Mati, (3) Olo T and II, and (4)
Bandar Purus and Purus Kebun. These existlng'drainage systems are as

a whole, not malntalned well and poorly functioning.

- The new urban area is rapidly being'urﬁanized. New housing estates
and industrial and commercial areas take the place of the former. farm
lands. The existing drainage area 1s shown In Fig. 3.7. Integral plan

for the urban drainage system is not made yet for this area.

Regarding the drainage in the low—lying areas listed below, suffi-
cient terminal drainage fac1llt1es are not equipped and the drainage in
these areas is affected by the backwater due to flood water of river and

~high tide.

a. Kali Mati- _
b. Bandar Purus and Purus Kebun
¢. Purus river

d, Ulak Karang river

e, Baﬁng river

£. Penjéliﬁan.

3.4.3 Flood Cdntrol and Drainage Facilities

(1)  Fload diversion facilities at Lubuk Begalung

_ To secure the function of diversion, the floodfdiversion welr was
constructed on the flood-relief-channel side of the bifurcation and the

main-river wedir on the main-river side at the same time as the con-
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struction of the flood relief channel in 1918. The weir is located at .
about 7.5 km upstream from the river-mouth of Lhe Arau. The main river
welr 1s about 65 m in total width and consists of 7 openings ‘and 4 sand-
flush gates, while the relief-channel weir consists of 5 openings as
shown in Fig. 3.8. Although stoplogs are put in the mainQriVer weir
except an opening located at the left end of the weir, it seems to be
difficult to control in time of flood, because the stoplogs are too
heavy to lift and no lifting equipment is inbtalled. The 4 sand~f1ush
gates are respectively equipped with a wooden gate-leaf. The gate

leaves were replaced with new ones in 1982,

The steel girders of the main-river weir have been corroded
extremely and surface concrete of upper part of the piers is off in
places, But the floor slabs are not much abraded. The ‘river bed _
immediately downstream of the main-river weir is remarkably lowered due
to scouring. In 1979, ground oills composed of cribs and gabion were

constructed at two places. Fig. 3.9 shows them.

For the purpose of knowing the staoility_of the éxisgiog main-
river weir, the Study Team checked the stability of the weir soructure
against sliding and overturning. As a result, it is confirmed that the
weir structure withstands against sliding and overturning under the

present condition putting stoplogs.

According to the results of a hydraulic model test by the Beogawan
Soleo river laboratory in 1982, the diverted discharge and its ratio

under the existing conditions are as. follows :

Discharge before Main river Flood felief channel
diversion Discharge Ratio = Discharge Ratio
(m3/s) - (m¥/s) (B (m¥/s) (%)

1. All sand-flush gates closed _ . :
500 293 59 207 41
700 427 61 273 39
2. All sand-flush gates opened _ .
500 o 329 66 . 171 3%
700 444 63 - 256 .. 37
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(2) Bark protection works

Gabion works are'mostly used bank-protection (bronjong). The loca-

tion and the length of bdnk'protection works are shown in Fig. 3,10,

(3) River dikes

'River dikes exist only on both banks of the flood relief chamnel.

The other rivers have no dike.

(4) " Drainage facilities

- The existing drainage outlet structures are non-gated or poorly
functioning. The structures which exist along the flood relief channel
and the Arau river are shown in Fig. 3.11. Any other drainage facili-

ties are not found in the urban area.

3.5 F]oods

3.5.1 Flooding Characteristics

_ The river basins are situated in the heavy rainfall zone by the
monsoon and characterized by the topographic features of the river
channel profiles with steep slope. Such heavy rainfall brings frequently

about inundation in the low-1lying area of the basin,

Sumatra experiences two moﬁsoons:'the.northwestern monsoon from
October to April and the southwestern monsoon from May to September. In
West Sumatra, main wet season occurs from October to December, and in April
" and May thé'secondary peak in rainfall appears. In the Padang area,
floods usually occur in November or December, late in the wet season,

and in April or May during the transitional season of monsoon.

Considering the duration and sharpness of flood peaks, it may be
sald that the 3 rivers are-so~called'shotguﬁlike rivers. After
heavy rain in the mountain areas, the water stage rises rapidly
in. the lower reaches as wéll as in the middle reaches and the river
water dﬁertops its banks exceeding the channel capacity. Moreover, the
deﬁouéhing'of river water in flooding is frequently aggravated by high
tides, '
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The flooding in the plain thus may be caused by the. following
factors:

a. Overbank flow of flood water due to low river channel capacity.

b. Insufficient capacity of the dréinage systen.

c. Backwater effect of flood water level in the river channel and

tide level.

Regarding the urban area located between the Arau and the Kuran31
rivers, intensive inundation seems o be caused by the combinatlon of

two or more of the above factors. Fig. 3.12 shows inundation area and

typical fleood flow directions.

3.5.2 Past Major Floods

According to the data on the past remarkable floods collected
from DPU, West Sumatra and the information from local people durlng the
field survey, the major floods in the past were the floods in May 1972,
April 1979, Novemﬁer 1980, November 1981, and December 1982, The main
features of the floods in terms of rainfall and inﬁﬁdafed area are as

follows

Flood
May 1972 Apr.1979 Nov 1980 Nov.1981 Dec 1982

Item Unit

2-day rainfall

Tabing mm © 393 . 264 314 212 F 128
Gunung Nago mm - 298 . 301 - -

Inundated area ha 3,942 2,809 3,340 1,444 - 1,281

It is recognizéd that the beth floods of May 1972 and November

1980 were heavy from the above table,

3.6 Flood Damage

3.6.1 Present Land Use

. 1 | o
According to the Reporti , the present land use of Padang city in

/1 Rencana Tnduk Xota Padang, 1982
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1981 was 14,5% for urban area, 36.0% for agricultural land and 49,5%

for forest,

The present land use was surveyed in the plain area of the three
river basins of the Arau, thé Kuranji and the Air Dingin. On the
basis of the topographic map of scale 1/5,000 surveyed in 1974 after
modifying by new aerophoto taken in 1981, the present .land use map

is prepared as shown in Fip. 3.13.

The results of survey show that the land use of the plain area
in 1981 was 277% for residential area, 48% for paddy field, 25% for
other agricultural land and area includivg road, channel, etc, They

are .shown in Table 3.6,

3.6.2 - Flood Damage

E Flobd damges are estimated, in principle, from proﬁerties in
the flooding area multiplied by the damage ratio depending on the
flooding conditions, The.damages are estimated for the respective
properties such as house and household effects, shops and ware-

houses, agricultural crops, public facilities and others.

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

by the flobd simulation model described in APPENDIX F.

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

local ecurrencies is assumed at : US$ 1 = ¥ 240 = Rp. 970,

_(l) ?robable flood damages

~ The probable fldodndamagés_afe estimated for the present
situation of basin development, The floods taken up for the studies

are 2,5,10,25,50 and 100 year return periods.

For the estimation.of_amount of damages, the objective flooding

area 1s divided into the following eight blocks.
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a. Arau river systom
- Block 1 : Arau mainstream and flood relief channel
- Block 2 1 Jirak river

- Block 3 : Interior drailnage area

b, Kuranijl rdver system
—~ Block 4t Kuranji mainstream
- Block 5 : Balimbing and Laras rivers

—~ Block 6 : Interior drainage area

¢. Air bingin river system
- Block 7 : Air Dingin river

- Block 8 : Interior drailnage area

The flood damages are estimated for every return period and for
every block. The estimated flood damages are summarized in Table 3.7,

The total flood damages for respective return periods are as follows :

Return. Flood damages (Rp. 108)

?;gig? Arau river Kuranji river Air Dingin river ~ Total
2 920 570 240 1,?30
5 9,510 1,750 360 11,630
10 16,110 3,520 70 20,340
25 22,800 4,790 11,690 29,270
50 23,590 5,490 3,070 32,160

100 25,000 6,220 - 3,160 34,380

(2) Annual average flood damages

The annual average flood damages are estimated as a cumulus of
flood damage segments derived from probable flood daméges multiﬁlied
by the corresponding probability of occurfenée, ffom'nonndémagéable

runoff up to 100 year probable flood,

"The calculated annual average flood damageé.are as follows :

a. Arau river system

- Block 1 : Arau mainstream and . :
flood relief channel i 2,400 (Rp,108/year)
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—~ Block 2 : Jirak river

70 (Rp.10%/year).

~ Block 3 : Interior dralnage area 2,480 ( ! )

~ Sub-total t 4,950 ( " )
b. Kuranji river system

- Block 4 : Kuranjl mainstream : 510 ( " )

~ Block 5 : Balimbing and Laras '

: rivers : 290 ( " )

-~ Block 6 : Interior drainage area ! 370 ( " )

- Sub-total 1,170 ( Y )
¢, Alr Dingin river system

- Block 7 : Air Dingin river : 330 ¢ o )

- Block 8 : Interior drainage area : 30 ( " )

- Sub-total _ : 360 ( " )
d. Total : 6,480 ( " )

3.7 Fluvio-geomorphology

Geomorphdiogic features of the Arau, Kuranji and Air Dingin rivers
and theilr drainage basins are presented based on the findings through

the.aéfophoto inferpretétibn and field survey.

