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TERMINOLOGY

Administrative districts

Kab. = Kabupaten
Kec. = Kecamatan
Kodya = Kotamadya
Kel., = Kelurahan
Kp. = Kampung
Prop. = Propinsi
Institutions
Balal Kota
Bina Marga

Cipta Xarys
DGCK
DGWRD

DPMA = Direktorat Penyelidikan
Masalah Air

DPU = Dinas Pekerjaan Umum

DPUTL = Departemen Pekerjaan Umum
dan Tenaga Listrik

JICA

PDAM = Perusahaan Daerah Air Minum

PLN = Perusahaan Listrik Negara

Pusant Meteorologi dan Geofisika

Natural objects

Bt. = Batang
Banjir Kanal

G. = Gumung
S. = Sungai
Sawah
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Regency -
Subdistrict

City

Village (urban area)

Village (rural area)

Province

City Hall
Highway development

Housing, building and urban
development

Directorate General of Cipta
Karyva ' '

Directorate General of Water
Resources Development

Directorate of Research of
Water Problems

Public Works Service

Ministry of Public Works and
Electricity

Japan International
Cooperation Agency

Water Enterprise of.Padang
Municipality

National Electric Corporation

Center of Meteorology and
Geophysice

River

Flood relief chanmel or
flood diversion channel

Mountain
River
Paddy field or rice field
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Others

MSL
kwh
mkwh
%
ppm
HP
°c
°D
103
106
108

Mean Sea level
kilowatt hour

mega kilowatt hour
per cent

parts per million
house power
degreé centigrade
degree of hardness
thousand

million

billion












APPENDIX A

HYDROLOGY

TABLE OF CONTENTS

1. Réinfall e
2, Streamflow........................a.....,..............,.....
2.1 Water Level Records .,...;....................,.........
2.2 Discharge Rating CUIVE ..eeeesesesasssesssssosssssavanss

2.3 StreamfloW .iveesesosroseassrsasrssosvscossssacasssnrncs

5
4, 1Water QUAlity evavieierancnnunsvrrsoraesersrrarasanansanans
o SEALIMEIIE 4 eseeavesosnssnsassorasssusasssssasscassnsnesanesons
5.1 Sédiment DIiSCRATEE 44 ussesosnsnsnnoosnanenvsssosvaoresss

5.2 Fluctuation of River Channel tresenesaronsrvrararnscnasrs A

5.3 Sedimentation at River MOULD . .vuueevvesoonsnsoncssaanas

Table A-1
Table A-2
Table A-3
Table A-4
Table A~5
Table A-6
Table A~7
Table A-8
Table A-9.
Table A-10
Table A-11
Table A-12

Figc Afl
Fig, A2

LIST OF TABLES

Monthly Rainfall at Tabing Station «sssassarescorcance
Annual Maximum Rainfall Depths at Tabing Station s...
Probable Rainfall Depths at Tabing Station sesecsrsss
Discharge Rating curves prepared by Indah.Karya vevos

Discharge Measurement by Study Team csvssesesrsrnscvcss

.Ten Day'DiSCharge BB LA B EAAALEYT H AN AEP O EN I IIBEEO T S

Monthly Mean Daily Discharge csecesesacsccrsssstnsess
Gége Readings at Teluk Bayur ssevessvevssssavrccacnss
Water Quality of Kuranji River essecssssacocecorvrvens
Water Quality of Arau and Kuranji Rivers cserevevecas
Test Results of River bed and Sea Coast Materials ...

Estimated Relation between Sediment Discharge (0B)
aﬁd water DiSChBrge_(Q) s IR s B R RP P I AL A AR AOE RN BLOETHEER DA

LIST OF FIGURES

Location Of Rainfall Stations sacs e P EbAE S PREERI ARSI D S
Available Daily Rainfall Records Ge s s RN EEEBRI E I T OER TR

ISOhyetal Map in the Basing eessssesnsscsvsssesrenness

- Al -~

A1
A.12
A,13
A.1l4
A.14.
A.15
A.21
A.23
A.25
A25
A.26

A28

A.29
A.30
A.31



Flig.
Fig,
Fig.

Figf

Fig,
Tig.
Flg.
Fig.

Fig.

Fig.

Fig.
Fig.
¥ig,
Fig,
Fig,

A~

A5

A6
A=t
A-8
A=9
A-10
A-11

A-12
A-13

A-14
A-15
A~16
A-17
A-18

A, 32
A.33
R R P 1
veessssesarserss A.35
sesesncevesse AJ3D
erveres A39

Monthly Rainfall at Tabing Station everercerrroerre?
Probable Rainfall Depths at Tabing Station seseerrese
TLocation of Gaging'Stations
Available Water Level Records ssescee
Discharge Rating Curves scessevsvescsves

Monthly Mean Dﬂily Discharge st ab et aror TR IR BEEE

Tide Lével at Teluk Bayur Harbour secsesssesrrerersons A.40
Seasonal TFluctuation of Water Quality of Kuranji

River -o---aan-u-o-oe-l---woeon-nnuocﬁcloatnsusl-ooon A.4l
Relation between Sediment Discharge and Water

DiSCharge N R N N IR LI S A.[}?_
- Sampling Location of Sea Coast and River Bed

Matarials N I R R R R E A R I O B S AL L L L A.!{-B
Sediment Transport Capacity of Channel seesesovescess AA4

Fluctuation Of RiVEr Course eserrs eI e N b erO b bR BN N RS A,l{»s
Location of Cross-sectlon to be Compared rssescesvese A;46
Fluctuation of River Profile cersrsevrrrearernvacneae A.47

Fluctuation of River Crogss-section sevecevorcasvecrsa A52

ANNEX

Investigation Results of Mean Sea Level at Teluk Bayur seeecoesaes ADS

- Aaii =



1. Rainfall

.Rainfali cbservation in the Arau, Kuranjl and Air Dingin river
basins was commenced.at Tabing station in 1921 by the Indonesian Air
Force (AURL), Io 1973, the management was transferrved to the care of
Pusat Meteorologi_dan Geofisika. At present, the study area has 16
stations for daily observation, as shown in Fig. A~l. 10 of the
stations belong to Pusat Méteorologi dan Geofisika. Among them Tabing
station has the longest dally records as shown in Fig. A-2, although
the records have been interrupted frequently. Aleo at Tabing, hourly
‘rainfall has been observed since 1970, All of the stations managed

by DPU have hourly observation records since they were installed,

Mean annual rainfall in the basins varies from 3,000 mm to 5,000
mm as shown in Fig. A~3, The most part of the basins receives more
“than- 3,000 mm annual rainfall which is relatively higher compared with
those in other regions out of the boundary. The recorded maximum daily

rainfalls are 301 mm at Tabing and 353 mm at Bandar Buat statioms.

The anoual pattern of rainfall is a function of the momsoon circu~
lations that Sumatra Island experiences and also the relative activity
of trigger mechanisms. The northwest monsoon, that is, the wet monsoon
which originates in the Pacific Ocean is dominant during the months
'from November to March. On the other hand, the southeast monooon which
affects the 1sland from May to October is known as a dry monsoon since
1L originates in Australasia and develops overland. In addition, the
1ntertrop1cal convergence zone along which the weather is usually dis-
tofbed.with'frequent thunderstorms, is usually moving around the
island between south in January.and north in July, For the purpose of
knowing actual annual pattern of rainfall, mean monthly ralnfall at
Tabing is arranged as shown in Table A-1. Annual pattern at Tabing
station is also shown together with 1ts maximum and minimum in Fig. A-4,
Tt is seen that the basins receive much rainfall durlng the months from
September to December being affected by the wet monsoon, while a
slightly drler period is observed from May through August associated

with the dry monsoon. In April the secondary rainfall peak is observed

Annual maximum 1 day and 2 day-faiﬁfall depths at Tabing station

- AL ~



| From 0 1982, Using
are given in Table A-2 for the perlod from 1948 up to 1

hese data, probable 1 day and 2 day rainfall depths are calculated
for 6 return periods consisting of 2 year, 5 year, 10 year, 25 year,
50 year and 100 year as shown in Fig. A-5, They are also shown in

Table A-3,

2., Streamflow

2.1 Water Level Records

There are 10 gauging stations in the basins, as shown in Fig. A-6.
Water level records at the stations are less than 10 years in period
avéilable, as shown in Fig, A-7, since most of the stations were
installed recently except Lubuk Begalung station of the flood relief

Although the observation at Lubuk Begalung station started
At present,

channel;
around 1959, most of records have been lost unfortunately,

6 stations are managed by DPU while the remaining 4 stations installed

by Indah Karya stopped thelr operations in less than a year.
Among the 6 stations, 4 statlons except Lubuk Begalung and Gunung Nago

have automatic water level recorders, At Lubuk Begalung and Gunung

Nago, water level 1s observed every 30 minutes during flood,

2.2 -Discharge Rating Curve

DPU has carried out discﬁarge ﬁeasurement at major gauging stations
since 1978. 1In 1981, Indah Karya prepared rating curves at 8 gauging
stations by use of observed data including their own méasurements.