The plain located along the middle and lower reaches of the three
rivers are formed not only with sands and gravels transporte& by these
rivers in flood time during the Holocene epoch, But also with volcanic
detritus, lahar,:etc; due to volcanic eruptions during the Pleistocene

epobh,

' During'the formation process of the plain; the topography was

influenced by crustal movement and eustatic movement,

_The:geomorpholbgic elements of these plains are volcanic fan,
alluvial fan and coastal plain. A schematic. geomorphologic profile is

shown in Fig. 3.14..
" When a flood control plan is made, it is necessary to know in
 detail the natural environment of the area to be protected from flood-

iﬁg. For the ﬁurpose of kﬁowing the geomorphological feature of the area,

a geomorphological map is made as entitled "A Geomorphological Survey
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Map of Padang City and Surrounding Area in West' Sumatra Indiha;ing Areas
Subject to Fioodiﬁg”; This map is enable to luiow the flood conditions,
not only of the pasf but of the future, in respect to the extent of the
areas to be submerged by floods, the direction of flood current, change
of river course, possibility of erosion, deposits, other ltems that may

help in defining the type of flood.

3.7.1 Volcanic and Alluvial Fans

(1) Geomorphologic elements in the plain

When eruption or big collapse of volcano occurred, a lot of volcanic
detvitus, lahar, ashes, etc. flowed down on the slope or aleng the valley
and deposited at the foot of the volcano forming a volcénic faﬁ. Then,
when the eruption or.big collapse ceased, rainfalls or stream flow
began to erode the fan., And then the fan changed to dissected fan'just

the same as that formed by upheaval ground movement.

Pyroclastic flow terrace (Volcanic Fan) is developed well along the
Air Pingin river. Alluvial fan is developed well along the Kuranji river
remarkably. And small alluvial fan is developed_along the lower reaches
of the Air Dingin river and middle reaches of the Arau river but none in

the lower reaches.

The geomorphology of the fan consists of three geomorphologicai. 7
elements i.e, alluvial fan, slightly hilly area and narrow long diésegted
fan, The fan of the Arau river is small. The fan is developed in tHe_
upper reaches from the small canyon at Baru Pulau Air and none in lower
reaches. The fan along the Air Dingin river is déveloped from the lower
edge of the volcanic fan to the coastal sand SPiﬁs. There are many

abandoned river channels on the fan of the Air Dingin and Arau rivers.

The coastal plain is located about 1.6 - 3 km from the coastline.
The area consists.of slightly hilly sand-spits and back-marshes. Big
swampy area is located between the sand-spits near Tabing alrport and
foot of the voleanic fan. Coral reef is developed at tﬁe.river_mouth

of the Kuranji river. The surface of the coral reef is covered by sand,
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(2) Process of geomorphological development in the plain

Although the formation age of the coral reef is noﬁ estimated yet, it
seems that the age 1s in the last Interglacial age during the Wirm Tce Age
or post glacial age. At that-time, the location of the mouth of the
Kuranii river was different from the piesent mouth and big lagoon was
located at the back side of the coral reef. After that the base of the
fan of the Kuranji xlver was formed by pyroclastic flow down to the plain
due to the big voleanic eruption, Then the pyroclastic flow was covered
by sand and gravel about 5 to 10 m thick and the fan was formed. Although
formation age'of the fan is not estimated yet, it seems to be in Wurm Ice
Age (18,000 years B.P.) when the sea water level was lowered about 100 m

than that of the present due to the glacial eustatic sea level change,

Around 6,000 years ago, sea water level was upheaved and reached 4
to 6 m higher than that.pf the present due to the glacial eustatic sea
ievel:change. Some part of the fan and.phroclastic flow wereleroded_and
new fan was formed., After advanced 6,000 years'B.P.,'sand spits have
béen formed. The iine'of sand spits were increased to sea side becauée
of lowerlng of the sea water level and deposition of sand. The formation
process of the basin of the Arau and Adr Dingin rivers are different

from that of the Kuranji river.

(3) Comparison of the fluvial action among three rivers

.ﬁue.to'the push df:the fan of the Kuranji river, the Arau river

was narrowed near Baru Pulau Air. There are several knick points in the
small canyon as shéwn in Fig. 3.15, There is big difference on the

fluvial actioﬁ betﬁeen the upper reaches and lower reacheé of the knick
| point. Baged on the analysis of the specles, diameters and roundness
of the gravels‘ip.the_river béd_and tbpography along the river, it is
eétimated thét the deposition of the upper reaches of the knick point -
is big, but small in the lower part, The.considerable part of the
sand and gravel were stopped by'the knick point in the canyon, and
only smaller gravel is ‘allowed to flow down via knick poiﬁt. At the
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canyon, big gravel is supplied not only from the both bank but also
from the river bed, Then the maximum diameter of thg largest gravel
is increased. But the volume of sand and gravel which flow down to
the lower reaches via knick point is small, The déposition'df the

lower course of the Arau river is smallest among the three rivers,

The fan of the Kuranji river is being dissgcted especlally in
the upper part, not only by the mainstream of the Kuranji but also
the tributaries.on_the fan. 1In the case of the Air bingin river, the -
eroéion of the pyroclastic flow'ahd'terrace are vivid. By the eroded
sand and gravel, new alluvial faﬁ has formed between the volcanic fan
and sand spits. The shifting of the river course 1s frequenf in the

Ean.

3.7.2 C(ovastal Plain

The coastal plain develops along the coastline betweenrthe river
mouths of the Kuranji and Air Dingin. The plain is characterized by
the slightly hilly sand spits and low-lying back marshes as shown in

Fig. 3.16.

The sand spits iocated along the coast line are formed only with
sand, But the sand spits located inland region- are covered with humus
soil about 50 cm thick. Back-swamps aré also covered with the same
soil. The sand spits located in the inland region were formed in
earlier age than those along the coast. line. When the inland spits -
were formed, the sea-water level was slightly higher.tﬁén that of ﬁhe

oresent,

All the sand spits and back-marshes are parallel with coastline.
The natural drainage of these areas seems to be difficult due to to~
pography. The artifielal dréinage must be consldered. ﬁué'to‘:
the urbanization of Padéng city, houses are being constrncfed not only

on the sand spits but also in the back-marshes.

(1) Geomorphological consideration on supply of sand and 1lts movement

The sand of the coast is supplied from the rivers and transported

by littoral current and washed ashore by waves. As has been mentioned
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above, the deposition of the Kuranji river is biggest among the three
rivers. By the existence of the coral reef, the direction of the river
mouth of the Kufanji is winded to ﬁoffh slightiy. Due to the directidon,
the sand and silt which is transportéd by the Kuranji river is distributed

in the northern part of the river mouth of the Kuraniji.

The main direction of the littoral current is estimated from north
to south, because the river mouth of the Alr Dingin 1s winded to south
and the gravel coming from the Kuranji river is found at the southern

coast of the Kuranji,

(2) Geomorpholqgical'conSideration on the coastal ervaion’

The_deposition is predominant than erosion between the Kuranji and
Air Dingin rivers. It is found by the map whiéh was prepared in 1883
that there was sand bank at the right bank of the riﬁer mouth of the
Kuranid. ﬁtiliziﬁg the map and géomorphological land classification
map, the coast line in 1883 can be traced, and it is confirmed that the
coast line was adﬁancéd about 200 m'froﬁ 1883 to present. At that time,
direction of the river mouth of the Air Dingin was at a right angle to the
coast line. But the river mouth was winded to south and jointed with the
Kuranji river on the map in 1982, This shows that big deposition

occurred by the Air Dingin and other rivers located in the north,

At present the erosion,ié-predoﬁin&nt than deposition at the cpast
of the Padang plain except the coast between the Kurapji and Air Dingin
rivers.  One of the important reason of the ceoastal erosion is related
with the supply of sand and gravel from the rivers. . The volume of the
sand and gravel which are transporced by the three rivers is estimated
not so:big;_ Beéause these sand_énd gravel are transported not from the
upper moﬁntainé but from the fan and pyroclastic flow. Especially, the

volume of'the'Arau river is small.

It is estimated that thé coastal erosion is related with not only
the natural features of the rivers, but also artificial works on the

river chanhelsfsuch as construction of weir, exploitatien of the bed

materials and so on.
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3.8 Present Water Balance

In order to clarify the conditions of'availability and requirement
of surface water under the present situation of basin, the water

balance is studied for the Arau, Kuranji and Air Dingln rivers.

The preseni water réquirement is estimated as a sum of water
required for the exlsting irrigation system and present water use for
industries and municipal water. supply. The irrigation water require-

ment is estimated for every week considering the growing Stage of paddy.

Regarding the availability of surface water, the one in five yeaf
dependable vunoff is estimated, firstly, on ihe.ﬁoﬁthly data baSis;n
since the statistical analysis for preparation of the flow duration
with shorter duration can hérdly be done dué to the paucity of dis-
charge records. The dependable runoff is estimated from the one in
five year monthly rainfall at Tabing station by use of relationship:_

between rainfall and runoff at each.balance point.

On the 6ther hand, relationship between monthly average.runoff
and minimum 10-day average runoff of the month is studied béséd dn,the
runoff records as available. The monthly average dependable runoff is
converted into minimum 10-day éverage runcff of each_ﬁonth.using the
monthly tunoff versus 10 day runoff relationship? Finally.the watér
requirement and the 10-day avevrage available water are comparéd.with

each other.

3.8.1 Present Water Requirement

The surface water of the Arau, Kuranji and Air Dingin rivers
including their tributaries are used mainly for irrigation, industrial

and municipal water supply, and hydroelectric power generation.

A total of 11.5 m3/s of surface water is required at.present;
which consists of 10.8 m3/s for irrigation, 0,5 m%/s for industry and
0.2 w3/s for municipal water supply. Thé water requirement of eadch’
river is summarized in the following table, of which monthly require~

ment is shown in Table 3.8,
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Water rquirement (m3/s)
River _ . bt Lt A _ - _
Irrigation Industry Mun, water supplyl{l Total

Arau 1.167 0,487 : - 1,654

Kuranji 5.901 - 0.220 6,121
Alr Dingin 3,755 - - 3,755
Total 10.823 0.487 0,220 11.530

Irrigation water shares the major part of the present water
requirement. The irrigation water in the above table is the water
requirement estimated for the existing irrigation systems shown in
Fig. 3.17. ]

~ There are two hydroelectric power plants, i.e., PLTA Rasak Bunga
in the Arau river and PLTA Kuranji in the Kuranji river. For these

plants 1.80 m3/s and 2.55 m3/s of water is taken from the Arau and
Kuranji rivers, respectively, and returned to the respective rivérs,
which are not included in the table of water requiremenﬁ ﬁentioned

above,

3.8.2 Available Water

Taking account of the locations of stream gauging stations and
intake facilities, the following points are selected for water

balance srudy :

River Balance point Drainage'area
. ' . (km?)
Arau - Ib. Sarik sta. 64
Kuranji G. Nago weir 120
Balimbing S. Guo weir 11
Air Dingin Lb. Minturun sta, 116

/1 Padang Water Supply Project, Feasibility Study and Detailed

Engineering, Lahmeyer'lnternational, Nov. 1982,
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Since the period of available surface flow data 1s short, the
available water at each balance point is estimated from the ‘rainfall
data at Tabing station by use of éelationship between monthly rain-
fall at Tabing stafion and monthly average runoff at each balance

point. Tabing station has longer period of rainfall records since

1948,

According to the results of correlation study, the monthly

average runoff at each balance point is related to monthly rainfall

as follows :

a. Q=0.0273 R = 1.12 R A / 2,630 for Lb. Sarik station

b. Q = 0.0461 R = l.Ql R A/ 2,630 for G, Nago weir

c. Q =0.00422 R =1.010 R A/ 2,630 for S, Guo weir

d. Q@ = 0.0391 R = 0.89 R A/ 2,630 for Lb. Minturun station
where,

Q : Monthly average runoff at each balance point (m3/s)

R : Monthly rainfall at Tabing station (mm/month)

Drainage area (km?)

Based on the disehérge data as available at Lubuk Sarik and
Lubuk Minturun stations, the ratio of minimum 10-day average runoff
in a month and monthly average runoff is studied. On.the average,
the minimum 10-day average runoff 15-68 percent of fhe monthly

average runoff,

The monthly average available water at each balance point is
estimated from the rainfall data at Tabing station by use of the
relationship between monthly rainfall and runoff derived in the -
ﬁrevious paragraph., The minimum iO—day average runoff of'eaéh' 
month is estimated from the monfﬁly average availabie water multi-
plied by the ratio 0.68. The 10-day runoff is taken up.és the
available water of each month. The results of Calculation:aféﬁ

shown in Table 3.8.
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3,8.3 Water Balance

‘The present water requirement and available water at each
balance point are shown in Table 3.8 and Fig. 3.18. The water
balances at the maximum requirement and the minimum availability

are summarized as follows :

Bélante Balance at max. Balance at min:
River . requirement (m3/s) Availability (m3/s)
o point :
Qr Qa Qr Qa
Arau Lb. Sarik 1.65 3,08 1.59 2.34
Kuraniji G. Nago 4,97 . 5,20 4,69 3.95.
Balimbing S. Guo 1.16 0.48 1.09 0.36
A, Dingin “Lb, Minturun 3.76 - 4,41 3.53 3.35

{(Qr : Water requirement, Qa : Available water)

Althpﬁgh the study made in the previous:sections are on the
preliminary level, the present water balance could be concluded as

follows

a. . The water in the Arau river is deemed to be enough té the

present water requirement,

b. The water in the main Kuraﬁji and Air Dingin seems to be
almdst‘eﬁough to the present water requirement except the -
month of minimum availability.

¢. The water at S. Cuo 1is not.enough to ‘the present irrigation
ﬁatér requirement, since the catchment area is too small to
supply wafer:to the wide irrigation afea.between the

Balimbing and Laras rivers.
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CHAPTER 1V REVIEW ON PREVIOUS FLOOD CONTROL ACTIVITIES

4.1 Existing and Ongoing Flood Control Works

The Padéng'area has been suffering from flpodiﬁg since the Dutch
ages. Floodings before the construction of flood relief channel
(Banjir Kanal) were caused by the flood water both from the Afaﬁ and
Kuranji rivers. Channel capacity of the Arau river was insufficlent,
in addition, flood water from the Keranji river flowed into the Padang
area through the Jatl river and other irrigation canals. Flood relief
channel was proposed intending to divert a part of the flood runoff of
the Arau river, to prevent the flood runoff of the Kufanji from
attacking Padang city, and to drain the both runoffsﬁdirectly to the
sea. The construction works of the flood relief channel and diversion

structure at its head were started in 1911 and finished in 1918.

The flood relief channel and flood diversion structure in Lubuk

Begalung are the most important existing flood control facilities.

Incessant efforts for protection of Padang area from floods have
been made by the DPU, West Sumatra and its related authorities.
Table 4.1 shows the past budgets for the flood control of the Arau,

Kuranji and Air Dingin rivers and for Padang coast protection since

1969/70 fiscal year. -

The works executed so far are maiﬁly local bank protection, rén
habilitation and maintenance of the flood relief CHannel,_and jetty
construction for Padang coast protection from erosion. These works
seems to be properly executed and performing their expected functions.
These works, however, are not carried out under a cdmprehensive basin-
wide flood control plan, since the works are executed with fhe limited

fund and are those of remedial measures.

4,2 Previous Flood Contr01 Studies and Related Projects

(1) Flood protection and control of Padang and environments

The study was made by P.T. Indah Karya for DGWRD in 1973 through
1975, and the study results are involved in a series of reﬁorts.
This study initiated the current studies on flood control of the Padang

area.
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Among theae reports, the filrst repoxt Reconnaissance Report
for the Flood Protection and Control of Padang and Environments presents

the besic concept of flood protection and control as follows :

L

b.

e.

To retard flood runcff in the upper reaches by means of
re-afforestation, and river terracing/check dams

To accelerate drainage in the lower veaches by means of

channel improvement ‘and cut-off channels

To prevent flood water from overflowing by means of levees
on both river banks, and decreasing flood runoff by flood-
way and watershed separation

To drain local raln by means of construction and re-
habilitation of dtrainage canale

To regulate land use g0 ‘as to reduce damages.

The report proposes the following flood control works to be

implemented as the short term works :

(2)

.

River_traiﬁing and_lg#ee construction
Rehabilitation of the Arau, flood relief channel and
its flood control structure

Rehabilitation and qonstruction of drainage canals

and. gates.

West Sumatra Design Unit Reports

The reports were pfepared by the Design Unit of Pengairan, DPU,

West Sumatra in 1977 through 1981, under a technical cooperation by

Sir William Halcrow & Partners uder assignment by Overseas Development

Administration, London. Most of these reports are so-called technical

notes,

(3) Padang Kampung Improvement Program (Padang KIF)

The captured program was prepared by FENCO Consultants for DGCK

in 1980, as a part of the Urban Development in'7 Medium Size Cities.

The Padang KIP project covers an area of 258 ha and is implemented

in 4 phases as follows, (refer to Fig. 4.1)
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Phase Fiscal Year Kampung Net area (ha) Population

I 1980/81 Purus 1 44 8,751
1T 1981/82 Ujung Gurun, Purus IT 55 14,430
111 1982/83 Alang Lawas, Pasar 77 16,093
Gadang, Pondok
iv 1983/84 Seberang Padang, Parak 82 15,205
Gadang .
TOTAL 258 54,479

The Phaéé I and II works were completed and Phase III works and
detailed engineering for Phase IV are ongoing. Drainage improvement
included in the KIP program is, in general, for tertiary drains of

small size.

(4) Padang Drainage Improvement Project

P.T., Indah Karya with advisor from DHV Consulting Engineers is
conducting the detailed engineering of Padang Drainage Improvement:
Project for DGCK, aiming to propose drainagg improvement works in ordér
to reduce the floodings and to iﬁprove the sanitary condition of drains,
in the old city area bounded by the flood relief channel, the Arau
river and the Indonesian Ocean (approximately 1,000 ha : refer to

Fig. 4.2).

The services were commenced in Aughst 1982 and the_étudy is.still
ongoing. Series of supporting reports and béckground_papérs'havé-béeh
préparéd so far. Interim Report I was published in M3931983 éﬁd.
Interim Report II will be submitted at the beginning df Noﬁéﬁber 1983;'

According to the survey and studies made so far, the layout
of the existing and proposed drainage systems is shown in Figs. 4.2
and 4.3. The Damar system and Jati I and II system havé alternative
drainage routes through the existing Purus I drain and Jati drain

instead of construction of new ocutlets.

tne of the proposed drainage systens, the Olo?Nipah'systém,Wésl
subject to the preliminary design selected as the first priority

area.
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(5) Other studies

Study on Water Resouréeé Development Plan in the Padang Metro-
politan Area (Study Perencdnaan'PengemﬁanganSunmerhsumber Adr
Wilayah Metropolitan Padang) was made for DGWRD by P.T. Virama Karya
in 1981.

Feasibility Study and Detailed Engineering for the Padang Water
Supply Project was made for DGCK by Lahmeyer International in
November 1982,

Padang Ciﬁy Master Plan (Rencana Induk Kota Padang 1983 - 2003) was
set ‘up lately in January 1983 by Pemerintah Kotamadya Daerah Tingkat IT
Padang (refer to Fig. 4.4). '

Regarding the studies on Padang coast, Prestudy on Padang Coast
Problems (Prestudy Masaalah Pantai Padang) was prepared by DPUTL, West
Sumatra in 1971. Lately, Final Repbrt'on'lnépection and Investigation
Works of Deposition Effects of Jetties in Padang Coast (Final Report
'on'Bekerjéan Pengamatan dan PenelitimLKxib Terhadap (Pengaruh) Endapan:
féﬁfai Padang) was prepared for DPU, West Sumatra by C.V. Tri Udaya
Sakti in 1983.