They are shown in Table A-4, In addition D.P.M,A. has also thelr own

rating curves, although they are not in the form of equations,

Taking into cohsideration the above circumstances, discharge
measurement was carried out by the Study Team at major stations shown
in Table &-5 to provide rating curves with regard to Lubuk Minturun and
Kampung Baru, and also to examine the existing ones by Indah Karya
"except for Kp. Tanjung Aur, Kp. Palinggam, Kp, Kalawl and Kp. Baru
Nanggalo. Because the staff gauges at the above 4 statlons were washed
away by [loods and daily water level was observed only for less than a

year. In our judgement, the rating curves prepared by Indah Karya at



the stations of Lubuk Sarik, Lubuk Begalung and Kampung Melayu can only
be serviceable to a narrow range of low water flow,

Therefore_ with respect to these 3 rating curves, the Manning formula
is used for extending the curves for the range of high water flow.

The rating curves for both Lubuk Minturun of the Air Dingin river and
'Kampung Baru of the Kuranjl river are newly prepared by the Study Team.

The Manning formula is also applied to prepare the curves,
"~ For Gunung Nago station, overflowing discharge from the weir is
estimated by use of the following formula :
Q=cnnrd?
where

Q : Discharge (m3/s),

C : Coefficlent (C = f (H)),
B

H

-

¢ Width of weilr {(m),
: Energy head at the top of weir (m).

The elevations of gage datums at major stations were surveyed

by the Study Team dﬁring'the study period. They are as follows

Name of station River Elevation of gage datum {m, MSL)
Tubuk Begalung Arau - 11,548
Kampung Baru Arau 28,8413
Lubuk Sarik Arau - 91.768
Kampung Melayu Kuranji 1,409
Gunung Nago Kuranii | 94,902
Lubuk Minturun Alr Dingin 47,592

~The rating curves which are made or examined by the Study Team are

shown in Fig, A—8.:
2.3 Streamflow

Daily water level at Lubuk Begalung, Kampung Baru, Lubuk Sarik,

Kampung Melayu, Gunung Nago and Lubuk Minturun stations are converted



Daily discharge is also arranged

to dally discharge using rating curves. |
For the

to ten-day discharge at each station as shown in Table A-6.
purpose of knowing annual flow pattern, monthly mean daily discharge at

the stations are calculated and are shown in Table A-7 and Fig. A~9.
It is recognized from the figures that the basins experilence bigger
discharge in April and the period from October through December. The

biggest discharge appears in November, while the second flow peak is

observed in April.

The data on water level from Kampung Baru seems to be unreliable

in our Judgement.

3. Tide

Tidal observation at Teluk Bayur located in lat, 1,0° § and long,
100.3° E was commenced at the beginning of the twentieth century by
Dutch engineer, Although it was interrupted often, the observation has

been continued, The records, however, are available only from 1975,
Tide vecords form 1975 are tabulated in Table A-8 and also shown in

Fig, A-10, They are summarized below.

Gage readings from Low Water Springs

HHL MHHL Mean sea level MLLL LLL

1.67 m 1,39 m 0.89 m 0.47 m 0.24 m

It 15 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 gage,

It has been said that MSL situates 0.7 m above low water springs..
On the other hand, the Study Team estimates that mean sea level in gage
readings based on the tide level records is 1,01 m, Therefbre the
Study Team hag investigated the cause of the difference, Finaily:it
18 concluded that the mean sea level 1s to be 0.89 m in gage readings,
that 1s, 0.89 m above from low water springs, It is also found that
gage readings of the mean sea level 1s almost the same as that of the
MSL which is the datum of the elevation, The contents of the investi-
gation are described in more detail in ANNEX of this APPENDIX,

"’ADZ}“"



4, Water Quality

According to the report of Padang Water Supply Project, Nov. 1982,
the water quality of the Kuranjl river at Kampung Malayu is sultable
for mmicipal water supply as shown in Table A-9, while that of the

Arau river was not recommended.

On the otherlhaﬁd, the report "Pekerjaan Survey Hidrometri dan
Sedimentasi Sungai.ﬁataﬁg Arau &'Batang Kuranji di Propinsi Sumatera
Barat' in 1981 presents that the water quality of both the Arau and
Kuranjl rivers is accéﬁtable for irrigation usage as shown in Table
A~-10,

Fbr'the‘KufanjiIriver,.data in terms of monthly mean on water
quality which has been.analyzed by the laboratory of Peruéahéan Daerah
Air Minum (P.D.A.M.) consists of more than 20 items, Among them, main
components such as total hardness and organic materials are picked up.
Seasonal fluctuation of water quality with regard to the main components
is shown in Fig. A-11l for the period of Jaﬁuary 1980 through December
1982, A component of bicarbonate shows a comparative wide range.in
" parts per million., Components of ammonia, nitrite and manganese had
been negatlve and iron is sometimes appears within the range of its

- tolerance level; although they are not shown,

5. Sediment

5,1 Sediment Discharge

5.1.1 Annual Sediment Discharge by Records

Sediment analysis has not been conducted so much in previous studies
of the Arau, Kuranji and Alr Dingin river basing. One of the analysis
with the observed data can be seen in the report ”Peké&jaan Survey Hidro-
‘metri dan Sedimentasi Sungal Batang Araﬁ & Batang Kuranji di Propinsi
Sumatera Barat" in 1981. On the basis of the observed data, relation
curve between sediment and water discharges is made by the Study Team
at the stations of Lubuk Sarik, Lubuk Begalung and Gunung Nago as shown
in Fig, A-12,

- A5 -



Applying stream flow duration curve at each sitg, annga} sediments

at Lubuk Sarik, Lubuk Begalung and Gunung Nago are estimated as follows;

‘ | | Catchment Area  Ave., Annual Sediment

it
e Hee (km?) (t/yr.)  (t/km?/yr.)
Arau Lb, Sarik 64 84x103 1309
3 -
Flood relidef  Lb. Begalung - 138x10
channel |
Kuranji G. Nago 120 173x103 1439

The Average annual sediment seems to be comparatively small in

congideration of the fact that a big amount of annual rainfall depth is

observed in the basins.

5,1.2 Sediment Transport Capacity of Channel

Grain size analyéis is'gérried out along the main streams and their
major tributaries in the middle and downstream reaches as shown in Fig.
A~13, Table A-11 shows grain size distribution analyzed by the Study
Team. Using the data on grain size distribution and the existing river
channels, the relations between sediment and water discharges 1is calcu~
lated by use of sediment formuia.. In the present study sediment formulae
of the Sato~Kikkawa-Ashida for bed load, Brown and Engelund-Hansen for
total load are used to estimate the relations as shown in Table A-12,

In the calculation, bed materials are divided into five groups depending
on their sizes., The hrief introduction of the sediment formulae men-

tioned above is as follows;

Sato~Kikkawa~Ashida formula

95 U.2 _
Tl RGN R EE e (5UD)
*

s
C;;'“ g dy

Where, 9g ¢ bed load per unit river width per unit time (mg/s/m)
U, ¢ friction veloclty (m/s)

: mean diameter (m)

g ! acceleration of gravity (9.8 m/a?)

"Acé""



To ¢ tractive force of flow (t/m?)

Te @ critical tractive force (t/m2)

F :3functioh of To/Tc

Yg ! unit weight of bed material (t/m3)
Ty,

unit weight of water (t/m3)

Brown formula

- u,? .
"“"——'—=lo Ts - -.n..l..llll.i.allllllhl‘ll‘ll.l.l. (5.2)
& (—— — 1) gdm

. i

Whére, qT': total load per unit river width per unit time (m3/s/m)

. Eng@lundnﬂahsen formula

- 372 _
0 st a s s e T AT RS (5:3)
Arg - l)d50
Where, qp * total load per unit river width per unit time {t/s/m)
V : mean velocity (m/s)

d..: . grain size of 50 Z of bed materlals

For tﬁe pﬁrpose.df knoWiﬁg the distribution of sédiﬁent transport
aiong chéﬁnéis, sediment transport capacity which corresponds to dis~
chérge éaffying_capacity is.calculafed using the relation between
sediment énd.waterldiéchérgés_as shown in Fig. A-14. It glves an
oﬁtiine of éédiment transport distribution that more amount of sediment
appeérs in:the_ﬁiddié reach cbmpared with that in the downstream reach.
For the Kuranji river, sediment volumes at the river mouth which are
calculated by the formulae show comparatively much, because bed material

occupied there is small in size.

5ﬁ2__Fluctﬁétion of River Channel
5.2.1 Meandering

Rivef courses show meanderings particularly in the middle and down-

stream reaches., Some of them are said to be still progressive so much



ces,
at present, and traces of older yiver course can be geen in some pla

The Study Team tried to find the fluctuation of river course extended

over a long-term period up to the present by superimposition of the

jopographic maps in 1893 and 1974, The fluctuation for about 80 years

is given in Fig. A-15, From the figure, the following are noticed,

Tt seems that the Arau river has not been changed so much because

it takes almost the same river course as before except the upstream

reaches of the bypass bridge. The flood relief. channel also shows.the

same yYoute,

As for the Kuranji river, it seems to be unstable in the upstream

reaches of the water supply intake at Kampung Melayu. In addition the

stretch between Nanggalo and the railway bridge 1s alsc changeable

including its tributary, that 1s, the Balimbing river.