‘The studies mentioned above are also referred to in planning the

Padang Area Flood Control Project.
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CHAPTER V FORMULATION OF COMPREHENSIVE
FLOOD CONTROL AND DRAINAGE PLAN

5.1 General

' Based on the results of the fileld investigation, study of the
present conditions of the study area and review of previous studies,
conceivable alternative schemes for comprehensive flood cdntrbl and
drainage plan were developed, and the final plan was formuldted based
on a comparative study of the alternative schemes., The results of the

comparative study and the proposed comprehensive plan are presented in

this chapter.

5.2 Objective Area for Comprehensiye Plan

The urban area of Padang has been developed on the coastal plain
between the Arau and Air Dingin rivers., But the rECent genéfél‘trénd '

of urbanization is to extend eastward from the existing urban area.

According to the master plan of Padang city which envisions the
future city development at the target year of 2003, thé new ﬁrbéh
zone is planned mainly to the area located between'the'eXisting'urban

area and the foot of mountain on the east as shown in Fig, 4.4,

Within the three river basins, the future city area of Padang is
to be about 130 km?. In the present study, the comprehensive flood
contrel and drainage plan is preparéd in order to relieve the existing

and future urban areas of 130 km? from flooding.

5.3 Alternative Schemes

5.3.1 Flood Control Method

The flood control method should adopt the optimum measure taking
account of regional characteristics of the river Basip such as topo-
graphy, scale of catchment area, type of flood runoff; flooding

conditions, ete, In general, the following measures were considered
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optimum for flood controls 1

Upper basin : fiood regﬁiation by reservolr

Middle basin : flobd_retérdation b?_fetaiding basin and flobd
'_ preyentidn Ey channei improvemeut

Lower basin : flood diversion by diversion channel and flood

prevention by channel improvement

(1) Flood control method in uppef.basin

‘The river slopes upstream of the Arau,'Kuranji'and'Air.Dingin are
very steep, more than 1/40. The flood runoff is therefore of the
flash type with time of concentration of about 5 hours. The effective
measures of flood control for such rivers is to store a flood runoff
by reservoir in the upper basin. In the upper basin, the river has
very steep slopes of deep and narrow valleys, The only appropriate
dam site with reservoir is found at Danau Kering in the upstream
reaches of the Limau Manis river of the Kuranji river basin. The
location of this Limau Manis dam is shown in Fig. 5.1. The catchment
area of this dam is 17.5 km?. The reduction of peak discharge by
regulatioﬁ of the dam was calculated using the flcod runoff simulation
model described in APPENDIX ¥, The result of caiculatiéns show that
about.lo'%'of peak discharge in the case of 50 yr probable flood is
effectively reduced by dam construction. The result of the compara-
tive study with the improvémént of the existing channel shows that a .
dam would prove mére expensive than channel improvement. This counter-
measure is therefore not recommeﬁdable for the purpose of flcod control
only. On the other hand, from the viewpoint of development of natural
energy under the difficulty in acquisition of oil, this dam scheme
might be taken up as multi?urpose project providing hydropdwer in the

future.

With regard tb the proposal on the previous study report by
P;T. Indah Karya to build a series of steppe& dams (check dams) in the
upper reaches of the Arau and Kﬁranji rivers, the Study Team checked
fhe_reduétion of peak dischafge”by'means of the stepped dams by calcu-

lation  using the flood runoff simulation model described in APPENDIX F.
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The result of the calculation shows that the reduced peak discharge by
stepped dams is very small for the following reasons : (1) the rivers
are too steep for any effective storage to be provided to attenuate
flood discharges, and (2) flattening of the river bed slope would be
local and the delay in time of concentration would be small. Therefore,

the stepped dam measure 1s not recommended,

As mentiomed in Section 3.7, there are several knick points néa?
the new railway bridge of the Arau river, The dépoéitidn of the upper
reaches of the knick points is bilg, but a consideréblé portion of the
sand and gravel is stopped by the knick poiﬁts; smailér gravei is
allowed to flow down via the knick points, Thé deposition of the lower
reaches of the Arau river is small, TIn case of the Kuranji river, the
lowerlng of the river bed is accelerated by the Gunung Nago weir. The
facts mentioned above show that construction of check dam is unnecessary

to reduce sediment runoff in the upper basin,

The rewafforestation and forest maintenance are necessary and
commendable practices to reduce runoff in the upper basin, but the
effects of such activities of watershed management would be éxpectéd
only after extended effort over a long period. On the other hand, the
model forest scheme as proposed by Andalas University ié ouflined in
APPENDIX C. This proposél should be encouraged from the vieﬁpoint of

conservation of the forest in the upper basin.

{2) Flood control method in middle basin

In the middle basin of the three rivers, most of the_plain.aréa
has bheen developed as agricultural iand or residential:ﬁuarters. The
possible area for a retarding basin is found only in the small area on
the right side of the Laras river where the land has not been developed
yvet because of swamping during the wet season, This area may be con-

sidered for a retarding basin,

Since the middle reaches of the existing channel has adequate
carrying capacity, excepting the Balimhing and_Laras-rivers,-é continu-

ous dike along the whole stretch is unnecessary. Therefore,-channel
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improvement by means of dike construction and excavation of the channel

1s recommended as the most effective for the middle reaches.

{3) TFlood control method in lower basin

In the_lower reaches of the rivers, the existing channel has
inadequate carrying capacity in all stretches. TImprovement of the
existing channel or construction of a diversion chamnel should be

considered,

With regard to a diversion channel, the following two schemes are

studied in order to reduce flood discharge of the existing channel,

a. A new diversion channel to divert the.exdess flood water from
the Arau river by construction of a 4.7 km channel from a
point upstream of the Lubuk Begalung weir to the Teluk Bayur

harbor.

b. Separation:of'the Balimbing river from the Kuranii catchment

by construction of a 2.4 km channel to the sea,

_ The results of the cost estimate show that the construction costs
of the above measures would be more expensive than the cost of improve-
ment of the existing channel, Moreover, in the case of new diversion
of‘the’Arau:river, a sediment problem would be brought.to-the Teluk

Bayur harbor,

Another conceivable flood control method is 1mprovemenL of the
existing channel which is the pr1nc1pal flood control measure in the
lower reaches. No other measure would be effective in the lower reaches

of the three rivers. Therefore this methbd is recommended.

5.3.2 Alternafive.Séhemes

"With regard to river stretchés‘subject to chanmel improvement under
the comprehensive plan, the.improvement at the upstream end of the
channel was determined by consideratlon of the results of the fluvial
geomorphological study, i.e. the new railway brldge site for the Arau

river where the knick point exists, the Gunung Nago weir site for the
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Kuranjl river and the Koto Tuo welr site for the Air Dingin viver. The

determined river stretches are as follows :

Length

MName of River Stretch
(km)
1. Arau river 10.6 rivermouth - new rallway bridge
2, Jirak river 4.6 confluence to mainstream -

new railway bridge
3. Flood relief channel 6.7 whole stretch
Kuranji river 13.5 rivermouth - Gunung Nago weilr

5. Balimbing river 9.7 confluenceé to mainstream=- 2 km
upstream of Lolong Kanan bridge

6, Laras river 4,2 confluence to Balimbing -
Kp. Alx Pacah

7. Alxy Dingin river 5.2 rivermouth - Koto Tuo weir

Locations of these stretches are shown in Fig, 5.1.

Since the existing channels have insufficient capacity, channel
improvements to increase the carrying capacity are required by means
of construction or heightening of the dike and excavation of the
channel. According to the results of the fluvial geomorphological
study, the fluvial action of the rivexs is strong in the stretch bet-
ween the Gunung Négo weir and Kalawi bridge of the Kuranji river
and in the middle reaches of the Air Dingin river. The shifting of
river course in the said stretches is frequent. Therefore no diking
system is adopted for the channel improvement plan in those stretches.
A retarding basin in the Laras river basin is considered as one of the
alternative schemes, TFor the drainage in the urban area, drainagé‘
outlet structures are considered in the channel impfovement. Pumping
stations are also considered at the drainage oﬂtiéts of the 1ow—lyiﬁg
area. The conceivable alternative schemes thus set up are shown in

Tables 5.1 to 5.3 (refer to Fig. 5.2).

5.4 Design Flood for Alternative Schemes

At present, a level of 20-year to 50-year flood is actually
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adopted .for the flood control project in Indonesila as shown in Table
5.4, 1In consideration of the above clircumstances, the present situa-
tion and future development plan of Padang city, levels of design flood
for the comprehensive flood control and drainage plan of the objective

rivers are adopted as follows

River : Return period

a, Arau river, flood relief channel, Kuranji

and Air Dingin rivers : _ 50-year

b, Tribﬁtaries such as Jirak, Balimbing and

Laras rivers : 25-year

c.'Draiﬁaéé facilities : 10-year

'BaSEd.on the results of flood runoff analysis as shown in Table
5.5, the design flood discharges for each alternative scheme are deter-

mined as shown in Fig. 5.3.

5.5 Comparison of Alternative Schemes

The fequired cqﬁstruction work, land acqﬁisition:and compensation
were estimated for each alternative scheme, The construction cost is
comp¢séd;0f the cost for ciVil_ﬁorks and the cost of land acduisition
and compehsafibn."Thercost required for civil work is calculated by
Vmultiplyihg work quantity by unit cost, The estimated construction

costs are shown in APPENDIX J. They are summarized below.

iver ‘Construction cost (Rp. 108)
1. Arau river Scheme A-1 Scheme A-2 Scheme A-3
: 25,141 25,266 24,033
2. Kuranji river Scheme K-1 _ Scheme K-2
: 16,404 15,955
'3, Air Dingin river Scheme D-1 . Scheme b-2
: 5,579 6,278
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The comparative study on technical and least cost basis makes it
clear that (1) for the Arau river, Scheme A-3 results in lower cost
than the other Schemes A-1 and A-2, (2) for the Kuranji river, Scheme
K~2 results in lower-cost than Scheme K-1, although the difference of
the cost between the two ts slight and (3) for the Air Dingin river,
Scheme D-2 results in higher cost than Scheme D-1, furthermore Scheme
D-2 will be more expensive, and in addition to the cost, an appréci—

able maintenance cost would be required to maintain the river-mouth.

Therefore, it is comsidered reasonable to select Schemes A-3,

K~2 and D1 for the comprehensive flood control and drainage plan.

5.6 Proposed Comprehensive Flood Control and Drainage plan

5.6.1. Design Flood Discharge

The design f£lood discharge distribution for the proposed compfe—

hensive plan is shown in Fig. 5.4.

5.6.2 Proposed Plan

The comprehensive plan proposes the works (1) channel imﬁfove~
ment over a total length of 55 km on the mainstream of the Arau, on
the flood relief channel, on the mainstreams of the Kuranji and Air
Dingin rivers and on their major tributaries, (23 conétrﬁétion of the
Laras retarding basin, (3) reconstruction of the Lubuk Begalung weir,
(4) construction of drainage outlet culverts, (5) reconétrﬁctian of
five bridges, (6) improvement of major drainage channels over a.iength

of 43 km, and (7) construction of six drainage pumping stations.

The proposed river channel alignment is shown in Fig. 5.5. The

outline of the proposed comprehenéive plan is as follows :
(1) Arau river

The proposed improvement plan of the Arau river system comprises
channel improvement on the mainstream of the Arau river over a 1ength
of 10,6 km, on the flood relief channel over the whole stretch of 6,7

km and on the Jirak river over a length of 4;6 km, Both the mainstream
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wely and the flood rellef chamnel welr of the diversion weir at Lubuk
Begalung are planned for reconstruction (Fig, 5,6), In connectlon
with the channel improvement, three bridges, three drop structures and

two siphons are also planned for reconstruction.

{(2) RKuranil river

The proposed improvement plan of the Kuranji river system com-
prises : (1) channel improvement on the mainstream of the Kuranji river
over a length of 13.5 km, on the Balimbing river over a length of 9.7
km and on the Laras river over a length of 4,2 km, and (2) construction
of the Laras retarding basin. In the lower reaches of the Kﬁranji and
Balimbing-rivefs and in the lower and middle reaches of the Laras
river, the chanmmel improvement will be made by a diking system. Two
bridges on the Kﬁranji and Balimbing rivers are planned for reconstruc-
tion in connection with the channel improvement. 'The Laras retarding
basin on the right side looking downstream of the Laras river will be

constructed in order to reduce flood discharge.

(3) Adr Dingin river

The proposed improvement of the Air Dingin river is channel im~
provement over a length of 5,2 km.  The bulk of the works is excavation
of the existing river channel to secure adequate carrylng capacity.
Construction of dikes is planned in the lower reaches only., The exist-

ing sand spit at the river-mouth will be left as it is.

(4) Urban-drainégg

| The urban drainage plan pfopdses impfovement of major‘drainage
channels over a total length of 43 km and construction of drainage

pumping stations,

.The.length of drainége channel‘to be iﬁproved and the proposed

‘capacity of pumiping station are shown in Table 5.6.

5.6.3 Construction Cost

Cohstruction dosts are composed'of the costs of civil work, land

- 41 -



acquisition and compensation, contingency and engineering and adminis-
tration, Cost requiréd for clvil work is accounted by multiﬁlying.f-
work quantity by unlt cost, Engineering and administration cost is
assumed to be 15 % of the sum of the cilvil works, land acquisition and
compensation costs, Cost for contingency is assumed at 10 % of the
above costs. The constructlon cost for the comprehensive'plan is

estimated at Rp.69,662 X 10% as shown in Table 5.7.

5.7 Economic Evaluation

5.7.1 Economle Cost

The economic conmstruction cost for the comprehensive plan was
estimated by deducting tax and contractor's profit from the Rupiah
currency portion of the construction cost. The tax and contractor's
profit to be deducted are assumed to be 4 % and 10 % respectively.

The economlc constyuction cost estimated is Rp. 67,056 x 108,
5,7.2 Benefits

Benefits are the expected reduction of flood damages for private
properties, farm crops, public facilities and so on, and the expected
development effect for the land which has not been utilized during

the wet season,

¥or evaluation of the comprehensive plan, the benefits are esfi-
mated wnder two conditions, i,e., the present.conditions defined after
completion of the project assuming the execution of the works in 7
years and the future development condlitions based on the Master Plan

of Kotamadya Padang.

The average annual benefits estimated are Rp. 8,283 x 10% under
the present conditions and Rp. 11,645 x 10° for the future conditions

after development,

5,7.3 Internal Rate of Return

Based on the economic cost and the benefits mentloned above,
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internal rate of return for the comprehensive plan is calculated
assuming a project life of 50 years. The results show that the pro-
ject 1is expected to yield an internal rate of return of 10,5 % under

the present conditions and 14.7 % for the future conditions,
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CHAPTER VI ~URGENT FLOOD CONTROL PLAN

' 6,1 General

The comprehensive flood control and drainage plan was formulated
to reduce flood damage not only in the éxisting urban area but_also
allows for urban expansion. The economic benefits of the plan at the
present state of development are not so high, and a large fund is
required to implement such é'big project. However, as mentioned in
the foregoing Chapter III, the existing urban area of Padang clty
suffers from frequent flood damage which cannot be overlooked any
longer. Realization of an urgent flood control measure is required

for the existing urban area.

For this reason, an urgent flood control plan based on the com-
prehensive plan was prepared to formulate a priority project for
immediate implementation in consideration of the:urgency of counter—
measures as well as the technical and economical -effectiveness under
the present conditions. The urgent flood control plan aims at mitd-
gation of flood damage in the existing urban area and area to be

developed as residential quarter in the near future.

6.2 Necessity of Urgent Flood Control Project

The city of Padang and its sﬁrrounding alluvial lands_formed by
the Arau, Kuranji and Alr Dingin rivers suffer from frequent inuﬁda—
tion damage due to the inadequent capacity of flood control and
drainage facilities, 1In fact, the area has suffered extensive flbod
damage five times in the last ten years. The damage caused by floods

in 1972 and 1980 was particularly serious.

To make matters worse, the urban area of Padang city is expanding
rapidly and new éettlements are developing even in the low-1lying land
surrounding the existing urban area. The social and economic damage
due to flooding in these areas is increasing. 1In order to mifigate
the flood damage, fmplementation of flood control measures 1s urgently

required,
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5.3 Design Flood

In order to select a level of desigﬁ flood for the urgent plan,
three alternative plans were examined by the scale of the following

design floods,

Return period of design flood (yr)

River
Plan-A Plan-B Plan-C .
1. Mainstream 106 . 25 50
2. Tributary 5 10 25
3, Drainage channel 2 5 10

The results of a cost estimate or the comparative study are

summarized below.

Ave.amnual - p o oie cost B/C with discount

Alternative plan  benefit ) € ] .
_ (Rp.106) (Rp.10%) rate of 12 %

1. Plan~A 5,694 37,383 1,19

2, Plan-B 7,615 43,678 1.24

3. Plan-C . 8,320 66,500 0.90

The above table shows that Plan-B has high economic value of B/C
as compafed with the other alternatives, In the ébove table, flood
control behefi;s_are estimated taking into account reduction of flood
daméges”pﬁﬁer thé_present situatibn for private propertieé,ifarﬁ
crcps,;puﬁiig faciliﬁies'énd the_devélopment effect of land to be

expected from the project.

“The plan with 25 year design flood is therefore proposed as the
uréent'fldod’cdﬁfrol plan from the standpoints of high economic value

and ‘socio~economic conditions in the area.

On the other hand, according to the flood damage survey, the past

remarkable floods in Padang city were the floods of May 1972, October
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1976, April 1979, November 1980 and November 1981, Among them, the
flood of May 1972 was the biggest since 1960 which corresponds to
about 23 year return pefiod. The river chamnel to be improved by~
the urgent flood eontrol plan will have sufficlent capacity to

carry the said flood. The determined design flood discharge is
shown in Fig. 6.1.

6.4 Proposed Urgent'ﬂbod Control Plan

6.4.1 River . Stretches for Proposed Urgent Flood Control Plan

'By the considering the flood prone area and carrying capacity of
the existing river channe1 the stretches of the rivers taken for
planning for the urgent flood contrel works were determined, The
upstream end of the stretch for channel excavation and embankment was
determined based on the comparison of proposed high-water level w1th

river bank elevation.

The river stretches for the proposed urgent flood control works

are shown in Table 6.1,

6.4,2 Tumprovement Plan of River Channels and Related Strudtures

Considering the existing conditions and- the proposed comprehen—
sive plan, the river channels and their related structures for the

urgent flood control plan were designed.