For the Air Dingin river, remarkable difference in 4ts course is
reéognized in the stretch between the Koto Tuo intake and railway

bridge, The river mouth also seems to have been moved so much during

the 80 years,

5.2,2 Profile and Cross-section

For the purpose of knowing the fluctuation of river channels, the
comparison of profiles and cross-sections sﬁrveyed in 1973,-1979, 1982
and 1983 are carried out, The location of those cross—-sections are
shown in Fig, A-16, The profiles and cross-sections are superimpose&
by use of fixed poipts such as banks and top of levees. Compared.ﬁré-
files and cross~sections are shown in Figs. A-17 and A¥18 res?eétivaly.

The following are noticed from the superimposition of them,
Arau river

The survey results conducted in 1982 and 1983 shows almost-the
same aspects except the downstream reaches from the suspension bridge.
The result between the suspenslon bridge and confluence of the Jirak
river in 1973 seems to be unreliable taking into account iﬁfofmatidns

from Interview survey and site inspection, Remarkable fluctuation can

not be seen,
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Flood relief channel

Except the downstream reaches between the first and third drop
structures from the sea, remarkable fluctuatlon can not be found. The
survey results in 1973 between the two drop structures are unreliable
because river bed in this stretch ia being kept by the droﬁ structures
from scoring. In the judgement by site inspectlon, river bed seems to

have been risen to its possible highest point as a whole,

Kuranji river

Dominant fluctuation of the Kuranji river is not appeared. A
stretch downstream from the Ulak Karang bridge seems to be deeper in
water depth owing to dredging works by D.P,U. West Sumatra although
the stretch is not covered by the superimposition of cross-sections in
this study. B

‘Regarding its tributary of the Balimbing viver, river bed shows
a slight lowering during 4 years from 1979 to 1983,

Air Dingin river

In'ﬁhe downstream reaches from Kampung Pulal, the Air Dingin river
reveals a trend to be stable except near the river mouth, 1In the up-
stream reaéhés, however, it is recognized that the river bed is lower-

ing because of exploitations of gravel'and cobble stone.

5.3 Sedimentation at River Mouth

Sediment problem at river mouth is Investigated on the basis of

site inspection with an Interview survey.
Arau river

According to the Interview survey, low water depth had been
decreased year by year until 1976 because of deposits from the upstream,
This sifﬂation-was‘improved by dredging works condﬁcted in 1976, 1977
and 1982.. Excluded deposits due to the dredging were calculated at
about 70,000 w® using cross-sections in both years, while total dredged
sediment from 1976 to 1982 is reported to be 180,000 m3, On the

bl ﬁ.cg'"'



contrary account of the difference of cross-sections dn 1982 andll983
shows that sediment of about 30,000 m? was deposited per annum, It is
almost the same as estimated annual sediment inflow from mountalnous

area at Lubuk Sarik, Periodic dredging works will be required to main-

talin the quay.

Flood relief channel

The river mouth condition seems to be stable taking into account
information at the site, It seems that most of sediments passing
through the Lubuk Begalung weir are transported to the sea without

sedimentation near the river mouth,

Kuranji river

River mouth of the Kuranji is always open. Condition near the
river mouth seems to be unchangeable by coral reef which covers the
river bed there, In addition sediment from the upstream 1s seemed to

be small.

Adlr DPingin river

River course of the Air Dingin near the river mouth meanders so
much, The location of river mouth has also been fluctuated in a range
of 1 km, Such a condition seems to be caused by both comparatively
" small sediment from the upstream and remarkable 1itLora1 drift from the

5e4a.,
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Table A~2  Annual Maximum Rainfall Depths at Tabing Station

2 day rainfall

! 1 day rainfall _
Year Date Depth (mm) Date Depth . (mm)
1948 - - Jan, 31~TFeb, 1 203
1949 Sept.16 160  Sept.15-16 168
1950 Aug. 17 259 Aug. 17-18 288
1951 Nov. 19 132 Feb. 15 =16 . 144
June 26~ 27 144
1952 Jan. 9 153 Apr. 5~ 6 179
1953 Dec. 24 159 Dec. 24 -25 216
1954 Dec, 12 123 Nov. 2- 3 181
1955  Sept.21 192 May 11-12 236
1956 June 12 140 Dec. 8- 0 222
1957 Mar. 5 223 Mar., 5- 6 260
1958 “Aug. 18 172 Aug. 17 -18 203
1959 Mar. 9 130 Mar. 8- 9 S &
1960 July 8 163 July 18- 19 185
1961 June 24 121 June 24-25 153
1962 Sept.18 127 . May 17-18 145
1963 July 15 100 Dec. 9-10 122
1964 Oct, 18 111 Jan. 3~ 4 157
iggg : - - ‘Mar. 25-26 125
- - Feb. 5~ 6 129.
iggé Nov. 29 169 Nov. 28-29 179
1969 Oct. 18 301 Oct, 18-19 301
1970 Iian. ig }gg Oct, 26 -27 167
ay X
1971 Ang, 16 14 -
1972 May 6 | 283 Sl A 204
May ~6- 7 393
1973 July 30 222 July 29 - 30 259"
1974 June 22 131 June 21 ~ 22
1975 Dec. 21 142 ‘Dee, 20-21 208
‘ 157
1976 Oct., 9 126 Oct 5. 6§ - ;
1977 Jan. 16 144 Jen, 15 - 16 15
_ » 15~ 151,
ig;g gan- 16 153 Oct. 24 =25 215
1980 Nov, 23 332 opr. 3- 4 264
1981 Sept.10 180 Nov. 22-23 314
1982 Yeb. 4 Oct. 14-15 270
' 427 Feb. 3~ 4 227

Source : Pusat Meteorologi dan Geofisika,
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Table A-3 Probable Rainfall Depths at Tabing Station

Return period SRR : Probable rainfall depth
(vear) (mm)

1 day rainfall

2 | 162.9
5 219.6
10 - 257.1
25 304.5
50 | 339.7
100 | | 374.6

2_day raiﬁfall '

2 | 196.1
5 256. 5
10 296. 5
25 ' 347.0
50 | 384.,5
100 421.7

Note : Gumbel Method is used for the analysis.
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Macharge Rating Curves prepared by Indah Karya

Table A-4
Statlon Rating Curves
3.533
Kampung Lubuk Sarik Q= 7.340 H _

2,051
Lubuk Begalung Q= 35.026 B

2.222
Kampung Tanjung Aur Q= 10.9293H
Q = 2.998 1 l.591

Q = 149,554 H1-309 4 4,477
Q = 43,8228H2.478

Kampung Melayu Q= 36,475411.903
Kampung Baru Nanggalo Q= 12,2180 2420

Kampung Palinggam
Kampung Gunung Nago

Kampung Kelawi

Source ! Pekerjaan Survey Hidrometri dan Sedimentasi Sungai
Batang Arau & Batang Kuranji di Propinsi Sumatera Barat

prepared by Indah Karya, 1981,

Table A-5 Discharge Measurement by Study Team

Station Date Gage Helght (m) Discharge (m3/s)

Arau river
Kp, Baru Feb,21 0.72 6.4
Lb. Sarik Fab,21 Q.60 3.9

Flood relief channel

Lb. Begalung Feb.17 0.20 19.9
Fab,21 0.04 7.1

Kuraniji river

Kp. Melayu Feb, 22 1.50 2.8

Gn. Nago Feh.22 -0.10 3,3[}

Alr Dingin river

Lb. Minturup Feh,24 0,39 2.6

Note /1 . Discharge at the irrigation intake
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Ten Day Discharge

Table A-6 (1)

m3/s)

a
"

{(Unit

Sarik

Lb.

Station

Sépt.

Period

Nov. Dec.

Aug. Cct.

June

Mar. May

Feb.

Jan.

Yeax_

8_5"

July

Apr.

8.3
i1.1

14.4  16.0

9.4

7.1
14.7

9.4
5.8
9.6

1st

1976

6.8 40.7

10.7

9.7

15.5

Z2nd

13.8 12.3

12.8

24.8

4.3

3rd

30.1

21.1

9.0
9.0
10.3

11t.0 6.5 6.1 2.5 4.0
11.6 10.6

7.9
8.0

12.3

6.2

.3
i7.8

9.7
12.2

Ist

1877

14.4

25.6

4.8

4,8
9.6

12.0

7.4
8.8

2nd

9.0

23.8

4.4

5.0 3.8

6.3

154.9 8.7

3rd

10.9  16.2 9.0 10.5 15.4 11.7 15.3 13.5 4.6 25.0 7.1

1st 6.7
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13.5 9.0 18.4 2.9 5.2 13.2  10.0 6.7 8.3 23.8 5.5

5.9

3rd

%.¢ 27.0 18.7

11.3
21.7

8.3

5.5 4.8  10.9

.3

8.5
5.0

2.7 7.0 .0
i7.1

9.1
6.4
7.5

ist

1580

[V

[

14.3
25.3

6.7
8.2

5.9
7.0

7.2
i16.7

3.7
7.6

5.7
6.5

2.0
4.1

2nd
3rd

9.7,

5.4 18.6 16.6 12.3 4.7 8.2 10.3 9.4 16.1 19.8
8.2 39.6
17.3

3.7

10.4 3.2

1s£

2.9
5.8

9.5

28.0

15.6

4.4
9.2

8.9 8.1

7.8
10. 4

2nd 3.3 4.7

1981

24.9

16.8

5.2

9.1

7.5 3.6

3.0

3rd

11.4

6.9
5.3

10.1

2.3

16.3 6.3

i10.8

1st 9.5

1982

3.9

7.5
16.3

4.7 9.4

4.6

1.2 11.1 7.7
22.4

6.3

2nd

5.4 7.3

3.3 6.4

4.7

8.1 14,1

3.9

3rd




Ten Day Discharge

Table A-6 (2)

: m3/s)

{Unit

: Kp. Baru

Station

Sept.