The project proposes : (1) channel‘improvemenf over a.tétal length
of 36 km on the mainstream of the Arau river, Qﬁ the flood'relief
channel, on the mainstream of the Kuranji river, 6ﬁ the Alr bingin -
river and on their major tributaries, (2) construction of the Laras
retarding basin, (3) reconstruction of a part of the flood reliéf _
channel welyr of the Lubuk Begalung weir, (&) construction of 52 drain-
age culverts, (5) reconstruction of five bridges, (6) improvement of
major drainage channels over a total length of_3 km, and (7) construc—

tion of three drainage pumping stations,

The proposed river channel alignments are shown in Fig. 6.2, The

- 46 -



outline of the improvement plan of river channels and related structures

are as follows :
(1} Arau river

The proposed improvement of the Arau river systen is composed of
channel 1mprovement on the mainstream of the Arau river over a length of
B.5 km, on the flood relief chammel over the whole stretch of 6.7 km and
on the Jirak ?iver over a length of 2,5 kn., The flood relief channel
will be imprbved ﬁo'have the same proposed cross-sections as the compye-
hensive plan, while the channel of the mainstream will be improﬁed only
in the stretch between the suspeﬂsion'bridge and the confluence of the
Jirak river. The Lubuk Begalung_diversiOn welr will be reconstructed
only on .the flood relief channel side, Although the weir body of the

mainstream slde will not be reconstructed under this project, reinforce-
| ment of the downstream apron and rvepair of the bridge on the weir will
be carried out. Fig, 6.3 shows the preliminary design of the Lubuk
Begaiung'weir'to be reconstructed. It is recommended that the dimension
of the welr should be determined by hydraulic model test, The Jirak
river is to be improved by diking. ~Two bridges for the relief channel
and one bridge for the Jirak river are to be reconetructed due to
widening of the channel. Three drop structures and two siphons on the
relief channel are to be reconstructed. "Culverts at outlet of drain are

to be constructed,

{2} Xuranji river

The pfopdsed improvement of the Kuranji river system comprises
{1) channel improvemént'on the mainstream of the Kuranji river over a
length of 7.5 km,'on ;hé Balimbing river over a length of 4.2 km and on
the Laras rivéf'oﬁgr a leﬁgth of 1.2 km, and (2) construction of the
Laras retarding basin. The existing channels will be improved by build-
ing dikes.together with excavétion# The excessively meandering reaches
will bé put'iﬂ.order by means of cﬁtoffs. In conmection ﬁith channel
improﬁemeht,iﬂaﬁggalb bridge on the mainstream of the Kuranji river will
be extended by one span and Tunggul Hitam bridge on the Balimbing river

will be reconstructed.
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The Laras retarding basin on the right side of the Laras river is to
be constructed to reduce the flood dischérge. The area of the retard-
ing basin is to be about 1.5 km? and the storage capacity is to be
about 1 % 10%m3 with 1 m depth on average. On the boundary of the
retarding basin, low dike and drainage channel are to be constructed

to show the boundary line and to store the water during a flood.

{3) Adir Dingin river

The proposed improvement of the Air Dingin river is channel
improvement over a length of 5.2 km. The chgnﬁel will be improved
mainly by excavation of the.existing channel, while low dikes will be
built in the lower reaches over a length of 3 km from the river-mouth.
The excessively meandering stretch located upstream of Muara Penjalinan
bridge will bé put in order by means of a cutoff. The existing sand

spit at the river-mouth will be left as it is.

6.4.3 Improvement Plan for the Urban Drainage Channel and Relatéd

Structures

(1) Improvement plan for major drainage channels

Within the comprehensive plan,'the necessary stretches of the
major drainage channels to be improved urgently were selected consider—
ing existing urbanization, flooding conditions and priority. ranking in

old urban area proposed by the Cipta Karya,

Stretches subject to the improvement and design discharges are as

folloﬁs :

Drainage Length to be Design
chahnéa improved discharge
(m) - (m3/s)
1. Olo-Nipah | 590 25 ~ 14
2. Ujung Gurun 810 18 4-10.
3. Purus | 580 | 13
4. Vlak Karang 1,030 6.5 - 2.5
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The stretches to be improved are shown in Fig, 6.4

(2) Plan of terminal dfainage facilities

At the terminal of the Ujung Gurun, Purus and Ulak Karang drains,
a pumping station is ﬁlanned for urgent construction, The required
capacity of the pump plant was estimated based on hydraulic analysis
and the étudy of economle aspects, The study results are described
in APPENDIX I. The capacity of the pump plant is determined as shown

below.

Punping station : Ujung Gurun Purus  Ulak Karang

Pump capacity (m3/s) : 3.5 2,0 3.5

6.4.4 Proposed Urgent Flood Control Works

Based on the proposed river channel mentioned above, the follow-
ing major works are proposed for the urgent flood control project in

this study.

(1) Mainstream of Arau river including Jirak river

a. Excavation/dredging of channel and embankment of dike,
: b. Bank protection by means of wet masonry and gabion.

c. Construction 6f outlet culverts,

d. Reconstruction of bridge.

e, Ground sill on river bed.

" (2) Flood relief channel

a, Excavation/dredging of channel and embankment of dike.

b. Bank protéction by means of wet masonry and dry masonry.

c¢. Construction of outlet culverts and drainage pumping stations,.

d. Reconstruction of drop structure on channel bed, bridge,
syphon and_diversion weir,

e. Drainage channel improvement.
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(3) Kuranil river dncluding Balimbing and l.aras rivers and Laras

retarding basin

Excavation/dredging of chammel and embankment of dike.

b. Bank protection by means of wet masonry, dry maéonry, gabion
and groin,

¢. Construction of outlet culverts and a drainage pumping station.

d. Reconstruction of bridge.

e, Ground sill on river bed,

f. Drainage channel improvement,

(4) Alx Dingin river

a. Excavation of channel and embankment of dike,
b, Bank protection by means of wet masonry and gabion.
¢, Construction of outlet culverts.

d..Ground sill on river bed.
The proposed work quantity is as follows :

River channel improvement

Excavation/dredging works 1,789 x 1.03m3.
Embankment works 310 x 103m3
Bank protection works _ | :

Wet masonry _ 83,700 n?

Dry masonry _ 28,300_ m?

Gabion 14,200 w3

Groin 10,500 m
Reconstruction of diversién weir 1 place
Reconstruction of syphons 5 bridges
Reconstruction of drop structures 3 places
Reconstruction of syphbns 2 ﬁlaces
Grountd sill works 3 places
Constfuction of drainage culverts 52 places

Drainage channel iwprovement :

Construction of drainage pumping stations .3 Statiohs
Drainage channel improvement 3.0 km
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6.4.5 Land Acquilsition and Compensation

The channel improvement plan was prepared in such a way as to
minimize the quantity of houses to be relocated. TLand acquisition
and house compensation due to construction work are to be carried out
by the city office of Padang, The quantity is shown in Table 6.2.
They are summarized below : '

River channel Drainage channel

Ttem Unit improve't improve't Total
Land acquisition ha 106 . 9 115
"House compensation nos 244 : ‘58 302
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CHAPTER VII

CONSTRUCTION PLAN AND COST ESTIMATE FOR
URGENT FLOOD CONTROL PROJECT

7.1 General

The construction works for urgent flood control project consist
mainly of excavation/dredging, embankment and bank protection for
channel improvement), constructions'of.structures such as diversion
weir, drainage culvert, bridge and drop structures, and construction
of-drainage pumping stations and improvement of major drainagé

chammels in the urban area.

In the present stud&, two alternative construction plans are
studied for executing the urgent flood control project, One is a
seven-year plan that consists of 5 years for execution of méin civil
works and the another is a five-year plan that consists of 3 years
for execution of main civil works, TIn conclusion, the seven-year

construction plan is adopted and is explained in this CHAPTER.

/.2 Construction Schedule

7.2,1 Basic Line of Construction Schedule

The constructicn schedule for implementing the project is pre-

pared based on the following consideration,

a. Aunual workable days for civil works are assumed to be 180

days based on the rainfall records in the project area.

b, The whole works are broédly divided into five work divi-
sions of the Arau, flood relief channel, Kuranji and Air

Dingin rivers, and urban drainage,

c¢. Considering the scale Of.ﬁhe project and the past experienteé
in Indonesia, all construction works will be exégutéd on
full-contracting basis. The mechanized construction method
will principally be applied to the main construction works.

Man power construction will, however, be adopted as much as



possible, taking Into account employment opportunlty in and

around the project area,

7.2.2 Construction Schedule .

The construction schedule of seven-year plan 1s given in Fig, 7.1,

Thié schedule comprises flve years for construction works and less

than two years for the preparation, The schedule 1s summarized below.

a.

The project mobilization which includes finaucing, establish-

ment of project organization will be commenced in April 1984,

Detailed design will be commenced in Apfil 1985 and completed
by June 1986. Immediatély after completion of the detailed
design, tendering will be started, and it will be completed

- by June 1987,

Land acquisition and house compensation will be commenced in

the first year of 1985 ahead of the execution of civil works,

Main civil works will be executed within 5 years from July
1987 to September 1991,

7.3 Consfruction Cost

7.3.1 Basic Conditioﬁs'of'COSt Estimate

The construction cost mainly comprises main construction cost,

cost for land acquisition and house compensation,  engineering and

‘administration cost, and contingency., The following assumptions dre

made for the cost estimate of the project.

a .

b.

Price level at June 1983 are applied to the estimate,

-Adopted conversion rates between currencies are as follows,

U888 1 = Rp. 970 = ¥ 240,

The unit prices are divided into foreign and Rupiah com-

. ponents,

All of tﬁe construction works are to be executed by full~

contracting basis. Required construction machinery and

equipment are to be provided by contractors.
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e. The unit cost is divided into foreign and Rupiah components .

f. The cost of civil works consilsts of cost for preparation,
direct eivil and miscellaneous works. The cost for preparatory
works 1s assumed to be 8 Z of cost for direct civil works,
and the cost for miscellaneous works is assumed to be 10 %

of civil works.

g. Engineering cost 15 estimated based on the expertise requifed.
Administration coat is assumed to be 10 % of the total local
component of main construction cost, and cost for land ac-

quisition and house compensation.

hh, Physical contingency of the cost'estimaté is assumed to be
10 % of the total cost. Price contingency is disregarded,
since it is considered in the study of the required fund in
mﬂﬁmi& '

7.3.2 Construction Cost

The main construction cost and cost for 1an& acquisition and
house compensation for the project are estimated on the unit cost
basis, The unit construction cost comprises direct cost, 20 % of
site expenses, 153 % of overhead and profit, and 2.5 % of tax. The

unit construction cost for major works is listed in Table 7.1.

The construction cost is estimated at Rp. 45,254 x 108 consisting
of US$ 31,307 x 10% and Rp. 14,886 x 108, The breakdown of the con-

struction cost is given in Table 7,2. They are summarized below.

Ttem Foreign C. Local C, 'Eq}-TOtal
(Us$ 103) (Rp. 10%) (Rp. 108)
Civil works 22,779.8 9,627.1 31,723.7

Land acquisition and

house compensation - 1,819.9 1,819.9
Administration : - 1,344.7 - - 1,144.7
Engineering 5,680.8 940.6. 6,451.0
Physical contingency 2,846ﬁ4 1;353.7 . 4,114.7

Grand Totgl : 31,307.0 14,886.0 45,254.0
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7.4 Operation, Maintenance and Replacement Cost

The operation and maintenance cost for the facilities after comple~
tion of the project ls assumed to be annually 0.5 % of the total cost
of main civil works. The estimated .operation and maintenance cost is
Rp. 156 x 10%/year..

Some of the projeét faéilitiéa, especlally metal structures such
as slulce gate, pump plants, etc. haﬁe shorter useful life than the
other facilities énd_éfé fequired_réplécement at a certain time within
50 years of the project 1ife. The durable period of the metal works
is assumed to be 25 years on an average. Total replacement cost is
estimated at Rp. 3,620 x 106. - The total operation, maintenance and
replacement cost 1s estimated at.Rp. 11,653 x 109,
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CHAPTER VIII

ORGANIZATION AND MANAGEMENT

8.1 Present Organization

The Arau river, flood relief channel, Kuranji and Air Dingin
rivers, and their tributaries are at present administrated and
nanaged by DPU West Sumatra. Ail flood control works of the above
menticned rivers ére being.implemenﬁed.by_the Wéter Resources |
Diviéion of DPU West.Sumatra. Also the existing river facilities are

operated and maintained by DPU.

The present organization for flood control works in Padang area
is shown in ¥ig, 8.1, The organization for the Padang Area Flood
Control Project is not established yet because the project is being

on the study stage at present,

8.2 Organization for Implementation of Project

The Ministry of Public Works will entirely be responsible for
the implementation of the project, and necessary consultations will
be made by the organizations concerned. For implementing the Padang
area flood controi project, establishment of a project office in Padang
will be required. The organization for the project is recommendable

as shown in Fig; 8.2,

The Directorate General of Water Resources Development will be
the executing agency for the project. The Directorate of Rivers
under the control of the Directorate General of Water Resources
Development will take charge of coordination with all the relevant
governmental agencies and regionél administrative organizations in

implementing the project.

The project manager is to be appointed by the Miniétty to take
all rhe responsibility to the Ministry for the proper implementation
of the project., The staffs as shown in Fig. 8.2 will be alsb appoiﬁted.
to support the project manager. They will suppbrt execution of

detailed survey, design and planning, preparation of tender documents
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and speclfications for eivil works, preparatlon of tender documents

and specifications for equipment including materials and spare parts

if necessary and land acquisition,

'Foreign consultants will have to be employed to assist the

implementation of the project including the field work of the detalled

design and supervision.

8.3 Organization for Operation and Maintenance

The organization for opération and maintenance of the facilities
to be constructed or improved by the urgent flood control project iq

recommendable as shown in Fig, 8.3,

The management of the flood control facilities will be entrusted-

by the Ministry to the provincial govermment,
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CHAPTER IX

EVALUATION FOR URGENT FLOOD CONTROL PROJECT

9.1 Economic Evaluation

9.1,1 Economic Cost

7 The economic construction cost for the urgent floed control project
was eétimated by deducting tax and contractor's profit from the local
currency portion of the'cdnstructioh cost. This tax and contractor's
profit to be deducted are assumed to be 4 % and 10 ¥% respectively. The

estimated economic construction cost is Rp. 43,678 x 10°,

9,1,2 Benefits

Benefits are the expected reduction of flood damages for private
properties, farm crops, public facilities and so 6n, and the expected
development effect for the land which has not been utilized during the
‘wet season. For evalvation of the project, the benefit is estimated
under the condition after completion of the project assuming the con-
struction work is completed in 7 years. The average annual benefit

estimated is Rp. 7,339 x 106,

9.1.3 <Comparison of Cost and Benefit

Based on the economic cost and the benefits, internal rate of
return (IRR)} for the project is calculated assuming a project life of
50 years as shown in Table 9.1. The results show that the project is
expected to yield IRR of 14.7%. The benefit - cost ratio (B/C) is

calculated at 1.24 in discount rate of 12 %.

9.1.4 Sensitivity Test

Sensitivity of IRR of the project has been examined adoptihg_in~
crease in cost and decrease in'benefit. The sensitivity test shows the

value of IRR of the project exceeds 12 Z, even if_the cost goes up by
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20 % or the benefit goes down by 20 Z. The result of the comparison
of cost and benefit is shown graphycally in Fig. 9.1.

9.2 Financial Aspects

9,2,1 BRequired Funds

The funds required for the lmplementation of the project were
estimated on the fol]owing assumption' The contingency in price is
assumed at 15 % per year for the 1ocal currency portion and 6 % per
year for the foreign currency portion taking account of the rate of

rise in prices for the last 5 years.

The funds for the project were estimated.at Rp. 74,921 million,
which consists’ of Rp. 32,486 million in the local. curxency portion
and US$ 43 748 thousand (equivalent to Rp. 42,435 million) in the
foreign currency portion including price contingency during the con-

struction period. These are summarized in Table 9.2,

9,2,2 Disbureemeﬁt Schedule

The schedule of anhual disbursement of the fund mentioned above

is planned as shown in Table 9.3.

_9.3,'ProieCt Effect and Social Impact

9.3.1 isfebilization of peoﬁle‘s Livelihood

At preseﬁt'fflood-damage oceurs every year. Many houses and farm
lands Ain the prOJect area suffer extensive damage from floods.  After
the proposed progect is completed about 2, 640 ha of land and 21,330

='\houses in rhe project ared will be relieved from flooding.

. The other iﬁtangible benefits such as environmental improvement
~ for living, ‘stabilization of people's livelihood and so on can be
expected by the implementation of the project.
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8.3.2. Incrementa1=Land for Residence

The increase in residence quarter by the project is expected from
the reduction in flood damage and improved land conditicon. TIncrease

in the land fer residence is expected to be 840 ha.

9.3.3 Employment Opportunity

The implementation of the project will provide employment oppor-
tunities to workers and landless farmers in and around the project .
area. The unskilled labor requirement for the project is estimated

at 1,0 million man-days during the construction period.

9,3,4 Relocation of Houses

There exist about 300 houses in the location of the prdpbsed
channel which will have to Bg relocated, About 10 ha for residential

land will be required for this relocation.

On the other hand, about 20 ha of land newly created by the

implementation of the project can be used for this bﬁrpose.

9.3.5 Environmental Aspects

Generally, it 1s expected that the natural environmental con-
ditions in the neighbouring aréa of such é large scale project-woréen.
In the case of the Padang area flood control project,'the_work is to
improve the existing river ;hannel. However this projectlis not

expected to have any detrimental impact on the environment,

With regard to sait water intfﬁsibn into rivers, npﬂproﬁlemzié
anticipated at present, as some groﬁndwafer'ié being used By iﬁhabitants
near the river mouth. It seems that the salt wafer_intrusioﬁ inté-
rivers is limited to the lowest reaches owing to‘qdhparatively Steep
river slopes and not a little streamflow during:the dry seasdn. "Since
the river channel is planned to have almost the same configuration as
the existing channel, the additional exteﬁt of éalt-water intruéidn.
seems to be slight, The impleﬁentation of the pfoject will not produce

any adverse effects of salt water intrusion,
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Accordingly it seems that the present environmental situation willl
not change due to the implementation of the project except the reloca-

tion of houses as described in the preceding paragraph,

9,3.6 Develppment Effects of Construction of the Laras Retarding Basin

Oﬁing to construction of the Laras retarding hasin, tﬁe land
around the retarding basin will be protected from flooding so that the
land may be developed as a reéidential quarter. FYor the purpose of
effective usé during non-flood time, construction of a park with a

small pond inside the retarding basin 1is recommended to provide a

recreation area,

9.4 Recommehdatiﬁns-

Prior to the commencement of the project, the folloﬁing.are

recomuended to be carried out by the local currency.

a. Establishment of a project office in Padang,

b. Execution of some preparatory works such as surveying and soil-

mechariies survey work.

c. Execution of chénnel improvement over a length of 800 m in the

| downstreém reaches from Sebarang Padang bridge of the Arau river :
As the areé along the said reaches suffers from frequent serlous
flooding, .a channel  improvement is urgehtly required to reduce
flood.damage in an early.stage. Because the construction work of

the project is expected to be commenced three or four years later.
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CHAPTER X
LAND CONSERVATION

This chapter ﬁresents reconnalssance survey results on the land
conservation problem of the Arau, Kuranji and Alr Dingin river basins,
The present study aims at grasplng the existing land conservation

problems and giving some considerations on them.