Nov. Dec.

Get.

Aug.

July

Juna

Feb. Mar. Apr.

Jan.

Period

Year

May

1981

o s N
L]
m'N(D

R i
< Yy
-

48.0
26.3

1.4

0.0

O i
OO0

o o~ Y
O

Ist
2nd
3rd

2o}
»

2.9
2.0

2.7 2.0 G.38 0.5 3.9
1.5 1.9

1.7

3.9

13.0 14.8

ist 4.5

1982

(gl
o

[y lTs}

1.9 3.7
4.5 0.8 1.2 1.1 3.4 2.1 3.4

6.9

i0.86

2.2
2.6

2.8

0.9

Zand
3rd

reliable

is un

Data on water level

Note
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Ten Day Discharge

Table A-6 (3)

nd/s)

-
.

Ib. Begalung

-
-

Station

(Unit

Oct.

Mér. May

Jan;

Period

Year

Dec.

Sept. Nov.

July

Jiune

Apr.

Feb.

10.5

9.3
16.4

7.4
5.9

7.8
11.6

10.0

5.1
6.2

1st

1972

18.5

Znd

21.1

19.2

8.6

8.2

3rd

5.3
10.6

24.9

22.2

5.0

.8 156.6

9.5 16.1 6.0 8.3 10.5 7.4
23.0 17.5

6.6
10.8

Ist

1978

3.5
24.5

5.6
22.0

25.6. 4.2 5.9
4.2

6.3
4.2

Znd . -

18.5

6.2

4.1

20.7

6.0

7.4

23.8

4.5

4.7

3rd

18.4  12.2 9.1 30.4 22.6 16.6 7;7' 13.3  22.6 3.0 24;7 .
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4.2

29.0 31.1

21.6

5.5

22.8

8.6

3.7

8.7

8.2

10.6 3.1

3xd

0.7 37.6 11.9  23.5 6.2 10.9 14.4 16.4 20.4 33.56
12.2

1.1

1st 22.1

iost

38.1 60.2 9.9 1i5.8&
45.2

1.9

4.3 16.7  17.3 13.5
18.1

2.1
1.5

2nd

2.9

5.1

21.8 16.8 3.0 36.% 2.8 28.4 45.6

3.2

3rd

Note

Discharge at the downstream of the weir
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Ten Day Discharge

Table A-~6 (4)

m3/s)

(Unit

Gunumng Nago

Starion

.June

May

Feb.

Aug. Sept. Oct. Nov. Dec.

July

Apr.

Mar.

Jan.

Period

Year

62.3

62.5

39.9  21.4 71.2 44,5 39.1 23.5 7.5 30.5

ist 4£1.0

2nd

1879

&.1  43.2 13.8 23.1  31.6 70.3 1i.56
10.6

8.2

25.0

26.7

35.6

16.8

30.5 101.4

38.0

34.0

36.5 23.5 32.7

23.6

3rd

31.2

69.5 13.3

32.5

33.4

is.5

lst 12.5%

1280

41.6

1.6 21.9

9.3

5.8

21.9

48.0

2nd

47.6

27.9 4.7 11.1

34.3 9.0

17.0

35.6 7.5

3rd

42 .9
12,
1.

24.3
8.5
53.8

23.7
38L.6
.3 49.6

9.5
46.0

G.0
0.0

11.7

2.7
9.3

33.6

24.8
2.1
0.4

14.3
18,5
23.0

42.5
16.7
20.5

3.2
0.0
0.2

0.0
1.0

16.5

26,5
1.1
3.8

isr
2nd
3rd

1981

- A.lB -

8.4 27.8 1.7 0.0 0.C 0.0 3.9 11.6 28.5

9.2
51.2

3.7 0.9 35.5
23.5

7.2
0.0

ist

2nd

1982

18.1

6.4

1L.6

30.9

3rd




Table A-6 (5)

Ten Day Discharge

n3/s)

: Kp. Melayu

Station

{Unit

Sept. OQct. Nov. Dec.

Aug.

June  July-

May

Jan. Feb.

Period

Year

Ap;.

Mar.

6.6
9.6
6.6

14.9

2.5
3.6
13.5

1lst

1978

13.8

2nd

6.0

3rd

1.5 18.6  15.6

7.8

6.5
6.9

4.7

5.0
3.1

5.0 2.3 16.2 15.1 9.7
1.1 10.3
9.3

7.2
4.7 4.8

ist

1979

4.6
2.7

20.2
22.1

2.1
6.9

3.0

5.6
11.7

2nd

7.8

o

4.0

2.3

6.7 3.9

3.7

3rd

2.2 5.5 14.3 14.0 11.7 1.4 12.0 7.3 12,7 21.6 20.4

5.8
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0.2 0.0 3.1 9.4 0.2
0.0 .6 5.2 10.0

1.1
0.1

1.4 1.6 3.9 1.7
1.3 €.5

8.2

3.3

2nd

5.4

1.8

3.2

3rd




Ten Day Discharge

A5 (6)

Table

t 1 =¥/

e

Minturun

1b.

Station

Jan. Feb. Mar, Apr. May June  July  Aug. Sept. Oct. Howv. Dec.

Period

Year

8.6 9.6 13.4 4.3 26.8 35.0
14.7

7.9
13.0

lst
2nd

1879

12.5

20.7

iz2.7

5.0
13.7

7.6
15.4

6.3
5.0

63.0 8.7

16.2

7.7

7.8

3rd

.1 i7.8 35.5 25.0

7.3
12.8

18.0 29.8 24.6 5.2 13.¢9

11.8 7-0 11,1
4.5

t
2nd

1980

17.2  27.4

16.9

6.8 11.9

7.1
7.5

22.5 14,0

9.6
13.0

10.1

6.2

42.2 74.8

32.3

.7

9.6

18.7

13.0 8.0

3rd

i7.4
52.2
29.

iL.6
20.6
16.5

14.2
6.6
6.4

7.0
i3.9
21.6

16.8
11.8
7.7

14.%
18.5
17.3

27.2
13.8
19.7

9.9
6.4
8.1

7.4

8.7
17.8

18.12
8.2
1.9

Ist
Z2ad
3rd

1981

35.1  13.1  19.4 13.7 6.0 5.3 5.2 3.2 13.6
5.7

14.9

-t

i3
io

ist

i982

11.5

6.1
5.5

21.1 12.4 16,1 2.0 8.6
6.8

14.2

o

2nd

14.5

6.9

26.7 26,2 14.9 6.6 6.5

14.8

6.9

3rd




Monthly Mean Daily Discharge

Table A-7 (1)

: m3/s)

(Onit

Aug.

Feb;'

Oct. Nov.

June  July: Sept.

May

‘Mar.

Year

Ave.

Dec.

Apr.

Jan, -

Sérik
1976

Lh.

8.2 15.9 11.2 8.9 22.3 14.5 10.8

4.3
10.5

12,5

13.0 10.7

7.5 8.4 7.7 6.7 5.5 4.4 9.4 23.4
14.3 il.5 4.5  14.0 9.7

14.6

1977

11.6

17.8 9.7

8.4
9.5

11.6

9.1
18.7

-92.9
13.2

8.7

1978

19.6 8.0 10.2
i7.1

6.1
14.3

6.9

8.7

9.8
10.3

4

0

8.3
5.7

6.3

7.2

9.6

1979

10.4

22,2

7.5
14.2

4

8

7.9

9.5
11.4

6.4 14.2

2.9
5.0
2
3

7.6

5.5

1980
1981

17.9  11.6 11.1
6 9
7 2

24.6
8
3

3.6 7.4
- 9
1

12.3

5.2

1982
Ave.
Kp. Baa‘ru‘{--1

4.4 36.5 13.8 2.4
4.8
3.6

1.9
- 3.2

0.1 0.3 0.5 0.0

2.1

1981

- A,21 ~

3.0
8.4

3.2
19.9

1.3
0.7

1.6

1.7

5.7

12.4

6.0
6.0

3.2
3.2

1982
Ave.

5.4

2.9 1.0 1.1

2.1

12,4

s 2
Lb. Begalung‘,—

8.8 B.3 15.0 16.8
1.2 18.¢

6.6
12.0

1872

17.5 8.7 12.0

13.1

7.9
11.4

6.9 14.7 4.8 18.5
16.6 21.4

7.3

9.5
9.0

i978

11.6

5.5 27.0 9.5 13.5
26.1

16.2

3.0 13.1 i6.8

10.4

7.0

1979

14.2

25.2

5.4
27.0

10.9

1.2

19.3

7.1
5.5

2.1
7.1

8.2

1380

1981

18.9

25.7 17.7 17.3

22.1

40.7

5.1
9.8

15.3  13.3

23.4

8.3
8.5

13.5

.8

19.9

5.2

7.2 13.3 11.0 1z.3

8.0

Ave,

iable

Py

1

Discharge at the downstream.of the weir

15 unre

Data on water level

£l

Hote
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Ave.
34 .0
18.2

m3/s)