For the convenience of description, the study area is divided
into three, i.e., upper baéin; plain area, and Padang coasf. The
upper basin is the non-cultivated mountainous area in the upper’
reaches of the object rivers. The plain area is the cultivated
lands on the volcanic fan, alluvial fan and coastal plain. The
Padang coast is the coastline stretching between the river mouths

of the Arau and Air Dingin,

10.1 Upper Basin

10.1,1 Present condition

The upper basin is mainly formed of Tertiary volcanic rocks.
Pretertiary metamorphic roeks are found in and around Indarung,

Exposed rocks are seen in places.

The vegetation of the upper basin seems to be fairly good. No
collapse is found on the mountain slopes.. Almost all these forest
are specified as natural envirvnment conservation forest or protec—

tion forest by Dinas Kehutanan.

The channels are observed to be stable covered with large

boulders transported, possibly, by the eruptions of volcanoes,

10.1,2 Recommendation

8ince no collapse is found in the mountainous areas and sediment
vield seems not much, land erosion control in the upper basin is not

deemed to be necessary.

From the viewpoint of flood control in the plain area, the
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existing forest has contributed to the reduction in peak runoff by
storing rainfall and retarding the runoff, If the forest are
devastated, the flooding in the plain would be more destructive than
ever. In order to maintain the land and water conservation functions
of the existing upper basin, it is recommendable to conserve the
forest by the properly arranged land use regulation. The regulation
is duly necessary in privately owned forest adjacent to the developed
.plain area to prevent the land erosion and the destructive mud flow,
The model forest scheme (Kebun Raya Setia Melia scheme) proposed by

Andalas University 1s expected to promote the forest conservation.
10.2 Plain Area

The plain area covers the voleanic fan, alluvial fan and coastal
plain, The river chamnels in the volcanic fan are braided or flat

and wide, In addition, the main stream course is changeable,

On the other-ﬁand, the river channels in the alluvial fan and
coastal plain meander in placés eroding the river banks. Because of
.milder channel slope, the flood runoff from the upper basin often
overflows in the plain, 1In the coastal plain, sand spits formed by tide

and wave actions may interfere in gravity drainage,

In the alluvial fan, the lowering of river bed is remarkable
especially in thé Arau river near Kp, Baru and the Air Dingin river

near Kp, Koto Tuo,

The river bed should be stabilized so as to prevent the damage
of river structures, and to ensure the stable water supply for irri-

gation, municipal and industrial use.

‘The major problems in the plain area are the bank eroslon and
flobdiﬁg{ 'The countermeasures on these problems are discussed in

the chapter for flood control planning.

10.3_ Padang Coast

10.3.1 Present condition

" The pfesent conditions of the.Pédang coast are shown briefly
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in Tig. 10.1.

(1) Coast between Arau river and flood relief chamnel

According to Masalah Pantai Padang prepared by DPU, West Sumatra
in 1978, erosion of coastline in this portion occurred after the com~
pletion of the flood relief channel. The coastliné regressed abdut
60 m by now. According to the latest survey, the coastlina surveyed
in 1983 advance in the southern and norfhern stretches and régressed

in the central stretches in comparison with the survey results in -

1977.

The coast erosion in this stretch seems to be neutralized as a

whole due to the effects of the jettles.

(2) Coast between flood relief channel and Kﬁranji river:

The coastline is regressive for the whole stretch except the
left bank of the Kuranji river mouth where the coral reef is exposed
and maintains the coast stable. - According to the verbal information

on site, the coast regressed by around 20 m during these 20 to 35

years.

(3) Coast between Kuranji and Air Dingin rivers

Based on the site reconnaissance and verbal information obtained
on site, the coastline in this stretch is considered advancing as a
whole. 1In the southern half of this stretch, new housing areas are

developing on the newly created lands,

10.3.2  Recommendation

The existing Padang coast protection works are deemed to be well
considered and functioning well, However an incessant maintenance
effort may be necessary, as far as the coast has inherent nature of

regression,

The coast protection works should be planned and designed in due
consideration of results of investigation and studies on the mechanism

of the erosion., Since the coastal problems are affected by many
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factors, the mechanism 18 rather complicated,'which'may require a

variaty of investigation and studies.

DPU, West Sumatra already conducted some investigatlion and com-
plled in the reports. Among these, observation of waves are not
included vet although the characteristics of waves are most important

and fundamental data for the study on coastal problems,

It is recommendable to collect wave data such as wave helght,
wave length, wave period, wave direction, and seasonal variation of

these wave characteristics, by means of both observation and analysis,
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CHAPTER XI

POTENTIALITY OF WATER RESOURCES DEVELOPMENT

11.1 Irrigation Water Development

The existing irrigation systems cover almost all the irfigable
flat plain of the river basins subject to the study except for the
urbanized area. None of new irrigation system nor extension of the

existing system is prdpbsed in the study area,

On the contrary, the farm land adjacent to the urban area
replaced by the housing, industrial and commercial areas in recent
yvear., The paddy field in the Kotamadya Padang decreases year by
"year, According to the Master Plan Kotamadya Padang prepared in
1983, only some agricultural lands will remain mostly in the exist-~
ing Gunung Nago (right) and Lubuk Minturun irrigation systems by the

year 2003,

In consideration of the circumstances meﬁtioned above, it could
be concluded that there is little demand for futher irrigation water
development in the study area. On the cOntfary, the existing irri-
gation water which shares the major part'of present'water use in the
basin would be used for the other municipal and industrial purpose
in future keeping pace wifh the replacement of agricultural land to

municipal and industrial lands.,

11.2 Municipal and Industrial Water Development

Regarding the future demand for the municipal and industrial
water, study had been made in the Feasibility Report on Padang Water
Supply Project, DGCK, prepared in Ndvembef 1982, According to the
study, the annual avefage demand amounts to about 1.7'm3/s in 2005,
In order to fulfill the demand, a new treétment plant will be in-
stalled at Gunung Nago to.provide 0.25 m3/s with water from the
Ruranji river, and the remaining 1.2 m3/s of wafer will be taken

from the Air Dingin river,
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7 Other than the treated water meéntioned above, the factories may
need untreated water to be taken dirvectly from the river although it
is not known yet at present. It also be noted that DPU, West Sumatra
. has a plan to take 3.0 1113/9@~ of water from the Kuranji river for the
flushing purpose of drainage channels in the urban area such as the

Jati canal,

The water demand for the muhicipal and Industrial uses is still
small comparing with the'existing irrigation water use which may
decrease'gradually keeping pase with the urbanization of the study
aréa.. The resources of surface water in the study area could be said

enough to endorse Padang's municipal and industrial development.,

11.3 Mini-hy’droe]ectri'c Power DeveTopment

A preliminary study on potentiality of developing mini~hydro-
electric power by use of flows in the steep slope irtigation canals
is conductcd for the electrification of rural villages., The study
firstly outlines the current and future electric supply systems in
Kotamadya Padang. Then the potential hydroelectric power is estimated

for ‘the selected irrigation canals,

11.3.1 Electric Supply System in Padang

hlectric power in’ Padang area is mainly supplled by PLN
(Perusahaan Llstrlk Negara) .The_serv1ce area of the PLN_is still
'11m1ted in the urban areas, Mosc'cf the rural villages are not served
with electr1c1ty yet.' Some of chem have their own diesel generacors
-.of_small scale, Factories, hotels and other business corporations
aléc havc thcir own poﬁer generation systems together with the PLN
eleccric supply system, However, these private power systemsg are

. being replaced by the PLN power system,

Electricity by PLN in Padang area has been generated in the PLTD
Simpang Haru., Tn March 1983 PLTG Bandar Buat began its Operation
.and by the end of 1983 PLTA Danau Maninjau Wlll he in operation.

These three plants are incorporated with_each other and supply the

/1 Eandung Btg. Kufanji Gunung Nago, Padang, Mei 1979, Department
P.U Ditjen Peﬁgairan Direktorat Irigasi.
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electric power to Padang clty and its surrounding areas, Outline of
these power plants are as follows. The electric power sources in

Padang area will be by far strengthened by.the end of 1983 :

PLTP PLTG PLTA -

Ttem 5. Haru B. Buat D, Maninjau
Capacity (MW) 30 42 - 68
Power source Diesel Gas Water
Start of operation = Existing Mar. 1983 Sept, 1983

(partial)
Dec. 1983
(full)

Notes
PLTD Pembangklt Listrik Tenaga Diesel (Diesel electric pover
plant) '
PLTG : Pembangkit Listrik Tenaga Gas (Gas electric powér-piant)
PLTA  : Pembangkit Listrik Tenaga Air (Hydrbélectric power plaﬁt)

11.3.2 Porential Mini-hydroelectric Power

Selection of Potential Sites

Judging from the 1rr1gat10n water records and irrlgatlon area of
each canal system, the canals of whlch dlscharge exceed 1.0 m3/s are
(a) leau Manis, (b) Gunung Nago left, (c) Gunung Nago ‘right, (d)
Sungai Latung, (e} Koto Tuo left, and (f) Koto Tuo right irrigation

canals,

On these irrigation canal systems; site conditions were inspected.
As a result of inspection ‘the Sungai Latuﬁg, Koto Tuo left ahdfright
‘canals are those of milder slope and considered'notfsuiﬁablé for
hydroelectric power generation, .Based on the canaizprofile surveyed
by the Study Team, the potentlal sites are selected at the follow1ng
places where the canal slope is more than ]/50 and- the higher head

can be obtained with shorter leadlng channel.

a. Limau Manis - 1 power plant

b, Limau Manis - 2 power plant
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