Dec.
£0.,6
18.2
18.9
19.%

{Unic
Nov.
78.0
28.9

8.9
38.6

Qct.
31.¢
34.0
50.9
2.4
29.6

Sept.
23.3
9.0
26.6
0.5
14.9

Aug.
22.5
22.4
3.8
0.0
12.2

24.9-

15.8
6.0

16.2

July
24,1

June
23.86 .
12.4

Q.6
17.2

Monthly Mean Daily Discharge
32.3

23.9
25.2
18.7
19.2
21.8

May

‘Table A~7 (2)
Apr.
" 43.0
38.6
26.5
22.9
32.8

Mar.
1.4
17.8
36,0
17.6

Feb

33.5
5.3
5.6

14.8

Jan.
33.8
21.9
10.2

3.5
17.4

Year

Gunung HNa
1979
1980.
1981
1982
Ave.

Kp. Melavu

qrooc\\q
. §
R NES R

7

7
20.4

1.1

5.2

24.5
£.3
15.2

8

5
15.9

3.6

3.3

6.7
1.5
4.6

4.6
7.1
0.1
3.9

5.9
5.G
2.0
4.3

8.0
5.3
1.4
4.9

6.7
7.8
1.8
5.4

11.2
13.8

7.0
10.7

2.5
4.7
1.9
3.0

5.4
2.1
3.4
3.6

5.2
4.6
6.7
5.5

1580

1578
197¢
Jgs81
Ave.

- A,22 -

15.3

15.3
25.9

25.6
13.0
25.9

2.7
11.4
19.7

16.1
5.6
10.9

9.5
6.9
2.1

11.3

10.7
2.4
14.4
6.1
10.2

i12.
12.1
11.1

5.3

16.5
16.8
16.7
13.9

19.8
20.0
17.3
1%.0

Ir.

11.3

8.1
27.6
15.7

6.4
10.6
14.6
10.5

i3.2
10.1
11.6

11.6
Discharge overflowing the we

1980
1981
1982

1979
Ave,

Ih. Minturun

Wote /1
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Table A~9 Water Quality of Kuranji River
(Kampung Melayu, November 1980)

~Component Uni; Mean ;zﬁ?zggg;.

Total hardness °du 4,08 + 0,85

Carbon dioxide (CO2) mgfl 7.00 * 1,45

‘Bicarbonate (HCO3)  mg/a 25.9 5.6

Chloride (Cl1) mg/1 15.8 * 2.6

Permanganate demand ng/1 | 5.7 + 3.3

Ammonia (NHA+) : neg

Nitrite (NO27) ' _ neg

Maﬁganése'(ﬁh) | ~ neg

Iron (Fe) ng/l neg - 0,2

Sulfate (S047) - mg/1 36.2 + 8,3
+* 3.4

Silicate (8102) mg/1 11,7

Source ; Padang Water Supply.PrOject Feasibility Study and Detailed
Engineering (Feasibility Report, Part I)
Prepared by Lahmeyer International, November 1982,

Table A-10 Water Quality of Arau and Kuranji Rivers

. Classification
Componen; Unit Arau.river'(Lb.Sarik) Kuranji river Gq;.Melﬁyu)
DHL ~ Umho/cm 138 very good 210 very good
pH - 8.3 7.2 good
Natriﬁm'(Na} : 4 7.4 ﬁery good 27.0 good
Chloride (C17) mg/1 11.0 sufficient 5.5 good
SﬁlfatéJ(Sﬁé') © mg/l 5.3 good 3.4 very good
Boron (h) _ mg/l - very good - 0.01 very good

Source : Laporan Utama Pekerjaan Survey Hidrometri dan Sedimentasi
Sungal Batang Arau & Batang Kuranji di Propinsi Sumatera
Barat prepared by P.T. Indah Kavrya, 1981.
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Table A-11 (1) Test Results of River Bed and Sea Coast Materials

Parconrage of Weight Passing through the saive (%)
sample Ho. Moaguve with a rule (pm) Seive (pm) A L0563
somple 1060 730 €00 380 200 0L 63.5 317 15.9 7.93 4.00 2.00 100 0.50 0.25 0.125 0
heok & 100 77.7 59.2 9.9 0.3 W1 18,6 113 23 0.6 02
26 100 93.2 63.2 45.2 3.3 238 17.8 89 A1 O . .
Arau R
. 6 85,4 75.9 60,0 2.7 131 5.0 3.7 8B
o 100 983 924 N0 ol e7i5 955 92,5 34 32 0.5
R4 100 95.7 7i.4 46.8 34,5 26,1 20,5 15,7 l0.2 5.3 L5 0.4 0.1
R4 100 86,6 65,5 &3.4 316 24.6 17.6 1l.4 5.9 30 L1 0.4 0.2
K26 100 96,9 83,9 55.4 36.7 24.0 15.6 9.9 59 xé 0.8 0.5 0.1
R2 100 94,8 89.0 62.3 43,8 34.8 27.1 21.8 17.8 1l.4 2.8 0.7 0.2
R22 - 1 100 '95.2 76.8 64.0 50.6 41,7 35.2° 27.9 15.9 3.2 0.7 0.2
R2Z -2 100 - 73.8 26.2 22.4 20.6 18,1 14.9 10.8 5% L8 0.7 0.2
R3 100 862 - shr - 9.6 30,3 163 3.5 7.3 55 42 31 19 06 0.2 0.1
R34 100 §1.8 - 551 - 42,0 3.0 17.2 10.0 7.7 5.8 A4 33 2.0 0.6 0.2 0.1
Flogd Rallef ©. :
LY 100 98,9 92.0 2.4 45.6 3.6 27.1 2.7 150 6.1 2.0 0.9 0.4
224 T 160 99.3 75.4 105 3.3 L3
K29 ' 160 82.0 45.2 3.0 15.0 1.9 10.4 9.4 6.8 1.3 0.6 0,3
130 100 93.4 39,7 345 188 1.5 7.3 4.2 1.6 03 01 0
A23 100 98.2 8.7 47.7 29.7 17.2 188 7.3 5.4 42 1.5 0.9 0.2
Rd 100 83.3 49,6 32.7 25.0 20,1 161 I2.6 7.7 2.2 0.8 0.4 0.2
21 100 98.L 88.4 60.3 43.3 27.5 19.8 1%.5 12,1 6,6 1.8 0.5 0.2
Kuranji R,
Y] 100 99.5 96.5 72.9 246.9 4.8 0.8
w32 100 99.4 98.5 94.0 58.1 9.0 L5 0.6
RIL-1 100 99.3 97.3 97.1 96.4 9.0 16.3 2,2 0.7
ERIITY 100 96.5 89.9 Y13 6h7 45.5 136 2.5 1.0 0.5
831-R 100 97.9 B8.9 7B} 647 51,3 39.0 132 2.6 0.7 0.3
R10 _ 100 93.1 93.7 B4 66,6 43.3 36 6.0 3.0 0.9
R27 100 99.4 80.1 52,9 344 24.2 18.0 13,5 7.5 1,1 0.2 0.1
ul loo 98.1 93.7 83.4 66.6 43.3 I13.6 6.0 3.0 0.9
12 100 86,3 78.4 - 7L1 S6.7 36.1 26.4 19.9 15.3 1.8 8.3 4.4 1.5 0.6 - 0.2
RE3 60 #LL - 74.6 203 39.1 4L.4 28.0 2.5 17.2 131 9.0, 5.1 2.3 0.7 0.2 0.1
K18 5.2 76.0 - 42,2 401 33.4 23.6 15.9 1.2 9.7 7.4 5.1 2.9 1.3 0.4 01 6
Baltmbing 8. )
R14 10 95.7 845 70.0 53.7 28.4 8.0 1.3 0.6 0.4
R20 100 99.8 86.4 TL2 57.4 40.8 20,8 7.3 3.0 1.2
215 : lod 85.4 54.8 .1 302 26.2 20.7 130 3.6 0.9 0.3 0.1
K16 100 98.1 -~ 887 72.1 49.7 3.8 23.9 18.7 248 10.3 4.7 1.5 0.8 03
Alr Dingin R.
R17 100 97.7 9z,
£33 - 160 82.0 1.0 65.0 35.3 27.7 29; {g:i 22:; 2:2 3:; 8’
R1% 200 965 809 58.6 446 34,3 25.6 18.8 12.3 6.3 2.0 0.8 0.3
R19 100 86.6 82,3 631 9.0 241 18.2 16.0 132 10.6 7.6 3.6 1.0 . :
ng 100 780 - 530 50.4 38.6 23.9 147 L1 9.8 Bd 6.5 4.0 2.2 0.6 g'g g'i
3 100 8.1 - 525 4.9 383 236 146 1.0 9.7 8.0 6.4 46 2.2 0.6 0.2 0.1
Sas Coamst
3 106 99.4 97.1 93,2 76.0 20,7 1.5 o1
8 100 99.9 99.3 90.4 38.8 3.8 g1
o 100 100 98.9 §35.6 9.4 0.2
35 100 99.8 984 82.1 35.6 3.8
S5 100 99.8 98.8 80,6 23,6 3.5 0.3
> 100 99.9 99.1 80,4 22.2 1.4 o2
3 0 999 99.2 75,3 159 17 g2
sy 00 99.9 98.4 8.7 31,1 7.8 g1
310 100 99.2 92,2 69,2 3118 . 2.4 g3
o1l 100 99.9 99.0 85.4 3.7 3¢ g3
100 99.2 95,9 3.5 11.5 g.8
Nota :

1. Sample No.RL thru RQ, R34 thru R37, and 51 thry S10 ware sampled in Fob. and Mar 1983
2, Sample No.R21 thru RI3 snd S11 were ssmpled in July, 1983, v '
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Table A~11 (2). Test Results of River Bed and Sea

Coast Ma terials

Sample No.

" Diametar {mm)

ue'

Wn

Wax, 807 30 % 10% ve Gs Yt
Jirak R.
RS 63.5 16.8 2.00 0.47 36 0.5 - 2.70 -
R6 101.6 29.0 6.60 1.05 28 1.4 3.7 2.6% 2.1
Arau R, .
Rl 63.5 2.0 1.08 0.39 5 1.5 1l.4 2,64 1.64
R25 7.93 G.32 0.245 0.168 2 1.1 - - -
R24 200 48 11,2 0.91 53 2.9 - - -
Rb- 200 53 4.0 1.7 32 2.1 - 2,66 -
R26 200 36 11,0 2.0 18 1.7 - - -
r2 260 30 5.3 0.44 68 2.1 7.9 2,59 .18
R2Z2 -1 . 01,6 13,0 1.15 0.39 33 0.3 - - -
R22-2 101.6 53 35 0.87 61 26.6 - - -
R3 1000 425 65 17 25 0.6 3.2 2,57 2.3
R34 1000 720 58 14 51 0.3 - - -
Flood Relief €.
R? 200 .29 5.2 0.62 .. 47 1.5 1.2 2.65 2.18
R28 2.00 0.46 0.37°  0.245 2 1.2 - - -
R29 101.6 42 20,5 2.0 21 5.0 - - -
R30 101.6 32 13.8 3.1 10 1.9 - - -
R23 200 43 16.2 3.6 12 1.7 - -
RE&- 200 76 26.0 1.45 52 6.1 2.64 -
R 200 30 9.2 0.72 42 3.9 - - -
Kuranji R. . N
R9 4,00 0.42 0.27 0.14 3 1,2 33.3 2.64 1.78
R32 7.93 0.51 0.40 Q.27 2 1.2 - - -
RI1-~L 15.9 0.34 0.30 0.205 2 1.3 - - -
RI1-~q - 31.7 1.65 0.71 0.43 4 0.7 - - -
K3l-Rk 63.5 3.0 0.75 0.4% 7 0.4 - - -
R10 31.7 1.60 0.75 0.40 4 0.9 16.0 2.65 L.84
R27 101,6 19 6.0 0.65 29 2.9 - - -
R11l 31.7 1.60 0.75 0.40 4 0.9 16.0 2,65 1.84
R12 750 70 22 1.3 54 5.3 3.0 2.7% 1.81
R13 1000 102 36 2.5 41 5,1 1.9 2.75 2.04
R3S 1300 580 100 10.0 58 1.7 - - -
Balimbing R. : .
R4 31.7 2,60 1,05 © 0.54 5 0.8 12.7 z.11 1.67
R20 31.7 2,30 0.6 0.30 8 0.7 - 2.73 -
®15 101.6 36.5 6.1 0.8 46 1.3 6.2 2.73 2.28
R16 600 43 14 1,0 45 .4 5.5 2.72 2.09
Alt Dingin R. .
Ri7 7.93 0.86 0.53 0.26 3 1.3 - 2.64 -
R33 101.6 30.0 5.0 G.80 38 1.0 - - -
R18 200 33.0 R .73 45 1.3 5.6 2.77 2.24
R19 600 110 43 1.7 65 9.9 1.7 2.75 2.21
R36 - 1000 470 87 11 43 1.5 - -
R37 . 1000 - - 450 87 1 41 1.5 - - .
Saa Coast v .
.81 7.93 0.42 0.29 0.190 2 1.1 5.9 178 1.57
52 4.00 0.32 0.225 0.155 2 1.0 8.7 2.75 1.79
s3 2.00 0.24 0.170  0.125 2 1.0 - 3.16 -
sS4 4,00 0.36 0.23 0,155 2 0.9 3.7 3,11 1.78
S5 4.00 0.38 0.28 0.175 2 1.2 5.2 2.79 1.79
sSé 4,00 0.38 - .0.28 0.190 2 1.1 10.6 2.73 1.55
37 4,00 .43 ¢.33 0.20 2 1.3 6.2 2.78 1.65
58 4.00 0.355 0.245 0.185 2 1.0 11.8 2.73 1.57
59 4.00 0.35° 0.245 0.180 2 - 1.0 9.2 2.76 1.48
T 810 4.00 0.425 0.240 0.165. 3 0.8 16.2 2.74 1.79
511 2.060 0.290 0,230 0,115 3 ‘1.6 - - -
Note :
1. Sample 53 and 84 which show larger specific gravity include Lron sands.
2. UYe ; Unlformity coefficient Gs ; Specific gravicy
Ue ' ; Curvature coefficient yr i Unit weight (gfen®)

o ; Moisture content (%)
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Table A~12

Yytimated Relatfon hatwee

and Water Discharge (Q)

n Sediment Discharge {QB)

-~ A28 -

R e
Gode of’ Sato-Rikkawa-dshida Brow Fngelund-oncen
slte a b a b - a b
Arau v,

T R1 Losaxi0-] 1,835 8.436x10°8 2,426 1.214x1077 2.523
R 4 2.162x10°6 1,182  1.005x1075 1,289  1.508x10™> 1.388
% 2 o 518x10-5 1,020 1.048x10~3 1.262  3.592x107% 1.434
R 3 5.486x106 1,770  1.150x10°6 2,000  4,584x1077 2,110
Jirak R, .
R 5 1.090x107% 1,697 2.993x1070 2,151 4,022%x107° 2,064
Eiﬂgﬂ reltiaef chanunel
R 7 1.062x10~7 1,658  1,846x1077 2,038 1.035%1077 2,216
R 8 2.287x10°% 1,331  1.174x10"7 1.567 6.240x107% 1.742
Kuranjl R. _
R 9 1.419x1077 2,580  2,271x10"1% 4,322 2,918x10~124, 418
R 10 5.364x1070 1,263 3.643x10-6 1,927 5,791x1070 1.950
R 11 5.797%10-6 0,935  1.973x10"5 1.091 7.621x107% 1,240
R 12 4.059x10"% 0,811  4.857x1073 0,935 2,109x1073 1,116
R 13 3,987x107% 0,972 3,157x10-3 1,185 7.410x10~%4 1,337
Balimbing R. _
R 14 5.464x1077 2,041 1.599x10°8 2,097 2.260x10"8 2,226
R 20 1.056x107° 1,019 2.561x1075 1.411 2.858x1075 1.544
R 15 2.286x1070 1,243 4,661x1070 1,633 2.222x10-% 1,767
R 16 1.248x1073 0,547 1,561x1072 0.720 5.483x10~3 0,752
Air Dingin R,
R 17 s.215x107+ L 2,802 3.287%10-10 2 g0 1.424x10-10 3,127
R 18 6.553x107° 0,649  2.545x10~% 0,885 1.443%10%% 0,941
R19. 2.224x1077 1,407 2.992x10-% 1.546 5.950%10~5 1.636
Note : Qp = aQb® ) '
Qg ¢ w3/s
Q m3/s



Fig. A -1 Location of Rainfall Stations
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Fig. A-4  Monthly Rainfall at Tabing Station
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Fig. A-6 Location of Gaging Stations
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- Fig.A-8,, Discharge Rating Curves
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Fig, A-10  Tide Level Ot Teluk Bayur Harbour

(1975 - 1982)

Staff Gouge (m) Elevotion (m)

167 2 0:78 HHL
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Fig. A-13  Sampling Location of Sea Coast and
' River Bed Materials
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‘Fig. A-15 Fluctuation of River Course
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Fig. A-17 (1), - Fluctuation of River Profile
Arau River
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Fig. A-17(2, Fluctuation of River Profile
Flood Relief Channel
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Fig.A-17wFluctuation ot River Prohle

Balimbing_River
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Fig. A-17) . Fluctuation of River Profile
Air Dingin River
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ANNEX

INVESTIGATION RESULTS OF MEAN SEA
'LEVEL AT TELUK BAYUR

Aceording to an information obtained from Mr, Daniel, Dinas
Perencanaan, Teluk Bayur Harbor Authority, two bench marks were
established by Dutch engilneer around 1900, ‘the elevation above MSL of
" the bench marks_wee'shrveyed at 3,6 m for BM 1 aed.2;78'm.for BM 2,
At the same time, a tidal.staff:gagehwas algso established near a small
island in the harbor. During the'period from 1942 to 1950, the etaff
' gage was broken down and the data on tide level records were lost, but
two bench marks have been kept in good condition, During the period
from 1950 to 1960, a staff gage was installed again by the Indonesian,
and the gage datum was tentativelv adjusted to LWS which means 0.7 m
below MSL._ Although an automatic tidal recorder was installed in
1976, its- gage datum has not been changed since 1976,

In March 1979 v Kutamaq tried to check the elevation of BM 2.
for the ANai Project., According to their survey, the elevation of the
bench marks ‘above the gage datum was 4,416 m for BM 1 and 3, 603 m for
" BM 2 which show that MSL is 0;816 m or 0.823 m -above datum of tidal

- gage.

In February 1983, JICAIetudy team fdr the Padaﬁg Area Flood Con~
trol PIOJECt tried to check the elevation of BM 2 for the purpose of
h:clarifying relation between tridal gage and BM 2, ;The elevation of
_BM 2-was-surveyed at 3‘628 m above datum of the tidel gage. It shows
that'MSL ie 0.848 m above the gage dathm. ‘The results of CV Kutamas

'-and JICA study team show almost the same value.

On the other hand MSL 1is estimated at 1.01 m by JICA stury team,
based on the tidal level records from 1976 to 1982, There are three
.valuee of MSL, i.e, 0.7 m determined around 1950-1960 0,823 m or
'tO 848 m surveyed by levelling and 1, 01 m estimated from tidal level

recorde.ﬁ'

: JICA study team tried to inspect ‘the staff of the tidal gage
station,_and the following fact ie disclosed

- ALS5 -



a., Datum of automatic recovder 18 belng adjusted to 0,12 m helow

the datum of staff gage.
a

b, When the recorder ingtalled in 1976 was replaced to new

in Avgust 1982, the adjustment was not
he bottom part of staff was broken and

recorder changed,
because t it coul@ not:

be adjusted during the low tide.

In consideration of informations above, it is concluded that both
ost in accord with that from tidal

survey resulte by levelling are alm
at 0,89 m ¢1,01l m ~ 0.12 m = 0,89

records. - Therefore MSL is estimated

m) in gage readings.
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TABLE OF CONTENSTS

w B,1 -

----------

« 0 s

1. Geology +ivieroverticraisananen A .
1,1 Coastal Plain ....oeeviucrnnrnns fiaarena Peaaas
1.2 Fluvial P1aln  .eveevnrecnnennsan e e
1.3 Volcanlc Fan Crrresraeees .o . teeee
1.4 Mountalnous Reglon ....ovvvvnvaves tetesasessaesererana
2. Soil-mechanles ....... Verasartiarenaunes crtrertaraaae .
2.1 Available Data teseeean beasaranes Ceraasan
2.2 OQtline of Soil-mechanics Conditions ...v.evvieevensn
LIST OF TABLE
Table B-1 Existing Data on Foundation Investigation
Table B-2 Additional Soil Tnvestigation recrrorresns
" Table B-~3 Principal Features of Soil Layers along Ceastline
Table B-4 Foundations of Bridges Cbnstructed Recently
LIST OF FIGURES
Fig. B-1 :Gaomorphologic and Geological Cross-Section .....
Fig. B-2 Geologlcal Map ...:00icveues . . cerruns .
Fig; B-3  Location of Data on Foundation
_ Investigation O tereesrsas .
Fig. B4  Soil Profile ......e..... Cererereraaen .
Fig. B-5 Log of Test Pt ...... raiteerr e e
Fig, B-6 Graln Size Accumulation Curve sesrarraa
.Fig. B~7 Classification of Soil ........ s careen .
Fig. B-8 Compaction Test ..eevceras rrseeeauns chvreeas

Page

B = B v~ B - - B - - B =
O e

=
N2

B, 9
B. 10
B.11
B.11

B.13
B-ll{’

B,15
B.16
B.20
B,21
B.24
B.25






1. Geology

The study area is roughly classified into plain and mountain;ug._l
reglong. The plain region Is further classified into coastal plaiﬁ, |
fluvial plain and volcanlc fan. Fig. B-1 shows a model of topographical
and geographical crogs-section and Fig. B-2 shows a geologiéal mép‘of

the study area.

1.1 Coastal Plain

The coastal plain is a flat reglon less than 10 m in elé?aﬁioﬁ; _€
This region faces the Indonesian Ocean and has undurated topograpﬁjT -
of 1 m or 2 m high. The unduration is formed with sand spits and . .
back marshes developed in parallel with the coastal line. The coastal
plain is a Quaternary alluvium which was formed by litqug;_@epqsigs
that were transported by the Arau, Kuraniji and Aix Dingin-rivéfs.n-
The region is characterised by geological features consisting of
sandy strata mixed with gravel. But the surface layer is coﬁﬁééé&

of: brown cohesive soil.

1,2  Fluvial Plain

This 18 a fluvial plain formed by the Arau, Kuranji ané‘Aif'ﬁiﬁéiﬁ
rivers. The elevation of the plain ranges roughly from 80 m £o 10 m
on the Arau and Kuranji rivers, from 40 m to 10 m on the left side of h
the Air Dingin river, and from 60 m to 10 m on the right side of the
Air Dingin river. This plain is characterised by a stratum mainly. .
consisting of cobble stones of. andesite mixed ﬂith‘sandglgng_gréyglt_J
The size of the bed materials of the three rivers is gppfoximﬁtg;x:jqﬁ
0.5:m in the lower reaches and about 1.5 m in. the ugperjreagheé 65.5;;
the_fiuvial-plain.  -

‘1.3  Volcanic Fan

This is a fan consisting of volcanic mud which was formed by the
volcanic activity (pyroclastic flow) in the Quaternary Pleistocene epoch.

- B,1l -



' the
The elevation of the fan ranges from about 150 m to aboul 80 m on

f the
Arau and Kuraniji rivers and from 150 m to 40 m on the left side o

Air Dingin rlver. The fan conaists of andesite and tuffbreccia.

1.4 Mountainous Region

The mountainous region in the study area is located approximately
above 150 m iIn elevation. The reglon is characterised by 3801081331
features mainly consisting of volcanic rocks of the Tertliary period.

Metamorphlic rocks of the Pretertiary period are seen in Indarung located
The volcanic rocks con-

The metamorphic rocks

in the south-ecastern part of the study area.
sist of conglomerate, tuff, andesite and basalt.
conslst of phyllite, quartzite and limestone.

2. Soil-mechanics

2.1 Available Data

The machine boring was conducted at Lubuk Bugalung welr by DGWRD
in December, 1982. Boring results at 3 holes of which depth ig 15 m
each are available at the welr. Other soil mechanics data are also
collected from DPU, West Sumatra. These ave investigation results for
building and bridge construction projects in Padang city. The list
and location of the collected data are shown in Table B-1 and Fig. B-3.

In addition to the foundation Investigation mentioned ghove, in-
vestigation waa conducted by DPU for the Padang Area Flood Control
Project during the period from April to May in 1983. The additional
investigation consists of 5 machine borings and 20 Dutch cone tests
mainly at the proposed structure sites for pumping stations, bridges
and drainage slulces, 10 test pits on river Banks for borrow pit for
levee, and soll tests for sampled materials. The list of the additional

investigation ia ghown in Table B-2 and its location in the said Fig. B-3,



2.2 Outline of Soll-mechanics Conditions

On the basis of the results of the foundation Investigation and
site reconnalssance, soll-mechanies conditions of the study area such
as soll profile, foundation for gtructures, soll for embankment and
workability of construction equipment are outlined in the succeeding

gectlons,

2.2.1 So0il Profile

By use of foundation investigation results as available, soil
profiles are prepared at the sections shown below. The locations- of
gections are shown in Fig, B-3 and their soil profiles are shown in

Fig, B-4.

Section - : - Location

I. West to east section

A= AT Along the Arau river
B - B! In old Padang city
- C~¢' Along flood relief chaunel
D~-D' _ Along the Ruranji river
E-E' Along the Balimbing river _
F - F‘ In back marsh behind the Eabing atr port
G - @G Along the Alr Dingin river

ITI. North to south section
TH- H' Along the coastline

The sectibﬁ'ﬁr-‘Hf shows the soil prbfilé along the coastline in
the north to south direction. The profile is characterized by 3 dis-
tinet layers, i.e., sandy soil, ¢ohesive soil, and sand and gravel
layers from the ground surface. The principal features of these soil
layers are shoin in Table B-3.

The section A - A' thru G - G' show the profiles from sea coast

to inland in the west to east direction. Ag seen in section A- A' and

"'Ba3"'



¢ -~ C', the cohesive soil layer {2nd layer} becomes thiner toward east

and seens to end arownd the boundary of coastal plain and fluvial plain.

2,2.2 Bearing Capacity as Structure Foundation

The physical and soil mechanics tests are conducted veing the dis-

turbed and undisturbed samples obtained by the machine boring. The

results of soll tests are shown in Table B-5. Among these results the

values obtained by soill mechanics tests are deemed to be unreliable.

This may come from difficulty in sampling of undisturbed soil.

As a whole, the ground in the fluvial plain higher than 10 m, MSL
1s composed of sand and gravel layers and enough bearing capacity with
N-value more than 30. The ground in the coastal plain lower than 10 m,
MSL has around 15 m thiék cohesive soil layer with medium to hard con-
sistency under the surface sand layer of 10 to 15 m in thickness with

loose to medium relative density.

For the Padang Area Flood Control Project, structures such as
pumping statibns, bridges, drainage siuices and dikes are to be proposed.
With regard to the foundation treatment for these structures in the
coastal plain, two measures are conceivable in general, i.e., foundation
on the surface sand layer (lst layer) with pile groupe if necessary and
foundation on the sand and gravel iayer {3rd layer) under the cohesive
layer (2nd layer) with piles. In the case of latter measure, the struc-
ture may be subject to settlement due to congelidation. The following
foundation treatments measures are recommendable for designing these
structures, although the depth until the sand and gravel layer under
the cohesive soll layer should be confirmed at each proposed structure

gite.

a, Pile foundation borne by the 3rd layer for the big and heavy

structures such as pumping stations and bridges.

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

gluice.

c. Foundation directly on the 1st layer for dikes.

-~ B.4 -



Some descriptions on the boring results at each site are given

below ¢

&,

Lubuk Begalung aite : The boring depth 18 15 m. The ground is

sand and gravel with N—value more than 50 from surface te the

'bottom.

. Bl aite for proposed pumping Btation i The 3rd layer 1is found

at the depth of 29 m from the surface. Foundation piles are
desirable to be borne by the 3rd layer. Since the site is
located at the foot of Mt. Padang, the depth of the 3rd layer
may changeable by sites.

. B2 site for proposed pumping station : The depth of the 3rd

layer is more than 30 m. The depth of the 3rd layer is not
confirmed yet by the boring. Foundation piles are desirable

to be borne by the 3rd layer.

B3 site for proposed -bridge : Since this site is located on

the upper limb of coastal plain, the cohesive soil‘layerlis

not found., The foundation of bridge can be borne by thggsénd
and gravel layer. Considering from its location, cohesive :
soil layer might be found by another boring. Further invéétiga—

tion may be needed around the site.

. B4 site for proposad pump station : The 3rd layer is found at

the depth of 27 m from the surface under the 13 m thick sand.
layer and 14 m thick cohesive soil layer. Foundation piles
are desirable to be borne by the 3rd layer,

._BS aite for proposed hridge : The cohesive soil layer 1s found
‘undar the 15 m thick sand layer The 3rd layer is not found

within the boring depth of 20 m.

Dagign data on the foundatlons of bridges are c¢ollected from Bina

Marga, DPU West Sumatra, and shown in Table B-4, These will slso be

referred to design of structure foundation for the Project.

- B.S -



2.2,3 Enmbankment Materials

According to the site reconnalssance and bed material sampling,
4

the river bed materials in the veaches ahown below are Bpplicable to

The bed materials for other reaches

of ite coarse size.

embankment materials of dikes.
may not always be applied to the dike because

a. Arau river up to about 4 km upstream from river mouth

b. Flood relief channel up to about 1 km upstream from

river mouth

¢. Main Kuranii river up to about & km upstream from river mouth

d, Balimbing river up to about & km from the confluence of the
main Kuranji

e. Air Dingin river up to about 1 km upstream from river mouth

Soil sufvey by the test plts is carried out on the river hanks
in the coastal plain in order to find the borrow pit for embankment
materials. The depth of the test pits is 2.5 m to 3 m. The soll logs

of test pits are shown in Fig. B-5.

Physical soll test is conducted for the disturbed éamples taken
from the test pits. The results of the soil test are compiled In Data
Book. The grading curves and soil classification are shown in Figs.

B-6 and B-7. The compaction test is -also carried out and the results

are shown in Fig. B-8.

The sufvay by the test pit suggests that the river bank materials
up to 3 m depth in the coastal plain are clay, silt, sand, gravel and

thelr mixture, and are suitable for embankment materials for dikes.

2.2.4 Workability of Construction Equipment

Judging from the soil and foundation investigation, ordinary
congtruction equipment 1is workable in the study area except for the

back marsh area behind the Tabing alr port.

- B.6 -



In the back marsh area, the ground is poor showing qe = 0 at
least 2 m depth. The earth works by swamp type equipment or manpower
wmay be necessary, The construction method in the back marsh area
should be decided based on the further foundation investigation by
cone penetratlon tesits, auger boring at several sites and phisical
soil test of solls obtailned by the boring.






Table B~1 Exlating Data on Toundation Investigation

No. Location Survey Item Data Source
1. KANTOR BANK DAGANG NEGARA Hand auger boring 2 places Laboratorium
Sounding 3 penyelidikan
. - Soll test tanah/jalan
2. BANGUNAN BAGIAN LUBUK Machine boring 3 places P,T. Geovisi
BEGALUNG Sounding 5 " Nusantara
_ Soll test
3. KANTOR BANK PEMBANGUNAN Machine boring 2 places Laboratorium
DAERAI Hand auger boring 3 " penyelidikan
Sounding 5 " tanah/jalan
Soil test
4. KANTOR BANK DAGANG NEGARA Machine boring 2 places o
Soll test
5. KANTOR PERUSAHAAN Hand auger boring 2 places "
ATR MINUM Sounding R
Soil test oo
6. KANTOR LIAJR Hand auger boring 2 places "
Sounding B
Soil test
7. KANTOR DEPARTEMEN AGAMA Hand auger boring 2 places Y
Sounding 2 "
Soll test
8. FKANTOR BXKBH Hand auger boring 1 place "
Sounding 3 places
: Soil test '
9. PROYEK JEMBATAN Soil profile 1 sheet Dinag Jembatan
RIAU - SUMBAR (Kuranijl R.,} _ _
10, JEMBATAN NANGGALO - Hand auger boring 2 places Laboratorium
' Sounding 4 M penvelidikan
: Soll test - . tanah/jalan
11, JEMBATAN TABING Sounding 2 places "
12. PROYEK JEMBATAN Soil profile 2 sheets Dinas Jembatan

RIAU/SUMBAR (Alr Dingin R.)




Table B~2  Additional Soil Tnvestigation

S —
Remarks

*

Ttem of investigation Quantity

5 gites (130 m) gite NO Bl thru B5
with starndard
30 mx 3 sltes =2 m penetration test

20 mx?2 sites =40 m

1. Machine borving

gite NO D1 thru D20

2, Dutch cone taest 20 altes

3. Tesat pit 11 sites Site NO P1 thru P11
incl. 1 site by
Study Team

4, Soil test

a, Physical and sodl 5 samples
mechanics tests for
undisturbed samples
obtained by boring

b. Physical test 13 samples
for disturbed .
samp les obtained
. by boring

¢. Physical test and 10 samples
compaction test for
samples obtained
from test pit

Notes

1. Physical test includes tests for moisture content,
specific gravity, liquid limlt and plastic limit,
grain size, and wet density

2. Soil mechanics test Includes unconfined compression
test, trlaxial compression test, and consolidation
test

- B.].O hd



Table B~3 Principal PFeatuves of So0il Layers along Costline
i Eatimated goll
So0ll layer Thickoess Glaﬁ;gii;ﬁfion H~value factoriﬁ Remarks
Yt c b
1st layer abt.10-15 m Sandy soil 5 - 20 1.85 © 28 Alluvium
2nd layer abt. 15 m Cohesive Soil 5-15 1,70 0.35 0 Aliuvium

3rd lLayer

Gﬂwﬂ.mdSmm More than 30 2.00 O

40 Diluvium

/1

Yi ¢ Wet density (g/emd),

¢ : Internal friction (degree)

¢ : cohesion (kg/cm?),

Table B~ 4  Foundationa of Bridges Constructed Recently
Location Name of Br. Eif%ﬁﬁﬁj Length Material Remarks
1. Arau River Seberang Padang %508 15.5-21.7 m Steel
Br.
2. " By-pasa Br. - - - Spread
foundation

3. Flood Relief  Purus Br, $508 36.0 Steel

Channel
4, " Padang Br. 400 x 400 36.0 R.C.
5. " Marapalam Br. $3,000 6.0 R.C.HWell
6. Kuranji River Ulak Karang Br. 400 %400 24.0 R.C.Pile
7. " Nanggalo Br. $2 ,000 6.0 R.C.Well
8. Air'Dingin Muara Panjalinan $508 21.0 Steel

River

Source ; Information from Bina Marga
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Fig.B-2 Geological Map
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Investigation

Fig.B-3 Location of Data on Foundation
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Fig. B-4u) Soile Profile
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Fig.B-4@Soil Profile
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Percent By Weight' (%)

Percent By Weight (%)

Fig., B-6 (1)

Grain Size Accumulation Curve
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shown in Fig. B-3,



Percent By Weight (%)
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Fig, B-6(2)

Grain Size Accumulation Curve
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Fig, B-6 (3)

Grain Size Accumulation Curve
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Classification of Soil
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